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SOUTH AFRICAN EQUINE VETERINARY ASSOCIATION 
CONGRESS 2007 
In order to improve the SAEVA Annual Congress, we ask 
that you spent 5 minutes answering the following questions  
Thank you 
 
a) Should the SAEVA maintain its policy of having the Annual Congress away from major centers?      Yes/ No 
 
b)   Should the SAEVA maintain the Annual Congress at 4 days?  : Stay the Same 

     Longer ......days 
     Shorter ......days   

 
c) Should part of the Congress occur over a weekend?  Yes/No 
  Comments/Suggestions:    ____________________________________________________________________ 
 
d) Should the sports/recreation afternoon be maintained?  Yes/No 
  Comments/Suggestions:    ____________________________________________________________________ 
 
e) Did the 2007 Congress content and presentation live up to your expectations?        Yes/No 
  Comments/Suggestions:    ____________________________________________________________________ 

 
f) Where the proceedings well presented?              Yes/No  
  Comments/Suggestions:    ____________________________________________________________________ 
 
g) Was your registration handled well?                Yes/No  
  Comments/Suggestions:    ____________________________________________________________________ 

 
h) Were the food and refreshments good?   Yes/No  
  Comments/Suggestions:    ____________________________________________________________________ 

 
i) Did you benefit from the trade exhibits?   Yes/No  
  Comments/Suggestions:    ____________________________________________________________________ 

 
j) Did you get value for your money?               Yes/No 
  Comments/Suggestions:    ____________________________________________________________________ 

 
k) Rate the relevance and the benefits of the scientific content of the congress to the equine practitioner.   

High/Moderate /Low 
  Comments:    ______________________________________________________________________________ 
 
l) Suggestions for future SAEVA Congresses (topics for the scientific programme 
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ANY OTHER COMMENTS OR SUGGESTIONS
 ___________________________________________________________________________________________ 
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NOTE:  Evaluation forms should be completed and given to Session Chairman by the end of 
sessions on Tuesday to enable us to give the prizes on Wednesday evening. 
 
BEST LOCAL SPEAKER:  EVALUATION FORM           
Please give a score out of ten in each criteria, for each Speaker and  
then give the final score out of 50 for each Speaker next to their name. 
 
CRITERIA:   1. Presentation    /20 
    2. Relationship with Audience  /20 
    3. Use of Audiovisual Equipment/Aids  /20 

   4. Content/Applicability   /20 
    5. Take Home Message   /20 
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Give each speaker a score for each of the criteria – add them up and give the total 

C Donellan /20 /20 /20 /20 /20 /100 

A Pardini /20 /20 /20 /20 /20 /100 

DM Barry /20 /20 /20 /20 /20 /100 

M Schulman /20 /20 /20 /20 /20 /100 

I Meyer /20 /20 /20 /20 /20 /100 

A Guthrie /20 /20 /20 /20 /20 /100 
 

 
BEST EXHIBITORS STAND SAEVA CONGRESS 2007 
 
Please give a score out of ten in each criteria, for each Exhibitor and then give the final score out of 100 for each 
Exhibitor next to their name  - thank you 
 
CRITERIA 
1. Presentation Impact/Display/Attractiveness  /20   
2. Technical Information/Knowledge of Products /20  
3. Helpfulness of Staff    /20 
4. Enthusiasm     /20 
5. Interest Value     /20 
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Please hand in Wednesday lunchtime, to qualify for a lucky Draw on 
Wednesday evening 



Continuing Professional Development 
Annual South African Equine Veterinary Association Congress 2007 – 

South Africa:  Scientific Program. 
(18 February 2007) 

This form is for your own records.  Do not send to SAEVA.  Use this record to help you meet licence 
renewal or academy requirements.  After the meeting, place this completed record in a file along with 

your registration receipts, program information and notes. 

 
MONDAY 19 February 2007 

08H30 – 09H30: Pregnant mare and problems of late gestation (1) 
 Grant Frazer    1 hour  
09H30 – 10H30: Endotoxaemia & SIRS, Celia Marr                1 hour 
11H00 – 12H00: Pregnant mare and problems of late gestation (2) 
 Grant Frazer 1 hour 
12H00 – 12H30:      Tulp poisoning in Horses, C Donellan                               1 hour 
12H30 – 13H00:      Equine Encephalosis Virus: Mystery or Myth?, A Pardini     ½ hour  
14H00 – 15H00: Pregnant mare and problems of late gestation (3) 
 Grant Frazer 1 hour 
15H00 – 15H30: Regeneration of traumatized equine superficial flexor 
 tendons with a nucleated cell cocktail, DM Barry ½ hour  
16H00 – 16H15: Sponsored Session:  Intervet 
16H15 – 17H00:      Peritonitis, Celia Marr            ¾ hour 

TUESDAY 20 February 2007 
08H00 – 09H00: Obstetrical management on the farm, Grant Frazer 1 hour 
09H00 – 10H00: Pleural and pulmonary parenchymal disease, Celia Marr     1 hour 
10H00 – 10H15:  Sponsored session: Vetlight Photizo 
11H00 – 11H30: Pregnancy failure of TB broodmares in South Africa: a   
 Retrospective analysis of 25 years of breeding records 
 M Schulman ½ hour 
11H30 – 12H00: AHS: Strategic role and purpose of data collection 
 I Meyer ½ hour  
12H00 – 13H00: Current update on AHS, A Guthrie 1 hour 

WEDNESDAY 21 February 2007 
08H00 – 09H00: Update on the pathogenesis and medical aspects of  
 the management of laminitis, Celia Marr 1 hour 
09H00 – 10H00: Fluid therapy, Celia Marr 1 hour 
10H00 – 11H00: Postpartum management and complications (1) 
  Grant Frazer 1 hour 
11H00 – 11H15: Sponsored session:  Boehringer Ingelheim 
11H45 – 12H45: Postpartum management and complications (2) 
 Grant Frazer 1 hour 
14H00 – 14H30: Exercise-induced arrhythmias and their role in poor 
 performance, Celia Marr ½ hour 
14H30 – 15H30: Large ovaries, G Frazer 1 hour 
16H00 – 17H00:      Stallion clinical problems, G Frazer 1 hour 

THURSDAY 22 February 2007 
08H30 – 09H30: Cardiac murmurs - assessment in pre-purchase exams 
 Celia Marr 1 hour 
09H30 – 10H30: Reviewing fetotomy technique, Grant Frazer 1 hour 
12H00 – 13H00:      Atrial fibrillation, Celia Marr            1 hour 
 
I certify that I attended the sessions checked above which qualify for a total of 
.......................... continuing education hours. 
 
Signature:  ……………………………………………………. Accreditation number: ……………… 

Points allocated:……………



CONTENTS
 

 
 
Scientific Program   1 

Recent Advances in Equine Obstetrics  3 

Endotoxaemia & SIRS         32 

Equine Encephalosis: 

    Is it a Mystery or a Myth?        36 

Regeneration Of Traumatized Equine Superficial Digital Flexor Tendons With A 

    Nucleated Cell Cocktail        40 

Peritonitis          41 

Dystocia Management: 

    Field And Clinic         43 

Pneumonia And Pleuropneumonia       53 

Pregnancy Failure In Thoroughbred Broodmares In South Africa:  

    A Retrospective Analysis Of 25 Years Of Breeding Records    57 

African Horse Sickness: 

    Strategic Role And Purpose Of Data Collection      58 

Update On The Pathogenesis And Medical Aspects Of The Management Of Laminitis 61 

Equine Pain Management        71 

Pituitary Pars Intermedia Dysfunction       74 

Equine Metabolic Syndrome: 

    Diagnostic Tests And Management Options      76 

Equine Fluid Therapy         79 

Exercise-Associated Arrhythmias        84  

Evaluation of the equine ovary        89 

Clinical Problems in the Breeding Stallion       93 

Cardiac Murmurs: 

    Assessment In Pre-Purchase Exams       100 

Fetotomy  in  the  Mare         108 

Atrial Fibrillation: 

     Pathogenesis, Management And Outcome      115



 
 

39th Annual South African Equine Veterinary Association Congress 2007  
 

 
1

39th Annual South African Equine 
Veterinary Association Congress 

2007 – Stellenbosch: Scientific Program. 
 

SUNDAY 18 February 2007 
 
13H00 Exhibitors setting up stands 
17H00: Registration 
18H30: Welcoming Cocktail and drinks in Exhibitors hall 
 SPONSORED BY SCHERING PLOUGH ANIMAL HEALTH 
 

MONDAY 19 February 2007 
 
07H30 – 08H00: Late registration 
OPENING SESSION  Chairman:  
08H00 – 08H30:  Opening address  
08H30 – 09H30: Pregnant mare and problems of late gestation (1), Grant Frazer    
09H30 – 10H30: Endotoxaemia & SIRS, Celia Marr 
10H30 – 11H00:  Tea   
11H00 – 12H00: Pregnant mare and problems of late gestation (2), Grant Frazer 
12H00 – 12H30: Tulp poisoning in Horses, C Donellan 
12H30 – 13H00: Equine Encephalosis Virus: Mystery or Myth?, A Pardini  
13H00 – 14H00:  Lunch 
SESSION  Chairman:  
14H00 – 15H00: Pregnant mare and problems of late gestation (3), Grant Frazer 
15H00 – 15H30: Regeneration of traumatized equine superficial flexor  
 tendons with a nucleated cell cocktail, DM Barry   
15H30 – 16H00: Tea 
16H00 – 16H15: Sponsored Session:  Intervet 
16H15 – 17H00: Peritonitis, Celia Marr   
 Happy Hour!  Exotic cocktails SPONSORED BY CIPLAVET 
17H30– 18H30: AGM  
19H00 Braai SPONSORED BY VIRBAC  (Venue: Black Bull, Protea) 
 

TUESDAY 20 February 2007 
  
SESSION  Chairman:  
08H00 – 09H00: Obstetrical management on the farm, Grant Frazer 
09H00 – 10H00: Pleural and pulmonary parenchymal disease, Celia Marr 
10H00 – 10H15:  Sponsored session: Vetlight Photizo 
10H15 – 11H00: Tea 
11H00 – 11H30: Pregnancy failure of TB broodmares in South Africa: a   
 Retrospective analysis of 25 years of breeding records , M Schulman 
11H30 – 12H00: AHS: Strategic role and purpose of data collection, I Meyer   
12H00 – 13H00: Current update on AHS, A Guthrie 
13H00: Sport Afternoon SPONSORED BY Bayer AH 
 Lunch (Vintage platter with wine) at Avontuur Wine estate 
 Wine tasting at Avontuur and tour of Stud  
 Spier Wine estate:  Tour of Cheetah Breeding station  
 OR Jantie Du Preez Golf day: De Zalze Winelands Golf Estate  
                            (Sponsored by BCF/ Sonorite.)  
19H00 Dinner SPONSORED BY Horse & Rider Medics at MOYO Restaurant. 

Spier 
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WEDNESDAY 21 February 2007 

 
SESSION  Chairman:  
08H00 – 09H00: Update on the pathogenesis and medical aspects of  
 the management of laminitis, Celia Marr 
09H00 – 10H00: Fluid therapy, Celia Marr 
10H00 – 11H00: Postpartum management and complications (1), Grant Frazer 
11H00 – 11H15: Sponsored session:  Boehringer Ingelheim 
11H15 – 11H45: Tea 
11H45 – 12H45: Postpartum management and complications (2), Grant Frazer 
13H00 – 14H00: Lunch  
                  
GALA DINNER SESSION Chairman: 
14H00 – 14H30: Exercise-induced arrhythmias and their role in poor 
 performance, Celia Marr 
14H30 – 15H30: Large ovaries, G Frazer  
15H30 – 16H00: Tea 
16H00 – 17H00: Stallion clinical problems, Grant Frazer   
19H00: Robin Rous Dinner SPONSORED BY BOEHRINGER INGELHEIM 
  
 Black Tie 
  
 Entertainer:  Jannie Moolman 
 Key Note speaker:  Jehan Malherbe 
  
 

THURSDAY 22 February 2007  
 
FINAL SESSION  Chairman:  
08H30 – 09H30: Cardiac murmurs - assessment in pre-purchase exams, Celia Marr 
09H30 – 10H30: Reviewing fetotomy technique, Grant Frazer 
10H30 – 11H15: Tea 
11H15 – 12H00: Radiology quiz 
12H00 – 13H00: Atrial fibrillation, Celia Marr 
13H00: Lunch  
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Recent Advances in Equine 
Obstetrics 
 
Grant S. Frazer BVSc, MS, DipACT. 
Diplomate, Am. College of Theriogenologists 
Director, Veterinary Teaching Hospital 
College of Veterinary Medicine 
The Ohio State University 
Columbus, OH. 43210. 
 
Introduction:  
Obstetrics is a branch of veterinary 
medicine that is concerned not only with 
the birth process, but also with treatment 
of the mother before and after the 
delivery. That is certainly the role ascribed 
to our obstetrical colleagues in the human 
field. Veterinary obstetrics encompasses 
far more than merely resolving difficult 
dystocias. In order to successfully manage 
complications that may develop in late 
gestation it is essential that the 
practitioner have a thorough appreciation 
of the complex fetoplacental environment. 
The horse is unique in so many respects, 
not the least of which is the hormonal 
support of pregnancy, and the changes 
that ultimately trigger parturition. Over the 
past several decades many distinguished 
colleagues have focused their research 
endeavors on unlocking the mare’s 
reproductive secrets. However, in the 
interest of brevity, this paper will review 
only the most recent literature (1995 to 
present) pertaining to the equine 
periparturient period. Where there is no 
relevant material from the past decade, 
some earlier citations are provided. 
 
Placentation:  
The morphology of blood vessels in the 
uterine wall can vary considerably, 
depending on the age and reproductive 
status of the mare. In a recent study, 
inflammatory vascular alterations were 
observed in 20.5% of the endometrial 
specimens examined 1. Smaller and larger 
arterial and venous vessels demonstrated 
mild to severe degenerative lesions. 
Unaltered vessels were detected only in 
maiden mares. The incidence and severity 
of angiosis increases with the number of 
previous pregnancies and with advancing 
age 1-3. It has been proposed that 
haemodynamic and hormonal alterations 

during pregnancy and the puerperium may 
induce active vascular remodeling, and the 
ageing processes, chronic inflammation and 
short foaling intervals may be additional 
detrimental factors 1,2. Severe angiosis is 
frequently combined with phlebectasia and 
lymphangiectasia, with a decrease of 
uterine perfusion and lymph drainage. 
Angiosis in older, multiparous mares might 
therefore be intimately related to infertility, 
possibly due to detrimental effects on early 
embryo nourishment and subsequent 
placentation 1,2,4. 
 
Epidermal growth factor (maternal 
endometrial glands) and insulin-like growth 
factor II (fetal tissues) appear to play 
fundamental roles in the hyperplasia and 
architectural re-modelling of the diffuse, 
epitheliochorial placenta 5. By day 40 of 
pregnancy the microcotyledonary tufts 
are starting to develop under the influence 
of mitogenic factors secreted by the 
endometrium, and although the 
microcotyledons continue to grow during 
the second half of gestation, most of the 
mitotic activity is confined to their periphery 
5-7. In fact, there is evidence that the tips of 
the microcotyledonary villi continue to 
branch in the last few days prior to delivery 
7. Degenerative changes (endometrosis) in 
the maternal endometrium can adversely 
affect the ability of the microcotyledonary 
placenta to facilitate optimal hemotrophic 
nutrition and exchange of waste products 
1,2,8. If the pregnancy is maintained, 
dysfunction in the diffuse, non-invasive 
epitheliochorial placenta can lead to the 
birth of small, weak foals (intra-uterine 
growth retardation) 8,9. Although the 
histotrophic form of nutrition is likely to 
remain important throughout gestation, 
adequate hemotrophic nutrition is essential 
to support the rapid fetal growth that 
occurs during the latter part of gestation 
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5,7,8,10,11. A so-called ‘body pregnancy’ 
occurs when the conceptus fails to expand 
into one of the uterine horns. These are 
rare, and usually result in abortion in the 
last trimester when the nutrient demands 
of the fetus are no longer being met by 
the inadequate placental surface area 12. 
 
Mean placental parameters and foal birth 
weights are lower in primigravid mares, 
and there is a significant increase in the 
‘microscopic area of the microcotyledons 
per unit volume of chorion’ (Sv) between 
the 1st and 2nd parity. The degree of 
branching, and length of the 
microcotyledonary villi, increase in the 2nd 
parity 13,14. Although the Sv of the 
microcotyledons is lowest in aged mares - 
most likely due to degenerative changes in 
the endometrium - foal birth weight is 
maintained by a compensatory increase in 
chorionic volume. Irrespective of the age 
and parity of the mare, the total area of 
feto-maternal contact ultimately governs 
foal birth weight.  
 
