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President’s Message

Welcome to Congress 2005 and to what we believe is an outstanding program of equine clinical education 

and science.  It has been both a pleasure and a challenge to be part of the organizing committee for the 37th 

Annual SAEVA Congress.  Part of the challenge arises with the need to present information that is current 

due to the changes in our profession.  These include scientifi c, ethical, economic and social issues.  The 2005 

Congress programme provides 20 points of the best and most current, practically orientated equine CPD 

available. The programme is designed for everyone with an interest in equine veterinary medicine – from 

new graduate to senior partner, from mixed practice to referral centre specialist.  Your association has always 

accepted the responsibility of offering you the fi nest continuing education necessary to stay current.    

This year the Congress makes a welcome return to the beautiful Drakensberg Mountain Range.  Mont-aux-

Sources is a mountain block, forming one of the highest and most spectacular portions of the Drakensberg. It 

includes the Sentinel, a spectacular wall of 1,000 vertical feet.  The mountain is also the source for three major 

rivers (hence the name Mont-aux-Sources), which in places plunge spectacularly down the mountain wall. 

We have selected a well-recognized group of experts that are well known in their respective fi elds. We have 

invited Margo Macpherson from the USA, an internationally renowned theriogenologist, to give talks on 

infertility in the mare, evaluating semen and much more.  In addition to Margo we have Stephen Reed and 

Michael Murray from the United States as well and Peter Huntington, a nutritionist, from the Kentucky Equine 

Research Centre from Australia.  This all will provide you with diverse, topical and occasionally controversial 

opinions.  With such a broad range of topics and an excellent, international panel of speakers, we are sure you 

will fi nd plenty of scientifi c interest at Congress 2005 and we hope the programme offers something for all of 

you.

“Reading makes a full man, conference a ready man, and writing an exact man” – Sir Francis Bacon (1561 – 1626)

Sincerely, 

Johan Marais

President
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MARGO L. MACPHERSON
Education:
BS - Michigan State University 1983
DVM - Michigan State University 1990
Residency- Equine Reproduction, Texas A&M University 1991- 1994
     - Board Certifi cation, American College of Theriogenologists - 1994
MS - Texas A&M University 1994

Private Practice Employment:
Equine practice Williamsport, PA 1990-91
Specialty practice (Equine Reproduction), Louisville, KY - 1996 - 1998

Academic Employment:
Clinical lecturer, Texas A&M - 1994-95
Clinical lecturer, University of Pennsylvania - 1995 - 96
Interim clinical lecturer, Michigan State University - Fall, 1997
Assistant Professor, Reproduction, University of Florida - 1998 to 2005
Associate Professior, Reproductin, University of Florida – 2005 -

Research interests:
Factors in stallion seminal plasma that contribute to fertility, late gestational events in the mare and twin pregnancies in the mare.

           

MICHAEL JOSEPH MURRAY, DVM, MS

Director for Global Equine and Canine Biologicals
Merial Limited
Duluth, GA 30096
Phone: 678 638 3674, Fax:  678 638 3034, e-mail:  mike.murray@merial.com 

1977      BS, Food Biochemistry, University of California, Davis.
1981      DVM, School of Veterinary Medicine, University of California, Davis.
1985      MS, Department of Physiology and Pharmacology, University of Georgia.

Specialty board certifi cation: Diplomate of the American College of Veterinary Internal 
Medicine, 1985

Present Duties and responsibilities:
Enterprise manager for equine and canine vaccine development projects
Provide global technical support for Merial equine products

Areas of Research Interest:
Equine Gastric Ulcer Syndrome (EGUS)
Equine gastroenterology
Equine infectious diseases 
Equine lower respiratory disease

Publications: Veterinary textbook chapters, primary author: 34, secondary author: 5
Refereed journals, primary author: 50, secondary author: 21

Continuing education presentations: Veterinarians: 190
Horse owners, extension: 30

Recent publications, fi rst author
Murray, MJ, Hepburn, RJ, Sullins, KE. Endoscopic Biopsy of the Equine Gastric Antrum: Use of a Polypectomy Snare to Obtain 
Large Samples. Equine Vet J 2004;36:76-78.Equine Vet J 2004;36:76-78.Equine Vet J
Murray, MJ, Grady TC. The effect of a pectin-lecithin complex on prevention of gastric mucosal lesions in ponies. Equine Veterinary 
Journal, accepted for publication. Equine Vet J 2002;34: 195-198.
Murray, MJ, Pipers, FS. A Clinicians’ Guide to Equine Gastrointestinal Endoscopy. Merial Ltd., Duluth, GA, 2001.
Murray, MJ, Nout, YS, Ward, DL. Endoscopic fi ndings of the gastric antrum and pylorus in horses: 162 cases (1996-2000). Journal 
of Veterinary Internal Medicine 2001;14:401-406.
Murray, MJ,  Jeffrey, SC, Eichorn ES. Histologic characteristics of experimentally-induced acute peptic injury in equine gastric 
squamous epithelium. Equine Veterinary Journal 2001;33:554-560.Equine Veterinary Journal 2001;33:554-560.Equine Veterinary Journal

Recent publications, secondary author
Sanchez LC, Murray MJ, Merritt AM. Effect of omeprazole paste on intragastric pH in clinically normal neonatal foals. Am J Vet Res
2004;65:1039-1041.
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DR PETER HUNTINGTON
BVSC-MACVSC
And Kentucky Equine Research

Since its foundation in 1998, KER’s goal has been to increase the horse industry’s knowledge of 
equine nutrition and sports medicine and apply this knowledge to produce healthier, more athletic 
horses.  Today, KER is possibly the most prolifi c equine nutrition organisation in the world. They 
are involved in providing nutritional support to Thoroughbred Studs in many countries including 
the USA, Canada, UK, Ireland, Japan, Australia, New Zealand etc. In Kentucky, USA for instance, 
KER work with around 70% of the studs and the numbers are similar in Australia.  KER formulate 
feeds and feeding programmes for their many ‘Team Member’ feed suppliers throughout the 
world who service both the racing and equestrian markets, as well and they boast many of the 
world’s leading trainers and competitive riders as clients.  KER was also the offi cial feed supplier 
for all equestrian sports at the Sydney Olympic Games and the same will apply to the forthcoming 
games in Athens.  

Dr Peter Huntington is Director of Nutrition at KER Australasia, and a senior partner of the 
worldwide KER team of experts. In addition to being a popular speaker in Australia, Dr Huntington 
is a prolifi c writer and he is the author of “Horse Sense – The Australian Guide to Horse Husbandry”. Aside from his duties with 
KER, Dr Huntington is an external lecturer and examiner at the University of Melbourne Veterinary School and holds numerous 
appointments in the horse industry.

 At the 13th Annual KER conference which was held in Sydney in Aug 2003, Dr Huntington delivered papers on the following topical 
subjects: one  on “Advances in Broodmare Nutrition” and another on “Feeding the Broodmare – the foundation of a Stud Foal 
Skeleton”  Dr Huntington has been personally involved in providing nutritional advice and developing feeding programmes with 
leading studs and feed manufacturers in Australia and New Zealand such as Coolmore, Arrowfi eld, Vinery, Darley, Emirates Park, 
Segenhoe, Lindsay Park, Colingrove, Bluegum, Haunui, Glenmorgan, Waikato etc.  He visited South Africa for the fi rst time for a few 
days early in May 2004 to promote the launch of a new horse feed  using micronised cereal grains, in S.A. and gave various seminars 
to the racing, breeding and equestrian markets which were very well received.  

STEPHEN M. REED,
DVM, Diplomate ACVIM-LA
Professor and Head of Equine Medicine and Surgery
The Ohio State University
Columbus, Ohio 43210

Dr. Reed is a 1971 graduate of the College of Agriculture and a 1976 graduate of the College 
of Veterinary Medicine at The Ohio State University.  He moved to Michigan State University 
where he performed an Internship and Residency in Equine Medicine and Surgery.  Dr. Reed 
has Board Certifi cation in Large Animal Internal Medicine.

Dr. Reed’s clinical and research interests have focused on equine neurological diseases, 
in particular Equine Protozoal Myeloencephalitis (EPM) and Cervical Vertebral Stenotic 
Myelopathy (CVM).  Dr. Reed has been involved in work on the role of diet in development of 
cervical vertebral stenotic myelopathy as well as continued study of surgical management of 
CVM.

Most recently, along with Dr. William JA Saville, Dr. Reed’s research has helped elucidate 
the life cycle of Sarcocystis neurona as well as a model to reproduce this disease in horses.  
He was recently awarded (2003) the Schering Plough Animal Health and World Equine Veterinary Medical Association Award for 
Applied Research for his work investigating neurological diseases of horses. 

Dr. Reed began his teaching career at Washington State University in 1979 and returned to Ohio State, his alma mater, in 1983 
where he remains as Jenne Professor and Head of Equine Medicine and Surgery.

Siger, L, Bowen, R, Karaca, K, Murray, M, et al. Assessment of the effi cacy of a single dose of a recombinant vaccine against West 
Nile virus in response to natural challenge with West Nile virus-infected mosquitoes in horses. Am J Vet Res 2004;65, 1459-1462.Am J Vet Res 2004;65, 1459-1462.Am J Vet Res
McKenzie, HC, Murray, MJ. Concentrations of gentamicin in serum and bronchial lavage fl uid after once-daily aerosol 
administration to horses for seven days . Am J Vet Res 2004; 65:173-178.
Jeffrey, SC, Murray, MJ,  Eichorn ES. Distribution of epidermal growth factor receptor (EGFr) in normal and acute peptic-injured 
equine gastric squamous epithelial mucosa. Equine Veterinary Journal 2001;33:562-569.Equine Veterinary Journal 2001;33:562-569.Equine Veterinary Journal
McKenzie, HC, Murray, MJ. Concentrations of gentamicin in serum and bronchial lavage fl uid after intravenous and aerosol 
administration to horses.  Am J Vet Res 2000; 61:1185-1190.
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The cause of diarrhea is undetermined in up to 70% of 
affected foals.  

Causes may be either infectious or non-infectious. Acute 
diarrhea may be a life threatening disorder as a result of 
severe dehydration and metabolic derangements.

CLOSTRIDIUM DIFFICILE ENTEROCOLITIS
Clostridium-associated diarrheas are recognized in many 
species. In humans, C. diffi cile is the most common pathogen 
associated with nosocomial and antibiotic-induced diarrhea. 
The genus Clostridium includes obligatory, spore-forming 
anaerobe gram-positive rods.  In 1987 for the fi rst time C. 
diffi cile was determined to be the cause of enterocolitis in 
foals. Several studies have confi rmed C. diffi cile as the main 
etiologic agent of antibiotic-induced diarrhea and hemorrhagic 
necrotizing enterocolitis in horses. C. perfringens may also be  C. perfringens may also be  C. perfringens
isolated in some horses with enterocolitis.  

The development of C. diffi cile enterocolitis is not always 
associated with the use of antimicrobials, as nosocomial 
outbreaks of diarrheas have been reported. Some animals are 
carriers of C. diffi cile. Stressful situations (racing, transport, 
and surgery), hospitalization, and diet changes are also risk 
factors for foals to develop C. diffi cile enterocolitis.  C. diffi cile 
produces a series of toxins and hydrolytic enzymes that 
cause severe intestinal damage. The clinical presentation is 
variable; some foals present with mild diarrhea or fever while 
others develop a severe hemorrhagic necrotizing enterocolitis 
with a fatality rate up to 70% depending on the virulence of the 
strain involved, susceptibility of the patient, and appropriate 
treatment. 

Therapy may require fl uid therapy, antimicrobial agents, 
antidiarrheal agents, dietary management, and supportive 
measures. Effective antimicrobials against Clostridium spp. 
include metronidazole and vancomycin.  The diagnosis 
of C. diffi cile diarrhea is based on clinical signs, history of 
antimicrobial administration, and the identifi cation of C. 
diffi cile or its toxins in feces; however, reaching a defi nitive 
diagnosis is often diffi cult. Detection of toxins is necessary 
because many strains of C. diffi cile are not toxigenic. There 
are commercially available tests to detect C. diffi cile toxins. 
PCR methods are also available to detect the genes for the 
toxins.

Clostridium perfringens is the most important cause of 
clostridial enteric disease in domestic animals and is divided 
into 5 phenotypes (types A, B, C, D, E) on the basis of 
production of 4 major toxins. I remember these by formula: 

A is for alpha, B has all three (alpha, beta, epsilon), C has 
(alpha, beta) and D has (alpha, epsilon). Some A strains 
also produce the C. perfringens entertoxin.  Type A – alpha 
toxin- necrotizing, hemolytic, and lethal- can split proteins 
and proteinase, hyaluronidase splits lecithin or protein lecithin 
complexes. Most wide spread, wound infection, gas gangrene, 
food poisoning in humans, these strains are heat resistant. 
“Enterotoxemia” has been reported in lambs and foals.  Type 
B- alpha, beta (Beta toxin is lethal and causes infl ammation 
of the intestine and partial loss of the mucosa), epsilon 
(produced by types B and D as a protoxin which is only mildly 
toxic. Once converted to the toxin by the action of proteolytic 
enzymes such as trypsin and pepsin, it is necrotizing and 
lethal) – dysentery in newborn lambs, which is primarily an 
enterotoxemia with enteritis and extensive ulceration.

Type C- alpha, epsilon produces “struck”, an acute intoxication 
in adult sheep in England and Wales. Hemorrhagic enteritis of 
neonatal calves, foals, young pigs and lambs. Type D- alpha, 
epsilon (produced only by good hygiene and management 
practices. Immunity is primarily anti-toxic rather than anti-
bacterial. Antitoxins from horses hyperimmunized against 
toxins from types B, C, and D are available and may last for 
2 to 3 weeks.

LAWSONIA INTRACELLULARIS PROLIFERATIVE LAWSONIA INTRACELLULARIS PROLIFERATIVE LAWSONIA INTRACELLULARIS
ENTEROPATHY
Proliferative enteropathy (PE) is an infectious disease of 
young horses and other large animals caused by Lawsonia 
intracellularis, an intracellular bacterium with worldwide 
distribution. Affected pigs may shed the organism, which 
can survive up to 2 weeks in the environment. In horses, it is 
unknown how the microorganism is maintained in the equine 
population or environment. 

In equine farms, L. intracellularis generally affects one animal, L. intracellularis generally affects one animal, L. intracellularis
although outbreaks can occur.  Most affected animals are 3-7 
months of age. The animals may be presented with a history 
poor body condition, colic, or diarrhea, weight loss, ventral 
edema and depression. This condition may result in death in 
some foals while in others it may result in poor body condition 
or growth retardation. The most consistent fi ndings are 
hypoproteinemia with hypoalbuminemia. Several conditions 
can result in protein losing enteropathy and in similar clinical 
signs, including parasitism, gastric ulcers, infl ammatory bowel 
disease (eosinophilic, granulomatous, lymphocytic) and 
NSAIDs intoxication. Infectious agents such as Clostridium 
diffi cile, Salmonella spp., rotavirus, and Rhodococcus equi
cause diarrhea and protein losing enteropathy; however, 
these agents in general cause disease of rapid progression.

Enterocolitis Foals
Stephen M. Reed, DVM, DACVIM
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Diagnosis:Diagnosis: History, clinical signs, hypoproteinemia with 
hypoalbuminemia, and ruling out other common pathogens 
suggest the presence of a L. intracellularis enteropathy. L. intracellularis enteropathy. L. intracellularis
Transabdominal ultrasound often confi rms the presence of 
small intestinal thickening. A polymerase chain reaction (PCR) 
of fecal samples is useful; however, it has a low sensitivity. 
Serology is accepted for exposure of L. intracellularis and L. intracellularis and L. intracellularis
for the diagnosis of PE. Histological examination using silver 
stains reveals intracellular bacteria in the epithelial cells of 
the proliferating crypts. It is diffi cult & impractical to isolate the 
microorganism by standard methods. Treatment: Based on 
the intracellular location of this bacterium, the antimicrobials of 
choice must have a good tissue and intracellular penetration. 
Erythromycin salts (25 mg/kg, PO, twice a day) alone or with 
rifampin (10 mg/kg, PO, once or twice a day) is a good choice.  
Use of chloramphenicol (50 mg/kg, PO, q6h); however, we 
do not recommend this antibiotic to treat L. intracellularis. 
At Ohio State University we use oxytetracycline (6.6 mg/kg, 
once to twice a day, IV, in saline solution) or doxycycline (10 
mg/kg, PO, twice a day) for 2-3 weeks.  The prognosis is 
guarded to good. Unlike other species, it seems that foals 
require appropriate antimicrobial therapy in order to recover 
from the infection.  It is unclear which factors predispose foals 
to develop PE, however, it is important to reduce exposure of 
other animals on the farm. Animals suspected of having PE 
should be isolated.

SALMONELLA 
Salmonella spp are the most common cause of diarrhea in 
adult horses and often results in enteritis or enterocolitis in 
foals.  The organism is a gram negative facultative anaerobe 
that has been reported to be present in the large intestine of 
10 to 20 % of normal horses.  Actual shedding of organisms 
from feces is much lower, likely < 2%.  Salmonella are 
one of the most common nosocomial infections of horses 
and represents a signifi cant risk because of the zoonotic 
potential with this organism.  Virulence is quite variable and 
the organism is spread by fecal oral transmission.  Spread 
of disease is affected by environmental and host factors. 
Some of the environmental factors which increase the risk for 
infection include high ambient temperature, transportation, 
antibiotic usage, gastrointestinal surgery, general anesthesia 
as well as changes in diet and immunosuppression.  Several 
host factors are important to reduce the invasion of pathogenic 
bacteria including gastric pH, normal bacterial fl ora in the 
large intestine, normal GI motility, and natural defense 
mechanisms such as the mucosal barrier and mucosal 
immunity. The immune status of the host is important in 
changing the susceptibility of the host as well as the invasion 
of the bacteria in the wall of the intestine.  One of the most 
important features of these bacteria is its ability to invade 
macrophages and to survive and multiply within these cells.  
This effectively blocks the humoral immune system from 
destroying the bacteria.   

In foals Salmonella often results in enterocolitis and 
septicemia. Diarrhea associated with Salmonella spp
results from several pathways including organism invasion 
of enterocytes and an infl ammatory response in the wall of 
the bowel, a secretory mechanism associated with chloride 
and fl uid secretion, recruitment of leukocytes and other 
infl ammatory cells, derangement of the enteric nervous 
system resulting in disordered motility and inhibition of sodium 
and water absorption and as a result of this disruption there 
is loss of the natural mucosal barrier allowing absorption of 
bacterial byproducts and systemic endotoxemia.  Several 

clinical syndromes occur with salmonella infections in 
horses and foals, including inapparent carriers, depression 
and fever without diarrhea, acute enterocolitis with profuse 
watery, diarrhea and systemic infection without diarrhea.  
Often inapparent infections will change to active infection 
when the horses are stressed.  Diarrhea usually develops 
within 24 to 48 hours after the fever.  The clinical pathologic 
fi ndings associated with endotoxemia include moderate 
to severe leukopenia with lymphopenia and neutropenia.  
Hemoconcentration is often prominent and in some horse a low 
platelet count may be apparent. Serum biochemical changes 
often include azotemia, and metabolic acidosis. In addition 
horses with severe enterocolitis often have hyponatremia, 
hypokalemia, hypochloremia and hypocalcemia.   Diagnosis 
is by identifi cation of the causative organism in fecal culture.  
Because the organism is not easy to isolate from the lumen 
of the intestine it is recommended to collect serial fecal 
cultures (once a day for 5 days).  Use of polymerase chain 
reaction is the most sensitive and rapid test for diagnosis of 
Salmonellosis in horses.  Treatment involves the correction 
of dehydration, acid base and electrolyte imbalances along 
with systemic antimicrobial agents to combat bacteremia and 
septicemia.  

ROTAVIRAL DIARRHEA IN FOALS
Between 70 and 80 % of all foals can be expected to show 
diarrhea before reaching 6 months of age.  In most cases the 
diarrhea will last for 1 to 2 days, although it can be longer.  
Clinical signs may be very mild or may manifest as severe 
dehydration, prostration and even death. Viral causes, in 
particular, rotavirus and coronavirus may be responsible 
for diarrhea in foals.  Some outbreaks of foal diarrhea have 
been associated with concurrent bacterial and viral diarrhea.  
A signifi cant reduction in the incidence of diarrhea may be 
observed when good hygiene is practiced during the foaling 
process.  Many foals with enteritis appear to have minimal 
to no damage of the intestinal mucosa and in these foals 
the cause is often bacterial such as an E. coli septicemia or E. coli septicemia or E. coli
enterotoxaemia.  In these foals the bacteria adhere to the 
mucosa and produce toxins which result in increased secretion 
of water into the lumen of the intestine.  Rotavirus diarrhea is 
an increasingly important cause of problems in young foals. 
This viral agent causes severe diarrhea by damaging the cells 
which line the small intestine and serve as the site of digestion 
and absorption in normal foals.  Injury to the lining cells results in 
an in loss of absorptive ability and loss of the ability to produce 
digestive enzymes such as lactase.  Therefore, nondigested 
and unabsorbed food material, primarily milk, enters the large 
intestine where it is quickly fermented and results in diarrhea as 
a result of osmotic forces drawing water into the lumen as well 
as fermentation of the undigested material.  The infl ammation 
associated with this type of diarrhea is minimal.  Clinical signs 
include depression and decreased suckle refl ex combined with 
mild fever and poor attitude.  Diarrhea is often greenish in color 
and may be self-limiting after a few days.  Rotavirus is a primary 
pathogen in foals. Adult horses may be asymptomatic carriers.  
Foals become infected by fecal oral contamination, usually at 
a very young age although the diarrhea from this cause has 
been observed in foals up to 6 months of age, in our hospital.  
A clinical suspicion may be determined based on clinical signs, 
age of the affected foals and timing of the disease.  A defi nitive 
diagnosis of rotaviral infection can be established by use of 
the electron microscopic and ELISA on fecal samples collected 
from foals suspected to have rotavirus.  The reliability of this 
test is very high although it does require a great deal of time, 
effort and expense.  Several commercial tests are available 
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(Rotazyme, Abbott Laboratories, and Virogen Rotatest, 
Wampole Laboratories, USA). These tests can be performed in 
a practice setting and appear to have a good correlation to the 
use of electron microscopy.  Treatment of rotavirus infections 
is primarily supportive.  The use of antibiotics should be 
reserved for foals which develop secondary bacterial infections.  
Fluid therapy to maintain adequate hydration is critical.  It is 
my opinion that taking the foal off the mare is also helpful to 
reduce bulk and fermentable carbohydrate in the stomach.  In 
addition affected foals have lost the enzyme lactase and have 
diffi culty digesting milk. The foal will require some source of 
energy replacement as either a soy-protein base supplement 
or a commercially available oral electrolyte and carbohydrate 
product. 

Rotaviral infection alone is rarely a fatal disease but it can be a 
major management problem.

POTOMAC HORSE FEVER (PHF)
PHF (Equine Monocytic Ehrlichiosis) was fi rst recognized as 
a cause of diarrhea in 1979. The disease is an acute systemic 
disease of horses caused by Neorickettsia risticii (formerly Neorickettsia risticii (formerly Neorickettsia risticii
Ehrlichia risticii). N. risticii is an obligatory intracellular N. risticii is an obligatory intracellular N. risticii
bacterium in the family Rickettsiaceae. The disease has been 
serologically identifi ed in horses in the United States, Canada, 
Italy, France, Venezuela, India and Australia. However, culture 
isolation of the organism has been made only in horses of the 
United States.

The disease occurs along big rivers and their tributaries mainly 
during the summer (June through September). The disease is 
known to be transmitted through the ingestion of caddisfl ies 
parasitized with Neorickettsia risticii- infected metacercaria. 
N. risticii DNA has been detected in mesocercariae and N. risticii DNA has been detected in mesocercariae and N. risticii
metacercariae in aquatic snails and acquatic and larval insects 
such as mayfl ies and caddisfl ies in northern California and in 
central Pennsylvania. Three horses fed either adult caddisfl ies 
or a mixture of caddisfl ies and mayfl ies developed PHF. 
Ingestion of the larval stage of aquatic insects or cercariae in 
the water did not transmit N. risticii. Blood-sucking arthropods, 
black fl ies, eye gnats, biting midges, and mosquitoes have 
been found to be negative for N. risticii transmission. How N. risticii transmission. How N. risticii
the N. risticii are maintained in nature are unknown, but in a N. risticii are maintained in nature are unknown, but in a N. risticii
recent study by Gibson, Rikihisa et al gravid trematodes were 
recovered from the intestines of bats.  Within the trematodes 
N. risticii was identifi ed.N. risticii was identifi ed.N. risticii

The disease is characterized by fever, depression, loss of 
appetite, diarrhea, dehydration and often laminitis. Horses with 
diarrhea usually exhibit leukopenia and hemoconcentration. 
Salmonella is the main differential diagnosis.  N. risticii infects N. risticii infects N. risticii
blood monocytes and has a predilection for the intestinal 
wall, especially of the large colon where it infects tissue 
macrophages, intestinal glandular epithelial cells, and mast 
cells. Watery diarrhea is caused by an impaired absorption 
of sodium and chloride from the lumen of the bowel. The 
gross pathological changes associated with this disease are 
minimal. 

The diagnosis of PHF is currently done by serologic testing 
utilizing IFA (indirect fl uorescent antibody). This testing 
does not determine if the horse is currently infected or if the 
antibodies remain from a previous exposure to N. risticii. 
In addition IFA cannot distinguish between infection and 
vaccination titers. Therefore PCR testing has been developed 
to detect the partial 16S rRNA sequence, groEL,  and 51-kd 

protein genes of N. risticii. This testing can be performed on 
blood and feces. 

Vaccines prepared from inactivated cell-cultured N. risticii
which are available from several commercial sources. 
Although the effi cacy of the vaccine in the fi eld is marginal 
vaccination against the disease is very important. The 
marginal nature of the vaccine comes from the fact that 
the organism can sometimes be isolated from sick horses 
which have been vaccinated. Even if complete protection 
is not achieved, vaccination may lessen the impact of the 
disease; diminish the chance of transmission by decreasing 
the number of circulating organisms and/or to reduce the 
time the organisms are in the bloodstream. Infection-induced 
immunity is excellent and horses that have been exposed to 
the disease do not need be vaccinated for two years. 

Chronic diarrhea
Diarrhea is a large bowel, principally a colonic disease. By 
defi nition we consider chronic diarrhea any diarrhea that is of 
one month duration or longer.  Fecal consistency can be quite 
variable and is often impacted by periods of stress. A common 
cause of chronic diarrhea includes encysted small strongyle 
infection which may cause malabsorption associated with 
intestinal wall damage, especially when the larvae emerge from 
the wall of the bowel in the spring time. Less common causes 
of chronic diarrhea include liver disease, lymphosarcoma of 
the intestine or other neoplasia, chronic salmonella, Lawsonia 
spp and Brachyspira spp, hyperlipemia, peritonitis, fl ora 
changes associated with chronic administration of antibiotics 
and NSAIDS toxicity, characterized by a protein-loosing 
enteropathy. Granulomatous disease of the small and large 
intestine can sometimes cause chronic diarrhea, weight loss 
and hypoprotenemia in horses. The most common signalment 
for this problem is young Standardbred horses (<2 years) 
although horses of all breeds can and have been reported 
to be effected. The clinical signs include weight loss, good to 
increased appetite, panhypoproteinemia, edema and diarrhea 
in some horses. This is a low frequency disease but should 
be considered in horses with weight loss. The diagnosis can 
be suspected based on the signalment, history and clinical 
signs. Confi rmation is by glucose or D-xylose absorption 
test, a rectal mucosa biopsy or intestinal biopsy. Treatment 
is directed at the specifi c cause whenever it can be identifi ed 
or in cases of chronic granulomatous disease and intestinal 
lymphosarcoma may be limited to corticosteroids, intestinal 
resection if only a small portion of intestine is involved or 
nothing. 
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Infertility  is the most common reproductive complaint 
of horse owners.  It can be a perplexing problem for the 
veterinarian as identifi cation of the cause is frequently 
diffi cult.  Owners may not keep accurate records, the mare 
may change owners often, the stallion may be infertile, 
or reproductive management may be poor.  Man has 
complicated and in some cases increased the incidence of 
infertility by using new technologies such as fresh cooled 
semen or frozen semen to breed mares.  If the veterinarian 
is to obtain pregnancies with these techniques he/she must 
fi nely tune rectal palpation and ultrasonography skills, and 
keep current on new advances in reproductive physiology.

We use a systematic approach to identify mare infertility by 
dividing client complaints into three categories:
A. Mare fails to cycle normally
B. Mare cycles normally, conceives and loses the pregnancy 

between 35 and 90 days
C. Mares cycles normally and if conceives loses pregnancy 

before 35 days

In the fi rst instance, there is a problem with the hypothalamic-
pituitary gonadal axis that governs follicular development pituitary gonadal axis that governs follicular development pituitary gonadal axis
and ovulation.  Failures of this system may be caused by 
seasonal effects, by developmental anomalies, by abnormal 
endocrine function or by other causes.  The most common 
client complaint is the failure to cycle.  Details of the 
diagnostic characteristics involved appear in Table A.

In both B and C type infertility, the mare cycles properly and 
either conceives or fails to do so, leading one to consider the 
tubular genital system for the cause of the problem.  Early 
pregnancy loss, as in type B, has been associated with an 
endocrine failure (inadequate plasma progesterone), but 
there is little hard evidence to support that concept, and 
current thinking implicates disorders of the tubular tract or 
systemic release of prostaglandin due to unrelated illness, 
such as colic.  Diagnostic details on types B and C infertility 
appear in Tables B and C.

Mares that fail to cycle
Causes

 Seasonality
 Spontaneous prolongation of the corpus luteum
 Behavioral anestrus
 Lactational anestrus    
 Tumors
 Anovulatory follicles
 Developmental abnormalities

By defi nition, the complete reproductive cycle includes a 

period of estrus, concluding with ovulation and a period of 
diestrus when progesterone levels are elevated.  Observing 
periodic estrous behavior does not prove cyclicity.  Evidence 
that ovulation is occurring can be from sequential data from 
ovarian palpation, presence of a corpus luteum as shown by 
ultrasonography or elevation of serum progesterone levels.  
Presumptive evidence of ovulation includes fi rm uterine 
and cervical tone and presence of follicular activity on the 
ovaries.

A common cause of interruption of cycle is pregnancy.  
Accurate pregnancy examination techniques are critical 
to successful infertility management.  Pregnancy must 
always be ruled out before other diagnostic procedures 
commence.

Table A- Findings and differential diagnoses in non pregnant-
non cycling mares 

Ovaries Season
Tubular 

Tract
Behavior

Other
Findings

Probable 
Cause

Normal 
size have 
follicles

Summer
Excellent 
tone C -2

Rejects stallion
Prolonged 
diestrus

Normal 
size active

Spring
Poor tone 

C-3
Passive or 

irregular estrus

Spec: C-V 
pale, dry; 
P

4
 < 1.0 

ng/ml

Transition 
from 

anestrus to 
ovulatory 

stage

Small 
inactive

Winter
Flaccid 

C-4
Passive or 

irregular estrus
Spec: C-V 
pale, dry

Winter 
anestrus

Very small 
inactive

Any
Uterus 
infantile

Passive

Small body 
size

Athletic, 
good 

lookinglooking

Gonadal 
dysgenesis 
testicular 

feminization

One ovary 
enlarged

Other one 
smaller 

than 
normal

Any
Variable 
(fl accid)

Masculine 
aggressive, 

irregular 
constant 
estrus, 

anestrus 
Nymphomania

No 
ovulation 
fossa one 

large ovary; 
inhibin 

increased if 
GCT

Secreting 
ovarian 
tumor

SEASONALITY
Seasonal effects on the reproductive cycle are a common 
cause for failure to cycle or abnormal cycles in the winter 
and spring. The reproductive cycle of the mare can be 
divided into four periods: anestrus, transition into the 
breeding season, the physiological breeding season and 
transition out of the breeding season. The anestrous period 
in the Northern Hemisphere occurs in November, December 
and January.  The transition into the breeding season lasts 

AN APPROACH TO THE DIAGNOSIS OF 
INFERTILITY IN THE MARE
Michelle M LeBlanc, DVM, Diplomate, ACT,Rood and Riddle Equine Hospital
Modifi ed and presented by Margo Macpherson, DVM, MS,Diplomate, ACT
University of Florida
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from February until mid-April.  The lengthy transition period 
presents economic diffi culties for the horse-breeding industry 
because January 1 has been designated as the arbitrary 
birthday for foals.  Breeders are compelled to strive for earlier 
foalings, this being generally incompatible with the mare’s 
reproductive physiology. 

In the winter the content and secretion of the GnRH from 
the hypothalamus is drastically reduced.  Shortly after the 
winter solstice GnRH secretion begins to increase through 
mechanisms not completely understood.  Follicular Stimulating 
Hormone increases presumably in response to the increase 
in GnRH and  follicles begin to develop on the ovaries.   
During this time little if any LH is secreted as the gene for LH 
synthesis is essentially turned off.  The pattern of follicular 
growth during vernal transition is relatively predictable, with 
increased size and numbers of follicles.  Of major importance, 
the fi rst several follicles that form in vernal transition do not 
ovulate, although they may reach normal preovulatory size 
(>30 mm).  

Mares make on average 3.7 +.9 follicles that reach a size of 
30 mm or greater that do not ovulate during the transitional 
phase.  These follicles are not steroidogenically competent
and do not produce estrogen.  This leads to reproductive 
ineffi ciency as it is diffi cult to know whether a given follicle is 
competent and will ovulate during this time of year. Monitoring 
the development of a follicle over time  may be useful in 
determining the eventual status and outcome of a transitional 
follicle because the growth rate of  follicles destined to regress 
is considerably slower than that of the follicle which eventually 
ovulates.  Shedding of the long winter hair coat in spring is 
another rough indicator of impending ovulation as shedding is 
closely associated with reproductive renewal. While it is not 
known what factors contribute to the eventual development 
of the fi rst competent follicle, it is clear that this follicle, 
destined to be the fi rst to ovulate in the year, is reasonably 
steroidogenically competent.  The development of the fi rst 
ovulatory follicle is accompanied by a surge of estradiol in 
the peripheral plasma that follows a few days later in a surge 
in LH.

CLINICAL SIGNS 
The transitional period can be accompanied by long periods of 
erratic ovarian and estrous behavior.  Ovaries of mares in late 
transition usually are very active and have several follicles of 
varying sizes and maturity.  The associated prolonged estrous 
behavior can last from 1 week to 4 months or more.  Clients 
unfamiliar with the seasonality of the reproductive cycle of the 
mare will typically assume that the mares have ovulated and 
may breed the mare during this time.  

MANAGEMENT

Artifi cial lighting schemes:
Artifi cial light, applied 60 days before intended breeding 
season is the best method of managing mares if one wishes 
to move the vernal transition forward from April to February.  
Light added at the end of the day, to yield a total of 14 to 
16 hrs of light daily results in mares resuming cyclicity 
in 60 to 75 days. Mares exposed to lights on December 
1 usually cycle by February 15th.  It has become common 
practice in some areas to place mares under lights beginning 
1 November instead of 1 December with the idea being that 

mares will begin cycling within 60 days.  Work has shown 
that mares placed under lights in November experience their 
fi rst ovulation at essentially the same time of year as mares 
placed under lights in December- in mid- February.   Older 
mares (> 18 yrs of age) will take longer to begin cycling.  Too 
much light (> 16 hr per day) may actually delay the onset of 
cyclic activity.

Hormonal Methods to Hasten 1st Ovulation of the Year st Ovulation of the Year st

Drug
Dosage/
Route

Purpose
Combined 
Treatment

Treatment 
length

Progestins     
progesterone     
    altrenogest 
(Regumate)

150 mg/d IM
0.044mg/kg 

PO

suppress 
estrus

Give late in Give late in 
transition or 
after mares 
under 14 hr  
light for 45 

daysdays

10 to 14 
days

Estrogens
Estradiol 17� 10 mg/d IM 

Suppress 
follicular 
growthgrowth

Combined with Combined with 
days

Combined with 
daysdays

Combined with 
days

daily progestin 
therapy; 

PGFPGF
22��

last daylast day

10 days

Prostaglandin
Dinoprost 
(Lutalyse)

Cloprostenol 
(Estrumate)

5-10 mg IM
100-250 

μg IM

Induce luteal 
regression

Used with 
progestin 

treatment or 
with  progestin 
and estradiol and estradiol 

1 injection 
on last 
day of 

treatment 

Ovulation 
Induction 

hCG

GnRH
 (Deslorelin)

1500-4000 
IU IV

2.2 mg subQ 
implant

Induce 
ovulation

Hasten 
follicular 
growth & 
ovulationovulation

Give late in 
transition 

when follicle > 
35mm edema 

in uterus

1 injection

Dopamine 
Antagonist

Sulpiride
Domperidone

200 mg/d IM
440 mg/d IM

Induce 
follicular 
growth & 
ovulation 

during 
transitiontransition

2 weeks of 
14.5 hr light in 
January then 

start treatment

10 to 35 
days

A number of lighting schemes have been advocated. The 
classical photostimulation technique for mares in winter 
anestrus consists of a light treatment, 14.5 hour or 16 hours 
of 100 lux white light, beginning around the winter solstice 
and ending around mid-April. After such treatment, cyclicity 
occurs in  70 to 80 days. Breeders that plan on breeding mares 
in mid-February place mares under lights in late November to 
early December. If the mare is to be bred in March, she can 
be placed under lights beginning around the winter solstice. 

The minimum intensity of light required to stimulate cycling 
appears to be 2 foot-candles.  Most lighting systems provide 
12 to 15 foot-candles of light. A 100-watt incandescent bulb 
placed in a 3.66 x 3.66-m (12 x 12 foot) box stall is most 
commonly used.  Breeders may wish to expose mares 
to artifi cial photoperiod in a paddock situation instead of 
individual stalls, the type and number of fi xtures, shape and 
size of the paddock, height and angle of fi xtures and wattage 
of bulbs must be considered.  Placing eight 1000-watt metal 
halide fl ood lights at a height of 6.1 m (20 feet) in a paddock 
measuring 25.6 x 20.1 m (84 x 66 feet) successfully achieves 
the desired illumination.

Recent studies in France have re-evaluated the number of days 
and the intensity of  light required to induce early cyclicity.  The 
minimum intensity of light required to stimulate cyclicity is only 
10 lux, the light produced with a 20 W white incandescence 
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bulb in a 12 x 12 foot box stall.  Mares subjected to this low 
intensity of light beginning at the winter solstice for 14.5 hours 
daily had plasma progesterone concentrations higher than 1 
ng/ml by 62 + 6 days (Means + SEM), similar to that of mares 
subjected to high intensity light (100 lux; 64 + 15 days). Mares 
resumed cyclicity around the 20th to 22nd of February. 

The number of days mares need to be subjected to an 
artifi cial lighting regimen to advance the fi rst ovulation of 
the year is less than previously reported. Mares subjected 
to 14.5 hours of light daily for 35 days starting at the winter 
solstice (Dec 21) resumed cyclicity at the same time as those 
mares subjected to artifi cial light for 60 days (76 + 4 days; 
Mean + SEM).    It is not known if mares subjected to a low 
intensity lighting scheme (10 lux) or 35 days of light with a 
high intensity lighting scheme (100 lux) beginning on the fi rst 
of December would  resume cyclicity in 60 to 75 days or if it 
would take longer.

The fi nal lighting method for advancing the fi rst ovulation of 
the year is to subject mares to a burst of light in the middle 
of the night during their photosensitive window.  Mares 
subjected to a one hour burst of high intensity of light (100 
lux) 9.5 hours after sunset for 60 days is suffi cient to advance 
the fi rst ovulation. This suggests that mares have a period in 
their circadian rhythm in which they are uniquely sensitive to 
light.  It appears to be related to the time of dusk and occurs 8 
to 10 hours after the onset of darkness.   When treatments are 
combined: one hour of 10 lux light during 35 days, cyclicity is 
advanced in only half of the mares.  

Hormonal methods for inducing cyclicity
Although photoperiod is the most effi cient non hormonal 
method for advancing the fi rst ovulation of the year, hormonal 
treatment schemes added to the end of the lighting regime 
have speeded up the fi rst ovulation or have synchronized 
the fi rst ovulation in a group of mares. The effi cacy of 
progesterone or progestin treatment in regulating estrus 
and ovulation depends on the stage of the transitional period 
and follicular status at the onset of treatment.  Several 25 
to 35-mm follicles should be present on the ovaries before 
treatment. In, general, the later in the transitional period, the 
higher the likelihood the mare will ovulate after treatment. 
Early in the anestrous period, when the ovaries are small 
and inactive, progesterone or progestins are ineffective at 
inducing estrus      
  

Exposure of mares to artifi cial lighting for at least 45 days before 
the administration of progesterone increase its effectiveness.  
Daily administration of progesterone in oil 150 to 200 mg 
IM or altrenogest 0.044 mg/kg PO for 12 to 15 days usually 
stops prolonged estrous activity within 2 days. Following the 
last treatment, mares usually exhibit estrus within 3 days, 
with ovulation occurring in 7 to 10 days.  Human chorionic 
gonadotropin given on day 2 of estrus assists ovulation.
  
Human chorionic gonadotrophin (3300 IU intravenously) 
given late in the transitional period when there is a follicle > 40 
mm in diameter and the mare has exhibited estrous behavior 
for at least 3 days, induced ovulation in 89% of the mares.  
Mares ovulate 1 to 6 days after treatment, 7.2 days sooner 
than mares that did not receive hCG.  Pregnancy rates were 
normal in treated mares.

Synchronization of the fi rst ovulation (or any ovulation during 
the cyclic season) is best accomplished with a combination 
of progesterone in oil (150 mg/day IM) and estradiol 17�
(10 mg/day IM) given once daily for 10 days.  Treatment 
is most effective if given late in transition after mares have 

been under lights for 45 to 60 days. The addition of estrogen 
to daily progesterone treatment results in homogeneity of 
the follicular population and uniformity of follicular growth. 
Prostaglandin should be given on the last day of the steroid 
treatment. Mares will ovulate within 8 to 10 days from the 
last treatment. This steroid combination should be used with 
caution in mares  from whom bacteria have been isolated from 
their uterus as they may develop pyometra or endometritis 
during treatment. 

The temporal relationship between changes in daylight hours 
and prolactin content in the anterior pituitary has stimulated 
interest in investigating the use of dopamine antagonist for 
hastening the fi rst ovulation.  Mares subjected to artifi cial 
light in winter anestrus exhibit an increase in the secretion of 
prolactin and administration of ovine prolactin during anestrus 
results in rapid follicular growth. It is thought that prolactin has 
a direct or indirect effect at the level of the ovary. Dopamine 
is a neurotransmitter produced in the brain.  It has been 
hypothesized that dopaminergic neurons actively inhibit 
prolactin and GnRH secretion. Dopamine concentration 
in cerebrospinal fl uid is lower during the breeding season 
than during the anovulatory season and levels appear to be 
inversely correlated with plasma LH and prolactin.  

Administration of the domapine antagonists sulpiride or 
domperidone to mares in January advanced the fi rst ovulation 
of the year, however not all mares responded and the fi rst 
ovulation occurred over a wide span of time. Extending day 
length to 16 hours daily for 2 weeks prior to administration 
of sulpiride results in a tighter and shorter interval to fi rst 
ovulation.  Mares that received 16 hours of light beginning 
on January 20 for 2 weeks prior to twice daily injections of 
sulpiride (0.5 mg/kg  IM twice daily) ovulated 12 to 22 days 
after the start of sulpiride treatment.  The artifi cial lighting 
regimen was continued until the mares ovulated.

A GnRH agonist (desorelin) that is administered as a pellet 
under the skin has been used in Australia to advance the fi rst 
ovulation of the year. Six to 8 implants implanted every other 
day late in transition were needed.  Cost may be prohibitive 
for some clients.

CYCLIC ABNORMALITIES  - FAILURE TO CYCLE

Spontaneous prolongation of the corpus luteum 
The lifespan of the corpus luteum may be prolonged by a 
variety of causes including failure of secretion of prostaglandin 
in amounts adequate to induce lysis, presence of an immature 
CL from a diestrous ovulation that occurred shortly before 
prostaglandin release, early embryonic death after maternal 
recognition of pregnancy and chronic uterine infection, 
resulting in destruction of the endometrium and therefore a 
diminished prostaglandin  release. If untreated, the corpus 
luteum may persist for 2 to 3 months. 

If a diestrual ovulation occurs 1 to 4 days before endogenous 
prostaglandin release on days 15 or 16 of the estrous cycle, 
the mare does not show signs of estrus.  The immature 
corpus luteum (4 or fewer days from ovulation) is unaffected 
by prostaglandin and produces more progesterone in the face 
of destruction of the older corpus luteum. This syndrome 
may be suspected clinically in mares that are not expressing 
normal estrous behavior during the physiologic breeding 
season and it must be differentiated from the syndrome of 
mares with silent heat.  

Clinical signs: Mares will not exhibit estrous behavior for up 
to 60 days after the last estrus. The uterus will be fi rm and 
tubular on palpation and the cervix elongated.  There will 
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be follicles on the ovaries and a corpus luteum visible on 
ultrasonography. 
  
Management: Administration of prostaglandin Administration of prostaglandin Administration of  or its analogs 
are specifi c therapy.  Either a natural prostaglandin (dinoprost 
tromethamine; Lutalyse) may be given at a dose of 5 to 10 mg 
IM or cloprostenol (Estrumate), a prostaglandin analog at a 
dose of 125 μg to 250 μg (0.5 to 1 ml) IM may be given.  The 
response to prostaglandin depends on the age of the CL (no 
response if the CL is < 5 days) and the follicular activity on 
the ovary at the time of administration. If follicles are < 35 mm 
in diameter mares will return to estrus in about 2-5 days with 
ovulation in 6-12 days.  If a large follicle (>35 mm in diameter) 
is present when prostaglandin is given, estrus may occur  as 
early as 24 hrs after injection with the mare ovulating shortly 
after or in rare instances, the mare may ovulate without 
showing signs of estrus.    If there is a follicle > 40 mm on 
the ovaries at the time prostaglandin is administered it is 
advisable not to breed the mare as pregnancy rates may be 
lower, possibly due to advanced age of the egg.

BEHAVIORAL ANESTRUS 

Behavioral anestrus is a perceived cyclic abnormality.  
Mares may fail to exhibit estrous behavior when they are in 
physiologic estrus.  This most commonly occurs in maiden 
mares, mares that are retired from long performance careers 
and protective foaling mares.  Many breeders are now using 
cooled shipped semen or frozen semen to inseminate their 
mares.  Frequently there is no stallion on the farm, making 
identifi cation of estrus near impossible.  These mares may be 
inseminated at the wrong times in their cycle resulting in low 
to zero conception rates.

Clinical signs: Protective or scared mares will strike, kick 
or run when presented to a stallion even though they are in 
physiological estrus.  Others may be passive.   

Management: Problem mares should be presented 
individually to the teaser preferably restrained in a stock individually to the teaser preferably restrained in a stock individually to the teaser
while applying a lip chain or twitch.  Most mares will exhibit 
subtle changes in behavior while they are in estrus, so keen 
observation skills are important.  Estrus may be identifi ed 
in these mares by performing repeated ultrasonographic 
examinations of the reproductive tract in conjunction with 
vaginal speculum examinations to identify relaxation of 
the cervix.  Measuring progesterone concentrations in 
plasma samples collected every 5 to 6 days can be used to 
identify when the mare is in estrus. Plasma progesterone is 
< 1 ng/ml during estrus.  This method should not be used to 
identify estrus prior to the fi rst ovulation of the year  as plasma 
progesterone concentrations in all samples will be < 1 ng/ml.   

LACTATIONAL ANESTRUS

This condition occurs in mares occasionally, most frequently in 
mares that foal in February and March. The problem appears 
to be related to photoperiod.  Mares may take 60 to 90 days 
before they resume cyclicity.  

Clinical signs: Mare will exhibit normal estrous behavior 
during foal heat and then will not return to estrus.  On rectal 
examination, the ovaries are small, fi rm and contain only 
very small follicles.  The uterus is fl accid and cervix is open.  
Plasma progesterone concentration is < 1 ng/ml.

Management: There is no practical treatment once the mare 
exhibits clinical signs.  There has been the occasional mare 
that has been administered GnRH through a continuous 

infusion pump that resumes cyclicity in 10 to 14 days after 
the start of treatment. In the future, treatment of affected 
mares with a short period of additional light followed by 
sulpiride injections may hasten ovulation (see seasonality).  
It is advisable to place early foaling mares whose projected 
foaling dates are prior to 15 March, under 14.5 hours of light 
beginning the fi rst of December. 

OVARIAN TUMORS  

Granulosa-theca cell tumors are the most commonly 
reported neoplasm of the equine ovary.  They are generally 
benign, steroid-producing neoplasms with variable effects on 
mare behavior, depending upon the hormone levels attained.  
Mares may exhibit anestrus, continuous or intermittent 
estrus, or stallion-like behavior, including mounting mares 
in estrus, aggressiveness, squealing and striking.  Granulosa 
cell tumors are almost always unilateral, slow growing and 
benign. 

Clinical fi ndings and diagnosis: Granulosa-theca cell 
tumors are diagnosed by history, behavior, rectal palpation 
and ultrasonography.  Mares may exhibit anestrus behavior, 
constant or irregular estrus, or stallion like behavior. Rarely, a 
mare may have a granulosa cell tumor and continue to exhibit 
normal estrus cycles and ovulate off the other ovary.  On 
rectal palpation,  one ovary will be abnormally large with no 
palpable ovulation fossa.  The contralateral ovary is usually 
small, fi rm and inactive. Ultrasonography often reveals a 
multicystic or honeycombed structure.  The tumor may also 
be dense, knobby, smooth or appear as a solid ovarian mass 
with a single, large, fl uid-fi lled cyst. Some tumors may contain 
one or more hematomas within the stroma. 

Mares with granulosa cell tumors must be differentiated from 
mares with a hematoma. Mares with hematomas continue 
to cycle every 18 days, the contralateral ovary is active, the 
uterus will have tone during diestrus and the ovulation fossa 
can be palpated.   

Clinical diagnostic assays for the detection of a granulosa 
cell tumor include the measurement of inhibin, testosterone 
and progesterone.  Inhibin is elevated in approximately 
90% of the mares with a granulosa cell tumor.   It has been 
hypothesized that inhibin produced by the tumor is responsible 
for the inactivity of the contralateral ovary through the 
suppression of pituitary follicle stimulating hormone release.  
Serum testosterone levels may be elevated if a signifi cant 
theca cell component is present in the tumor.  Testosterone 
is elevated in approximately 50-60% of affected mares and is 
usually associated with stallion like behavior.  Progesterone 
concentrations in mares with a granulosa cell tumor are almost 
always below 1 ng/ml, since normal follicular development, 
ovulation and corpus luteum formation do not occur. Inhibin 
concentrations > 0.7ng/ml, testosterone concentrations > 50-
100pg/ml, and progesterone concentrations of < 1 ng/ml are 
suggestive of a granulosa cell tumor in a nonpregnant mare.  

The gross appearance of granulosa cell tumors is reasonably 
consistent.  The diameter may vary from 6 to 40 cm, but 
most are 10 to 20 cm wide.  On cut section, multiple cystic 
structures and a yellowish stroma between cysts are evident.  
Cysts may contain blood, blood-tinged fl uid, or most often, 
straw-colored serum like fl uid.

Treatment: Treatment for secreting ovarian tumors is 
ovariectomy of the affected ovary, if future fertility is desired.  
When surgery is not elected, the owner should be informed of 
the mare’s possible future discomfort and even hemorrhage 
from ruptured ovarian ligaments caused by the enlarge ovary.  
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Metastasis is extremely rare, occurring in only 1 mare of 78 
reported (Meagher DM, et al 1977). Surgical approaches for 
tumor removal include colpotomy, fl ank and ventral midline 
laparotomy and laparoscopy. 

The prognosis for fertility after successful removal of a 
granulosa cell tumor is favorable.  Most mares will cycle 
within the next 9 months.  If ovariectomy is performed 
during the winter, resumption of cyclic activity usually is 
delayed by the natural seasonality of the mare.

CYSTADENOMA, ADENOMAS AND 
ADENOCARCINOMA

Nonsecretory neoplasms are quite rare.  Equine ovarian 
adenomas are of epithelial origin and usually formed from 
the surface of the ovulatory fossa or oviductal fi mbriae.  They 
usually are unilateral, and unilobular or multilobular.  If cystic, 
they are referred to as cystadenomas.  Cystadenomas 
occur unilaterally and the contralateral ovary is normal.  
The ultrasonographic appearance of the affected ovary 
may include one to many cyst-like structures.  In general, 
these tumors are rare and benign and are not considered 
to be hormonally active.  On rare occasions, adenomas 
metastasize and are classifi ed as adenocarcinomas. 

Clinical signs: The abnormal ovary is identifi ed on rectal 
palpation and ultrasonography as the tumor does not affect 
the estrus cycle. Mares with adenocarcinomas generally have 
a history of weight loss, ascites and /or recurring abdominal 
pain from abdominal metastasis.    

Management: Surgical removal is recommended as the 
mare may exhibit episodes of abdominal pain if the tumor 
becomes quite large.  Cystadenomas have not been reported 
to metastasize.

TERATOMAS

Teratomas are the second most common ovarian tumor.  They 
are benign, nonsecretory tumors that arise from germ cells.  
Teratomas contain misplaced embryonic structures, such as 
bone, skin, teeth, cartilage, nerves, blood vessels, and hair. 
They are solid or contain large cystic spaces occasionally 
lined with squamous epithelium. 

Clinical signs/diagnosis: Mares with ovarian teratomas 
continue to cycle and ovulate from the contralateral unaffected 
ovary.  It is unlikely that teratomas interfere with fertility 
unless they are large enough to cause the reproductive tract 
to become pendent in the abdomen. In such cases surgical 
removal is indicated.

Ovarian teratomas are discovered most commonly on 
routine rectal examination.  The ovary feels fi rm and enlarge, 
with rough, irregular surfaces.  Differentiation from other 
nonsecretory ovarian tumors is diffi cult without excision.  

DYSGERMINOMAS

Dysgerminomas are composed of a uniform population of 
cells that resemble the primordial germ cells.  There rare 
neoplasms may be smooth and relatively soft, or lobulated 
with multiple cysts containing gelatinous fl uid.  They are 
extremely rare, and are generally considered to be malignant. 
They metastasize rapidly to both the abdominal and thoracic 

cavities.

Clinical signs/diagnosis: Hypertrophic pulmonary 
osteoarthropathy has been found in conjunction with this 
malignant neoplasm, causing clinical signs of weight loss, 
stiffness and edema of the extremities. 

Treatment: if this tumor can be detected before metastasis, 
the affected ovary should be removed.  

ANOVULATORY FOLLICLES

Ovulation failure is a normal physiological event during the 
spring and autumn transitional periods.  A mare may develop a 
dominant follicle that does not ovulate during the physiologic 
breeding season.  These structures are referred to as either 
anovulatory, hemorrhagic or persistent follicles and are not to 
be confused with the large anovulatory follicles that develop 
during the spring or fall transition.  Mares that experience 
this problem may do so over a number of estrous cycles.  An 
incidence of 5% has been reported in pony mares. Horse 
mares appear to have a similar rate although it occurs more 
frequently in older mares.  There is some evidence that use of 
desorelin (GnRH) may contribute to the problem.   The cause 
of ovulation failure has been suggested to be endocrine in 
nature, either from a lack of suffi cient pituitary gonadotropin 
stimulation to induce ovulation or from insuffi cient estrogen 
production from the follicle itself. 

Clinical signs and diagnosis: Mares with anovulatory 
follicles exhibit abnormal estrous behavior and prolonged 
interovulatory intervals. Mares remain in estrus for a 
prolonged period lasting from 7 to 15 days. Most mares 
eventually quit exhibiting signs of  estrus as the rim of the 
follicle develops luteal tissue. An affected dominant follicle 
may reach a size of 10 cm or greater and is identifi ed by 
repeated ultrasonographic examinations of the ovaries during 
estrus.  The dominant preovulatory follicle appears to grow 
normally, but instead of ovulating, it continues to enlarge.

Ultrasonographic examination reveals scattered free-
fl oating echogenic spots within the follicular antrum that 
tend to swirl during ballottement of the ovary.  Over time, the 
contents of the follicular antrum begin to organize into fi brous 
bands or may form a gelatinous, hemorrhagic mass within 
the follicular lumen.  The outer rim (4 to 7 mm) may contain 
echogenic luteal tissue. On rectal palpation the structure 
may feel like a preovulatory follicle or corpus hemorrhagicum 
and can be confused with a granulosa cell tumor.  Mares 
with an anovulatory follicle, though, may maintain cyclicity, 
will have a normal sized contralateral ovary, the ovulation 
fossa is palpable and the size of the affected ovary will return 
to normal within 60 days. Aspiration of the follicular contents 
yields bloody fl uid when there are echogenic particles.  Mares 
with this condition usually progress into a luteal phase that 
is either normal or prolonged. The majority of anovulatory 
follicles regress in 4 to 6 weeks.   