The kilograms of foal produced per square 
meter of functional microscopic contact 
appears to be constant 13,14. Some 
interesting embryo transfer experiments 
have demonstrated the impact that uterine 
capacity – and placental area – can have 
on the size and birth weight of the foal 
11,15-19. In a Thoroughbred-in-Pony (Tb-in-
P) versus Pony-in-Thoroughbred (P-Tb) 
comparison the TB fetuses matured in a 
cramped and nutritionally deprived 
environment whereas the pony fetuses 
developed in a uterus that surpassed their 
genetic requirements 13,19. Comparison of 
placental measurements (weight, volume, 
and surface area) confirmed the impact of 
nutrient supply on birth weight. Ponies 
gestated in Thoroughbreds were heavier 
than Thoroughbreds gestated in ponies 
13,15,16,19. The growth and development of 
three pairs of gender matched pony foals 
were compared from birth to maturity. 
One foal from each pair had been gestated 
in a larger, heavier type recipient mare. 
During the fetal stage the body weight 
gain and growth were faster in the foals 
that had been transferred into a larger 
uterus. The accelerated growth continued 
during the suckling period, but after 
weaning the weight gain and growth rate 
were comparable with the foals that had 
been gestated in the genetic dams. At 

maturity the transferred horses were only 
2-5% taller (longer cannon bones), 
indicating that the genetic potential 
compensated for any gestational influence 
over the long term 17. 
 
Endocrinology: 
At the start of an endocrinology discussion 
it is perhaps appropriate to remind the 
reader that the words ‘progestogens’, 
‘progestagens’ or ‘progestins’ are terms 
used to inclusively describe the group of  
pregnenelone (P5) or progesterone (P4) 
metabolites that appear to be necessary to 
ensure maintenance of pregnancy in the 
mare. The unsaturated steroids are called 
‘pregnenes’ whereas the saturated 
steroids are referred to as ‘pregnanes’ 20. 
Our knowledge about the endocrinology of 
late gestation, and the initiation of 
parturition, has evolved tremendously in 
the past decade. One of the pioneers in the 
field - Marian Silver - would be well 
pleased. In the second half of gestation the 
fetoplacental unit possesses a unique 
steroid hormone metabolic activity 5,20,21.  
 
Experimental inhibition of 3β-
hydroxysteroid dehydrogenase (3β-HSD) in 
pregnant mares blocks placental conversion 
of pregnenelone into progesterone, but 
alternate pathways maintain progestin 
levels sufficiently to prevent abortion 20,22. 
In fact, there is no significant 
uteroplacental uptake or outputs of either 
pregnenelone or progesterone from or to 
the maternal circulation from 6 months to 
term 23,24. However, there is significant 
uteroplacental uptake of P5 from the 
umbilical circulation during the same 
period, and a significant uteroplacental 
output of P4 to the fetus occurs from about 
8.5 months to term 23,24. Since there is no 
ductus venosus in the equine fetus, all the 
umbilical venous blood is delivered to the 
liver sinusoids where further steroid 
metabolism may occur 20,21. The gravid 
endometrium has 5α-reductase and 20α-
hydroxylase activity 20,21. Most of the 
placental-derived P4 is further metabolized 
into 5α-reduced pregnanes (5α- pregnane-
3,20-dione and 20α-dihydroxy-5-pregnan-3-
one, together with other 5α-reduced 
metabolites of P4 and P5) 5,20-22,24,25. The 
majority of the total uteroplacental 20α-
hydroxy-5α-pregnan-3-one (20α5P) is 
distributed into the uterine circulation 24. 
Since P4 is undetectable (<1 ng/ml) in 
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peripheral plasma of mares in the later 
half of gestation, plasma ‘progesterone-
specific’ assays are of limited clinical value 
24,26-28. The circulating P4 concentration is 
no longer indicative of what is happening 
at the uterine level 21,24. It has been 
suggested that a P4/P5 metabolite, perhaps 
5α-pregnane-3,20-dione (5α-DHP; 
dihydroprogesterone) is the important 
steroid that maintains myometrial 
quiesence 22,28. Significant 5α-DHP 
uteroplacental outputs to both the 
maternal (70%) and umbilical circulations 
occur from 6 months, and total 5α-DHP 
production rises progressively with 
increasing gestational age. The 5α-DHP 
switches from preferential delivery into the 
maternal (uterine) circulation before 220 
days, to release predominantly into the 
umbilical circulation after day 260 24. The 
output to the fetus increases towards term 
and reaches 70-80% of the total 5α-DHP 
production by 10 months 20,23,24. While the 
current focus with respect to uterine 
quiescence appears to be on 5α-pregnane-
3,20-dione, inhibition of this important 
progestagen did not result in premature 
deliveries in all treated late pregnant 
mares 29.  
 
The enlarging fetal adrenal at term 
secretes the extra pregnenelone that is 
required for this additional placental 
progestagen production 5,20,21,24,30,31. Even 
at this late stage in equine gestation there 
is insufficient adrenal 17α-hydroxylase 
(P450C17) activity to convert the 
pregnenelone into fetal cortisol, and thus 
it passes out in the umbilical vessels and is 
converted to 5α-reduced pregnanes in the 
placenta 9,20,24,30-32. Fetal and maternal 
progestagen concentrations increase 
gradually in the last month of gestation, 
and then fall just prior to parturition 20. 
The precise mechanism that couples the 
fetal hypothalamic-pituitary-adrenal 
axis in the term foal is not known at this 
time, but it is invariably triggered when 
the fetus becomes fully mature 20,31-35. 
Fetal ACTH concentrations increase 
significantly over the last 2 days before 
parturition 34,35. When pony mares were 
subjected to intrafetal injections of ACTH 
at Day 300 of gestation maternal plasma 
progestagen concentrations increased 
significantly 31. It is not until the maturing 
adrenal gland attains 17α-hydroxylase 
(P450C17) capacity that the high levels of 

pregnenelone are metabolized into fetal 
cortisol 20,30-32,34. Disruption of the final fetal 
maturational processes appears to play an 
integral part in the pathophysiology of 
fescue toxicosis 25. The horse has an 
unusually wide gestational window in which 
a normal full-term foal may be delivered, 
but the critical period for fetal maturation 
occurs within the last 2 to 3 days prior to 
spontaneous delivery. A recent study 
reported a range of 315-388 days in 
Thoroughbred mares that produced a viable 
foal, and a 320 to 360 day gestational 
period is not unusual 20,36,37. Studies with 
intrafetal injections of ACTH have indicated 
that both precocious maturation of the 
equine fetus and a significant reduction in 
gestational length is likely to be mediated 
via adrenal regulation of fetal maturation 
and production of maternal progestagens 
31. Follow up work by Ousey demonstrated 
that maternal ACTH administration (high 
doses) appears to accelerate fetal 
maturation and delivery in pony mares 38. 
This likely mimics the precocious 
adrenocortical function that may be present 
as early as 280 days in a chronically 
stressed fetus (eg. placental pathology) 
39,40. Further work is required to establish 
the optimal gestational age and dosage for 
maternal ACTH administration before 
clinical recommendations can be given for 
this therapy 38.  
 
Fetal cortisol level remains basal until the 
last couple of days of gestation, when a 
marked rise culminates in parturition 9,32,34. 
Enhanced adrenocortical activity in the 
fetus is related to the onset of parturition in 
many species, but the short period for final 
fetal maturation makes the foal less likely 
to survive if it is delivered prematurely 30-

32,34,35,37,41. The elevated glucocorticoid is 
associated with increased tri-iodothyronine 
(T3) concentrations, and facilitates the vital 
lung maturational changes, glucogenic 
processes, and the characteristic rise in the 
fetal N/L ratio 42. Recent Thoroughbred-
Pony embryo transfer experiments have 
shown that Thoroughbred fetus may have 
larger gonads than the Pony fetus, and 
thereby secrete more C-19 precursor 
steroids (dehydroandrosterone and 
dehydroepiandrosterone) for aromatization 
to estrogens by the placenta 16. In the final 
weeks of pregnancy mean plasma 
progestagen concentrations rose much 
earlier, and to significantly higher levels, in 
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the Tb-in-P than in the P-in-Tb 
pregnancies. An interesting thought is that 
this may reflect increasing fetal stress in 
the Tb-in-P fetuses, and thus a 
compensatory premature maturation of 
the fetal adrenal gland. The end result was 
an increased secretion of pregnenelone by 
the adrenal cortex for conversion to 
progestagens by the placenta 16. 
 
Detailed investigations into all aspects of 
myometrial activity in the pregnant 
mare are desperately needed. Many of our 
current assumptions are extrapolated from 
what is known about other species 20,26,43. 
LeBlanc et al demonstrated that 
myoelectrical activity increases at night in 
late gestation mares, and that this is 
reversible and progressive as the day of 
parturition approaches. The frequency and 
duration of myoelectrical bursts are similar 
during the night and day until the last 
week of gestation. Frequency increases 
steadily over the last 6 days of gestation, 
with a reversible switch between daytime 
contractures and nighttime contractions as 
parturition approaches 44,45.  
 
The classic theory on uterine motility in 
most species is that progesterone prevents 
development of oxytocin receptors, 
whereas a relative increase in the 
estrogen:progesterone ratio promotes an 
increase in the number of oxytocin 
receptors 46,47. However the mare appears 
to be unique in that parturition can be 
induced with exogenous oxytocin in the 
presence of high progestagen levels. In 
the mare, it is believed that metabolites of 
pregnenelone and progesterone 
(progestagens) are responsible for 
myometrial quiescence 20,23. The 
concentration of progestagens (eg. 5α-
DHP) increase in maternal plasma during 
the last 3 to 4 weeks of gestation, and 
then plummets in the last 48 hours prior 
to the onset of parturition 20,44. Since 5α-
DHP binds more readily to uterine P4 
receptors than progesterone itself, or any 
of the other progestagens, it is thought to 
play a major role in maintaining 
myometrial quiescence 20,23,47. 
 
Administration of P4-in-oil or the 
altrenogest progestagen will prevent 
prostaglandin-induced abortion in the 
3 to 5 months of pregnancy 48. However, 
other progestagenic compounds are less 

effective in preventing abortion 49. 
Prostaglandin dehydrogenase (PGDH) is the 
critical enzyme that determines metabolism 
of primary prostaglandins. PGDH is present 
in maternal epithelial and interstitial cells in 
the microcotyledons, and has been 
detected in the trophoblast cells after Day 
300. Its expression is determined in part by 
steroid hormones, particularly the 3β-
hydroxysteroid dehydrogenase (3β-HSD) 
derived progesterone at the uterine level 
20,50. Since cholesterol side chain cleavage 
enzyme (P450SCC) and 3β-HSD are present 
in the trophoblast cells it may be that PGDH 
is regulated in a paracrine fashion by local 
diffusion and action of the P450SCC and 3β-
HSD metabolites 32,50. Altrenogest may 
positively impact on 5α-DHP production, 
and if this progestagen promotes 
myometrial quiescence then the product’s 
apparent efficacy in high risk pregnancies 
would be substantiated 28. While it is 
assumed that progesterone and 
progestagens are necessary for myometrial 
quiescence in the mare, recent in vitro 
studies suggest that other factors may also 
be involved 46,51. Progestagens were 
ineffective at controlling myometrial 
contractility in vitro, and did not inhibit the 
effects of oxytocin 46. An oncofetal protein 
has been shown to reduce oxytocin-induced 
myometrial contractions in vitro, and it has 
been suggested that this protein may play a 
role in controlling myometrial quiescence in 
mares as well 46. Placental production of 
relaxin may also play a role in myometrial 
quiescence. It may take a significant rise in 
uterotonin concentrations (PGF2α and 
oxytocin) before its inhibitory effect can be 
overcome 52. 
 
Perhaps the number of oxytocin receptors 
and myometrial gap junctions do not 
increase until just prior to parturition in the 
mare 46. Gap junctions provide low 
resistance pathways that increase the 
electrical conductivity in the myometrium, 
thereby permitting the development of 
spontaneous, well co-ordinated labor 
contractions. The myometrial gap junction 
protein, Connexin-43, is modulated by 
steroids and prostaglandin 52. Research in 
several species has shown that there is a 
complex interaction between oxytocin and 
PGF2a. Prostaglandin is integrally involved 
in a feedback loop with oxytocin, even 
though the molecules have different 
receptors on the myometrium, and different 
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second messengers within the cells 53. The 
oxytocin-neurophysin I (OT-NP I) gene is 
transcribed into mRNA in the endometrium 
of mares , and mRNA levels are negatively 
correlated with serum progesterone 
concentrations 53. In a recent study the 
oxytocin mediated response of the 
myometrium in cycling mares was 
negatively correlated with increasing 
plasma progesterone concentrations, but 
there was no correlation between the 
uterine response and plasma estradiol-
17beta concentration 54. There is a positive 
correlation between PGF2α release, 
endometrial oxytocin receptor density, and 
plasma oxytocin concentrations in 
nonpregnant mares 55,56. The fact that 
oxytocin injections can induce myometrial 
contractions before term is consistent with 
the findings of Ousey et al in that 5α-DHP 
doesn’t prevent oxytocin-induced 
myometrial contractions in myometrial 
strips in vitro 46. Progestagen inhibition 
and oxytocin stimulation may be a dose 
dependent mechanism in vivo. The 
amount of oxytocin required to induce 
delivery, and the time until fetal expulsion 
decreases as gestation progresses. High 
and repeated doses are required to induce 
expulsion when the fetus is immature, 
whereas a single small dose is effective 
when the fetus is mature and the time for 
spontaneous delivery is close 37,46. 
Exogenous oxytocin causes a rapid release 
PGF2α which then enhances the action of 
oxytocin on the myometrium by 
stimulating oxytocin receptors and gap 
junction formation 31,37. 
 
As parturition approaches the myometrium 
appears to become more responsive to 
oxytocin and prostaglandin, and eventually 
the high concentrations of oxytocin and 
prostaglandins may overcome the 
inhibitory effects of relaxin 33,46,52,57. 
When periodic pituitary blood samples 
were collected from the intercavernal sinus 
of mares from at least 6 h before rupture 
of the chorioallantois, a significant 
increase in PGF2α concentration was 
detected before a significant increase in 
oxytocin concentration 58. There was a 
significant correlation between PGF2α and 
oxytocin concentrations after a 6 min lag 
period, indicating that in the 2 h before 
delivery of the foal, an increase in 
prostaglandin was followed 6 min later by 
an increase in oxytocin. Thus, although 

oxytocin secretion from the maternal 
posterior pituitary gland appears to begin 
before, or in association with, the onset of 
the second stage of labor, PGF2α levels 
increase in the peripheral circulation before 
a rise in oxytocin occurs 58. This complex 
hormonal interaction is not yet completely 
understood. In an oxytocin induced 
parturition study flunixin meglumine (a 
potent cyclooxygenase inhibitor) 
significantly lowers PGF2α - metabolite levels 
but didn’t affect the time to rupture of the 
chrioallantois or to delivery of the foal 59. 
Oxytocin levels reach peak concentrations 
during the expulsive (stage II) phase of 
parturition 58,59. Maternal straining 
(contraction of the abdominal muscles) is 
almost always associated with large 
sustained uterine contractions.  
 
Serum estrogens in the pregnant mare 
include estradiol, estrone, and the equine-
specific steroid ring-B unsaturated 
estrogens – equilin and equilenin 60. The C-
19 estrogen precursors, 
dehydroandrosterone (DHA) and 
dehydroepiandrosterone (DHEA), are 
produced in large quantities by the 
enlarged fetal gonads during mid-gestation, 
and are aromatized into estrogens by the 
placenta. Levels of conjugated estrogens 
peak at 300-400 ng/ml by approximately 
day 240 of gestation, and then decline 
towards term 9,16. It is noteworthy that the 
maternal total estrogen concentration at 
delivery is still higher than that in non-
pregnant mares, and the rapidly falling 
progestagen levels cause a relative increase 
in the estrogen:progestagen ratio 9,34,61. 
The fact that labor is weak and ineffective 
in mares carrying gonadectomized fetuses 
suggests that the baseline estrogen levels 
are detrimental to the normal parturient 
process 9,37,51. There are nocturnal 
elevations in the concentration of estradiol 
17β in late gestation - especially during the 
last 6 days prior to parturition. Estradiol 
17β has a high affinity for the uterine 
estrogen receptors in late gestation 47,62. 
This increasing estrogen is likely to be 
associated with the increasing nocturnal 
myoelectrical activity at this time 45. The 
adrenergic and peptidergic innervation of 
the equine uterus and cervix has 
recently been studied 63. Neuronal factors 
are thought to play an important role in the 
regulation of uterine motility, endometrial 
secretion, and uterine blood flow. The high 
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density of innervation in the cervix 
indicates a role in regulating cervical 
closure and relaxation. Some 
neuropeptides have a contractile effect 
while others promote relaxation 63. The 
contracting myometrium forces the 
chorioallantoic sac against the softening 
cervix and Stage I of parturition ensues.  
 
Conditions associated with ‘High-
Risk’ Pregnancy: 
In North America the incidence of twin 
abortions has dropped significantly due 
to early intervention after ultrasonographic 
diagnosis of a multiple pregnancy 64,65. 
However, diagnostic errors still occur. This 
author consults on 2-3 pending abortion 
cases each year that are confirmed to be 
due to a twin diagnostic error. Twin 
abortions in the last few months of 
gestation often cause a dystocia. 
Bicornuate twins are more likely to survive 
because each membrane can attach to an 
entire horn and one side of the uterine 
body, but the resulting foals are likely to 
be stunted due to intra-uterine growth 
retardation (IUGR) 66.  
 
Umbilical cord torsion is an uncommon 
cause of abortion, but must also be 
considered when presented with a mare 
that has premature mammary 
development. A recent report reviewed 
168 cases from the University of Kentucky 
Livestock Disease Diagnostic Center over a 
5-year period 67. These twisted cord 
abortions represented 6.0% of the equine 
fetus submissions during that 5-year 
period. The gestational age of the fetuses 
ranged from 5-10 months, with a mean of 
7.5 months. It is interesting that the peak 
incidence of abortions due to umbilical 
torsions occurs at the time that the 
hindlimbs can become permanently 
enclosed in the uterine horn 66. Perhaps in 
some instances this prevents the 
unraveling of those critical few rotations 
that can lead to circulatory compromise? 
There is no doubt that a longer umbilical 
cord predisposes the fetus to this 
condition.  
 
The mean umbilical cord length for full-
term Thoroughbred foals is reported to be 
55 cm, but in the Kentucky torsion study 
the cords varied from 62 to 125 cm 67. The 
average length of the affected cords 
(96cm) exceeded that described in 

another abortion study by almost 10.0 cm 
68. The cords tended to be highly twisted 
with areas of constriction, edema, 
hemorrhage and/or thrombosis, and fluid-
filled sacculations. The fetuses were 
slightly-to-moderately autolyzed. This is 
consistent with fetal death prior to abortion. 
Urinary bladder dilation was noted in some 
cases, presumable due to obstruction of 
urachal outflow 67. A long cord/cervical pole 
ischemia disorder was diagnosed in 3.1% of 
1252 fetuses studied in a recent English 
report 69. The fetuses were fresh and 
expulsion was attributed to abrupt placental 
separation subsequent to perforation of the 
necrotic cervical pole. An opportunistic 
secondary ascending placentitis was noted 
in some of these cases 69. 
 
Placentitis, vasculitis, or any condition that 
limits the fetus’s glucose or oxygen supply 
(eg. surgical colic), or delays clearance of 
metabolic wastes can cause abortion 33,51. It 
would appear that aberrations in the 
cardiovascular and metabolic status of the 
mare and fetus are more detrimental to 
pregnancy maintenance than the actual 
medical or/or surgical condition that 
causes colic in a pregnant mare 70,71. 
Anesthesia that is maintained on halothane 
alone can cause marked cardiovascular 
depression in horses. This may compromise 
umbilical circulation, and cause lower P02 
umbilical venous blood gas values 
compared with a ‘triple drip’ protocol 71. 
Maternal hypoxemia increases the risk of 
abortion because it causes an immediate 
decrease in umbilical venous oxygen 
tension 71. Horses positioned in dorsal 
recumbency are more likely to have a low 
Pao2 , and the weight of a gravid uterus 
invariably results in aortocaval 
compression. Any reduction in uterine blood 
flow negatively impacts on placental 
perfusion, and leads to fetal stress 71-73. 
Stage of gestation and duration of 
anesthesia are less critical factors provided 
that maternal oxygenation is adequate 74. 
Dorsal recumbency (with a ‘gaping’ vulva) 
may presdispose late pregnant mares to 
ascending placentitis. While placentitis 
accounts for approximately one third of 
fetal/neonatal losses in the mare, it tends 
to be a sporadic, individual mare problem 
that seldom has any lasting effect on mare 
fertility 75. The incidence of placentitis 
abortions in England is reported to be only 
10%, apparently because in that country 
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much more significance is attributed to 
umbilical cord pathology (39%) 69. Both 
bacterial ( beta-hemolytic streptococci, 
Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella pneumoniae) and fungal 
(Aspergillus spp.) organisms may be 
incriminated 76,77. Ascending infections 
predominate, resulting in a suppurative, 
necrotizing inflammation and detachment 
of the placenta in the region surrounding 
the cervical star 77,78. However, obvious 
vaginal discharge is not a consistent 
feature of the condition. Bacteria appear 
to move up the umbilical cord into the 
amniotic cavity, and then are 
swallowed/aspirated by the fetus. The 
lung is the organ of predilection 79. The 
result may be premature delivery of a 
dead, sick or precociously mature, viable 
foal 33,78.  
 
Leptospira spp. [L.interrogans serovar 
pomona (type kennewicki) and serovar 
grippotyphosa] induce a diffuse placentitis 
with large numbers of spirochetes in the 
placental tissues 80,81. Leptospirosis has 
been incriminated as a sporadic - but 
significant - cause of placentitis, abortion, 
and premature births in central Kentucky 
82-84. Abortions generally occur from 6 
months to term, with no premonitory 
clinical signs. The placenta is edematous, 
with a necrotic chorion covered with a 
mucoid exudate 80,82. The spirochetes tend 
to be numerous and are readily 
demonstrated in the stroma and villi of the 
placenta. Therapy is aimed at preventing 
urinary shedding, and possibly 
prophylactic treatment of pregnant in-
contact mares that have high titers 80. 
High doses of  potassium penicillin G (20 
million units IV, q 12 hr) may be effective 
in preventing infection of a fetus if the 
mare has a high titer. Oxytetracycline has 
also been used 84,85. 
 
A unique nocardioform placentitis has 
been reported as a sporadic cause of 
abortion and weak foals in central 
Kentucky over the past decade 86. The 
initial lesion is localized in the cranio-
ventral aspect of the uterine body, 
extending cranially onto the base of the 
horns, and circumferentially around the 
placenta. Outcomes vary from abortion to 
birth of a normal foal. Some foals are 
premature, while others are delivered at 
term but are either stillborn, or weak and 

compromised with a malnourished 
appearance 77,80. This latter finding is 
indicative of the chronic nature of this 
condition. Most affected mares appear 
normal, although many will display signs of 
placentitis (premature mammary 
development and lactation)75,77,80,87. Vaginal 
discharge is not a feature of this condition 
since the area around the cervical star is 
not involved86. The causative organism was 
recently identified as Crossiella equi 88,89. In 
vitro testing has demonstrated that the 
nocardioform bacteria is susceptible to 
sulfonamides and trimethoprim 80. This 
combination is an ideal choice for systemic 
medication of a pregnant mare when 
placentitis is suspected since these 
antimicrobial agents are known to gain 
acceptable levels in the fetal fluids. A recent 
report from England suggests that PCR and 
immunohistochemistry of the fetal 
membranes should become a routine part 
of abortion investigations 90. In a highly 
virulent EHV-1 abortion, fetal infection may 
not be necessary. Virus-related thromboses 
and endometrial infarction may cause 
complete detachment of the chorioallantois 
from the necrotic endometrial epithelium, 
and expulsion of the fresh fetus still 
enclosed within the intact fetal membranes 
90. 
 
A detailed review of the following 
conditions has recently been published 91. 
The composition of amniotic fluid changes 
very little during gestation, with most 
changes occurring in the allantoic fluid 92. 
The amniotic fluid originates from the 
amniotic epithelium, salivary glands and 
secretions of the nasopharynx. In late 
gestation the fetal skin releases the vernix, 
and this likely contributes to the cloudiness 
of the amniotic fluid 93. By mid- to late 
gestation the biochemical profile of allantoic 
fluid is similar to that of urine. Fetal urine 
passes exclusively into the allantoic sac via 
the urachus until the patency of the urethra 
is established. Some fetal urine can then 
enter the amniotic cavity as well, and 
creatinine concentration in that 
compartment increases 92. The allantoic 
cavity is not only a reservoir for fetal urine, 
but also is lined by the chorioallantoic 
membrane. This membrane lies in close 
apposition to the mare’s endometrium 94. 
Dysfunctional placentation may cause an 
increased production of transudate, or 
disruption of transplacental fluid absorption.  
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There does not appear to be any 
consistent abnormality of the fetus or fetal 
membranes that is characteristic of the 
hydrops condition in the mare 95. Bain 
and Wolfsdorf have incriminated a mild 
diffuse placentitis or endometrial vasculitis 
in some cases 96. They have used a partial 
drainage technique in an attempt to 
manage some cases that were diagnosed 
within 2 to 4 weeks of term. The mares 
receive abdominal support (belly band), 
intravenous fluids, broad spectrum 
antibiotics, and anti-inflammatory 
medication. The technique of slow, 
repeated drainage involves a major time 
commitment and would not be cost 
effective for many cases. Fetal death may 
occur due to placental separation. There 
also appears to be a considerable risk for 
iatrogenic fetal infection following 
contamination of the fetal fluids, despite 
attempts to perform the drainage 
technique in an aseptic manner. Thus, 
despite heroic attempts in valuable mares, 
the fetus is likely to be lost in cases of 
hydrallantois 96. 
 
In most cases induction of parturition may 
be advisable before the mare's condition 
deteriorates further. Continued abdominal 
enlargement will predispose the mare to 
prepubic tendon rupture. Induction is not 
without risk (shock, dystocia), but the 
prognosis for survival of the mare is good 
provided that appropriate supportive 
therapy is instituted 95. The prognosis for 
the mare's reproductive future may also 
be favorable provided that there are no 
untoward sequelae (cervical lacerations, 
retained fetal membranes, metritis). 
Although oxytocin is widely considered to 
be the most efficacious method for routine 
induction of parturition, in hydrops cases 
the distended uterine musculature may 
not be able to contract effectively 97. This 
uterine inertia is common and gentle 
manual dilation of the cervix – or perhaps 
prior application of prostaglandin E – may 
be warranted 95,98. Bain and Wolfsdorf 
have reported a smooth induction 
following two doses of cloprostenol (500 
µg) administered 30 minutes apart 96.  
Apart from pronounced ventral edema, the 
classic presentation for a mare with a 
ruptured pre-pubic tendon is 
reluctance to walk, lordosis, and 
hemorrhagic mammary secretions 99. 

Palpation of the defect is often not possible 
due to pain and edema. The discontinuity in 
the body wall can be verified by 
transcutaneous ultrasonography. A padded 
canvas sling will provide support if the mare 
is to be nursed until the fetus is mature. If 
induction of parturition is elected to prevent 
further tearing then assisted vaginal 
delivery is usually necessary since the mare 
will have difficulty mounting a normal 
abdominal press. Herniation of bowel into 
the rent in the body wall can cause colic 99. 
  
The cause - or causes - of uterine torsion 
in the mare are not well defined. The 
condition is much more common in cattle, 
and in that species a large term fetus has 
been implicated as a major risk factor. The 
majority of uterine torsions in cows occur at 
term and most are thought to be a direct 
result of fetal positional changes during late 
first stage and early second stage labor 100. 
In the author’s clinical experience the vast 
majority of equine cases occur prior to 
term, and may be seen as early as 8 
months of gestation. In fact, one report 
documented a case as early as 126 days of 
gestation. In that instance the mare 
experienced colic due to incarceration of 
the distal jejunum in a 3600 uterine torsion. 
The condition was resolved at surgery and 
the mare subsequently delivered a healthy 
term foal at 354 days of gestation 101. 
Although Ginther and co-workers have 
shown that the fetus is locked into a 
dorsopubic position during the final months 
of gestation, it is still possible for the entire 
pregnancy (uterus and fetus) to rotate 
approximately 900 on the lower maternal 
abdominal wall 66. This occurs because any 
rotational movement of the caudal half of 
the fetus (pelvis and hindlimbs) by 
necessity will involve the close-fitting 
uterus. It seems likely that in extreme 
cases this rotating action can lead to a 
clinical uterine torsion. In a recent study, 
80% of term fetuses were in dorsosacral 
position when the uterine torsion was 
corrected. This suggests that fetal righting 
reflexes may have played a role in creating 
the torsion 102,103.  
 
The clinical signs that will attract the 
owner's attention are the result of 
abdominal pain 91,104. Occasionally the 
condition may remain undiagnosed for 
several weeks 105. In these instances an 
owner may have attempted treatment with 
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analgesics that they have used for 
previous mild colic episodes 91,104. 
Sometimes the veterinarian may 
incorrectly diagnose the condition as being 
a mild gastro-intestinal colic, and initially 
treat the mare medically with analgesics 
and mineral oil 103. Palpation per rectum is 
essential to determine whether a uterine 
torsion is present 91,104. Although vaginal 
involvement in the torsion is very common 
in the cow, uterine torsions in the mare 
seldom cause detectable changes in the 
vagina 91,100,103,105. Severe torsions, or mis-
diagnosed cases that are more chronic, 
may develop significant uterine 
compromise that results in changes in the 
composition of the peritoneal fluid. Any 
alterations in the composition of the 
peritoneal fluid may indicate the presence 
of a compromised, or ruptured, uterine 
wall 106. A flank laparoscopic examination 
can confirm the condition of the uterine 
wall 107. This information will facilitate an 
informed choice of surgical approach, or 
perhaps support a decision for euthanasia 
if economic considerations preclude 
surgical intervention.   
 
Anecdotal reports suggest that rolling the 
anesthetized mare provides a simple and 
economical method of correction. 
Unfortunately there is limited 
documentation of the outcome of this 
approach in the literature. A retrospective 
study of a meaningful number of cases 
would provide valuable information on the 
safety of this technique for both the mare 
(uterine rupture, hemorrhage) and the 
fetus (abortion). In the standing flank 
approach a grid incision is made on the 
same side as the direction of the torsion. 
More difficulty may be experienced in 
mares that are close to term. In these 
cases an incision in the opposite flank will 
permit a second surgeon to assist by 
gently pulling across the top of the uterus 
as it is elevated from below 103. The 
prognosis for cases of equine uterine 
torsion depends on the degree of vascular 
compromise. Severity and duration of the 
condition will affect placental circulation 
and subsequent fetal viability. In chronic 
cases where there is significant uterine 
compromise it is feasible to perform an 
ovariohysterectomy to salvage the mare 
for non-breeding purposes 104,105,108,109. It 
has been this author’s experience that if 
the fetus is alive, and the uterine wall is 

not severely congested and edematous, 
then the prognosis for both the mare's 
survival and for the birth of a live foal at 
term is good 91,101. There is controversy 
surrounding the prolonged use of 
progestins in late gestation 110.  
 
However, progestin supplementation for 3 
to 5 days after the manipulations involved 
in correcting a uterine torsion may be 
indicated to ensure myometrial quiescence, 
and thus maintenance of the placental 
attachment 26. Although supplementation 
after a uterine torsion would be in the last 
2-3 months of gestation, there are reports 
of mares retaining a nonviable (died at 3 to 
5 mths gestation) fetus while being 
administered progestins 111. Thus, if 
progestin supplementation is administered 
to a mare after correction of a uterine 
torsion, it is prudent to monitor fetal 
viability at regular intervals.  
 
Monitoring Fetal Well-being:  
Mammary development normally starts 
about 3 weeks from parturition coincident 
with the late gestation rise in progestagen 
concentration 20{Rossdale, 1997 #85,38. Mares that 
develop premature mammary enlargement 
(with or without lactation) should be 
suspected of having placentitis or a 
compromised fetoplacental unit 77. Not all 
cases of placentitis will have obvious vulvar 
discharge. Recent studies suggest that 
measurement of relaxin levels may serve as 
a useful means of monitoring placental 
function and treatment efficacy in the mare 
112. Since relaxin is produced by the 
equine placenta, a reduction in plasma 
relaxin levels may be indicative of placental 
compromise 57,112-114. Low relaxin levels in 
late pregnancy have been associated with 
various causes of placental dysfunction, 
including fescue toxicosis, olioghydramnios, 
and placentitis 113,115.  
 
Estrogen levels in maternal plasma reflect 
the activity of the fetal gonads (DHEA), and 
may provide a useful assessment of 
fetoplacental well-being between 150 to 
300 days of gestation 116. The 
hypertrophied gonads regress in size 
towards term. It is recommended that serial 
samples be obtained from a suspect mare. 
This may help to identify a clinically useful 
trend in hormone concentrations 42,51,117. If 
there is disruption of the fetoplacental unit 
(in this case the enlarged fetal gonads and 
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placenta) then estrogen production may 
be affected. A sudden fall in estrogen 
levels mimics the classic work of Pashen 
and Allen in which the estrogen level in 
the peripheral plasma of mares plummeted 
to baseline when the fetuses were 
gonadectomized approximately 3 months 
prior to term. If noted during serial 
monitoring, a sudden decline may signal 
imminent demise of the fetus 42,48. It is 
important to be sure of what the 
laboratory is actually reporting. Fetal 
estrogens are present in both conjugated 
(Bound; ng/ml) and unconjugated forms 
(Free; pg/ml). Estrone and equilin (E1) 
may be in a conjugated (to sulfates) or 
unconjugated form whereas estradiol (E2) 
is unconjugated 61. High concentrations of 
estrone and equilin are found in the 
maternal plasma during the second half of 
pregnancy, peaking at approximately day 
240, then decreasing towards term as the 
hypertrophied fetal gonads regress in size. 
The estrogen lab data may be useful in 
providing a prognosis for the owner 116.  
 