Management: The signifi cance of an anovulatory follicle is 
that the oocyte is not released. Suspect anovulatory follicles 
can be identifi ed by measuring plasma progesterone 5 to 7 
days after the mare stops showing signs of estrus.  Levels 
will be low, in the range of 1 to 5 ng/ml.  Some of these mares 
will respond to prostaglandin and will return into estrus.  
Unfortunately, a good number will repeat the process during 
the ensuing estrus.  A few anovulatory follicles may ovulate 
after hCG or GnRH is given. Unfortunately, most do not 
respond.  Pregnancy does not usually occur if a persistent 
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follicle spontaneously ovulates or is induced to ovulate.  This 
is likely a result of degeneration of the oocyte over time.  
Pregnancy will not occur if the follicle becomes hemorrhagic 
or luteinized without ovulating.

DEVELOPMENTAL ABNORMALITIES  

The karyotype of the normal mare and stallion are 64, XX 
and 64 XY, respectively.  Horses of all domestic breeds 
have the same number, size and shape of chromosomes.  
Chromosomal abnormalities, especially of the sex 
chromosomes, have been associated with infertility in the 
horse. A chromosomal abnormality may be suspected in a 
mare of breeding age with primary infertility and gonadal 
hypoplasia.  The most commonly reported chromosomal 
abnormality of the horse is 63, X0 gonadal dysgenesis, in 
which only a single sex chromosome is present. The equine 
condition is analogous to Turner’s syndrome in humans.  

Gonadal dysgenesis
Gonadal dysgenesis is caused by an error in chromosomal 
segregation either during the initial development of the 
zygote (mitosis nondysjunction) or during gamete formation 
(meiotic nondysjunction).  Horses with gonadal dysgenesis 
develop as phenotypic females because of the absence of a 
Y sex chromosome.  

Clinical signs: Characteristic clinical fi ndings include 
extremely small ovaries (usually less than 1 cm), with no 
germinal tissue, infantile uterus often no more than a thin 
band of tissue, a fl accid, pale, dilated cervix and normal 
external genitalia.  The external genitalia is female, but the 
vulva may be smaller than normal and there is no clitoral 
hypertrophy.   These mares show persistent anestrus or 
irregular periods of behavioral estrus.  They may stand to be 
mated. Some affected mares may appear small in stature.  
No breed predilection has been observed. 

Diagnosis: Diagnosis is made by karyotyping.  Chromosome 
analysis can be performed on any tissue with actively 
dividing cells.  A fresh blood sample collected into acid citrate 
dextrose or heparin may be sent by overnight courier to a 
laboratory specializing in animal karyotyping.  Karyotyping 
is essential to confi rm the diagnosis, because not all mares 
with hypoplastic ovaries have abnormal chromosomes or are 
infertile. 
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MARES THAT CYCLE, CONCEIVE AND LOSE 
PREGNANCY AFTER 35 DAYS

Causes
Failure of endometrial glands - periglandular fi brosis
Luteal insuffi ciency
Cervical tears
Lymphatic lacunae 
Endometritis 
Nutritional/colic/toxins
Chromosomal abnormalities, “old eggs”

Early pregnancy loss is the cause of signifi cant reduction in 
reproductive performance in horses.  The causes of these 
losses are numerous and varied.  In this section we will 
consider those losses that occur in the late embryonic and 
early fetal period, 35 to 60 days.  The conception in these 
cases points to the fact that the hypothalamic-pituitary-
gonadal axis has functioned properly and that the tubular 
tract has been normal to a point.  Pregnancy failure in these 
mares will be considered as a defect in the tubular tract.  
Endometritis, a major contributor to this problem will be 
discussed under the next section.

FAILURE OF THE ENDOMETRIAL GLANDS

Kenney fi rst suggested that advanced periglandular fi brosis 
is highly correlated with pregnancy loss between 35 and 80 
days.  The specifi c mechanism for interference of glandular 
secretion has not been defi ned, but many workers support 
the concept that periglandular fi brosis has a signifi cant effect 
on early pregnancy survival.  

Clinical signs: Presumptive diagnosis is made from a 
repeated history of early embryonic death between 35 
and 80 days.  Defi nitive diagnosis is made histologically.  
Endometrial samples will contain widespread moderate and 
severe periglandular fi brosis.  

Management: There is no known treatment. However, many 
of these mares are placed on supplemental progesterone 
therapy in the USA and there are anecdotal reports that the 
mare carried her fetus until term.   

PROGESTERONE INSUFFICIENCY

Prior to 80 days gestation, if corpora lutea fail to produce 
progesterone, or if the ovaries are removed, mares will abort.  
The effect of rapid decline in progesterone levels on the 
tubular tract is loss of uterine and cervical tone, and loss of 
the conceptus.  It has long been considered logical, therefore, 
that partial failure of the CL could reduce the absolute 
amount of progesterone needed to maintain pregnancy.  
As a result, many schemes of administering exogenous 
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progestins have been used to prevent early pregnancy loss, 
especially in mares with a history of such loss.  The value 
of these schemes is debatable, as no critical evidence 
supports the concept.  Nevertheless, we are often obligated 
to supplement this gonadal hormone due to client pressure 
and convincing histories.  Progesterone supplementation 
in mares with prior histories of endometritis or lymphatic 
lacunae may be contraindicated as there are data indicating 
that progesterone may aggravate the problem.  

Supplemental progestins does appear to be warranted 
in pregnant mares that are experiencing endotoxemia.  
Prostaglandins are released from the gastrointestinal tract 
during colic. The prostaglandins will induce lysis of the 
CL in mares that are less than 90 days pregnant, resulting 
in abortion.  After 90 days, the placenta takes over and 
begins to produce progestins that maintain pregnancy for the 
remainder of gestation.  Progesterone therapy  may also be 
benefi cial in pregnant mares during the 2nd and 3rd trimesters 
that have placentitis, colic or severe systemic disease as it 
may inhibit premature uterine contractions.  

Clinical signs: Clinical signs vary and depend on the reason 
for supplemention. Reasons for placing mares that are less 
than 30 days pregnant on progestins include 1) history 
of early pregnancy loss; 2) low plasma progesterone
concentrations on days 5, 8 and 12 of gestation (what is 
considered low varies greatly among veterinarians and 
ranges between 2 and 8 ng/ml); 3) visualization of uterine 
edema at the early pregnancy exam between days 14 and 
28; 4) colic.  Mares in late gestation may be candidates for 
progestin supplementation are those that are showing signs 
of colic, that are anorexic or have vulvar discharge.  

Management: The treatment of choice for mares experiencing 
endotoxemia in early pregnancy is administration of 
progestins (altrenogest 0.044mg/kg SID PO) to prevent 
lysis of the CL.  Mares can be weaned off the progestin 
after 90 days of gestation as the fetoplacental unit begins to 
produce a number of progestins, which serve as the source 
of “progesterone”.

If mares late in gestation are to be supplemented with 
progestins because of systemic illness or placentitis, the 
dose of altrenogest needs to be doubled (0.088 mg/kg 
SID PO) as the recommended dose for suppression of estrus 
behavior did not prevent abortion in an experimental model.  

CERVICAL INCOMPETENCY 

The cervix may be damaged at the time of parturition or in 
response to a caustic substance infused into the uterus.  
Damage includes loss of the external os or overstretching 
of the cervical muscles resulting in scarring and fi brosis or 
cervical adhesions.  Old, maiden mares, those > 12 years of 
age, may not dilate their cervix during estrus.  These mares 
tend to accumulate fl uid in their uterus after breeding.  Post 
breeding uterine lavages may be benefi cial.  Once they have 
foaled, they don’t experience the problem during the next 
breeding. 

Clinical signs: Signs vary considerable, depending on 
the lesion, cervical tear or inability to dilate during estrus. 
In mares with a torn cervix or adhesions of the cervix, they 
will have a history of not conceiving after repeated breeding, 
chronic endometritis, or pregnancy loss between 45 days and 
4 to 5 months.  In mares with a cervix that does not dilate, 

it is diffi cult to pass an AI pipette and/or they accumulate 
fl uid after breeding. This condition occurs most commonly in 
middle-aged, nulliparous mares. 

Management: The majority of lesions are identifi ed on 
manual examination of the cervix during diestrus.  It is 
especially important to wait and examine the cervix of a 
mare in the fi rst or second ovulation post-partum if she has 
experienced parturient trauma (ie, dystocia). If the external 
os is damaged it can be repaired surgically.  Controversy 
exists on when surgery is required. Some reports indicate 
that an external os defect does not need to be repaired 
unless 50% or more is damaged, whereas others indicate 
the lesion should be repaired if the lesion incorporates 25% 
of the external os.

It is diffi cult and may be impossible to correct an overstretched 
cervical body.  This lesion may occur if a foal is delivered 
forcibly through a cervix that is not totally effaced at 
parturition.  The severity of the defect is best identifi ed by 
vaginal palpation of the cervical canal during diestrus when 
the cervix should be tightly closed.  If the cervical canal is 
overstretched, one to two fi ngers will pass through it during 
diestrus.  The prognosis for recovery is poor.  

Cervical adhesions result from damage to the cervical 
mucosa following prolonged dystocia, fetotomy, or infusions 
of antibiotics that are acidic (infusion of aminoglycosides that 
are not either buffered or diluted with saline; infusion of iodine; 
infusion of betadyne solution).  Newly formed adhesions can 
frequently be broken with one’s fi ngers.  Various ointments
including panalog cream, A and D ointment, and Vitamin 
E ointment have been rubbed into the cervical canal after 
mucosal damage to prevent adhesions. 

Mares that do not dilate their cervixes when in estrus are a 
phenomenon that has been recognized with an increasing 
number of mares that perform into middle age and then 
become broodmares. While these mares may have 
experienced several seasons of normal estrous cycles, the 
fact that they have not delivered a foal through the cervix 
may have an impact on cervical function. Nie (Equine Vet 
Education, 2003, 221-224) recently reported the use of 
a prostaglandin E

1
 analog, misoprostil, to induce cervical 

relaxation in a mare. The authors applied 1000 µg of the 
product to the cervical lumen after post-breeding uterine 
lavage (5.5 hours). The mare successfully conceived after 
this treatment. Anecdotal reports support the use of this 
product for cervical relaxation. Critical study of the effects of 
PGE

1 
for improved pregnancy rates and effects on the uterus 

remain to be conducted. 

LYMPHATIC LACUNAE

Uterine lymphatics reabsorb edema that accumulates within 
the uterine wall during estrus and clear large particulate 
matter from the uterine lumen that is not cleared through the 
cervix. Lymphatics do not contain muscle within their walls 
and therefore drain passively.  Lymph is pumped through the 
vessels due to rhythmic contractions of the uterine smooth 
muscles.  

Clinical signs: Mares with lymphangectasia retain edema 
within the uterine wall after ovulation. These mares have a 
boggy, thick walled uterus  on rectal palpation.  Histologically, 
lymphatic lacunae are present.   Poor lymphatic drainage 
may contribute to uterine fl uid accumulation in mares with 
persistant mating induced endometritis.  



17

Management: A treatment regimen that has had some 
success follows. 

1.  Uterine lavage   4 to 8 hrs after breeding
2.  Oxytocin 10-20 IU given IV after lavage
3.  Cloprostenol 250 �g IM 12 hrs after breeding
4.  Re-evaluate at 24 hrs.  If fl uid in lumen repeat steps 1 

and 2.
5.  Consider repeating step 3 if fl uid and edema persist, and 

ovulation has not occurred.      

Oxytocin, IV,  causes strong uterine contractions for 20 to 
40 minutes.  Prostaglandins cause low intensity uterine 
contractions for about 5 hrs. Prolonged uterine contractions 
stimulate lymph fl ow through the vessels. A number of mares 
with moderate to severe lymphatic lacunae may become 
pregnant, but they may abort between 3 to 5 months.

MARES CYCLE AND EITHER FAIL TO CONCEIVE 
OR LOSE THE PREGNANCY BEFORE 35 DAYS

CONSIDERATIONS
The majority of cases that fall into this category are due 
to endometritis.  Other causes of early embryonic death 
include oviductal obstruction, embryonic defects, stress 
resulting in prostaglandin release and poor nutrition.   Also 
as the mare ages, egg viability diminishes and contributes 
to infertility. Unfortunately, this aspect of infertility is diffi cult 
to diagnose without using new reproductive techniques such 
as embryo transfer or oviductal fl ush (GIFT). Therefore, this 
section will focus on endometritis, including pathophysiology, 
diagnosis, management and treatment.  Our knowledge of 
the pathophysiology of endometritis has expanded greatly in 
the last 5 to 10 years. The new information has resulted in 
the classifi cation of endometritis into 3 categories.  

These are:  persistent mating induced endometritis
  chronic infectious endometritis
  sexually transmitted endometritis.

The fi rst two classifi cations most commonly occur in older, 
pluriparous or nulliparous mares. Young mares may also 
experience these problems if they  have cervical incompetence 
(insuffi cient relaxation during estrus) or have had a previous 
foaling injury resulting in contamination of the uterus with air, 
feces or urine. Sexually transmitted endometritis may occur 
in any mare that is bred with semen contaminated with the 
incriminating organism.  

The reproductive history of the mare and a physical 
examination may provide the most productive information 
for determining the cause of endometritis. The physical 
examination should be performed during the physiologic 
breeding season, preferably within 30 days of the last 
breeding.  After prolonged sexual rest, the susceptible mare 
may have cleared the infl ammation on her own.  Mares that 
have persistent mating induced endometritis may develop 
chronic infectious endometritis if they are bred repeatedly, 
if conformational defects are not repaired or if intrauterine 
antibiotics have been used excessively. 

The reproductive tract has a mucosal immune system
similar to the respiratory tract. Bacteria, yeast, semen and 
contaminants such as feces and urine are cleared from the 
uterus by a combination of cellular (neutrophil phagocytosis) 
and immunological processes (IgG, IgA; opsonization) that 

kill bacteria and physical drainage of the by-products.  If any 
of these processes malfunctions the mare may or may not be 
able to overcome the infection.  As the mare ages there may 
be a continuum of physical and immunological changes that 
make her more susceptible to uterine infection.  Treatments 
that may have used successfully in earlier years to produce 
pregnancies, may therefore, not work as the mare ages.

  
PERSISTENT MATING-INDUCED
ENDOMETRITIS

Transient infl ammation is a normal physiological response 
to breeding, foaling, examination of the reproductive tract or 
contamination. Normal, fertile mares clear the infl ammation 
from their uterus within 12 hours of insult. Mares susceptible to 
persistent, post-mating endometritis have an intrinsic inability 
to evacuate uterine contents following contamination 
during breeding. Prolonged uterine infl ammation following 
breeding ultimately leads to early embryonic loss.

Numerous studies indicate that suppressed uterine 
contractility is a primary defect in the susceptible mare.  It is 
not known if the defect is a structural defect in the muscle cell 
itself, or is due to abnormal response to hormonal or neural 
signaling. A uterus that is located ventral to the pelvis
contributes to the problem.

The persistence of infl ammatory debris within the uterine 
lumen results in an outpouring of neutrophils, immunoglobulins 
and protein into the uterine lumen.  This starts a vicious cycle 
of fl uid accumulation, interstitial edema and endometrial 
irritation. The longer the process continues the higher the 
likelihood of endometrial ulceration and bacterial adherence 
to the epithelium.  Lymphatic lacunae and elastosis of the 
arterioles walls contribute to the interstial edema as the 
damaged arterioles leak fl uids and the lymphatics are unable 
to drain the tissue of the excessive edema and cellular 
matter.  

Clinical signs: The typical mare that is prone to persistent 
mating-induced endometritis is pluriparous, greater than 
14 years of age, with poor perineal conformation. Old and 
young nulliparous mares may develop endometritis because 
their cervix does not open suffi ciently during estrus.  
The cause for the cervical malfunction is not known.  Many 
susceptible mares will have minimal signs of infl ammation 
priorprior to breeding, only to fl are after breeding.  They will pool prior to breeding, only to fl are after breeding.  They will pool prior
fl uid in the uterine lumen 12 to 36 hours after breeding.  They 
frequently have defects in their perineal anatomy that cause 
them to contaminate their reproductive tract with feces, urine, 
or air.  After repeated breedings, bacteria and neutrophils 
may be recovered from the uterus. 

Diagnosis: Defi nitive diagnosis is made on reproductive 
examination after breeding and a presumptive diagnosis 
is made on past breeding history.  Ultrasonography of the 
uterus 12 to 36 hours after breeding reveals fl uid within the 
uterine lumen and in more severe cases intramural edema 
after ovulation. The fl uid is not palpable via the rectum. The 
typical history of a pluriparous mare with persistent mating 
induced endometritis is that she has conceived and foaled 
successfully for 3 to 4 years after which time she has diffi culty 
conceiving. History for nulliparous mares is that they had a 
successful performance career, retired at 12 to 14 years of 
age and now have diffi culty conceiving.  The later group of 
mares may be bred more often with shipped cooled semen 
or frozen semen so the quality of the semen also needs to be 
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investigated.  

A complete physical and 
reproductive examination 
should be performed prior 
to breeding. The physical 
examination should 
include a body condition 
score, signs of laminitis, 
examination of the mare’s 
conformation both from a 
lateral and caudal aspect.  
The length and slope to 
the croup and  perineal 
conformation should be 
thoroughly assessed.  
Anatomical defects that 
predispose the mare to 
endometritis such as: 
pneumovagina, vestibulo-
vaginal refl ux or cervical 
tears should be corrected 
surgically. The reproductive  
examination should 
include rectal examination, 
ultrasonography, vaginal 
speculum examination, 
digital examination of the 
cervix, cytology, culture and 
possibly uterine biopsy. 

Reproductive examination 
fi ndings may differ 
depending on when the 
examination is performed
during the breeding season.  
After prolonged sexual 
rest during winter,  the 
susceptible mare usually has 
a negative culture but may 
or may not have neutrophils 
on cytology. Endometrial 
biopsy score may be a IIa-
slight infl ammation with or 
without lymphangectasia.  
After repeated breedings 
during the spring, however, 
bacteria may be recovered from the uterus of this same 
mare.  She may be accumulating fl uid within the uterine 
lumen during diestrus or after breeding and she may have 
a vaginal discharge. This scenario is perplexing to clients 
who may assume that you did not take the culture properly at 
the beginning of the breeding season. It is important that the 
client have a layman’s understanding of the pathogenesis of 
the disease otherwise mares may be bred repeatedly during 
the transitional or physiological breeding season.  Repeated 
breeding of these mares without post-mating treatment may 
induce severe endometrial irritation resulting in bacterial 
colonization.  

Treatment: The longer seminal by-products remain in the 
uterine lumen, the greater the infl ammatory response and the 
greater the endometrial damage.  Therefore, treatment of the 
susceptible mare is directed at rapid removal of fl uids.  This 
can be accomplished by uterine lavage and administration 
of oxytocin (10- 20 iu either iv or im) performed 4-8 hrs 
after breeding.  Treatment is delayed after breeding to 
ensure that viable sperm are not prematurely washed from 

the uterus.  Treatment is conducted prior to 8 hrs because 
the uterine infl ammatory response in reproductively normal 
mares is greatest between 8 and 12 hrs after breeding.

The uterus is lavaged with 1 to 3 L of warmed saline or 
lactated ringers solution between 4 and 8 hrs after breeding.  
If fl uid is present in the uterine lumen 24 hr after breeding, the 
procedure can be repeated.  We limit the number of uterine 
lavages to avoid iatrogenic contamination of the uterus with 
bacteria that reside within the vestibulum.

Mares that have lymphatic lacunae in addition to persistent 
mating induced endometritis may be treated with a 
combination of the oxytocin treatment between 4 and 8 
hours after breeding and treatment with cloprostenol (250 
microgm) at 12 and 24 hours after breeding, if the mare has 
not ovulated. Cloprostenol administration has been shown 
to diminish progesterone production in the corpus luteum 
during the early post-ovulatory period.  The prostaglandin 
analog induces uterine contractions for 5 hours, thereby 
assisting lymphatic drainage. The oxytocin causes strong 
uterine contractions for 20 to 40 minutes and assists in the 
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physical drainage of the uterine lumen through the cervix.

Management: Mares that do not conceive with post breeding 
treatment should have complete reproductive examinations 
performed after 2 to 3 breedings.  Particular attention should 
be paid to the perineal conformation and abnormalities 
including vestibulo-vaginal refl ux of urine, sunken perineal 
bodies, or recto-vaginal fi stulas must be repaired.  

Sexual rest for 45 to 60 days may be warranted in mares that 
have chronic, active infl ammation of the endometrium, severe 
lymphatic lacunae or in mares that have fl uid accumulation 
at their 14 day pregnancy examination. As the disease is a 
continuum of degenerative changes and as the mare ages, 
older mares repeatedly treated with utero-tonic drugs may 
not become pregnant.  

CHRONIC INFECTIOUS ENDOMETRITIS

Mares exhibiting chronic, severe endometritis have histories 
of longstanding infl ammatory changes. Their reproductive 
histories may include repeated treatments  with intrauterine 
antibiotics, repeated breedings this season, poor perineal 
conformation, an incompetent cervix during estrus, or 
persistent mating induced endometritis. These mares are 
susceptible to endometritis because they have a breakdown 
in uterine defense mechanisms that allow the normal 
genital fl ora to contaminate the uterus and develop into 
persistent endometritis.  Bacteria commonly isolated include 
Streptococcus zooepidemicus, and Escherichia coli.  Yeast, 
fungi, Pseudomonas sp. or Klebsiella sp. are most often 
isolated in severe, long standing cases.

Diagnosis: Severity of the endometritis is best confi rmed 
histologically. These mares will have moderate to severe, 
focal to diffuse lymphocytic or plasmacytic infl ammation.  
Lymphangectasia may be mild to moderate.  Mares may or 
may not have a vaginal discharge, red, hyperemic vaginal 
walls and fl uid accumulation within the uterus PRIOR to 
breeding.  
   
Management:  Management includes correction of 
predisposing causes, such as a breakdown of external 
barriers, and judicious use of systemic antibiotics, local 
antibiotic or disinfectant therapy.   Treatment of this group 
of mares is diffi cult and frequently unsuccessful.  The most 
effective treatment especially in severely affected mares may 
be sexual rest for a minimum of 45 days.  

Treatment
Fungal or yeast endometritis: Prolonged intrauterine 
treatment with antimycotic drugs may be needed if fungi or 
yeast are isolated from the uterus. Conservative therapy may 
be successful as a fi rst attempt at treatment.  We commonly 
lavage the uterus with either a saline-vinegar mixture (10 
ml of vinegar to 1 L saline) or a povidone iodine solution-
saline mixture (10-20 ml povidone iodine solution to 1 L 
saline) for 3 -5 days during estrus. The lavage fl uids need to 
be instilled and then removed from the uterus as the cervix 
and vagina may be sensitive to the vinegar or povidone 
iodine. 

Recently, lufenuron (Program� 540 mg = 2 cat packets, 
Novartis) has been used to treat fungal endometritis. The 
rationale for this therapy is that the product is a benzoylphenyl 
urea (BPU) derivative that prevents synthesis, polymerization 
or deposition of chitin. Through this mechanism, chitin 
production, which is essential to fungal cell walls, is disrupted. 
Mares are treated for 1-3 days with uterine lavage prior to 

treatment. Lufenuron (540 mg) is suspended in 60 ml of 
saline and infused into the uterus. The mare is evaluated for 
presence of fungal organisms 2 weeks following treatment. 
Anecdotally, practitioners have expressed a mixed response 
to this therapy. The beauty of this approach is the reduced 
cost and ease of treatment. The downside of failure to clear 
the tract of fungal organisms is the time lost trying this 
treatment. Should this therapeutic option fail, more extensive 
treatment is necessary (see below). 

A uterine biopsy is taken following treatment to determine the 
severity of the infl ammation and to identify fungal spores or 
yeast within the endometrium.   If yeast or fungi are identifi ed 
within the endometrium or they are isolated from the uterus 
during the next estrus, the organism is identifi ed and the 
appropriate antimycotic drug is chosen by sending the isolate 
to a laboratory that will determine drug effi cacy for a specifi c 
organism.  The mare is then treated for a minimum of 10 
days with the appropriate drug. Treatment can begin on day 
one of estrus and continue to treat through the early post 
ovulatory period.   The mare is sexually rested during the 
next estrus.  If no organisms are isolated from the uterus 
during the 2nd estrus post treatment, we breed the mare and 
lavage her uterus after breeding.   The uterine environment 
is susceptible to overgrowth after aggressive treatment. It is 
not uncommon to isolate a Streptococcal species from the 
uterus after the mare has been treated for fungal or yeast 
infections. These mares are likely immuno-incompetent and 
therapy is not rewarding. 

SEXUALLY-TRANSMITTED ENDOMETRITIS

Contagious equine metritis
In 1977 a previously unrecognized, highly contagious 
venereal infection was described in Thoroughbreds in 
England.  The disease was characterized by a mucopurulent 
vulvar discharge and reduced fertility in mares, but no 
clinical signs in stallions.  Contagious equine metritis (CEM) 
speard quickly among about 250 mares and 23 stallions 
on 29 premises before breeding was halted in Newmarket, 
England.  The disease spread quickly, fi rst to Ireland, then 
continental Europe and fi nally Australia and the USA.  The 
rate of conception on these farms was reduced markedly to 
30-50%. 

The CEM organism named Taylorella equigenitalis, is a gram-
negative, nonmotile, short rod or coccobacillus that cannot 
be grown on conventional media but grows slowly on Eugon 
Chocolate agar in 5% to 10% carbon dioxide at 37C. It is also 
necessary to culture the swabs in medium with streptomycin 
and in medium without streptomycin.  The organism can 
survive for long periods on the external genitalia of stallions 
and in the caudal vagina and clitoral area of mares.  Venereal 
transmission is therefore especially effi cient.

Clinical signs: 70% of exposed mares will show signs of 
acute endometritis, those being mucovaginal discharge, 
straining and infl amed vagina.  The exudate is typically 
mucoid, gray-white, and profuse.  The endometritis is of fairly 
short duration.  However, after acute signs resolve, the mare 
is an asymptomatic carrier of the organism for long periods.  
The organism may be transmitted from mare to mare by 
contaminated instruments, materials, or personnel.  Stallions 
act as asymptomatic carriers.  The organism resides on the 
penis, in the urethral diverticulum and in and around the 
prepuce.  

Diagnosis: Diagnosis is made by culture of the organism.  
Samples are obtained from the cervix, clitoral fossa, clitoral 
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sinuses and uterus.  All swabs should be smeared on a 
sterile glass slide, placed in Amies medium with charcoal or 
in Stewart’s medium refrigerated at 4 to 6C and transported 
within 24 to 48 hr to an approved laboratory for special culture 
and identifi cation.  CEM is a reportable disease.

Treatment: Treatment does not appear effective.  The acute 
endometritis seems to resolve itself.  About 20% of mares 
remain asymptomatic carriers regardless of treatment.  
Mares with continually positive cultures should be no 
considered for further breeding until cultrues are negative.  
Control of CEM has been directed at preventing spread of 
the disease.  Quarantine measures and breeding restrictions 
have successfully confi ned outbreaks.  Mares imported from 
those countries with CEM, must undergo strict quarantine 
procedures, including removal of the clitoral fossa.
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General Guidelines: In the selection of antimicrobial agents 
for intrauterine therapy, various factors must be considered.  
These include susceptibility of the microorganisms, potential 
effi cacy of the antimicrobial in the intrauterine environment, 
concentrations attainable at the site of infection, and the 
effects of treatment on immediate and future fertility of 
the mare.  Intrauterine antimicrobial therapy has been 
preferred over systemic treatment by most practitioners.  
This is because the endometrium is a locally infected tissue 
that is treated most economically by local application of 
antimicrobials.  In general, antimicrobial concentrations are 
higher in the endometrial layers and last longer following 
intrauterine treatment than systemic treatment.  If metritis is 
present, systemic antimicrobials are indicated because they 
can more easily penetrate the myometrium.

Intrauterine antimicrobial treatment may have adverse 
effects.  Failure to isolate the causative organism and random 
selection of antimicrobials lead to therapeutic failure and 
secondary bacterial or fungal infections.  Endometrial irritation 
is also a potential problem.  Antimicrobial selection should be 
based on culture and sensitivity results.  Unfortunately, in- 
vitro and in-vivo effi cacy may not always be equivalent.  For 
example, most uterine cultures of Pseudomonas show Pseudomonas show Pseudomonas in-vitro
sensitivity to polymyxin B, yet few mares with endometritis 
caused by Pseudomonas respond well to polymyxin B Pseudomonas respond well to polymyxin B Pseudomonas
therapy.  Nevertheless, sensitivity testing is the only rational 
guide to antimicrobial selection. Certain antimicrobials 
(aminoglycosides) and antiseptics are highly irritating to 
the mucosa of the uterus.  If small volumes of aminoglycosides 
are to be infused into the uterine lumen, they should be 
buffered with either sodium bicarbonate solution (1 ml 7.55% 
bicarb solution/50 mg aminoglycoside) or physiological saline 
solution (5 ml saline/50 mg aminoglycoside).  Chlorehexidine 
solution is highly irritating to the endometrium even in dilute 
(1:10,000) solutions and may cause endometrial, cervical 
and vaginal adhesions.  Strong irritants, such as Lugol’s 
solution, are contraindicated.  Povidone-iodine preparations 
may irritate the endometrium unless they are diluted at least 
1:10 or more.

Uterine size, determined by palpation, can be used to 
estimate the volume to be instilled.  The objective is to use 
suffi cient volume to achieve uniform distribution in the uterus 
without excessive backfl ow through the cervix.  This is 
especially important if expensive drugs are being used.  The 
uterine capacity of a young, nulliparous mare is  35-60 ml, 
whereas, the uterus of an old, pluriparous  mare may hold up 
to 200 ml. Total infusion volumes of 50-200 ml are, therefore, 
recommended.

Generally, the frequency of intrauterine antimicrobial 
therapy has been based on convenience.  For example, 
daily infusions for 3-5 days during estrus or  1-3 days after 
ovulation.

Exudate in the uterine lumen may dilute an infused 

antimicrobial to a subtherapeutic concentration.  Release 
of metabolites and antimicrobial binding to cellular material 
also reduces effi cacy.  Uterine lavage before infusion 
of antimicrobials removes infl ammatory byproducts and 
increases contact of therapeutic agents with the endometrial 
surface. One to three days of uterine lavage, prior to, or in 
conjunction with antimicrobial therapy is suggested when a 
mare is treated for a uterine infection. 

Intrauterine antimicrobial therapy for bacterial endometritis 
may cause complications.  The most perplexing problem 
occurs when treatment for one pathogen allows proliferation 
of another that often is more diffi cult to manage than the 
original.  For example, intrauterine treatment of  a streptococcal 
infection with the appropriate antimicrobial may result in a 
Pseudomonas or yeast infection during the next estrus.  In Pseudomonas or yeast infection during the next estrus.  In Pseudomonas
these cases, a mixed infection may have existed initially 
and antimicrobial use merely allowed proliferation of the other 
organism.  This occurs frequently with the use of penicillin.  
Pseudomonas is typically resistant to penicillin, and Pseudomonas is typically resistant to penicillin, and Pseudomonas Candida
and other yeasts proliferate in its presence.  In addition, a 
second organism may be introduced accidentally during 
the course of treatment for the primary infection.  Whatever 
the cause, these situations emphasize the necessity for 
accurate diagnosis of endometritis and appropriate use of 
antimicrobials only in mares requiring treatment.

Uterine Irrigation: Uterine lavage with large volumes of saline 
is useful in treatment of endometritis and acute postpartum 
metritis.  Uterine lavage may produce therapeutic effects by 
mechanically removing bacteria and debris, by stimulating the 
uterus to contract and expel foreign material, and by irritating 
the endometrium, causing migration of neutrophils into the 
lumen.  Uterine irrigation may be used before breeding and/or 
after breeding (see below).  Used in combination with oxytocin, 
prostaglandins, intrauterine plasma or antimicrobials, uterine 
irrigation has improved pregnancy rates.

Uterine lavage can be accomplished with an 80-cm 
autoclave fl ushing catheter (EUF-80: Bivona, Gary, 
IN).  Sterile physiologic saline solution or lactated ringer 
solution is infused, 1 L at a time, by gravity fl ow and is then 
recovered in a container for inspection.  The opacity of the 
recovered solution indicates the amount of infl ammation in 
the uterine lumen.  Measurement of the recovered fl uid or 
ultrasonographic examination of the uterus will ensure that 
all fl uid has been recovered.  This is important, since the 
mare may have an impaired ability to spontaneously clear 
fl uids from the uterine lumen.  Oxytocin (10-20 IU IV or IM) 
or prostaglandin (cloprostenol 250 mcg IM) can be given to 
stimulate myometrial contractions and therefore emptying of 
the uterine lumen.  Uterine lavage should be repeated until 
the recovered fl uid is clear.

Plasma Infusion: Intrauterine infusion of plasma infusion 
appears to be benefi cial in mares with chronic and chronic-
active endometritis.  Pregnancy rates of lactating and barren 
mares have been improved when mares were treated 12-36 
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hours after breeding with intrauterine plasma and antibiotics.  
Plasma provides immunoglobulins and complement, the 
major proteins involved in opsonization of bacteria in 
the uterus.  Recently the effectiveness of plasma as an 
intrauterine therapy has been questioned as effi cacy was not 
demonstrated in controlled experiments.

Proper preparation of plasma for uterine infusion requires 
aseptic withdrawal of blood and use of heparin (5-10 units/
ml of blood).  Because complement is stable for only a few 
hours at room temperature, prompt separation and infusion 
are indicated.  Plasma can be stored frozen (-20 C) for 
100 days or more without losing its opsonic value.  Cold 
centrifugation is the ideal method of separating cells from 
plasma.  If  equipment is not available, gravity sedimentation 
is acceptable, particularly if the blood is refrigerated during 
sedimentation.  Immediately before use, frozen plasma should 
be thawed by immersion in lukewarm water.  Overheating by 
using hot water to thaw plasma inactivates the complement.

Antimicrobials and Detergents: Guidelines for intrauterine 
use of various drugs are listed below.

Applications of Therapy: The intrauterine therapies described 
above can be applied to various types of infl ammation such 
as acute endometritis, chronic endometritis or persistent, 
mating induced endometritis (delay in uterine learance).  
Following is a short synopsis of treatment regimens that are 
used frequently.

In acute endometritis, when a causative agent is identifi ed, 
a combination of uterine lavage and specifi c antimicrobial 
therapy appears to be more benefi cial than either treatment 
alone.  Though such treatments are time consuming and 
hence more expensive, the improved results clearly support 
this approach.  The lavage should be performed prior to 
instilling the antibiotics.

Chronic infectious endometritis caused by Streptococcus 
zooepidemicus, Escherichia coli, Pseudomonas aeruginosa 
or Klebsiella pneumonia often results from contamination 
of the uterus by fecal and genital fl ora.  These organisms 
may also be isolated from the uterus of mares that exhibit 
persistent mating induced endometritis after the mares have 
been bred a number of times during a season. The fi rst 
therapeutic concern should be to correct any predisposing 

Table 1.  Guidelines for administration of intrauterine drugs.

Drug
Dose Per 
Infusion

Comments

Antibacterials
Amikacina

2 g Use of Pseudomonas, Klebsiella and persistent Gram-negative 
organisms

Ampicillin 3 g Use only the soluble product

Amphotericin B 200 mg For fungi, dilute in 100-250 ml sterile water

Carbenicillin 6 g Brood Spectrum

Gentamicin sulfate 1-2 g Excellent Gram-negative spectrum, buffer with bicarbonate (at least 
twice the volume) or large volume of saline (200 ml)

Penicillin (K salt) 5 million 
units

Active against streptococci; economical

Ticarcillin 6 g Effective against streptococci, E coli Pseudomonas; not effective 
against Klebsiella

Penetrating Agents
EDTA-TRIS
(1.2 g Na EDTA with 6.05 g TRIS/L H

2
0, 

titrated to pH 8.0 with glacial acetic acid)

250 ml, then 
3 hours 
later infuse 
antibacterial

EDTA binds Ca in bacterial cell walls, making cell wall permeable to 
antibacterials

Dimethylsulfoxide (5% stock solution) 50-100 ml Does not appear to be effective as a carrying agent

Antiseptics
Povidone-iodine (1-2% stock solution)

250 ml Good irrigation for nonspecifi c infl ammation and for fungal infections; 
concentrations > 10% cause irritation

Vinegar 2% 20 cc wine vinegar to 1 liter of 0.9% saline solution; used as uterine 
lavage

Antimycotics Nystatin 5 x 106 U dissolve in 30 cc 0.9% saline solution, daily for 7 to 10 days

Clotrimate 500 mg suspension or cream; daily for 1 week

Amphotericin B 200-250 mg daily for 1 week

Lufenuron 540 mg Suspend in 60 ml saline for one time treatment
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causes, such as a breakdown of external barriers (i.e. 
Caslick’s vulvoplasty, urethral extension, cervical repair, etc).  
Antibiotics may be administered by either local or systemic 
routes. Most antibiotics do not function well in the presence of 
infl ammatory debris.  Therefore, if free fl uid and infl ammatory 
debris are present in the uterine lumen, the uterus should be 
lavaged prior to intrauterine treatment. Therapeutic guidelines 
governing the timing and length of treatment are mainly 
based on clinical observations. A three or fi ve day regimen of 
once daily intrauterine therapy is most commonly performed.  
Systemic drugs are usually administered for fi ve days and are 
given at the prescribed time interval reported in the literature 
(Table 2).  Once the infection is cleared, breeding should be 
limited to once per estrus.  A period of 45 to 60 days of rest 
from breeding may be helpful as it gives the uterus time to 
recover from a chronic infl ammation.    

Yeast or fungal infections are often the result of extensive 
use of antibiotics in the uterus.  These infections are diffi cult 
to treat and tend to reoccur.  There are anecdotal accounts 
of treatment success, however,  there are no clinical reports 
on controlled treatment trials. Antimycotic drugs used include 
Nystatin and Clotrimazole.  Uterine irrigations with dilute 
povidone-iodine solution, vinegar or dilute acetic acid have 
been used with varying results.  For treatment to be successful, 
10 to 14 days of daily treatments may been needed. 

Treatment of mares with persistent, mating-induced 
endometritis (delay in uterine clearance) is covered under 
the infertility section.

SYSTEMIC ANTIMICROBIAL THERAPY

Although intrauterine therapy is the preferred treatment 
for endometritis, there are indications for use of systemic 
antibiotics.  Higher antimicrobial concentrations throughout 
the genital tract are achieved with systemic administration 
than with intrauterine therapy. Systemic treatment is best if 
antimicrobials are subjected to degradation by conditions in 
the lumen.  Also, systemic therapy eliminates the need to 
invade the vestibule, vaginal canal and cervix.  The vestibule 
and clitoral fossa of  normal mares harbors a vast array of 
bacteria, including potential uterine pathogens.  These 
organisms might serve as a source of uterine inoculum when 
the hand or an instrument is passed through the vulva and 
vestibule to cannulate the cervix during intrauterine infusion.  
Problems with systemic antimicrobial administration are the 
quantity of drug needed, drug expense and in the case of 
injectable drugs, reluctance on the part of the patient and/or 
owner concerning multiple injections.  
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NORMAL EQUINE GASTRIC PHYSIOLOGY 
The equine stomach is lined dorsally by a stratifi ed 
squamous mucosa and ventrally by a glandular mucosa. 
The squamous mucosa does not contribute to secretion 
or absorption, and the glandular mucosa is a metabolically 
complex tissue.  

Hydrochloric acid is secreted by parietal cells in the 
gastric glands. Hydrogen ions are secreted via an apical 
membrane-bound H+,K+ -ATPase (proton pump) that uses 
the energy of conversion of adenosine triphosphate (ATP) 
to adenosine diphosphate to secrete hydrogen ions into an 
invagination of the apical membrane and thence into the 
lumen of the stomach. Simultaneously, chloride ions are 
secreted into the lumen of the stomach via activation of an 
apical membrane K+,Cl- co-transport pathway. The source 
of hydrogen ions is carbonic anhydrase, which catalyzes 
the formation of carbonic acid from carbon dioxide and 
water. At intracellular pH, carbonic acid rapidly dissociates 
into hydrogen ion and bicarbonate ion . In the resting 
parietal cell, the H+,K+ -ATPase pumps reside within the 
membranes of vesicles in the cell cytoplasm. When 

activated by histamine and gastrin, the parietal cells alter 
their shape, with the vesicles merging with the outer cell 
membrane to form secretory canaliculi. Hydrochloric acid 
is secreted into the secretory canaliculi of the parietal cell, 
the enclosed space of which attains a pH of near 1.0. 

Three direct stimuli to parietal cell acid secretion are vagal 
stimulation, gastrin, and histamine. Vagal stimulation of 
acid secretion is mediated by the release of acetylcholine, 
and is initiated by the thought of food, ingestion of food, 
or sham feeding. Vagally-mediated acid secretion can be 
initiated and inhibited by a variety of brain peptides, some 
of which are thought to affect the circadian pattern of acid 
secretion observed in people. Gastrin is released into the 
blood by gastric G cells in both the stomach body and 
antrum, and reaches receptors on the parietal cell via the 
systemic circulation.

Gastrin and acetylcholine stimulate calcium-mediated 
intracellular pathways that result in increased acid 
secretion by the proton pump. Gastrin release is stimulated 
by gastric distension, protein, and increased luminal 
pH. In addition to stimulating acid secretion, gastrin 
stimulates a large volume non-parietal secretion, which 
probably originates from the pancreas. This secretion, 
rich in sodium, enters the stomach from passive refl ux 
from the duodenum through the pylorus, and both dilutes 
and neutralizes hydrochloric acid secretion. This is seen 
as periodic spontaneous alkalinizination on gastric pH 
recordings.

Histamine is released from mast cells and enterochromaffi n-
like cells within the gastric gland, binds to type 2 histamine 
receptors on the parietal cell membrane, and activates 
membrane-bound adenylate cyclase, resulting in 
increased intracellular cAMP. Whereas the effect of gastrin 
is endocrine, histamine has a paracrine, or cell to cell, 
effect. Both gastrin and acetylcholine stimulate histamine 
release directly, and histamine has been considered to be 
the most important stimulus to acid secretion.

Physiologic inhibition of hydrochloric acid secretion by 
parietal cells occurs primarily through somatostatin and 
prostaglandin E. Somatostatin is released by specialized 
cells (D cells) in the gastric mucosa when pH decreases 
in the secretory canaliculi of the gastric glands and in the 
gastric lumen. This provides direct feedback regulation of 
acid secretion in the stomach. 

The equine stomach secretes hydrochloric acid 
continuously, even when the horse does not eat. Gastric 
acid secretion is pronounced even in neonatal foals. 
Gastric acidity is least when the horse eats, because eating 
stimulates secretion of bicarbonate-rich saliva that can 
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neutralize some gastric acid, and roughage absorbs 
gastric secretions so that they do not contact the mucosal 
surface. Once a horse stops eating, gastric acidity can 
rapidly increase, with pH falling below 2.0, and acidity 
remains high as long as the horse does not eat. In the 
pH profi les at the left, 24-hr pH was < 2.0 in a horses 
from which feed was withheld, but 24-hr pH averaged > 
3.0 when free choice hay was available. Note, though, 
the abrupt changes in pH when the horse consumed hay, 
then discontinued eating.

ULCER PATHOPHYSIOLOGY

When considering possible pathogenic mechanisms of 
peptic disorders, the anatomic location of the lesion must 
be taken into account. Lesions in the gastric squamous 
mucosa result primarily from excessive exposure to acidic 
secretions. Traditionally, gastric glandular lesions have 
been thought to result primarily from defective mucosal 
protection, allowing damage by acidic secretions. To 
some extent this is true, particularly with ingestion of non-
steroidal anti-infl ammatory drugs (NSAIDs). More recently, 
Helicobacter pylori is considered to have a primary role in Helicobacter pylori is considered to have a primary role in Helicobacter pylori
gastric ulcer disease in human beings, and may have a 
role in equine ulcers. 

Intermittent periods of feed deprivation can induce 
damage to the gastric squamous epithelium within hours 
to days, as a result of increased gastric acidity and contact 

with the squamous mucosa. Bleeding gastric squamous 
mucosal ulcers can occur in as short as forty-eight hours. 
There are different stages and degrees of damage to the 
gastric squamous epithelium with exposure to excessive 
acidity. The earliest endoscopically observed change 
is a reddening of the epithelium, which histologically is 
characterized by congestion of capillaries in the lamina 
propria which extend into the epithelium. Longer duration 
of exposure to acid results in loss of epithelial layers. 
Epithelial loss may extend to the basal epithelial cells 
(erosion), or extend into the lamina propria (ulcer). Most 
lesions do not extend through the muscularis mucosa, and 
those that do are typically associated with a pronounced 
fi brinopurulent exudate. Within 24 to 48 hours of erosion/
ulcer formation, capillary congestion, increased numbers 
of capillaries (angiogenesis), neutrophilic infi ltration, and 
epithelial hyperplasia can be seen. These processes 
promote healing and are stimulated by peptic epithelial 
injury.

It is well documented that a strenuous training program 
is associated with a high prevalence and incidence of 
gastric lesions in horses. The effects of exercise and inter-
related effects of feed constituents, feeding management 
and eating behavior on peptic injury have not been 
differentiated. Recently, Dr. Al Merritt and colleagues at 
the University of Florida reported that in horses exercising 
on a treadmill, intra-abdominal pressure greatly increased 
when the horses galloped. This corresponded to a 
decreasing pH in the dorsal part of the stomach. He 
hypothesized that acidic gastric contents, which normally 
are contained in the dependent portion of the stomach, are 
pushed into the dorsal portion of the stomach because of 
the increased abdominal pressure during exercise, thus 
exposing the gastric squamous mucosa to periods of high 
acidity. This was seen when horses were exercised at a 
trot, as well as when being galloped.

Whereas strenuous exercise is acknowledged as being 
a risk factor for ulcers, less strenuous activity also can 
cause ulcers. In recent study (accepted for publication) 
ulcers were induced in horses that were transported to 
an unfamiliar stable, housed in stalls for 3 days with twice 
daily feeding, exercised lightly  (lunge line) twice daily, 
then returned to their home environment. The ulcers were 
generally mild, but there were signifi cantly more horses in 
this group with ulcers than in a control group that remained 
in the home environment. The take-home message is that 
ulcers can form so readily that even activities typical for 
recreational use can contribute to gastric ulcers.

The pathophysiology of equine gastric glandular mucosa 
lesions is less well understood than gastric squamous 
mucosal lesions. Lesions in the glandular mucosa in the 
body of the stomach of horses are found typically with a low 
prevalence (usually < 10%) on endoscopic examinations, 
recent reports demonstrated a high prevalence of erosions 
and ulcers in the glandular mucosa of the antrum and 
pylorus of 59% in adult horses (Murray et al. 2001, Begg 
and O’Sullivan 2003). Causes for lesions in the antral 
region of the stomach are not known, but ulcerogenesis 
of this mucosa does not appear to be directly related 

24-hr gastric pH, feed withheld

24-hr gastric pH, free choice hay
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to increased gastric acidity, such as for ulcers in the 
squamous portion of the stomach. 

One cause of gastric glandular mucosal ulcers is 
excessive dosages of non-steroidal anti-infl ammatory 
drugs (NSAIDs). Excessive doses include > 4.4 mg 
phenylbutazone/kg/ day, > 2.2 mg fl unixin meglumine/
kg/day, and >  2.2 mg ketoprofen/kg/day. In a recent 
study (unpublished), administration of the label dose of 
phenylbutazone (4.4 mg/kg/day) for 42 days resulted in 
gastric and large colon ulcers in horses. These drugs 
block synthesis of prostaglandins, which maintain 
mucosal integrity, via inhibition of the constitutive cyclo-
oxygenase enzyme (COX-1). Newer COX-2 inhibitors are 
less ulcerogenic and are being investigated in horses.
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INTRODUCTION

Endoscopic examination of the equine urogenital tract is a useful 
tool for diagnosis of conditions involving abnormal urination, 
hemospermia or diseases of the accessory sex glands. With 
the aid of a fl exible endoscope, one can easily identify urethral 
defects, uroliths and neoplastic conditions of the urogenital 
system.  Furthermore, endoscopic examination of the urogenital 
tract allows one to localize infectious conditions that occur in 
remote areas such as the ureters and vesicular glands.

ENDOSCOPIC EXAMINATION OF THE UROGENITAL TRACT

Restraint
Endoscopy of the urogenital system is readily performed in the 
standing, sedated horse.  Adequate patient restraint with a sturdy 
set of stocks is of paramount importance for the safety of the 
horse and the operators of the endoscope.  Sedation is used 
both for restraint as well as to allow partial exteriorization of the 
penis.  Phenothiazine-derivative tranquilizers should be avoided 
in males due to the increased incidence of priapism or penile 
paralysis associated with these agents.

Equipment and Preparation
A fl exible endoscope, 100 cm in length and � 10 mm external 
diameter is appropriate for examination of the urogenital system 
in the adult male horse.  Examination of the urogenital system of 
a foal, pony or miniature horse would be best accomplished using 
a pediatric endoscope having an external diameter of 7 mm. 

Proper preparation of the endoscope is critical to avoid iatrogenic 
introduction of pathogens to the urogenital system.  Due to the 
delicate nature of the fi ber optics in the endoscope, the equipment 
is generally cold disinfected using a 2% glutaraldehyde solution.  
Immersion of the fi ber optic portion of the endoscope in 
glutaraldehyde for 12-15 minutes will destroy most pathogenic 
bacteria, fungi and viruses.  Glutaraldehyde solution should also 
be aspirated through the biopsy channel and placed in the fl uid 
receptacle of the system.  Prolonged exposure of the endoscope 
to glutaraldehyde will result in deleterious effects on the fi ber 
optics as well as the rubber outer coating.  All parts exposed to 
glutaraldehyde should be rinsed with copious amounts of sterile 
water prior to introduction into the urethra.  If sterilization of the 
equipment is necessary, ethylene oxide would be the method of 
choice.

The external genitalia of the horse also requires preparation prior 
to introduction of the endoscope into the urethra.  A surgical scrub 
of the distal penis and prepuce, followed by vigorous rinsing, will 
adequately prepare the horse for the procedure.

Method for Examination
A team of two to three people is necessary for the introduction 
and operation of the endoscopic equipment.  One person passes 
the endoscope into the horse’s urethra while the second person 
“drives” or operates the controls of the endoscope.  A third person 

is necessary if culture or biopsy instruments will be passed 
through the biopsy channel during the procedure.  

A small amount of sterile lubricant is applied to the distal portion 
of the endoscope, taking care not to obscure the image by 
placing lubricant on the fi ber optic end.  The endoscope is passed 
through the urethral orifi ce and the urethra is infl ated with air.  
The person passing the endoscope can grasp the penis around 
the endoscope to prevent air from escaping.  As the urethra is 
insuffl ated, the endoscope is gradually advanced toward the 
pelvis.

In the normal horse, the urethral mucosa is pale pink and arranged 
in longitudinal folds.  As the urethra is distended with air, the 
folds disappear and the submucosal vasculature becomes more 
prominent.  The hyperemic appearance of the urethra following 
insuffl ation is often confused with infl ammation.  Rarely, the 
appearance of prominent submucosal vasculature is associated 
with urethritis.

As the endoscope reaches the level of the ischial arch, the 
urethra widens and multiple duct openings come into view.  At 
this point, the endoscope is bending over the urethral arch and 
the image will be inverted.  Thus, immediately over the ischial 
arch, multiple duct openings for the bulbourethral glands will 
be viewed in two longitudinal rows along the ventral aspect of 
the image.  The gland openings are actually located along the 
dorsal aspect of the urethra.  Cranial to the bulbourethral gland 
duct openings is the colliculus seminalis.  This structure is the 
common opening for the ductus deferens and the vesicular 
glands.  The vesicular glands may be visualized endoscopically 
by passing the endoscope tip through the large duct openings 
in the colliculus seminalis.  The gland lumen can be insuffl ated 
with air and the interior of the gland examined.  Openings to the 
prostatic ducts can be visualized as several slit-like structures 
on either side of the colliculus seminalis and dorsal and lateral 
to the internal urethral orifi ce.  The ducts to the urethral glands 
are located on the lateral aspects of the pelvic urethra; however, 
these duct openings are usually not visible endoscopically.

The internal urethral orifi ce is located cranial to the colliculus 
seminalis.  The endoscope is easily advanced through the 
internal urethral orifi ce and the bladder distended with air. Again, 
the endoscope may be retrofl exed within the bladder and the 
image may be inverted.  A small pool of urine is often seen in 
the ventral aspect of the bladder and can be aspirated with the 
endoscope to facilitate more complete examination of the bladder. 
Abnormalities such as uroliths or masses can be visualized within 
the bladder lumen.

Openings of the ureters are noted dorsally at the neck of the 
bladder in the 10 and 2 o’clock positions.  Small volumes of urine 
are excreted every few minutes from each ureteral opening. A 
sterile polyethylene catheter can be passed through the ureteral 
openings to obtain urine samples from each kidney.  Hematuria 
or pyuria may also be diagnosed through examination of the 
ureters.

Male genital endoscopy
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ABNORMALITIES OF THE MALE UROGENITAL TRACT

Hematuria/Hemospermia
A variety of conditions may cause hematuria in geldings and 
hematuria and/or hemospermia in stallions.  Causes of hematuria 
include uroliths, neoplasia, urethral defects or ulcerations and 
pyelonephritis.  Hemospermia, a signifi cant cause of infertility in 
stallions, may be due to bacterial or viral urethritis, lacerations of 
the urethral process or glans penis, improperly fi tted stallion rings, 
habronemiasis and urethral defects.  Physical examination of the 
external genitalia can rule out lacerations and habronemiasis 
as causes of hematuria/hemospermia.  Bacterial cultures of the 
external genitalia and urethra may aid in determining an infectious 
source of hemorrhage during urination or ejaculation.  Endoscopic 
examination is useful for diagnosing uroliths, neoplasia and 
urethral defects, and may also be used for obtaining samples for 
culture of the urethra, seminal vesicles, bladder and ureters.

Uroliths
Uroliths most frequently occur in the bladder; however, renal, 
ureteral and urethral uroliths have also been reported in the 
horse.  Clinical signs include dysuria, stranguria, urine dribbling 
and recurrent colic.  Penile protrusion from the preputial orifi ce 
often occurs in horses with involuntary dribbling of urine. Calcium 
carbonate uroliths occur more frequently in horses fed grass and 
hay, while calcium phosphate uroliths occur in horses fed diets 
high in concentrates.  Urolith formation is often accompanied 
by infection of the urinary system.  Treatment consists of urolith 
removal and long-term antibiotic therapy.

Neoplasia
Squamous cell carcinoma is the most commonly diagnosed 
neoplasia of the bladder of the horse, although transitional cell 
carcinoma and leiomyosarcoma have also been described.  
Diagnosis may be made by biopsy of the mass obtained through 
the endoscope. Prognosis for neoplasia of the urinary tract is 
poor except in cases where complete surgical resection may be 
performed.

Urethral Defects
Defects of the proximal urethra are a common source of 
hematuria/hemospermia.  Hemorrhage typically occurs 
concurrent with urethral pulsations either during ejaculation or at 
the end of urination.  The lesion most commonly found is  on the 
dorsocaudal aspect of the urethra at the level of the ischial arch.  
The etiology of the hemorrhage is unknown.  Some speculate that 
hemorrhage occurs from the actual defect in the urethra.  Others 
theorize that hemorrhage occurs as a result of spontaneous 
rupture of the corpus spongiosum penis into the urethral lumen. 
Dramatic increase in pressure within the corpus spongiosum 
penis resulting from contraction of the bulbospongiosus muscle 
during ejaculation is thought to cause the rupture of the corpus 
spongiosum penis into the urethral lumen.  Hemorrhage is thus 
thought to occur from the corpus spongiosum penis.

Conservative treatment of urethral defects with sexual rest has 
resulted in limited success.  Temporary subischial urethrostomy 
performed in horses with urethral defects has resulted in complete 
resolution of the defect in a number of cases.  The procedure 
involves incision, in the perineal region at the ischial arch, 
through the retractor penis muscle, bulbospongiosus muscle, 
corpus spongiosum penis and urethra.  The horse urinates via 
the urethrostomy site and the inciting cause of hemorrhage 
resolves.  Both the urethral defect and the urethrostomy site heal 
by second intention.  A modifi cation of this technique has been 
described by workers at Texas A&M University where the urethra 
is not penetrated during the procedure.  Decreased cavernosal 
pressure and diversion of hemorrhage through the subischial 
incision are credited with the resolution of clinical signs in the 

one horse reported.  Primary closure of a urethral defect via a 
urethrotomy approach and guided endoscopically was recently 
reported in a stallion; however, the success of the procedure was 
not disclosed.