Optimal biosynthesis of the 
progestagens involves close interaction 
between a viable fetus and a healthy fetal 
membrane-endometrial (placental) unit 20. 
The RIA levels are maintained at 5 to 10 
ng/ml until the last 3-4 weeks of gestation, 
when they start to increase to a peak of 
20 to 25 ng/ml 20. A sudden decline occurs 
a few days prior to delivery. When 
monitoring “progesterone” levels in late 
pregnancy it should be remembered that 
what is being measured is the level of 
progestagens in the peripheral plasma. 
Little, if any, progesterone is found in the 
maternal circulation during late gestation 
24. The RIAs and ELISAs used to detect 
progesterone in endocrine labs also cross-
react with the mare’s fetoplacental derived 
progestagens. While ‘total progestagen’ 
levels may be measured by an 
immunoassay, specific progestagens are 
measured quantitatively by gas 
chromatography-mass spectrometry 
technology that can accurately 
differentiate minor differences in steroid 
structure 21,22,28. Clinicians should be 
aware that while total progestagen levels 
may be increased significantly by the 
administration of P4-in-oil, they will remain 
unchanged in mares receiving altrenogest 
per os. The detectable increase in the 
former likely reflects the presence of 

exogenous P4 in maternal plasma 28. 
Measuring progestagen levels every couple 
of days during a ‘high risk’ period may 
provide helpful prognostic information, but 
a single assay is of little use. By comparing 
relative changes over time the clinician can 
more accurately plan therapeutic 
intervention 116. If the progestagen level 
remains below 2ng/ml for several days then 
the prognosis is poor and abortion is likely 
to occur 42. In mares that have developed 
some placental or fetal pathology in late 
gestation there may be a premature rise in 
progestagen concentrations associated with 
a fetal stress response that causes 
precocious adrenal gland maturation. In 
some cases this may lead to birth of a 
surprisingly mature foal at 290 to 310 days 
of gestation 31,33,42,51,118. Since an increase 
in the last month is characteristic of normal 
maturation, the dilemma is in not knowing 
exactly what was to be the last biologically 
programmed month for this particular 
fetus: day 300-330? ; day 315-345? ; or 
perhaps even later. A sudden fall in 
progestagen levels may be associated with 
an acute fetal crisis, and often heralds that 
abortion is imminent 20,51,116. 
 
Fetal palpation per rectum is a 
notoriously insensitive method for assessing 
fetal well-being since a normal fetus may 
have periods when it is unresponsive to 
ballottement 42. Likewise, it is impossible to 
predict the likelihood of dystocia based on 
fetal posture prior to the onset of 
parturition. Vigorous hindlimb thrusts, in 
association with elevation of the fetal rump, 
can result in the hooves being pushed well 
past the cervix into the recto-genital pouch 
{Ginther, 1998 #431}. Thus, the fetal 
hooves being palpated per rectum may 
sometimes be attached to the hindlimbs. 
While the primary use of ultrasound in 
broodmare practice is undoubtedly early 
confirmation of pregnancy, transabdominal 
and transrectal ultrasound can provide 
valuable information in late gestation as 
well 117,119-125. Either a 3.5- or 2.5-MHz 
curved linear-array or sector-scanner 
transducer is best for transabdominal 
examinations since these can penetrate to a 
depth of 20 or 30 cm respectively 123,126. 
Fetal gender determination (penis/prepuce; 
mammary gland/teats) can be performed 
accurately up to the end of the 7th month of 
gestation 127. After that time the fetus is 
typically lying on its back making imaging 
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of the ventral aspect of the larger 
abdomen difficult. During an attempt at 
gender determination the growth and well-
being of the fetus can also be assessed 128. 
The late gestation gravid uterus extends 
along the ventral abdomen to the xiphoid 
119,120,123,129. By the ninth month of 
gestation the fetus should be in anterior 
(cranial) presentation, and dorso-pubic or 
dorsolateral position 66,122. Thus, in late 
gestation the fetal head should be 
positioned near the mare’s pelvis. An 
abnormal presentation, or the presence of 
twins, is possible if a fetal head is detected 
along the ventral abdomen during late 
gestation 123. Identification of the non-
gravid horn can be useful to help rule-out 
the possibility of twins. The posture of the 
extremities will vary with fetal movement 
66,122.  
 
Transabdominal examination of the 
ventral uterus may reveal separation of 
the chorioallantoic membrane from the 
uterine wall, and often with evidence of 
inflammatory exudate accumulation 
between the two surfaces. Placentitis and 
associated placental edema will result in a 
thickened uteroplacental image 86. The 
average uteroplacental thickness on a 
normal transabdominal ultrasound image 
should be between 9 to 14 mm 119. While 
transabdominal placental assessment has 
proven useful in cases of Nocardioform 
placentitis, and in studying fescue 
toxicosis, the main advantage of 
transabdominal ultrasonography is the 
ability to evaluate the fetus itself 86. In a 
normal pregnancy the majority of the fetal 
fluids are within the allantoic cavity 92,94. 
The amniotic membrane divides the 
imaged fetal fluid into two distinct cavities 
and is most easily seen around the fetal 
neck, shoulder, thorax, and foreleg. 
Typically the largest pocket of amniotic 
fluid is imaged where the forelimb and 
neck meet the thorax 123. The maximum 
vertical depth of amniotic and allantoic 
fluid, and the quality of amniotic and 
allantoic fluid are useful guides to fetal 
well-being 123. Any measurements of fluid 
depth should be made as perpendicular to 
the uteroplacental surface as possible 
120,123. In the normal equine pregnancy the 
mean maximum ventral fetal fluid pocket 
depth for amniotic fluid is 8 cm, and 13.4 
cm for allantoic fluid 119,123. Extremes in 
either direction are not normal. Obviously 

deficient amounts of fetal fluid are 
indicative of placental dysfunction, and 
excessive amounts are suggestive of a 
hydrops condition 119. Reef suggests that 
fetal fluid quantities should be considered 
excessive if the maximal vertical amniotic 
fluid depth exceeds 14.9 cm, or the 
maximum vertical allantoic fluid depth 
exceeds 22.1 cm 123. The quality of the 
fetal fluid is scored from 0 (anechoic) to 3 
(echogenic fluid with numerous particles) 
120,123. It is not unusual for echogenic 
particles to be noted in the fetal fluids, 
especially during periods of fetal activity. 
These represent sloughed cells and 
proteinaceous debris. An increase in the 
number of echogenic particles in late 
gestation may not be abnormal 120. 
However, if a high risk pregnancy is being 
regularly monitored, and a sudden increase 
in fluid turbidity (grade 3) is observed, the 
prognosis is not good 120. The clinician 
should consider the possibility of 
inflammatory exudates, meconium passage 
by a compromised fetus, or even 
hemorrhage. It should be remembered that 
hippomanes (allantoic calculi) are a normal 
feature of the equine pregnancy, and may 
be observed on the ventral aspect of the 
allantoic cavity 123. 
 
Growth charts have been established for 
a variety of biometric measurements. Some 
variables have a strong linear relationship 
with the day of gestation (aortic systolic 
diameter, biparietal diameter, approximate 
eye volume, and femur length) 125. An 
equine biophysical profile has been 
proposed as a guide to assessing fetal well-
being, and predicting perinatal morbidity 
and mortality 120,129. While a low score is 
definitely indicative of a negative outcome, 
higher scores do not guarantee the birth of 
a viable neonate 123. This limits the value of 
this information.  
 
Fetal breathing, heart rate and rhythm, 
fetal tone, and general activity are useful 
guides when evaluating fetal health and 
well-being. Thus, chemical sedation of the 
mare should be avoided since commonly 
used drugs (eg. detomidine or butorphanol) 
will reduce fetal heart rate variability and 
may suppress normal fetal activity 130. Beat-
to-beat variations and observation of 
periodic accelerations are important. It is 
normal for the heart rate accelerations to 
occur in association with fetal activity. Reef 
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recommends that multiple measurements 
of fetal heart rate and assessments of 
fetal heart rhythm be made over a 30-
minute period while evaluating the fetus, 
fetal fluids, and placenta 123. The fetal 
heart beat is normally regular, and will 
decrease from >120 bpm in mid-gestation 
to between 60-90 bpm in late gestation 
119,120.  
 
Transient low heart rates of less than 60 
bpm are not uncommon. Cardiac 
accelerations (20-40 bpm above baseline) 
are normal if they are associated with fetal 
movement 119,123. However, persistent 
tachycardia in the absence of fetal activity 
is indicative of fetal stress. A resting heart 
rate in excess of 104 bpm is indicative of 
fetal stress in a late gestation fetus 120,123. 
A heart rate of < 57 bpm in a fetus in that 
is less than 330 days of gestation, and a 
rate of < 50 bpm in a fetus older than 329 
days gestation, should be considered 
abnormal 120,123. A fetus suffering from 
hypoxemia will have a slow heart rate, 
with minimal limb activity or fetal 
breathing, indicative of CNS depression 
120,122,123. However, if the condition is 
chronic, and ischemic conditions are 
developing, the fetus will become 
tachycardic despite a lack of fetal activity. 
This is a prelude to fetal demise. In 
terminal cases, extreme bradycardia 
ensues just prior to fetal death 120,131. If 
the Doppler ultrasound equipment is 
available, the Doppler transducer is placed 
directly over the site where the best image 
was detected by the ultrasound scan. 
Tracings of fetal heart rate and rhythm 
can be recorded. The fetus is noted to 
have tone if it is observed to flex and 
extend the limbs, torso, or neck. Tone is 
poor or absent if the fetus appears flaccid 
120,123. Fetal movements include partial to 
full rotation around the long axis of the 
fetus, as well as less marked activity such 
as extension and flexion of the extremities 
120,123. Fetal activity is rated on a scale 
from 0 to 3, with 3 being a very active 
fetus. A score of 0 indicates that no fetal 
movement was noted during the 
examination period 120,123. Long periods 
without noticeable fetal activity are cause 
for concern, and should be evaluated in 
conjunction with information about the 
fetal heart rate and rhythm. The fetus may 
 be distressed, suffering from advanced 
hypoxia and CNS depression 120.  

 
Measurements such as fetal aortic 
diameter are a reflection of fetal size 
120,122,125. They can be used to estimate the 
age a fetus, or to evaluate fetal growth 
when breeding dates are known. If fetal 
size is not consistent with the stage of 
gestation then intrauterine growth 
retardation (IUGR) should be suspected. 
Decreased blood flow to the placental unit 
will inhibit growth of the fetus, and some 
form of chronic placental insufficiency 
should be suspected 123. Fetal aortic 
diameter is correlated with the weight of 
the pregnant mare, as well as the final 
neonatal foal weight 119,120,125. Thus, the 
pregnant mare’s weight can be used to 
estimate what the fetal aortic diameter 
should be, using the regression equation (Y 
= 0.00912 x Pregnant mare’s weight in 
pounds + 12.46) where “Y” is the predicted 
fetal aortic diameter (mm) 120,123. The 
actual diameter of the fetal aorta should 
then be measured in the thoracic cavity, as 
close to the fetal heart as possible 119,120,125. 
A smaller than predicted aortic diameter 
may be an indication of a dysmature or 
growth-retarded fetus – or twins. The 
maximal thoracic diameter is measured 
from the spine to the sternum over the 
caudal part of the thorax, and in a late 
gestation fetus it should be 18.4 ± 1.2 cm 
120,123. It has been correlated with fetal 
aortic diameter and neonatal foal weight in 
high risk pregnancies 120,123. Foal girth 
measurements and hip height have also 
been correlated with fetal aortic diameter 
measurements. Biparietal 
measurements and orbital diameters 
have also been used to estimate fetal size 
123,125. 
 
Transrectal ultrasonography provides 
an excellent assessment of the current 
status of the caudal allantochorion, and as 
such, it is an invaluable aid when examining 
a late pregnant mare that is presenting with 
signs of placentitis. Normal values for the 
combined thickness of the uterus and 
placenta (CTUP) have been established 93. 
The area cranial and ventral to the cervix 
provides the most consistent measurement 
in normal mares, and this is the 
recommended site for any 
measurements132. The echogenicity of the 
allantoic and amniotic fluids may be graded 
from I (strongly echogenic; hyperechoic) to 
IV (black; anechoic). In late gestation the 
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more echogenic amniotic fluid is 
consistently graded II, whereas the 
allantoic fluid tends to be graded as III 93. 
More free floating particles (FFPs) are in 
suspension during periods of active fetal 
movement. In late gestation the fetal skin 
releases the vernix, and this likely 
contributes to the cloudiness of the 
amniotic fluid. A sudden increase in fluid 
turbidity may be associated with 
hemorrhage, inflammatory debris, or the 
fetal diarrhea/meconium passage that 
often follows hypoxic stress 93. It has been 
established that an increased CTUP any 
time from mid-gestation through until term 
is indicative of placental disruption and 
pending abortion 124,128,133. CTUP values 
that are suggested as being indicative of 
placental failure and impending abortion 
are >8 mm (between days 271-300), >10 
mm (between days 301-330), and >12mm 
after day 330 117,134. 
 
It is important to monitor fetal viability if 
a high-risk pregnancy is being maintained 
on altrenogest supplementation. 
Mummification of an equine fetus is 
uncommon. However, while most non-
viable fetuses will be aborted, there are 
reports of a mummified fetus being 
retained when the mare was maintained 
on long-term progestagen 
supplementation, and in at least one case 
the mummified fetus was retained even 
after the supplementation was 
discontinued 111,135. This is not unlike the 
natural scenario when a mummified twin is 
retained due to the viable fetoplacental 
unit’s production of enough progestagens 
to prevent abortion.  
 
High Risk Pregnancies - 
THERAPEUTICS: 
Separation from the endometrium is a 
consistent feature in many abortions. The 
uteroplacental tissues include the fetal 
membranes, the endometrium, and the 
myometrium. This metabolically active site 
facilitates exchange between the maternal 
and fetal blood streams, and also 
synthesizes nutrients, hormones and 
growth factors 74. The exact cause of 
premature fetal expulsion is not known. 
Placentitis may cause an acute loss 
associated with bacteremia, or abortion of 
an IUGR (intra-uterine growth retardation) 
fetus may follow a more focal, chronic 
thickening of the fetal membranes. 

However, if therapeutic intervention can 
postpone delivery for even a few weeks, 
the stressed fetus may undergo precocious 
development that permits survival of the 
foal with limited neonatal care. Current 
therapeutic regimens for managing 
placentitis are based primarily on clinical 
experience, rather than detailed scientific 
investigations. Data is limited on the 
success rate of these treatments, and none 
are guaranteed to prevent premature 
delivery. Objectives should be to prevent or 
reduce the synthesis, release, or effect of 
inflammatory mediators; inhibit bacterial 
replication; maintain a quiescent 
myometrium; and enhance oxygenation of 
the fetoplacental unit.  
 
Placentitis is detrimental to the pregnancy 
not only because it disrupts nutrient 
exchange, but also because of the pro-
inflammatory cytokines and other 
inflammatory mediators that are released 
by the diseased placenta. Both PGE2 and 
PGF2a concentrations in the allantoic fluid of 
mares with induced placentitis increase 
markedly by 4 days prior to fetal expulsion 
78. Thus, anti-inflammatory medication 
(flunixin meglumine, 1.1 mg/kg) is 
indicated to suppress the prostaglandin 
cascade. Although Deals’ endotoxemia 
studies have demonstrated that this is 
difficult to stop once it is initiated, there 
appears to be no detrimental effects from 
short term non-steroidal anti-inflammatory 
medication when used in a well hydrated 
mare 117. The diffuse, microcotyledonary 
equine placenta continues to grow and 
increase in weight throughout gestation 7. 
The uteroplacental tissues are especially 
sensitive to nutrient deprivation, and this is 
a major consideration in mares that are 
anorectic, or are muzzled due to some 
medical/surgical condition 74. These tissues 
receive a larger share of the uterine 
glucose uptake at both mid- (73%) and late 
gestation (61%), although fetal uptake of 
glucose rises with increasing gestational 
age, and is significantly higher near term 
than at mid-gestation 74. Lipids are 
synthesized by the equine uteroplacental 
tissues, and can be mobilized readily in 
response to nutritional cues 136. A reduction 
in uteroplacental glucose supply in late 
gestation may permit the rate of 
prostaglandin production to exceed the rate 
of prostaglandin metabolism. The rising 
prostaglandin levels may then initiate 
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increasing uterine contractions which 
could negatively impact on placental blood 
flow. The end result is often initiation of 
premature delivery 137. Thus, ‘at-risk’ 
mares should receive intravenous dextrose 
saline fluid therapy to decrease the 
possibility of  prostaglandin production by 
the uteroplactenal tissues 42. If the 
localized production of high concentrations 
of prostaglandins stimulates the formation 
of gap-junctions, then the subsequent 
hypermotility may impede placental blood 
flow as the uterus contracts 26,42. This will 
reduce fetal oxygenation and increase 
fetal stress. Abortion cases later in 
gestation tend to be associated with 
chronic placentitis and severe tissue 
reaction that results in utero-placental 
insufficiency 87,138. Foals from more chronic 
placentitis cases tend to suffer from 
malnourishment and intra-uterine growth 
retardation (IUGR).  
 
Placentitis associated with early abortions 
tends to be acute, with the fetus 
succumbing to bacteremia. Broad 
spectrum antibiotics that have been 
recommended, somewhat empirically,  
include Trimethoprim-sulfadiazine (15-30 
mg/kg p.o., BID), Procaine penicillin 
(30,000 IU/kg, SID) and Gentamicin (6 
mg/kg, SID), and Ceftiofur (1-5 mg/kg, 
BID) 42,117. Trimethoprim-sulfonamide 
drugs have been the treatment of choice 
for placentitis because of their reported 
ability to gain access to the fetal fluids. 
Gentamicin was undetectable in the 
plasma of new born foals after the mares 
had been treated with the antibiotic (6.6 
mg/kg) an hour prior to parturition 139. 
However, a new microdialysis model was 
able to detect significant levels of both 
Penicillin G potassium and gentamicin in 
the allantoic fluid following intravenous 
administration to mares in late pregnancy 
140. The penicillin G levels were 
comparable to the concentration in the 
systemic circulation. Concentrations of 
gentamicin were lower than in the serum, 
but still appeared to be adequate for the 
treatment of placental infections caused 
by E.coli and Klebsiella spp 140. Obviously 
further work is needed to reconcile these 
conflicting studies. Although flunixin 
meglumine was undetectable in the 
allantoic microdialysates, its beneficial 
action would be principally at the level of 
the placental tissues. Furthermore, if 

flunixin meglumine did reach the allantoic 
fluid it would be protein bound, and thus 
unable to penetrate the microdialysis 
membrane 140. 
 
Since it is known that progesterone inhibits 
gap junction formation, it is clinically valid 
to conclude that progestin 
supplementation may be beneficial when 
utero-placental inflammation is suspected. 
Recent in vitro studies have demonstrated 
that neither progesterone nor progestagens 
prevent oxytocin-stimulated contractions in 
myometrial strips 46. Thus, it was proposed 
that progestagens may not be the primary 
regulator of myometrial quiescence and, 
hence, the onset of  contractions that lead 
to fetal expulsion in mares 46. However, 
extrapolation from these in vitro studies 
may not be appropriate since the complex 
hormonal milieu in the parturient mare may 
be impossible to replicate in laboratory 
studies 46. Daels et al have demonstrated 
that progesterone or altrenogest can 
prevent abortions induced by exogenous 
prostaglandin between 3 and 5 months of 
gestation 48. It was concluded that 
circulating progestagen concentrations may 
play a role in the outcome of pregnancy 
during prostaglandin-induced abortion. This 
is the rationale behind the current 
recommendation to treat suspected 
placentitis cases, and mares in the acute 
phase of a medical or surgical condition 
when prostaglandin levels are likely to be 
elevated, with a double dose of 
altrenogest (0.088 mg/kg sid) 42,51,117,118. 
If the condition warrants muzzling (nil per 
os) then short-term use of progesterone-
in-oil (up to 300 mg SID) injections are 
warranted. A recent study has 
demonstrated that neither 
medroxyprogesterone acetate, 
hydroxyprogesterone hexanoate, 
norgestomet, nor megesterol acetate (when 
dosed as per manufacturer’s 
recommendations) will prevent 
prostaglandin induced pregnancy loss 
between 18 to 30 days after ovulation. It is 
therefore unlikely that any of these 
synthetic progestagens will be effective for 
pregnancy maintenance later in gestation 
49. Long term progestagen therapy, once 
the medical crisis has passed, does not 
appear to be justified 110. It is possible that 
exogenous P4 or altrenogest may affect 
enzymes in the progestagen biosynthetic 
pathway 28. High concentrations of 
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progestagens can inhibit 3β-
hydroxysteroid dehydrogenase metabolism 
of pregnenelone in vitro 20.  
 
‘Tocolysis’ is derived from the Greek words 
‘tokos’ (birth) and ‘lysis’ (dissolution). 
Agents that inhibit labor are known as 
‘tocolytic drugs’ - or tocolytics 141. 
Adrenergic α and β receptors are found in 
organs with sympathetic innervation. 
There are two types of β receptors - β1 
occur in the heart and small intestine, 
while β2 are found in the vascular smooth 
muscle, myometrium and bronchial tree. 
Isoxuprine may cause some undesirable 
side-effects (tachycardia, hypotension) 
due to nonspecific β-receptor stimulation. 
The newer β-adrenergics (eg. clenbuterol, 
terbutaline, ritodrine) are more β2 
selective 141. Veterinary tocolytics are 
widely used in Europe as injectable 
formulations for ruminants, but the 
literature is not readily accessible . 
Isoxsuprine’s tocolytic effect reportedly 
develops within 10-15 min after i.m. 
injection (0.4-2.0 mg/kg). Isoxsuprine is 
used in human medicine as a uterine 
relaxant to prevent premature labor. It is 
widely used by North American equine 
practitioners to treat navicular disease 
based on its peripheral vasodilator activity 
142,143. However, recent studies have 
demonstrated that while it can relax digital 
arteries constricted by noradrenaline, it 
was not effective on those constricted with 
PGF2α. Clenbuterol, on the other hand, 
proved capable of relaxing PGF2α-induced 
tone 144. Apparently isoxsuprine requires a 
very high density of  β2 - adrenoceptors to 
exert a direct relaxant effect. Isoxsuprine 
has been shown to increase red cell 
deformability and reduce platelet 
adherence to artery subendothelium 142. 
Thus, this drug warrants scientific 
investigation in high risk pregnancies - 
especially those with placentitis. 
Unfortunately the bioavailability of orally 
administered isoxsuprine (1.2 mg/kg po. 
q. 12 h for 8 days) is questionable, and 
plasma concentrations may not be 
sufficient to produce pharmacological 
effects 143. 
 
Clenbuterol has been used both 
intravenously and i.m., with a 10-15 min 
onset after an i.v. injection (0.3 mg total 
dose). We should remain cognizant of the 
fact that a drug’s efficacy can be highly 

dependent on the route of administration. 
Many equine clinicians have advocated the 
use of an oral β2-sympathomimetic drug 
(clenbuterol) to suppress uterine motility 
and improve blood supply to the 
fetoplacental unit 117,145. In the United 
States the product is marketed as an oral 
formulation (0.8 µg/kg bid) to treat chronic 
obstructive pulmonary disease. Research is 
needed to determine what oral dose of this 
bronchodilatory compound – if any - is 
actually effective on the β2 adrenergic 
receptors of the gravid equine uterus. It is 
apparently well absorbed from the intestinal 
tract 146. In a study involving early 
pregnancy, a 600 µg i.v. dose of 
clenbuterol decreased both tone and 
contractility when given to mares on the 
day of embryonic vesicle fixation, yet it 
decreased tone but not contractility when 
given on day 19 147. The effect occurred 
within 20 to 30 min, and it took over 2 h to 
return to baseline values.  Similarly, a 300 
µg i.v. dose of clenbuterol reduced palpable 
uterine tone for approximately 2 hours, but 
the effects were most pronounced in early 
pregnancy. Later in pregnancy the effects 
were more subtle, and in some cases no 
effect was palpable 148. This decreased 
effect in later pregnancy is supported by 
the fact that when intravenous clenbuterol 
(0.6 mg; 1.0mg; 1.5 mg) was administered 
each evening (10:00pm) once milk calcium 
exceeded 13mM, there was no difference 
between groups (and saline controls) for 
length of gestation, number of treatments 
prior to foaling, or the time to foaling after 
the last dose 149. Thus, the β2 - adrenergic 
agonist properties of clenbuterol do not 
appear to be effective in preventing the 
onset of myometrial contractions that begin 
in response to the normal hormonal 
parturient cascade in the mare. It is 
possible that in clinical situations, where 
uterine hypermotility is of concern, that a 
different myometrial response may occur. 
The injectable formulation is reported to 
facilitate successful resolution of equine 
dystocia 150. Further scientific investigation 
in this area is desperately needed to verify 
anecdotal claims of efficacy 149.  
  
The rate of oxygen uptake by the gravid 
uterus, fetus and uteroplacental tissues are 
2- to 3-fold higher in late gestation 
compared with mid-gestation. The 
uteroplacental tissues account for 
approximately 50% of this oxygen uptake, 
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perhaps a reflection on their high 
metabolic rate 74. Thus, intranasal oxygen 
insufflation to a compromised mare may 
improve oxygen delivery to the 
fetoplacental unit 151. The rationale for 
other treatment regimens is based on 
extrapolations from the human literature, 
and application of sound reasoning for the 
potential efficacy of a particular drug. 
Some clinicians advocate the use of oral 
tocopherol (Vit E) because of its potential 
antioxidant effect in a hypoxic fetus. Mean 
umbilical and uterine blood flows in a 
healthy, late gestation mare are 
significantly higher than the corresponding 
values in mid-gestation 74. The 
administration of pentoxyfylline has 
been recommended in ‘at risk’ mares, 
based on its use for treating tissue 
ischemia in humans, and on its ability to 
modulate the inflammatory process 117,152-

154.  
 
Pentoxifylline’s hemorrheologic properties 
include increased erythrocyte flexibility, 
reduced blood viscosity, and decreased 
potential for platelet aggregation and 
microvascular thrombosis. The net effect is 
to increase oxygenation of tissues in 
diseases that are characterized by reduced 
blood flow through capillary beds 154. 
Inflammation driven uterine hypermotility 
may impede circulation in the placental 
capillary bed, and it is thought that this 
drug may increase fetal oxygenation by 
improving microvascular blood flow 155,156. 
It may be that any beneficial effect of 
pentoxyfylline in these cases comes from 
it’s modulation of the inflammatory 
process in placental tissues. While the 
beneficial effects of pentoifylline were 
limited when administered i.v. to horses 
after in vivo challenge exposure with 
endotoxin, a pentoxifylline/flunixin 
meglumine combination may help to offset 
the deleterious hemodynamic effects of 
endotoxin 153,157. Pentoxyfylline (7.5 
mg/kg, p.o. BID) has been recommended, 
but the dose, dosage interval, and dose 
formulation may not be appropriate since 
the absorption of pentoxifylline from the 
equine gastrointestinal tract is poor and 
erratic, and varies considerably between 
individual animals 117,152-154,158. It has been 
suggested that there may be a prior food 
consumption effect on pentoxifylline 
absorption . 
 

Fescue Toxicity and Agalactia:  
A wide range of reproductive problems 
(thickened placenta, abortion, prolonged 
gestation, dystocia, dead or weak foals, 
agalactia) have been attributed to the 
effects of the fungal endophyte 
(Acremonium coenophialum – now known 
as Neothyphodium coenophialum) 159,160. 
The endophyte produces a dopaminergic, 
vasoactive, ergopeptine alkaloid 
(ergovaline) 159. This alkaloid disrupts the 
feto-placental production of progestagens, 
but the precise mechanism has not been 
established 25,161. Umbilical vein 
progestagen levels suggest that the 
disruption is not at the level of placental 
steroidogenesis – a remarkable observation 
when the fetal membranes are so 
edematous 25. Premature chorioallantoic 
separation, and the failure of the 
membrane to rupture (“red bag”), are 
attributable to the edematous splanchnic 
mesoderm 159. Ryan and co-workers have 
demonstrated that an effect of fescue 
toxicosis in pregnant mares is a lowering of 
the circulating relaxin levels 112. Clinical 
observations suggest that a one-time 
injection with fluphenazine improved 
pregnancy outcome by reducing the 
adverse effects of fescue toxicosis 
concomitant with a stabilization of plasma 
relaxin concentrations. These data support 
the hypothesis that systemic relaxin may be 
a useful biochemical means of monitoring 
placental function and treatment efficacy in 
the mare 112. ACTH, tri-iodothyronine (T3), 
progestagen and cortisol concentrations are 
lower in foals born to endophyte-exposed 
mares suggesting that the effects are 
actually at the level of the fetal 
hypothalamo-pituitary axis, thyroid, and 
adrenal cortex 25,162. This is likely to be the 
basis for the prolonged gestation and fetal 
dysmaturity that are associated with fescue 
toxicosis 25,161.  
 
The ergovaline also inhibits prolactin 
secretion in affected mares by acting as a 
dopamine agonist at the maternal pituitary 
level. Since late pregnant mares are so 
susceptible to the toxic effects of 
ergopeptine alkaloids they should not be 
permitted to graze endophyte-infected Tall 
Fescue pasture, or hay derived from such 
pasture. Short-term exposure by mares at 
300 days of gestation results in a significant 
decline in both prolactin and total 
progestagen concentrations within 48 
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hours. Fortunately, removal of pregnant 
mares (300 days gestation) from infected 
pasture results in a significant increase in 
prolactin and progestagen levels within 3 
days. This will prevent the development of 
the typical symptoms associated with 
fescue toxicosis 25,161. Even when alternate 
feed sources are limited, every attempt 
should be made to remove pregnant 
mares from endophyte infected fescue by 
30-60 days prior to the expected foaling 
date. When this is not possible, 
prophylactic administration of the 
dopamine receptor antagonist, 
domperidone (EquidoneTM) can prevent 
the development of fescue toxicosis 160,163-

169.  
 
Spontaneous and Induced 
Parturition: 
Vital fetal maturational changes do not 
occur until the last 24-48 hours prior to 
birth, and thus the equine fetus is at a 
substantially increased risk of 
dysmaturity/prematurity if an induction is 
not carefully planned 33,37,170. Gestation 
length is notoriously unpredictable in 
mares, with Thoroughbred mares typically 
foaling between 330 and 345 days after 
ovulation 20,36,171,172. Although the 
frequently recommended minimum 
gestation length for successful induction is 
330 days, it must be remembered that 
many mares will carry a foal past 340 
days, and occasionally to 360 days and 
beyond 20,36,37,61,172,173. In a retrospective 
study of standardbred mares the mean 
duration of gestation was 343.3 days and 
was significantly greater for colt fetuses 
(344.4 days) than for filly fetuses (342.2 
days) 174. In a recent Thoroughbred study 
the gestation length ranged from 315 to 
388 days (mean 344 d) - all resulting in 
viable foals - and colt pregnancies were 
significantly longer than fillies (approx. 4 
d) 36. This gender difference holds true for 
draft breed mares as well 175. In another 
Thoroughbred study, foals less than age 
320 gestational days at birth had a greater 
risk of mortality than did those foals 
carried for 320 days or longer 176. This 
finding is consistent with earlier reports. 
Sire has been associated with duration of 
gestation; gestation after mating with 
certain sires was consistently less than 340 
days in duration, whereas duration after 
mating with other sires was consistently 
more than 350 days 174. The time of year 

must be considered when evaluating 
gestation length. Although reports vary, 
mares tend to carry foals longer if they are 
due to foal early in the season (shorter day 
length), whereas gestation length may be 
shorter if the foal isn’t due until longer 
summer days have arrived 36,172,174,175,177,178. 
Exposure to artificial lighting may cause 
some shorter gestation lengths (7-10 days) 
early in the season 36,116.   
 
Monitoring changes in mammary 
secretion electrolyte concentrations is 
the most reliable guide to imminent 
parturition in healthy mares 37,179,180. The 
characteristic changes in milk electrolyte 
composition coincide with the sudden 
decline in progestagen concentration from 
its late gestation peak 20,38. An inversion in 
the sodium:potassium ratio, followed by a 
rapid rise in calcium concentrations in the 
last 24-48 hours has been correlated with 
fetal maturity. It has been well established 
that 10 mmol/L (40 mg/dL; 400 ppm) 
calcium in mammary secretions is a reliable 
indicator of fetal “readiness for birth” 
37,171,180. Several stall-side tests are 
available that can measure the calcium ion 
(Ca++) concentration in mammary 
secretions based on a colorimetric change 
of pads on a test strip. Water hardness kits 
are also useful for determining the 
concentration of calcium in mammary 
secretions 170. However, it is important to 
ensure that the water hardness kit is only 
measuring calcium levels if using it to 
decide when to safely induce parturition. 
Many kits merely test for divalent cations, 
which includes magnesium as well as 
calcium 171. Since magnesium levels peak 
earlier than calcium, misleading information 
about fetal maturity may be obtained 180.  
 
Although the fetus likely initiates 
parturition, the mare appears to be able to 
regulate the actual timing of delivery 33,181. 
The natural ‘fright and flight’ reaction 
causes catecholamine release from 
sympathetic nerves such that heart rate 
increases, blood flow to the skeletal 
muscles is accentuated, and the uterus 
relaxes. This evolutionary mechanism 
permits the mare to foal when perceived 
threats are minimal. Thus, any untoward 
changes in the mare’s environment may 
cause her to “postpone” the delivery. This 
can create disagreement with predictions 
based on mammary secretion electrolyte 
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concentrations. Calcium levels can change 
rapidly during a single day. Thus, testing 
secretions morning and evening may be 
useful. If a single test is to be performed, 
it is preferable to check the calcium levels 
late in the day 171. Primiparous mares can 
be especially difficult to monitor since no 
change in mammary secretion electrolyte 
composition may be detected until 
immediately prior to foaling 37,170. 
Placentitis and other placental pathology 
are often associated with precocious 
mammary gland development and 
premature changes in mammary secretion 
electrolyte concentrations. Thus, milk 
electrolyte changes may be unreliable for 
assessing fetal readiness for birth in 
abnormal pregnancies (eg. placentitis, 
impending twin abortion). In these cases 
electrolyte patterns may change in concert 
with hormonal changes in the mare, even 
though the fetus is not fully mature 37,42.  
 