Diseases of the Accessory Sex Glands
Diseases of the accessory sex glands occur infrequently. The 
stallion has paired ampullae, a bilobed prostate, paired vesicular 
glands, paired bulbourethral glands and tubuloalveolar urethral 
glands.  Seminal vesiculitis and sperm-occluded ampullae are 
notable conditions for the deleterious effect both have on fertility 
of the stallion. The role of endoscopy as an aid to diagnosis and 
treatment of seminal vesiculitis will be discussed.  To date, the 
ampullae are not accessible using the endoscope.

Seminal Vesiculitis
Although uncommon, seminal vesiculitis is persistent and has a 
profound effect on fertility of the stallion.  Pathogenesis is not 
clear but potential routes for infection include 1) ascent through 
the urethra, 2) descent from the upper genital or urinary tract, 3) 
lymphogenous or hematogenous spread, 4) invasion from the 
periglandular tissues.  Bacterial organisms isolated from stallions 
with seminal vesiculitis include Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Streptococcus spp., Staphylococcus 
spp., and Brucella abortus.

Clinically, stallions with seminal vesiculitis are often asymptomatic.  
Most stallions are afebrile and rarely show pain during ejaculation, 
urination or defecation.  Identifi cation of large numbers of white 
blood cells, with or without red blood cells, in the ejaculate of an 
affected stallion leads to presumptive diagnosis of the disease. A 
variety of diagnostic tools may contribute to defi nitive diagnosis of 
a vesicular gland infection. Samples for bacterial culture should 
be obtained from the penis, fossa glandis, urethra pre- and 
postejaculate and semen.  Pure growth of a bacterial organism 
from the postejaculate urethra and semen are suggestive of 
internal genitalia infection.  Fractionation of the ejaculate might 
further localize the source of infection with the bulbourethral 
glands contributing to the preejaculatory fraction, the prostate, 
ampullae, deferent ducts and epididymides to the sperm-rich 
fraction, and the vesicular glands producing the sperm-poor 
fraction.

Palpation of the vesicular glands, per rectum, rarely leads to a 
diagnosis of seminal vesiculitis.  Transrectal ultrasonography of 
the vesicular glands in normal stallions has been well described.  
Transrectal ultrasonography may be useful for detecting 
aberrations in size of the vesicular glands and luminal contents.

The vesicular glands are the only accessory sex glands easily 
accessed by a fl exible endoscope.  The gland lumen can be 
visualized directly and swabs for culture and cytology may be 
obtained via the endoscope.

There are a variety of treatment options for seminal vesiculitis.  
Systemic antibiotic therapy has been relatively unsuccessful 
because most antibiotics do not penetrate the accessory sex 
glands when administered parenterally.  Characteristics that 
facilitate passage of antibiotics through the epithelial membranes 
of the accessory sex glands include 1) high lipid solubility, 2) 
high pKa or pH to increase the fraction of unionized antibiotic, 3) 
low affi nity for binding to plasma proteins, 4) low molecular size.  
Trimethoprim/sulfa combinations have been reported effective in 
penetrating the prostate gland in other species and may have 
application in internal genital infections in horses.

Local treatment has been successful for treating seminal vesiculitis 
in stallions.  Previous reports describe blind catheterization of 
the vesicular glands for antibiotic infusion with variable results.  
Recently, catheterization of the vesicular glands using the 
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endoscope has been described for treatment of vesicular gland 
infections.  A fl exible catheter is threaded into the affected gland(s) 
for lavage and subsequent infusion of antibiotics. Treatment is 
repeated for 5 days and the method has proven successful in 
two reported cases.

Seminal vesiculectomy is well described in bulls.  Surgical removal 
of vesicular glands has been described in reproductively normal 
stallions with little reduction in spermatozoal motility.  A diffi cult 
surgical approach and postoperative complications including 
hemorrhage, infection and nerve damage preclude use of this 
technique in all but cases refractory to medical management.

Conservative management of seminal vesiculitis using minimum 
contamination breeding techniques is a viable option for those 
cases where medical or surgical management is not feasible.  
Semen collected from stallions in artifi cial breeding programs 
can be mixed with extender containing antibiotic effective for 
the organism isolated.  Ideally, the semen should be in contact 
with the antibiotic for 15-30 minutes prior to insemination of the 
mare.  In the natural service program, extender containing an 
appropriate antibiotic can be infused into the uterus of the mare 
immediately prior to breeding.
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INTRODUCTION

Ultrasound techniques have been used to evaluate 
the scrotum and internal genitalia in stallions for many years 
(1,2,3,4,5). Gray-scale ultrasonography is a reliable tool for 
imaging the testicular parenchyma, vaginal tunics, spermatic cord 
and epididymides. It allows accurate measurement of testicular 
dimensions that are important for calculating testicular volume and  
expected daily sperm production. Pathological changes of the 
stallion testis, such as testicular tumors, hydrocele/hematocele, 
inguinal hernia, and  torsion of spermatic cord can be visualized 
using ultrasonography(1,2,3). More recent developments with 
color-fl ow Doppler have provided useful information regarding 
normal and abnormal blood fl ow to the testis (6-8).

Basic ultrasound evaluation of the stallion scrotum and 
internal genitalia may be performed using machines routinely 
employed for reproductive veterinary work. A linear, 5 MHz 
transducer is adequate to visualize the echostructure of the 
testicular parenchyma and spermatic cord. However, higher 
frequency probes (7s5 or 10 MHz) may be useful for  detailed 
examination of epididymis, accessory sex glands or pathological 
changes in reproductive tissues. 

ULTRASOUND OF THE SCROTUM AND 
CONTENTS

Most stallions tolerate ultrasound evaluation of their 
scrotum well, although individual stallions may resist even 
manual palpation of the scrotum. Stallions are often quietest for 
these examinations shortly after semen collection. Stallions can 
be examined with their hind end in the corner of a large room 
or stall, or in a set of stocks.  Lubricating gel is applied to the 
scrotum. The linear probe is usually placed perpendicular to the 
long axis of the testis on the ventral, lateral or medial side in 
order to obtain images of cross-sections of testis and epididymis. 
Positioning the probe parallel to the long axis of the testis produces 
images of longitudinal sections of scrotal contents. The testicular 
parenchyma should be uniformly echoic throughout the entire 
organ except hypo or non-echoic dots or bands representing 
testicular vessels (1). The central vein is the most prominent 
venous vessel of the testis (1).  It originates at the caudal pole 
of the testis and runs in a cranio-dorsal direction towards the 
spermatic cord. Cross-sectional images of the caudal part of the 
testis should contain a central hypo-echoic dot corresponding to 
the lumen of the central vein. Arterial vessels are less frequently 
visible on ultrasound images of stallion testes (1, 4). 

Diffuse increased echogenicity of testicular parenchyma 
is usually a result of advanced testicular fi brosis. Decreased 
echogenicity may be suggestive of testicular degeneration. Focal 
changes in echogenicity of the testis may be associated with 
tumors, hematoma, abscess or local infl ammation.

The vaginal tunics are readily detectable on ultrasound 
evaluation of scrotal contents as a thin, echoic layer surrounding 
the testis. Thickening of the vaginal tunics or the presence of 

a large amount of non-echoic fl uid within vaginal cavity are 
considered abnormal. The echostructure of stallion epididymis is 
ultrasonographically very different than the testicular parenchyma. 
The epididymis consists of a long duct with a lumen. As a result, 
the cross-sectional image of the epididymis consists of multiple 
echoic or non-echoic. The efferent ducts and the proximal part 
of epididymal duct have a very narrow lumen and are not easily 
visualized using ultrasound unless they are distended due to 
spermiostasis. The cross sectional image of the spermatic cord 
contain non-echoic areas with “Swiss cheese-like” appearance 
corresponding to multiple sections of testicular artery (1). 
Enlargement of venous vessels within the pampiniform plexus 
(varicocele) or lymphatic vessels (lymphangiectasis) can be also 
visualized. However, distinguishing these abnormalities from the 
normal testicular artery can prove challenging unless evident 
pulsation is noted or color Doppler ultrasound is used. 

Ultrasound evaluation of the stallion scrotum is also 
helpful in obtaining accurate measurements of testicular 
dimensions. Results from one study showed no difference  
between measurements with traditional testicular calipers and 
measurements obtained using ultrasound (9). However, with 
specifi c conditions, such as thickening of the vaginal tunics or 
scrotal hydrocele, ultrasound testicular measures would prove 
more accurate. In order to measure the testicular dimensions 
of stallion testes, one testis should be held high in the scrotum, 
close to the external inguinal ring, allowing the other testis to 
remain naturally positioned within the scrotal pouch. In this way 
only one testis is visualized during ultrasound examination and 
the shape of the cross-sectional images of the testis closely 
resembles a circle. 

The ultrasound transducer is positioned midway on 
the lateral side of the testis, perpendicular to the long axis of 
the testis. After obtaining the image of the cross-section of the 
testis, again emphasizing the importance of the central vein, 
the testicular width can be measured by placing markers on the 
echoic line representing the visceral tunic. The testicular height is 
measured by positioning the transducer on the ventral aspect of 
the testis, perpendicular to the long axis of the testis. It is important 
to note that the body of the epididymis should be identifi ed 
and not included in the measurement. The most challenging 
measure to obtain is testicular length. The ultrasound transducer 
is positioned against the caudal pole of the testis, between the 
testis and the tail of the epididymis, perpendicular to the long 
axis of the testis, with the ultrasound beam penetrating through 
the testis from caudal to cranial pole. An ellipse-shaped image 
should be visualized. The head of epididymis should be identifi ed 
and not included in the measurement. Fragments of the central 
vein may be also visualized on this image. This measurement 
can be challenging to obtain in horses with large testes. In such 
cases, caliper measures may be more accurate. 

Mathematical formulas to calculate testicular volume 
and expected daily sperm output are based on the ellipsoid-like 
shape of the stallion testis (9,10). A correlation between testicular 
volume and daily sperm output (DSO) of the testis has been 
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established. (9,10). This relationship helps to assess testicular 
function and to plan the most effi cient breeding management 
strategy for the stallion. 
Calculating the volume of each testis based on the formula 
for an ellipsoid (9,10):

V = 4/3 π (W/2)(H/2)(L/2)
which reduces to: V = 0.52(W x H x L)
W = width; H = height; L = length

Calculating expected daily sperm output (10):

Y = [0.024 x total volume of both testes] – 0.76

The estimated daily sperm output is compared to the actual 
daily sperm output to determine if a horse is producing sperm 
to his testicular potential. There are various protocols for 
estimating daily sperm output of the stallion. Several protocols 
for determining actual daily sperm output have been described. 
Most protocols recommend frequent collection of semen from a 
stallion in order to deplete extragonadal sperm reserves. One 
protocol recommends daily semen collection from the stallion 
for a period of one week and evaluating the number of sperm 
in semen from the last (seventh) collection or averaging sperm 
number in ejaculates from days 5-7 in order to determine DSO 
(9,11). Another protocol suggests collecting semen for 10 days 
and averaging sperm numbers from the ejaculates collected on 
days 8-10 (12). A more recent study reported that time needed for 
deleting extragonadal sperm reserves is dependant on testicular 
size (13). This study suggests that DSO can be determined at 
day 5 of daily semen collection from stallions with small testes, 
while daily collections of semen for 6-7 days are necessary to 
determine DSO in stallions with larger testes.

ULTRASONOGRAPHIC EVALUATION OF THE 
INTERNAL GENITALIA

The internal reproductive tract in the normal stallion consists 
of two deferent ducts with their glandular terminal fragments 
(ampullae), the pelvic urethra, paired vesicular glands (seminal 
vesicles), a bilobed prostate, and paired bulbourethral glands. 
Examination of the internal genitalia of a stallion has become a 
more routine aspect of the breeding soundness examination. At 
a minimum, the internal inguinal rings should be evaluated for 
size and cotents using transrectal palpation. At the same time, 
evaluation of the internal genitalia can be performed.

Most stallions can be examined with minimum. Transrectal 
examinations can be performed with a stallion’s hind end out a 
stall door or using a set of stocks. A halter and a chain over the 
nose or tongue are usually suffi cient restraint. Administration of 
mild tranquilizers is occasionally needed.

After introduction of a well lubricated hand into the rectum, most 
stallions usually relax.  The pelvic urethra, urinary bladder, pelvic 
brim and inguinal rings can serve as landmarks as the hand is 
introduced into the rectum. As one approaches the pelvic brim, 
and the neck of the bladder, the most prominent internal genital 
organs are the ampullae of the deferent ducts. The ampullae 
are tubular structures that are typically “elastic” in character or 
slightly turgid when distended by semen. They palpable on the 
dorsal aspect of the neck of the bladder. If the ampullae are 
unusually large and/or very turgid (fi rm and full) on palpation, they 
may be occluded. The vesicular glands reside in close proximity 
to the ampullae. Vesicular glands are palpable only if they are 
distended with secretions (gel). Stallions who have ejaculated 
recently may have fl accid vesicular glands that are challenging to 
palpate. The vesicular glands are found lateral to the ampullae or 
more cranially and to either side of the urinary bladder (and over 
the pelvic brim). Stallions with infected glands may express pain 

when the glands are palpated per rectum. As the hand is drawn 
caudally in the tract, the prostate is fl at and turgid and its cranial 
edge occasionally be detected by palpation. The bulbourethral 
glands are completely covered by the urethralis muscle and they 
cannot be detected by rectal palpation. The pelvic urethra is 
always easily palpable along the midline.

Ultrasonographic evaluation of the internal genitalis is performed 
after transrectal palpation. Either a 5 or 7.5 MHz transducer can 
be used for the examination, however, a 7.5 MHz transducer is 
preferred due for fi ner resolution of the small structures evaluated. 
The small size of linear probe also allows easier manipulation 
within the rectum. When necessary, a linear  probe can be 
oriented perpendicular to the long axis of the tract for evaluation 
of structures. Consistent examination practices are important so 
that small structures are not overlooked. If contact with the tract is 
lost it is advisable to return to the most easily identifi ed  landmark 
and start tracing the examined structure from the beginning.

Again, it is best to start from the most cranial aspect of the tract 
at the neck of the bladder,  The ampullae of the deferent ducts 
may be traced from the midline of the urethra (seminal colliculus) 
and followed slightly laterally and cranially off the midline until 
they bend and narrow. They are usually seen in longitudinal 
section as a thick and uniform gray line with or without black thick 
line (fl uid in the lumen) in the middle. The hyperechoic (white) 
layer of connective tissue distinguishes it from the surrounding 
structures. The walls are uniformly echoic with an echolucent 
lumen of widely varying diameter. Occasionally, the ampullary 
walls are uniformly echoic with no visible lumen.

The fundus of the neck of the vesicular gland can be identifi ed 
dorsal to or slightly lateral to the ampulla. It is usually easier to 
detect this gland tracing from the midline of the urethra rather 
than trying to fi nd it blindly. There may be some diffi culties with 
identifying vesicular glands when they are empty. The longitudinal 
section of the vesicular gland is sac-like in shape, or it is 
triangular if the intestines are directly pressing their fundus. The 
ultrasonographic appearance of vesicular contents varies greatly 
between stallions. In most cases, the walls are thin and echoic 
(gray) while the lumen is uniformly echolucent (black), rarely 
with echoic “fl akes”. However, there are some stallions that have 
hyperechoic (almost white) vesicular contents. The echogenicity 
of the vesicular contents often relates to the viscosity of the gel 
secretions.  

As the ultrasound transducer is drawn caudally from the ampullae 
and vesicular glands, the prostate is easily visualized. The 
prostatic lobes are connected by an isthmus portion which lies 
on  top of the neck of the bladder. The prostatic lobes are usually 
symmetrical and uniformly echoic, with echolucent or hypoechoic 
spaces throughout the parenchyma (sponge-like appearance). 
The size and density of these spaces varies with individuals and 
sexual stimulation.

The bulbourethral glands are readily found on both sides of the 
pelvic urethra just caudal to the prostate. These glands have 
a consistent oval shape and are surrounded by a hyperechoic 
line. As with the prostate, the ultrasonographic appearance is 
characterized by varying degrees of echolucent spaces (sponge-
like).

In many cases, a uterus masculinus is visible on ultrasound 
examination. Usually one tubular element is visible between the 
distal ampullae, although in some stallions, two tubular elements 
may be visualized. Small cystic structures are occasionally seen 
in the area of the seminal colliculus or prostate. They are usually 
not associated with clinical signs, however, if large may lead to 
ejaculatory problems.
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PATHOLOGY DETECTED IN THE ACCESSORY 
SEX GLANDS IN STALLIONS

One of the more common conditions affecting the internal 
genitalia of stallions is amullary occlusion (16). The clinical signs 
associated with the condition are oligospermia, azoospermia, 
a low percentage of morphologically normal sperm, high 
percentage of tailess sperm heads, and palpable enlargement of 
the distal ampullae. Ultrasound evaluation  reveals a distended 
lumen with either hypoechoic or hyperechoic (inspissated sperm) 
contents. Manual massage of the ampullae and/or administration 
of oxytocin (20 I.U., iv) 5-10 min. before ejaculation usually helps 
resolve the problem. The diameter and contents of the lumen 
should appreciably decrease if the treatment was successful.

Another less common pathologic condition in stallions 
is seminal vesiculitis (17). Clinical signs include presence of 
infl ammatory cells and/or blood in the ejaculate, positive bacterial 
culture from semen, and/or enlarged or painful vesicular glands. 
Typically on ultrasound evaluation, infl amed vesicular glands 
have thickened walls and cloudy luminal contents. However, 
cloudy (echoic) luminal contents of seminal vesicles is not always 
indicative of vesiculitis as this appearance may also be seen in 
normal stallions. Persumptive diagnosis is made from ultrasound 
and semen evaluation.  Seminal vesiculitis can be treated using 
antibiotics delivered directly into the lumen of vesicular glands 
using a fl exible endoscope. 
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1. Probe placement for evaluation and measurement of testicular 
width.*

2. Probe placement for measurement of testicular height (5 
cm).*

                                              
3.  Probe placement for measurement of testicular length (8 

cm).
* Drawings borrowed from (4). 
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Cervical vertebral stenotic myelopathy (CVSM) is 
a disease characterized by ataxia and weakness, caused 
by narrowing of the cervical vertebral canal in combination 
with malformation of the cervical vertebrae. Stenosis of the 
vertebral canal, anywhere from the fi rst cervical vertebral 
body (C1) to the fi rst thoracic vertebral body (T1), which 
results in intermittent or continuous compression of the 
spinal cord and subsequent neurologic disease, is the most 
important abnormality in CVSM.

 CVSM is the leading cause of non-infectious spinal 
cord ataxia in the horse (Nixon et al. 1982; Powers et al.
1986; Papageorges et al. 1987; Rush Moore et al. 1992) and 
is estimated to affect 2% of Thoroughbred horses (Rooney 
1969). With the exceptions of CVSM and occipitoatlantoaxial 
malformation, which has been reported in a number of 
breeds including Arabians, Morgans, Appaloosas, and 
Thoroughbreds (Mayhew et al. 1978;Wilson et al. 1985; 
Watson and Mayhew 1986), congenital anomalies and 
malformations of the vertebral column which could lead 
to compression of the cervical spinal cord are reported 
infrequently (Reed and Rush 1999).
Types of CVSM

Rooney (1969) distinguished three types of CVSM. 
In type I the vertebral column is fi xed in fl exed position at the 
site of malarticulation/malformation, which generally occurs 
at C2-C3, but also has been observed at C3-C4. Type I 
CVSM is probably present at birth and occurs uncommonly. 
In type II CVSM symmetrical overgrowth of the articular 
processes causes myelocompression during fl exion of the 
neck. Type II lesions occur most often in sucklings and 
weanlings and are generally seen at C3-4 and C4-5. Type III 
CVSM is characterised by asymmetrical overgrowth of one 
articular process that leads to compression of the spinal cord 
either directly by the bony proliferation, or indirectly by the 
associated soft tissue hypertrophy. Type III is most often seen 
in horses between 1 and 3 years of age and most commonly 
affects C5-6 and C6-7 (Wagner et al.affects C5-6 and C6-7 (Wagner et al.affects C5-6 and C6-7 (Wagner  1987). Currently CVSM 
is no longer separated in types I to III, but 2 forms of spinal 
cord compression, dynamic or static, are recognised (Powers 
et al. 1986; Rush Moore et al. 1993).

In horses with dynamic stenosis compression of the 
spinal cord during myelography is recognised only during 
movement of the neck, particularly during fl exion (Fig. 1A,B). 
The cervical vertebral canal may appear wide enough on 
neutral views, however, stenosis of the canal does exist 
and forms the primary cause of the myelocompression and 
subsequent neurologic disease. Dynamic compression 
is most commonly seen at C3-C4 followed by C4-C5, and 
primarily affects horses between 8 and 18 months of age 
(Powers et al. 1986; Wagner et al. 1987). Cervical static 
stenosis is defi ned by narrowing of the vertebral canal 
with subsequent compression of the spinal cord during 
myelography, regardless of the position of the neck (Fig. 
2). Although spinal cord compression is noticeable in 

neutral views, extension of the neck may exacerbate this 
compression suggesting a degree of co-existing dynamic 
compression. The most common sites for static stenosis are 
at C5-C6 and C6-C7 (Reed et al. 1985; Powers et al. 1986; 
Wagner et al. 1987). Caudal cervical static stenosis is most 
often seen in older horses, generally 1 to 4 years of age, but 
is also seen in 5 to 10 year old animals (Powers et al. 1986; 
Wagner et al. 1987). 

Although several sites are predisposed to the development 
of CVSM, narrowing of the cervical vertebral canal can occur 
at any site within the vertebral column, and stenosis at 
more than one site is not uncommon (Mayhew et al. 1978; 
Nixon et al. 1982; Powers et al. 1986; Rush Moore et al.
1994)

CLINICAL SIGNS
CVSM is most frequently seen in young, well-fed, 

rapidly-growing horses. Generally the age of onset of clinical 
signs is between 1 and 2 years of age, however, this varies 
depending on the type of stenosis present. In horses with 
fl exion and fi xation of their neck (Rooney type I) clinical signs 
will occur between birth and several years of age. Horses with 
dynamic compression of the spinal cord usually demonstrate 
clinical signs between 6 months and 2 years of age, and in 
horses with static stenosis clinical signs are most commonly 
seen between 1 and 4 years of age. CVSM is also seen in 
horses over 4 years of age, and this is usually associated 
with signifi cant arthropathies in the caudal cervical vertebrae 
that lead to static or sometimes dynamic compression of 
the spinal cord (Fig. 3A,B). CVSM has been reported in 
most light and draft breeds, but is most commonly seen in 
Thoroughbreds and Quarter Horses (Mayhew et al. 1978; 
Powers et al. 1986). CVSM has been reported to be more 
common in male horses (Mayhew et al. 1978; Nixon et al.
1982; Powers et al. 1986; Papageorges et al. 1987; Wagner 
et al. 1987; Gerber et al. 1987; Gerber et al. 1987; Gerber  1989). 

Young horses will generally present for acute onset 
of ataxia or gait abnormalities, and owners may report 
trauma, i.e. a fall or halter-breaking accidents, associated 
with the onset of the clinical signs. In many cases, however, 
the horse will have been mildly ataxic and clumsy prior to 
the trauma, and these mild neurologic defi cits may even 
have been the cause of the fall. The traumatic incident will 
exacerbate existing neurologic signs due to severe cord 
trauma, or may initiate the signs due to acute damage of the 
spinal cord within the narrow canal. Owners may report that 
the horse is growing rapidly, is well-fed, is one of their best 
offspring, and is large for its age. In cases with a progressive 
onset, weeks or months may pass before neurologic defi cits 
are noticed. This is generally the case in older horses with 
static stenosis.

Physical examination may reveal abrasions around 
the heels and medial aspect of the thoracic limbs due to 
interference, and short, squared hooves due to excessive 
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toe-dragging. Although the physical examination is often 
unremarkable, many young horses affected with CVSM have 
signs of developmental orthopedic disease such as physitis 
or physeal enlargement of the long bones, joint effusion 
secondary to osteochondrosis, and fl exural limb deformities. 
Stewart et al (1991) demonstrated the increased incidence et al (1991) demonstrated the increased incidence et al
of osteochondrosis in horses with CVSM. Evidence of gray 
matter and spinal nerve root damage such as cervical pain, 
atrophy of cervical musculature, and cutaneous hypalgesia 
adjacent to affected cervical vertebrae is rarely seen in young 
horses. Older horses with arthropathies of the caudal cervical 
vertebrae may demonstrate these signs, especially focal 
muscle wasting.

Neurologic examination reveals normal cranial nerve 
function. Rooney (1973) has described two cervical refl exes 
in the horse. The cervicofacial refl ex is elicited by stimulating 
the skin along the side of the neck down to the region of C2. 
This prickling of the skin results in a local twitch and drawing 
back of the lips (“smile”). Caudal to C2 a local response 
can be observed following prickling of the skin. Decreased 
cervical refl exes occur rarely in horses with CVSM. The 
thoracolaryngeal refl ex, which is the adductory movement of 
the arytenoid cartilages of the larynx in response to a slap 
on the thorax (slap test), may be diminished in horses with 
cervical spinal cord disease. However, this test is not accurate 
and negative results do not exclude the possibility of cervical 
spinal cord disease (Newton-Clarke et al. 1994).

Neurologic examination will reveal upper motor neuron signs 
and general propioceptive defi cits compatible with defi cits 
expected from symmetric compression and damage of the 
cervical spinal cord white matter. Symmetric ataxia, paresis, 
dysmetria, and spasticity will be present in all four limbs, 
usually more noticeable in the pelvic limbs than in the thoracic 
limbs. In horses with signifi cant degenerative joint disease of 
the articular processes, lateral compression of the spinal cord 
may lead to asymmetry of the clinical signs (Rush Moore et 
al. 1992). Thoracic limb defi cits may be worse than pelvic 
limb defi cits and in this uncommon situation it is more often 
the weakness and stumbling rather than ataxia that is more 
evident in the thoracic limbs. Ataxia may also occur in the 
pelvic limbs fi rst and then gradually progress to the thoracic 
limbs (Tomizawa et al. 1994a). In a standing horse conscious 
propioceptive defi cits may be present such as an abnormal 
wide based stance, abnormal limb placement, and delayed 
positioning refl exes. Ataxia and paresis can be noted at a 
walk during which the horse may demonstrate truncal sway, 
circumduction of the hindlimbs, toe-dragging, and stumbling. 
These signs will be exacerbated when the horse is circled, 
lead up and down a hill or over obstacles, or when the horse’s 
head is elevated during the neurologic examination. The horse 
may exhibit an exaggerated, stiff-legged movement, which is 
most likely a result of simultaneous dysmetria and spasticity. In 
young horses clinical signs of ataxia often progress and then 
stabilise. This cycle of progression followed by stabilisation or 
improvement may occur before the disease is confi rmed by 
use of radiography and myelography.

DIAGNOSIS
A presumptive clinical diagnosis is obtained by a 

combination of a detailed history from the owners or trainers, 
the signalment of the animal, and the recognition of ataxia 
with a neuroanatomical localisation caudal to the foramen 
magnum on a neurologic examination. 

Haematologic and serum biochemical parameters 
are generally unremarkable in horses with CVSM. 

Electromyography is generally normal, however, occasionally 
evidence of lower motor neuron disease in horses with 
static stenosis of the caudal cervical vertebrae is found. 
Cerebrospinal fl uid (CSF) analysis is normal in the majority 
of cases, but CSF analysis remains an important ancillary 
diagnostic tool in the evaluation of equine neurologic 
disorders. 

In horses with a neurologic lesion located caudal 
to the foramen magnum, analysis of CSF collected from 
the lumbosacral space is the most diagnostic because of 
the cranial to caudal circulation of CSF (Andrews et al.
1990). If CSF is collected from both the lumbosacral space 
and the atlantooccipital space, in normal horses a slightly 
higher protein concentration will be found in the CSF from 
the lumbosacral site. In horses with CVSM this lumbosacral-
atlantooccipital protein difference may be slightly increased. 
Xanthochromia, subtle elevation of the white blood cell count, 
and a rare elevation in aspartate transaminase activity are 
other changes that can be demonstrated in CSF from horses 
with CVSM (Mayhew et al. 1978).

High CSF creatine kinase (CK) activity traditionally 
was considered to be a sensitive, but non-specifi c indicator 
of central nervous system disease, however, recent data 
suggests that the use of CSF CK activity is unreliable as 
a diagnostic indicator of neurologic disease in neurologic 
conditions in the horse (Jackson et al. 1996). In horses 
with compressive disease an increase of CK is uncommon, 
presumably because the rate of release of CK is too slow to 
allow accumulation of the enzyme (Furr and Tyler 1990). CSF 
electrophoresis can be used as an aid to diagnose cervical 
compression. Furr et al (1997) demonstrated that CSF high-et al (1997) demonstrated that CSF high-et al
resolution electrophoresis revealed a less prominent �
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globulin fraction and more frequent post-� peaks in horses 
with compressive disease when compared to horses without 
neurologic disease.

Lateral radiographs of the cervical vertebrae, obtained 
in the standing horse, should reveal bony malformations of the 
cervical vertebrae. The fi ve characteristic bony malformations 
of the cervical vertebrae in horses with CVSM are “fl are” of 
the caudal vertebral epiphysis of the vertebral body, abnormal 
ossifi cation of the articular processes, malalignment between 
adjacent vertebrae, extension of the dorsal laminae, and 
degenerative joint disease of the articular processes (Rooney 
1969; Mayhew et al. 1978; Nixon et al. 1982; Powers et 
al. 1986; Papageorges et al. 1987; Reed and Rush 1999). 
Degenerative joint disease characterised by osteochondrosis 
and/or osteoarthrosis of the articular processes is the most 
commonly identifi ed lesion on cervical vertebral radiographs 
in horses affected with CVSM (Powers et al. 1986; Rush 
Moore et al. 1994).

Subjective assessment of cervical radiographs 
and evaluation of bony malformation does not discriminate 
between horses with and without CVSM, and false positive 
diagnoses of CVSM in the caudal cervical vertebrae are 
reported (Papageorges et al. 1987). Also compressive lesions 
can develop at vertebral sites that are not affected by bony 
malformation (Mayhew et al. 1978; Stewart et al. 1991).

Minimum sagittal diameter (MSD) values were 
published for horses under anaesthesia (Mayhew et al.
1978), however, magnifi cation made these values impossible 
to interpret and unreliable in cervical vertebral radiographs 
obtained in standing horses. Subsequently, a non-invasive, 
semi-quantitative, radiographic CVSM scoring system was 
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developed in which multiple radiographic characteristics were 
considered, one of which was stenosis of the vertebral canal. 
The presence of stenosis was assessed by the corrected MSD 
(ratio of MSD:vertebral body length) in which the MSD was 
measured either intra-vertebral or inter-vertebral (Mayhew et 
al. 1993). 

An intra-vertebral ratio method of canal diameter 
assessment was developed in humans (Pavlov et al. 1987), 
that improved the accuracy of diagnosis of cervical spinal 
stenosis and a similar protocol has been developed for use 
in adult horses (Rush Moore et al. 1994). It is essential that 
direct lateral radiographs are obtained in order to use this 
method. The sagittal ratio is the ratio of the MSD:sagittal 
height of the maximum dimension of the cranial aspect of the 
vertebral body (Fig. 5). Assessment of this ratio is independent 
of radiographic magnifi cation. A ratio of less than 50% at C4, 
C5, or C6 or a ratio of less than 52% at C7, is associated 
with a high likelihood (likelihood ratio: 26.1 – 41.5) of having 
cervical stenotic myelopathy (Table 1). The sensitivity and 
specifi city of this ratio method is >89% at each vertebral 
site (Rush Moore et al. 1994). Including inter-vertebral 
MSD measurements (Fig. 5) for assessing canal width may 
increase the sensitivity of using standing survey radiographs 
to diagnose CVSM (Mayhew 1999; Mayhew and Green 2000; 
Mayhew and Green 2002). In foals, Mayhew’s scoring system 
(Mayhew et al. 1993) appeared to predict the development of 
CVSM accurately, but the sagittal ratio method (Rush Moore 
et al. 1994) is developed in adult horses and it has not been 
investigated whether the cut-off values are valid to use in 
growing horses of less than 1 year of age. The sagittal ratio 
method is accurate for identifi cation of stenosis of the cervical 
vertebral canal, however, the use of this method to identify 
specifi c sites of spinal cord compression will result in false 
positive diagnoses (Rush Moore et al. 1994; Tomizawa et al. 
1994a; Mayhew and Green 2000). Therefore, myelography 
remains the diagnostic tool of choice for antemortem diagnosis 
of CVSM and location of specifi c sites of compression.

 Myelography is required to confi rm diagnosis of 
focal spinal cord compression and to identify the location and 
number of lesions, particularly if surgical treatment is pursued 
(Nixon et al. 1982; Wagner et al. 1987; Neuwirth 1992; Rush 
Moore et al. 1994). To obtain myelographic radiographs 35 - 
50 ml of a non-ionic, water-soluble contrast agent (iopamidol, 
iohexol) is administered through the atlanto-occipital space 
into the subarachnoid space after withdrawal of an equal 
volume of CSF. Elevation of the horse’s head allows spinal 
fl uid to fl ow caudally and prevents the contrast medium 
from leaking into the brain (Andrews et al. 1990; Neuwirth 
1992). Radiographs are taken in neutral, fl exed, and 
extended positions of the neck. Criteria for evaluating equine 
myelographic radiographs are not well established. Criteria 
that have been reported or are used include a reduction of 
thickness of the contrast columns to less than 2 millimeters 
(Neuwirth 1992) and attenuation of both the dorsal and 
ventral contrast columns by greater than 50% at diametrically 
apposed sites (Papageorges et al. 1987) (Fig. 6, Table 2). 
Currently, complete attenuation of the ventral contrast column 
with 50% attenuation of the dorsal contrast column is used as 
myelographic evidence of compression (Nyland et al. 1980), 
however, the accuracy of this criterion has recently been 
questioned, and use of the minimal sagittal dural diameter 
(MSDD) which is the average sagittal diameter of the dural 
space measured inter-vertebrally, has been advocated to 
precisely defi ne the sites of spinal cord compression (Fig. 6, 
Table 2) (Tomizawa et al. 1994a; Mayhew and Green 2000; 
Mayhew and Green 2002; Van Biervliet et al. 2002).
Contrast-enhanced computed tomography (CECT) is 

considered to be more useful than myelographic radiography 
to diagnose and characterise vertebral stenosis in humans, 
and has been evaluated in the horse (Rush Moore et al. 1992). 
In a postmortem study involving 6 horses with CVSM, CECT 
images could be obtained from C1-T1. CVSM lesions were 
accurately detected and signifi cant additional information, 
regarding location and severity of the lesion, was obtained 
(Rush Moore et al. 1992). The main indications for CECT 
are pre-surgical evaluation of the cervical vertebral column 
and spinal cord at sites that are suspected to have dynamic 
compressive lesions and evaluation of lateral compressive 
lesions in horses strongly suspected to have CVSM without 
myelographic evidence. Depending on the patient aperture 
and table size, evaluation of C1-C7 is possible with CECT.

MEDICAL TREATMENT
Medical therapy in horses with CVSM is aimed at 

reducing cell swelling and oedema formation with subsequent 
reduction of the compression on the spinal cord. In the 
immediate period following an acute onset of neurologic 
disease, treatment with anti-infl ammatories is indicated. 
Treatment with anti-infl ammatory drugs, such as non-
steroidal anti-infl ammatory drugs and dimethyl sulfoxide are 
most commonly used. Corticosteroids are indicated in horses 
with acute brain and spinal cord trauma, however, its use is 
controversial due to the potential negative side effects and 
the fact that corticosteroids are contraindicated in cases of 
EPM (Andrews et al. 1990), unless simultaneous treatment 
for EPM is initiated. Depending on the type of CVSM and the 
age of the horse, different therapeutic options exist.

In horses less than one year of age changes in 
management, including restricted exercise and diet, are 
recommended.  The “paced growth” program, of which the 
effi cacy has been demonstrated in young horses with early 
clinical or radiographic signs of CVSM (Donawick et al. 1989), 
includes stall rest and a diet that is aimed at reducing protein 
and carbohydrate intake and, thus, reducing growth and 
allowing the vertebral canal to “catch up”. This study, however, 
did not have control groups or any histopathologic evidence 
of compression of the spinal cord. It is important that these 
diets meet minimum requirements of other essential nutrients, 
and it is recommended that this type of growth retardation be 
confi ned to selected individuals and is professionally supervised 
(Kronfeld et al. 1990). In young horses supplementation with 
vitamin E / selenium is recommended as EDM is an important 
differential diagnosis which may improve following vitamin E 
administration (Mayhew et al. 1987). 

In adult horses with compressive lesions of the spinal 
cord the options for medical therapy are restricted to stabilising 
a horse with acute neurologic deterioration and injecting 
the articular joints with a combination of corticosteroids, 
antimicrobials, and chemical mucopolysaccharides such 
as hyaluronate sodium, in an attempt to reduce soft tissue 
swelling and stabilise or prevent further bony proliferation 
(Grisel et al. 1996; Grant, 1999). Injecting articular joints is 
only benefi cial in horses that demonstrate mild to moderate 
neurologic defi cits (grade 2-3 out of 5), and that have 
moderate to signifi cant degenerative joint changes noticeable 
on radiographs of the cervical vertebral column. Horses that 
fi t into this last category are generally older horses (> 5 years) 
that are in training and have developed osteoarthritic changes, 
usually in the caudal cervical vertebral joints.

In adult horses that have CVSM and are western blot 
positive on CSF for antibodies against EPM, treatment for 
EPM should be initiated. If there is no improvement of clinical 
signs following treatment for EPM, remaining neurologic 
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defi cits are likely due to CVSM.   
SURGICAL TREATMENT

The aim of surgical treatment is to stop the repetitive 
trauma to the spinal cord, which is caused by narrowing of the 
vertebral canal, and thereby, to allow the infl ammation in and 
around the spinal cord to resolve.

Surgical treatment of CVSM is controversial, mainly 
due to concerns regarding safety of the horse after surgery, 
and potential heritability of the disease. Concerns regarding 
safety of the horse following surgery are based on the 
assumption that neurons do not regenerate suffi ciently after 
vertebral body stabilization, and thus, even if the compression 
is alleviated, the irreversible neuronal damage that is present 
would make a horse unsuitable for performance activities. In 
humans 80% of patients with cervical spondylotic myelopathy 
that had cervical laminectomy with posterior lateral mass 
fusion/fi xation showed improvement (Kumar et al.fusion/fi xation showed improvement (Kumar et al.fusion/fi xation showed improvement (Kumar  1999), 
and 80 – 90% of humans with discogenic radiculopathy of 
the cervical spine showed improvement following anterior 
interbody fusion (Hacker 2002). In dogs with caudal cervical 
spondylomyelopathy 89% showed improvement after surgical 
intervention (Rusbridge et al. 1998) and 77% of horses with 
CVSM showed improvement of neurologic defi cits and 46% 
returned to performance activity (Rush Moore et al. 1993). 
This suggests that surgical intervention appears benefi cial in 
humans, dogs, and most likely in horses, and that safety for 
performance should be evaluated on a case-by-case basis 
through thorough neurologic examinations. Before surgery is 
performed, the owners and trainers of the horse should be 
informed of the risks, liabilities, and responsibilities that are 
involved. 

Surgical techniques for treatment of CVSM were fi rst 
introduced in 1979 (Wagner et al.introduced in 1979 (Wagner et al.introduced in 1979 (Wagner  1979) and have been refi ned 
since then. The two types of surgery that are advocated are 
subtotal dorsal decompression laminectomy and ventral 
interbody fusion.

 In subtotal dorsal decompression laminectomy, the 
caudal aspect of the vertebral arch of the cranial vertebrae and 
the cranial aspect of the vertebral arch of the caudal vertebrae 
are removed (Nixon and Stashak 1988; Grant 1999). This 
surgery offers almost immediate decompression of the spinal 
cord, however the technique is technically demanding and 
carries a high risk of serious complications.

 Ventral interbody fusion is currently the 
most commonly used surgery for CVSM. This surgery is a 
modifi cation of the one that was developed by Cloward (1958) 
for use in humans and is technically less demanding but 
with the disadvantage of a slower recovery time. A stainless 
steel basket (Bagby basket) packed with an autogenous 
bone graft is used for interbody fusion (Bagby 1988; Rush 
Moore et al. 1993; Grant 1999) (Fig. 7). Initially this surgery 
was recommended for dynamic compressive lesions only, 
however, since it has been demonstrated that this technique 
resulted in osseous remodeling of the articular processes and 
regression of associated soft-tissue swelling at the treated 
site, ventral interbody fusion is used for static decompression 
as well. Ventral interbody fusion has been applied successfully 
at The Ohio State University in 2 non-ataxic horses with 
severe osteoarthritic lesions in the caudal cervical vertebral 
bodies. In horses with severe degenerative changes of the 
cervical vertebral articular joints, injection of these joints with 
corticosteroids immediately after the ventral stabilization, may 
lead to a more rapid decompression (Grant 1999).

DeBowes et al (1984) demonstrated osseous union et al (1984) demonstrated osseous union et al

following cervical vertebral interbody fusion with implantation 
of a stainless steel basket packed with cancellous autogenous 
bone. However, non-union and the development of 
pseudoarthrosis is a well-recognized complication in human 
medicine (Farey et al. 1990) and has been observed at The 
Ohio State University in horses following ventral interbody 
fusion. To encourage through-the-implant growth of bone 
the surgical procedure for ventral interbody fusion has been 
recently modifi ed in a way that it is no longer required to create 
a drill-hole in order to place the basket. In this new technique, 
a core of bone, the isthmus, is left, and a kerf is created in 
order to thread the basket over the isthmus (Fig. 8). A small 
amount of bone graft is used to fi ll up remaining space. By 
leaving the isthmus and its blood supply, it is expected that 
complete bony fusion will occur more rapidly.  

Following surgery an improvement of 1-2 out of 5 
grades is expected. Because of the low probability that a 
horse improves more than 3 out of 5 grades, we recommend 
surgery in horses that are at most moderately ataxic (grade 3 
out of 5) and that are compressed at a maximum of 2 sites. 

Adult horses, undergoing ventral stabilization, that 
are western blot positive for antibodies against EPM on CSF 
should receive treatment for EPM during hospitalization. This 
recommendation is based on the fact that in stressed situations 
clinical signs associated with EPM may be exacerbated. This 
may lead to deterioration in the horse’s condition immediately 
post operatively and in a delayed onset of improvement of 
clinical signs.  
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Introduction

Transported, cooled semen has become widely accepted in the equine industry. Equine veterinarians are increasingly involved with 
both insemination of mares using transported semen and packaging semen for shipment. Successful breeding using transported 
semen relies on several factors including:

- Fertility of the mare and stallion
- Quality of collected semen
- Quality of semen after cooling
- Number of sperm used for insemination
- Mare management

Field semen evaluation enables the practitioner to provide many services to the client. Horses can be evaluated for breeding soundness 
prior to the onset of the breeding season. Transported, cooled semen can be fully evaluated at the time of insemination so that the 
veterinarian and client are informed of the quality of ejaculate used for insemination.  Finally, veterinarians can evaluate, package 
and ship semen knowing that they have sent adequate numbers of good quality sperm for insemination.  However, the ambulatory 
veterinarian faces several challenges when evaluating semen such as lack of equipment, inadequate space and temperature control.  
The objective of this paper is to describe simple techniques for determining sperm concentration, motility and per cent morphologically 
normal sperm of ejaculates collected in the fi eld. Methods for proper dilution and packaging semen will also be described. 

Methods

Semen evaluation includes gross evaluation of raw semen for color and estimate of concentration, determination of ejaculate volume, 
determination of concentration (sperm/ml), estimate of sperm motility and determination of the number of morphologically normal 
sperm present in the ejaculate.

TOOLS NEEDED FOR SEMEN EVALUATION
-   inexpensive bright-fi eld microscope 
-   hemocytometera    
- Platelet/WBC Unopette® Microcollection systems (#5855)b   
-   glass microscope slides and cover slips
-   pipettes or wooden sticks
-   slide warmer
-   semen extender
-   thermometer
-   eosin-nigrosin stainc

-   immersion oil
-   small cooler
-   urine specimen cup

GROSS EVALUATION OF SEMEN
Methods of handling semen will depend on whether the ejaculate is fresh or cooled. Ideally, a fresh ejaculate is maintained in a 
light-shielded environment at 37�C during evaluation. Temperature control is especially important in colder climates.  Semen can be 
insulated from dramatic temperature fl uctuations in a small cooler during evaluation. If the ambient temperature is low, a 1 liter bag of 
fl uid can be heated in the microwave and placed in the cooler to keep the environment warm. Care should be taken to avoid placing 
the container of semen in direct contact with something that is hot. The insulated collection bottle cover designed to fi t the Colorado 
model artifi cial vaginad  is useful for holding and protecting semen in a cooler.

Practical Methods for Evaluating Semen
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The ejaculate can be evaluated grossly in the collection bag or 
a sterile urine specimen cup. A graduated urine specimen cup 
also allows for crude measurement of volume. The color of the 
ejaculate should be noted. A normal ejaculate should be white 
and opaque. A creamy appearing ejaculate typically is more 
concentrated while a watery ejaculate often has fewer sperm 
cells. Abnormal ejaculates may be yellow (urine contamination, 
white blood cells) or pink (hemorrhage). 
       

CONCENTRATION
Determining the concentration of an ejaculate is one of the 
more important steps in semen evaluation, yet one of the most 
overlooked steps. The concentration of sperm in the ejaculate 
is multiplied by the ejaculate volume to determine the total 
number of sperm in the ejaculate. Knowing the concentration 
of sperm/ml of semen is also important when extending semen 
for shipment. 

Using a hemocytometer and the  Unopette® system, one 
can easily determine the concentration of an ejaculate.1 The 
Unopette® system provides a simple method for obtaining a 
1:100 dilution of  semen to determine concentration using a 
hemocytometer. Dilution of semen to 1:100  in any solution that 
will immobilize sperm (ie, buffered formal saline) will work. The  
Unopette® system is self contained with a 20 Φl capillary tube 
and a reservoir fi lled with 1.98 ml of buffered ammonium oxalate 
solution. The plastic cover over the capillary tube is used to 
pierce a hole into the reservoir. A well-mixed sample of semen 
is obtained through capillary action into the 20 Φl tube.  After 
wiping the sides of the capillary tube, the tube is placed into the 
reservoir and gently rinsed with the ammonium oxalate solution. 
Care must be taken not to expel any of the fl uid contents during 
this rinsing procedure. Once the fl uid in the capillary tube is 
expelled into the chamber, the capillary tube is inverted and 
seated into the top of the reservoir.  A hemocytometer is fi tted 
with a cover slip that will cover both chambers.  The reservoir 
is inverted several times for mixing and the fi rst drops of fl uid 
are expelled from the tube by squeezing the reservoir. A drop 
is loaded into each chamber using care to avoid overfi lling the 
chambers. The hemocytometer should be allowed to stand 
for approximately 5 minutes to allow the sperm cells to settle 
before counting.
    
The count is performed using 200x magnifi cation and bright-
fi eld micropscopy.  The central square that is subdivided into 25 
smaller squares should be counted. All intact sperm and sperm 
heads within the 25 squares should be counted. Sperm falling 
on upper or left borders are counted while sperm on lower or 
right borders should not be counted to avoid double counting 
sperm. Both chambers on the hemocytometer are counted and 
the numbers averaged if the difference between the two is not 
greater than 10%. The averaged  number is multiplied by 106 to 
get the fi nal concentration. 

Example: 
325 sperm in chamber 1
329 sperm in chamber 2  
(325 + 329) 2 = 327 x 106 sperm/ml

Automated  methods for determining sperm concentration 
include the Equine Densimeter,e the Spermacuef and the HRI f and the HRI f

Sperm Counter.g All of these systems are portable. While the 
automated sperm counting systems provide a concentration 
more quickly than hand-counting, the systems are also 
substantially more expensive. Furthermore, the automated 
systems can only be used with raw semen. Milk or egg yolk 

proteins in semen extenders alter the accuracy of these 
systems.  A hemocytometer can be effectively used to count 
sperm in extended samples. 

SPERM MOTILITY     SPERM MOTILITY     SPERM MOTILITY
Temperature is a critical factor when evaluating sperm motion. 
Most fi eld microscopes will not be fi tted with a stage warmer, 
therefore measures must be taken to maintain samples at 37°C 
during motility evaluation. Simple tricks can be used to warm 
slides, cover slips and pipettes. Any square glass bottle can be 
fi lled with warm water and laid on its side to serve as a slide 
warmer. Warmed, full fl uid bags can also serve this purpose. 
A heating pad may be used as a slide warmer. Small, portable 
slide warmers are also available.h  Again, care must be taken to 
maintain components as close to body temperature (37°C) as 
possible for the most accurate assessment of motility. 

Both raw and extended samples of semen should be examined 
for motility when evaluating a fresh ejaculate. Semen extender 
should be warmed to 37°C prior to mixing it with semen. Extender 
can be warmed by placing the diluent into a zip-lock bag and 
immersing it in warm water in a stainless steel bucket. The bag 
prevents the diluent from becoming contaminated with tap water 
which may contain elements that are detrimental to sperm. If 
rapid warming of the extender is required, it is important to warm 
the extender diluent before adding the milk-based components. 
Proteins are quickly denatured at high temperatures and the 
benefi cial effects of the extender will be lost.

For motility analysis, semen can be mixed with warmed extender 
at a ratio of 1:3 or 1:4. A drop of semen is placed on a warmed 
slide, covered with a slip and quickly evaluated for total motility 
and progressive, linear motility at 200x. The sample will quickly 
cool without a warm microscope stage, so several fresh samples 
should be evaluated rather than prolonged examination of one 
sample. If excessive sperm circling is noted, it is likely that the 
sperm are cold shocked by some component of the system. If 
the sperm are sluggish and/or die rapidly, the sperm may be 
stressed by temperatures that are too high. 

SPERM MORPHOLOGY
Specifi c morphologic features of sperm have been associated 
with pregnancy rates in bred mares. Morphologic evaluation of 
sperm can be also used as a predictor of fertility in stallions.2

To prepare a semen sample for morphologic evaluation, a 
drop of well-mixed semen is mixed with a drop of stain on a 
microscope slide. A second slide is used to make a smear. 
Eosin-nigrosin stain is a background stain, therefore the best 
slide is obtained when the smear is not overly thin (higher 
contrast between sperm and stain).  The slide is allowed to dry 
and can be evaluated immediately or stored and evaluated later 
in the day. Sperm abnormalities are optimally detected using 
immersion oil and 1000x magnifi cation. A minimum of 100 cells 
should be evaluated for the following abnormalities:
- normal sperm
- abnormal sperm head
- abnormal acrosome
- detached sperm head
- proximal cytoplasmic droplet
- distal cytoplasmic droplet
- abnormal midpiece shape
- bent midpiece
- hairpin tail
- coiled tail
- premature germ cell
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In a recent study,2 the morphologic abnormalities indicated 
above in bold were signifi cant predictors of stallion fertility. 

Evaluation of Cooled, Transported Semen

Transported semen can be evaluated as rigorously as fresh 
semen using the tools outlined above. A small aliquot of well-
mixed extended semen should be reserved in an all-plastic 
tube or in the bottom of the shipment bag.  Procedures for 
concentration and morphology are the same as those outlined 
for fresh semen.   A  hemocytometer count is the only reliable 
method for determining concentration in extended samples 
that are not optically clear. The insemination dose can be 
determined by multiplying the volume of the extended semen by 
the concentration. 

Example:  40 ml extended semen/dose  x  25 x 106

sperm/ml = 1 x 109 sperm/dose

For optimal motility analysis, cooled semen should be allowed to 
warm to body temperature (37°C) as cooled semen frequently 
will be sluggish and/or circling.  However, an immediate overall 
motility estimate is useful for comparative purposes in the event 
the sample becomes markedly worse over time.  The reserved 
semen sample is then warmed by placing it in a breast or pants 
pocket for 15 to 30 minutes and evaluated again. 

PACKAGING SEMEN FOR TRANSPORT

The overwhelming popularity of breeding with cooled, transported 
semen is increasing the demand on equine practitioners to collect 
and package semen for shipment. Traditionally, practitioners 
have diluted semen at a standard ratio of 1:4 (semen:extender)for 
shipment. This dilution ratio maintains sperm viability in many 
cases. However, in vitro work3 has shown that equine sperm 
diluted to a concentration of 25-50 x 106 sperm/ml maintained 
motility parameters longer than samples diluted to higher 
sperm concentrations. Furthermore, ejaculates with a low initial 
sperm concentration can be over diluted which may result in an 
inadequate insemination dose. 

In the best case scenario, the sperm concentration should be 
determined from an ejaculate and the ejaculate diluted to a 
fi nal concentration of 25-50 x 106 sperm/ml. A small aliquot of 
raw semen can be reserved to determine concentration. The 
remainder of the ejaculate can be extended 1:1 initially and 
diluted further once the concentration is determined. 
Certain constants can be remembered when packaging semen 
for shipment:

CONSTANTS:
Shipment concentration = 25 - 50 x 106 sperm/ml
Minimum dilution of 1:4 (semen:extender)
Common shipment dose = 1 - 2 x 109 sperm

1 x 109 sperm   25 x 106 sperm/ml = 40 ml dose  
(1 x 109 sperm 50 x 106 sperm/ml6 sperm/ml6 = 20 ml dose)

2 x 109 sperm   25 x 106 sperm/ml = 80 ml dose  
(2 x 109 sperm 50 x 106 sperm/ml6 sperm/ml6 = 40 ml dose)

EXAMPLES:

Ejaculate 1: volume: 35 ml
  concentration: 250 x 106 sperm/ml
  motility: 90/80

  35 ml semen x 250 x 106 sperm/ml = 8.75  x 
109 sperm available in this ejaculate

( Approximately 8 full doses at 1 x 109 sperm/
dose and 4 doses at 2 x 109 sperm/dose)

You want to send 2 billion sperm/dose, and you want to send 2 
doses (total 4 billion sperm).

You want:  2 x 109 sperm   25 x 106 sperm/ml = 80 ml extended 
semen/dose

You have:  2 x 109 sperm   250 x 106 sperm/ml = 8 ml semen 
needed

80 ml extended semen/dose - 8 ml semen = 72 ml extender
( 1:9 ratio)
     
Alternatively, to send 2 billion sperm/dose at 50 x 106 sperm/ml:

You want:  2 x 109 sperm   50 x 106 sperm/ml = 40 ml extended 
semen/dose

You have:  2 x 109 sperm   250 x 106 sperm/ml = 8 ml semen 
needed

40 ml extended semen/dose - 8 ml semen = 32 ml extender
( 1:4 ratio)

Ejaculate 2:

 Volume: 75 ml
 Concentration: 65 million sperm / ml
 Motility: 50/40 (2)

 75 ml semen x 65 x 106 sperm/ml = 4.875 x 109 sperm 
available in this ejaculate
 ( Approximately 4 full doses at 1 x 109 sperm/dose and 
2 doses at 2 x 109 sperm/dose)

You want to send 2 billion sperm/dose, and you want to send 2 
doses (total 4 billion sperm).

You want:  2 x 109 sperm   25 x 106 sperm/ml = 80 ml 
extended semen/dose

You have:  2 x 109 sperm 65 x 106 sperm/ml = 31 ml 
semen needed

 80 ml extended semen/dose - 31 ml semen = 49 ml 
extender ( 1:1.6 ratio)

If this sample were empirically diluted to 1:4 (semen:extender), a 
suboptimal dose would be shipped ( if 10 ml semen were diluted 
with 40 ml extender, each dose would only contain 650 x 106

sperm).  If this ejaculate is diluted as outlined above, the ratio of 
semen to extender is far too low to maintain sperm viability.  This 
ejaculate would be best managed by extending 1:1, centrifuging 
for 10 minutes at �1200 RPM and resuspending the pellet with 
enough semen extender to get a fi nal concentration of 25 - 50 x 
106 sperm/ml.

Once the ideal dilution ratio has been determined, the semen 
is mixed with extender that has been pre-warmed to 37�C.  
Several commercially available, nonfat dry skim milk- glucose 
extenders may be used.  A stallion’s semen should be tested in 
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several extender and antibiotic types prior to shipping semen 
for commercial purposes to determine which extender maintains 
sperm viability best. 

The extended semen can be packaged for transport in an 8 
oz. baby-bottle liner.  Excess air is removed from the bag, the 
neck of the bag twisted, folded over, and the bag secured with 
a rubber band. Double bagging is advisable in the event the 
original bag leaks. Once the semen is packaged, it is placed in a 
storage container for shipment. Several commercial containers 
for storage and transport are available such as the Equitainer™
(g), Equine Express™ (h), ExpectaFoal™ (i), Bio-fl ite™ (j)and 
Lane STS™ (k).  The Equitainer™ is a durable semen transport 
system intended for repeated use. The other listed containers 
are disposable systems marketed for one-time use. There is 
signifi cant variation in cooling rate and storage temperature 
between systems.4,5   Extended semen from a stallion should 
be tested in the transport container intended for commercial 
shipment to determine the predicted viability of the sperm after 
cooling and storage.