Monitoring milk electrolyte changes, and 
planned induction of parturition, 
ensures that obstetrical assistance is 
readily available. A compromised foal can 
receive immediate supportive care 37,97,171. 
Reimer has reported on a case with fetal 
omphalocele that was diagnosed by 
transabdominal ultrasonography. 
Parturition was induced in the hospital 
when the fetus was determined to be 
‘ready for birth’, and the foal taken to 
surgery immediately upon delivery. The 
extra-abdominal intestines were 
successfully replaced, and the foal 
recovered uneventfully 182. However 
premature placental separation, dystocias, 
fetal hypoxia, and dysmaturity are not 
uncommon sequelae of the induction 
procedure, and thus induction should not 
be practiced for convenience alone. 
Owners should be informed that delivery is 
only indicated if the probability of 
extrauterine survival exceeds that for 
continued maternal support. Experience 
suggests that an abnormal uterine 
environment will often be more successful 
at maintaining a fetal foal’s life than a 
neonatal intensive care unit 37,42. A fetus 
that has been exposed to an adverse 
uterine environment for some time may be 
more tolerant of premature delivery 33,51. 
Some clinicians will administer a dose of 
corticosteroids to the mare if premature 
delivery appears to be unavoidable, in the 
expectation that it may stimulate 

surfactant production and promote 
accelerated maturation of the fetal lung 
33,37. The actual benefit remains to be 
studied since the placental enzyme 11β-
HSD converts active cortisol to inactive 
cortisone in the mare, and appears to be an 
effective barrier to cortisol transfer between 
the mare and fetus 33,38,39,183. Massive doses 
of dexamethasone (100mg daily for 5 days) 
may induce delivery, but this causes 
deleterious effects in the mare (eg. 
laminitis) 42.  
 
The presence of cervical softening has 
traditionally been suggested as a 
prerequisite for optimal induction of 
parturition in the mare, and in a recent 
study mares with a relaxed cervix prior to 
induction had a more rapid delivery 97. This 
study found that foals delivered from mares 
with a pre-induction, relaxed cervix stood 
and nursed sooner, and had fewer signs of 
intrapartum asphyxia (hypercapnia, 
maladjustment) than foals delivered from 
mares with a non-dilated cervix. Those 
mares that developed parturient 
complications (premature placental 
separation, dystocia) all had a closed cervix 
prior to induction 97,170. A recent innovation 
has been the administration of intracervical 
PGE2 (2.5 mg) prior to induction, but there 
was no apparent difference in the mean 
interval from initial oxytocin treatment to 
rupture of the chorioallantois, or to the 
delivery of the foal 98. However, the impact 
on foal viability was positive in that foals 
delivered from PG E2 treated mares suckled 
sooner. Any induced mare should be closely 
monitored for complications. An unruptured 
chorioallantois can be opened, and 
abnormal fetal position or posture corrected 
before the foal becomes impacted in the 
vaginal canal. 
 
Several experimental protocols have been 
reported for induction of parturition in the 
term mare, including glucocorticoids, 
prostaglandins, and oxytocin 37,97,98,184. 
Oxytocin is the preferred drug for 
induction of parturition in the mare. A wide 
range of protocols have been suggested 
over the years, including a bolus dose (up 
to 100 units), low doses (2.5-20 units) 
repeated every 15 minutes to effect, and as 
a slow intravenous drip of 60-120 units 
total (1.0 unit/minute)37. Recent work 
suggests that the choice of oxytocin 
regimen is less important for foal viability 
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than appropriate case selection and 
adherence to criteria for induction 97,170. A 
low dose protocol has been recommended 
since it appears to only work in those 
mares that have a mature fetus 184. As 
little as 1.0 IU i.v. in pony mares (250-350 
kg) will induce delivery within 45 min if 
they are ready for birth 37. In another 
study pony mares were diagnosed as 
being ready for birth by mammary 
secretion calcium strip test measurements. 
A single injection of 2.5 IU oxytocin i.v. 
was given between 1700 and 1900 h, and 
resulted in the delivery of a normal foal 
within 120 min in 95% of mares. 
 
It was concluded that the major 
advantage of injecting a daily low dose of 
oxytocin appears to be that such a low 
dose only induces delivery in mares that 
are carrying a mature fetus and which are 
ready to foal. It has been proposed that 
this ‘low dose, early evening, oxytocin 
protocol’ could be used as a reliable 
method to induce parturition, and/or to 
predict that the mare would not foal that 
night, if parturition did not occur within 2 
h of treatment 184. When 30 light or draft 
horse mares were treated with oxytocin 
(0.1, 0.5, 1.0, 2.0 IU) at 5:00pm once 
mammary secretion calcium exceeded 13 
mM/l, the 2.0 IU group required 
significantly less repeated daily 
treatments, with 61% foaling within 2 
hours of treatment 185. A slightly larger 
dose (3-5 IU) may be required in these 
larger breeds. Interestingly, there was a 
significant increase in PGF2a metabolite 
concentrations after all treatments, 
irrespective of whether the mare foaled in 
response to the treatment 185. The reader 
is cautioned that even these promising 
low-dose protocols have limitations since it 
is still possible to occasionally induce a 
mare to deliver a premature foal - 
especially with repeated treatments 37. 
 
Obstetrics: 
Fetal death and maceration is 
uncommon in the mare. The condition as 
been successfully treated by 
ovariohysterectomy, but the uterine 
contents must be small enough to permit 
access to the uterine vessels 108. The 
author has managed a case of macerated 
twins in a draft breed mare that suffered 
no ill effects systemically. The mare was 
only presented for evaluation when the 

owner noticed a foul smelling vaginal 
discharge. The cervix was manually dilated 
after application of crushed PGE tablets in a 
lubricating jelly. Densely calcified 
mandibles, ribs and long bones were then 
able to be extracted without inciting 
cervical trauma. In another maceration 
case, the mare presented for bloody vaginal 
discharge after being bred!! There had 
been no prior history of vaginal discharge 
or systemic illness in this mare either 186. A 
detailed review of equine obstetrics has 
recently been published 102,187-189. This 
section will discuss current thinking on the 
management of obstetrical complications in 
the mare. 
 
By late gestation the fetus should be in 
cranial presentation and in a dorsopubic 
position. A complex mechanism involving 
entrapment of the fetal hindlimbs within the 
gravid uterine horn may explain the fact 
that 98.9% of foals are delivered in cranial 
presentation. It has been proposed that 
neurologic signals in the maturing inner ear 
may prompt the fetus to lie with its cranial 
aspect elevated towards the cervix, thus 
orient the dorsum of the fetus with the 
concave slope of the ventral uterine wall. 
The acute angle between the uterine horn 
and body by seven months of gestation 
means that the fetus must be in dorsal 
recumbency before the hindlimbs can gain 
entry. After nine months the hindlimbs 
remain enclosed within the gravid horn, 
and the hooves reach the tip by the tenth 
month 66. Ultrasonographic studies in 
Dr.Ginther’s lab have verified the classic 
study by Jeffcott and Rossdale which 
demonstrated the fetal postural changes 
during parturition. It has been proposed 
that the increasing uterine tone during 
stage I of parturition somehow stimulates 
the fetus to extend its head and forelimbs 
66. Dystocia cases that involve a dorso-
pubic position with flexed extremities 
suggest that the fetus was compromised 
prior to the start of the parturient process. 
In some cases this may be indicative of 
advanced placentitis or fetal infection, and 
thus submission of tissue from a stillborn 
fetus is recommended. The neck and 
forelimbs will not normally be returned to a 
flexed posture once a viable fetus in stage I 
of delivery has actively extended them. The 
onset of stage II is heralded by rupture of 
the chorioallantois and discharge of the 
watery allantoic fluid. This occurs when the 
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fetlocks - and sometimes the knees - are 
at the level of the external cervical 
opening 66.  
 
While the cranial aspect of the foal is 
passing through the birth canal the 
hindlimbs remain locked within the uterine 
horn. The second stage of labor is 
characterized by strong abdominal 
contractions that provide the expulsive 
force necessary to expel the fetus. 
Appearance of one hoof within the 
translucent fluid-filled amnion at the vulva 
lips can be expected to occur within 5 min 
of rupture of the chorioallantois 190. One 
forelimb should precede the other by 
several inches, such that the shoulders 
enter the pelvis successively. By the time 
the nose reaches the vulva the cranial half 
of the torso has already rotated from a 
dorso-pubic to a dorso-ilial position. The 
foal's withers continue to rotate into a 
dorso-sacral position as the head appears 
through the vulvar lips 66. At this time the 
foal’s shoulders have entered the pelvic 
canal.  
 
Second stage labour in the mare is rapid, 
with the most forceful contractions 
occurring as the fetal thorax passes 
through the pelvic cavity. The amniotic sac 
may rupture during these expulsive 
efforts. However, the foal can be delivered 
with a portion of the sac wrapped around 
its head 190. The fetal pelvis rotates 
through a dorso-ilial position into a dorso-
sacral position, and the hindlimbs become 
extended as the fetal abdomen begins to 
pass through the vulvar lips. This occurs 
because at this point the stifles impinge 
upon the pelvic brim. The foal's rump 
remains closely apposed to the cranial 
dome of the uterine body as the 
contracting uterus and abdominal press 
combine to expel the foal. Thus, at the 
time of the foal's delivery the cranial 
aspect of the uterine body is only about 
twelve inches from the cervix 66. 
 
Most foals are delivered within 20–30 min 
after the chorioallantoic membrane 
ruptures. Primiparous dams generally 
require longer to expel the fetus than 
multiparous dams 190,191. Delayed delivery 
(prolonged foaling time) increases the 
likelihood of fetal asphyxia, or neonatal 
problems associated with hypoxia due to 
placental separation 192. A number of 

foaling monitors and video camera systems 
are available for this purpose 193. 
Attendants should suspect that the mare is 
experiencing obstetrical problems if either 
the first or second stage of parturition is 
prolonged, or not progressive. Occasionally, 
the chorioallantois fails to rupture and the 
velvety, red membrane (‘red bag’) appears 
at the vulva lips. This is a common 
complication of induced parturition, and 
placental edema is a major problem in 
mares that have been exposed to 
endophyte-infected fescue hay or pasture 
97,159. In the latter scenario the pregnancy 
may be prolonged, and the mare is also 
likely to be agalactic.  
 
Signs that a mare may be experiencing 
difficulties include failure of any fetal parts, 
or of the amniotic membrane, to appear at 
the vulval lips within 5 minutes after 
rupture of the chorioallantois. Other causes 
for concern are hooves upside-down, or 
any abnormal combination of extremities 
appearing at the vulva (only one limb; 
hooves and nose in abnormal relationship; 
nose but not hooves; both forelimbs 
protruding but no head visible at the level 
of the carpi)190. The most common 
impediments to delivery are malpostures of 
the long fetal extremities (head and neck, 
or limbs) 102. Failure to quickly identify a 
dystocia often results in the fetus becoming 
impacted in the birth canal by the mare’s 
uterine contractions, and strong abdominal 
straining. The secret to foal survival is a 
combination of experience and expediency. 
In one study, mares that had ‘difficult 
deliveries requiring veterinary assistance’ 
were 24 times more likely to deliver a dead 
foal. The risk for neonatal disease was 23 
times greater among foals that survived 
such assisted deliveries, and the risk of 
subsequent death within 2 weeks of 
delivery was 6 times greater than in normal 
foalings 176,192. If farm personnel are 
experienced, and referring veterinarians are 
well trained in dystocia management, 
prompt referral to a hospital in close 
proximity may permit delivery of a viable 
foal - even after an hour has elapsed since 
the chorioallantois ruptured 194. It is 
probable that limited intervention causes 
less disruption of the fetal membranes, and 
thus permits longer placental support of the 
fetus.  
 
Assessment of a dystocia case:  



 
 

39th Annual South African Equine Veterinary Association Congress 2007  
 

 
23

Time is the critical factor when managing 
an equine obstetrical case 194. Although 
fetopelvic disproportion is uncommon in 
the mare, it can be a factor in some 
equine dystocias - especially those in 
primiparous mares 195,196. Once the cause 
of the dystocia has been determined, the 
obstetrician should ensure that the owner 
understands the various treatment options 
and costs, and the inherent risks that may 
be associated with each approach. The 
prognosis for survival of both the mare 
and foal, and the impact of the treatment 
options on the mare’s future fertility 
should also be discussed. Sometimes the 
owner will place more value on the mare’s 
non-reproductive attributes, while in other 
cases the mare’s future fertility is of 
paramount importance. The economics of 
the case, the expertise of the clinician, and 
the proximity of hospital facilities are all 
factors to be considered when planning 
the best course of action to resolve a 
dystocia case 187-189,194,197,198. In prolonged 
dystocias the severity of the foal’s 
impaction, amount of contraction of the 
uterus around the foal, and the presence 
of vaginal swelling, mucosal tearing, 
hematoma formation, and drying of the 
mucosa will influence the clinician’s 
approach - especially in referral hospitals. 
In many of these cases caesarean section 
may be preferable to further vaginal 
intervention 197. 
 
Four options are available to resolve 
dystocias in a mare: assisted vaginal 
delivery where the mare is conscious and 
variable manipulation and traction is used 
to deliver the foal vaginally; controlled 
vaginal delivery where the mare is 
anesthetized and the obstetrician is in 
complete control of the vaginal delivery; 
fetotomy; and caesarean section 198. 
Each of these approaches has its place in 
veterinary obstetrics. One should keep an 
open mind when managing a dystocia, and 
be prepared to employ “a continuum of 
potentially changing strategies” as the 
clock ticks 198. If a well equipped 
veterinary hospital is close by then 
immediate referral for general anesthesia, 
controlled vaginal delivery, or caesarean 
section may offer the best prospect for 
foal survival and the mare’s subsequent 
fertility 194,197. Unfortunately fetotomy is 
frequently used as a last resort when 
prolonged manipulations have failed to 

correct the problem, and extensive soft 
tissue trauma has already been inflicted. In 
these cases it is often the prolonged 
manipulations, and not the fetotomy 
procedure itself, that causes the most 
trauma and adverse impact on fertility. If 
the foal is dead it is a mistake to prolong 
unrewarding vaginal manipulations in the 
belief that the urgency of rapid delivery no 
longer applies 197. Prompt use of fetotomy 
by experienced clinicians can markedly 
reduce intervention time when the foal is 
dead. When dystocias are managed under 
optimal hospital conditions the subsequent 
foaling rate is similar for both caesarean 
section and controlled vaginal delivery 
mares 194. Studies are lacking with respect 
to fertility after appropriate use of fetotomy 
by experienced operators. 
  
Chemical Restraint: 
Sedation of a mare with acepromazine does 
not appear to affect the fetus 71. 
Acepromazine suppresses myometrial 
activity in cycling mares, whereas the α2-
adrenoceptor agonists (detomidine and 
xylazine) cause increased myometrial 
activity 199. However, when a similar dose 
of detomidine was used in mares in the last 
trimester of pregnancy the myometrial 
activity was decreased 71. In another late-
gestation detomidine (0.015 mg/kg i.v.) 
study the fetal heart rate declined initially, 
but rhythm remained regular. Fetal activity 
was decreased within 5 min, but had 
returned to baseline levels by 90 min. 
Repeated sedation, at 3 week intervals, had 
no measurable detrimental effects on the 
outcome of pregnancy in 11 healthy mares. 
There were no signs of intra-uterine growth 
retardation (IUGR), dysmaturity, or 
peripartum asphyxia 130. Since opiod 
analgesics can cause some gastrointestinal 
stasis and impaction, it is especially 
important to administer mineral oil once the 
dystocia has been resolved if these agents 
have been used 130. Although intravenous 
or intramuscular administration of tocolytic 
agents will cause rapid uterine relaxation, it 
is not known whether the oral formulations 
will achieve sufficient blood levels to 
provide the same effect on the parturient 
uterus 148.  
 
In referral hospitals it is common practice 
to immediately anaesthetise these mares, 
and to maintain them with controlled 
ventilation and intravenous fluids 71,194. 
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Fluid therapy, and provision of oxygen 
with intermittent positive pressure 
ventilation, will minimize any disturbance 
of maternal and fetal wellbeing 71. By 
using the hind end elevation technique, 
almost three-quarters of such cases can 
be resolved by controlled vaginal delivery. 
However, if the fetus is still alive and has 
not been delivered within 15 min, a 
caesarean section is performed. Under 
these optimal circumstances a 29% foal 
survival rate has been reported 194,200. 
Anesthesia that is maintained on 
halothane alone can cause marked 
cardiovascular depression in horses. This 
may compromise umbilical circulation, and 
cause lower P02 umbilical venous blood 
gas values compared with a ‘triple drip’ 
protocol 71. In the field, total intravenous 
anaesthesia (TIVA) may combine an 
alpha-2 agonist, with a central nervous 
sytem acting muscle relaxant, and a 
dissociative anesthetic. 
 