Summary

Using these methods, the practitioner can perform quality 
semen analysis in the fi eld. Most of the items listed for semen 
evaluation are compact and can be easily carried in a truck. 
As the demand for breeding with transported, cooled semen 
increases, veterinarians will fi nd that semen analysis is an 
important component of their daily practice.

a Bright-Line® Counting Chamber with Neubauer Ruling, 
American Optical, South Bridge, MA. 
b Becton Dickinson #5855, Rutherford, NJ
c Society for Theriogenology, Nashville, TN
d,e,h Animal Reproduction Systems, Pomona, CA
f Minitube of America, Verona, WI f Minitube of America, Verona, WI f

g Hamilton-Thorne, Beverly, MA
h MP and J Associates, Des Moines, IA
i Expecta, Parker, CO
j Bio-Flite™, Anaheim, CA
k Lane Manufacturing, Denver CO
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ULCER SYNDROMES

FOALS
Gastric lesions are highly prevalent in foals, although 
the prevalence of ulcer disease in foals is actually less 
than in adult horses! The consequences of ulcer disease 
in foals (perforation with peritonitis, pyloric stenosis) 
is often more catastrophic than in adult horses, and 
severe ulceration can develop in foals unbeknownst to 
even a skilled observer.

In the late 1970’s and early 1980’s the fatal 
consequences of severe, perforating gastroduodenal 
ulcers in foals were reported and for several years 
thereafter the typical “ulcer” cases were considered to 
be foals in which either there was sudden death due 
to gastroduodenal perforation or foals that showed 
bruxism, pytalism, or dorsal recumbency. With the 
introduction of endoscopic equipment designed for use 
in foals and horses in the late 1980’s the number of foals 
examined for gastroduodenal lesions greatly increased, 
and an expanded spectrum of gastroduodenal lesions 
and clinical syndromes was described.

Gastric mucosal lesions form in a high proportion of 
clinically normal foals, with foals younger than 30 days 
old most susceptible. Erosions in the squamous mucosa 
along the greater curvature have been found in up to 50% 
of young foals, which probably results from exposure of 
the relatively thin mucosa to substantial hydrochloric acid 
secretion early in life. Fortunately, most such lesions heal 
without treatment or apparent clinical problem. There 
has been no observed association between foal heat 
diarrhea and endoscopically-observed gastric lesions in 
foals. Superfi cial erosions in the gastric glandular mucosa 
have been observed by the author in up to 40% of normal 
foals less than 14 days old, which also resolved without 
treatment or incident.

Clinically important gastric ulcers are found in the 
squamous and glandular mucosa, and can be severe by 
the time clinical signs are noted. Ulcers in the squamous 
mucosa can develop for similar reasons as in adult 
horses. Gastric pH is high when foals nurse, refl ecting 
absorption of HCl by ingested milk, but within minutes 
after nursing, gastric pH can fall to highly acidic levels (< 
2.0). Thus, foals that are not nursing or eating well are 
at risk of developing ulcers. Glandular mucosal lesions 
seem to occur more readily in foals than adult horses, and 
it is likely that young foals have immature gastric mucosal 
protection. Also, foals with a clinical illness are at increased 
risk of developing glandular mucosal ulcers, compared to 
normal foals. In very sick foals these ulcers are properly 
referred too as “stress ulcers”, because they result from 

physiologic changes that occur secondary to illness. A 
broader use of the term “stress ulcer”, which implies that 
psychologic stress is a cause of ulcers, is probably not 
appropriate. It is appropriate to consider that factors that 
may stress an otherwise healthy foal (transport, heat, 
herd stresses) may affect its nursing and eating behavior, 
which will lead to prolonged increased gastric acidity.

The clinical signs that typically are associated 
with gastric ulcers in foals (e.g., bruxism, dorsal 
recumbency, salivation, interrupted nursing, diarrhea, 
and colic) are, in fact, observed in the minority of 
foals with endoscopically observed ulcers and usually 
accompany severe ulceration. These signs should alert 
the veterinarian to the probability of severe ulceration. 
Ptyalism occurs as a result of esophagitis, which 
often results from gastroesophageal refl ux due to 
gastric outlet obstruction or pseudo-obstruction. Thus, 
ptyalism in foals often refl ects a serious problem in the 
stomach and/or duodenum.  Weanlings and older foals 
with chronic gastric ulceration often have intermittent 
diarrhea and abdominal discomfort, poor growth, rough 
hair coat, and a pendulous abdomen. 

In foals with clinical signs, squamous mucosal lesions 
often are severe. Most glandular lesions that result in 
clinical signs are located in the vicinity of the pylorus, 
although in young foals (<30 days old) with stress ulcers, 
lesions are often located in the glandular mucosa in the 
body of the stomach.  

Duodenal ulcer disease in foals has traditionally been 
considered to be analogous to duodenal ulcer disease 
in people. However, there are many more differences 
than similarities. In people, duodenal ulcer disease 
prevalence increases with age, duodenal ulcer is highly 
correlated with Helicobacter pylori infection, and lesions Helicobacter pylori infection, and lesions Helicobacter pylori
tend to be discreet and may bleed severely. In contrast, 
equine duodenitis is rare in horses greater than 1 year 
old, is not associated with Helicobacter pylori infection, Helicobacter pylori infection, Helicobacter pylori
is often accompanied by fever, and tends to be a diffuse 
duodenitis more often than a discreet ulcer. It appears 
likely that duodenitis in foals is a form of enteritis and 
that the ulcer signs are due to delayed gastric emptying, 
accumulation of acid in the stomach, and progressive 
severe ulceration of the gastric mucosa.

Foals with duodenitis often have pronounced gastric 
ulcer signs, because they often have severe gastric 
ulceration, and in many cases esophageal ulceration. 
These foals will have delayed emptying of gastric 
contents, accumulation of acidic peptic secretions, 
and gastroesophageal refl ux. The clinical signs are not 
due to the duodenitis, but are due to the gastric and 

EGUS Syndromes in Foals and Horses
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esophageal lesions. Signs related to the duodenitis 
include fever and depression.

The spectrum of lesions in foals can vary from focal, 
sometimes perforating, ulceration to  more diffuse 
infl ammation. The latter is more common, and in 
some cases can be a pronounced fi brinous exudative 
infl ammation. Histologic examination of these lesions 
often reveals a pronounced lymphocytic/plasmacytic 
infi ltrate, although in ulcerated mucosa neutrophils will 
predominate.

There can be severe complications to duodenitis, including 
perforation, peritonitis, stricture, and ascending cholangitis. 
In some cases with perforation, the greater omentum may 
seal the perforation, and treatment of the peritonitis may be 
successful. In those cases, the risk of intestinal adhesions 
is high. If there is impaired gastric emptying, there can 
be severe gastric ulceration and gastro-esophageal refl ux 
with severe esophageal ulceration. In other cases chronic 
gastroesophageal refl ux may lead to megaesophagus. 
If these changes in the esophagus are found, one can 
reasonably presume that there is a  stricture within the 
pylorus or duodenum.

ADULTS

Gastric ulcers are highly prevalent in adult horses, and 
it can be said that every horse has had gastric ulcers at 
some time. In most cases these ulcers are not clinically 
apparent and heal spontaneously. Often, though, the 
ulcers cause clinical signs and require treatment for 
resolution.

Signs attributed to gastric ulcers in horses include 
poor appetite, poor body condition and hair coat, low-
grade abdominal discomfort, and attitude changes.
Although most adult horses with gastric lesions do not 
demonstrate overt clinical signs, low-grade discomfort 
that results in subtle signs may go unnoticed. Indeed, 
horses that the author has treated solely on the basis 
of endoscopic fi ndings have frequently demonstrated 
improved attitude and appetite, yet these were not 
considered problems as such before treatment began. 

Signs that are not due to gastric ulcers in adult horses 
are bruxism and diarrhea. Horses with bruxism may 
have abdominal discomfort, but often have dental 
problems! Horses with diarrhea may have ulcers, but 
not as the primary problem.

It should be noted that all the signs attributable to 
gastric ulcers have also been reported in horses that 
were referred for gastroscopy but did not have ulcers. 
Thus, although many signs appear typical for horses 
with ulcers, none is pathognomonic. Nonetheless, 
gastric ulcers should be strongly considered in horses 
with recurrent colic and other vague disorders for which 
a diagnosis has not been determined.  

Horses at greatest risk of gastric ulcers are those in race 
training. Multiple endoscopic studies have confi rmed 

that 80-90% of race horses have gastric ulcers, and in 
half of these horses the lesions are moderate to severe. 
Horses in other activities such as showing, eventing, 
and western competition have prevalences as high as 
60%.  However, all horses are susceptible to gastric 
ulcers, and the author has diagnosed gastric ulcers as 
a primary cause of severe colic in pastured horses.

Horses with other gastrointestinal disturbances are at 
increased risk of having gastric ulcers. These horses 
often pose a diagnostic dilemma, because it can be 
diffi cult to determine whether the ulcers are a cause 
of colic or vice versa. Gastric ulcers may develop 
secondary to impaired gastric emptying that may 
accompany other abdominal diseases. Certainly, horses 
with an abdominal disorder that are withheld from feed 
or that are eating poorly are at risk of developing ulcers. 
In my clinical work it was common to fi nd that horses 
that had resolution of their primary abdominal disorder 
remained somewhat depressed and inappetant. 
Gastroscopy typically revealed ulceration and these 
horses responded favorably to treatment with acid-
suppressive agents.
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DIAGNOSIS
Diagnosis of gastric ulceration is based on the presence 
of age-related characteristic clinical signs, endoscopic 
fi ndings, and response to treatment. The diagnosis of 
gastric ulceration in the majority of foals and horses can be 
defi nitively determined only by gastroscopic examination. 
There are no laboratory tests that can diagnose, or even 
suggest, gastric ulceration. In young foals (<30 days) with 
an immature colonic fl ora, the presence of fecal occult 
blood may be indicative of gastroduodenal ulceration, but 
it also can refl ect enteritis. In older animals, hemoglobin 
is too extensively degraded by colonic microorganisms 
for blood originating in the stomach to be detected by 
fecal occult blood tests. Gastric ulcers often bleed, but 
in severe bleeding ulcers, the amount of blood lost is 
insuffi cient to be detected with blood tests. Horses with 
severe bleeding ulcers can have normal hematocrit and 
total protein. If a horse is anemic or hypoproteinemic, a 
cause other than gastric ulcers should be determined. In 
foals with duodenitis, there often will be leukocytosis and 
hyperfi brinogenemia, but these fi ndings are not specifi c for 
duodenitis.

Basing a tentative diagnosis of gastric ulcers on the basis 
of clinical signs and response to treatment is reasonable 
but potentially inaccurate. It is important to use treatment 
that can be expected to provide symptomatic relief, 
and a response should be appreciated within 24 hours. 
Treatment should consist of an acid-suppressive drug at a 
recommended dosage, such as omeprazole or ranitidine. 
Antacids and coating agents such as sucralfate and bismuth 
subsalicylate are probably not good choices for “diagnostic” 
purposes. The dilemma in using treatment and perceived 
response as a method of determining whether a foal or 
horse has gastric ulcers is that one never knows whether 
there was a true response or coincidental improvement. 
I have performed gastroscopy on many such horses that 
did not have gastric ulcers, but did have another primary 
problem. Similarly, many horses with other problems will 
have gastric ulcers as well, and the response to treatment 
for ulcers creates a false sense of security that a diagnosis 
has been made. Therefore, it is advisable to always collect 
a minimum database (CBC, chemistry profi le, urinalysis) 
when presented with a horse that may have ulcers, but also 
has poor appetite, weight loss, abdominal discomfort, etc.

ULCER HEALING 

Once ulcers form, there are changes in the tissue that 
promote healing. The basic elements of epithelial wound 
healing include capillary congestion, infl ux of neutrophils and 
macrophages, angiogenesis, epithelial hyperplasia, wound 
contracture, and re-epithelialization of the lesion bed. Using 

the intermittent feed deprivation model of inducing ulcers in 
the gastric squamous mucosa, we demonstrated that acute 
peptic injury to equine gastric squamous epithelium was 
temporally associated with epithelial proliferation, which 
was accompanied by vascular proliferation in the lamina 
propria, extension of capillaries from the lamina propria into 
the epithelium, and prominent epithelial projections (Murray 
et al. 2001). In a parallel study (Jeffrey et al. 2001) these 
changes were associated with increased epidermal growth 
factor receptor (EGFr) in epithelial basal cells, particularly 
in those cells immediately adjacent to capillaries extending 
from the lamina propria into the epithelium. 

We observed a more intense infl ammatory response in ulcers 
than with erosions, and in several deep ulcers there were 
few vascular structures. With complete loss of epithelium 
and the decreased vascularity in the lamina propria of ulcers, 
wound contracture and fi broplasia would be expected to be 
important elements of ulcer healing, and we have observed 
contracture of the squamous fundus as a result of severe, 
extensive ulceration and subsequent fi brosis in foals.

ULCER TREATMENT

The  two primary objectives in the treatment of gastric ulcers 
in foals and horses are to relieve clinical signs and facilitate 
lesion healing. This is best done by reducing or neutralizing 
acid secretion, to remove the source of irritation and to allow 
the gastric mucosal epithelium to heal.  Suppressing acidity 
creates an environment within the stomach that is permissive 
for ulcer healing. The rate of ulcer healing will be determined 
by the severity of ulceration and the degree to which acidity is 
suppressed. Even with 100% suppression of gastric acidity, 
healing will occur at a rate that is determined by the depth 
and extent of ulceration.  There are many products that are 
used for ulcer healing, but there are only two classes of 
product approved for use in horses: the histamine type-2 
(H

2
) receptor antagonists (ranitidine, Australia only) and H+-

K+-ATPase (proton pump) inhibitors (PPIs).

Histamine type-2 (H
2
) receptor antagonists

2
) receptor antagonists

2
 – These drugs ) receptor antagonists – These drugs ) receptor antagonists

work at the level of the parietal cell membrane, competing 
with histamine for it’s receptor site and interfering with 
histamine stimulation of acid secretion. H

2
 antagonists have 

been shown to suppress gastric acid secretion in horses 
and neonatal foals (Murray and Grodinsky 1992, Sanchez 
et al. 1998). Effectiveness of these drugs is dependent on 
plasma concentrations, and the magnitude and duration 
of acid inhibition are highly variable in horses. Under-
dosing typically results in complete treatment failure. In an 
endoscopic survey of approximately 400 race horses, one-
third were being treated with either cimetidine or ranitidine 
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(Johnson et al 2001). Both drugs were 
administered at below recommended 
doses in each case and the average 
ulcer score in these treated horses 
was the same as in untreated horses.

pH graphs from 2 horses that were 
given famotidine or ranitidine orally, 
illustrating the variability in response 
to H2 antagonists between horses. 
The horse “Bullet” responded well to both drugs, but 
“Idol” responded poorly. (Data from Dr. M. Murray)

 In a controlled trial in horses, cimetidine was ineffective 
in healing ulcers at dosages up to 18 mg/kg, every 
8 hours (MacAllister et al. 1994). In one report of 
treatment of gastric ulcers in race horses, cimetidine 
(20 mg/kg, every 8 hours) was ineffective whereas 
omeprazole was highly effective in both treatment and 
prevention of recurrence of ulcers (Nieto et al. 2001). 
In a study in publication, 4 weeks of treatment of race horses  
with a registered (Australia) ranitidine product did not result 
in signifi cant reduction in endoscopic ulcer score.  Experts 
recommend that performance horses be removed from 
training if H

2
 antagonists are used, because treatment in the 

face of continued training is usually ineffective.

H+,K+,K+,K -ATPase (proton pump) inhibitors (PPIs) - The proton 
pump inhibitors include omeprazole, esomeprazole (l-isomer 
of omeprazole), pantoprazole, lansoprazole, and rabeprazole. 
These drugs block gastric acid secretion by inhibiting the 
parietal cell H+,K+-ATPase (proton pump) that secretes HCl. 
The H+,K+-ATPase inhibitors interact specifi cally with parietal 
cell H+,K+-ATPase because of their chemical structures and 
the uniquely highly acidic environment of the secretory domain 
of the parietal cell H+,K+-ATPase. The H+,K+-ATPase inhibitors 
are substituted benzimidazoles that are rapidly transferred 
from the blood into the acidic secretory canaliculi of the parietal 
cells.  Because substituted benzimidazoles are weak bases, 
they become charged within the acidic canaliculi and vesicles 
of parietal cells, consequently trapping and accumulating 
the drug within the parietal cell. These drugs then undergo 
a series of chemical transformations that require a highly 
acidic solution, resulting in an unstable chemical intermediate 
that forms covalent disulfi de bonds with sulfhydryl groups of 
cysteine molecules which are part of the catalytic subunit of the 
H+,K+-ATPase and which face the acidic secretory canaliculi. 
In these series of steps, the H+,K+-ATPase inhibitors become 
bound to the catalytic portion of the H+,K+-ATPase enzyme 
system. The magnitude of inhibition of acid secretion is dose 
dependent, such that at higher doses more catalytic sites 
are blocked, and because of the mechanism of action, these 
drugs can inhibit acid secretion up to 99% for 12 to 24 hours. 

24 hour gastric fl uid pH measurements from 2 horses 
starting 1 hour after each received the second daily dose 
of omeprazole (GastroGard®) at 4 mg/kg. Whereas there 
is individual variability in responses to omeprazole, there is 
still a  long duration of increased pH in Horse B because of 
direct inhibition of the acid pumps. This contrasts with the H

2

antagonists, in which the variable response between horses 
can result in limited to no increase in gastric pH. (Data are 
courtesy of Dr. Al Merritt.)

The PPIs are highly unstable within the acidic environment of 
the stomach lumen, and lose their activity prior to absorption in 

the small intestine. The formulations of omeprazole developed 
for use in human beings utilize an enteric coating to protect 
the drug as it passes through the stomach. The formulation 
of omeprazole registered for use in horses (GastroGard®, 
Merial) is a paste in which the drug is mixed without special 
modifi cations. The paste formulation protects the drug from 
gastric acid. More omeprazole was absorbed from this paste 
formulation when administered to horses that had feed 
withheld than when given to horses that were fed (Daurio et 
al 1999). Omeprazole is a potent inhibitor of gastric acidity in 
horses. In several trials, ulcer healing in omeprazole-treated 
horses was substantially superior to healing in controls.

In a dose-confi rmation trial, omeprazole paste (GastroGard) 
dosed at 4 mg/kg/day for 28 days promoted complete healing 
of ulcers in 77% of 75 horses in simulated race training 
(Andrews et al. 1999). Ulcer scores improved by at least 1 
grade in 92% of horses receiving GastroGard. Following the 
treatment phase, omeprazole paste given at a dosage of 2 
mg/kg/day x 28 days prevented recurrence of gastric ulcers 
in horses in simulated race training, whereas ulcers recurred 
in all sham-dosed horses.

Advantages of GastroGard are:
• Proven effi cacy under the harshest of conditions for 

ulcer healing (race training).
• Extensive testing for safety, stability of formulation, 

and effectiveness, unlike any other product available 
for use in horses.

• Ease of administration: Once a day, readily accepted 
paste formulation

• Ability to prevent recurrence of ulcers and keep the 
horse ulcer free

GastroGard® is a trademark of the Astra Zeneca Group of ® is a trademark of the Astra Zeneca Group of ®

Companies and is licensed in Argentina, Austria, Brazil, 
Belgium, Canada, Denmark, Finland, France, Germany, 
Greece, Ireland, Italy, Netherlands, Luxembourg, Portugal, 
Spain, Sweden, the United Kingdom, and the United States.
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Most species reproduce as frequently as possible within 
their life spans, often producing offspring yearly. In  domestic 
horses, maintaining yearly foal production is important 
for economic reasons.  Income is generated from selling 
offspring; therefore, maximal foal production ensures optimal 
economic performance for broodmares.  Income generated 
from annual foal production also offsets maintenance and 
breeding expenses incurred by the mare owner.  Furthermore, 
many breed associations impose a January 1 birth date. 
Breeding for foal production early in the year may allow the 
offspring to command superior sales prices as yearlings or 
even two-year-olds, and to remain competitive with its peers, 
again enhancing economic returns.  However, to maintain 
an annual production rate after early foaling, mares need to 
be bred soon after foaling.  The majority of mares foaling in 
January or February undergo a fertile, ovulatory cycle shortly 
after foaling (Loy 1980).  Mares that are not pregnant after 
the fi rst estrus may suffer the effects of short day length on 
subsequent cycles (i.e., may enter seasonal anestrus).  Early 
foaling mares frequently revert to anestrus or transitional 
estrus if they do not become pregnant on the fi rst post partum 
estrus breeding, or if they have not been maintained under 
artifi cial lighting conditions during late gestation (Hodge et 
al. 1982; Palmer and Driancourt, 1983; Nagy et al. 1998).  
Mares that are not bred on the fi rst post partum estrus may 
also experience a minimum 3 week delay in pregnancy 
and subsequent delay in foaling date the following year. 
Furthermore, in one study (Loy 1980), cumulative pregnancy 
rates of mares bred the fi rst time on the second post partum 
estrus (55.8%) were similar to pregnancy rates in mares bred 
on foal-heat with failure to conceive and bred again on the 
subsequent estrus (53.0%). Therefore, there are several 
reasons to take advantage of breeding on the fi rst post 
partum estrus. 

BREEDING MARES DURING THE FIRST  POST 
PARTUM ESTRUS
Mares have an average gestational length of 333 to 342 
days (range 320-360) (Rossdale and Ricketts 1980). 
Consequently, mares must become pregnant within one 
month post partum to produce a foal each year.  Estrus 
generally begins 5-12 days after foaling (Ginther 1979), 
hence the terminology foal-heat or “9 day heat.”  The foal-
heat is usually ovulatory, with most mares ovulating within 
20 days post partum.  The average interval from parturition 
to fi rst ovulation approximates 10 days (Loy 1980).  Thus, 
mares are quite reproductively effi cient early in the post 
partum period compared to other domestic large animals. 

However, pregnancy rates from mares bred on the fi rst post 
partum estrus historically have averaged 20% lower than 
mares bred in subsequent heat cycles (Loy 1980; Koskinen 
and Katila 1987). In more more recent report on foal-heat 

breeding,  Camillo et al. (1997) bred 401 mares using artifi cial 
insemination. Mares bred during the fi rst post partum estrus 
obtained a 72% (182/253) pregnancy rate. Mares bred for the 
fi rst time on the second post partum estrus obtained an 85% 
(22/26) pregnancy rate. Furthermore, pregnancy rates for post 
partum mares were comparable to those of maiden, barren 
and nonlactating mares (78% and 76% on fi rst and second 
cycles, respectively). Pycock (personal communication) has 
had similar success with foal-heat breeding. Over a period 
of 5 years, Pycock reports a 60% per cycle pregnancy rate 
for mares bred by natural service during the fi rst post partum 
estrus, as compared to 73% pregnancy rate for mares bred 
by natural service on subsequent cycles.  Using chilled 
semen and artifi cial insemination, Pycock reports a 50% 
per cycle pregnancy rate when breeding on the fi rst post 
partum estrus in contrast to a 65% per cycle pregnancy rate 
from subsequent cycles. These recent reports emphasize 
pregnancy rates can be high enough to warrant breeding on 
the fi rst post partum estrus. However, components such as 
uterine health must be considered for successfully breeding 
mares on the fi rst estrus post partum. 

UTERINE INVOLUTION

Uterine involution after parturition is a complex set of events 
that dictates the readiness of the uterus for re-establishing 
pregnancy. Involution occurs rapidly after a normal parturition. 
Factors such as tissue remodeling, uterine contractility and 
reduction in uterine size and fl uid content are linked to 
successful uterine involution. 

TISSUE REMODELING
In normal foaling mares, the villi of the diffuse epitheliochorial 
placenta separate neatly at the maternal-fetal interface 
requiring minimal endometrial remodeling after placental 
expulsion (Steven 1982). Histological studies have shown 
that the microcaruncles are completely resorbed and the 
luminal epithelium is intact by day 7 post partum (Gygax et 
al. 1979; Bailey and Bristol 1983). Glandular distention may 
resolve as early as day 4 (Bailey and Bristol 1983). Evidence 
for an increase in uterine glandular activity includes a rise in 
epithelial cell height and mitotic activity through day 12 post 
partum (Bailey and Bristol 1983). An infl ux of neutrophils is 
common up to day 5 post partum , followed by a steady decline 
in numbers through the fi rst post partum estrus (Gygax et al. 
1979).   Lymphocytes become the predominant infl ammatory 
cell type after day 5 post partum.  Siderophages are present 
in large numbers in post-foaling mares, and often persist for 
up to seven months or longer.  The endometrium of most 
mares appears histologically indistinguishable from its fully 
involuted pregravid state by day 14 post partum (Gygax et 
al. 1979).
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GROSS INVOLUTION

Several gross uterine changes occur during involution. 
Presumably, increased uterine contractility contributes to 
reduction of uterine size and evacuation of contents. Little 
published data is available regarding contractility patterns of the 
post partum mare. Using electromyographic  measurements, 
Haluska and co-workers (1987) demonstrated that contractile 
activity increased abruptly after placental passage. This 
activity was replaced by low level, erratic bursts in the early 
days following parturition. Griffen and Ginther (1991) used 
ultrasonography to measure uterine contractility relative 
to other morphologic assessments in post partum mares. 
Subjective measures of contractile activity were made, daily, 
with longitudinal scans of the uterine body completed at one-
minute intervals. They detected minimal contractile activity in 
the post partum period and after the fi rst ovulation. From their 
fi ndings, the workers concluded that uterine contractility plays 
a minimal role in uterine involution and evacuation of uterine 
contents. The authors conceded that the measurement times 
were short, and that episodic bursts of uterine contractility 
may have been missed. To date, uterine contractility in the 
post partum mare has been inadequately studied, and the 
role of  mechanical uterine function for involution is unclear.  

Rapid reduction in uterine length and diameter occurs in the 
early post partum period of the mare. Using ultrasonography 
to measure changes in uterine diameter, workers have shown 
that uterine diameter  reached a pre-gravid state in a mean of  
23 days post partum (McKinnon et al. 1988).  Discrepancies 
between the non-gravid and gravid horns can be expected 
to resolve as early as day 15 (Sertich and Watson, 1992)  or 
as late as day 35 in post-foaling mares (Griffi n and Ginther, 
1991). Exercise can also infl uence gross involution of the 
uterus. Ultrasonographic measurements taken on days 6, 11 
and 16 post partum (with the day of foaling designated as 
day 1) revealed the mean diameter of the previously gravid 
uterine horn reduced more rapidly in mares maintained on 
pasture compared to mares confi ned to stalls (Hooper et al. 
1993).

Luminal contents (lochia) are discharged from the uterus 
via the cervix during uterine involution. Cervical closure is 
dependent on progesterone, which is lacking until corpus 
luteum formation following the fi rst post partum ovulation; 
therefore, the cervix does not tightly close until after the 
fi rst post partum ovulation (Gygax et al. 1979). Lochial 
discharge is typically seen as a vulvar exudate between 
days 3 and 6 post partum (Vandeplassche et al. 1983). Color 
of lochia varies from red to reddish brown, but sometimes 
can be yellowish when mucopurulent.  Normal lochia is not 
malodorous; it is easily distinguished from the fetid uterine 
discharge of mares with acute metritis.  Ultrasonographically, 
luminal fl uid is frequently seen in the fi rst few days after 
foaling (Griffi n and Ginther, 1991; McKinnon et al. 1988). 
The echogenic character of post partum fl uid probably varies 
with cellularity and mucus content.  McKinnon and workers 
(1988) reported that fl uid echogenicity decreased as normal 
involution progressed, while others (Griffi n and Ginther, 
1991) reported that intrauterine fl uid of involuting mares was 
minimally echogenic with little change in ultrasonographic 
character occurring over time.  Uterine contents should begin 
to decrease around day 5 in normal mares , and fl uid should 
be undetectable by day 15 post partum (Griffi n and Ginther, 
1991; McKinnon et al. 1988). However, mares confi ned during 
the post partum period may retain intraluminal fl uid longer 
than exercised mares (Macpherson, personal observation). 

TREATMENT EFFECTS ON UTERINE 
INVOLUTION

Several treatments have been tested to hasten uterine 
involution and/or improve post partum pregnancy rates. 
Treatments have included promoting contractility of the uterus, 
removing uterine fl uid contents, and hormonal therapy.

Uterine lavage has been used in post partum mares with 
questionable benefi t in hastening uterine involution or post 
partum pregnancy rates. Workers from Colorado (Shideler et 
al. 1987) lavaged mares with 12 L of 0.5% povidone-iodine 
solution on day 1 post partum. Differences in gross involution 
(by palpation), endometrial repair, culture or cytology were not 
seen between lavaged and nonlavaged mares. Texas workers 
(Blanchard et al. 1989) examined the effect of uterine lavage 
on involution when mares were either not lavaged (controls), 
lavaged once on day 3 post partum, or lavaged once daily for 
three days (on day 3, 4 and 5 post partum) with 5 L of 0.9% 
physiologic saline (NaCl). Using ultrasonographic measures 
of uterine horn diameter, maximal height of intrauterine fl uid 
accumulation, and histologic endometrial changes detected 
on biopsy, no differences were seen among treatment groups. 
In a similar study, McCue and Hughes (1990) lavaged mares 
on days 2 and 4 post partum with 10 L of saline and compared 
treated mares to untreated control mares.  Samples were 
taken from all mares for culture and cytology on day 7.  
Mares were bred on post partum estrus and pregnancy rates 
were compared. No signifi cant differences were detected 
in parameters measured, even though pregnancy rate for 
lavaged mares was 55% (10/18) while pregnancy rate in 
untreated controls was 68% (13/19).  Therefore, the authors 
maintain that no consistent advantage can be expected by 
employing routine uterine lavage for normal foaling mares.  
However, if uterine involution is delayed or intrauterine fl uid 
accumulation remains at the time of breeding, uterine lavage 
may be of benefi t.  Brazilian workers (Malschitzky et al. 2002)  
compared  pregnancy rates in post partum mares bred on 
fi rst post partum estrus while fl uid remained within the uterus.  
Three treatment groups were compared: mares lavaged with 
2 L LRS 6-8 hours after breeding; nontreated mares; or mares 
short-cycled with prostaglandin administration after their 
fi rst post partum ovulation with subsequent breeding on the 
induced estrus.  They found no difference among treatments 
in 14 day pregnancy rates, but an improved 42 day pregnancy 
rate in lavaged mares due to a lowered pregnancy loss rate 
compared to nontreated control mares.   

Several hormonal regimens have been used in an attempt 
to hasten uterine involution by increasing uterine contractile 
activity.  Ley and coworkers (1988) examined the effects 
of a prostaglandin analogue, prostalene, on post partum 
pregnancy rates. Mares were treated either with prostalene 
(1 mg), or saline (2 ml, IM), administered twice daily for 10 
days after foaling. Treated mares had higher pregnancy 
rates than control mares ( 77% vs 67% on fi rst post partum 
estrus breedings; 44% vs 29% on second post partum estrus 
breedings, respectively). Workers from Texas (Blanchard et 
al. 1991) compared the effects of twice daily administration 
of either oxytocin (20 units, IM), fl uprostenol (500mcg, IM) 
or saline (2 ml , IM) for 10 days post partum.  Sequential 
ultrasonographic uterine measurements, cultures and 
biopsies were performed to monitor effects of treatment 
on uterine involution. No differences were detected among 
treatments for any parameter measured. Pregnancy data 
were not obtained in this trial.
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Studies examining the effects of steroid hormone treatments 
on uterine involution in the mare have also been performed 
(Arrott et al. 1994; Bruemmer et al. 2002).  Texas workers 
(Arrott et al. 1994) examined the effectiveness of using 
biodegradable, timed release microspheres of estradiol 17� 
to enhance involution. Mares were treated on the day of foaling 
with microspheres containing 100 mg estradiol 17��(n = 
25) or no drug (n = 27).  Estradiol release was expected to 
occur over 12-15 days. Ultrasonographic measures of the 
cross sectional diameter of the uterine body, uterine horns 
and fl uid within the lumen were made on days 6, 11 and 16 
post partum. Uterine swabs for culture and biopsies were 
taken on days 11 and 16 post partum.  Eleven mares in each 
treatment group were bred on foal heat. Ultrasonographic 
measurements of uterine size did not differ between treated 
and control mares.  Treatment did not lengthen estrus or the 
interval to ovulation. Differences were not detected between 
treatment groups for incidence of bacterial recovery from 
uterine swabbings, endometritis detected on endometrial 
biopsies or presence of intrauterine fl uid at 11 and 16 days 
post partum. Pregnancy rates did not differ between treated 
(5/11; 45%) and control (9/11; 82%) mares.  In a more 
recent Texas study (Bruemmer et al. 2002), mares were 
injected intramuscularly after foaling with a combination of  
progesterone and estradiol-17β to determine the effects of 
these hormones on uterine involution and day of the fi rst post 
partum ovulation.  Mares were treated 1) at 1 and 24 h after 
foaling with 150 mg progesterone plus 10 mg estradiol-17β; 
2) within 12 h after foaling with 300 mg progesterone plus 
20 mg estradiol-17β; 3) or with sterile 0.9% NaCl. Mares 
were examined daily by palpation per rectum and transrectal 
ultrasonography to determine the day of ovulation. The 
largest cross sectional diameter of the uterine horns and 
uterine body were measured ultrasonographically on Day 15 
post partum. Mean uterine diameters did not differ between 
treatment groups. Pregnancy rates did not differ for treated 
mares (16/18; 89%) and controls (22/30; 81%) when mares 
were bred on the fi rst post partum estrus.

In conclusion, treatments aimed at hastening uterine involution 
have shown inconsistent effects. In the normal foaling mare, 
histological involution and fl uid expulsion should be complete 
by 14-15 after parturition, and gross involution should be 
complete by 25-32 days after foaling. Given this time frame, 
careful attention to factors in the periovulatory period provide 
the most consistent results when breeding the post partum 
mare. 

FACTORS TO EXAMINE PRIOR TO BREEDING 
DURING FOAL-HEAT

PARTURIENT CONDITIONS

Periparturient problems, including dystocia or retained 
placenta, have been shown to slow the uterine involution rate 
and delay the fi rst post partum ovulation (Steiger et al.2002).  
Thus, historical information about the events that occurred 
during the periparturient period can infl uence a decision to 
breed a mare on foal heat. Mares experiencing a dystocia 
frequently suffer trauma to the genital tract that will impair 
reproductive soundness. Trauma to the uterus, cervix or 
caudal tubular tract can take weeks to resolve. Furthermore, 
the cervix does not close  tightly until after the fi rst ovulation, 
so it would be especially important to delay breeding until after 
the fi rst ovulation to assess cervical competency  if cervical 
damage is suspected (Gygax et al. 1979).  Mares having a 

retained placenta after foaling are also poor candidates for 
breeding immediately post partum. Incomplete placental 
detachment, uterine trauma or uterine infection can slow 
involution in a mare with a retained placenta (Vandeplassche 
et al. 1983). Recently, a group from Germany (Belz and 
Glatzel 1995) examined uterine biopsies obtained from 
mares experiencing “disturbed puerperium.” Samples taken 
at days 3, 6 and 9 were compared to samples from mares 
having normal periparturient events. Mares with “disturbed 
puerperium,” particularly retained placenta, had an increased 
infl ux of neutrophils in the endometrium.  Regeneration of 
luminal and glandular epithelium was delayed when compared 
to normal foaling mares.  Mares experiencing periparturient 
abnormalities also had signifi cantly reduced pregnancy 
rates.  Steiger et al. (2002) postulated that uterine hypoxia 
caused by dystocia, perhaps due to myometrial exhaustion, 
prevented normal desquamation of epithelial cells into the 
uterine lumen, leading to disturbed endometrial involution.  
They also postulated dystocia and retained placenta resulted 
in an unphysiological delay in glandular re-differentiation that 
resulted in endometrial maladaptation for the requirements 
of establishing a new pregnancy.  Clearly, mares having 
dystocia and/or retained placenta are not sound candidates 
for foal heat breeding.  

DAY OF OVULATION POST PARTUM

Loy (1980) reported higher pregnancy rates in mares bred 
on the fi rst estrus post partum if ovulation occurred after day 
10. The timing of several events during the post-ovulatory 
period supports this concept. If ovulation and fertilization 
occur on day 10 post partum, the embryo will move through 
the oviduct and into the uterus 5-6 days after fertilization 
(Oguri and Tsutsumi 1972; Hinrichs and Riera 1990). Thus, 
the embryo enters the uterine lumen by day 15 or 16 at a 
time when histological uterine involution is complete (Gygax 
et al. 1979) and the uterus is well prepared to accept an 
embryo.  By contrast, mares ovulating prior to day 10 post 
partum will experience embryo entry into a uterus that may 
not be histologically prepared to nurture the embryo.  Thus, 
mares ovulating after 10 days post partum are purported to 
have better pregnancy rates.  Whether this phenomenom 
holds true for all mares on all farms remains in question.  
Loy (1980) reported foal-heat pregnancy rates were farm 
dependent (i.e., management related in that some farms had 
high foal-heat breeding pregnancy rates while others had low 
foal-heat pregnancy rates).  On farms experiencing low foal-
heat pregnancy rates, it is possible that only breeding mares 
that ovulate after day 10 post partum may still not improve 
fertility during the early post partum period.  By contrast, on 
farms where foal-heat breedings result in high pregnancy 
rates, there may not be a signifi cant advantage to restricting 
foal-heat breedings only to those mares that ovulate after day 
10 post partum.  For example, Texas workers (Wendt et al, 
2002) recently reported no difference in foal-heat pregnancy 
rates between Quarter Horse-type mares ovulating either <
10 or > 10 days post partum.  

Because of Loy’s fi ndings that mares ovulating after 10 
days post partum have higher foal-heat pregnancy rates, 
researchers have attempted to delay the fi rst post partum 
ovulation with exogenous steroid regimens in an effort to 
improve pregnancy rates in mares bred on the fi rst post 
partum estrus.   Loy et al. (1975) administered progesterone, 
intramuscularly, to post partum mares in an effort to delay 
the fi rst ovulation after foaling.  Six mares were treated with 
100 mg progesterone for 10 days after foaling.  Four mares 



50

ovulated on days 15 to 17 post partum and 2 mares ovulated 
on days 23 and 25, post partum. Five of the six mares were 
bred and became pregnant.  In a similar study, McKinnon 
et al. (1988) treated post partum mares with altrenogest 
(0.044 mg/kg, orally) to delay the fi rst post partum ovulation. 
Mares received; 1) daily treatment with altrenogest for 8 
days, beginning the day after parturition, and treated, once, 
with PGF

2
�  on day 9; 2) daily treatment with altrenogest 

for 15 days, beginning on the day after parturition or 3) no 
treatment (controls). Ovulation was delayed in treated mares 
and pregnancy rates were higher in mares that ovulated after  
day 15 (23/25, 82%) post partum compared to mares that 
ovulated before day 15 (6/12, 50%)  post partum.   Mares 
treated with altrenogest for 8 days, with PGF

2
� administration 

on day 9, had higher pregnancy rates (11/12, 92%) than 
control mares (9/15, 60%) or mares treated with altrenogest 
for 15 days  without prostaglandin treatment (9/13, 69%).  

The effects of exogenous estradiol 17β administration alone 
on duration of post partum estrus and interval to ovulation 
were examined by Texas workers (Arrott et al. 1995).  
Treatment using a timed-release (12 to 15 days) estradiol 
17� microsphere preparation did not alter the fi rst post 
partum estrus or the interval to post partum ovulation.

A combination of progesterone and estradiol has been 
used successfully to delay the fi rst post partum ovulation.  
Follicular development and ovulation are suppressed through 
the negative feedback effects of the steroid combination. 
Loy (1982) injected mares with 150 mg progesterone and 
10 mg estradiol 17�, IM, beginning 12 hours after foaling, 
once daily for 6 days.  Ovulation was delayed using this 
therapy (15.6 � 2.6 days in treated mares vs 10.3 � 2.4 days 
in untreated control mares), but pregnancy rates were not 
improved in treated mares.  Bristol and associates (1983) 
also used this regimen to synchronize the fi rst post partum 
estrus in foaling mares in a commercial pregnant mare urine 
(PMU) herd.  Mares were treated from 1-10 days mares with 
150 mg progesterone and 10 mg estradiol 17�, IM. Mares 
treated for 1-5 days were in estrus 9.3 days (range 7-14 days) 
post-treatment and ovulated 13.67 days (range 11-16 days) 
post-treatment. Mares treated for 6-10 days post partum 
were in estrus 9.4 days (range 8 -13 days) post-treatment 
and ovulated 12.56 days (range 10-16 days) post-treatment. 
Mares were turned into pastures with stallions 7 days after 
the end of treatment, which resulted in an overall fi rst post 
partum estrus pregnancy rate of 81%.  

Because steroid treatments administered for several days 
do not result in a time savings in interval from foaling to 
conception compared to nonsteroid-treated mares, Texas 
workers investigated shorter steroid treatment regimes.  
Bruemmer et al.(2002)  compared the effects of administering 
150 mg progesterone plus 10 mg estradiol-17β only twice 
(at 1 and 24 hours after foaling), or a single injection of 300 
mg progesterone plus 20 mg estradiol-17β given within 12 h 
after foaling, to nontreated (control) fi rst post partum estrus 
mares. No differences in interval to fi rst post partum ovulation 
occurred between steroid treated and control (saline-treated) 
mares. However, fewer (P <0.05) total P/E treated mares P <0.05) total P/E treated mares P
(0/20) ovulated prior to Day 10 post partum than did control 
mares (6/30).  A limitation of this Texas study was that it 
was performed on mares foaling early in the year, when 
few of them ovulate prior to day 10 post partum (i.e., due to 
seasonal effects on interval to fi rst post partum estrus and 
ovulation).  The Texas workers proposed one or two days 
of steroid treatment in mares foaling later in the year would 
be more likely to be advantageous for foal-heat breeding, as 

late foaling mares are more prone to ovulate prior to day 10 
post partum.  

PRESENCE OF INTRAUTERINE FLUID

Several studies have demonstrated that intrauterine fl uid 
can be prominent in the early post-foaling period (Griffi n and 
Ginther, 1991; McKinnon et al. 1988).  Fluid accumulations 
are usually negligible by day 11 post partum in normal mares. 
McKinnon and co-workers (1988) examined the effect of 
intrauterine fl uid on pregnancy rates of mares bred on the 
fi rst post partum estrus. Mares with ultrasonographically 
detectable uterine fl uid accumulations during the ovulatory 
period had signifi cantly lower pregnancy rates than mares 
without fl uid. Pycock and Newcombe (1996) examined 
maiden, barren and post partum mares to assess the 
effect of uterine fl uid on pregnancy rates. Mares showing 
evidence of any intrauterine fl uid (even as little as 1-20 
mm) had poorer pregnancy rates than mares without fl uid 
at the time of breeding. Results from these studies confi rm 
that the presence of intrauterine fl uid at the time of breeding 
will signifi cantly interfere with a mare’s ability to become 
pregnant. 

STRATEGIES FOR BREEDING POST PARTUM

1.  Treat each mare individually.
 No one protocol will work for all mares when breeding during 
the post partum period. 

2.  Examine the mare beginning day 5-8 post partumA 
visual examination of the caudal reproductive tract will reveal 
the presence of urine pooling, pneumovagina or unresolved 
trauma to the vagina, vestibule or vulva. Although these 
conditions usually will improve over time, injured mares are 
not be good candidates for breeding on the fi rst post partum 
estrus. Ultrasonographic examination of the reproductive tract 
will reveal the presence of uterine fl uid accumulation and/or 
a developing follicle. Depth and character of uterine fl uid 
should be monitored. Small accumulations of fl uid may still be 
present, but should resolve by day 10. Follicular development 
and ovulation are also monitored. Once the mare shows 
positive signs of estrus (follicle > 30 mm, ultrasonographic 
evidence of uterine edema), daily monitoring will ensure that 
a breeding opportunity is not missed.

3. Breed only mares that do not have intrauterine fl uid 
accumulations.

4.  Practice good breeding management protocols with 
postpartum mares.
It seems logical to minimize risk of repeatedly contaminating 
the post partum uterus by limiting the number of breedings 
during foal-heat.  However, it is possible that normal, healthy 
foaling mares in good body condition that receive pasture 
exercise may be able to tolerate more breedings during 
the fi rst post partum estrus.  Wendt et al. (2002) failed to 
demonstrate a reduction in foal-heat fertility in hand-mated 
pastured mares.  They reported that the number of covers did 
not impact pregnancy rates in 39 post partum mares (1 cover 
= 10/16, 63% pregnant; 2 covers = 10/15, 67% pregnant; 3 
covers = 5/6, 83% pregnant; 4 covers = 2/2, 100% pregnant). 
The mares in their study were known to be highly fertile (i.e., 
mares failing to produce a foal were routinely culled each 
year), had a historical seasonal pregnancy rate > 90%, and 
were maintained on large pastures with ample opportunity for 
exercise in the post partum period.   Additionally, Bristol et al.
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(1983) have reported high pregnancy rates in PMU pasture 
bred mares on the fi rst post partum estrus.  PMU mares are 
also typically selected for high fertility, wherein mares not 
producing foals are usually culled.  Perhaps selection for high 
fertility and/or pasture exercise promote more rapid return to 
a fertile condition in the post partum period.

5.  Consider post-breeding treatment in at-risk mares.
Uterine lavage- Uterine lavage has been shown to effectively 
reduce bacterial contamination and persistent infl ammation 
in cycling mares susceptible to uterine infections (Troedsson 
et al. 1995). Lavage may be a useful post breeding therapy 
for the post partum mare with poor perineal conformation or 
one who has limited access to exercise.    

Brazilian workers (Malschitzky et al, 2002) treated mares 
with uterine lavage if fl uid was noted, ultrasonographically,  
after breeding on foal-heat. Initial pregnancy rates were 
not different between treated and untreated mares, but 
mares treated with uterine lavage after breeding had higher 
pregnancy rates at 42 days than untreated mares. Lavage 
may also be a useful post-breeding therapy for the post 
partum mare with poor perineal conformation, an enlarged 
uterus, or one who has limited access to exercise.    

Oxyytocin – Administration of oxytocin to mares aids in 
uterine clearance (LeBlanc et al. 1994). Use of oxytocin 
as a post-breeding therapy has been shown to improve 
pregnancy rates in mares (Pycock 1994; Rasch et al 1996). et al 1996). et al
Uterine lavage is frequently used in conjunction with oxytocin 
therapy for problem breeding mares. Either, or both, tools 
may be useful when breeding the post partum mare. 

Antibiotics - The use of antibiotics after breeding is Antibiotics - The use of antibiotics after breeding is Antibiotics
controversial. Pycock (1994) examined the effects of broad 
spectrum antibiotics with and without oxytocin in mares 
after breeding. Mares were treated with a combination of 1 
g neomycin, 40,000 U polymixin B and 600 mg furaltadon 
or 3 g crystalline benzylpenicillin � 25 U oxytocin, IV; 25 U 
oxytocin alone or no treatment. Mares were treated within 
48 hours of breeding. Mares treated with antibiotics and 
oxytocin had higher pregnancy rates than other treatment 
groups or untreated mares. The effect of this treatment 
regimen was particularly signifi cant in mares > than 12 years 
old and post partum mares. Pascoe (1995) also reported 
an improved foal-heat pregnancy rate was achieved in 
mares infused postbreeding with antibiotics plus alutologous 
plasma compared to mares infused with antibiotics alone or 
noninfused mares.

AN ALTERNATIVE POST PARTUM BREEDING 
STRATEGY

1.  Examine the mare daily, beginning day 5-8 post 
partum

2.  Document the day of ovulation.

3.  Administer prostaglandin (PGF
2
�) 5-6 days after 

ovulation for luteolysis.

4.  Monitor the mare for signs of estrus ( average 5-7 
days after PGF

2
�) and breed.

It is thought that this protocol allows the uterine environment 
more time for involution. This protocol provides a shorter 
interval to breeding than breeding on the second naturally 

occurring post partum estrus (typically around day 30). Lowis 
and Hyland (1991) compared pregnancy rates in mares 
bred on foal heat vs mares bred on a prostaglandin-induced 
second estrus. Mares bred on prostaglandin-induced cycles 
had more favorable rates in all parameters (fi rst cycle 
pregnancy rate of 55% vs 48%; overall pregnancy rate of 
90% vs 83%; cycles per pregnancy of 1.4 vs 1.7; pregnancy 
loss 4% and 9% in prostaglandin-induced mares vs foal 
heat mares) except foaling to conception interval (9.4 day 
advantage for mares bred on foal heat). 

In conclusion, breeding the post partum mare is a complex 
event. Not all mares are suitable candidates for breeding 
during the fi rst post partum estrus. However, using careful 
selection of mares, breeding during foal heat can result in 
favorable pregnancy rates in a highly effi cient manner. 
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INTRODUCTION

In spite of improved management techniques, twin 
pregnancy continues to be a source of economic loss in 
broodmare production.  Twinning historically has accounted 
for 10-30% of abortions in the mare (Roberts, 1986).   
Recently, Giles and co-workers (1993) examined causes 
of abortion, stillbirth and perinatal death in horses between 
1986 and 1991. Of 3527 necropsy cases reported, 221 (6%) 
mares had aborted twins. Early diagnosis and management 
of twins has reduced the incidence of abortion in mares 
due to twins; however, twin pregnancies still account for a 
notable amount of pregnancy wastage in the mare.

MANAGEMENT OF EQUINE TWIN 
PREGNANCIES

Ultrasonographic examination of the reproductive tract 
early in gestation allows for prompt diagnosis and treatment 
of twin pregnancies (Chevalier et al. , 1982).  Pregnancies 
are detected as early as Day 9 of gestation with the aid 
of transrectal ultrasonography (Ginther, 1986).  Diagnosis 
of twin pregnancies is optimally achieved between Days 
13 and 15 of gestation to ensure detection of twins arising 
from asynchronous ovulations (ovulations occurring more 
than 24 hours apart) (Ginther, 1989a).   Twin pregnancies 
detected during the early mobility phase (prior to Day 16 of 
gestation) are best managed by crushing one embryonic 
vesicle, with a survival rate for the remaining twin exceeding 
90% (Roberts, 1982; Pascoe, 1983; Pascoe et al., 1987). 

During the period of embryonic fi xation (Day 16-17 of 
gestation), approximately 70% of twin vesicles will fi x 
in the same horn (unilateral).  Of unilaterally fi xed twin 
pregnancies, approximately 85% culminate in natural 
reduction of one embryo prior to Day 40 of gestation.  The 
remaining embryo develops  normally following natural 
reduction. (Ginther, 1984; Ginther, 1989b).  

Unilateral twins that do not undergo natural reduction to 
a singleton are challenging to manage. Manual reduction 
of a unilaterally-fi xed twin is diffi cult without damaging the 
remaining conceptus.   Bowman (1987) and McKinnon 
(1998) reported good success (90-95%) with manual crush 
of  a unilateral twin from Day 17 to 20 if the vesicles could 
be separated.  The technique was less advantageous 
for inseparable vesicles or unilateral twins ∀ 20 days 
gestation. 

Bilaterally fi xed twin pregnancies (one conceptus in each 
uterine horn) typically do not result in natural reduction to 
a singleton conceptus during early pregnancy (Ginther, 
1984).  Instead, both fetuses often survive until later stages 
of gestation, at which time abortion usually occurs (Jeffcott 
and Whitwell, 1973).  Ginther and Griffen (1994) recently 
followed bilateral twin pregnancies in 15 pony mares. In two 

mares, death of one fetus occurred in the fi rst two months of 
gestation. Eight of fi fteen mares (67%) aborted both fetuses 
by three months of gestation.   Four mares aborted one or 
both fetuses at ∀ 8 months and one mare delivered live 
twins. The authors noted that  early fetal death appeared to 
be temporally related to the apposition of allantochorions 
between the fetuses.  The actual mechanism causing fetal 
death is currently unknown. 

Manual crush of a bilateral twin results in reduction to a 
singleton pregnancy in seventy-fi ve percent of cases 
if performed before 30 days of gestation (Pascoe et al., 
1987).  Delayed attempts to reduce twin pregnancies (i.e., 
beyond 30 days of gestation) more likely results in abortion 
of both conceptuses with manual reduction techniques 
(Pascoe et al., 1987; Bowman, 1987). 

Management of equine twin pregnancies after 30 days 
gestation is further complicated by the formation of 
endometrial cups at approximately Day 36 of gestation.  
The endometrial cup cells secrete the hormone equine 
chorionic gonadotropin (eCG) (Allen and Moor, 1972).   This 
hormone is reported to stimulate the formation of secondary 
corpora lutea thereby leading to increased progesterone 
production for pregnancy maintenance (Cole et al., 1946; 
Amoroso et al., 1948).   Endometrial cups remain functional 
until approximately Day 80-120 of gestation in either 
the presence or absence of a viable fetus (Clegg et al., 
1954; Mitchell, 1971).  Thompson and co-workers (1982) 
demonstrated that irregular estrous cycles and impaired 
fertility occurred with  pregnancy loss in the presence of 
endometrial cups.  Consequently, if twin pregnancies 
are not successfully managed prior to cup formation and 
both pregnancies are lost after Day 35, the mare may 
not return to fertile estrus for a prolonged time.   Methods 
for managing equine twins beyond Day 30 of gestation 
have resulted in inconsistent outcomes.  Methods include 
dietary energy restriction (Merkt  et al., 1982 ), needle 
aspiration of one embryonic vesicle per vagina (Pascoe, 
1979), surgical removal of one vesicle (Pascoe and Stover, 
1989) and transvaginal and transcutaneous ultrasound-
guided fetal reduction techniques (Rantanen and Kincaid, 
1988; Bracher et al., 1993; Jonker et al., 1996). Currently, 
ultrasound-guided techniques are commonly used methods 
for reduction of fetal twins.

TRANSVAGINAL ULTRASOUND-GUIDED
 PREGNANCY REDUCTION IN MARES

Selective reduction of pregnancy using transvaginal 
ultrasonography has been examined in mares having 
both singleton ( Squires and Tarr, 1994; Macpherson 
et al., 1995) and twin pregnancies (Bracher et al., 1993; 
Jonker et al., 1995).  The technique involves a 5 or 7.5 
MHz transvaginal ultrasound  transducer designed for use 
in large animals.  Methods of restraint include epidural 
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anesthesia (Macpherson et al., 1995), tranquilization 
(Bracher et al., 1993; Macpherson et al., 1995) and infusion 
of 2% lidocaine in the rectum (Bracher et al., 1993; Jonker et 
al., 1995 elected to use lidocaine in the rectum rather than 
tranquilization to restrain mares for future procedures.  Prior 
to performing the procedure, the mare often receives 350-
500 mg fl unixin meglumine, IV, to counteract prostaglandin 
release during uterine manipulation. Wearing a sterile 
obstetrical sleeve, an operator carries the transducer into 
the anterior vagina.   The operator’s arm is then removed 
from the vagina and placed in the rectum for manipulation of 
the reproductive tract.  The operator manually secures the 
pregnancy transrectally, and the transducer is manipulated 
transvaginally until the pregnancy is imaged on the ultrasound 
screen.   The fetal position is clearly identifi ed.  A puncture 
guide on the ultrasound screen is used to select a path for 
needle placement in the yolk or allantoic sac.  An assistant 
passes a sterile, 16 to 18-gauge, 60 cm needle through a 
needle channel in the transducer casing.   A sharp jab of 
the needle is made for passage of the needle through the 
vaginal and uterine walls into the yolk or allantoic space.  
After ultrasonographic identifi cation of the echogenic needle 
tip in the yolk or allantoic space, either fl uid is aspirated and/
or trauma is infl icted on the embryo/fetus

Bracher and co-workers (1993) at the University of Utrecht 
were the fi rst to report using a transvaginal ultrasound-guided 
technique to reduce equine twin pregnancies to a singleton.  
Aspiration of the yolk sac or allantois  was attempted in 13 
Dutch Warmblood mares with twin pregnancies ranging 
from 20-45 days of gestation.  Nine of thirteen mares in 
the study had unilateral twin pregnancies and 4 of thirteen 
mares had bilateral twin pregnancies. Prior to twin reduction, 
mares received 350 mg fl unixin meglumine, IV, and 50 ml 
of 2% lidocaine was instilled in the rectum.  A 5 or 7.5 MHz 
transvaginal transducer was used for the procedure.  The 
conceptus was penetrated with an 18-gauge needle and 
fl uid was aspirated using a syringe.  Mares did not receive 
additional treatment after the procedure.  Mares were 
examined for a viable conceptus using transrectal ultrasound 
3 and 10 days after the procedure.  Success of the procedure 
was defi ned as a viable, singleton conceptus 10 days 
following the procedure. Six of thirteen (46%) mares had a 
viable conceptus 10 days after the procedure.  The procedure 
was considered successful in 3/9 (33%) mares with unilateral 
twins and 3/4  (75%) mares with bilateral twins. When the 
procedure was performed at # 35 days on unilateral twins,  
2/5 (40%) mares had a viable singleton 10 days later.  Only 
1/4 (25%) mares ∀ Day 36 had a viable singleton at the 10 
day examination.  All bilateral twin reductions in this study 
were performed at #35 days and 3 of 4 mares (75%) had 
viable singletons 10 days later.  Live foal data was not 
available from this study.

Workers at the University of Utrecht ( Jonker et al., 1995) 
reported additional results for transvaginal ultrasound-
guided twin reductions.  The group at Utrecht implemented a 
similar technique as Bracher et al.(1993), with the exception 
of using a suction pump to aspirate fl uid. Aspiration of the 
yolk sac or allantois  was performed on sixteen mares, all 
of which had unilateral twins, ranging from 26 to 71 days 
of gestation. Mares received fl unixin meglumine 30 minutes 
prior to the procedure, and therapy with altrenogest was 
begun on the day of the procedure. Nine of 15 mares (56%) 
had a viable singleton remaining 7 days after the reduction. 
Five of 16 mares (31%) delivered live foals, and all fi ve mares 
had the procedure performed at 35 days or less (Jonker 
et al.; 1995, Jonathan Pycock, personal communication). 

Pycock (personal communication) concluded from this work 
that transvaginal ultrasound-guided twin reduction was 
best performed before Day 35 of gestation. Subsequent 
reductions performed by Pycock (personal communication) 
while in private practice have resulted in a 50% success rate 
when performed at 35 days or less. 

A variety of factors fi gure into the success of the transvaginal 
ultrasound-guided twin reduction procedure.  Day of gestation 
at the time of reduction appears to impact pregnancy 
outcome following the procedure. When examining success 
rates across the aforementioned studies (Bracher, et al., 
1993; Jonker et al., 1995), there appears to be an advantage 
to performing the procedure before 36 days of gestation, 
particularly in the case of unilateral twins. One could argue 
that unilateral twins prior to Day 40 might reduce naturally 
and intervention is not necessary (Ginther, 1989c).  However, 
by Day 25-30 a size discrepancy is often noted in unilateral 
twins that are in the process of natural reduction (Ginther, 
1984). For those mares having unilateral twins with a distinct 
size discrepancy prior to Day 40, twin reduction should be 
unnecessary. When twin embryos are similar in size between 
25 and 35 days gestation, the transvaginal reduction 
procedure may be the best option.

The application of transvaginal ultrasound-guided twin 
reduction to unilateral twins has limitations due to the close 
proximity of the embryos/fetuses and associated membranes.  
Extreme care must be taken when advancing the needle into 
the allantoic sac of a unilateral twin as it may be diffi cult to 
visualize the location of all of the placental membranes.  One 
may inadvertently penetrate the adjacent vesicle, and possibly 
the embryo or fetus,  if the placental membranes are not 
seen in the imaging plane.  When aspirating placental fl uids 
for termination of a unilateral twin one can easily aspirate 
placental membranes into the needle tip causing damage to 
the remaining fetus.  Additionally, when  fl uid is withdrawn 
from a unilateral twin vesicle, the adjacent vesicle tends to 
pull from the endometrium and “fall” into the evacuated space 
(Macpherson, unpublished data).  Fluid may also leak from 
the incompletely evacuated vesicle causing the placental 
membranes to separate from the endometrium (Macpherson 
et. al, 1995).  Treating the mare with exogenous progestins 
to enhance uterine tone might prevent separation of the 
membranes from the endometrium.  Alternatively, injection 
of a toxic substance into the vesicle without removal of fl uid 
would terminate the embryo/fetus without altering the shape 
of the vesicle.

With bilateral twin pregnancies, one has far more fl exibility 
with regard to penetration of the conceptus and surrounding 
membranes  because there is less likelihood of damaging 
the other conceptus.  Limiting factors in reduction of bilateral 
twins using the transvaginal ultrasound-guided method 
include age of the mare, parity, size of the mare, position 
of the uterus, tone of the uterus and experience of the 
personnel. In the author’s experience (Macpherson), the 
procedure is signifi cantly more diffi cult if the pregnant uterus 
is pendulous within the abdomen as occurs in aged mares 
or advanced pregnancy.  The pregnant uterine horn must 
be stabilized adequately, per rectum, to allow visualization 
and penetration of a maximal area of fl uid.  When this is 
not possible, it is diffi cult to determine the optimal area for 
needle penetration, and it is more diffi cult to fully aspirate the 
allantoic fl uid. Thus, while adhering to a time frame prior to 
36 days of gestation should not be necessary for transvaginal 
ultrasound-guided reduction of  bilateral twin pregnancies, 
the procedure is more challenging to perform beyond 45 or 
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50 days in older, multiparous mares. From the known data, 
it would appear that performing transvaginal ultrasound-
guided twin reduction as early as possible in both unilateral 
and bilateral twin pregnancies is prudent.  

Operator experience and uterine trauma also impacts success 
of the procedure.  One must learn to pass the needle into the 
uterus while minimizing the insult to the mare’s uterus.  The 
needle is advanced with a quick, controlled  thrust to allow 
proper placement but avoid penetration through the uterus.   
In some cases (Macpherson, unpublished results)  more 
than one needle puncture into the uterus was necessary for 
aspiration.  Repeated insult to the uterus likely stimulated  
prostaglandin release and subsequent pregnancy loss.  
Twelve of 14 mares in a Colorado study (Squires and 
Tarr, 1994) developed intra luminal fl uid  from 2-10 days 
after transvaginal ultrasound-guided reduction of singleton 
pregnancies. The authors speculated that the presence of 
uterine fl uid indicated uterine irritation resulting from the 
transvaginal procedures.  They suggested that progestin 
therapy might be benefi cial in enhancing uterine and cervical 
tone which would reduce intraluminal accumulation of fl uid. 
Macpherson and co-workers (1995), in a similar study involving 
singleton pregnancies, treated mares with altrenogest 
(Regumate™, Hoescht-Roussel Agri-Vet, Somerville, NJ) for 
thirty days after performing transvaginal ultrasound-guided 
pregnancy reduction. Mares did not develop profound intra-
luminal uterine fl uid after the procedure as described in the 
Colorado study. Instead, placental membranes separated 
from the endometrium in terminated pregnancies, and the 
overall fl uid volume within the uterus decreased rather than 
increased.  The effect of exogenous progestin therapy when 
performing a twin reduction could be two-fold: 1) to prevent 
endogenous prostaglandin release resulting in subsequent 
luteolysis and increased uterine contractility, 2) to enhance 
uterine tone and optimize contact between the endometrium 
and the remaining conceptus. 

TRANSCUTANEOUS ULTRASOUND-GUIDED
 TWIN REDUCTION IN MARES

The use of transcutaneous  ultrasonography to aid in twin 
reduction in the mare was pioneered by  Rantanen and Kincaid 
in 1988.  In the initial report, the procedure was attempted 
in 19 mares at 66 to 168 days of gestation. Mares were 
examined using transcutaneous ultrasound while standing 
and tranquilized with a combination of acepromazine, 
xylazine and butorphanol.  A 3 MHz transducer fi tted with 
a biopsy guide was used. Fetal location and differences in 
fetal size were determined so that the smallest and/or most 
easily accessible fetus could be selected for reduction.   Fetal 
accessibility was considered a priority for the procedure 
unless one fetus was substantially smaller than the other 
fetus.  The mare’s abdominal area adjacent to the fetuses 
was clipped and surgically prepared prior to the procedure.  
The transducer was placed in a sterile obstetrical sleeve 
which contained a small amount of scan gel in the thumb of 
the sleeve.  Sterile gel was used on the abdomen.   Once 
the fetuses were located, the depth from the abdominal wall 
to the fetal heart of the selected fetus was determined via 
ultrasound.  If the heart was 5-6 cm from the skin surface, a 
3.5 inch, 20-gauge spinal needle was used. If the heart was 
located 10-12 cm from the skin surface, a 6 inch, 18-gauge 
spinal needle was used.  The area of the mare’s abdomen 
directly over the fetal heart was identifi ed and infi ltrated with 
2% lidocaine. Using the biopsy guide apparatus attached to 

the transducer, the needle was passed through the skin and 
abdomen in one motion.  The needle tip was located on the 
ultrasound image, advanced through the uterine wall and 
into the fetal heart using a quick, thrusting motion.  Free fl ow 
of blood from the needle after removal of the stylet indicated 
needle placement within the fetal heart.  If blood fl ow was 
not evident, the needle was withdrawn within the thorax and 
replaced at the area of the fetal heart.  Potassium chloride 
(KCl, 2 mEq/ml) was injected into the heart in 1 ml aliquots 
until cessation of cardiac activity.  Up to 32 mEq KCL was 
injected into the fetal heart without affecting the remaining 
fetus (N.Rantanen, personal communication).  Cardiac activity 
in the remaining fetus was monitored. Mares were treated 
with 500 mg fl unixin meglumine on the day of the procedure 
and for three additional days. Most mares were also treated 
with exogenous progesterone. Seven of 18 (40%) mares in 
the original study (Rantanen and Kincaid, 1988) delivered 
live foals (one mare was lost to follow-up examination).  
From these and subsequent twin reductions, Rantanen has 
concluded that the procedure is best performed between 
115 and 130 days of gestation (Rantanen, 1990). Reporting 
on 59 mares with twins greater than 115 days gestation, 29 
(49%) delivered single, live foals (McKinnon and Rantanen, 
1998).  

Johanna Reimer used a slightly modifi ed technique for 
transcutaneous ultrasound-guided twin reduction.    The 
procedure was performed in the standing, heavily sedated  
mare to promote movement of the fetuses into the cranial 
abdomen for easier accessibility and to minimize fetal 
movement during the procedure. The smaller fetus was 
preferentially selected for reduction. Using a 5 MHz 
transducer fi tted with a biopsy guide, Reimer located the 
fetal heart and passed a 6 inch, 18-gauge spinal needle into 
the thorax.  Once needle placement within the heart was 
confi rmed,  up to 12 mEq KCL were injected into the heart.  
Mares were treated with fl unixin meglumine immediately after 
the procedure and for 4 additional days.  Progestin therapy 
was implemented after the procedure and continued for 2 
months or at the referring veterinarian’s discretion. Reimer 
performed the procedure in  24 mares with twins at gestation 
∀ 120 days.  Normal, live foals were delivered from 9 of 24 
mares (38 %) following  the procedure. Three additional foals 
were born live (3/24, 12 %) but were weak and small at birth.  
One foal survived but was unthrifty, one foal died and one 
foal was euthanized.  The remaining mares aborted after 
the procedure. Most mares aborted 1 to 2 months after the 
procedure. One mare carried a viable singleton fetus to 9 
months gestation and then she aborted. 

McKinnon and colleagues (McKinnon and Rantanen, 1998) 
used a different technique from Rantanen and Reimer for 
transcutaneous ultrasound-guided twin reduction.   McKinnon 
initially tranquilized the mare with detomidine hydrochloride.  
Using a 6-10 inch, 18 or 16-gauge needle with a stylet and 
echogenic tip (Cook Veterinary Products, Brisbane Australia), 
the needle was passed through a biopsy guide into the fetal 
heart, thorax or abdomen.  Ten to 20 ml of procaine penicillin 
were injected into the area and the fetus monitored for 5-
10 minutes.  McKinnon reported that fetal death took slightly 
longer when injecting penicillin into the thorax or abdomen 
than directly into the heart.  The reported advantages of 
using procaine penicillin vs. KCl are 1) reducing the possible 
risk of iatrogenic infection, 2) better visualization of the agent 
as it is injected, and 3) fetal death even in the absence of 
cardiac placement.  Using this technique, McKinnon reported 
the birth of 8 live, singleton foals from 13 mares (8/13; 62%) 
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with twin pregnancies. 

CONCLUSIONS
Diagnosis and management of twin pregnancies in the mare 
are an ongoing challenge for the equine veterinarian.  Early 
detection of twins using transrectal ultrasonography and 
manual crush of one embryonic vesicle are the two most 
important tools an equine veterinarian can implement for 
management of twins. Procedures such as transvaginal and 
transcutaneous ultrasound-guided  fetal reduction should 
be reserved for those cases in which the window for early 
crush of a twin vesicle has been inadvertently missed.  In 
skilled hands, the  reported rate for delivery of a singleton foal 
following the transcutaneous procedure is 40-60% (Rantanen, 
1990; Reimer; McKinnon and Rantanen, 1998). Currently, 
success using the  transvaginal ultrasound-guided reduction 
lags behind that seen with the transcutaneous approach.  

With transvaginal ultrasound technology one has the 
advantage of performing twin reduction earlier in gestation. 
However, the conceptus at 30 to 50 days gestation may 
suffer more profound effects from the slightest disruption.  
Furthermore, direct penetration of the fetal heart is nearly 
impossible with a highly mobile fetus in a large, fl uid-fi lled sac. 
Efforts at improving the transvaginal  technique should be 
geared toward: 1) determining the optimal time for performing 
the procedure in both unilateral and bilateral twins (as has 
been achieved by Rantanen using the transcutaneous twin 
reduction technique), 2) developing a minimally invasive 
approach which causes the least adverse reaction in the 
uterus after the procedure (IE, aspiration of fl uid vs. injection 
of a toxic substance) , and/or 3)   identifying a substance that 
is both toxic to the embryo/fetus of choice but does not readily 
cross fetal membranes in the case of unilateral twins or does 
not cause uterine irritation should leakage from the puncture 
site occur.  With continued refi nement of ultrasound-guided 
twin reduction techniques, one will have options other than 
pregnancy termination in mares with twins that are undetected 
in the fi rst 30 days of gestation.
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The loss of foals following premature delivery has a devastating 
fi nancial impact within the equine industry.  Despite the use of 
costly veterinary care, foals that are delivered prior to the last 
week of a normal gestation experience extremely high rates 
of morbidity and mortality. Previous studies have revealed 
that the single most important cause of premature delivery in 
horses is placentitis, which accounts for nearly one-third of 
all premature births, stillborn deliveries and deaths within one 
day following delivery (1;2).  Placentitis is most frequently 
caused by Streptococcus equi subspecies epidemicus, 
Escherichia coli, Klebsiella pneumonia, and Pseudomonas 
aeruginosa (3). Recent work from an experimental model of 
ascending placentitis in pony mares showed that premature 
delivery occurs secondary to infl ammation of the chorion 
rather than a consequence of fetal infection (4;5). In addition 
to the induction of premature labor, chronic placentitis is
associated with accelerated fetal maturation possibly as 
a result of indirect stimulation of the fetal hypothalamic-
pituitary-adrenal axis by pro-infl ammatory cytokines as 
observed in humans (6;7).  Therefore, it may be possible for 
a foal to be born signifi cantly premature and still survive as 
long as premature labor is delayed for several weeks until 
placentitis induces accelerated fetal maturation.  Therefore, 
prompt diagnosis and treatment of equine placentitis can be 
pivotal in foal survival. 

DIAGNOSIS OF PLACENTITIS

Diagnosis of equine placentitis often occurs well after 
establishment of disease. The most common signs of 
placentitis in mares are premature udder development 
(± streaming of milk) and vulvar discharge. More 
sophisticated diagnostic techniques including transrectal and 
transabdominal ultrasound provide additional information 
about the disease. 

ULTRASONOGRAPHIC MONITORING OF MARES 
WITH PLACENTITIS

Transabdominal ultrasonographyTransabdominal ultrasonography: Ultrasonographic 
examinations of the placenta in mares that are considered to 
be at risk for abortion during late gestation can be performed 
by a transabdominal approach (8) (9;10). Using a 3.5 or 5 
MHz sector scanner, four quadrants of the placenta should 
be examined; right cranial, right caudal, left cranial, and left 
caudal.  Using this technique mares with normal pregnancies 
should have a minimal combined thickness of the uterus and 
the placenta (CTUP) of 7.1∀ 1.6 mm, and a maximal CTUP 
of 11.5� 2.4 mm (8).  Pregnancies with an increased CTUP 
have been associated with the delivery of abnormal foals (8). 
Using transabdominal ultrasonography, the caudal portion 
of the allantochorion cannot be imaged, which prevents the 
clinician from diagnosing ascending placentitis in its early 
stages.  However, placental thickening and partial separation 
of the allantochorion from the endometrium may be observed 

by the use of transabdominal ultrasonography in mares with 
placentitis originating from a hematogenous infection.  In 
addition, a pocket of hyperechoic fl uid can be seen at the 
base of the lowest area of the gravid uterus in mares with 
placentitis caused by Nocardioform actinomycete. Mares with 
this type of placental infection will commonly have placental 
pathology at the base of the gravid horn and the junction of 
the uterine body (Figure 4).

Transabdominal ultrasonography is also useful for monitoring 
fetal health. Fetal heart rate measures can easily be achieved 
using this technique. The average fetal heart rate in a fetus 
greater than 300 days gestation is 75 ± 7 bpm (8). Fetal heart 
rate slows by approximately 10 bpm at greater than 330 days 
gestation. Fetal heart rates also varies with activity level which 
should be considered when examining a mare. Consistenly 
low or  high fetal heart rates are associated with fetal stress. 
Foals experiencing fetal distress often become bradycardic 
initially and then become tachycardic in the terminal phase of 
life (11;12). Serial examinations are critical when determining 
if a fetus is in distress and prior to dramatic procedures such 
as induction of parturition. 

Transrectal ultrasonographyTransrectal ultrasonography: Transrectal ultrasonography of 
the caudal allantochorion in late gestational mares provides 
an excellent image of the placenta close to the cervical star
(Figure 1) (13). A 5 MHz linear transducer should be positioned 
1-2 inches cranial of the cervical-placental junction, and then 
moved laterally until the middle branch of the uterine artery 
is visible at the ventral aspect of the uterine body (13). The 
CTUP should then be measured between the middle branch 
of the uterine artery and the allantoic fl uid (Figure 1).  The 
clinician has to make sure that the amniotic membrane is 
not adjacent to the allantochorion, since this may result in 
a false increased CTUP.  It is important to obtain all CTUP 
measurements from the ventral aspect of the uterine body, 
since physiological edema of the dorsal aspect of the 
allantochorion has been noted in normal pregnant mares 
during the last month of gestation (13). Normal values for 
CTUP have been established (Table 1) (13). Increases in 
CTUP >8 mm between day 271 and 300, >10 mm between 
day 301 and 330, and >12 mm after day 330 have been 
associated with placental failure and pending abortion (Figure 
2) (14). In advanced stages of placentitis, hyperechoic fl uid 
can be noticed between the space between the uterus and 
the placenta. 

While transrectal and transabdominal ultrasonographic 
examination of the placenta is useful to detect early signs of 
some placental pathology, it is important to keep in mind that 
placental changes resulting in peripartum problems can be 
subtle and may not readily be detected on ultrasonographic 
examination. 
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Diagnosis and Treatment of Equine 
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ProgesteroneProgesterone: The equine placenta is part of an endocrine 
fetal-placental interaction, which synthesizes and 
metabolizes progestagens (15). This endocrine function 
of the placenta is important for maintenance of pregnancy 
after the endometrial cups and the secondary corpora 
lutea disappear around day 150 of gestation. Mares with 
advanced stages of placentitis or placental separation may 
have increased plasma concentrations of progestagens 
as a result of stress to the fetal placental unit (16;17). 
Although increased concentrations of plasma progesterone 
during mid- and late gestation would be suggestive of 
placentitis, therapeutic decisions should not be made 
on the basis of one sample. Serial blood samples need 
to be obtained from an individual mare in order to detect 
a clinically useful trend in progesterone concentrations. 
Fetal-placental progesterone is rapidly metabolized to 5�- 
pregnanes, and the metabolites may not be recognized 
by commercial progesterone assays. Therefore, maternal 
serum progesterone concentrations in late pregnant mares 
do not always refl ect the conditions in the uterus. Using an 
experimental model to induce placentitis, it was found that 
mares that develop a chronic form of placentitis responded 
with increased plasma progesterone concentrations, while 
mares that developed acute placentitis and abortion soon 
after infection experienced a drop in plasma progesterone 
concentrations (17;18). It was suggested that measurement 
of repeated samples of plasma progestin concentrations in 
mares with placentitis might be a useful method to identify 
mares that may abort or deliver prematurely (17).

Relaxin: Relaxin is produced by the equine placenta, and 
can be detected in peripheral blood plasma from day 80 
of gestation and throughout the pregnancy (19). The role 
of relaxin during pregnancy is not fully understood, but 
there is some evidence that placental relaxin production 
is compromised in mares at risk of aborting their fetuses 
(20). There is currently no commercial test available for 
equine relaxin, and more research need to be performed to 
evaluate the usefulness of plasma relaxin as a clinical tool to 
diagnose placentitis and to monitor the effi cacy of treatment 
strategies.

EstrogenEstrogen: Circulating estrogen concentrations has been 
suggested to be increased in mares with placentitis or other 
pregnancy related diseases, but this has not been critically 
evaluated in controlled studies.

TREATMENT OF EQUINE PLACENTITIS

Treatment strategies for mares with ascending placentitis 
are currently ill-defi ned. Little information is available 
regarding penetration of drugs through the equine placenta, 
and effi cacy of those drugs in combating the infl ammatory 
processes that contribute to preterm labor in mares. Many 
treatment regimens have been extrapolated from other 
species, such as humans. Treatment efforts are directed 
at several factors including  combating infection, reducing 
infl ammation and controlling myometrial activity. 

ANTIMICROBIAL THERAPY:

The majority of placental infections are caused by 
opportunistic bacteria migrating into the uterus from the caudal 
reproductive tract. The most commonly isolated bacteria 
in equine placentitis/abortion include Streptococcus equi 
subspecies zooepidemicus, Escherichia coli, Pseudomona 
aeruginosa, Klebsiella pneumoniae and nocardioform 

species (1). Fungal and viral organisms can also infect the 
placenta of mares, however, these organisms typically cause 
abortion earlier in gestation. Therefore, treatment modalities 
are aimed at broad spectrum coverage to combat infections 
with both gram positive and gram negative organisms. 

Little is known about placental penetration of antibiotics in 
horses. Sertich and Vaala (21) administered commonly used 
antibiotics to 11 reproductively normal mares, in late gestation, 
to evaluate the effi cacy of the drugs in penetrating fetal 
membranes. Mares were treated with: 1) potassium penicillin 
G and gentamicin sulfate; 2) trimethoprim sulfadiazine; 3) 
gentamicin sulfate; or 4) potassium penicillin G. Antibiotics 
were administered to mares daily until parturition. Samples 
were obtained from allantoic and amniotic fl uid, when 
possible, and serum. Penicillin and gentamicin were 
detected in the mares’ serum at normal concentrations but 
not in amniotic fl uid or foal serum.  Penicillin was detected 
in the allantoic fl uid of one mare.  Trimethoprim sulfadiazine 
was recovered from both amniotic (n = 2 )  and allantoic 
(n = 4) fl uid and was detectable in neonatal serum of 2 
foals. The authors concluded that penicillin and gentamicin 
might have passed through the fetal membranes but the 
assays were not sensitive enough to reliably detect the 
drugs. They felt that penicillin and gentamicin would not 
be in concentrations consistent with effi cacious therapy 
for a fetal infection, but would also not pose a risk to the 
developing fetus (gentamicin). The authors also concluded 
that concentrations of trimethoprim sulfadiazine detected in 
fetal fl uids were consistent with levels necessary to combat 
most bacteria that were sensitive to the drug. 

Santschi and Papich (22) monitored the pharmacokinetics 
of gentamicin in late pregnancy and early lactation. Seven 
mares were treated with one dose of gentamicin sulfate 1-4 
weeks prior to parturition, again 1-4 weeks after parturition, 
and pharmacokinetic analysis was performed on serum 
samples. The authors also studied the pharmacokinetics of 
gentamicin sulfate in a subpopulation of foaling mares (n = 
3). Parturition was induced in 3 mares using oxytocin within 
60 minutes of  gentamicin administration.  Amniotic fl uid was 
collected from one mare. Serum samples were collected 
from foals after delivery. Gentamicin was detected in all 
of the mare serum samples at expected concentrations. 
Gentamicin was not detected in foal serum or in the amniotic 
fl uid sample. The authors concluded that their inability to 
detect gentamicin in foal serum or amniotic fl uid indicated 
that gentamicin did not readily pass the equine placenta. 
However, the authors suggested that the time between drug 
administration and sample collection may have been too 
short for suffi cient drug distribution into fetal fl uids and foal 
serum. 

Recently, workers from the University of Florida (23) used 
in vivo microdialysis to detect concentrations of commonly 
used drugs in allantoic fl uid of pregnant pony mares. This 
sensitive technique provided continuous measurement of 
drug concentrations in serum and allantoic fl uid after drug 
administration  In the fi rst study, fi ve reproductively normal 
mares (dGa 269-271)  had  microdialysis probes placed in 
the allantoic cavity and jugular vein. Mares were treated 
intravenously with potassium penicillin G (22,000 IU/kg, q 6 
h), gentamicin (6.6 mg/kg, q 24 h) and fl unixin meglumine (1 
mg/kg, q 12 h).  Allantoic fl uid and blood were collected for 
24 hours. Analysis of microdialysate samples demonstrated 
that both antibiotics were present in allantoic fl uid albeit at 
lower concentrations than present in serum.  Concentrations 
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of penicillin in allantoic fl uid achieved the minimum inhibitory 
concentration (MIC) against Streptococcus equi subspecies 
zooepidemicus. Gentamicin concentrations in allantoic 
fl uid were adequate to be effective against Escherichia coli
or Klebsiella pneumoniae .  Unfortunately, the group was 
unable to determine the pharmokinetics of fl unixin meglumine 
because the protein-bound drug did not penetrate the 
microdialysis membrane pores. 

In the same study, placentitis was induced in two of the 
reproductively normal mares by placing an inoculum of 
Streptococcus equi subspecies zooepidemicus into the Streptococcus equi subspecies zooepidemicus into the Streptococcus equi subspecies zooepidemicus
cervix on 279 and 283 days of gestation, respectively. 
Microdialysis studies were performed as described above. 
Penicillin and gentamicin were detected in allantoic fl uid of 
the two infected mares after drug administration.  However, 
the pharmacokinetics and effi cacy of the drugs could not be 
determined due to the limited number of mares. 

In a similar investigation, workers (S.A. Rebello, personal 
communication) studied the pharmacokinetics of trimethoprim 
sulfamethoxazole  and pentoxifylline in allantoic fl uid of 
pregnant mares. Advantages of using trimethoprim sulfa in 
mares with placentitis include oral bioavailability and good 
uterine penetration. Pentoxifylline was evaluated because it 
appears to down regulate pro-infl ammatory cytokines (24;25).  
Ten pregnant pony mares were used for the study.  Five 
mares (placentitis group) were inoculated, intracervically, with  
Streptococcus equi subspecies zooepidemicus 5 days before 
drug administration and measurement of drug concentrations 
by microdialysis. Five mares served as uninfected controls. 
All mares were treated with trimethoprim sulfa (30 mg/kg,  
BID) and pentoxifylline (8.5 mg/kg, BID), orally, for 14 days.  
Both drugs penetrated fetal membranes and were detected in 
allantoic fl uid of treated and control mares. In this study, four 
of the fi ve infected mares aborted. Three mares aborted after 
termination of drug therapy (10, 17 and 19 days after the last 
day of treatment), one mare aborted on the 13th day of drug 
therapy and one mare carried a normal foal to term (40 days 
after cessation of drug therapy). All control mares carried 
pregnancies to term and delivered healthy foals. These data 
suggest that trimethoprim sulfa and pentoxifylline may delay 
preterm delivery in mares with placentitis.

Workers at the University of Florida (Graczyk, personal 
communication) are currently investigating the effects of 
long-term treatment with trimethoprim sulfamehtoxazole 
and pentoxifylline on pregnancy outcome in mares with 
experimentally-induced placentitis. Ten mares have been 
enrolled in the study to date. All ten mares were inoculated, 
intracervically, with  Streptococcus equi subspecies 
zooepidemicus from 280-300 days gestation. Six mares 
were treated with the drug regimen, described above, from 
the onset of clinical signs. Four mares have served as 
infected, untreated controls. Five of six treated mares aborted 
between 2-27 days after bacterial inoculation. One mare 
delivered a healthy, live foal. Three of four  control mares 
aborted between 2 and 4 days after bacterial inoculation. 
One mare delivered a healthy, live foal.  While the treatment 
regimen has not shown consistent results on delivery of a 
live foal, it appears that the treatments may delay preterm 
delivery in this experimental model.  The next step with this 
work is to determine if treating mares with additional drugs 
(ie, altrenogest, fl unixin meglumine) will result in a more 
consistent live foal outcome. 

Interesting work from a large clinical trial (Troedsson and 

Zent, personal communication) lends support to a multi-
pronged treatment approach in mares diagnosed with 
placentitis. The investigators examined records of 477 mares 
over 6 years. Fifteen mares were diagnosed with placentitis. 
Criteria for treatment included increased thickness of the 
uteroplacental unit using transrectal ultrasound, placental 
separation and/or vulvar discharge and udder development. 
The average gestational age at diagnosis was 8.6 months.  
Mares were treated with a combination of systemic antibiotics 
(trimethoprim sulfa, ceftiofur or penicillin and gentimicin), 
pentoxifylline, altrenogest and non-steroidal anti-infl ammatory 
agents. Mares were treated until abortion or delivery of a foal. 
Twelve of fi fteen (84%) treated mares carried their foals to 
term and 11 of 15 (73%) delivered live foals. Birth weights of 
surviving foals from mares treated for placentitis were similar 
to foals from non-affected mares. Data from these  studies 
suggest that long term antibiotic and anti-infl ammatory 
treatment may positively impact pregnancy outcome in 
mares with placentitis. Continued study to examine the effect 
of individual drugs and/or length of treatment on neonatal 
outcome are necessary to effectively direct therapy in these 
mares.

ANTI-INFLAMMATORY THERAPY:

Infl ammation has recently been identifi ed as an inciting factor 
in preterm labor. Several studies in humans and non-human 
primates provide evidence that pro-infl ammatory cytokines 
play a key role in the pathogenesis of infection-associated 
preterm delivery (26). Bacteria or bacterial products in the fetal 
membranes stimulate cell-mediated immune mechanisms 
with subsequent release of pro-infl ammatory cytokines from 
macrophages and the decidua. In turn, pro-infl ammatory 
cytokines stimulate release of prostaglandins E

2
 (PGE

2
) and 

F
2
� (PGF 

2
�) from the endometrium. Prostaglandins then 

initiate uterine contractions.  

Research in non-human primates has been directed at 
identifying  therapies that are effective for treating this 
multifactorial disease.  In a recent study (27),   the effects 
of antibiotics alone (ampicillin), and antibiotic therapy in 
combination with dexamethasone (immunomodulatory) and 
indomethacin (cyclooxygenase inhibitor) were compared for 
delaying experimentally-induced preterm labor in monkeys. 
Results from this study showed that ampicillin, alone, was 
effective in eradicating bacteria from the amniotic fl uid of 
infected animals. However, elevations of amniotic fl uid 
cytokines, prostaglandins and uterine contractions persisted 
in spite of maternal antibiotic treatment. Amniotic fl uid 
cytokines and prostaglandins were suppressed in animals 
treated with ampicillin, dexamethasone and indomethacin. 
Encouraging results from this study indicate that combined 
therapy is necessary to stem the bacterial infection as well as 
to suppress the subsequent infl ammatory response.   

The infl ammatory mechanisms initiating premature labor in 
horses is not well known. LeBlanc and co-workers (4) identifi ed 
elevated concentrations of prostaglandins (PGE

2
) and (PGF 

2
�) in allantoic fl uid from mares with experimentally-induced 

placentitis. Allantoic concentrations of cytokines (IL-1, IL-6, 
TNF �) were not different between infected and control mares, 
however, concentrations of IL-6 and IL-8 were elevated in the 
placentas of infected mares. The effectiveness of therapies 
directed against the infl ammatory cascade is equally elusive. 
Murchie and co-workers (23) attempted to determine if 
the potent anti-prostaglandin agent, fl unixin meglumine, 
penetrated the placenta in normal and experimentally-infected  
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mares. Using microdialysis methodology, fl unixin meglumine 
was undetectable in both allantoic and serum samples. The 
authors attributed their inability to detect fl unixin meglumine to 
the highly protein-bound nature of the drug which prevented 
passage of the drug through microdialysis pores.  The 
effectiveness of this treatment to delay preterm labor was not 
examined n this study. Using similar methodology (Rebello, 
personal communication), pentoxifylline was detected in the 
allantoic space of both normal and experimentally-infected 
pregnant pony mares. Pentoxifylline, a xanthine derivitive, is 
thought to exert anti-infl ammatory/cytokine effects (28;29). 
Treatment with this agent in combination with trimethoprim 
sulfamethoxazole does appear to prolong gestation in some 
mares with experimentally-induced placentitis (Macpherson, 
personal observation).

TOCOLYTICS

The goal of tocolytic therapy is to prevent, or disrupt, uterine 
contractions and premature labor. Tocolytic agents are 
commonly employed in women with clinical signs of preterm 
labor. A variety of agents have been used including: magnesium 
sulfate, � sympathomimetic agents (ritodrine, terbutaline), 
prostaglandin synthesis inhibitors (indomethacin, suldinac, 
ibuprofen, aspirin), calcium channel blockers (nifedipine) 
and oxytocin antagonists (atosiban) (30). The ability of these 
agents to prevent active labor is limited. Tocolytic agents 
have not been shown to signifi cantly prolong pregnancy or 
improve neonatal outcome when used alone. Historically, 
tocolytics prolong pregnancy for  up to 48 hours during which 
time glucocorticoids can be administered to the mother in an 
effort to expedite fetal maturation. Side effects from tocolytic 
agents can be signifi cant and include: cardiac/respiratory 
arrest (magnesium sulfate); cardiac arrhythmia, pulmonary 
edema  and myocardial ischemia (� sympathomimetics); 
hypotension (nifedipine); gastrointestinal disturbance and 
oligohydroamnios (indomethacin) (31).

Clenbuterol, a � sympathomimetic agent, is used in clinical 
equine practice.  The effects of clenbuterol administration on 
uterine tone and maternal and fetal heart rates were examined 
by Card and Wood (32). Clenbuterol was administered 
intravenously (300 µg) to four pregnant mares at 30, 40, 50 
and 60 days of gestation and once monthly until parturition. 
The fi nal dose was administered when the mare was thought 
to be close to parturition as indicated by concentration of 
calcium and magnesium (120 ppm) measured using water 
hardness test strips. Fetal heart rate, maternal heart rate and 
uterine tone (measured by palpation) were recorded after 
drug administration. Mares and fetuses experienced transient 
tachycardia after drug administration at all time points. 
Resting uterine tone changed signifi cantly after clenbuterol 
administration to mares early in gestation. Uterine relaxation 
after clenbuterol administration was less profound later in 
gestation when uterine tone was decreasing naturally. Uterine 
relaxation occurred within 3 minutes of drug administration 
and persisted up to 120 minutes. The authors concluded 
that clenbuterol was effective in causing uterine relaxation 
throughout gestation, and that the side effects were minimal 
and transient. 

A more recent study (33) reported the effects of clenbuterol 
when administered to mares late in gestation. Twenty-
nine pregnant pony mares with similar breeding dates 
were enrolled in the study. Beginning day 320 of gestation, 
mammary secretion electrolyte changes were monitored 
using a calcium strip test. Treatment started when calcium 
levels reached a maximum level of 13 mM (4 squares 

reacted on the strip test). Mares were treated with varying 
doses of clenbuterol, iv: 0.6 mg (n=6); 1 mg (n=5) and 1.5 
mg (n=4). Fifteen control mares were treated with saline. All 
mares were treated once daily, at 2200 h, until parturition. 
No differences were detected between groups for length of 
gestation, number of treatments or time to foaling after the 
last dose was administered. Treatment dose did not affect 
outcomes. Mares in the low dose treatment groups (0.6 mg 
and 1 mg) showed no side effects, while mares treated with 
1.5 mg showed transient signs of abdominal distress and 
sweating. All foals were clinically normal except one foal from 
the treatment group that died after dystocia. The authors 
concluded that clenbuterol was not effective in preventing the 
onset of myometrial contractions in normal foaling mares at 
term. Treated mares in this study actually foaled earlier in the 
evening than untreated mares. The authors speculated that 
the relaxant effects of clenbuterol may have promoted cervical 
relaxation and subsequent parturition. Based on side effects 
detected when clenbuterol is administered to pregnant mares 
(32;33), and lack of effect for delaying normal parturition, 
the authors suggest that this agent has limited usefulness in 
horses. 

Progestin therapy is currently being implemented in humans 
to halt preterm labor. A recent double-blind, placebo-
controlled study (34) showed a benefi cial effect when women 
with a documented history of spontaneous preterm delivery 
were treated with progesterone. The incidence of recurring 
spontaneous preterm delivery was signifi cantly lower in 
women treated with 17 alpha-hydroxyprogesterone  than 
in untreated women (36.3% vs. 54.9%, respectively). In 
addition, babies from progesterone-treated women required 
less oxygen therapy and had fewer cases of necrotizing 
enterocolitis and intraventricular hemorrhage than babies 
delivered from untreated mothers. Whether progesterone 
plays a role in inhibiting formation of gap junctions which 
facilitate myometrial contractions (35), or it interferes with 
prostaglandin-induced myometrial contractions stimulated by 
pro-infl ammatory cytokines is unknown. However, results from 
these studies strongly support the use of progestin therapy in 
mares at risk for preterm labor.

Treatment with progestins has long been advocated to 
promote uterine quiescence in mares with uterine pathology. 
The actual rationale for progestin use in late pregnancy is not 
clear. Presumably, the anti-prostaglandin effect of progestins 
would contribute to reduced myometrial activity by interfering 
with upregulation of prostaglandin and oxytocin receptors 
(35). Without receptor formation, gap junction formation 
would be inhibited and uterine contractility prevented. Daels 
and co-workers (36) tested the effects of progesterone and 
altrenogest, a synthetic progestin, on pregnancy maintenance 
in mares treated with the prostaglandin analog, cloprostenol. 
Sixteen mares with pregnancies ranging from 93 to 153 
days of gestation were included in the study. Cloprostenol 
(250 µg) was administered to all mares, intramuscularly, 
for 5 consecutive days. Progesterone (300 mg, SID ) was 
administered to eight mares, intramuscularly, beginning 18 
hours after cloprostenol treatment and discontinued 18 hours 
after the last cloprostenol treatment. Altrenogest (44 mg, SID) 
was administered to eight mares, orally, beginning 12 hours 
after cloprostenol and discontinuing 12 hours after the last 
cloprostenol treatment.  Cloprostenol-treated control mares 
were extrapolated from a previous study. Five of eight mares 
in the progesterone-treated group maintained pregnancies 
after cloprostenol treatment, while 3 mares aborted during 
treatment. All eight mares treated with altrenogest maintained 
pregnancies. Control mares  all aborted after cloprostenol 
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treatment. Administration of  exogenous progestins to mares 
treated with cloprostenol was associated with an endogenous 
decrease in prostaglandin metabolite concentrations. This 
important study demonstrated that progestin supplementation 
was able to prevent prostaglandin-induced abortion in most 
cases. These fi ndings support progestin supplementation in 
mares at risk for preterm labor. 

Effective treatments for placentitis in mares are still elusive. 
Data from studies involving humans and non-human primates 
indicate that combined therapies with antibiotics and anti-
infl ammatory agents show the most promise for interrupting 
preterm labor. Preliminary data in horses support this 
concept. 

Figure 2. Transrectal ultrasonography of the caudal part of the placenta in a late gestational mare with 
ascending placentitis. Note the thickness of the CTUP and the separation of the allantochorion from the 
endometrium in an area adjacent to the cervical star.

Figure1. Transrectal ultrasonography of the caudal part of the placenta in a late gestational mare. (A = amniotic 
membrane; x---x = CTUP).
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Figure 3. Aborted fetus at 10 months of gestation. The cause of abortion was an ascending placentitis. Note the thickened well 
defi ned area of the caudal placenta adjacent to the cervical star.

Figure 4. A placenta from a mare with placentitis caused by a nocardioform actinomycete. Note the cgharacteristic lesions at 
the ventral part of the body of the placenta.

Table 1.  Normal upper limits for the combined thickness of the uterus and the placenta (CTUP) during late gestation. (Adapted 
from Renaudin et al., 1997).

Gestation length Normal CTUP

151 – 270 days < 7 mm

271 – 300 days < 8 mm

301 – 330 days < 10 mm

331 - < 12 mm
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INTRODUCTION

Induction of parturition has been used in the mare for 
management of high risk pregnancies, research, teaching 
and convenience (1,2,3). Elective, attended foalings are 
advantageous for monitoring mares that have experienced  
dystocia or premature placental separation in previous 
deliveries. Mares with gestational abnormalities such as 
rupture of the prepubic tendon or hydrallantois may require 
assistance delivering foals. However, induced parturition in 
the mare is associated with side effects such as dystocia, 
premature placental separation,  fetal hypoxia and dysmaturity 
(1,4). Careful case selection prior to induction of parturition is 
critical for facilitating a successful delivery. 

CRITERIA FOR INDUCTION OF PARTURITION

A prerequisite to inducing labor in a mare is determining 
whether the fetus is capable of surviving extrauterine life. 
Several physiologic processes occur within the fetus prior to 
delivery ensuring that it will survive after birth. The normal 
fetus must have appropriate energy reserves, functional 
lungs and gut, and the ability to suck, swallow and maintain 
body temperature after delivery (5). In most domestic species, 
fetal maturation is associated with a prenatal increase in 
adrenocortical activity a few weeks prior to birth (6).  The 
equine fetus is unique in that there is little adrenocortical 
activity until 24-48 hours before birth. Final maturation of the 
equine fetus occurs during this period. Consequently, the 
equine fetus is at substantially greater risk of dysmaturity/
prematurity if delivered at an inappropriate time. 

Several indicators have been identifi ed that suggest fetal 
and maternal “readiness for birth.” Purvis (7) described three 
criteria considered essential prior to inducing parturition 
in the mare: 1. Adequate gestational length, 2.  Mammary 
development and milk/colostrum production, 3. Cervical 
softening.

Gestational length.  The fi rst criterion, adequate gestational 
length, was defi ned by Purvis as at least 330 days from the 
last day of breeding.  Purvis reported consistently positive 
outcomes when inducing mares that were no less than 330 
days from last breeding. However, gestational length is highly 
variable between mares, ranging from 320 to 360 (� 340) 
days (8).  Season can also impact gestational length (9,10).  
Mares foaling during short days typically have a longer 
gestation, while mares foaling during long days have a shorter 
gestation.  Therefore, all fetuses are not necessarily mature 
330 days from the last breeding. Purvis acknowledged that 
gestational length, alone, would not be an adequate means 
of determining fetal readiness for birth. 

Mammary Development and Secretions.  Mammary 
development and colostrum production in the mare are 
presently the most reliable indicators of fetal maturity 
and “readiness for birth.”  Colostrum is paramount to the 
survival of the neonate both as a source of nourishment and 

immunoglobulins. Furthermore, Ousey and co-workers (11) 
described a correlation between concentration of mammary 
secretion electrolytes and fetal maturity. The group showed 
that 24 to 48 hours prior to foaling, calcium concentration 
rose sharply in mammary secretions of 16 normal mares. 
Additionally, sodium concentration was much higher than 
potassium until 3 to 5 days before birth at which time the 
sodium to potassium ratio inverted.  Changes in mammary 
secretion electrolytes (calcium, sodium and potassium) were 
compared to neonatal parameters that were indicative of 
adequate maturity at birth.  The group concluded that a rise 
in mammary secretion calcium greater than 10 mmol/L and 
inversion of the sodium-potassium ratio were well correlated 
with fetal maturity. 

Precise measurement of mammary secretion electrolyte 
concentrations requires a fl ame spectrophotometer or 
a laboratory chemistry analyzer. Using these systems, 
elevation of mammary secretion calcium above 40 mg/dL and 
potassium concentration greater than sodium (potassium � 
30 mEQ/ml and sodium � 30 mEQ/ml) generally indicates 
fetal maturity in the normal equine pregnancy. Changes 
in mammary secretion electrolytes most commonly occur 
at night, coincident with the period when the majority of 
mares foal. Stall-side tests are available to measure calcium 
(Ca++) or calcium carbonate (CaCO

3
) concentration. Test 

kits measuring mammary secretion Ca++ typically employ a 
colorimetric change of pads on a test strip from green to red 
(Predict-A-Foal™, Animal Health Care Products, Vernon, CA) 
or titration of a diluted sample until an indicator dye changes 
from pink to blue (Titret™,CHEMetrics, Inc., Calverton, VA; 
Sofchek, Environmental Test Systems, Elkhart, IN). The 
dilution kits are somewhat more labor intensive than the test 
strip kits.  Of the commercially available mammary secretion 
test kits,  Ley (12) found the Titret™ test kit to be the most 
reliable and repeatable test for predicting foaling within 24 
hours. Using this kit, mares with mammary secretion CaCO

3

� 200 ppm had a 54% probability of foaling within 24 hours, 
84% probability of foaling within 48 hours and 97% probability 
of foaling within 72 hours. Most mares foaled within a short 
period of time if the mammary secretion CaCO

3
 was between 

300 and 500 ppm. Mares with mammary secretion CaCO
3

< 200 ppm had a less than 1% chance of foaling within 24 
hours of testing (13).

In some cases, mammary secretion electrolyte concentrations 
may not reliably indicate impending parturition. Ley (13) 
reported that 2% of mares in one study population foaled 
within 24 hours of mammary secretion testing and CaCO

3
 was 

< 200 ppm.  Samples taken early in the day may not refl ect 
electrolyte changes that occur in the evening or at night, 
shortly before parturition. Rapid or no change in mammary 
secretion electrolytes can be especially true for mares 
foaling for the fi rst time. “Maiden” mares often do not have 
signifi cant mammary development and colostrum production 
until immediately prior to parturition. Conversely, precocious 
mammary gland development and secretion electrolyte 
changes may occur in mares with placental pathology.   
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Rossdale and co-workers (14) monitored mammary secretion 
electrolytes in  25 mares with abnormal pregnancies. 
Seventeen mares (17/25, 68%) had elevation of mammary 
secretion calcium greater than 10 mmol/L before 310 days of 
gestation. Placental pathology was identifi ed in sixteen of the 
seventeen (16/17, 94%)  mares with prematurely elevated 
mammary secretion calcium. Ten of the sixteen foals (10/16, 
63%) were either delivered dead or died shortly after birth. 
Results from these studies indicate that electrolyte changes 
in mammary secretions from maiden mares or mares with 
abnormal pregnancies should be interpreted cautiously.

Cervical Softening.  Cervical softening is the fi nal criterion 
cited by Purvis (7) as critical to the success of induced 
parturition. Importance of cervical relaxation is a controversial 
point with regard to induction of parturition in the mare.  
Numerous studies (15) cited in the human medical  literature 
associate poor cervical relaxation with failed induction, 
prolonged labor and a high cesarean birth rate.  Reports in 
the veterinary medical literature (1,3) suggest that inductions 
may proceed successfully in mares with a tightly closed, 
mucus covered cervix as late as the end of fi rst stage labor.   
In a recent study (16), mares with a spontaneously dilated 
cervix (determined by digital examination per vagina) prior to 
induction delivered their foals more quickly than those mares 
with a closed cervix. Foals with a shorter interval from initial 
administration of oxytocin to delivery were better adapted 
after birth. Foals from mares with a dilated cervix stood and 
nursed more quickly and had fewer signs of intrapartum 
asphyxia (hypercapnia, maladjustment) than foals from 
mares with a closed cervix.  Mares suffering intrapartum 
complications (premature placental separation, dystocia) all 
had a non-dilated cervix prior to induction. 

Rigby and co-workers (17) further investigated the role 
of pre-induction cervical dilation on foal outcome by using 
prostaglandin E

2
 (PGE

2
) for cervical relaxation prior to 

induction. Prostaglandin E
2
 is routinely administered to women 

to promote cervical softening and dilation before inducing 
labor (18,19).  In several human studies, PGE

2
 treatment 

signifi cantly enhanced cervical dilation and effacement, 
shortened the induction-delivery interval, reduced induction 
failures, and lowered cesarean section rate (19, 20). Rigby, 
et al. treated 7 mares with 2.5 mg intracervical PGE

2
 and 4 

mares with intracervical saline. Pretreatment cervical dilation 
was assessed in all mares by determining how many fi ngers 
would easily penetrate the cervix. Differences were not seen 
between PGE

2
-treated and saline-treated mares for number 

of oxytocin treatments required to induce chorioallantois 
rupture.  Mean intervals from initial injection of oxytocin to 
rupture of the chorioallantois or delivery of the foal also did not 
differ between treatment groups.  Mares treated with PGE

2

tended to have more cervical dilation prior to induction than 
saline-treated mares.  Foals delivered from PGE

2
-treated 

mares suckled more quickly than foals from saline-treated 
mares. The authors concluded from the study that cervical 
softening prior to induction of parturition favored a shorter 
delivery period and positively impacted neonatal adaptability. 
Additionally, the authors acknowledged that PGE

2
 treatment 

enhanced cervical softening, but they speculated whether 
cervical manipulation alone may have contributed to cervical 
changes seen prior to induction. 

In summary, no one criterion effectively predicts the success 
of an induced parturition in the mare. Adequate udder 
development, changes in mammary secretion electrolytes 
and cervical softening are all important considerations prior 
to induction.

Methods of Induction

Induction Agents.  A variety of agents and methods have 
been used to induce parturition in the mare, including 
glucocorticoids, prostaglandins and oxytocin.  Glucocorticoids 
have limited effi cacy for inducing parturition in the mare 
(4,21,22), although this agent is useful for induction in many 
other species.  High doses and prolonged treatment intervals 
preclude routine use of glucocorticoids for induction in the 
mare.  

Exogenous prostaglandins have been successful in initiating 
parturition in the mare.  Both natural (PGF

2
�) and synthetic 

products (fl uprostenol, fenprostalene, prostalene) produce 
potent myometrial activity,(23,24,25) however, natural 
prostaglandin is not a reliable induction agent (4).  Parturition 
has been effectively induced using fl uprostenol (1,23) 
fenprostalene and prostalene (25).  The induction-parturition 
interval with fl uprostenol (11) and fenprostalene or prostalene 
(25) is more variable (1-6 hours)  and may take longer than 
spontaneously foaling mares or those induced with oxytocin 
(23).  Neonatal adaptation abnormalities, neonatal weakness 
and fractured ribs have resulted from prostaglandin-induced 
parturition (1).  Currently, fl uprostenol, fenprostalene and 
prostalene are not available on the veterinary market.

Oxytocin is generally considered the drug of choice for 
induction of parturition  in the  mare (1,26).   Oxytocin has 
a rapid effect resulting in delivery within 15-90 minutes 
following administration (1,7,27).   The patterns of induction 
are consistent with oxytocin and few adverse effects are 
noted in the term foal (1,7,27,28).  Various methods and 
doses of oxytocin induction have been described including: 
bolus injection of 20-120 units oxytocin, via intramuscular 
or intravenous injection; intramuscular or subcutaneous 
injection of 2.5-20 units oxytocin at 15 minute intervals; and 
intravenous administration of 60-120 units oxytocin in 1 liter 
saline delivered at a rate of 1 unit/minute (1,7,27).

Induction Method Using Oxytocin.  Workers in Texas 
(16) recently compared different methods of oxytocin 
administration for inducing parturition in mares to determine 
if method of administration had untoward effects on the foal.  
Three treatments were used to induce parturition: 1) a bolus 
intramuscular injection of 75 U oxytocin, 2) intramuscular 
injection of 15 U oxytocin every 15 minutes with a maximum 
dose of 75 U or 3) intravenous administration of oxytocin in 
1L 0.9% NaCl at a rate of 1 U/minute for a maximum dose 
of 75 U. Delivery time intervals and foal vitality parameters 
were measured. The method of oxytocin administration 
did not affect the overall time interval from initial oxytocin 
administration to delivery of the foal.  Furthermore, neonatal 
blood gas values, vitality assessments and plasma cortisol 
concentrations were similar between foals from different 
treatment groups. Longer delivery times resulted in reduced 
foal vigor (standing, sucking) and vitality. Mares that had a 
softened cervix prior to induction had shorter delivery times 
and more vigorous foals. The authors concluded that method 
of induction had little impact on foal viability. Case selection 
and adherence to criteria for induction were cited as critical 
factors for a successful induction. 

Dose of Oxytocin.  Purvis (7,29) initially reported little 
untoward effect of high dose oxytocin (120 U) on the mare 
or foal when inducing parturition. Hillman (2) used between 
20 IU and 100 IU oxytocin, IM,  to induce parturition in 37 
mares and observed the time of appearance and degree of 
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expression of parturient symptoms. Hillman concluded that 
lower doses of oxytocin (20 , IM) resulted in quieter, more 
prolonged foaling. Conversely, he found that higher doses of 
oxytocin (100 U, IM) hastened parturition and accentuated 
parturient signs.  

Pashen (27) investigated administration of very low doses of 
oxytocin (2.5 - 10 U, IV) to induce parturition in 4 pony mares 
and one jenny at 323-334 days of gestation.  Mares foaled 
following administration of 2.5- 10 U, IV, total. Additionally, 
plasma prostaglandin metabolite (PGFM) profi les were similar 
to those seen in spontaneously foaling mares (30). Pashen 
concluded that low doses of oxytocin were physiologic and 
effi cacious for inducing parturition in mares. Furthermore, he 
speculated that higher doses of oxytocin were unnecessary 
and potentially detrimental to the mare and foal based on 
reported complications in women treated with high dose 
oxytocin. Camillo and co-workers (31) repeated the work 
of Pashen with a slight modifi cation in protocol. Mammary 
secretion calcium concentrations were determined in 24 
mares at �320 days gestation. Mares having � 8 mmol/L 
Ca++ were considered near to foaling and one dose of 2.5 U 
was administered.  

Mares that did not foal within one hour of oxytocin were 
judged not ready to foal. These mares received a second 
dose of oxytocin (2.5 U, IV) each day until foaling. Fourteen 
of 17 mares (14/17, 82%) foaled after the fi rst injection of 
oxytocin, one mare foaled after oxytocin administration on 
day 2 and 2 mares foaled after oxytocin on day 3. The group 
concluded that a single, low dose injection of oxytocin (2.5 
U, IV) was effi cacious for inducing parturition in mares. 
Furthermore, the workers suggested that this induction 
scheme would work only in mares that had a mature fetus. 
They felt that mares foaling on days subsequent to the initial 
injection did not respond to oxytocin because the fetus was 
in the fi nal maturational phase. In a recent study (32), small 
doses of oxytocin were used to induce parturition in mares. 
The study was stimulated by anecdotal reports suggesting 
that the low-dose oxytocin protocol (31) was not consistently 
effective. Chavette-Palmer and co-workers examined mares 
daily from 320 days forward. When mammary secretion 
electrolytes were at a maximum level on a strip test, doses 
of oxytocin between 0.1 and 2 IU were administered to 
mares. Conclusions from the study were that low doses of 
oxytocin were not effective in inducing parturition in mares 
that were at term. Furthermore, the group reported a higher 
percentage of retained fetal membranes in mares treated 
with 2 IU vs control mares treated with saline (50% and 37%, 
respectively).

 Using an in vitro model,  Ousey, et al. (33), recently examined 
the dose-related effects of oxytocin on myometrial contractility 
in pregnant mares . Myometrial strips were collected from 
33 pregnant mares (gestational age 60 - 340 days) and 
placed in a muscle bath. Strips were treated with varying 
doses of oxytocin.  Myometrial tension, contractile amplitude 
and contractile frequency were measured. Treatment with 
oxytocin resulted in a signifi cant dose dependent increase in 
myometrial resting tension. Myometrial contraction amplitude 
increased with oxytocin treatment and contraction frequency 
decreased with treatment. No correlation was noted 
between response to oxytocin treatment and gestational 
age. The results of the study indicated that the response 
of the myometrium to oxytocin was a dose-related effect. 
Determining the most effective dose to elicit a reliable, safe 
induction may still need to be determined. 

CONCLUSIONS

In summary, several factors impact the success of induced 
parturition in the mare. Fetal readiness for birth is paramount 
to survival of the foal after birth. Critical evaluation of 
mammary secretion electrolytes, cervical relaxation and 
gestational length facilitates proper mare selection and  
neonatal survivability with induced parturition. Oxytocin 
is the current agent of choice for induction of parturition in 
the mare. The ideal dose of oxytocin to induce parturition in 
mares remains somewhat controversial. 
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The fi rst reported pregnancy from the use of frozen-thawed stallion spermatozoa was in a mare inseminated with frozen-thawed 
epididymal sperm in 1957. Even though spermatozoa harvested from the epididymides of stallions have been shown to display 
progressive motility equal to or better than ejaculated spermatozoa, their fertility appears to be much lower than that of ejaculated 
spermatozoa. 

The aim of this study was to determine if fresh and frozen-thawed equine epididymal sperm were fertile and if fertility could be 
enhanced by exposing epididymal sperm to seminal plasma.