Detomidine, ketamine and guaiphenesin is 
reported to provide good placental 
perfusion, and a quiet but relatively 
prolonged recovery 71. The so-called ‘triple 
drip’ in North America contains xylazine, 
guaifenesin, and ketamine produces a 
relatively rapid and uneventful induction, a 
stable maintenance phase, and a quiet 
uncomplicated recovery from anesthesia 
201. This type of anesthesia is best suited 
to short periods of time, and clinicians 
should be cognizant of potential post-
anaesthetic myopathy, especially in heavy 
draft breeds. Thus, even if the fetus is 
dead, an eye must be kept on the clock so 
that a mare is not kept hoisted for 
prolonged periods. Arterial hypoxemia, 
hypercarbia and hypotension can produce 
skeletal muscle ischemia and hypoxia that 
may complicate the recovery process 202. 
Creatine Kinase is released following even 
minor muscle damage and is elevated at 
4-12 and 24-36 hours post-partum in 
normal foaling mares. Elevation of AST 
and LDH may also reflect muscle trauma; 
although neither enzyme is muscle 
specific. In normal post-partum mares 
both enzymes are elevated at 24-36 hr 
and 42-60 hr. CK will decline rapidly after 
transient muscle damage whereas AST 
and LDH may take days to decline 203. An 
advantage of the ‘triple drip’ protocol is 
that, when combined with inhalation 
anesthetic (eg. halothane, isoflurane) for 

maintenance, there is less indication for 
drugs (eg. dobutamine)  to support 
hemodynamics (cardiac output, arterial 
blood pressure). This may be due to the 
ability to decrease the maintenance 
inhalant anesthetic concentration, and thus 
reduce its cardiovascular depressant effects 
201. “Triple Drip” anesthesia should not be 
used for long procedures (max. 1 hr) unless 
oxygen supplementation and respiratory 
support are provided.  
 
Fetal Manipulation (Mutation): 
Overzealous intervention is a major cause 
of uterine rupture, and it may not be 
possible to achieve meaningful - yet safe - 
repulsion if the uterus is contracted down 
around the fetus 106,204. Most iatrogenic 
lacerations occur in the uterine body, 
whereas a rupture at the tip of the gravid 
horn is more likely to be caused by the 
thrusting activity of the fetal hindlimbs 
66,204. The cervix and vagina can easily be 
lacerated, and extreme pressures created 
by extraction attempts with an uncorrected 
malposture can cause fetal rib fractures 
and severe internal trauma. It should be 
noted that rib fractures and contusions can 
also occur during an unassisted delivery 
195,196. Excessive use of force may injure a 
viable foal and inflict maternal soft tissue 
trauma. Neonatal thoracic trauma is more 
common in primiparous mares 195.  
 
Serious birth-related injuries in a foal may 
include fractured ribs, bruised 
costochondral junction of ribs, 
hemoarthrosis of shoulder joints, as well as 
internal hemorrhage and/or a ruptured 
viscus 192,195,196. Dystocia due to elbow 
retention may cause increased pressure on 
the thoracic cage. In some cases thoracic 
trauma may go unnoticed because the foal 
does not exhibit any clinical signs. A 
depression associated with rib fracture may 
be noted at or near the costochondral 
junction of the cranial ribs (#3 to #8) 
195,196. Serious complications following rib 
fracture include pericardiac and cardiac 
lacerations, pneumothorax and lung 
lacerations, and diaphragmatic hernia. 
Obviously hemothorax is a compounding 
problem 195,196. If the fetus is dead, many 
malposture cases can be rapidly resolved 
by one or two fetotomy cuts - provided that 
the clinician has the appropriate skills and 
equipment. Poor technique and 
inappropriate fetotomy cuts often lead to 
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infertility. The alternative is cesarean 
section 194,197 
 
Cranial (anterior) Presentation: 
Absolute feto-pelvic disproportion (fetal 
oversize), is not as common in mares as 
it is in cattle 102,194. The shape of the 
mare’s pelvis, and the more elongated 
equine fetus, tend to facilitate ease of 
delivery in most cases. The size of the 
uterus (breed variation) plays a much 
greater role in determining ultimate fetal 
size than does the stature of the stallion 
15,19. Allen’s studies have indicated that 
maternal uterine size modulates the fetal 
genotypic growth potential in utero by 
influencing both the gross area of the 
diffuse chorioallantois as well as the 
density, branching and depth of the 
microcotyledons that devlop on it 19.  
 
Despite this, owners will often express 
concern about fetal oversize if the foal has 
been carried several weeks past the 
expected due date. Relative feto-pelvic 
disproportion may be a significant factor in 
primiparous mares, and obstetrical 
assistance (traction) is required much 
more often in these younger animals 195. 
Foals from primiparous mares are more 
likely to sustain thoracic trauma compared 
to foals from pluriparous mares 195. 
Approximately 30% of referral hospital 
dystocia cases are in primiparous mares, 
and these younger mares were 
disproportionately represented in reports 
on dystocia and neonatal asphyxia 
102,190,195.  
 
Apart from fetal issues (malposition, 
malposture), dystocia in primiparous 
mares may be further complicated by a 
tight vaginovestibular sphincter. This will 
predispose such cases to lacerations and 
rectovaginal tears 195.  
If a foot-nape posture is present, one or 
both of the forelimbs will be displaced over 
the foal’s head and pushed against the 
vaginal roof. The abnormal posture 
increases the diameter across the fetal 
chest, and the elbows may be lodged 
against the pubis. The mare's straining can 
cause the fetal hoof to lacerate the vaginal 
roof, and in extreme cases it may 
perforate completely through into the 
rectum. This recto-vaginal fistula may be 
all that occurs if the foal withdraws its 
hoof from the rectum prior to delivery. 

However, if the mare’s strong expulsive 
efforts force the trapped limb caudally it 
will dissect through the rectovaginal shelf - 
and may even rupture through the anal 
sphincter. The resulting cloaca-like opening 
is known as a 3rd degree perineal 
laceration 205,206. Since most carpal 
flexions are relatively easy to correct 
manually, the obstetrician should be 
cognizant of the possibility of contracted 
tendons when difficulties are encountered. 
Flexural deformities are considered to be 
the most common congenital anomaly of 
foals. Limb contractures are generally 
bilateral, with the forelimbs being affected 
more often than the hindlimbs - although it 
is not uncommon for all four limbs to be 
involved 194. Severely affected limbs can not 
be straightened, and needless trauma can 
be inflicted on the genital tract by 
prolonged attempts to manually correct this 
malposture. Malpostures involving the 
head and neck often occur when a viable 
foal pulls back from vaginal manipulations 
that are intended to correct a minor 
postural problem. Head and neck 
malpostures are very difficult to correct 
because the long neck often makes it 
impossible to reach the foal’s head once 
this type of dystocia has occurred. 
Prolonged, unrewarding manipulations can 
easily jeopardize the mare’s future fertility. 
Inexperienced clinicians should consider 
referral as soon as a head and neck 
malposture is diagnosed 189. In fact, 
reflection of the fetal head and neck is the 
most common reason for referring a 
dystocia case to a veterinary hospital 
102,194,197.  
 
Caudal (posterior) Presentation 
predisposes the mare to dystocia because 
the synchronized rotation of the fetal body 
- and extension of the extremities - that has 
been described for cranial presentation 
often doesn’t occur 66. In many cases the 
abnormally presented fetus will be in a 
dorso-ilial position 102. Although only about 
1% of foals are presented caudally, this 
malpresentation may account for 14-16% 
of referral hospital dystocia cases since any 
postural abnormalities of the long limbs 
create a major complication 102,194. Typically 
both hindlimbs are involved in the 
malposture suggesting that the etiology is 
associated with a failure of the normal 
extension mechanism 102. Both bilateral 
hock and hip flexion cases are extremely 
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difficult to correct under field conditions 
due to space limitations within the birth 
canal. Hock flexion malposture accounts 
for about one quarter of referred caudal 
presentation cases 102. The flexed hocks 
are palpable either at the pelvic inlet, or 
impacted more caudally in the vaginal 
canal. If the foal is dead, and the 
obstetrician is experienced, it may be safer 
to correct a flexed hock dystocia by 
fetotomy. Approximately half of referred 
caudal presentation cases are breech 
(bilateral hip flexion posture). Cesarean 
section will usually provide the best 
prognosis for fetal viability and future 
fertility in these cases. 
 
Cesarean Section: 
Hemorrhage into the uterus can be a 
serious complication following cesarean 
section. Recently the merit of placing 
sutures along the uterine incision edge 
(hemostatic suture) prior to hysterotomy 
closure (two inverting layers) has been 
questioned. One study found that use of 
the hemostatic suture did not appear to 
reduce the occurrence of severe uterine 
hemorrhage, and it had the disadvantage 
of prolonging surgery time. This can be 
especially problematic in the heavy draft 
breeds that are susceptible to post-
anesthetic myopathy 207. While other 
surgeons still advocate its use, they also 
take the precaution of ligating any easily 
identified large vessels before placement 
of the hemostatic suture 198.  
 
When the hemostatic suture is not placed 
it is important to close the hysterotomy 
with a full thickness suture pattern (eg. 
modified Lembert) that is sufficiently tight 
to compress vessels in the uterine wall. A 
Cushing pattern is not suitable for this 
purpose, but is useful to support and bury 
the Lembert suture, thereby reducing the 
risk of post-operative adhesions 207. When 
dystocias are managed under optimal 
hospital conditions the subsequent foaling 
rate is similar for both caesarean section 
and controlled vaginal delivery mares 194. 
A minimum of a 6 week post-cesarean 
section interval is recommended before 
breeding a mare by natural mating. Since 
the ventral midline closure is not being 
tested by artificial breeding it may be 
feasible to attempt earlier inseminations in 
those breeds that condone AI 194. 
 

Complications in the Postpartum 
Mare:  
A detailed review of these conditions has 
recently been published 208,209. Abdominal 
discomfort in the peripartum mare may be 
due to uterine contractions, especially if the 
mare has been treated with oxytocin to 
promote passage of the fetal membranes. 
However, other causes of abdominal pain 
should not be discounted 106. 
Transabdominal ultrasound is a useful 
diagnostic tool when evaluating a mare 
exhibiting signs of colic 210. When a 
postpartum mare displays abdominal 
discomfort, and/or fever with signs of 
depression, this author believes that 
abdominocentesis is indicated 211. 
 
The normal foaling process does not alter 
the composition of the peritoneal fluid from 
within the normal range 106,212. Even a 
dystocia will not necessarily cause 
significant changes in the peritoneal fluid. If 
an experienced obstetrician performs the 
vaginal manipulations and/or fetotomy, the 
fluid should remain normal 106. If the 
peritoneal fluid is normal then the mare 
should be monitored closely for signs of 
clinical deterioration. Repeated 
abdominocentesis may be indicated in 
cases where clinical signs suggest that a 
parturient related abdominal lesion may be 
present, since the peritoneal fluid 
constituents can change within hours 106. A 
single, elevated peritoneal fluid value (total 
protein, white cell count, or percent 
neutrophils) may be an incidental finding. 
Elevation of two or more values often 
signals the onset of clinical abnormalities. It 
has been the author’s experience that if a 
postpartum peritoneal fluid sample has TPr 
> 3.0 g/dl, in conjunction with WBC count 
>15,000 cells/µl, and WBC differential 
count of >80% neutrophils (especially if 
degenerative changes are present) then the 
presence of a potentially life-threatening 
lesion is likely 106. 
 
The peritoneal fluid analysis should not be 
viewed in isolation, and must be considered 
in conjunction with the history and clinical 
signs being exhibited by the mare. In this 
author’s experience, detection of changes 
in the peritoneal fluid almost invariably 
indicates the presence of foaling related 
trauma in either the reproductive or 
gastrointestinal tract. An early diagnosis 
followed by appropriate medical and/or 
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surgical intervention will often result in a 
favorable outcome. If treatment is not 
implemented until the affected mare has 
become depressed and febrile, with 
accompanying signs of shock and toxemia, 
the prognosis may be more guarded.  
 
Periparturient hemorrhage: 
While rupture of the uterine artery is the 
most common cause of death in post-
partum mares, a ruptured artery can occur 
prior to foaling, or several weeks after 
delivery. In the later group this may be 
due to rupture of a hematoma that had 
previously formed in the broad ligament. 
Uterine artery rupture tends to be a 
problem in older mares due to weakening 
of the arterial wall subsequent to repeated 
enlargement and shrinkage with multiple 
pregnancies 213. The changes in the 
extrauterine vessels (ovarian and uterine 
arteries) in aged mares are classified as 
being primarily fibroses and fibroelastoses 
3,214. The uterine vessels develop an 
elastosis predominantly increasing with the 
number of foals - the so-called “pregnancy 
sclerosis”1,214. In doppler ultrasonographic 
studies of uterine blood flow it was 
reported that mares with moderate to 
severe endometrial angiopathies have a 
significantly higher vascular resistance in 
the uterine artery 
 
This likely causes higher hemodynamic 
stress 3,215,216. An association with low 
serum copper levels has been proposed as 
a reason for vessel fragility in aged mares, 
but recent work has not demonstrated any 
beneficial effect of supplementation. The 
plasma copper concentration declined 
during the third trimester in all pregnant 
mares that were studied, and this was not 
affected by copper supplementation - even 
though liver copper levels did tend to 
increase 217. The rupture (2 to 3 cm) can 
occur anywhere along the length of the 
vessel, without evidence of a aneurysm. 
The tear tends to be oriented parallel to 
the long axis of the vessel and will have 
ragged margins 213. Affected mares 
typically exhibit signs of severe pain if a 
hematoma is forming in the broad 
ligament, and this may be confused with 
the contractions of uterine involution - 
especially if the mare has been treated 
with oxytocin to expedite expulsion of the 
fetal membranes. If there is rupture into 
the peritoneal cavity the mare may be 

found dead, or in a state of hemorrhagic 
shock 213.   Depending on the economics of 
the case, and the severity of the clinical 
signs, treatment may range from keeping 
the mare quiet through to aggressive fluid 
therapy 152. The primary objective is to 
maintain an effective circulating 
intravascular volume, and to provide an 
oxygen supply to avoid tissue hypoxia 218. 
There is some debate in the human trauma 
literature about the use of aggressive fluid 
resuscitation to increase intravascular fluid 
volume and elevate blood pressure while 
there is uncontrolled hemorrhage. Anything 
that counters the tamponade effect exerted 
by the hematoma may promote further 
hemorrhage. Some clinicians advocate the 
use of agents such as aminocaproic or 
tranexamic acid (to stabilize the clot) and 
naloxone an opiod antagonist), but 
controlled studies on their efficacy in 
hemorrhaging mares are lacking. One such 
study was not able to demonstrate an 
effect “formalin therapy” on coagulation 
parameters or template bleeding times in 
normal horses 219. If hemorrhage is 
contained within the wall of the uterus then 
the intramural hematoma may be an 
incidental finding at the foal heat 
examination.  
 
However, some mares may exhibit variable 
signs of abdominal discomfort, even to the 
extent of warranting an exploratory 
celiotomy 220. Abscessation of a 
retroperitoneal hematoma can become a 
life-threatening complication following a 
dystocia, and thus prophylactic broad-
spectrum antibiotic coverage is warranted. 
Mares with an infected retroperitoneal 
hematoma develop signs of toxemia. In 
these cases the peritoneal fluid has an 
increased TPr content (3.0 to 5.0 g/dl) with 
a massive increase in the WBC count (often 
exceeding 100,000 cells/µl) 106. Partial 
ovariohysterectomy has been performed to 
remove a uterine horn that was 
compromised by a hematoma. The mare 
was subsequently used for embryo transfer 
109. 
 
Uterine Rupture: 
In any dystocia case there is a risk for 
iatrogenic tears, and the uterus should 
always be checked for any obvious 
lacerations immediately after extraction of 
the fetus. However, obstetrical intervention 
is not always the cause of uterine tears. 
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Although the fetal hooves are covered with 
hard gel-like pads that presumably protect 
the placenta and uterine wall, the vigorous 
piston-like thrusts of the hindlimbs may 
occasionally cause a rupture 66,204,211. 
Affected mares generally experience bouts 
of colic, and become depressed, febrile 
and anorectic as peritonitis develops. The 
interval from occurrence of the tear to 
diagnosis and initiation of therapy has a 
marked impact on the prognosis for 
survival 106,204. Recent research has proven 
that even a fetotomy procedure does not 
alter the composition of the postpartum 
peritoneal fluid if it is performed correctly, 
and thus abnormalities noted in a ‘belly 
tap’ generally indicate the presence of a 
life-threatening complication 106.  
 
Retained Fetal Membranes and Toxic 
Metritis:  
The fetal membranes will normally be 
expelled within 3 hours postpartum 175. 
The incidence of retention has been 
reported to range from 2 to 10% of 
foalings, and draft breeds appear to be 
especially prone to membranes retention 
175. Retention rates for 116 mares that 
experienced a dystocia (vaginal correction 
or cesarean section) were 65% for >3hr; 
12% for >72hr; 10% for >96hr; and 2% 
for 120hr 197. In a study where mares 
received two treatments with flunixin 
meglumine at 8 and 1 hours prior to 
oxytocin-induced parturition, there was a 
significant delay in fetal membrane 
expulsion - possibly associated with a 
significant suppression in PGF2a 
concentrations 59.  
 
This warrants further study because anti-
inflammatory medication is frequently 
used to prevent the onset of laminitis in 
mares with fetal membrane retention. The 
precise mechanism involved in detachment 
of the chorioallantoic membrane must be 
investigated before the underlying causes 
of retention can be fully understood and 
managed therapeutically. Certainly 
inadequate postpartum myometrial 
contractions seem to play a role in the 
etiology of this condition. In a study of 
heavy draft breed mares there was a 
significant negative correlation between 
placental retention time and the oxytocin 
concentration immediately after foaling 221. 
Oxytocin is an overdosed - but not over-
utilized drug. There is tremendous 

biological variability in  the clinical response 
of the postpartum mare to oxytocin 
therapy, and this appears to be unrelated 
to the size of the mare 222.  
 