Fourteen mares and two stallions of different breeds were used. The horses were randomly assigned to two groups each 
consisting of seven mares and one stallion. Mares were synchronized using ten daily progesterone and oestradiol injections. 
Each mare was inseminated in four consecutive oestrous clycles with fresh epididymal sperm with seminal plasma (group 1) or 
skim milk extender (group 2), frozen-thawed ejaculated sperm (group 3), frozen-thawed epididymal sperm with seminal plasma 
(group 4) and frozen-thawed epididymal sperm with skim milk extender (group 5). Each sperm dose consisted of 200 million 
progressively motile, morphologically normal spermatozoa. All inseminations were performed 30 hours after Deslorelin, Ovuplant®, 
treatment. The Deslorelin implant was inserted beneath the vestibular mucosa in the vagina once the mare had a follicle larger 
than 35 mm and obvious edema. The implant was removed after ovulation. Following insemination, mares were examined for 
ovulation at 6 hourly intervals. Fourteen days after ovulation mares were examined for pregnancy and treated with PgF

2�
  to 

induce luteolysis and the next estrus.

The results are summarized in the table below. If the results of the two stallions are combined the pregnancy rate of mares 
inseminated with fresh epididymal sperm with seminal plasma (group 1 in the table) was signifi cantly higher (Chi square test, 
p<0.05) than for mares inseminated with fresh epididymal sperm with skim milk extender (group 2 in the table).

AI groups

1 2 3 4 5

Stallion AStallion A

Progressive motility in % 75 30 50 10 10

Number of mares inseminated 4 3 6 6 6

Number of mares pregnant 3 1 2 1 1

Pregnancy rate in % 75 33.3 33.3 16.7 16.7

Stallion BStallion B

Progressive motility in % 80 10 35 10 10

Number of mares inseminated 4 3 5 5 5

Number of mares pregnant 2 0 2 0 0

Pregnancy rate in % 50 0 40 0 0

Group 1 Fresh epididymal sperm with seminal plasma

Group 2 Fresh epididymal sperm with skim milk extender

Group 3 Frozen-thawed ejaculated sperm

Group 4 Frozen-thawed epididymal sperm with seminal plasma

Group 5 Frozen-thawed epididymal sperm with skim milk extender

From these preliminary results we conclude that fresh and frozen-thawed epididymal sperm with or without exposure to 
seminal plasma are fertile. More inseminations are needed to determine if exposure of epididymal sperm to seminal plasma 
before freezing and thawing enhances its fertility. This is of particular interest, since it is very unlikely that a mare is ready to be 
inseminated with epididymal sperm at the time when a stallion dies for unforeseen reason.

Fertility of Frozen-Thawed 
Epididymal Stallion Sperm
A Heise1, D Gerber1, DH Volkmann2, W Kähn3

1Department of Reproduction, University of Pretoria; 2Department of Clinical Sciences, Cornell University; 3Department of 
Reproduction, Vetsuisse Faculty Zurich
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Nutrition may play an important role in the pathogenesis of 
developmental orthopedic disease  in horses Defi ciencies, 
excesses, and imbalances of nutrients may result in an 
increase in both the incidence and severity of physitis, 
angular limb deformity, wobbler syndrome (wobbles), 
and osteochondritis dissecans (OCD). 

NUTRITIONAL FACTORS AS A CAUSE OF 
DEVELOPMENTAL ORTHOPEDIC DISEASE 

Mineral Defi ciencies
A defi ciency of minerals, including calcium, phosphorus, 
copper and zinc, may lead to developmental orthopedic 
disease. The ration of a growing horse should be properly 
fortifi ed because most commonly fed cereal grains and 
forages contain insuffi cient quantities of several minerals. A 
ration of grass hay and oats would only supply about 40% and 
70% of a weanling’s calcium and phosphorus requirement, 
respectively, and less than 40% of its requirement for copper 
and zinc (Table 1). The best method of diagnosing mineral 
defi ciencies is through ration evaluation. Blood, hair, and 
hoof analysis is of limited usefulness.

Mineral Excesses 
Horses can tolerate fairly high levels of mineral intake, but 
excesses of calcium, phosphorus, zinc, iodine, fl uoride, and 
certain heavy metals such as lead and cadmium, may lead to 
developmental orthopedic disease.  

Mineral excesses occur because of overfortifi cation or 
environmental contamination. Massive oversupplementation 
of calcium (>300% of required) may lead to a secondary 
mineral defi ciency by interfering with the absorption of other 
minerals such as phosphorus, zinc, and iodine. Excessive 
calcium intake may be compounded by the use of legume 
hays as the primary forage source.  Iodine and selenium 
oversupplementation occurs if supplements are fed at 
inappropriate levels. A ration evaluation is the best way to 
identify this type of mineral imbalance.

Environmental contamination is a more likely cause of 
developmental orthopedic disease because contamination 
may result in extremely high intakes of potentially toxic 
minerals. If a farm is experiencing an unusually high incidence 
of developmental orthopedic disease or if the location and 
severity of skeletal lesions are abnormal, environmental 
contamination should be investigated. Blood, feed, and water 
analysis should be performed. In addition, chemical analysis 
of hoof and hair samples may reveal valuable information 
in such a situation. Farms that are located near factories 
or smelters are the most likely candidates for this type of 
contamination, although OCD from a zinc-induced copper 
defi ciency has been reported on farms using fence paint 

containing zinc or galvanized water pipes.

Mineral Imbalances
The ratio of minerals may be as important as the actual amount 
of individual minerals in the ration. High levels of phosphorus 
in the ration will inhibit the absorption of calcium and will lead 
to a defi ciency, even if the amount of calcium present was 
normally adequate. The ratio of calcium to phosphorus in the 
ration of young horses should never dip below 1:1 and ideally 
it should be 1.5:1. Too much calcium may affect phosphorus 
status, particularly if the level of phosphorus in the ration is 
marginal. Calcium to phosphorus ratios greater than 2.5:1 
should be avoided if possible. Forage diets with high calcium 
levels should be supplemented with phosphorus. The ratio of 
zinc to copper should be 3:1 to 4:1.  

Dietary Energy Excess
Excessive energy intake can lead to rapid growth and 
increased body fat, which may predispose young horses 
to developmental orthopedic disease. A recent Kentucky A recent Kentucky A
study showed that growth rate and body size may increase 
the incidence of certain types of developmental orthopedic 
disease in Thoroughbred foals (Pagan et al., 1996). Yearlings 
that showed osteochondrosis of the hock and stifl e were 
large at birth, grew rapidly from 3 to 8 months of age, and 
were heavier than the average population as weanlings.

The source of calories for young horses may also be important, 
as hyperglycemia or hyperinsulinemia have been implicated 
in the pathogenesis of osteochondrosis (Glade et al., 1984; 
Ralston, 1995). Foals that experience an exaggerated 
and sustained increase in circulating glucose or insulin in 
response to a carbohydrate (grain) meal may be predisposed 
to development of osteochondrosis. In vitro studies with 
fetal and foal chondrocytes suggest that the role of insulin 
in growth cartilage may be to promote chondrocyte survival 
or to suppress differentiation and that hyperinsulinemia may 
be a contributory factor to equine osteochondrosis (Henson 
et al., 1997).   

Recent research from Kentucky Equine Research (Pagan et 
al., 2001) suggests that hyperinsulinemia may infl uence the 
incidence of OCD in Thoroughbred weanlings. In a large fi eld 
trial, 218 Thoroughbred weanlings (average age 300 ± 40 
days, average body weight 300 kg ± 43 kg) were studied. 
A glycemic response test was conducted by feeding a meal 
that consisted of the weanling’s normal concentrate at a level 
of intake equal to 1.4 g nonstructural carbohydrate (NSC) per 
kilogram body weight. A single blood sample was taken 120 
minutes post feeding for the determination of glucose and 
insulin. 

In this study, a high glucose and insulin response to a 

The Role of Nutrition in the Management of 
Developmental Orthopedic Disease
Joe Pagan
Kentucky Equine Research, Versailles, Kentucky USA
Presented by Peter Huntington
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concentrate meal was associated with an increased incidence 
of OCD. Glycemic responses measured in the weanlings 
were highly correlated with each feed’s glycemic index (GI), 
suggesting that the GI of a farm’s feed may play a role in the 
pathogenesis of OCD. Glycemic index characterizes the rate 
of carbohydrate absorption after a meal and is defi ned as the 
area under the glucose response curve after consumption of 
a measured amount of carbohydrate from a test feed divided 
by the area under the curve after consumption of a reference 
meal (Jenkins et al., 1981). In rats, prolonged feeding of high GI 
feed results in basal hyperinsulinemia and an elevated insulin 
response to an intravenous glucose tolerance test (Pawlak 
et al., 2001). Hyperinsulinemia may affect chondrocyte 
maturation, leading to altered matrix metabolism and faulty 
mineralization or altered cartilage growth by infl uencing other 
hormones such as thyroxine (Pagan et al., 1996; Jeffcott and 
Henson, 1998).

Based on the results of this study, it would be prudent to feed 
foals concentrates that produce low glycemic responses. 
More research is needed to determine if the incidence of OCD 
can be reduced through this type of dietary management.  

RATION EVALUATIONS

In almost every circumstance of developmental 
orthopedic disease, the surest way of determining if nutrition 
is a contributing factor is to perform a ration evaluation, which 
compares the intake of several essential nutrients with the 
requirements of the horse. Gross defi ciencies or excesses of 
key nutrients can then be identifi ed and corrected. 

Types of Evaluations
Ration evaluations can be approached in two ways. 

One way is to add up what is being fed and compare it to 
the horse’s requirements. This is actually more diffi cult than it 
may fi rst appear since most horsemen do not actually know 
exactly what their horses are eating. There are a number of 
checks that can be used to more accurately estimate feed 
intakes, and these checks will be reviewed later.  Alternatively, 
a new ration may be developed.

The Protocol
              Every nutrition evaluation should include a description 
of the horse, defi nition of nutrient requirements, determination 
of nutrients in feedstuffs, determination of intake of feedstuffs, 
calculation of nutrient intake, comparison of intake with 
requirements, and adjustments of the ration to correct 
defi ciencies or excesses.

Describe the horse. Different classes of horses have different 
nutrient requirements, and each class may eat different 
amounts of forage and grain.  Within each class of horse, it 
is important to know the horse’s current body weight, its age 
and mature body weight if growing, and its rate of body weight 
gain or loss.  

Defi ne nutrient requirements. Ration evaluations are 
intended to compare a horse’s daily nutrient intake to a set 
of requirements to determine how well the feeding program 
meets the horse’s nutritional needs. This would seem to 
be a straightforward accounting exercise, but what nutrient 
requirements should be used? The National Research Council 
(NRC) publishes a set of requirements for horses, but NRC 
values represent minimum requirements for most nutrients. 

These are the levels of intake that are required to prevent 
frank defi ciency symptoms. No allowances are included to 
account for factors that may increase the requirement of 
a nutrient. The bioavailability of nutrients may be different, 
and other substances within a ration may interfere with the 
digestibility or use of a nutrient.

Kentucky Equine Research has developed its own 
set of nutrient recommendations for young growing horses. 
These requirements are based on a combination of NRC 
numbers, research that has been conducted since publication 
of the most recent NRC recommendations, and experience 
in the fi eld.  Digestible energy and protein are two NRC 
requirements that fairly accurately describe the needs of 
horses maintained under practical management conditions. 
These two requirements were primarily developed from direct 
measurements of growth response and energy balance in a 
number of different experiments. Other requirements, such as 
those for calcium and phosphorus, were developed using more 
theoretical calculations involving estimates of endogenous 
losses and digestibility. Still others were based on values 
developed for other species or from single experiments 
that were far from conclusive.  For most of the vitamins and 
minerals, KER requirements use values ranging from 1.25 to 
3.0 times those recommended by NRC. All of these nutrient 
requirements are far from absolute, and they will continue to 
evolve as more data become available. For now, though, it is 
assumed that these requirements adequately refl ect what is 
needed by the horse under a wide range of conditions.     

Determine nutrients in feedstuffs. 
The accuracy of evaluating the diet depends on proper 
sampling feedstuffs. The feeds should be thoroughly mixed 
and a representative sample taken. Pelleted feeds are fairly 
uniform, but sampling is more critical for textured feeds and 
home mixes. If an odd nutrient value is encountered, look to 
sampling error as a likely cause.

A hay core can be used to obtain a representative hay 
sample for analysis. Pasture analysis is more diffi cult. Should 
the entire pasture be systematically sampled or only those 
areas heavily grazed? Horses tend to be spot grazers; 
therefore sampling the heavily grazed areas is probably 
best.

 When expressing feed intakes and nutrient composition, 
air dry values for hay and grain and 100% dry matter values 
for pasture are used. This is because hay and grain intakes 
are actually measured as fed and pasture intakes tend to be 
estimated. The moisture content of the pasture is not relevant 
to the evaluation and only complicates intake calculations.

A number of commercial laboratories analyze forages 
and feeds. For a typical ration evaluation for young growing 
horses, the following nutrients should be either analyzed or 
calculated for each forage and concentrate: digestible energy 
(megacalories [Mcal] or megajoule [MJ], typically estimated), 
crude protein (percent), lysine (percent, typically estimated), 
acid or neutral detergent fi ber (percent), calcium (percent), 
phosphorus (percent), zinc (percent), copper (percent), and 
manganese (percent).

These nutrients are usually included on a standard panel 
analysis at a reasonable cost. Other minerals, such as 
selenium and iodine, are usually analyzed separately, and 
analysis can be quite expensive. Selenium and iodine are 
not essential for most evaluations that focus on identifying 
nutritional causes of developmental orthopedic disease.
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Determine intake of feedstuffs. A common fl aw in many ration 
evaluations is measuring intake inaccurately. A scale should 
be used to measure the amount of grain and hay offered. A 
certain degree of hay wastage usually occurs, and this should 
be taken into account when calculating intake. Table 4 lists 
expected feed consumption by various classes of horses. 
The amount of forage and grain consumed by a young horse 
can vary tremendously depending on its geographic location 
and forage availability. Typically, horses that are raised in 
more tropical environments will depend more heavily on 
grain in their ration. Yearlings raised in temperate areas with 
abundant forage eat rations that contain 80% forage.

Calculate nutrient intake. 
Determining pasture intake is the most diffi cult part of 
conducting a ration evaluation. Two methods usually are 
employed to estimate pasture intake. The simplest method is 
to arbitrarily estimate intake at about 1% to1.5% of a young 
horse’s body weight. The obtained value is only fairly accurate, 
but it is representative of most young horses on pasture the 
majority of the day. A second and more accurate method 
is to calculate pasture intake energetically by subtracting 
the digestible energy intake from all other feedstuffs from 
the horse’s daily energy requirement. Dividing this number 
by the pasture’s calculated energy density yields daily dry 
matter intake. For example, a yearling that weighs 330 kg 
with an average daily gain of  0.55 kg/day should require 
20.4 Mcal of digestible energy per day. If that yearling is 
eating 3.65 kg of sweet feed (10.8 Mcal digestible energy) 
and 2 kg of mature alfalfa hay (3.6 Mcal digestible energy), 
then it must be consuming around 6 Mcal of digestible 
energy from pasture. Most grass pastures contain about 2.2 
Mcal of digestible energy per kilogram, so this yearling must 
consume about 2.73 kg of pasture dry matter per day.  These 
intakes can then be used to evaluate the adequacy of the 
ration for other nutrients in addition to energy. This method 
of calculating pasture energy intake works well provided the 
horse is actually consuming the intakes of other feedstuffs 
and the correct energy requirements were selected. 

Using the method described above for estimating pasture 
intake often yields a negative number.  If this occurs, then 
either the digestible energy intake of the other feeds was 
too high or the calculated energy consumption was too low. 
Sometimes horse owners report higher intakes of feeds than 
are actually eaten. This is particularly true for forages because 
hay is rarely weighed and large quantities are often wasted. 
Grain intake can also be overestimated. At other times the 
hay and grain intake may be correct, but the horse may be 
consuming more energy than calculated. Increased energy 
intake can occur if the horse is expending extra energy to 
work or to keep warm in cold weather, or a young horse may 
be growing faster than assumed. For example, a yearling 
needs about 5 kg of additional grain (16.1 Mcal of digestible 
energy) per kilogram of gain.  If average daily gain is higher 
than assumed, then the horse may be eating signifi cantly 
more digestible energy than calculated.

Compare intake to requirements. Rarely will the nutrients 
supplied by a ration exactly match the horse’s requirements, 
and it is unnecessary to balance rations with this type of 
precision. Instead, the key to interpreting a ration evaluation is 
to identify defi ciencies, excesses, or imbalances of nutrients 
that may affect growth and skeletal soundness. For most 
nutrients, a level of intake in excess of 90% of required is not 
considered defi cient. What is interpreted as excessive varies 

tremendously among nutrients. For instance, potassium 
plays only a minor role in skeletal development; a young 
horse at pasture may consume greater than 300% of its 
potassium requirement. Most of this potassium comes from 
the pasture and is perfectly harmless. Even small excesses 
of other nutrients, such as energy, may play a signifi cant 
role in the development of skeletal disease. Energy intakes 
that are 115% of required might trigger mild developmental 
orthopedic disease, and levels above 130% almost certainly 
will cause problems in rapidly growing horses.   

FEEDING PRACTICES THAT CONTRIBUTE TO 
DEVELOPMENTAL ORTHOPEDIC DISEASE

Several feeding scenarios may contribute to 
developmental orthopedic disease.  Once identifi ed, most 
can be easily corrected through adjustments in feed type 
and intake.  Several of the most common mistakes made in 
feeding young growing horses are explained.

Overfeeding
One of the most common problems of feeding young horses 
is excessive intake that results in accelerated growth rate or 
fattening. Both conditions may contribute to developmental 
orthopedic disease. Unfortunately, there are no simple rules 
about how much grain is too much, because total intake of 
both forage and grain determines caloric consumption. Large 
intakes of grain are appropriate if the forage is sparse or 
poor quality, as often is the case in tropical environments. 
For example, grain intakes as high as 2% to 2.5% of body 
weight may be necessary to sustain reasonable growth in 
weanlings that have access to no forage other than tropic 
pasture. Conversely, grain intakes higher than 1% body 
weight may be considered excessive when weanlings are 
raised on lush temperate pasture or have access to high-
quality alfalfa hay.  

The surest way to document excessive intake is by weighing 
and using condition scoring in the growing horse. Growth 
rates and condition scores for Thoroughbred foals can be 
compared to the data presented in Table 3. Based on a 
system developed by Henneke et al. (1981), condition 
scoring measures fat deposition. Horses are scored from 
1 to 9 with 1 denoting extreme thinness and 9 indicating 
obesity. In a Kentucky study, fi llies tended to have higher 
condition scores than colts, and the difference was greatest 
at 4 months of age (fi llies 6.48; colts 6.0). These condition 
scores are considered moderate to fl eshy according to the 
Henneke scoring system. By 12 months of age, the condition 
scores of the colts and fi llies had dropped to 5.3 and 5.4, 
respectively. Both sexes increased condition score slightly 
from 14 to 18 months. 

If growth rate cannot be measured, excessive intake 
can often be assessed by ration evaluation. For example, a 
six-month-old Thoroughbred weanling (250 kg body weight, 
500 kg mature body weight) was being fed 4 kg/day of a 16% 
protein sweet feed and 2 kg of alfalfa hay and had access to 
high-quality fall Kentucky pasture. To support a reasonable 
rate of growth (0.80 kg/d), this weanling required about 17 
Mcal of digestible energy per day.  The hay and grain intake 
of this foal alone would supply about 17.5 Mcal of digestible 
energy, which is slightly above the weanling’s requirement. 
If a reasonable level of pasture intake is included (1% of 
body weight or 2.5 kg dry matter), this weanling would be 
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consuming 135% of its digestible energy requirement, a level 
likely to cause problems.

To reduce intake, the alfalfa hay should be eliminated, 
if the pasture is indeed adequate. If hay were needed when 
the weanling is stalled, grass hay would be more appropriate. 
Secondly, grain intake should be reduced to a level of about 
3 kg/d. At this level of grain intake, the weanling would need 
to consume about 3.3 kg of pasture dry matter to support 
a growth rate of 0.80 kg/d, and the ration would be nicely 
balanced . 

Inappropriate Grain for Forage Being Fed
Occasionally, the concentrate offered to a growing 

horse is incorrectly fortifi ed to complement the forage that is 
being fed. The problem occurs particularly when the forage is 
mostly alfalfa or clover. Most concentrates for young horses 
are formulated with levels of minerals and protein needed to 
balance grass forage.

For example, a 12-month-old yearling (315 kg body 
weight, 500 kg mature body weight, 0.50 kg/d ADG) is raised 
without access to pasture and the only forage available is 
alfalfa hay, which is fed at a level of intake equal to 1.5% 
of the yearling’s body weight (4.72 kg/d). At this level of 
forage intake, the yearling would only require about 2.5 kg 
of grain per day. If a typical 14% protein sweet feed that 
was formulated to balance grass forage is used, the ration 
would be inappropriate for a number of reasons. Calcium 
would be 183% of the yearling’s requirement, with a calcium 
to phosphorus ratio of 2.9:1. This would not be a problem 
except that phosphorus and zinc are marginal in the ration. 
Because calcium may interfere with the absorption of both of 
these minerals, the yearling may be at risk of developmental 
orthopedic disease from a zinc or phosphorus defi ciency. The 
solution is to feed a concentrate that is more appropriately 
balanced for legume hay. For example, a 12% protein feed 
with 0.4% calcium, 0.9% phosphorus, and 180 ppm zinc 
would be more suitable.  

Inadequate Fortifi cation in Grain
The most common reasons for inadequate fortifi cation 
are using unfortifi ed or underfortifi ed grain mixes, using 
correctly fortifi ed feeds at levels of intake that are below 
the manufacturer’s recommendation, or using fortifi ed 
feeds diluted with straight cereal grains. These errors in 
feeding can be corrected by the incorporation of a highly 
fortifi ed grain balancer supplement.

For example, a 6-month-old weanling (200 kg body weight, 
400 kg mature body weight, 0.60 kg/d ADG) is fed 3 kg/d of a 
10% protein sweet feed that is intended for adult horses. To 
compound matters, the weanling is also fed grass hay with an 
estimated intake of 2.3 kg/d. This ration is defi cient in protein, 
calcium, phosphorus, zinc, and copper. This foal would be 
prone to a rough hair coat and physitis.  There are two ways 
to correct this problem. A properly formulated 14% to 16% 
protein grain mix with adequate mineral fortifi cation could be 
used, or 1 kg of a grain balancer pellet can be substituted 
for 1 kg of the 10% sweet feed.  This type of supplement 
is typically fortifi ed with 25% to 30% protein, 2.5% to 3.0% 
calcium, 1.75% to 2.0% phosphorus, 125 to175 ppm copper, 
and 375 to 475 ppm zinc. This is an extremely useful type of 
supplement to correct underfortifi ed rations.

FEEDING SYSTEMS TO PREVENT 
DEVELOPMENTAL ORTHOPEDIC DISEASE

Broodmares
The nutritional requirements of a broodmare can be divided 
into three stages. Stage one is early pregnancy, from 
conception through the fi rst 7 months of gestation. Barren 
mares and pregnant mares without sucklings by their sides 
fi t into this nutritional category. Stage two encompasses the 
last trimester of pregnancy, which is from around 7 months 
of pregnancy through foaling. Stage three is lactation, which 
generally lasts 5 to 6 months after foaling. The most common 
mistakes made in feeding broodmares are overfeeding during 
early pregnancy and underfeeding during lactation.

Early pregnancy.
Proper feeding during pregnancy requires an 
understanding of how the fetus develops during 
gestation. Contrary to popular belief, the fetus does not 
grow at a constant rate throughout the entire 11 months 
of pregnancy. Figure 3 illustrates a typical growth curve 
for a fetus expressed as a percent of birth weight. As 
is plainly visible, the fetus is small during the fi rst 5 
months of pregnancy. Even at 7 months of pregnancy, 
the fetus equals only about 20% of its weight at birth. At 
this stage in pregnancy, the fetus equals less than 2% 
of the mare’s weight, and its nutrient requirements are 
miniscule compared with the mare’s own maintenance 
requirements. Therefore, the mare can be fed essentially 
the same as if she were not pregnant. Mare owners often 
increase feed intake after the mare is pronounced in foal, 
reasoning that she is now “eating for two.” Increased 
feeding is unnecessary and may lead to obesity and 
foaling diffi culties, especially if the mare has access to 
high-quality pasture during early pregnancy.

Late pregnancy. 
The fetus begins to develop rapidly after 7 months of 
pregnancy, and its nutrient requirements become signifi cantly 
greater than the mare’s maintenance requirements; therefore 
adjustments should be made in the mare’s diet. Digestible 
energy requirements only increase about 15 percent over 
early pregnancy. Protein and mineral requirements increase 
to a greater extent. This is because the fetal tissue being 
synthesized during this time is quite high in protein, calcium, 
and phosphorus. During the last four months of pregnancy, 
the fetus and placenta retain about 77 grams of protein, 
7.5 grams of calcium, and 4 grams of phosphorus per day. 
Trace mineral supplementation is also very important during 
this period because the fetus stores iron, zinc, copper, and 
manganese in its liver for use during the fi rst few months after 
it is born. The fetus has developed this nutritional strategy of 
storing trace minerals during pregnancy because mare’s milk 
is quite low in these elements.

New Zealand researchers studied the effect of copper 
supplementation on the incidence of developmental orthopedic 
disease in Thoroughbred foals. Pregnant Thoroughbred 
mares were divided into either copper-supplemented or 
control groups. Live foals born to each group of mares were 
also divided into copper-supplemented or control groups. 
Copper supplementation of mares was associated with a 
signifi cant reduction in the physitis (infl ammation of the bone 
growth plates) scores of the foals at 150 days of age. Foals 
from mares that received no supplementation had a mean 
physitis score of 6, whereas foals out of supplemented mares 
had a mean score of 3.7. A lower score means less physitis. 
Copper supplementation of foals had no effect on physitis 
scores. A signifi cantly lower incidence of articular cartilage 
lesions occurred in foals from supplemented mares. However, 
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copper supplementation of the foals had no signifi cant effect 
on articular and physeal cartilage lesions. Mares in late 
pregnancy are often overfed energy in an attempt to supply 
adequate protein and minerals to the developing foal. If the 
pregnant mare becomes fat during late pregnancy, she should 
be switched to a feed that is more concentrated in protein 
and minerals so that less can be fed per day. This will restrict 
her energy intake while ensuring that she receives adequate 
quantities of other key nutrients.

Lactation. 
A mare’s nutrient requirements increase signifi cantly after 
foaling. During the fi rst 3 months of lactation, mares produce 
milk at a rate equal to about 3% of their body weight per day. 
This milk is rich in energy, protein, calcium, phosphorus, and 
vitamins. Therefore, the mare should be fed enough grain 
to meet her greatly increased nutrient requirements. Mares 
in early lactation usually require from 4.5-6.5 kg of grain per 
day depending upon the type and quality of forage they are 
consuming. This grain mix should be fortifi ed with additional 
protein, minerals, and vitamins to meet the lactating mare’s 
needs. Trace mineral fortifi cation is not extremely important 
for lactating mares because milk contains low levels of these 
nutrients and research has shown that adding more to the 
lactating mare’s diet does not increase the trace mineral 
content of the milk. Calcium and phosphorus are the minerals 
that should be of primary concern during lactation. Grain 
intake should be increased gradually during the last few 
weeks of pregnancy so that the mare is consuming nearly 
the amount that she will require for milk production at the time 
that she foals. A rapid increase in grain should be avoided 
at foaling because this may lead to colic or founder. Milk 
production begins to decline after about  months of lactation, 
and grain intake can be reduced to keep the mare in a 
desirable condition. 

Sucklings
If the broodmare has been fed properly during late pregnancy, 
it is unnecessary to supplement the suckling with minerals 
until it reaches 90 days of age. At 90 days, moderate amounts 
of a well-fortifi ed foal feed can be introduced and gradually 
increased until the suckling is consuming around 0.5 kg feed 
per month of age. It is critical that the suckling be accustomed 
to eating grain before it is weaned. If it is not, there is a very 
good chance that there will be a dramatic decrease in growth 
rate at weaning. When the weanling fi nally starts eating grain, 
a compensatory growth spurt will occur that may result in 
developmental orthopedic disease.

Weanlings
The most critical stage of growth for preventing developmental 
orthopedic disease is from weaning to 12 months of age, when 
the skeleton is most vulnerable to disease and nutrient intake 
and balance is most important. Weanlings should be grown 
at a moderate rate with adequate mineral supplementation.  
In temperate regions, the contribution of pasture is often 
underestimated, leading to excessive growth rates and 
developmental orthopedic disease.  

Yearlings
Once a horse reaches 12 months of age, it is 

much less likely to develop several forms of developmental 
orthopedic disease than a younger horse. Many of the lesions 
that become clinically relevant after this age are typically 
formed at a younger age. Still, proper nutrient balance 
remains important for the yearling. It is best to delay the 
increased energy intakes that are required for sales prepping 

as long as possible because the skeleton is less vulnerable 
to developmental orthopedic disease as the yearling ages. 
Normally, increasing energy intake 90 days before a sale 
is enough time to add the extra body condition that is often 
expected in a sales yearling.  

Physitis in the carpus is often a major concern 
with sales yearlings. To reduce the incidence of physitis in 
these horses, the level of trace mineral supplementation 
should remain high and a signifi cant portion of the energy 
normally supplied from grain should be replaced with fat and 
fermentable fi ber.  Sales preparation grain mixes can contain 
as much as 10% fat. Sources of fermentable fi ber include 
beet pulp and soy hulls.

NUTRITIONAL MANAGEMENT OF 
DEVELOPMENTAL ORTHOPEDIC DISEASE
The goal of a feeding program for young horses is to reduce 
or eliminate the incidence of developmental orthopedic 
disease.  Unfortunately, developmental orthopedic disease 
will still occur in some foals. Nutritional intervention can 
help reduce the severity of many forms of developmental 
orthopedic disease, but not all of the damage resulting from 
developmental orthopedic disease is reversible. However, 
it is important to alter the feeding programs of foals with 
developmental orthopedic disease. The type of alteration will 
follow a similar pattern but will depend on the foal’s age and 
the type of developmental orthopedic disease. In almost every 
instance, energy intake should be reduced while maintaining 
adequate levels of protein and minerals. The rationale for this 
type of modifi cation is that skeletal growth should be slowed, 
but adequate substrate should be available to promote healthy 
bone development.

Physitis
Grain intake should be restricted to a level supplying around 
75% of the foal’s normal energy requirement. This restriction, 
however, should not compromise protein and mineral intake, 
so a different type of feed formulation may be required. For 
instance, a six-month-old weanling (250 kg body weight, 500 
kg mature body weight, 0.8 kg average daily growth) on a 
decent fall pasture would normally consume around 3.5 kg of 
a 16% protein foal feed. If this foal developed physitis, it would 
be confi ned and fed grass hay (3 kg/d). Reducing the grain 
intake to a level that was 75% of the foal’s normal digestible 
energy would result in shortages of protein, lysine, calcium, 
and phosphorus. These shortfalls could be overcome by 
replacing 1 kg of the 16% percent sweet feed with a grain 
balancer pellet. This ration would supply 90% of the foal’s 
normal protein requirement alone with a good supply of 
minerals. As the physitis resolves, intake of the 16% grain 
mix can be slowly increased and the supplement pellet intake 
slowly decreased until the foal returns to its normal ration.

Wobbler Syndrome
A feeding program like the one described previously is also 
appropriate for the horse with wobbler syndrome except that 
the degree of exercise and energy restriction may be more 
severe. In this case, a feeding program that combined grass 
hay (2 kg/d) with a moderate amount of alfalfa hay (2 kg/d) 
and 1 kg/d of balancer pellet would result in a reduction in 
energy intake equal to 65% of normal intake while maintaining 

adequate levels of protein and mineral intake.

Osteochondritis Dissecans 
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Once a foal develops osteochondritis dissecans that is severe 
enough to produce clinical signs, the effect of diet is going to be 
minimal in solving the existing lesion. Again, reducing energy 
intake and body weight while maintaining adequate protein 
and mineral intake is advised. Conservative management of 
shoulder (humeral head) and stifl e (lateral trochlear ridge) 
OCD lesions has been successful. Complete stall rest is 
recommended along with intra-articular hyaluronan and 
intramuscular Adequan. There have been anecdotal reports 
of improvement in lesions identifi ed radiographically through 
the use of oral joint supplements containing glucosamine and 
chondroitin sulfate, but these fi ndings have not been validated 
in a controlled study.  

SUMMARY
Nutrition may play a role in the pathogenesis of developmental 
orthopedic disease. Mineral defi ciencies, excesses, or 
imbalances may be involved along with excesses in energy 
or carbohydrate intake. A computerized ration evaluation is 
the best method to identify potential problems. The feeding 
errors that most often cause developmental orthopedic 
disease are excessive grain intake, an inappropriate grain 
mix for the forage being fed, and inadequate fortifi cation in 
the grain. Each of these can easily be corrected by selecting 
an appropriate grain mix and feeding it at the correct level 
of intake. Foals that already have developmental orthopedic 
disease should have their energy intakes reduced while 
maintaining adequate levels of protein and mineral intake.
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Table 1. Mineral requirements for weanlings.

Nutrient 
concentration 
required in total diet 
(90% dry basis)

Grass
hay

Alfalfa
hay Oats Corn Barley

Moderate
Growth

Rapid
Growth

Calcium (%) .62 .70 .35 1.25 .08 .05 .05

Phosphorus 
( %)

.40 .45 .20 .22 .34 .27 .34

Zinc (ppm) 65 65 9 16 6 4 8

Copper (ppm) 22 22 17 28 35 19 17

Table 2. Toxic mineral levels.*

Mineral
Level of mineral needed by young 

horse (ppm)
Level at which mineral is toxic (ppm)

Zinc 60-70 9000

Iodine 0.2-0.3 5.0

Fluoride -- 50

Lead -- 80

Selenium 0.2-0.3 5.0

Manganese 60-70 4000

Copper 20-30 300-500

Cobalt 0.1 400

Iron 125 5000

*Adapted from Cunha, 1997 and NRC, 1989.

Table 3. Growth rates of fi llies and colts in central Kentucky.

Average        
days  Colts Fillies Colts Fillies Colts Fillies Colts  Fillies
of age BW (kg) BW (kg) ADG (kg/d) ADG (kg/d) HT* (cm) HT* (cm) BCS** BCS**

14 77.7 76.1 -- -- 107.3 106.3 5.7 6.0
43 116.3 115.1 1.38 1.34 115.7 115.5 6.2 6.4
72 149.5 148.5 1.20 1.19 122.6 121.8 6.2 6.3
99 182.1 178.6 1.14 1.11 127.3 127.1 6.0 6.5
127 208.8 207.9 1.01 1.01 129.8 130.3 5.8 5.9
155 233.6 230.2 0.89 0.84 133.5 132.5 5.5 5.7
183 255.9 250.7 0.80 0.75 135.8 134.7 5.4 5.6
212 277.1 271.0 0.75 0.71 138.2 137.4 5.5 5.5
240 295.1 287.3 0.68 0.60 140.0 139.4 5.4 5.5
267 309.1 300.6 0.55 0.48 141.8 140.7 5.4 5.4
296 322.0 311.0 0.43 0.40 144.2 142.5 5.3 5.4
323 335.1 322.5 0.40 0.35 145.4 144.0 5.4 5.4
350 349.2 335.2 0.43 0.39 147.0 145.5 5.3 5.4
378 362.5 350.1 0.45 0.51 148.3 146.7 5.4 5.5
406 378.9 367.9 0.52 0.60 150.2 148.2 5.5 5.7
435 396.2 388.9 0.62 0.65 150.8 149.6 5.5 5.8
462 414.2 407.9 0.59 0.60 152.5 151.5 5.6 5.8
490 427.8 418.0 0.55 0.54 153.4 151.8 5.7 5.8

*Height
**Body condition score
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Table 4. Expected feed consumption by horses.

% of body weight % of diet
Horse forage concentrate forage concentrate

Maintenance 1.0-2.0 0-1.0 50-100 0-50
Pregnant mare 1.0-2.0 0.3-1.0 50-85 15-50
Lactating mare (early) 1.0-2.5 0.5-2.0 33-85 15-66
Lactating mare (late) 1.0-2.0 0.5-1.5 40-80 20-60
Weanling 0.5-1.8 1.0-2.5 30-65 35-70
Yearling 1.0-2.5 0.5-2.0 33-80 20-66
Performance horse 1.0-2.0 0.5-2.0 33-80 20-66

Figure 1. Average daily gain by horses born in different months.

Figure 2. Average daily gain is infl uenced by season and pasture availability.

Figure 3. Typical growth curve for a fetus expressed as a percentage of birth weight.
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Pleural effusion, the presence of an abnormally large amount 
of fl uid within the pleural space, can be a primary disease or a 
complication of cardiac disease, hepatic disease, neoplasia, 
or respiratory infection.  The most frequent cause of pleural 
effusion in horses is pleuropneumonia secondary to lung 
infection.  The lung infections are generalized pneumonia, a 
focal abscess, or septicemia which results in a septic effusion 
in the pleural space and thoracic cavity.   In some horses, the 
etiology is undetermined is considered to be idiopathic.

The pleura consist of visceral and parietal layers.  The 
former covers the lungs while the latter lines the chest wall, 
mediastinum, and diaphragm.  The mediastinum of the 
horse is incomplete, being fenestrated in the caudal ventral 
portion.  One important anatomical feature differentiating 
the horse from other species is that both the visceral and 
parietal pleura receive their blood supply from the systemic 
circulation while in most species the visceral layer is supplied 
from the pulmonary circulation.

The parietal pleura is well supplied with pain receptors 
from the intercostal and phrenic nerves while the visceral 
pleura has no pain receptors but does receive innervation 
from autonomic fi bers.  The lymphatic drainage from the 
visceral pleura is into the tracheobronchial lymph nodes and 
the parietal pleura drains into the sternal nodes, with the 
exception of the mediastinal and diaphragmatic sections of 
the parietal pleura which drain into the mediastinal nodes.

The fl uid within the pleural space is constantly being formed 
and removed.  Its production and resorption are controlled 
by the plasma oncotic pressure, pleural capillary hydrostatic 
pressure, capillary permeability and lymphatic drainage.  In 
most species, protein-free fl uid is constantly entering the 
pleural space from the parietal side and leaving via the 
visceral pleura, while protein enters from both the visceral 
and parietal surfaces and exits through the lymphatics.

A pleural effusion may be a transudate or an exudate.  If 
the effusion is a transudate, an underlying cause such as 
congestive heart failure, renal failure, hepatic failure, or 
protein losing gastroenteropathy are sought and if found, 
treated.  A transudate is non-infl ammatory in origin and 
results from causes such as hypoproteinemia or venous 
stasis.  Transudates are non-clotting, clear, or yellow fl uids 
which contain few cells, no bacteria, have a specifi c gravity 
of less than 1.017 and a total protein of less than 3 grams per 
deciliter.  The usual cells which may be present include small 
lymphocytes and erythrocytes with an occasional endothelial 
or mesothelial cell.

When an exudate is identifi ed, it is indicative of an infl ammatory 

condition.  An exudate is infl ammatory in origin and often 
results from infections, trauma, neoplasia, or infl ammation 
due to a foreign body.  Exudates clot rapidly, are clear or 
cloudy, contain numerous cells and often bacteria.  The 
specifi c gravity is greater than 1.017 and the total protein is 
greater than three grams per deciliter.3 In this type of effusion 
one may expect to fi nd neutrophils, lymphocytes, erythrocytes 
and sometimes reactive mesothelial and/or neoplastic 
cells. The minimum examination of a fl uid removed from a 
serous body cavity should include appearance, coagulation, 
measurement of total protein, and cytologic examination as 
well as direct examination for bacteria and bacterial culture.

HISTORY AND CLINICAL SIGNS:
Evaluation of horses suspected to be suffering from pleural 
effusion or pleuritis is aided by an accurate history.  This 
disease may follow a recent stressful event such as a 
prolonged trip or exposure to a large number of horses.  
In a study by Byars et al, 39% of the horses presented for 
pleuropneumonia had undergone interstate shipment within 
the 3 weeks prior to hospitalization.  Because pleuritis is 
often associated with respiratory infection, knowledge of 
the patient’s vaccination status as well as the health and 
vaccination status of other horses with which it has been 
in recent contact are important.  The previous geographic 
location can be important because fungal agents such as 
Coccidiodes immitis and Nocardia species as well as other 
systemic fungi are common in the southwest United States.  
These diseases may be so insidious as to take years to 
develop.

Clinical signs of pleural effusion in the horse are quite variable 
but are often dependent upon the amount of fl uid within the 
pleural space as well as the underlying cause.  Horses that 
have bacterial or viral infections as the underlying cause of 
the pleural effusion, are commonly febrile, depressed, thin, 
and may have pitting edema of subcutaneous tissue in the 
pectoral region. In horses that have only a small amount of 
fl uid present within the pleural cavity, no abnormal signs may 
be detected. If several liters of fl uid are present the patient is 
usually dyspneic at rest, or following slight exertion.

When the pleura is infl amed, horses often show signs of 
pain when moving or when even light pressure is applied 
over the ribs; however, the longer the fl uid is present within 
the pleural space, the less commonly is pain a feature of 
the disease. This may result from formation of fi rm fi brous 
adhesions or a cushion created by large volumes of 
intrapleural fl uid. Respiration is often shallow and guarded 
and close examination may reveal asymmetric movements 
of the chest wall. Nasal discharge and cough are common 
when the pleural effusion is associated with pneumonia.

Diagnosis and Management of Pleural 
Effusion in Horses
Stephen M. Reed, DVM, Dip ACVIM
The Ohio State University
College of Veterinary Medicine
Columbus, Ohio 
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Airway sounds are absent in the ventral thorax below the 
pleural fl uid level, while in the dorsal lung regions airway 
sounds may be normal or abnormal depending upon the 
amount of pulmonary disease. Fluid within the trachea may 
be detected if pneumonia accompanies a pleural effusion. 
The cardiac sounds generally radiate over a wider region than 
normal, unless there is an accompanying pericarditis in which 
case they may be diffi cult to detect. Pleural friction rubs are 
not always a consistent feature; however, their presence is 
highly suggestive of this disease. A fl uid line may not always 
be detected by auscultation unless ventilation is increased 
by temporarily occluding the nares or placing a bag over the 
nares. The increased ventilation results in increased sounds 
above the fl uid line making their absence ventrally more 
easily detected. Percussion may help identify the presence 
of a fl uid line.  The normal limits of pleural refl ection are 17th 
intercostal space at the level of the tuber coxae, 15th IC space 
at the level of the tuber ischii, 13th IC space at the mid-chest, 
11th IC space at the point of the shoulder and ending at the 
point of the elbow.

THORACENTESIS
Thoracic percussion is often accompanied by pain, grunting, 
and escape maneuvers. Thoracentesis is essential for physical, 
chemical, cytological and bacteriological examinations of the 
pleural fl uid. The most common location for thoracentesis is the 
7th intercostal space on the right side and the 8th intercostal 
space on the left side.  The site is dependent upon the fl uid 
level which has been identifi ed on physical examination or by 
use of ultrasonography.  Aseptic technique is important and 
the procedure is usually conducted with the animal restrained 
in a stall or stocks.  Local anesthesia of the skin and underlying 
muscle is important to alleviate pain.  A small stab incision is 
made through the skin using a scalpel blade.  The cannula 
or catheter is attached to the stopcock, and the syringe is 
pushed into the chest cavity along the anterior border of the 
rib in order to avoid the intercostal vessels.

The aspirate which is collected should be examined for color, 
turbidity, odor, and presence of coagulation.  Measurement of 
specifi c gravity, total protein and cytological composition are 
also important diagnostic aids. All samples collected should 
be submitted for a direct examination to determine if bacteria 
are present and should be cultured both aerobically and 
anaerobically.

Other diagnostic aids which are sometimes helpful in the 
evaluation of a patient with a pleural effusion include hematology, 
radiography, ultrasonography, transtracheal aspiration, and 
serologic titers against common viral respiratory pathogens.  
One of the most important ancillary diagnostic procedures 
on horses having pleuropneumonia is ultrasonography. This 
provides useful information about the location, volume, and 
type of fl uid present in the chest cavity and pleural space. 
Typical ultrasound fi ndings include dorsal lung displacement 
by fl uid in the ventral thorax, lung atelectasis, abscessation in 
the lung, presence of anechoic versus echogenic fl uid in the 
thorax. Echogenic fl uid may contain particulate matter, such 
as blood cells, fi brin and necrotic tissue, as well as gas in the 
thoracic space. Gas within the pleural space has been shown 
to be consistent with anaerobic infections.  Cranial thoracic 
abscesses require placing the scan head cranial to the heart, 
usually with the leg on the same side pulled forward.

The transtracheal aspiration is most benefi cial when pleural 
effusion is associated with pneumonia, especially if aspiration 

or bacterial pneumonia has occurred. The hematologic 
parameters alone may reveal only non-specifi c changes of 
stress, infection, or chronic disease.  If the process has been 
long standing, one may recognize an elevated total protein 
often associated with an increased fi brinogen and globulin 
fraction with a lower than normal serum albumin level.

Treatment of a pleural effusion in the horse has four principles 
or objectives a) the establishment of drainage; b) appropriate 
antibiotic or antimicrobial therapy; c) use of drugs for alleviation 
of pain and infl ammation; and d) nursing care which may 
include rest, hand feeding and sometimes intravenous fl uid 
therapy.  Drainage of a pleural effusion can be accomplished 
with a syringe and needle although a permanent drain is often 
more convenient.  The technique for applying such a drain 
involves making a stab wound at the appropriate intercostal 
space and directly entering rather than tunneling beneath 
the skin.  A fenestrated polyethylene catheter (Argyle trochar 
catheter 28 or 32 FR, Sherwood Medical Industries Inc. St. 
Louis, MO) is used.  Placement is determined by use of 
ultrasound examination.  The drain is stabbed through the 
chest wall into the pleural space.  Once the drain is in place 
a sterile, one way chest drain valve (Heimlich, Bard Parker, 
Rutherford, New Jersey) should be attached to prevent leakage 
of air into the thorax.  Use of a condom to fashion a one-way 
valve may be done and is less expensive.  This drain may 
be permanently fi xed in place by use of suture and bandage 
material.  Drains may be allowed to drain continuously or may 
be elevated to a level at which drainage no longer occurs and 
fi xed there with an adhesive dressing.  The drains may then 
be periodically lowered to remove accumulated fl uid. When 
a permanent drain is applied in this fashion, caution must be 
used to keep the chest wound, drainage tube, and one way 
valve aseptic.  Since fl uid often accumulates to a different 
degree on each side of the thorax and may even be a different 
character on each side, a drain in both the right and left sides 
is sometimes necessary.

The use of continuous drainage appears to be the most 
effi cacious procedure for treatment.  If not adequately sealed 
the drain may act as a portal of entry for air, causing atelectasis 
due to pneumothorax.  The removal of the restrictive forces 
(air or fl uid) followed by re-expansion of the pulmonary tissue 
relieves dyspnea, pain and often decreases the patient’s 
anxiety associated with diffi cult breathing.  In addition the 
removal of infl ammatory products can be helpful in decreasing 
the generalized toxemia and pyrexia which may accompany 
pleural effusion.

When treating a pleural effusion which is a transudate, 
attention must be directed towards identifying and correcting 
the underlying cause.  If the effusion is a result of elevated 
hydrostatic pressure as with right or left sided congestive 
heart failure, there is likely very little one can do for the 
animal, although use of drugs such as digitalis combined 
with diuretics may be helpful.  If the transudate is a result of 
decreased plasma oncotic pressure it is often secondary to 
hypoalbuminemia.  The causes of hypoalbuminemia include 
starvation, parasitism, intestinal malabsorption, hepatic 
failure and renal failure.  Treatment for this type of effusion 
may involve use of furosemide (Lasix).  This treatment is 
only symptomatic and may help alleviate the clinical signs of 
dyspnea but does not correct the underlying disease.

Most commonly in equine medicine, pleural effusions are 
modifi ed transudates or exudates indicating infl ammation of 
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the pleural surfaces.  A modifi ed transudate is a transudate 
which has been altered by addition of protein and cells.  This 
type of effusion is often serosanguinous in color, contains a 
protein of greater than 2.5 grams/dl, and has a variable number 
of macrophages, lymphocytes, erythrocytes, neutrophils, 
and mesothelial cells.  It is often seen in association with 
neoplasia.  Treatment of a modifi ed transudate should 
involve chronic drainage along with antimicrobial therapy to 
combat secondary bacterial infections and nursing care.  If 
the diagnosis of a neoplastic condition is confi rmed, further 
treatment is probably not realistic at this time.  Exudates may 
be either septic or non-septic.  The recognition of intracellular 
or extracellular bacteria often indicates a septic process.

In many instances the administration of intravenous polyionic 
isotonic fl uids such as saline or lactated ringers for circulatory 
support may be helpful.  These should be given at a dose 
of 10-20 ml/lb of body weight as a constant infusion during 
or following the period of fl uid removal.  On occasion, we 
have observed horses during removal of fl uid from the pleural 
space.  The cause of this is unknown, but may be related to 
changes in venous capacitance following removal of space 
occupying lesion.

The use of systemic antimicrobial therapy is important and 
should be performed to results of sensitivity testing of aerobic 
and anaerobic bacterial cultures.  Culture and sensitivity 
testing should be performed on both the transtracheal wash 
and thoracentesis fl uids.  The usual organisms isolated from 
pleural effusion are Streptococcus spp. and coliforms. In Streptococcus spp. and coliforms. In Streptococcus
our laboratory  Strep. zooepidemicus is the most frequent Strep. zooepidemicus is the most frequent Strep. zooepidemicus
pathogen isolated, followed by E. coli.  Other isolates 
include Pasteurella spp., Klebsiella spp., and Bordetella spp. 
Actinobacillus andActinobacillus andActinobacillus  Nocardia spp.

Usual antibiotic therapy includes penicillin combined with an 
aminoglycocide, such as gentamicin (Gentocin, Schering) at .8 
to 1 mg/lb tid or Amikacin at 6.6 mg/kg tid are effective against 
most Gram negative organisms.  Use of aminoglycocide 
agents once a day is becoming more popular in our clinic and 
may decrease the potential nephrotoxicity.  Drugs such as 
trimethoprim and sulfamethoxizole or metronidazole may also 
be helpful. 

Anti-infl ammatory agents help reduce pain and may aid in 
decreasing the production of pleural effusions.  Drugs such 
as phenylbutazone, fl unixin meglumine and ketofen are often 
helpful. 

The fourth essential feature of treatment for pleural effusion is 
rest and adequate nursing care.  These patients are very ill and 
the fl uid within the pleural space contains toxic by-products.  
The presence of this fl uid may restrict lung expansion, and 
the toxins often cause fever and other clinical signs.

In conclusion, the problem of pleural effusion is both a 
diagnostic and therapeutic challenge.  However, pleural 
effusion should be considered among the differential diagnoses 
in all patients showing fever of unknown origin or exhibiting 
fever, dyspnea, subcutaneous edema and either increased 
or decreased total serum protein.  The application of a grave 
prognosis should await the results of diagnostic tests and 
response to initial therapy, yet it is a diffi cult problem to treat 
in the horse.  Best effective therapy appears to be removal 
of the fl uid, appropriate antibiotic therapy, rest, nursing care, 
and anti-infl ammatory drugs.

CASE STUDY

Signalment:Signalment:  A three-year old Standardbred fi lly.  Use: 
racehorse.

HistoryHistory:  The fi lly presented with a 6-day history of fever, 
lethargy and inappetence. She had been given fl unixin 
meglumine (1.1mg/kg, IM) twice daily and enrofl oxacin 
(5.0mg/kg, IV) once daily for 3-days by the local veterinarian 
prior to presentation.  The fi lly had traveled approximately 
8 hours by trailer one week prior, and had been apparently 
healthy before shipping.  She received routine vaccinations, 
including biannual infl uenza and herpes (EHV 1 & 4), and 
annual tetanus and rabies.  She was regularly dewormed with 
a rotating schedule of ivermectin, fenbendazole and pyrantel 
pamoate.  No other animals at the original or destination 
facility were known to be unhealthy, although animals are 
shipped to and from each location frequently.

Physical examinationPhysical examination:  The fi lly was slightly depressed and 
responsive.  She was in good body condition (body condition 
score of 4/9), and passed normal feces during her evaluation.  
She weighed 444 kg, had a rectal temperature of 102.3°F, a 
heart rate of 72 beats per minute, and a respiratory rate of 36 
breaths per minute.  Her mucous membranes were slightly 
tacky and had a capillary refi ll time of 2-3 seconds.  She was 
estimated to be 5-6% dehydrated.  Her lymph nodes palpated 
normally.  Heart sounds radiated throughout a signifi cant part 
of her ventral thorax, and she had a moderate tachycardia 
and a normal rhythm.  She coughed when moderate pressure 
was applied to her proximal trachea.  She had subtle, 
bilateral mucoid nasal discharge, and auscultation of her 
trachea revealed increased sounds consistent with mucous.  
Auscultation of her thorax revealed increased bronchovesicular 
sounds dorsally in both hemi-thoraces, and the sounds 
were attenuated ventrally.  Acoustic percussion delineated 
a horizontal fl uid line bilaterally.  There was no evidence of 
pleurodynia.  Auscultation of her thorax using a rebreathing 
bag revealed increased bronchovesicular sounds and crackles 
dorsally in both hemi-thoraces.  Thoracic ultrasound showed 
diffuse pleural roughening (comet tails) bilaterally.  There was 
moderate cranioventral lung consolidation or compression 
atelectasis, and pleural fl uid accumulation with a few fi brin-like 
tags bilaterally, with the right being more severe than the left. 
There were no obvious loculations or pocketing of fl uid within 
the pleural space.  Thoracic radiographs were postponed 
until after pleural fl uid drainage.  Her gastrointestinal sounds 
were normal and no subcutaneous edema was evident. The 
remainder of her physical exam was unremarkable.

Assessment and Case ManagementAssessment and Case Management:  Problems identifi ed on 
admission were a history of fever, inappetence and lethargy, 
tachycardia, tachypnea, depression, dehydration, tacky 
mucous membranes, abnormal lung auscultation, pulmonary 
consolidation and pleural effusion.  Depression is a common 
sequelae to a variety of diseases, including infectious, 
toxic, metabolic, neoplastic or neurologic.  Dehydration was 
probably secondary to the primary disease, including losses 
from the increased respiratory rate and fl uid accumulation in 
the pleural space. Tacky mucous membranes are supportive 
of dehydration.  Tachycardia was likely from sympathetic 
stimulation, which can be due to endotoxemia, hypoxia, pain 
or dehydration, or from a primary cardiac problem, for which 
there was no evidence.  Fever can result from infectious or 
non-infectious causes.  Differential diagnoses for tachypnea 
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include upper respiratory disease, pneumonia (viral, 
bacterial, and fungal), pleuritis, pneumothorax, intrathoracic 
masses, pulmonary edema, reactive airway disease; or 
secondary to pain, excitement, fever, toxemia, academia, 
anemia or cardiovascular disease.  The tachypnea, abnormal 
lung auscultation and ultrasound fi ndings were consistent 
with pleuropneumonia.  The tachycardia, inappetence, 
fever, lethargy and depression were likely secondary to the 
underlying disease.  Causes of pleuropneumonia include 
bacterial pneumonia, pulmonary abscessation, neoplasia, 
trauma, esophageal perforation, and fungal or mycoplasmal 
respiratory disease.  Thoracic tumors in horses are rare, 
although metastatic neoplasia is more common than a 
primary tumor.  There was no evidence of trauma or history 
of esophageal obstruction.  

On admission (Day 1), a CBC revealed a normal PCV, 
slight anisocytosis, hyperproteinemia, leukocytosis with a 
regenerative left shift, and a monocytosis.  Serum chemistry 
profi le showed azotemia, low albumin, high globulins, 
increased total bilirubin, and increased creatine kinase 
(CK).  Fibrinogen was increased.  An arterial blood gas 
was performed to help assess respiratory function.  No acid 
base disturbances were identifi ed, but the fi lly was hypoxic. 
Urine was collected by free catch technique and a dipstick 
evaluation was within normal limits, as was the specifi c 
gravity and microscopic evaluation.  

A normal PCV and hyperproteinemia may refl ect a 
relative anemia in the face of dehydration, or the values 
may be unrelated.  Anisocytosis is usually associated 
with regenerative anemia, which may be masked by 
hemoconcentration.  Hyperproteinemia appeared to 
be a result of hyperglobulinemia as a result of immune 
stimulation.  The most common cause of increased globulins 
is an increase in gamma-globulins, which is typically in 
response to chronic antigenic stimulation.  Low albumin 
occurs with decreased hepatic synthesis, gastrointestinal or 
renal losses, inadequate nutrition or third space loss.  Also, 
albumin is a negative acute phase protein and its production 
may be reduced during periods of infl ammation.  There was 
no evidence of chronic liver disease or renal dysfunction, but 
there was evidence of third space loss into the pleural cavity.  
Fibrinogen is a positive acute phase protein produced by the 
liver that increases during infl ammation and will contribute 
to an increase in total protein.  The leukocyte population 
was primarily mature and immature segmented neutrophils.  
Neutrophilia is most commonly found with bacterial 
infections. Other causes of neutrophilia include severe 
infl ammation, parasitism, neoplasia, or mycotic infections.  
Hypoxia, identifi ed by a low partial pressure of oxygen, can 
be due to hypoventilation, low inspired oxygen, diffusion 
impairment, ventilation-perfusion mismatch, or right to left 
shunting of blood.  In the face of hyperventilation of room air, 
the lack of a cardiac murmur supporting shunting of blood, 
and obvious signs of pneumonia, the hypoxia was likely 
related to diffusion impairment and/or a ventilation-perfusion 
mismatch.  Azotemia can be classifi ed as pre-renal, renal or 
post-renal.  Pre-renal azotemia was suspected due to the 
clinical dehydration and normal urinalysis.  Increased CK, 
which is a sensitive and specifi c indicator of myopathy, was 
likely due to mild muscle damage secondary to the increased 
time spent in recumbency.  

A polyurethane catheter was placed in the left jugular vein.  

Lactated Ringer’s solution (LRS) was initiated at a bolus 
rate (6ml/kg/hr) for rehydration prior to pleural drainage.  
An adjusted fl uid rate was calculated based on her 5% 
dehydration (22.2L), maintenance requirements of 60ml/
kg/day (26.6L), and adjusted accordingly for her on-going 
losses during pleural drainage.  Bilateral indwelling chest 
drains were placed ventrally in the seventh intercostal space 
using a sterile technique.  A one-way valve was placed on 
each tube to prevent aspiration of air into the thorax.  The 
drains revealed serosanguinous, non-odorous pleural fl uid, 
which was submitted for cytology and aerobic and anaerobic 
culture.  Gram stain was immediately performed and showed 
numerous gram positive cocci.  Cytology revealed a highly 
cellular fl uid, with a majority of cells degenerate neutrophils, 
and an increased protein.  The fl uid was also evaluated for its 
pH, lactate and glucose level, all of which supported a septic 
fl uid.  Approximately 4-5L and 7-8L of fl uid were obtained 
from the left and right hemi-thoraces, respectively.  Thoracic 
radiographs showed a moderate pleuropneumonia, with 
ventral fl uid accumulation and suspected lung consolidation, 
as well as an alveolar pattern caudoventrally and a diffuse 
interstitial pattern dorsally.  A transtracheal wash (TTW) was 
performed due to the increased success rate of a positive 
culture from a TTW versus a thoracocentesis sample.  The 
cytology supported a septic, suppurative infl ammation and 
an aerobic and anaerobic culture were submitted.  Gram 
stain showed intra- and extracellular gram positive cocci, as 
well as extracellular gram negative rods.

Fluid therapy with LRS was continued at a constant 
rate of 2.0L/hour, which was calculated based on the 
remaining volume defi cit (approximately 14L), maintenance 
requirements, and on-going losses via the thoracic drains 
(regularly re-assessed).  Broad spectrum antimicrobial 
therapy with potassium penicillin (22,000IU/kg, IV, q6; Day 
1-7) and gentamicin (6.6 mg/kg, IV, q24; Day 1-7) was 
initiated.  The addition of metronidazole was discussed, but 
due the lack of evidence of an anaerobic infection (i.e. no 
malodorous pleural fl uid or gas echogenicity on ultrasound), 
it was avoided.  Metronidazole is known to cause anorexia 
in horses and additional inappetence wanted to be avoided.  
Also, potassium penicillin should provide adequate coverage 
for most anaerobes except some Bacteroides spp.  The fi lly 
was partially re-hydrated prior to gentamicin administration 
and was on concurrent fl uid therapy, so the risk of toxicity 
was considered minimal.  Anti-infl ammatory therapy with 
fl unixin meglumine (1.1mg/kg, IV, q12, Day 1-5) was begun.  
Since she was not in respiratory distress, had pink mucous 
membranes and the degree of hypoxia was mild to moderate, 
intranasal oxygen was not employed.  Daily monitoring 
included physical exams, pertinent blood work and careful 
assessment of the intrathoracic drains.

On Day 2, the fi lly continued to appear depressed, although 
was eating grass hay.  The bilateral thoracic drains were 
dripping a non-odorous, serosanguinous fl uid (right more 
then left), and fi brin clots were removed from the distal 
tubing.  Re-ultrasound of the right and left thoraces revealed a 
moderate amount of pleural fl uid and no appreciable change 
in the lung consolidation.   Pleural lavage was considered 
but not performed due to adequate drainage.  Fluid therapy 
was decreased to approximately 1.5L/hour, as per her 
requirements and continual losses (6-8L/day).  A renal panel 
showed resolution of the azotemia and the albumin had 
decreased. 
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On Day 3, the fi lly had an improved attitude, although was 
still quiet.  The left thoracic drain was no longer dripping.  
Ultrasound reevaluation showed minimal pleural effusion and 
the drain was removed. The drain site was treated topically with 
a povidone iodine ointment. Both TTW and thoracocentesis 
cultures revealed Streptococcus zooepidemicus.  The 
most common aerobic organisms isolated from horses with 
pleuropneumonia are species that normally reside in the 
oropharynx, including Streptococcus spp, Pasteurella spp, 
Actinobacillus spp, E. coli and Enterobacter spp.  The most 
common anaerobic organisms are Bacteroides and Clostridium 
species. On Day 4, the right thoracic drain was removed 
after ultrasonagraphic re-assessment. Repeated CBC and 
fi brinogen showed a non-regenerative anemia, persistent 
hyperproteinemia, mature neutrophilia and slightly improved 
hyperfi brinogenemia.  Kirby Bauer disk diffusion antimicrobial 
susceptibility testing showed the organism to be susceptible 
to penicillin.  On Days 5-7, the fi lly was regularly reevaluated 
with thoracic ultrasound and physical examinations.  The 
pleural effusion did not re-accumulate after the drains were 
removed.  On Day 8, the IV antimicrobials were discontinued 
and she was begun on SMZ-TMP (20mg/kg, PO, q12).  A 
CBC and chemistry profi le were within normal limits and the 
fi brinogen was moderately elevated.  There were no clinical 
changes in the next 24 hours, and the fi lly was released on 
Day 9 with 3-weeks of oral SMZ-TMP (20mg/kg, PO, q12) 
and strict stall rest.  

Reevaluation at 3-weeks post-release (Day 30) revealed 
a bright, alert, fi lly with a relatively unremarkable physical 
examination.  Auscultation of her lungs revealed a moderate 
increase in breath sounds bilaterally, but no crackles or 
wheezes.  Thoracic ultrasound revealed minimal pleural 
effusion and a small area of lung consolidation on the right, 
and moderate pleural roughening and no effusion on the 
left.  Thoracic radiographs showed a mild amount of soft 
tissue opacity within the ventral thorax, which was assumed 
to represent pleural fl uid.  A moderate interstitial pattern 
was seen in the caudoventral lungs and the dorsal fi elds 
appeared normal. A CBC was normal and a fi brinogen was 
mildly increased.  Re-commendations included two additional 
weeks of oral antimicrobials and a second re-evaluation.  

Examination on Day 45 showed a bright, alert fi lly that had 
gained 27kg (weight 471kg).  Her physical examination 
was unremarkable.  Thoracic ultrasound of the left hemi-
thorax revealed mild to moderate pleural roughening of the 
ventral lungs.  Ultra-sound of the right hemi-thorax revealed 
complete resolution of the pleural effusion, moderate 
pleural roughening, and an area of suspected parenchymal 
consolidation.  Thoracic radiographs showed mild soft tissue 
opacity in the cranioventral thorax.  Recommendations 
included the discontinuation of antimicrobials, stall rest for 2 
weeks, and careful monitoring.  Telephone conversation at 
Day 66 confi rmed that the fi lly was back in light training and 
doing well.   
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INTRODUCTION

Height or long bone growth is the developmental priority 
for young horses. Energy, protein, minerals, and vitamins 
are fi rst directed to maintenance requirements, and any 
additional nutrients are used for skeletal growth, specifi cally 
long bones (limbs for locomotion) and fl at bones (skull, ribs, 
etc. for protection). Additional nutrients above those needed 
for optimal bone development are used to fuel more rapid 
growth, fi rst developing muscle and then producing a heavier 
and more well-developed young horse. Optimal growth rates 
may vary somewhat between breeds, but all young horses 
have several critical considerations for bone growth and 
development. Extremely rapid growth caused by overfeeding 
(particularly energy) has been implicated in developmental 
orthopedic disorders (DOD) and unsoundness. Periods of 
slow followed by rapid growth are of particular concern for 
developmental disorders.

Optimal bone development is greatly infl uenced by nutrition. 
During the fi rst two months of life, the mare’s milk contains 
enough energy, protein, and other essential nutrients to 
meet the needs for growth. Work in Australia (Kohnke et 
al., 1999) has shown that a horse maturing to 450-500 kg 
requires approximately nine kg of milk for each kg of gain 
at seven days of age, 13 kg at one month of age, and 15 kg 
at two months of age. Thoroughbred foals may consume up 
to 18 kg of milk per day. The foals require around 16.4 kg of 
milk per kg of gain, so they should be gaining just over 1 kg 
per day. Beyond two months of age, there is a decrease in 
milk production and additional nutrients must be supplied by 
creep feeding until weaning. 

Foals begin to nibble grass soon after birth, but they do not 
develop a functional hindgut that will allow them to extract 
signifi cant nutrients from forages for months. In contrast, 
their effi ciency of grain utilization is high at three weeks of 
age.

CONTRIBUTIONS OF PASTURE
Researchers in Australia, New Zealand, and the United 
States have recently focused on the contribution of pastures 
to the nutrition of growing horses. Variability in pastures is 
considerable across regions and seasons of the year. When 
pastures were analyzed across seasons, researchers at 
Virginia Tech found that the amount of hydrolyzable and 
rapidly fermentable carbohydrates could be as much as 
fi ve times higher during the spring and fall as opposed to 
winter and summer for cool season forages. While many 
professional horsemen recognize the importance of pastures 
to growth and development, pasture care is not often given 
the attention it requires.

Pastures generally fall into the categories of cool season or 
warm season and grass or legume. What species are found 
in a particular area is dependent on the annual rainfall and 

seasonal variations in temperature. For example, a common 
pasture for a temperate climate might include bluegrass, 
orchard grass, and white clover. Pastures subjected to 
adequate fertilization and rainfall during early spring and 
fall may produce forage that can support gains in weanlings 
of up to two pounds per day, although vitamin and mineral 
supplementation would be necessary. Studies at Virginia Tech 
have confi rmed that even under the best conditions pasture 
will fall short of some key mineral and vitamin requirements 
and may vary depending on the location of the farm (Greiwe-
Crandell et al., 1997). However, these same pastures during 
typically hot and dry July and August weather will not provide 
enough nutrients to support maintenance needs. To avoid 
the deleterious effects of these drastic swings in available 
nutrients, producers supply nutrition through carefully 
fortifi ed rations. 

Pasture is one variable of feeding young horses that is 
constantly changing and must be accounted for to control 
growth. Changes in weather patterns, for example, may 
cause a fl ush of pasture growth and subsequent weight gain, 
or a drought may leave pastures barren and unable to fulfi ll 
nutritional requirements for growth. Researchers at Cornell 
University illustrated the effects of undernutrition followed by 
overnutrition.  Hintz (1983) fed one group of Standardbred 
weanlings free-choice feed for eight months, and a second 
group was given restricted feed for four months and then 
free-choice feed for four months. Two-thirds of the foals in 
the restricted-feed group developed contracted tendons 
within one to four months of being switched to free-access 
feed.

Several studies of young horses on pasture demonstrate 
the effects of undernutrition followed by overnutrition. In 
one project, six-month-old Danish Warmblood colts were 
fed to gain either 787 or 433 g/head/day until they were 12 
months old (McMeniman, 1995). Then, all foals were put in 
the same pasture to graze. During the fi rst six months of 
grazing, the colts fed for slow growth rebounded by gaining 
138 kg, and colts fed for fast growth gained an average of 
only 75 kg. This divergence in growth rates describes the 
compensatory growth expected to increase the incidence of 
DOD. Researchers also noted that the horses fed for higher 
gains were signifi cantly heavier and taller with greater cannon 
bone circumference, even after compensatory growth. The 
researchers continued the project for two more years. While 
all the horses were essentially the same height as three-
year-olds, the horses fed for more consistent and steady 
gains were reported to be more vigorous and aggressive.  

In a study at the University of Queensland Veterinary 
Science School, 15 Australian Stock Horse weanlings were 
divided into three groups. One group was fed a nutritionally 
complete pellet diet, a second group was rotationally grazed 
through three paddocks with the horses being moved every 
three weeks, and the third group grazed the same paddock 
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throughout the 60-week study. The mean body weight gains 
of the completely hand-fed group, the rotationally grazed 
group, and the group that remained on the same pasture 
were 1.12, 0.81 and 0.74 pounds per day, respectively. At 
the end of the experiment, the horses in the hand-fed group 
were signifi cantly heavier and had higher body condition 
scores (system of evaluating the level of fatness of horses) 
than the horses in the other two groups. The authors indicate 
height and muscle mass were similar; however, the hand-fed 
group had more compact (harder or denser) bone between 
six and 12 months of age. Chemical analysis of the pastures 
revealed that some had mean crude protein concentrations 
below those recommended for growing horses, and a high 
proportion of the pastures were defi cient in calcium, copper, 
and zinc. The pastures with low calcium concentrations 
also had inverted calcium to phosphorus ratios (below 1:1). 
Diets containing inverted calcium to phosphorus ratios and 
low zinc and copper concentrations are associated with the 
development of DOD. 

ENERGY

The results of pasture studies indicate that foals are eating 
enough to satisfy energy needs for rapid growth. Foals 
consuming traditional high-concentrate diets spend less time 
grazing than similar horses on high-forage diets. It is generally 
observed that high grain intake reduces forage consumption. 
This explains how widely divergent management systems, 
some relying heavily on forages and others feeding much 
more grain, can lead to success in raising horses. The 1989 
NRC recommends specifi c ratios of concentrate to hay for 
growing horses.  The recommended ratio for weanlings is 
70% concentrate and 30% hay, while the recommended 
ratio for yearlings is 60% concentrate and 40% hay.

Gibbs and Cohen (2001) reported the results of a survey of 
race-bred weanlings and yearlings. They noted that 99% of 
the farms contacted fed weanlings diets containing less than 
70% concentrate, and 62% of the farms fed less concentrate 
than forage.  Turcott and coworkers (2003) placed 24 
weanlings on one of three diets with varying concentrate 
to hay ratios: 70:30, 50:50, and 30:70. The forage fed was 
50% alfalfa and 50% timothy grass hay. Diets were balanced 
to meet all NRC requirements. The weanlings were fed the 
experimental diets from fi ve to eight months of age. The low-
concentrate diet resulted in greater fecal output. The high-
concentrate diet had higher protein and ADF digestibilities. 
The authors state that the study demonstrates weanlings 
are more effi cient at digesting high-concentrate diets and 
supports the NRC ratio of 70:30 (concentrate:roughage by 
percent of diet). 

Ott and Kivipelto (2003) assigned weanlings to a diet of 
either 65% concentrate and 35% Bermuda grass hay or 
50% concentrate and 50% Bermuda grass hay. The latter 
diet (50:50) had 3% added fat. The 65:35 group received 
1.7 kg/100 kg body weight daily, and the 50:50 group 
received 1.35 kg/100 kg body weight daily. There were no 
differences in weight gain, with mean weight gain 0.76 kg/
day. The 50:50 group was higher in the withers, had greater 
heart-girth circumference, and was higher in the hips.  Bone 
mineral deposition was not different; however, weanlings fed 
the 50:50 diet had the highest values. The authors state the 
diet containing equal parts concentrate and forage was as 
effective in promoting growth as the diet that contained more 
concentrate.

Stephens and coworkers (2003) maintained yearlings in 
a drylot or on Bermuda grass pasture. Grain was fed to 
appetite over two 1.5-hour periods per day. There was no 
difference in intake between the groups. The drylot group 
received 1.5 kg /100 kg body weight in hay per day. Yearlings 
housed on pasture were heavier and had greater heart-girth 
circumference and bone mineral content at 56 and 112 
days.

ENERGY REQUIREMENTS
All cellular processes require energy. There is an absolute 
requirement for energy for maintenance, exercise, lactation, 
and growth.  However, there is no single nutrient identifi ed as 
energy. Energy is derived from nonstructural carbohydrates 
(starches), structural carbohydrates (cellulose, hemicellulose, 
etc.), fatty acids, and carbon chains of proteins. Meeting the 
energy requirements of horses is complicated by the variable 
contributions of fermentation in the hindgut. Some of the 
factors affecting fermentation are concentrate to roughage 
percentages, amount of structural and nonstructural 
carbohydrates included in the diet, and effi ciency of the 
hindgut in suckling and weanling horses.  

Ott (2001) reviewed the energy requirements for growing 
horses. The energy requirement for growing horses is 
determined by adding the maintenance requirement to the 
requirement for tissue energy deposition and effi ciency of the 
conversion of dietary energy to tissue energy. The digestible 
energy (DE) requirement for maintenance is DE (Mcal) = 1.4 
+ .03 BW (body weight, kg).  When the maintenance formula 
is combined with the tissue energy deposition and effi ciency 
predictive equation, the daily digestible energy requirement 
can be predicted by the following equation: DE (Mcal) = [1.4 
+ 0.03 BW (kg)] + (4.81 + 11.17x – 0.023 x 2) [ADG (kg)].  

The desired average daily gain (ADG) drives the energy 
requirements up or down. The NRC provides a range 
of growth rates from moderate to rapid. Selecting the 
appropriate rate of growth is based on the commercial 
endpoint and management system.  However, the long-range 
management of the foal must be planned in advance. Growth 
must be maintained along a moderately steady course. The 
NRC suggests that a six-month-old foal with an adult weight 
of 560 kg gain 0.65 kg/day for moderate growth and 0.85 kg/
day for rapid growth. The NRC estimates that the six-month-
old weanling would weigh 230 kg.  

Pagan (1998) reported growth data collected on Thoroughbred 
farms in central Kentucky. He found that the foals averaged 
0.8 kg ADG, but they weighed 246 kg on average. The NRC 
DE requirement for a six-month-old foal gaining 0.8 kg/ day is 
16.2 Mcal. Kentucky Equine Research (KER) estimates the 
requirement for the same rate of gain to be 16.8 Mcal. The 
NRC recommends a yearling (12 months old) that will have 
an adult weight of 560 kg should weigh 350 kg and be gaining 
0.5 kg per day for moderate growth and 0.65 kg per day for 
rapid growth. Pagan (1998) found Kentucky Thoroughbred 
yearlings weighed 354 kg and were gaining 0.6 kg/day 
(Tables1-4). The NRC requirement for this yearling would be 
21.3 Mcal, while KER would suggest a requirement of 21.6 
Mcal.

Dietary energy fed at excessive levels has been implicated 
as a contributing factor in the onset of DOD (Glade, 1986). 
Savage et al. (1993) fed a control diet that contained DE at 
the NRC recommended level and a diet containing 129% of 
the recommended level to foals 2.5-6.5 months of age for 
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16-18 weeks. The diets were rice-based pellets. The high-DE 
diet had approximately 5% added corn oil. Eleven of the 12 
foals on the high-DE developed multiple dyschondroplasia 
(DCP) lesions. Only one of the foals on the control diet 
developed DCP lesions. There were no differences in growth 
rates between the treatments. The authors indicate there may 
be an association between high DE and a high incidence of 
DCP. 

Pagan et al. (2001) conducted a fi eld study with 218 
Thoroughbred weanlings. A glycemic index was created 
for each diet that horses were fed on six different farms. 
The incidence of osteochondritis dissecans (OCD) was 
followed for 6 or 8 months or until the yearlings were sold at 
auction. Twenty-fi ve of the 218 weanlings (11.5 %) had OCD 
lesions that were treated surgically. The incidence of OCD 
was signifi cantly higher in foals whose glucose and insulin 
values were greater than one standard deviation above the 
entire population when the body weights were compared 
with the Kentucky average (Pagan, 1998). One farm, which 
experienced a 32% incidence of OCD, averaged 115% of the 
reference weight. A second farm, which had no incidence of 
OCD, averaged 97% of the Kentucky average body weight. 
The authors suggest that feeding foals a concentrate that 
produces a low glycemic response may decrease the 
incidence of OCD.  

PROTEIN REQUIREMENTS
Protein accounts for 80% of the fat-free, moisture-free 
composition of the body.  Amino acids are the building blocks 
of proteins. The concentration of protein needed in a diet is 
dependent on how well the amino acid profi le matches the 
needs of the animal. A young growing horse, for example, 
has a higher requirement for the amino acids needed to 
build muscle and bone. The amino acid profi le varies among 
different protein sources.  Milk protein is superior to soybean 
meal; soybean meal has been shown to grow weanlings 
faster than zein, cottonseed meal, and brewers dried grains. 
When each of these protein sources was supplemented 
with the amino acid lysine, growth rates improved and 
were comparable (NRC, 1989). Lysine is the most limiting 
amino acid and specifi c requirements have been developed. 
Threonine is the second most limiting amino acid in the diet.

Ott and Asquith (1986) developed the protein requirements 
of growing horses based on digestible energy requirements, 
stating both energy and protein restrictions will reduce 
the growth of the animal. The crude protein (CP) energy 
relationship for weanlings is CP (g/day) = 50 g/Mcal DE, 
and for yearlings it is CP (g/day) =  45 g/Mcal DE. Lysine 
requirements are also provided on an energy basis. The 
lysine requirement for weanlings is 2.1 g/Mcal DE per day, 
and the yearling requirement is 1.9 g/Mcal DE per day.

There have been anecdotal reports of high-protein diets 
causing DOD but this may be confusing protein and energy. 
Weanling foals fed 126% of the NRC protein requirement had 
no greater incidence than foals fed at NRC recommended 
levels (Savage et al., 1993).

CALCIUM AND PHOSPHORUS REQUIREMENTS
The importance of calcium and phosphorus to bone 
mineralization is well known. The ratio of calcium to 
phosphorus in the bone is 2:1. Horses should be fed diets 
containing calcium and phosphorus ratios between 3:1 and 
1:1. Jordan et al. (1975) fed ratios of 6:1 to pony mares 
over a four-year period and found narrowing of the cortical 

area and less bone per unit area of bone. Inverted calcium 
to phosphorus ratios are not uncommon when high-grain 
diets are fed with little or poor-quality forages. Nutritional 
secondary hyperparathyroidism can result from excessive 
phosphorus intakes in the presence of low calcium. This 
disease can cause shifting lameness and, in advanced cases, 
enlargement of the upper and lower jaws (NRC, 1989).  

The NRC estimates that a growing horse requires 16 g of 
calcium/kg of body weight gain. The NRC recommends a 
minimum of 30.6 g/day of calcium for a 246-kg weanling 
gaining 0.5 kg/day. KER recommends 38 g/day for the same 
weanling. The NRC minimum phosphorus recommendation 
for a 246-kg weanling gaining 0.5 kg/day is 16.5 g; the KER 
optimum recommendation is 25.3 g. For a 246-kg weanling 
gaining 0.65 kg/day, the NRC recommendation for calcium is 
37 g, while the KER recommendation is 44 g. For the same 
weanling, the NRC recommendation for phosphorus is 20.1, 
while the KER recommendation is 29.3.

COPPER AND ZINC
Copper requirements in growing horses have been debated 
for almost 15 years. Gable et al. (1987) published survey data 
that they felt indicated an association between copper and 
DOD. Burton and Hurtig (1991) reported a signifi cant increase 
in DOD lesions in foals that were fed 8 mg of copper versus 
foals fed 25 mg/kg. Cymbaluk and Smart (1993) reviewed 
the literature on copper and its relationship to equine bone 
disease. They suggested that copper requirement may vary 
among breeds. They recommended that ponies and draft 
horses be fed 10 mg/kg and that horses prone to copper 
defi ciency be fed a total of 20-25 mg/kg diet. They also 
reported a high tolerance to high copper supplementation in 
the horse. The authors warned against a complicated copper 
defi ciency caused by excessive zinc in the diet competing 
for the same transportation mechanism as copper. The key 
to proper copper and zinc nutrition seems to be an optimum 
ratio of 1:4-5 (copper to zinc). 

Growing horses seem to be able to adapt to a variety of 
nutritional management systems if adequate nutrients are 
provided in the correct balance and a moderate rate of growth 
is maintained throughout the growth phase.  
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Infl ammatory or reactive respiratory disease is common in 
performance horses, especially Thoroughbred racehorses 
and has been reported to be one of the most common 
causes of lost training days in horses.  Infl ammation of the 
lower airways is very common in stabled horses with reports 
as high as 80% in some publications.  Reactive airway 
disease is a naturally occurring respiratory disease of horses 
that is characterized by periods of reversible small airway 
obstruction.  Clinical signs in affected horses are the result of 
smooth muscle contractions and accumulations of mucous 
and neutrophils. Horses with infl ammatory or reactive airway 
disease often present with signs of mild respiratory disease, 
including cough, nasal discharge, increased tracheal mucous 
production and poor performance or exercise intolerance.  
Robinson and others have described increased numbers 
of infl ammatory cells (usually neutrophils) in the airway 
secretions.

In horses it appears that many etiological factors are involved 
in development of infl ammatory airway disease, including 
bacterial, viral and environmental factors such as stabling.  
Viral causes of respiratory disease include infl uenza virus, 
equine herpesvirus 1 and 4, equine rhinovirus and equine 
adenovirus.  Common or typical bacterial isolates in horses 
with infl ammatory airway disease Strep. Zooepidemicus, 
Actinobacillus spp, Pasteurella spp and other less common 
bacteria such as Corynebacterium spp., Klebsiella spp, 
Pseudomonas, Aeromonas, and Mycoplasmas.  Inhalations 
of molds, endotoxin or dusts are suspected to induce an 
immune response, although the exact mechanism may be 
somewhat controversial.  Proposed mechanisms for heaves 
in horses involve T helper cell type 2 responses and Ig E 
mediated mast cell degranulation. A second hypothesis 
has been for a T helper cell type 1 immune reaction with 
secondary neutrophil infl ux and cytokine release. Support for 
both hypotheses has been described. 

Infl ammatory airway disease is often associated with 
increased mucous in the trachea and has been shown to be 
common in horses with poor training and racing performance.  
The incidence of infl ammatory airway disease appears to 
decrease between ages 2 years to 4 years.  The decrease 
incidence of infl ammatory airway disease is likely associated 
with increased level of immunity or increased resistance 
suggesting that the disease is most likely caused by infectious 
agents.  In contrast some earlier studies demonstrated an 
increased incidence in reactive airway disease with age.

Horses with heaves often have a spontaneous coughing, a 
mucopurulent nasal discharge, increased expiratory effort 
and abnormal lung sounds on auscultation.  If the disease has 
been present for some time horses often develop increased 

size, due to muscle hypertrophy, of the external oblique and 
rectus abdominis muscles.  The diagnosis can be made 
by observation of typical clinical signs in severely affected 
horses along with a history of seasonal abnormalities that 
can be altered by changes in husbandry.

Auscultation often reveals inspiratory and expiratory wheezes 
and crackles.  Endoscopic examination reveals excess 
mucous in the trachea.  Bronchoalveolar lavage reveals a 
nonseptic infl ammatory process with increased numbers 
of well preserved neutrophils.  Thoracic radiography may 
demonstrate interstitial and/or bronchial pattern.

Bronchoalveolar lavage fl uid or tracheobronchial aspirates 
sometimes contain neutrophils, pollen, fungal hyphae, and 
Churshmann’s spirals.  Bacterial cultures of tracheobronchial 
aspirates commonly grow gram-positive organisms.  

Diagnosis of reactive airway disease has often been made 
based on clinical signs alone, especially in horse with 
profound signs of heaves, where the diffi culty breathing and 
the hypertrophy of the abdominal muscles “heave line” are 
obvious.  Others have advocated the use of intradermal skin 
testing for diagnosing heaves associated with allergens.  The 
usefulness of this testing is debatable, although Dr. Wendy 
Lorch, a member of our faculty has investigated the benefi t of 
this testing extensively and we sometimes include this as a 
part of our diagnostic testing protocol and have not identifi ed 
a strong correlation between positive skin testing and horse 
with heaves.  In addition some authors have examined for a 
correlation between serum allergen testing and skin testing 
but have failed to identify a relationship.

Most recently use of horse side testing that is portable 
enough to be used even by ambulatory veterinarians in a 
fi eld setting has been developed and is available through 
commercial vendors.  The basis of this testing is to determine 
the work of breathing by use of an airway mask and elastic 
bands around the chest and abdomen.  

Treatment for horses with reactive airway disease begins by 
elimination of mold or dust in the environment of the horse.  
Although this can be a very benefi cial step it often diffi cult for 
owners to implicate because of the signifi cant management 
changes required for these horses.  Changes in the ration 
from fresh hay and grain to a pelleted ration are quite helpful 
at reducing dust.  Diet changes from hay to pellets require 
approximately two weeks to complete but can result in rapid 
reduction of clinical signs in affected horses.

Ideal management results in the horse being housed outside 
year around and in winter use of a blanket and an open, 
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three-sided shelter can be quite useful. If the horse must be 
housed then use of dust free or at least low dust bedding such 
as peat moss, shredded paper or shavings is recommended.

Medical management of horses affected with reactive airway 
disease often begins with the use of systemic corticosteroids.  
In out clinic we begin with prednisolone at a dose of 2.2 mg/
kg orally once a day, usually in the morning, with a gradual 
reduction in dosage over a one month period.  Inhaled 
corticosteroids administered by metered dose inhalers 
attached to an Aeromask® (Trudell Medical, London, Ontario, 
Canada) drugs such as beclamethasone and fl uticasone are 
two possible therapies.  In addition to corticosteroids use 
of bronchodilators are recommended and three types are 
available for use on horses.  The beta-adrenergic (albuterol, 
salbutamol, fenoterol and clenbuterol), methylxanthines 
(aminophylline and theophylline) and the anticholinerigics 
(atropine and glycopyrrolate) are all medications that can 
be administered either parenterally or by inhalation.   These 
drugs have variable mechanisms of action and side effects 
but each might play a role in either the diagnosis or treatment 
of horses with reactive airway disease.

CASE STUDY OF REACTIVE AIRWAY DISEASE:

15 year old Quarterhorse gelding used for barrel racing, calf 
roping and pleasure riding

Primary complaint was coughing for two years duration with 
intermittent mucopurulent nasal discharge

The coughing was often frequent and lasted for extended 
periods of time.  Coughing was exacerbated by exercise 
and dusty environments primary complaint upper airway 
abnormality and frequent recurrent and extended periods of 
coughing on and off for two years.  Dusty and humid conditions 
make the coughing and diffi culty breathing more obvious. 
Previous treatment with antibiotics and anti-infl ammatory 
medication has been useful.

On physical examination the horse demonstrated an 
abdominal lift to respiration and presence of hypertrophy of the 
rectus abdominis muscles.  Temperature was within normal 
limits as were heart and respiratory rates.  Lung auscultation 
was within normal, although increased breath sounds could 
be heard following airway occlusion or forcing the horse to 
breath into a rebreathing bag.

The complete white blood cell count was 10,600/ul with a mild 
neutrophilia 8,400 (Segmented 79%), (Lymphocytes 19%) 
2,000/ul (monocytes, 2%) 200/ul. Fibrinogen was 248 mg/dl.

Endoscopic examination revealed a dorsal displacement of 
the soft palate.

Bronchoalveolar lavage revealed non-degenerate neutrophils 
with lots of mucous strands containing embedded neutrophils.  
Extracellular aqua-blue yeast organisms are present in the fl uid, 
no intracellular forms were noted.  There are Curschmann’s 
spirals, indicating small airway obstruction with mucous.  No 
etiologic agents were noted.   The horse was discharged with 
a recommendation for environmental change and use of an 
Aeromask for inhaled steroids and bronchodilators.
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SYNOPSIS
Equine Herpesvirus infections in horses remain a 

signifi cant cause of abortion and neurological disease.  These 
viruses are also responsible for mild, signs of respiratory 
disease.  The ability to establish latent infections with 
periodic reactivation or transmission to other horses is an 
important feature of this as well as other herpesviruses.  One 
of the most unique aspects of this report is the description 
of horses demonstrating neurological signs serving as the 
source of infection for other horses.   Accurate diagnosis and 
better means of protection for horses remain problem facing 
veterinarians and horse owners.

INTRODUCTION
Equine Herpesvirus 1 (EHV-1) infection in horses is 

responsible for upper respiratory infection in young horses 
and abortion, usually in late gestation, although recent 
work by Kent Smith et al. has demonstrated uterine and/or 
placenta damage without abortion during early gestation, 
as well as myeloencephalopathy, generally in adult 
horses. Equine Herpesvirus 4 (EHV-4) had been thought 
to be a subtype of EHV-1 but through the use of molecular 
characterization techniques it has been demonstrated to 
be a distinct viral species that can also cause abortions 
and respiratory disease. EHV-4 is responsible for upper 
respiratory infection in young horses and may rarely cause 
other problems such as abortion. Both viruses are capable 
of inducing myeloencephalopathy, although EHV-1 is clearly 
the most common cause of this form of the disease. The 
respiratory disease is often silent or diffi cult to detect. Despite 
this fact, the respiratory form of EHV-1 may be observed 
as an outbreak of fever and nasal discharge in a group of 
young horses. Disease may occur in individual horses or 
sometimes as case clusters. EHV-1 is highly contagious and 
is often responsible for signifi cant economic losses due to 
abortion, neurological disease, respiratory problems, loss of 
use, and even death. Outbreaks of this disease have been 
recognized for centuries among domestic horse populations. 
An outbreak of any form of EHV-1 has a signifi cant economic 
impact on the farm, veterinary hospital or other venue where 
the outbreak occurs. The economic infl uence of an outbreak 
of EHV-1 or 4 is due to increasing expense for medical 
treatment, lost time for training and performing, and death. 

VIROLOGY
Herpesviridae are divided into three groups, alpha, 

beta and gamma, based on host range, reproductive cycles, 
cytopathology, and genome structure. A total of eight 
herpesviruses have been isolated from Equidae; fi ve have 
been described in horse and three in donkeys, one of which 
is very similar to EHV-1. 

Equine herpesvirus 1, EHV-3 (equine coital 
exanthema virus), and EHV-4 are typical alphaherpesviruses; 
while EHV-2 (equine cytomegalovirus) and EHV-5 are 
gammaherpesviruses. The alphaherpesviruses have a wide 
host range, short reproductive cycle and most importantly, 
the capacity to establish latent infections. Equine herpesvirus 

1, 3, and 4 (alpha) can be distinguished from EHV-2 and 5 
(gamma) and from each other by use of DNA fi ngerprinting, 
PCR testing and several immunologic tests. Genetic and 
biologic markers help to track the viruses, explain the 
changes in virulence, and may partially explain the inability 
to determine when and why cases of neurological disease 
occur.

Both EHV-1 and EHV-4 are ubiquitous viruses in the 
equine population. The complete DNA sequence for EHV-1 
and EHV-4 has been published. These viruses have a double 
stranded DNA genome consisting of 145-150 kb encoding 
for 76 unique genes. Sequence analysis by Telford et al. 
(1998) showed that there is from 55 to 84% DNA homology 
between EHV-1 and EHV-4 depending on the gene, and that 
the homology at the amino acid level ranged from 55 to 96%. 
The highest homology at the protein level between EHV-1 
and EHV-4 was found in proteins associated with replication, 
packaging, and capsid formation. EHV-1 and EHV-4 contain 
glycoproteins that are important for cell attachment, entry, 
and cell-to-cell dissemination. These glycoproteins are also 
important in inducing hosts immune responses.

Upper respiratory infection is the most common 
manifestation of EHV-1 infection in weanlings, yearlings, 
and two year olds, while infection of pregnant mares can 
produce late gestation abortion, still birth, and weak neonatal 
foals. Appropriate vaccination has reduced the incidence of 
abortion in mares. Slater et al. demonstrated that EHV-1 is a 
neurotrophic alphaherpesvirus, which can cause neurologic 
signs in horses as a result of vasculitis, thrombosis, and 
necrosis.

Equine Herpesvirus 1 and 4 are diffi cult to separate. 
Both viruses can result in upper respiratory tract infection 
and occasionally a cell associated viremia, abortion, and 
paralysis. Tissues that appear to become infected with EHV-
1 include the lining of the uterus, male genital tract, intestine, 
and the conjunctiva of the eye, spinal cord and brain. In 
most instances following exposure, horses demonstrate 
mild respiratory disease consisting of cough, fever and mild 
anorexia. It appears that certain strains of the virus which are 
more likely to cause the paralytic disease have a mutation in 
the DNA polymerase gene.

EPIDEMIOLOGY
The earliest recognized outbreak of paralytic disease 

associated with EHV-1 was recognized in 1966. Equine 
herpesvirus 1 is important to the equine industry because 
of the economic impact that results from either multiple 
abortions, multiple cases of equine respiratory disease, 
and occasional outbreaks of myeloencephalopathy. The 
respiratory and abortion outbreaks have resulted in detailed 
tracking of this virus worldwide; through this surveillance, 
variations in the composition of the nucleic acid have been 
detected. EHV-1 and EHV-4 are found in most equine 
populations worldwide and evidence of this exposure can be 
detected by examination of serology collected from horses at 
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show, racetracks or stables. Detection of antibodies following 
abortions or neurological disease on a premises may last for 
a long period of time and has been reported to be between 1 
and 4 years.

Recently the neurological form of this disease has 
seemed to be predominant, although perhaps the signifi cant 
number of horses that have died in association with these 
outbreaks, along with large economic losses on several 
farms, racetracks and riding schools, have been the reason 
for much public recognition of this problem. In these outbreaks 
large numbers of horses have been infected, and unusually 
high numbers of horses have experienced severe neurologic 
signs and have died. In past episodes the neurological form 
of the disease has appeared to be more sporadic, often 
affecting only a few animals within an infected herd. These 
recent outbreaks of the neurological form of the disease have 
appeared more similar to the “abortion storms” that have been 
previously described. In a recent exposure at a riding school 
in Findlay, Ohio, more that 90 percent of 138 horses were 
affected with fever and nasal discharge and more than 42 
of these horses developed neurological disease, several of 
which were severely infected and died or were euthanized. 

ETIOLOGY AND PATHOGENESIS
Since the fi rst defi nitive association between EHV-

1 and myeloencephalopathy, examples of similar cases 
have been documented worldwide. In recent instances the 
myeloencephalopathy has occurred as an outbreak of cases, 
although sporadic disease has been reported. 

The natural spread of this disease is through 
inhalation, primarily by nasal aerosols from infected horses. 
Infections fi rst occur on the mucosal surface of the respiratory 
tract, although direct contact with infected aborted fetuses 
or placental tissues may also serve as a possible source 
of infection. Spread of infection may occur in three ways: 
direct cell-to-cell spread; hematogenous spread through 
infected peripheral blood monocytes; and neural spread 
where the virus is considered to be both neurotrophic and 
endothelioltropic and results in vasculitis.

Once the host has contracted the virus, it rapidly enters 
the respiratory epithelium and associated lymphoreticular 
tissues and lymphocytes and circulates throughout the body 
in virus-infected phagocytes. EHV-1 and 4 contain several 
glycoproteins. [22] The glycoproteins of herpesviruses play 
a role in development of infection, attachment and entry into 
host cells and cell to cell spread. [23] Glycoproteins on the 
surface of the viral membrane bind to the host cell surface 
and allow fusion of the virus to the host cell. [24] Replication 
occurs in the nucleus and protovirions derive their envelope 
from the inner lamella of the nuclear membrane. Virus 
particles bud from the cell surface and result in necrosis of 
the respiratory epithelial cells. The presences of intranuclear 
inclusions bodies are characteristic of equine herpesviruses. 
Once the virus is within the white blood cell it appears to be 
able to circulate without destruction despite high circulating 
antibody titers. In this location the virus can disseminate to 
other tissues including the central nervous system. The neural 
lesions are a result of the vasculitis caused by infection of the 
endothelia of small blood vessels leading to thrombosis. This 
infection and cell associated viremia occur in the presence of 
high antibody titers. Vasculitis and thrombosis damage the 
microcirculation of affected areas resulting in hypoxia and 
eventual neuron cell death. Similar mechanisms appear to 

play a role in damage of the placenta and malnutrition of the 
fetus, leading to abortions.

Equine herpesvirus targets the reproductive, 
respiratory and central nervous systems in the horse and 
is excellent at evading all parts of the immune system. 
Clinical signs in the natural host are dependent upon 
which system is affected following exposure. The virus is 
usually transmitted from horse to horse by inhalation and 
establishes initial infection within epithelial cells lining the 
upper respiratory tract. Direct horse to horse contact as 
well as aerosol contamination of fomites may also result in 
spread of the disease. Following direct infection, lytic damage 
occurs to respiratory mucosal cells. This results in serous 
nasal discharge which may contain high concentrations of 
the virus. Over time the mucous discharge may change in 
character and consistency and often signals the presence of 
secondary bacterial infections. Around this time horses are 
often febrile, have nasal hyperemia, congestion, and some 
horses show petechial hemorrhages. In addition horses may 
show generalized edema of the legs and along the ventrum 
of the body. Because the virus also targets endothelial cells 
lining blood vessels, thrombo-occlusive necrotizing vasculitis 
of the nervous system may develop, resulting in clinical signs 
of myeloencephalopathy. 

Initial transfer of virus is to underlying lamina propria 
of the mononuclear cells of regional lymph nodes of the 
respiratory system. The virus amplifi es in leucocytes of the 
respiratory tract lymph nodes and is able to enter the peripheral 
blood stream within monocytes and CD4+ and CD8+ T-
lymphocytes. Here the cell-associated viremia disseminates 
the virus to distant sites such as the pregnant uterus, the central 
nervous system, and other organs. Infection of the endothelial 
cells initiates an infl ammatory cascade leading to hemorrhage 
and necrosis and eventual abortion or myeloencephalopathy. 
The virus concurrently gains access to the neurons of the 
trigeminal ganglion. [26] It appears that the neurological form 
of this disease is associated with infection of the endothelia 
of small blood vessels, leading to vasculitis, thrombosis and 
necrosis. The result of vasculitis and thrombosis is localized 
tissue hypoxia and neuronal death.

The vascular endothelium is the site of viral replication 
of EHV-1. The vasculitis caused by EHV-1 may be a result 
of two mechanisms. The fi rst is due to direct damage to the 
endothelial cells lining small blood vessels. The second may 
be caused by formation and deposit of immune complexes of 
EHV-1 virus and antibody (Arthus-type reaction). The fi nding 
of endothelial necrosis is not limited to the vessels of the 
nervous system but occurs in many other sites throughout 
the body. The neurological signs are a result of the vasculitis, 
hemorrhage, edema, necrosis, and ischemia, which can result 
from the virus having a profound endothelial tropism. Thus, the 
defi cits will correspond to the site of damage but, in general, 
the ischemia and necrosis cause the most severe damage 
to the grey matter. The propensity of certain viral strains to 
induce neurological signs does not appear to be the result of 
those viruses having specifi c neurotropism, although some 
recent work utilizing specifi c pathogen free ponies resulted in 
chorioretinophy and neural lesions suggesting neurotropism 
with this virus. 

Similar events are responsible for abortions and 
still births in mares. Abortions most often occur during late-
term, although some changes recognized in early stages of 
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pregnancy have been attributed to this virus. Abortions, similar 
to myeloencephalopathy, are a result of infection and damage 
to several fetal systems including respiratory epithelial cells, 
followed by infection of leucocytes and endothelium of blood 
and lymphatic vessels within the lamina propria of the upper 
respiratory system.

Following infection, EHV-1 can establish latency, and 
protect itself from the antiviral effects of both the cytotoxic 
T lymphocytes and neutralizing antibodies. Estimated to 
be found in up to 50 percent of the adult horse population, 
the latent form of EHV-1 virus hides in the leucocytes of the 
lymphoreticular system or the trigeminal ganglia. At times 
the re-activated virus may result in viral shedding in clinically 
normal horses, called silent shedders.

In a recent experiment by Professor Klaus Osterrieder 
of Cornell University they were able to demonstrate that 
EHV-1 membrane gp 2 is a major determinant of virulence. 
When the truncated version of the gp2 gene was inserted into 
virulent RacL 11 virus the virulent virus became attenuated. 
Similarly, if this glycoprotein is inserted into an avirulent strain 
of EHV-1, such as the Ky A it is rendered more virulent.

IMMUNITY
Following infection horses appear to be resistant 

to re-infection for a short period of time, though resistance 
to re-infection may be gained after repeated infections. 
Infection with EHV-1 results in a transient suppression of the 
immune system, specifi cally the peripheral blood monocytes, 
likely through the action of cytokines such as transforming 
growth factor Beta and prostaglandins which mediate this 
immunosuppression. Allen et al. previously reported that 
following active EHV-1 infection there is an expansion of 
virus specifi c cytotoxic lymphocytes, capable of detecting and 
destroying virus infected cells.

Study of the mechanisms responsible for the 
protective immunity is important in the development of new 
vaccines. The immunity appears to be as a result of blockage 
to new infection at the respiratory epithelium by production 
and secretion of virus neutralizing antibodies into the airway 
lumen. In addition, exposure to EHV-1 virions in the peripheral 
blood is thought to activate cytotoxic T-lymphocytes capable 
of destroying EHV-1 infected cells.

Cell mediated immunity is seemingly more important 
than humoral immunity due to the high degree of cell 
association in infection and the ability to have cell-to-cell 
infection without release of virions. Antibody concentrations 
are associated with protection from disease: during an 
outbreak of respiratory disease, protection is more likely to 
occur in seronegative mares. 

HISTORY AND CLINICAL SIGNS
Clinical signs include acute fever, inappetence, and 

depression combined with serous nasal discharge and cough. 
The spread of this virus is slower than that of infl uenza because 
EHV-1 is better transmitted by contact than by aerosolization. 
Abortion and fatal neonatal disease can result; abortions may 
occur at any stage of the gestation but appear most often late 
in pregnancy. Foals may become infected in utero and die or 
they are born very weak and often die. 

Neurological signs are often preceded by a fever 
or upper respiratory disease in the two weeks prior to 
onset of neurological signs. The clinical signs observed as 
a result of EHV-1 myelitis can be quite variable and, in the 

authors’ experience, may include unilateral lameness due 
to involvement of the brachial plexus as observed in one 
case. In most EHV-1 affected horse’s viral infection results 
in symmetric ataxia and weakness of the pelvic limbs along 
with urinary incontinence, loss of sensation and motor defi cits 
around the tail and perineal area of one or more horses on the 
premises. At times there may be involvement of the vestibular 
region or other cranial nerves. Affected horses often begin 
with minor neurologic gait defi cits, which rapidly progress to 
signifi cant clinical signs. 

DIAGNOSTIC EVALUATION
While genetic and biological characterization is 

utilized for the diagnosis of the neurologic form, in general, 
a prospective diagnosis can be made based on clinical signs 
alone. To confi rm the diagnosis, a history of antecedent or 
concurrent upper respiratory tract disease in the affected 
horses or other horses in the premises, xanthochromic 
cerebrospinal fl uid containing an elevated quantity of protein, 
and a three to four fold rise in anti-EHV-1 neutralizing antibody 
titers are useful. In addition, histologic evaluation of nervous 
tissue from an affected horse will show the classic vasculitis 
changes, and in some cases virus isolation from the buffy 
coat, nasal swabs or post mortem samples is helpful. In 
summary, diagnosis is based on virus isolation (cell culture), 
serological typing, identifi cation by restriction endonuclease 
analysis of DNA, or polymerase chain reaction (PCR). PCR 
can provide rapid identifi cation of EHV-1 and 4 DNA from 
primers derived from conserved regions of the genome which 
amplify products of similar size for each virus. To separate 
EHV-1 from 4 one needs either restriction endonuclease 
digestion or hybridization using virus-specifi c probes. [27] 
[31] [32]

A positive CSF titer is of limited usefulness and most 
likely refl ects disruption of the blood-brain barrier due to 
vasculitis. As mentioned earlier, the presence of xanthochromic 
CSF, along with identifi cation or isolation of EHV-1 from the 
respiratory system or the buffy coat is helpful. Identifying a four 
fold rise in complement fi xing or virus neutralization antibodies 
in acute and convalescent serum titers collected 7 to 21 
days apart is also very useful. Other valuable tests are viral 
culture, serology, antigen detection, immunohistochemistry, 
immunofl uorescence, and PCR. However, in many cases it is 
impossible to achieve a defi nitive diagnosis without benefi t of 
a post-mortem examination. 

Differential diagnoses should include equine 
protozoal myelitis, polyneuritis equi, cervical vertebral stenotic 
myelopathy, equine degenerative myeloencephalopathy, 
trauma, and viral diseases such as the togaviral encephalitides 
and West Nile virus encephalomyelitis. Ruling out the specifi c 
conditions described is helpful to support a diagnosis of EHV-
1 myeloencephalopathy. 

TREATMENT AND PROGNOSIS
The management of horses with suspected EHV-

1 myelitis or myeloencephalopathy should be directed at 
achieving a safe environment and providing excellent nursing 
care. Attention should be given to maintain good hygiene, 
and to maintain good hygiene, and for some horses judicious 
use of a sling may also be important. Symptomatic treatment 
utilizing anti-infl ammatory drugs (phenylbutazone, fl unixin 
meglumine, dimethyl sulfoxide and corticosteroids) may be 
helpful. As the disease may be transmitted form horse to 
horse, isolation of affected horses is essential, even though 
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the horses are not thought to be highly contagious at the 
time of the neurological signs. The level of care necessary 
is dependent upon the severity of clinical signs. A horse with 
obvious bladder dysfunction should quickly and as frequently 
as possible have aseptic evacuation of the bladder. An 
indwelling Foley catheter that is attached to a simplex or other 
fl uid removal tube has successfully been placed in both mares 
and stallions. This is then glued together and sutured to the 
leg of the horse to allow continuous drainage at a site low 
enough on the leg so as to prevent urine scald. In stallions, 
placement has been made through a perineal urethrostomy 
site. Prophylactic antibiotics are essential to combat the 
problems associated with the development of cystitis—we 
have observed a Quarter horse stallion that was recumbent 
for such a long time that it developed pressure necrosis of 
several sites on the body which became infected, leading 
to septicemia and eventual seeding of the central nervous 
system with bacterial organisms. Rectal evacuation may also 
be required in some affected horses.

Use of acyclovir for the treatment of EHV-1 is indicated 
and has recently been shown to be benefi cial in the treatment 
of EHV-1 myeloencephalopathy at 10 mg/kg orally fi ve times a 
day. [33] It is the author’s opinion that use of anti-infl ammatory 
agents such as intravenous dimethyl sulfoxide (DMSO) at a 
rate of 0.9 gm/kg as a 10% solution is helpful. Thus, a 500 kg 
horse would receive 500 ml of DMSO diluted in 5,000 ml of 
normal saline or Lactated Ringer’s solution. The osmolality of 
this solution is approximately 1660 mosm/L. This is routinely 
used once daily for three days, then once every other day for 
three to four additional treatments, or longer as necessary. 
Administration of corticosteroids such as dexamethasone 
(0.05 - 0.1 mg/kg, IV) or prednisolone at (1 mg/kg/day) is also 
useful. Larger doses of corticosteroids have sometimes been 
recommended but it is important to maintain as short a course 
as possible. Careful use of nonsteroidal anti-infl ammatory 
agents is essential since many of the horses may be unable 
to drink, making dehydration a serious complication. The daily 
water needs for an affected horse should be 60 to 80 ml/kg. 
Along with water, it is important to feed a gruel or, if the horse 
can eat, to provide a highly palatable source of energy and 
protein daily. 

The prognosis is guarded to favorable if one is willing 
and able to provide long-term management for the horse. 
Treatments of not only neurological disease but also of the 
complications such as cystitis, urine scald, inability to rise, and 
constipation or fecal incontinence sometime enter the picture, 
and are very important considerations when informing the 
owner of his or her long term commitment. Horses that have 
been exposed to infected horses but have not developed 
any clinical signs within 21 days of the potential exposure 
are unlikely to do so. The longer the time period following 
exposure without evidence of clinical signs, the less likely 
the horse is to develop disease or transmit the virus to other 
horses.

CONTROL AND PREVENTION
The source of EHV-1 is usually horses that are 

inapparent carriers.  The virus is transmitted by close contact 
aerosol, usually by infected respiratory secretions, although 
fetal tissues, placenta and uterine fl uids from mares that have 
aborted are also infective and need to be disposed of in a 
safe and proper fashion to prevent exposure from this source. 
Common airspace enhances transmission and in experimental 
infections the disease has occurred over a distance of 35 feet. 

Fomite transmission is possible. Virus can be transmitted via 
organic material on clothes, shoes or tack or even on material 
inside of stalls, trailers, water buckets, or feed. Riders should 
be encouraged to wear leather or rubber boots that can be 
disinfected prior to entering or leaving a stall or the barn. 
Ask all visitors to use foot baths prior to entering or leaving 
the facility, remembering to include regular visitors such 
as veterinarians and farriers as well.  One of the most cost 
effective approaches for the management of infectious disease 
is the use of vaccines.  At this time there is no vaccine that 
claims to protect against the neurological form of the disease. 
In several reports associated with recent outbreaks as well 
as in several textbook publications, anecdotal information has 
reported an association between the neurological form of the 
disease and frequent vaccination. [34] Although there has not 
been a clear defi nition of “frequent vaccination,” in a recent 
outbreak most of the horses had been vaccinated every 60 
days, some for as long as ten years. 

Some of the diffi culties associated with use of 
vaccines are recognition of the appropriate antigen(s) for 
developing an immune response, achievement of high 
antibody concentrations at the appropriate site, and knowing 
whether one is attempting to prevent the infection or the 
disease, to name only a few. The best vaccine would develop 
protection at the site of infection rather than prevent disease. 
There are no vaccines that will prevent latency—to do this one 
must have very high mucosal immunity present at all times 
in order to block transmission. The question of appropriate 
vaccination strategies to reduce the likelihood of neurological 
disease in an EHV-1 outbreak is complex. Vaccination may 
reduce the level of viremia in infected horses which in turn 
could reduce the amount of virus shed by the infected horses 
and help reduce the risk of all manifestations of EHV-1.  

Cases of EHV-1 myeloencephalopathy occur despite 
regular vaccinations administered at short intervals, indicating 
probable variants of EHV-1 within the equine population. While 
no currently marketed vaccines provide protection against the 
neurological form of the disease, the risk of viral shedding 
may be decreased in herds of vaccinated horses. Therefore, 
frequent vaccination is important with recommended re-
vaccination at 60 to 90 day interval  Current vaccination 
recommendations for use of an EHV-1 vaccine are directed 
at prevention of abortion in pregnant mares.

In addition to isolation of affected horses and 
vaccination of unexposed horses, reduction in the incidence of 
disease may be helped by thorough disinfection procedures. 
Elimination of all organic material from the area along with 
cleaning of contaminated surfaces with soap and water. 
Disinfection may be accomplished with a solution of 1 part 
bleach (sodium hypochlorite) to 10 parts water. Wait for the 
surfaces to dry in order to best reduce the chance for further 
spread of virus. Prevention of new cases can be reduced 
by isolation of all new arrivals, all sick horses and horses 
returning from a show or other competition for 2 to 3 days. In 
situations where there is suspicion of infected horses, isolation 
for up to 7 days should decrease the chance of developing an 
infection. If horses were exposed to EHV-1, isolation of all in-
contact horses for a period of 21 days is essential or ideal. 

CASE STUDY AT THE OHIO STATE UNIVERSITY
Following the admission of six horses (one was dead 

on arrival) from the University of Findlay in mid to late January 
2003 for emergency treatment of neurological disease, 
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The Ohio State University Veterinary Teaching Hospital 
experienced fever and/or neurological disease in several 
horses in the hospital, in two horses that left the hospital, and 
in one that was in close contact with a horse that had been 
in our hospital. After signs of ataxia, suggestive of EHV-1, 
developed in one hospitalized horse, the hospital endeavored 
to identify and notify owners of horses that were in the hospital 
between the dates of January 18th and February 11th. At this 
same time the hospital initiated an intensive investigation to 
determine the source of infection for these animals.

It was determined that six horses developed fever 
alone and 4 horses developed fever and incoordination 
during this time period and all were tested for EHV-1. One 
horse that was negative on PCR of a nasal swab recovered 
uneventfully, and two horses that were negative for all tests 
for EHV-1 resolved the fever uneventfully as well.  One horse 
that was negative for EHV-1 on PCR of blood and respiratory 
secretions had acute and convalescent titers for EHV-1 
that were identical at 1:80, indicating no recent exposure.  
This horse was treated with antimicrobials, and recovered.  
One horse that was PCR positive in blood but negative on 
respiratory secretions had EHV-1 isolated from the blood, 
demonstrating an acute 1:160 and convalescent 1:640 rise in 
titer indicating recent exposure.  This horse remained at our 
hospital for 21 days while it recovered uneventfully. This horse 
did not have and was returned home.  There was no evidence 
of neurological disease in this horse. Another horse that was 
negative for EHV-1 on PCR and virus isolation of blood and 
respiratory secretions demonstrated a rising titer acute (1:10) 
and convalescent (1 :>640), indicating recent exposure to this 
virus. This horse did have evidence of neurological disease, 
although it had recently undergone a myelogram and ventral 
stabilization surgery to correct vertebral canal stenosis. 
Within 120 days after leaving our hospital the horse entered a 
training program and remains in race training to date.  

Three research horses belonging to the Ohio State 
University that were housed in a separate ward of the hospital 
also became febrile during this time period. No positive PCR 
tests were noted but serologic testing suggested recent 
exposure to EHV-1.  All febrile horses, whether client owned 
or OSU research horses were maintained in the hospital for 
21 days beyond the last recognition of fever in any horses 
within the group.

There were four horses that developed fever and 
incoordination while hospitalized during this period. One horse 
was presented for evaluation of fever and cellulitis of one 
limb this horse was confi rmed to have EHV-1 as the cause 
of the ataxia, another was presented for osteoarthritis of the 
cervical vertebral facets, which would explain the ataxia but 
not the fever, another presented for a laceration over the right 
carpus and became febrile and severely ataxic within 8 days 
following discharge from our hospital, and the fi nal horse had 
been presented for hematuria and developed ataxia and fever 
shortly following discharge. This horse recovered however 
a pasture mate to this horse developed incoordination as a 
result of EHV-1 and had to be euthanized.

As a result of this experience it became obvious to 
our faculty that horses demonstrating signs of neurological 
disease as a result of EHV-1 remain contagious to naïve 
horses.  Therefore all horses with neurological disease that 
have a recent history of being febrile, or come from a farm 
with a history of respiratory disease, abortion or an outbreak 
of neurological disease are admitted into isolation facilities.  

In addition any horses with clinical signs such as ascending 
paralysis, poor tail tone, urinary and fecal incontinence are 
suspected to have EHV-1 until proven otherwise and are also 
maintained in an isolation facility.

References available upon request 
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INTRODUCTION
lthough the majority of horses can be managed using 
methods that group them based on age, activity level, or 
stage of production (i.e., pregnant mares or weanlings), 
some horses fall outside of the “norm.” For these atypical 
horses, special consideration must be given to ensure their 
nutritional needs are adequately met. Underweight senior 
horses, ailing horses, and postsurgical horses are a few 
of the animals that may temporarily or perpetually require 
specialized nutritional management in order to maintain 
optimal health and productivity.

Emaciation results from numerous etiologies. Refeeding 
the emaciated horse requires careful attention to potentially 
life-threatening metabolic disorders. Often just putting 
condition on an underweight horse (e.g., moving a horse 
from a condition score of 3 to 4) also presents nutritional 
and management challenges beyond the capabilities of the 
average horse owner. A thorough approach to nutritional
management of the thin horse will be presented.

Excessive loss of condition can result from the effects of 
the aging process, malnutrition, neglect, disease, parasites, 
surgery, environmental stress, adrenal insuffi ciencies, 
dental problems, and temperament. In cases of extreme 
emaciation, a careful and complete veterinary medical 
examination is critical. Geor (2000) reviewed the metabolic 
effects of starvation and disease, two conditions that must
be treated separately.

STARVATION
Fasting and starvation as the result of neglect have vastly 
different metabolic effects as the same conditions brought 
about by severe illness. In the fasting or malnourished horse, 
metabolism slows. The body reduces energy expenditure 
and directs nutrients to functions necessary for survival. 
Initially, stored liver glycogen and glucose derived from 
amino acids are sources of energy. Liver glycogen stores are 
depleted within 24 to 36 hours of the onset of the fast. The 
central nervous system and red blood cells require glucose 
in order to support their essential functions. The body’s effort 
to maintain blood glucose levels results in gluconeogenesis 
in the liver.

Glucose is synthesized in the liver from the carbon skeletons 
of glycerol, lactate, and some amino acids (alanine). The 
demand for glucose is so critical that amino acids are 
obtained from muscle tissue catabolism. In an effort to spare 
blood glucose, an increase in mobilization of fatty acids from 
adipose tissue occurs, as does an increased dependency 
on fatty acids for energy for all tissues except for the central 
nervous system and red blood cells. It is estimated that 
during a prolonged fast the body may be using fatty acids for 
80-85% of its energy needs.

The driving mechanism of the metabolic response to fasting 
is an altered hormone profi le. The most prominent change 
is decreased insulin production, a condition that goes hand 
in hand with an increased synthesis of counter-regulatory 

hormones such as glucogon and cortisol. These hormones 
promote fatty acid mobilization and the breakdown of muscle 
protein. In addition, the synthesis of the thyroid hormone 
triiodothyronine (T3) decreases, resulting in a lowered 
metabolic rate and energy requirement.

DISEASE AND EMACIATION
Severe stress such as disease, injury, major surgery, and 
sepsis affects metabolic systems much differently than 
starvation. While the body adapts to starvation by decreasing 
its metabolic rate, severe stress induces a hypermetabolic 
state that results in rapid breakdown of the body’s reserves 
of carbohydrate, protein, and fat. Hyperglycemia with insulin 
resistance, hyperlipidemia, negative nitrogen balance, and 
diversion of protein (particularly glutamine) from skeletal 
muscle to the liver are prominent features.

Protein catabolism results in severe wasting of lean body 
mass. Dramatic increases in the “stress hormones,” 
including glucocorticoids, epinephrine, and glucagons along 
with infl ammatory cytokines such as interleukin-1 and tumor 
necrosis factor, creates a catabolic state that results in 
malnutrition. These processes lead to delayed tissue repair, 
immune insuffi ciency, and declining survivability (Geor, 
2000).

EFFECTS OF MALNUTRITION AND 
HYPERLIPIDEMIA
Hyperlipidemia is a disease syndrome in ponies, miniature 
horses, and more rarely in horses. The disease results in 
a marked increase in plasma triglycerides (7,000 mg/dl), 
cloudy serum or plasma, and fatty infi ltration of the liver and 
kidneys. Starved horses not suffering from hyperlipidemia 
have increased plasma free fatty acids and glycerol. 
Plasma free fatty acids and glycerol consistently increase 
more dramatically than triglycerides. Hyperlipidemia is 
often precipitated in ponies by a primary illness that results 
in reduced feed intake over a period of days to weeks. 
Increased metabolic needs due to the illness increase fat 
mobilization. In addition, pregnancy, lactation, and obesity 
increase plasma triglycerides.

Under conditions of rapid and sustained lipolysis, some of 
the fat is reesterifi ed in the liver and transported to tissues 
as very low-density lipoproteins (VLDL). When the liver’s 
capacity for VLDL synthesis is overwhelmed, fat is deposited 
in the liver. Affected animals require aggressive nutritional 
support and recovery is diffi cult.

LOW PLASMA ALBUMIN
Long periods of reduced feeding, renal disease, liver disease, 
and enteropathy can reduce plasma albumin. Regardless 
of the cause, low plasma albumin should be corrected by 
refeeding energy and protein.  In severe cases (albumin 
is less than 2 g/dl), blood transfusions may be necessary 
(Lewis, 1995).

Intestinal Tract
The gastrointestinal tract (GI) is lined with enterocytes, 
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which have high metabolic rates. These cells also have 
fairly quick turnover rates, with cell replacement occurring 
every three days. Enterocytes prevent harmful bacteria from 
entering the bloodstream, while at the same time providing the 
mechanism for nutrient absorption. Enterocytes depend on 
nutrients absorbed from the GI tract for DNA transcription and 
synthesis of replacement cells. Periods of nutrient deprivation 
rapidly result in impaired digestion as the result of mucosal 
atrophy (Geor, 2000). Breakdown of the gut lining increases 
the risk of bacteria entering the bloodstream, which may set 
the stage for sepsis. 

IMMUNE SYSTEM
Naylor and Kenyon (1981) report a severely compromised 
cellular and nonspecifi c immune function after three to fi ve 
days of complete feed deprivation in horses. This decrease 
in immune function increases susceptibility to infection and 
compromises intestinal mucosal barriers, a fatal combination 
in horses.

HYPOTHERMIA
Anorexic horses are susceptible to hypothermia (Naylor, 
1999). These horses do not have insulating fat or produce 
heat from the process of fi ber digestion, nor do they have 
energy reserves. During rehabilitation, keep these horses 
warm, dry, and out of the wind. Provide deep bedding and 
blankets.

Nutritional Requirements for Emaciated and/or Sick Horses
Numerous factors affect the energy needs of compromised 
horses, and there is limited information available specifi cally 
for horses. Ousey et al. (1996) reported the metabolic rate of 
foals with neonatal maladjustment syndrome (NMS) was 50% 
of healthy age-matched controls. The authors state that foals
with NMS were recumbent and inactive during measurement 
periods. Even though these foals had very low metabolism, 
they were in negative energy balance because of low milk 
intakes. Foals with hypermetabolic stress such as septicemia, 
diarrhea, and pneumonia will have greater energy defi cits.

Data from human and animal studies have demonstrated 
severe trauma increases energy expenditure by a factor of 
1.3 to 1.4, and expenditure in animals with sepsis or a major 
burn can be up to 1.4 to 1.7 times higher when compared to 
resting healthy humans (Geor, 2000). Pagan and Hintz (1986) 
reported that the resting energy expenditure (REE) of horses 
could be estimated from the formula:
REE=21 kcal (BW kg)+975 kcal. Thus, for a 500-kg horse, 
REE would be approximately11.5 Mcal/d, 30% lower than the 
requirement for maintenance under normal conditions (16.4 
Mcal/d for a 500-kg horse).

No data are available on energy requirements of sick horses. 
However, if regression equations for human medicine are 
applied, a stalled 500-kg horse with an infection or postsurgical 
condition would have energy requirements of 16 to 20 Mcal/d 
(1.5 to 1.8 x 11.5 Mcal/d). Increased protein requirements in 
sick, debilitated, or injured horses due to protein catabolism 
should be taken into consideration. Rooney (1998) suggested 
that 5 g of protein be provided per 100 kcal (i.e., 800 g) of crude 
protein for a diet containing 16 Mcal digestible energy. This is 
a 25% increase over the NRC (1989) maintenance protein 
requirement. There are probably increased requirements 
for essential vitamins and minerals due to debilitation. 
However, without knowing specifi cs, meeting maintenance 
requirements
is a reasonable goal. The main concern is to limit tissue 
breakdown and weight loss. Realistic goals of providing 60 

to 70% of maintenance requirements should help the sick or 
injured horse.

Recent research in human medicine points to the therapeutic 
effects of certain nutrients. Arginine, glutamine, omega-3 
fatty acids, and ribonucleic acid are reported to upregulate 
immune function in critically ill humans (Beale et al., 1999). 
Glutamine is a nonessential amino acid that is important in the 
growth and repair of the small intestinal mucosa. Glutamine 
also helps maintain intestinal immune function (Nappert et 
al., 1997). Routledge et al. (1999) reported plasma glutamine 
concentrations decrease following viral infection. Further 
research is needed on glutamine and the immune system of
horses. Omega-3 fatty acids have also received a great deal 
of attention because of their effects on the immune system.

Determining body condition scores and evaluating horses for 
potential disease or injury are important in identifying those 
horses in need of nutritional support (Doneghue, 1992). 
Well-fed adult horses that are not pregnant (last trimester) or 
lactating can withstand up to four days of partial or complete
starvation without long-term effects. However, thin horses 
with condition scores between 1 to 3 that have experienced 
a dramatic loss in weight (10% or more) need emergency 
nutritional support. Rapid weight loss is commonly observed 
in horses with sepsis, endotoxemia, pulmonary abscess, 
pleuropneumonia, abdominal abscesses, diarrhea, severe 
trauma, surgery, or intestinal disorders. Overweight horses, 
those with condition scores of 7 to 9, quickly develop 
hypertriglyceridemia (7,500 mg/dl) after even short periods of 
anorexia.

Foals, particularly during the fi rst weeks of life, have limited 
energy stores. Conditions compromising nutritional support 
of foals can quickly result in hypoglycemia, weakness, and 
death.

DISEASE AND NUTRITION
Certain diseases result in weight loss and require specifi c 
nutritional adjustments. These include respiratory disease, 
laminitis, Cushing’s syndrome, renal failure, hepatic 
disease, chronic diarrhea, and small intestinal malabsorption 
syndromes. Resection of the GI tract requires special feeding 
regimes. For performance horses that have viral or bacterial 
infections, minor injuries, or orthopedic surgery, the primary
nutritional goal is often energy reduction. While on stall rest 
these horses should be fed a diet of hay at a rate of 1.5-2.0% 
of body weight, a vitamin/mineral supplement, and salt. 

RESPIRATORY DISEASE
Chronic obstructive pulmonary disease (COPD), or heaves, in 
horses is caused by hypersensitivity to fungal spores present 
in hay or bedding, dust, molds, and occasionally grass pollen. 
The hypersensitivity results in bronchoconstriction, excess 
mucus, and infl ammatory thickening of the alveoli. Often 
there is a prior infectious respiratory disease that increases 
the likelihood of the condition. COPD usually subsides when 
the allergen is identifi ed and eliminated in the early stages.

Housing in barns usually makes the condition worse. 
Maintaining horses at pasture is usually the best management 
system. If horses have to be stabled, ventilation and dust-free 
bedding must be used. Hay is the primary source of allergens. 
If hay is included in the diet, it must be soaked by submersion 
in water for at least fi ve minutes. Hay cubes and complete 
diets are good alternatives to hay. If hay cubes are used, they 
too must be soaked prior to feeding.
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HEPATIC DISEASE
Liver dysfunction causes the plasma concentration of 
branched-chain amino acids (leucine, isoleucine, and valine) to 
decrease and aromatic amino acids (phenylalanine, tyrosine, 
and tryptophan) as well as ammonia to increase. These 
changes may be responsible for hepatoencephalopathy. 
Feeding diets that meet energy needs without excess protein 
helps minimize neurologic signs. Feeding adequate energy 
reduces mobilization of body glycogen, fat, and protein. 
Excess fat is deposited in the liver and further limits hepatic 
function. Readily available soluble carbohydrates are essential 
to the diet. In addition, the protein source should have a high 
branched-chain to aromatic amino acid ratio. A diet consisting 
of 50% steam-fl aked corn or milo and 50% grass hay should 
be fed. Molasses can be added to provide glucose. Multiple 
feedings will help maintain glucose homeostasis and prevent 
bacterial ammonia surges. Legume hays, oats, and soybeans 
should be avoided because of high levels of aromatic amino 
acids.

RENAL FAILURE
Chronic renal failure occurs most frequently in older horses. 
Depression and anorexia are signs of chronic renal failure. 
Polyuria and polydipsia are due to an inability to concentrate 
urine. Renal failure in horses is also associated with 
hypercalcemia and elevated urea. Phosphorus excretion can 
also be impaired and sodium defi cits might develop.

Feedstuffs high in protein (legumes, soybeans), phosphorus 
(wheat bran), and calcium (legumes, calcium-containing 
supplements) should be avoided. In some cases, 
hypoproteinemia can develop with chronic renal failure. In 
these cases, the level of protein should be increased. Horses 
with hypoproteinemia benefi t from fat supplementation.

GASTROINTESTINAL DISORDERS
Diffi cult or painful swallowing can reduce intake in horses. 
Some of the causes of diffi cult swallowing include obstruction 
from abscesses or strangles; nerve damage from equine 
protozoal myeloencephalitis (EPM) and muscle weakness 
caused by hyperkalemic periodic paralysis (HYPP); or 
botulism. Scar tissue from an episode of choking can cause 
diffi culty swallowing. If the esophagus is narrowed due to
scarring from choking, a hay cube and grain slurry may need 
to be fed.

Gastric ulcers can cause a reduction in appetite. The incidence 
of ulcers in horses is high. Surveys put the incidence for 
racehorses near 90%. In stalled show horses, the occurrence 
approaches 65%. Horses maintained on pasture rarely have 
ulcers, but when they are confi ned to stalls and fed grain 
meals, ulcers can develop within four days. Damage to the 
nonglandular portion of the stomach by hydrochloric acid 
produced in the glandular region causes painful lesions that 
can reduce intake. Signs associated with gastric ulcers are 
irritability, chronic colic, diarrhea, weight loss, and dull hair 
coat.

Gastrointestinal disorders can be further divided into those 
associated with the small intestine including enteropathies, 
malabsorption syndromes, and small intestine resection, 
and those involving the large intestine such as colitis, 
diarrhea, chronic impaction, and colon resection. With small 
intestinal disease, the primary goal is to optimize the large 
bowel’s digestive function. This is achieved by feeding highly 
digestible fi ber sources such as leafy alfalfa, beet pulp, or 
soybean hulls while reducing grain. Feeding small meals 
of highly fermentable fi bers (beet pulp and alfalfa), fat (rice 

bran), and vegetable oil has maintained body condition 
in horses following resection of 50% of the small intestine. 
Complete pelleted feeds have been fed in small amounts 
with positive results even after 70% of distal small intestine 
resection (Lewis, 1995).

Large intestinal dysfunction usually results in diarrhea. In 
the acute phase, many affected horses are hypophagic and 
need enteral nutritional support. Small intestinal function is 
maintained with large colon resection. Diets that are low in 
fi ber and high in digestible energy and protein should be fed. 
As the horse’s appetite improves, fermentable fi ber should 
be added. Probiotics and yeast are recommended to help 
reestablish the gut microfl ora. Vitamin K and B vitamins 
should be supplemented because of decreased production 
in the hindgut. Nutritional support can be provided by 
parenteral (intravenous) or enteral feeding. Voluntary feeding 
is dependent on the condition of the horse and its appetite. 
Appetite stimulation is often accomplished by “cafeteria style” 
feeding. Lush, green grass is often the most appealing feed 
for horses. However, mashes, leafy alfalfa, grains, sweet 
feeds, and fresh fruit may also appeal to a horse when trying 
to encourage feed consumption.

There are a variety of enteral diets that have been developed 
for feeding via nasogastric tube. The Naylor diet is one of 
the most widely accepted (Naylor, 1977). The Naylor diet is 
composed of 454 g alfalfa meal, 204 g casein, 204 g dextrose, 
52 g electrolyte mixture, and 5 L of water. The digestible
 nergy (DE) is 2.77 Mcal for this mixture, and this should be 
fed via a nasal tube in six batches to meet the maintenance 
energy needs of a 500-kg adult horse (16.4 Mcal). Once 
horses are eating, a simple refeeding program for starved 
horses has been reported by Stull (2003). The researchers at 
UC Davis (Stull, 2003) recommended the following program: • 
Days 1-3: Feed one pound leafy alfalfa every four hours (total 
of 6 lb/d in 6 feedings).
•  Days 4-10: Slowly increase the amount of alfalfa and 

decrease the number of feedings so that by day six you 
are feeding just over four pounds of hay every eight hours 
(total of 13 lb/d in three feedings).

•  Days 10-several months: Feed as much alfalfa as the 
horse will eat and decrease feeding to twice per day. 
Provide access to a salt block. Do not feed grain or 
supplemental material until the horse returns to normal.

When rehabilitating a thin horse, sudden change from a 
poor-quality diet to a highly digestible diet can cause death 
within three to fi ve days. Laminitis and diarrhea are common 
problems, but the most serious concern is when phosphorus, 
potassium, or magnesium are depleted and the depletion 
is made worse by sequestration of these minerals in newly 
formed cells (Whitam and Stull, 1998).

SENIOR HORSES
Senior horses can be a challenge. After the diseases 
discussed above are ruled out, a checklist of management 
priorities for senior horses must be reviewed. More often than 
not, an older horse in poor condition has a dental problem. 
A thorough dental exam and correction of sharp teeth, wavy 
mouth, and/or gum or tooth infection may allow older horses 
to more properly grind feeds and improve nutrient
digestion and absorption. If the teeth are worn and the horse 
is unable to chew well, pelleted or extruded feeds fed in a 
slurry will help improve the condition of the horse.

ENVIRONMENTAL EFFECTS
Herd dynamics and pecking order change as horses age and 
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can result in older horses not receiving adequate nutrition 
in group-feeding situations. Older horses often do better 
when separated from the group at feeding time. Underweight 
horses are very susceptible to hypothermia. Table 1 illustrates 
the increased energy requirements of horses in inclement 
weather versus the normal horse.

Table 1. Effects of wind and rain on digestible energy 
requirements for horses at maintenance.*

*Adapted from Anderson, 2003.
**May not be able to consume enough hay to meet 
requirements.

Internal parasites can cause damage to the lining of the 
GI tract and reduce the effi ciency of digestion. Reducing 
parasite loads in older neglected horses should be done 
under veterinary supervision to avoid a rapid kill-off of 
parasites, which may cause impaction. Chronic pain as a 
result of arthritis can interfere with grazing and affect an older 
horse’s appetite. Depending on the seriousness of joint pain, 
chondroitin sulfates and glucosamine may be helpful. In more 
serious cases, nonsteroidal anti-infl ammatory drugs and/or 
injectable cartilage-building drugs may be necessary.

Senior Nutrition
A number of feed companies now offer feeds for aged horses 
that are supplemented with water-soluble vitamins and contain 
12-16% protein, <1.0% calcium, and 0.45-0.6% phosphorus 
(Ralston, 1999).

Also, these feeds usually contain at least 12% crude fi ber. 
These feeds are typically extruded thereby increasing 
digestibility for the older horse. Alternative sources of forage 
such as hay cubes can be used if the horse has a dental 
problem that may hinder proper chewing of long-stem hay. 
The hay cubes should be a mixture of grass and alfalfa, rather 
than straight alfalfa due to the high calcium content of alfalfa.

CONCLUSION
Managing the atypical horse requires an individualized 
approach to housing, training, and nutrition. Whether horses 
are unusual due to illness, neglect, temperament, age, or 
a combination of these factors, they can be productive and 
healthy once they are properly diagnosed and their particular 
requirements are met.
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 Average  Wind/Rain Additional    Additional 
 Temp.    Mcal/day   
Hay

 32° F  10-15 mph wind  4-8 Mcal/day  4-8 lb/day 

 32° F  Rain  6 Mcal/day  6 lb/day

 32° F  Rain   10-14 Mcal/day**  10-14 lb/day
and wind

 Average  
 Temp.    

 32° F  10-15 mph wind  4-8 Mcal/day  4-8 lb/day 

 32° F  Rain  6 Mcal/day  6 lb/day

 32° F  Rain   10-14 Mcal/day**  10-14 lb/day
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Tying-up is a generic term commonly used to describe muscle 
disease in performance horses.  Other terms often used 
interchangeably with tying-up include exertional rhabdomyolysis, 
azoturia, and Monday morning disease.  Horses experiencing a 
bout of tying-up show signs of a stiff gait, reluctance to move, 
fi rm painful cramping muscles, profuse sweating, increased heart 
rate and increased respiratory rate.  In addition to clinical signs, 
horses that tie-up will have moderate to marked elevations in 
serum levels of muscle enzymes including creatine kinase (CK), 
lactate dehydrogenase (LDH), and aspartate aminotransferase 
(AST). Elevation in muscle enzymes indicates muscle cell 
damage and is considered a diagnostic tool to detect tying-up.  

For years, all horses that tied-up following exercise were thought 
to suffer from the same disease.  However, treatment and 
prevention protocols that seemed to work on some horses did 
not help other horses.  As a result, confusion and controversy 
developed regarding the cause and treatment of tying-up.  
Researchers have only recently begun to classify and study 
the many different disease conditions that result in the common 
symptoms of tying-up.  Initial classifi cation of tying-up is now 
based on frequency of the disease symptoms following exercise.  
Horses that tie-up only a few times in their lifetime are classifi ed 
as “sporadic”, while those horses that tie-up on a repeated basis 
are termed “chronic.”  The following is a brief discussion of both 
sporadic and chronic tying-up and steps that can be implemented 
to prevent future episodes of the disease.  Much of the research 
into understanding tying-up and treatment/prevention protocols 
has been performed at the of the College of Veterinary Medicine 
at the University of Minnesota. 

SPORADIC TYING-UP
Many horses experience some muscle strain and 

soreness associated with exercise.  These horses often are 
mistakenly thought to be suffering from muscle disease.  
Inadequate warm-up, pre-existing lameness, exercise to the point 
of fatigue, and insuffi cient training can result in muscle soreness 
and injury.  A similar human scenario might be overexertion from 
strenuous physical activity in a person conditioned to sit behind 
a desk. In horses that actually tie-up, muscle soreness is much 
more severe and is typically accompanied with elevated serum 
muscle enzymes and myoglobinuria (coffee-colored urine).  
This darkening of the urine is a result of the kidneys fi ltering 
myoglobin (a muscle protein) from blood, an indication of severe 
muscle damage.  The most frequent causes of sporadic tying-up 
are exercise that exceeds a horse’s underlying state of fi tness, 
electrolyte depletion, hyperthermia, and strenuous exercise while 
suffering from a respiratory disease.

Sporadic tying-up usually involves a specifi c muscle 
group and should be considered a veterinary emergency if horses 
are sweating profusely, reluctant to move or have dark urine.  
Veterinarians may administer treatment to relieve anxiety and 
muscle pain.  In addition, fl uids and electrolytes are often given 
to account for fl uid losses and myoglobinuria that may damage 

kidney function.  Further treatment strategies include stall rest 
followed by hand walking and turnout once initial muscle stiffness 
is gone.  Grain intake is drastically reduced or eliminated since 
these horses are likely to be on a reduced exercise program, 
and may need to be reduced once the horse resumes full work.  
The amount of time the horse must remain out of training has 
not been fi rmly established by science, but monitoring of serum 
muscle enzyme protein levels may be useful.  However, any 
training regime following an episode of tying-up should be 
resumed gradually and consistently, keeping in mind the horses 
underlying level of fi tness to prevent further muscle damage.  

Prevention of further tying-up episodes is often a result 
of common sense.  Learning not to overexert unfi t horses and 
remembering to fortify the diet with salt on a daily basis as well 
as electrolytes prior to heavy sweat loss are logical strategies.  
Horses with lameness or upper respiratory tract infections have 
an increased risk of tying up. Adjusting the amount of grain fed 
to satisfy the energy needs of the horse is also tremendously 
important.  In other words, one does not want to over feed 
carbohydrate (grain) to horses as this may be a potential cause 
of tying-up.  Feeding grain concentrates fortifi ed with fat and 
necessary antioxidant vitamins and minerals will provide energy 
while supplying the building blocks to protect muscle tissue.  The 
combination of these strategies will often prevent healthy horses 
from having another bout of tying-up. In areas where the soil is 
defi cient in selenium or when the feed does not supply the full 
requirements of Vitamin E and selenium, an additional selenium 
and Vitamin E supplement will improve muscle health.

CHRONIC TYING-UP
When horses have repeated episodes of tying-up, 

the disease is considered chronic. Many different breeds of 
horses have been reported to have chronic bouts of tying-up, 
including Quarter Horses, Thoroughbreds, Standardbreds, 
Paints, Morgans, Arabians, and various breeds of both draft and 
warmblood horses. Fillies and mares are more susceptible and 
nervous horses are thought to have a higher risk of chronic tying-
up.  The proposed causes of chronic tying-up include electrolyte 
imbalances, hormonal imbalances, lactic acidosis, Vitamin E and/
or selenium defi ciency, hypothyroidism, and muscle ischemia.  
While chronic episodes of tying-up are frustrating and painful 
for both the horses and their owners, it is the study of these 
chronically tied-up animals that has advanced our knowledge of 
the causes, treatment and prevention of the disease.  Recently, 
two specifi c causes of tying-up have been identifi ed in the horse.  
These causes include a muscle contraction disorder (Recurrent 
Exertional Rhabdomyolysis, RER) and a disorder in carbohydrate 
storage and utilization (Equine Polysaccharide Storage Myopathy, 
PSSM or EPSM).

RECURRENT EXERTIONAL RHABDOMYOLYSIS 
(RER)
 RER is common in nervous fi llies and mares of Arabian, 

Tying  up
Dr Peter Huntington (B.V.Sc), Kentucky Equine Research 
Dr. Stephanie Valberg DVM PhD, University of Minnesota, St Paul, USA



100

Standardbred and Thoroughbred breeding, but also occurs in 
colts and geldings and “calm” horses.  These individuals often 
develop the condition when they are excited, stressed and/or after 
a period of stall rest.  Preliminary genetic research and breeding 
trials point to this condition as an inherited trait in Thoroughbred 
horses.

The exact cause of RER in horses has challenged 
scientists for several years.  RER in racing horses was believed 
to be similar to lactic acidosis.  However, recent research has 
shown muscle lactate concentrations to be low, not high, in 
these horses when tying up occurs and that the condition usually 
occurs during aerobic (slow) work.  Most recently RER is thought 
to be an abnormality in the way muscle contraction is regulated 
in the horse.  Muscle samples (biopsies) from horses with RER 
have been shown experimentally to have an increased sensitivity 
to contraction.  The altered contraction and relaxation of muscle 
suggests that abnormal intracellular calcium regulation is the 
cause of RER.  

Treatment of horses experiencing RER requires 
veterinary assistance.  Therapy designed to make the horse 
comfortable and prevent further stress and muscle damage 
is warranted.  The use of sedatives prior to exercise to keep 
a nervous horse calm is also a common practice but may not 
be practical if the horse is required to compete in events where 
swabbing is common practice.  Other drugs designed to regulate 
intracellular sodium and calcium are now being prescribed for 
horses.  Daily exercise for RER horses is essential.  Beginning 
approximately 24 hours after an RER episode, horses should be 
hand walked or turned out on a daily basis.  Prolonged stall rest 
seems to be counterproductive and may predispose the horse to 
further episodes of RER once training resumes.  A gradual return 
to full training of RER horses can begin once serum muscle 
proteins have returned back to normal ranges and a change in 
the horse’s work may be benefi cial.  Thoroughbreds may need 
more fast work and less slow work whilst Standardbreds should 
be jogged a little faster, but for less time.

Prevention of further episodes of RER is diffi cult.  
Controlling the environment of these horses is essential to 
reduce apprehension & nervousness.  An environment that is 
not stressful with a well-established daily routine seems to help.  
Reduction in the amount of carbohydrate (grain) and increases in 
the amount of fat (vegetable oil or rice bran and fi ber in the diet, 
reduce excitability and enhance tractability in horses with RER 
as well as reducing the carbohydrate portion of the diet thought 
to be a contributing factor to tying-up.  Further, a high fat diet 
will help provide essential calories to assist nervous horses in 
maintaining their body weight.  It si recommended that less than 
20% of the calories are supplied from carbohydrates and more 
than 20% come from fat. Extensive research in the USA using 
feedstuffs like rice bran and soy hulls has shown that modifying 
the sources of energy like this, can lead to a substantial reduction 
in the risk and severity of tying up. 

As oats appear to create a greater risk of tying-up than 
other grains, it is common to cut oats back or out and replace 
them with barley, lupins, sunfl ower seeds and oil or rice bran to 
provide energy for work.  As large quantities of oil is often very 
messy, rice bran and sunfl owers are more practical options to 
feeding high fat diets. There are a number of commercial feeds 
marketed for tying up and these include. These can be used 
as part of a feeding program to combat tying up. Depending 
on the contribution of vitamin E, selenium from prepared feeds, 
anti-oxidant supplements may help reduce the severity of any 
muscle damage after work and speed recovery and. It is thought 

that horses that tie up produce more potent free radicals during 
exercise than ‘normal’ horses and that consequently they require 
higher levels of these ant-oxidants in their diets. Adding chromium 
may assist some horses and this is included in a number of feeds 
and supplements eg. If anxiety or nervousness is a major issue, 
then sticking to a regular routine is vital, dietary changes and the 
use of calming agents may help.

The study of electrolyte balance and it’s link with tying-
up is a relatively recent theory. Electrolyte status has an impact 
on the nervous system and consequently on muscle contraction. 
Research has suggested that some horses with a history of tying-
up can show improvement with reduced severity and occurrence 
of tying-up once electrolyte balance is controlled through dietary 
supplementation. Salt should be fed daily to all horses, or a 
salt lick should be available at all times. The use of commercial 
electrolytes can be very useful after exercise where the horse 
has sweated hard, including and for endurance horses during 
and after a race or hard training ride,.

POLYSACCHARIDE STORAGE MYOPATHY 
(PSSM)

 PSSM is a glycogen (muscle sugar) storage disorder 
that is characterized by the accumulation of an abnormal 
polysaccharide in muscle. Horses with PSSM are able to quickly 
clear sugar from their blood and store 1.5 to 4 times the normal 
amount of muscle glycogen.  Accumulation of an excessive 
amount of muscle glycogen is not due to the inability of these 
horses to utilize muscle glycogen for energy production, but 
instead appears to be the creation of more glycogen as well 
as an abnormal form of muscle glycogen.  This fi lamentous 
polysaccharide is utilized at a much slower rate by the horse and 
thus accumulates in the muscle.  

PSSM has been identifi ed in Quarter Horses, Paints, 
Appaloosas, draft, warmbloods, and a few Thoroughbreds.  It’s 
diagnosis depends upon a muscle biopsy and it has recently been 
diagnosed in Australia for the fi rst time. Horses with PSSM are 
different from horses with RER in that they have a calm, instead 
of a nervous, demeanor.  Horses with PSSM typically will have a 
history of tying-up problems associated with the onset of training, 
while the animal is still relatively unfi t.  Horses with PSSM will 
exhibit classic tying-up symptoms including long-term elevation 
of muscle enzymes in serum. A confi rmed diagnosis is based on 
an examination of muscle biopsies with the distinctive feature of 
abnormal glycogen storage.  

Treatment of horses with PSSM following a tying-up 
episode involves many of the same veterinary procedures as 
with other causes of tying-up.  Treatment protocols also attempt 
to minimize the occurrence of future episodes through dietary 
manipulation.  Horses with PSSM should be fed diets very 
low in starch and sugar (grain) and high in fi ber and fat.  They 
need to get less than 10% of their calories form those sources 
and 20% from fat. The combination of good quality grass hay, 
a vitamin/mineral supplement and a fat supplement (rice bran) 
allow many horses with PSSM to work successfully in pleasure 
activities. Research has shown that up to 2.5 kg of rice bran as 
the only concentrate feed will led to reduced risk of tying–up in 
these horses doing light to moderate work.  Daily activity, riding 
or lunging, along with pasture turnout is essential in minimizing 
the occurrence of PSSM tying-up episodes. Keeping horses with 
PSSM fi t seems to go a long way to preventing further episodes 
of tying-up, but it is essential that training is taken slowly with at 
least three weeks of building up work on the lunge to 30 mins 
with a 15 min break before riding is attempted. Confi nement in 
box stalls for more than 12 hours per day appears to increase the 
incidence of tying-up in these horses.
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SUMMARY
In summary, tying-up is a generic term used to describe 

the symptoms of many different muscle diseases.  Tying-up can be 
career threatening for horses and extremely frustrating for horse 
owners.  Recent research looking into tying-up has classifi ed 
horses on the frequency of tying-up episodes.  Horses that show 
signs of tying-up one or two times in a lifetime are considered 
“sporadic” cases.  Potential causes of these episodes can be 
many, but most frequently exercise that exceeds the horses’ 
underlying state of fi tness, electrolyte depletion, hyperthermia, 
lameness and respiratory disease are key triggering factors.   
Most of these horses can be successfully returned to competition 
with common sense management strategies that focus on proper 
training and dietary management.  Horses that show repeated 
signs of tying-up are classifi ed as “chronic” cases.  Recently, 
two specifi c causes of chronic tying-up have been identifi ed in 
the horse.  These causes include a muscle contraction disorder 
(RER) and a disorder in carbohydrate storage and utilization 
(PSSM).  Both of these causes of tying-up are being investigated 
extensively and appear to be at least partially responsive to 
changes in diet, training and daily turnout.                      
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INTRODUCTION
A horse’s maximal mature body size is genetically 

predetermined, but growth rate can be infl uenced by a number 
of factors including environment, nutrition, and management. 
Optimal growth rate results in a desirable body size at a specifi c 
age with the least amount of developmental problems. Managing 
growth in horses becomes a balance between producing a 
desirable individual for a particular purpose without creating 
skeletal problems that will reduce a horse’s subsequent athletic 
ability (Figure 1).

Growing a foal too slowly results in the risk of it being 
too small at a particular age or never obtaining maximal mature 
body size. Growing a foal too quickly results in the risk of 
developmental orthopedic problems such as physitis, angular 
limb deformities, and osteochondritis dissecans (OCD). There 
is no single growth rate that is desirable for all types of horses. 
Therefore, horses should be managed differently for varying 
growth rates.

Horses will generally reach physical maturity at around 
4-5 years of age.  Compared to Thoroughbreds, many breeds 
such as warmbloods are not expected to compete until later in 
life, so there is little incentive for rapid growth. Instead, a slow, 
steady growth rate that will allow the horse to reach maximal 
mature body size with the fewest problems is desirable. 

Thoroughbred racehorses are a different story. They are expected 
to be competitive athletes at two years of age, reaching 85% of 
mature body weight and 95% of mature height by 24 months of 
age.

In practice, warmbloods grow more slowly than 
Thoroughbreds. Vervuert et al. (2003) measured body weight 
and withers height in 629 Hanoverian warmblood foals from birth 
to 7 months of age. Table 1 compares the growth rates of these 
foals to the growth rates of thousands of Thoroughbred foals 
from around the world. To evaluate these data it is useful to view 
them from two perspectives: (1) in absolute terms as kilograms 
(kg) of body weight or centimeters (cm) of height, and (2) relative 
to the horse’s mature body size. Thoroughbreds typically have 
mature body weights of around 570 kg and mature heights of 
around 165 cm  (16.1 hands). Hanoverians tend to be larger with 
mature body weights closer to 650 kg and mature heights of 175 
cm (17.1 hands). Although slightly heavier at birth (60 kg vs. 54.5 
kg), the Hanoverian foals grew slower than the Thoroughbreds 
for the fi rst three months of age and were slightly smaller until 5 
months of age. 

By 7 months of age, the Hanoverian and Thoroughbred 
foals were practically identical in weight and height. As a percent 
of mature size, however, the Thoroughbreds were larger in both 
weight (47% vs. 41%) and height (84% vs. 79%).

Managing Growth for Different 
Commercial End Points
Joe Pagan
Kentucky Equine Research, Inc.
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Table 1.  Growth rates of Hanoverian and Thoroughbred foals.

Hanoverian Thoroughbred

Age

(days)

Body 

weight 

(kg)

Body 

weight (% 

mature 

wt.1)

Average 

daily 

gain 

(kg/d)

Withers 

height

(cm)

Withers 

height

(% mature 

ht.2)

Body 

weight 

(kg)

Body 

weight (% 

mature 

wt.1)

Average 

daily gain 

(kg/d)

Withers 

height

(cm)

Withers 

height

(% mature 

ht.2)

1 60.0 9% - 104.0 60% 54.5 10% - 101.9 62%

15 73.0 11% 0.9 107.0 61% 74.9 13% 1.5 106.8 65%

30 87.3 13% 1.0 110.0 63% 94.9 17% 1.3 111.1 67%

46 103.6 16% 1.1 114.0 65% 116.2 20% 1.3 115.7 70%

60 118.7 18% 1.1 116.0 67% 132.7 23% 1.2 118.8 72%

78 136.6 21% 1.1 120.0 68% 151.2 27% 1.2 122.2 74%

90 152.6 23% 1.1 122.0 70% 165.2 29% 1.0 124.6 76%

106 170.8 26% 1.1 125.0 72% 181.1 32% 1.0 127.3 77%

120 186.4 29% 1.1 128.0 73% 193.7 34% 0.9 129.1 78%

135 202.5 31% 1.0 130.0 74% 207.2 36% 0.9 131.1 79%

150 217.7 33% 1.0 132.0 76% 220.3 39% 0.9 132.7 80%

165 231.9 36% 0.9 134.0 77% 233.4 41% 0.9 134.4 81%

180 244.8 38% 0.9 136.0 78% 245.8 43% 0.8 135.7 82%

193 254.9 39% 0.8 137.0 78% 256.5 45% 0.8 136.8 83%

210 266.8 41% 0.7 138.0 79% 269.1 47% 0.7 138.1 84%

1Hanoverian- 650 kg (1,430 lb) mature body weight; Thoroughbred- 570 kg (1,254 lb) mature body weight

2Hanoverian- 175 cm (17.1 hands) mature height; Thoroughbred- 165 cm (16.1 hands) mature height

Without great pressure for early rapid growth, the warmblood breeder should utilize feeding programs that are predominantly forage-
based with appropriate protein and mineral fortifi cation to promote sound skeletal development. Table 2 illustrates a sound feeding 
program for warmblood foals.  
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Table 2.  Suggested feeding program for warmblood foals.

Age
(months)

Growth rate
(kg/day) 

Forage intake
(kg/day)

Oats
(kg/day)

All-Phase
(kg/day)

6 0.8-0.9 4-6 0-2 1 

12 0.4-0.6 4-6 0-2 1 

18 0.2-0.4 5-7 0-2 1 

24 0.1-0.3 5-7 0-2 1 

This program depends on large quantities of forage to supply most of the energy and protein to the foal. The source of forage 
will vary seasonally depending on pasture availability. The extra protein, vitamins, and minerals needed to support optimal skeletal 
development are provided by All-Phase, a concentrated supplement pellet from Kentucky Equine Research. Oats can be added as 
needed to supply extra calories to adjust growth rate to a desirable level. Growth monitoring is essential to assess forage intake and 
to adjust grain intake to maintain a desirable growth rate. 

THOROUGHBRED RACEHORSES 

Because Thoroughbreds begin their athletic careers at an early age, mature body size is not the most important end point that 
breeders wish to achieve. In fact, there can be several important developmental milestones that must be reached even before a 
young Thoroughbred enters its fi rst race. Most Thoroughbreds are sold as either weanlings or yearlings at commercial auctions 
throughout the year. The size of the foal at auction can greatly impact its selling price, so there is strong incentive to market large 
weanlings and yearlings. Just as important, however, is the foal’s skeletal soundness at the time of the sale. A delicate balancing act 
exists between accelerated growth and skeletal soundness. 

The simplest and safest way to deliver a large, mature yearling to the sale is to produce an early foal. Consignors to early 
sales certainly appreciate this fact and yearlings entered in these sales are largely skewed towards early foaling dates (Table 3). At 
Keeneland’s 2002 select yearling sale held July 15-16 in Kentucky, for instance, 48% of the yearlings offered were born in January 
or February compared to only 26% of all Thoroughbred foals born in North America in 2001. The Northern Hemisphere’s offi cial birth 
date for Thoroughbreds is January 1.

At the 2003 Magic Millions select yearling sale held January 9-12 in Queensland,  58% of the yearlings offered were born 
in August and September compared to 45% of all Thoroughbred foals born in Australia in 2001. The Southern Hemisphere’s offi cial 
birth date for Thoroughbreds is August 1, not July 1, a date that would mirror the Northern Hemisphere birth date. This explains why 
a larger number of foals are born early in Australia.

Table 3.  Distribution of month of birth in the Thoroughbred population and in early select yearling sales in North America and Australia.

Australia North America

Birth month % of total foal crop

(2002)

% of Magic Millions sale 

(2003)

Birth month
% of total foal 

crop

(2001)

% of Keeneland July 

sale (2002)

August 15% 24% January 8% 16%

September 30% 34% February 18% 32%

October 34% 32% March 27% 33%

November 18% 10% April 29% 16%

December 2% 0% May 16% 5%

Birth date is much more important for foals that will be marketed in early select sales. Table 4 shows the age of yearlings at 
sale time in early select sales and in later yearling sales in Kentucky and Australia. In Kentucky, a foal born in May would be of similar 
age at the September yearling sale to a March foal sold in a July yearling sale. A December foal sold as a yearling at the Australian 
Easter sales would be of similar age to a September foal sold at the Magic Millions sale in January.  
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Table 4.  Age of yearlings at various yearling sales in Kentucky and Australia.

Australia North America

Birth date
Age at Magic Millions 

sale (Jan. 9)
Age at  Easter yearling 

sale (Apr. 22)
Birth date

Age at Keeneland 
July sale (July 15)

Age at Keeneland 
Sept. sale (Sept. 9)

August 15 513 days 616 days January 15 547 days 603 days

September 15 482 days 585 days February 15 516 days 572 days

October 15 452 days 555 days March 15 488 days 544 days

November 15 421 days 524 days April 15 457 days 513 days

December 15 391 days 494 days May 15 427 days 483 days

Figure 2 summarizes growth measurements from 400 yearlings raised in central Kentucky. These measurements (mean ± 
SD) were taken in June, July, and August of the foal’s yearling year. In the Southern Hemisphere, January/February foals would be 
equivalent to Northern Hemisphere August/September foals; March to October foals, April to November foals; and May to December 
foals. June, July, and August in the Northern Hemisphere would be equivalent to January, February, and March in the Southern 
Hemisphere.

About 50% of the foals born in January and February and 33% of the foals born in March were sold at select summer 
sales. In July, January/February foals averaged 86 days older than May foals. Withers height averaged around 15 hands in each 
group and increased only 1-2 cm over the three-month period. There were differences in body weight between groups, but these 
differences were not as great as might be expected based purely on age. For example, foals born in March had reached about 72.5% 
of their mature body weight in June when they averaged 462 days of age. When May foals had reached a similar age in August they 
averaged about 74% of their mature body weights.  Therefore, they had grown at a slightly faster rate than the earlier foals. Still, April 
and May foals were 27 kg lighter than January/February foals at sale time in July. The April and May foals were 72% of their mature 
body weight in July, while the January/February foals had achieved 77% of their mature body weight by this time.  

Interestingly, condition score measured on a scale from 1-9 was very similar in all groups throughout the three-month period. 
Condition scores averaged from 5.6-5.8 in all groups in July and reached a maximum of 5.8-5.9 in August. This illustrates that the 
fi nal 60-90 days of sales prepping is not about getting yearlings fat. Rather, these fi nal days are a time to increase the maturity and 
athletic appearance of yearlings through a combination of nutrition, exercise, and grooming.

I n 

Thoroughbreds destined for the racetrack, there are three different 
growth rates that might be appropriate depending on when the foal is born and if or when it is to be sold. A pattern of slow early 
growth (slow growth in Figure 3 and Table 5) may be most appropriate for foals that will not be offered for sale as weanlings or 
yearlings.  Additionally, foals born early in the year that will be sold in later yearling sales may benefi t from this type of growth curve. 
The advantage to slow early growth is that the skeleton is more susceptible to growth-related problems earlier in life. Delaying more 
rapid growth until after the foal is more mature (>15 months) will reduce the risk of early developmental problems.  

Early foals (January/February in the Northern Hemisphere and August/September in the Southern Hemisphere) can follow 
the moderate growth pattern shown in Figure 3 and Table 5. This growth curve is also appropriate for later foals that will be marketed 
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at later yearling sales. Such a growth pattern is most commonly 
followed by Thoroughbred breeders in Kentucky. It produces 
large yearlings with a limited number of problems. The most 
aggressive growth program is presented as rapid growth in Figure 
3 and Table 5. This growth curve would be most appropriate for 
late foals that are targeted at early yearling sales. This growth 
curve is more likely to produce growth skeletal problems but, if 
properly managed, can result in more mature yearlings earlier in 
the season. The key to successfully managing this accelerated 
growth curve is to spread the extra growth over several months 
rather than trying to add the gain during the traditional prepping 
period 60-90 days prior to the sale. 

Gro-Trac™ and MicroSteed™ are software programs 
developed by Kentucky Equine Research that allow breeders to 
accurately track the growth of their foals and develop feeding and 
management programs that fi t the desired rate of growth. Table 
6 gives examples of how feeding programs can be tailored to fi t 
a specifi c growth pattern.  Notice that the difference in daily grain 
intake needed to achieve these different growth rates is only .5 
to 1 kg per day. Spread over several months this difference in 
nutrient intake should result in alterations in growth as depicted 
in Figure 3. Continual growth monitoring is necessary to ensure 
that the foal has not altered its total nutrient intake by greatly 
increasing or decreasing forage intake as this will affect growth 
rate.  

Table 5.  Slow, moderate, and rapid growth rates for Thoroughbred foals.

Slow Growth Moderate Growth Rapid Growth

Age (days)
Body weight 

(kg)(kg)

Average 
daily gain 
(kg/day)(kg/day)

Body weight 
(kg)(kg)

Average 
daily gain (kg/

day)day)
Body weight 

(kg)(kg)

Average daily 
gain (kg/day)

120 190 0.83 194 0.97 203 1.27

181 239 0.80 247 0.87 261 0.95

273 299 0.65 309 0.67 324 0.68

365 344 0.49 352 0.57 380 0.61

455 387 0.48 406 0.50 426 0.51

546 427 0.44 442 0.40 455 0.32

638 461 0.37 467 0.27 472 0.18

730 483 0.24 483 0.17 483 0.12

Table 6.  Example rations for slow, moderate, and rapid growth.

Age (months)
Desired growth 

rate 

Average daily 
gain (kg/d)

Pasture
(kg/day, 100% 

DM basis)

Hay
(kg/d, 

as fed basis)

Fortifi ed grain mix 
(kg/d,

as fed basis)

6

Slow 0.80 3.0 1.0 2.5

Moderate 0.87 3.0 1.0 3.0

Fast 0.95 3.0 1.0 3.5

12

Slow 0.49 3.0 2.0 3.0

Moderate 0.57 3.0 2.0 3.5

Fast 0.61 3.0 2.0 4.0
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In conclusion, the optimal growth rate for an individual 
foal depends on the foal’s intended use and sale date (weanling 
or yearling). For breeds such as warmbloods that typically do not 
compete until they have reached their mature size, rapid early 
growth is not desirable because it may predispose the foal to 
skeletal problems. For breeds such as Thoroughbreds that will 
compete as two-year-olds, faster earlier growth is necessary.  
Foals born later in the year that are pointed at early yearling 
sales need to follow a more aggressive growth curve than early 
foals or foals that will be sold in late yearling sales.  With this type 
of accelerated program, it is imperative that growth rate is closely 
monitored and feed intake adjusted to produce acceptable gains. 
Growth monitoring combined with regular ration evaluations is 
the safest and most effective way to produce a sound, athletic 
individual. 
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There are a multitude of factors that affect the sale price 
of Thoroughbred yearlings at public auction. Pedigree, 
conformation and the racing performance of siblings 
determine whether a yearling commands bids in the 
thousands or millions. But what about size? Does the 
yearling’s body weight, height and body condition infl uence 
how well it sells? Kentucky Equine Research (KER) and 
Hallway Feeds in Lexington conducted a study at the 2003 
Keeneland September Yearling Sale that attempted to 
answer these questions. Body weight, withers height and 
body condition score measurements were taken in late 
August and early September from 294 yearlings that were to 
sell at Keeneland. The yearlings were then tracked through 
the sales where their session number and sale price were 
recorded.

Yearlings that were listed as RNA were also recorded. 
Yearlings in the study came from 16 different farms and were 
sold by 20 different consignors. Two hundred forty-nine of the 
yearlings in this study were listed as sold. This represented
over 8% of the total yearlings sold in this sale. The average 
and median price of these yearlings was $106,810 and 
$40,000 compared to an average and median of $92,329 
and $34,000 for the entire sale. Forty-fi ve of the 294 yearlings 
(15%) were listed as RNA. The average age of the yearlings 
at sale time was 538 days. The measurements that were 
used in the study were taken an average of 16 days previous 
to sale day. Not surprisingly, on average colts (n = 161) were 
heavier (1003 lbs vs 955 lbs) and taller (15.1 hands vs 15 
hands) than fi llies (n = 133). Colts also averaged slightly 
lower in body condition score than fi llies (5.8 vs 5.9). 

Body condition score is a relative measure of the amount 
of body fat that the yearling is carrying. A higher condition 
score indicates that the yearling is carrying greater fat cover. 
Although the scoring system goes from 1 (emaciated) to 
9 (grossly obese), all of the yearlings measured fell into a 
narrow range of 5.5 to 6.5. To evaluate whether body size 
and condition affect sales price, the data were evaluated in
two ways. First, the yearlings were divided into two groups 
based on whether their sale price was above or below the 
median price of the session in which they were sold. The 
rationale for this division was that the yearlings had already 
been assigned to a particular session based on their relative 
value, which was determined largely on pedigree and 
conformation. Therefore, if body size truly affected sales 
price it should be refl ected by whether yearlings sold for more 
or less than their session median. In this primary evaluation, 
the last bid for RNA horses was considered as the sale price. 
A second evaluation compared all RNA yearlings (n = 45) 
with all yearlings listed as sold (n = 249).

COMPARISON BY SESSION
Yearlings that brought bids above their session median 
were signifi cantly heavier (995 lbs vs 970 lbs) (Figure 1) 
and slightly taller (Figure 2) than those below the median, 

but they did not have signifi cantly higher condition scores 
(Figure 3).

Figure 1. Body weight (lb) of all sales yearlings relative to 
session median price.

Figure 2. Withers height (in) of all sales yearlings relative to 
session median price.

Figure 3. Body condition score of all sales yearlings relative 
to session median price.

Size Matters at the Sales
Dr. Joe D. Pagan1, Anthony Koch2, and Steve Caddel2

Kentucky Equine Research, Inc., Versailles, Kentucky1 and Hallway Feeds,
Lexington, Kentucky2
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Some of these difference in body weight and height were 
related to age (544 days vs 535 days) (Figure 4) and gender. 
There was a greater percentage of colts that sold above the 
session median than fi llies (61% vs 39%).

Figure 4. Age (days) of all sales yearlings relative to session 
median price.

Because of these age and gender effects, the data for colts 
and fi llies were re-analyzed separately.  Body weight was 
still signifi cantly greater in both colts and fi llies that received 
bids above their session median (Figure 5). Withers height, 
however, was no longer signifi cantly different between
groups in either colts or fi llies (Figure 6).

Figure 5. Body weight (lb) of colts and fi llies relative to session 
median price.

Figure 6. Withers height (in) of colts and fi llies relative to 
session median price.

Figure 7. Age (days) of colts and fi llies relative to session 
median price.

Fillies that received bids above their session median were 
signifi cantly older (544 days vs 530 days) (Figure 7) than 
those selling below. There was no signifi cant difference in the 
age of colts selling above and below their session median.  
To remove the effect of age and gender from the analysis, 
each yearling’s body weight and  height were expressed as 
a percentage of the average for the same gender and age, 
which was calculated by linear regression of age vs body 
weight or height (Figures 8-11)

Figure 8. Relationship between colts’ body weight and age.

Figure 9. Relationship between fi llies’ body weight and age.
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Figure 10. Relationship between colts’ withers height and 
age.

Figure 11. Relationship between fi llies’ withers height and 
age.

Body weight adjusted for gender and age was signifi cantly 
higher in the yearlings that received bids above their session 
median (Figure 12). Withers height, however, was not 
signifi cantly different between groups (Figure 13). These 
data suggest yearlings that received bids above their session 
median were heavier, but not taller or fatter than those 
receiving bids below their session median.

Figure 12. Body weight adjusted for age and gender relative 
to session median price.

Figure 13. Withers height adjusted for age and gender relative 

to session median price.

Body size and condition scores of yearlings listed as RNA (n = 
45) were compared to those listed as sold (n = 249). Yearlings 
listed as sold were signifi cantly heavier than those listed as 
RNA (Figure 14), but they were not taller (Figure 15). The 
difference in body weight between these groups was most 
likely related to body condition (Figure 16). Seventy percent 
of the yearlings listed as sold had body condition scores of 6.0 
to 6.5 while the remaining 30% had scores of 5.5. Only 49% 
(22 of 45) of the yearlings listed as RNA had scores of 6.0 with 
51% scoring 5.5.

Body weight remained signifi cantly higher in the yearlings 
listed as sold when adjusted for gender
and age (Figure 17).

Figure 14. Body weight of yearlings listed as RNA vs yearlings 
listed as sold.

Figure 15. Withers height of yearlings listed as RNA vs 
yearlings listed as sold.

Figure 13. Withers height adjusted for age and gender relative 
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Figure 16. Body condition score of yearlings listed as RNA vs 
yearlings listed as sold.

Figure 17. Body weight adjusted for age and gender in 
yearlings listed as sold or RNA.

CONCLUSIONS
Yearlings that commanded bids higher than the median price 
of the session in which they were sold tended to be heavier 
and slightly taller, but not fatter, than yearlings receiving bids 
below their session’s median price. Some of this difference 
was related to gender, since more colts sold above the median 
price than fi llies. Age also played a role, especially in fi llies. 
When these measurements were adjusted to account for 
age and gender effects, yearlings selling above the session 
median were still heavier, but not taller, than those below the 
session median. Although it can’t be determined from these 
data, it is likely that yearlings selling above their session 
median price represented individuals with more substance 
and a more heavily muscled, athletic physique resulting from a 
combination of genetics, nutrition and exercise.  Interestingly, 
yearlings listed as RNA were lighter than horses listed as sold 
and a higher percentage of them had lower body condition 
scores. These data suggest that the ideal condition score 
for a sales yearling is 6.0 on a scale from 1 to 9. Yearlings 
presented for sale with lower condition scores are less likely 
to meet the sellers’ expectations.
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