A dose that may have one mare sweating, 
pawing the ground and rolling, may have 
no overt effect in another mare of 
comparable stature. Thus, this author 
believes that a low initial dose (10-20 IU) is 
prudent until the response of the mare can 
be gauged. Although the work was 
performed in non-pregnant mares, Madill et 
al showed that there was a significant dose-
response relationship between 
intramuscular administration of oxytocin 
and increased uterine motility 222. A dose of 
only 20 IU (typically 1.0 ml) oxytocin 
provided 90 minutes of increased activity, 
with an average latent period of 12 minutes 
after the i.m. injection. Doubling the dose 
did not increase the duration of response or 
the amount of time that the uterus was in a 
state of contraction. 
 
The calcium ion plays a vital role in 
myometrial contractility, and it is important 
to ensure that calcium levels are within the 
normal range 180,223,224. Supplemental 
calcium can markedly expedite the rate of 
passage, suggesting that uterine 
hypomotility is a component in some of 
these cases. Inadequate serum calcium 
levels will reduce the efficacy of oxytocin 
therapy 224. A recent study noted that the 
number of endometrial mast cells observed 
during the puerperal period is significantly 
lower in the endometrium of mares with 
retained fetal membranes 225. It has been 
demonstrated that immediately after birth 
more white blood cells enter the fetal 
membranes than subsequently leave 
through the umbilical vein 226. It was 
proposed that trapped leukocytes 
degranulate rapidly after leaving the 
vascular bed, releasing inflammatory 
products into the tissues. Whether this 
finding has any relevance to fetal 
membrane passage remains to be 
determined. It is widely accepted that 
excessive traction on the fetal membranes 
is contra-indicated 
 
However, a recent study suggests that 
cautious manual removal of the 
membranes may not be as deleterious to 
future fertility as previously thought 227. 
When the membranes are extracted by 
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force there is inevitably disruption of the 
epithelial barrier, making the traumatized 
uterine lining more susceptible to bacterial 
invasion and the development of metritis. 
Recent studies suggest that a safe, and 
potentially effective, treatment for retained 
fetal membranes in mares may be 
intraplacental injections of collagenase 
228,229. The normal rapid uterine involution 
process is delayed in mares that have 
experienced dystocias or retention of fetal 
membranes. Asymmetry on D9 is palpable 
more frequently in mares with dystocia 
(57.1%) and delayed expulsion of the fetal 
membranes (42.9%) 230. The normal 
desquamation of the microcaruncular 
epithelia into the uterine lumen is delayed 
in mares that experience dystocia and 
retention of the fetal membranes 230. 
 
Therapy for mares that are at risk for - or 
suffering from - toxic metritis is 
generally based on clinical experience, and 
the collective wisdom of peers. While the 
WBC count is decreased at 24-36 hr and 
42-60 post-partum in normal foaling 
mares, these values should remain within 
the normal reference range 203. This 
compares with Blanchard’s documentation 
of a marked leukopenia and neutropenia in 
mares that have experienced a dystocia. A 
survey of Diplomates of the American 
Colleges of Veterinary Internal Medicine 
and Veterinary Surgeons reported on 
treatments for endotoxemia 231. Laminitis 
is by far the most common complication, 
and 77% of respondents prophylactically 
treat horses that are considered to be at 
risk for the development of endotoxemia 
231,232. Early intervention is important. The 
enzymatic (matrix metalloproteinases) 
separation of the basement membrane 
from hoof lamellar epidermal cells has 
progressed significantly before any clinical 
signs are apparent. Preventive strategies 
must be implemented when endotoxemia 
is considered to be risk so that significant 
lamellar damage does not ensue 233.  
 
Measures most commonly used to prevent 
endotoxemia included IV fluid treatment 
(usually Lactated Ringer’s), flunixin 
meglumine (0.25 mg/kg, IV, q 8 h rather 
than the higher 1.1 mg/kg q 12 h dose), 
and administration of antimicrobials - the 
most common choices being penicillin and 
gentamicin 231. Antibiotic treatment is 
especially important in mares with toxic 

metritis because of the concurrent 
septicemia, and those antimicrobials with a 
gram-negative spectrum would be most 
appropriate. When aminoglycosides are 
used, mares should be well hydrated to 
reduce the risk of nephrotoxicosis. A low 
dose (1,000 to 5,000 U/kg) of Polymixin B 
may have potential due to this drug’s ability 
to bind the lipid A component of the 
endotoxin molecule, and reduce generation 
of cytokines (tumor necrosis factor) 234,235. 
However, a single dosage is suggested due 
to concerns about nephrotoxicity 232. While 
only 11% of respondents used amikacin, 
the author’s lab has identified this drug as 
being especially useful for organisms 
isolated from metritis fluid 236. 
Hyperimmune antiendotoxin plasma or 
serum (1 to 2 L diluted at least two-fold in 
balanced i.v. fluids) was used by 65% of 
respondents, but almost half were 
uncertain of its effectiveness. It must be 
used early in the disease process to be 
effective. Only 35% indicated that they 
used heparin (40 IU/kg SC or IV, q 8 h) 
prophylactically, and guidelines for dosage 
vary 231. Some clinicians will use 
pentoxyfylline in an attempt to prevent 
development of acute laminitis. Obviously 
treatment of endotoxemia must include 
correction of the primary disorder - 
retention of the fetal membranes and 
metritis. There has been a movement away 
from the use of intra-uterine antibiotics in 
recent years, but most clinicians still 
advocate lavaging the uterus as often as is 
necessary to remove the fetid fluid - the 
source of the endotoxin. 
 
Gastro-intestinal Complications: 
Prolonged straining during dystocia can 
lead to variable amounts of rectal mucosa 
being forced out through the anal sphincter 
(Type I rectal prolapse). In a type III 
prolapse there is a full thickness rectal 
prolapse plus an intussusception of the 
peritoneal rectum or small colon; in a type 
IV prolapse the intussuscepted bowel 
protrudes through the anus such that there 
is a palpable trench that may extend 
several meters into the rectum, depending 
on the length of the intussusception 107. If 
avulsion of the mesocolon has occurred 
there will be a reduction or absence of fecal 
passage leading to signs of impaction colic. 
Since early intervention is essential, 
sequential abdominocentesis is indicated 
when a type III or IV rectal prolapse is 
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being conservatively managed. Initially 
there may be negligible changes in the 
composition of the peritoneal fluid. 
However, if an avulsion has occurred then 
the compromised segment of bowel will 
soon loose its integrity, and a massively 
increased WBC count, with protein 
leakage, can occur within 24-48 hours as 
peritonitis ensues 106. Standing flank 
laparoscopic evaluation of the abdomen 
can provide an immediate assessment of 
bowel integrity, and permit an accurate 
prognosis to be given to the owner 107. 
Owners should be advised that surgical 
correction is only feasible if the segment of 
devitalized bowel is accessible. Postpartum 
mares appear to be at an increased risk 
for development of large colon torsion. 
This condition presents as an especially 
violent colic with readily discernable 
abdominal distension. Extensive ischemic 
damage affects the prognosis, but early 
surgical intervention can increase the 
survival rate 237. The tip of the cecum is 
the most likely site of a foaling related 
rupture in the alimentary tract, and 
affected mares exhibit signs of acute 
abdominal pain and soon develop septic 
shock. On palpation per rectum the 
inflamed serosal surfaces will feel 
roughened with a discernable crepitus. 
Abdominocentesis will reveal dark green-
brown gastro-intestinal fluid that contains 
plant material and massively increased 
neutrophil numbers. Humane euthanasia is 
indicated since the condition is invariably 
fatal 238. Cecal perforation is the 2nd most 
common cause of death in postpartum 
mares - after rupture of the uterine artery. 
  
Eversion of the urinary bladder: 
The mare's urethra has a large diameter 
and occasionally the bladder may be 
everted up into the vagina following 
severe straining 239. However, edematous 
swelling may preclude replacement 
without an incision being made through 
the urethral sphincter. In rare instances 
correction of the eversion may be 
complicated by prolapse of abdominal 
viscera into the everted bladder. This can 
be verified by ultrasound. 

 
Rupture of the urinary bladder or 
ureter: 
Occasionally the bladder may rupture as a 
consequence of increased intra-abdominal 
pressure in the foaling mare, or due to 

direct trauma during parturition 240,241. The 
onset of clinical signs is delayed, and a 
presumptive diagnosis can be confirmed by 
the characteristic serum electrolyte 
imbalances (hyponatremia, hyperkalemia), 
and the elevated creatinine and BUN 
concentrations. Affected mares may be 
depressed and inappetant, with failure to 
void urine. Clinical examination will reveal 
tachycardia, tachypnea, and decreased 
gastro-intestinal activity. Evaluation of a 
peritoneal fluid sample will help to confirm 
the diagnosis. The fluid will contain 
elevated urea and creatinine levels, and 
calcium carbonate crystals 241,242. 
Cystoscopy is useful to evaluate the size 
and extent of the bladder injury. Once the 
mare’s medical condition has been 
stabilized, surgical repair is indicated 240-242. 
A standing vaginal approach eliminates the 
need for general anesthesia and allows 
excellent observation and repair of bladder 
tears in adult mares 240,242. Rupture of the 
ureter has been associated with parturient 
trauma. It may be repaired surgically, but 
the large amount of urine accumulation in 
surrounding tissues may preclude this 
approach. A temporary indwelling ureteral 
stent catheter may be used to restore 
continuity of the urinary tract, and facilitate 
healing 243. 

 
Recto-vaginal fistulas and Perineal 
lacerations: 
Third degree perineal lacerations generally 
occur during unassisted foalings when the 
fetal hoof catches on the vaginal roof at the 
vestibulovaginal junction, especially in 
primiparous mares 244. Forceful straining by 
the mare can drive the hoof through the 
rectovaginal shelf such that the fetal hoof 
comes to lie within the rectum. If the fetus 
is viable it may remove the affected limb 
and delivery will proceed unimpeded - a 
rectovaginal fistula results. If the limb 
remains within the rectum then continued 
passage of the fetus causes the trapped 
limb to tear out the perineal body and anal 
sphincter. The resulting defect is called a 
third degree perineal laceration. These 
injuries do not respond well to immediate 
surgical intervention and the general 
recommendation is to wait 4 to 8 weeks 
before attempting reconstructive surgery 
239,244. In the interim the mare should be 
treated with broad-spectrum antibiotics, 
anti-inflammatory medication, tetanus 
prophylaxis, and fecal softeners. 
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Rectovaginal fistulae may be converted to 
third degree perineal lacerations and 
repaired accordingly, or may be 
approached without transection of the 
intact perineal body. Both two-stage and 
one-stage methods of third degree 
perineal laceration repair have been 
described 244,245. 
 
Lactation:  
During the latter part of gestation the 
mammary gland is exposed to high levels 
of estrogen and progestagens, and this 
prior hormonal stimulation seems to be 
necessary for prolactin to initiate lactation 
246,247. Prolactin is produced by 
lactotrophic cells in the anterior pituitary, 
and is regulated by the ‘prolactin inhibiting 
factor - dopamine 248. Naloxone-induced 
prolactin release is most pronounced 
towards term. It has been suggested that 
this is indicative of an increase in the 
naloxone-releasable pool and/or the 
absence of other prolactin-release 
inhibitory mechanisms 247. Plasma 
prolactin concentrations increase in the 
last two weeks of gestation, reach a 
maximum in the week of foaling, and then 
decrease rapidly thereafter 249. Treatment 
with a dopamine D2 antagonist i.m. 
(sulpiride 0.5 mg/kg bid) at the beginning 
of the breeding season (after light 
therapy) can induce lactation. Prolactin 
secretion increases immediately, and 
milking should start 6 days after the 
sulpiride treatment is started 246. Another 
approach has been to prime mares with an 
altrenogest/estradiol benzoate 
impregnated vaginal sponge, and then 
treat with sulpiride (1mg/kg i.m., bid from 
day 8) 250. The minimum effective 
induction protocol involved a week of 
treatment, with manual milking starting at 

the end of the week. Although elevated 
prolactin levels aren’t necessary for ongoing 
lactation in foaling mares, continuation of 
the sulpiride treatment beyond 2 weeks 
may further increase milk production when 
lactation has been induced 249,250. Mares 
with an induced lactation are able to adopt 
and nurse a foal to weaning age 250. 
 
Oxytocin is synthesized in the supraoptic 
and paraventricular nuclei of the 
hypothalamus and stored in the posterior 
pituitary. Milk is secreted in the alveoli and 
expelled into the lactiferous ducts and teat 
cisterns when oxytocin causes contraction 
of the myoepithelial cells. Although it is 
assumed that nursing by the foal stimulates 
the release of oxytocin from the 
neurohypophysis, recent research has 
revealed that the process is more 
complicated than that in the mare 58,221. A 
significant effect of suckling on oxytocin 
release by the mare was detected in only 
two of nine mares, and two of eight mares 
in two independent studies 58,221. When 
foals were prevented from sucking for 1 h, 
by being either muzzled (n = 2) or 
separated from the mare (n = 2), there 
was no significant association between 
resumption of suckling and oxytocin release 
by the mare. The results of these studies 
show that suckling is not significantly 
related to oxytocin release in mares 58,221. 
This is an interesting finding when one 
considers the process of uterine involution 
in mares with a stillborn or non-vital foal.  
 
References: 
A detailed list of citations (250 references) 
is available from the author 
(frazer.6@osu.edu)  
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Endotoxaemia & SIRS 
 
Celia M Marr, BVMS, MVM, PhD, DEIM, DipECEIM, MRCVS 
Rossdales Equine Hospital, 
Newmarket, Suffolk, UK, CB8 7NN 
 
The endotoxin molecule 
Endotoxin (aka Lipopolysaccharide or LPS) 
is a component of outer membrane of all 
gram-negative bacteria. It has three 
structural domains, namely (i) the polar 
polysaccharide O region which is 
antigenically specific to individual bacterial 
species, (ii) the hydrophobic lipid A region 
and (iii) and the core acidic A region which 
is highly conserved between bacterial 
species. 
 
Definitions 

• Endotoxaemia  = Endotoxin 
present in the blood 

• Systemic inflammatory response 
syndrome = Clinical signs related 
to global activation of 
inflammatory mediators leading to 
widespread destruction of host 
tissues triggered by circulating 
endotoxin or other stimuli (e.g. 
bacterial infection, viral infection, 
severe trauma). 

• Multiple organ dysfunction 
syndrome = Insufficiency of two 
or more organ systems (including 
feet in horses) 

 
Pathogenesis & Potential 
interventions 
LPS has very little direct toxic effect but 
interacts with a variety of cells and 
induces the synthesis & secretion of 
numerous inflammatory mediators in a 
self-amplifying cascade. Consequently, 
intervention at several points of the 
inflammatory cascade simultaneously is 
the most rational approach to minimise the 
clinical effects of endotoxaemia. The 
pathogenesis can be considered in five 
phases, although in many clinical 
situations processes relating to several 
stages may be present concurrently. 
 
Stage 1 - breach of physical barriers 
to endotoxin 
Endotoxin is ubiquitous. The skin & 
mucous membranes represent physical 
barriers to LPS entry and small amounts 

can be removed in liver before reaching 
the systemic circulation. The physical 
barriers can be breached in a variety of 
disease situations such as ischemic 
damage to gut wall, enterocolitis and 
strangulating obstructions. Similarly, gram 
negative bacterial infection can lead to 
large amounts of LPS entering the 
circulation for example in neonatal 
septicaemia, pleuropneumonia, peritonitis 
and metritis. Clearly, removal of the 
source of LPS is advantageous thus 
surgical correction of intestinal lesions and 
drainage of peritoneal/pleural/uterine 
effusions etc should be undertaken if 
feasible. The role of antimicrobial therapy 
is a little controversial; bacterial cell death 
will not remove the source of LPS and may 
lead to more rapid entry into the 
circulation, nevertheless reducing the 
bacterial population will hopefully reduce 
the total LPS burden and advantages of 
antimicrobial therapy are thought to 
outweigh the disadvantages in cases of 
bacterial infection. 
 
Stage 2 - Endotoxin stimulates 
macrophages & platelets 
The mechanisms of cellular activation by 
LPS are currently incompletely understood, 
although this topic is a fertile area of 
research in equine medicine. Once LPS 
enters the blood-stream, 
Lipopolysaccharide-binding protein (LBP) 
transfers it to responsive cells. The cell 
surface receptor for LPS is CD14 and 
together the Toll-like receptor & MD-2  
form a transmembrane messenger system. 
Activation of this system stimulates a 
number of second messenger systems, 
including mitogen-activated protein kinase 
(MAPK) pathways, and generates 
transcription factors, including nuclear 
factor κB (NFκB), which promote gene 
transcription. Options for intervention at 
this stage are aimed at neutralisation of 
circulating endotoxin and include serum or 
plasma containing Anti-LPS antibody and 
products that contain endotoxin specific 
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immunoglobulin – G. There is a concern 
that serum may also contain additional 
LPS binding protein that, counter-
productively, may add fuel to the process. 
Polymixin B is capable of binding lipid A 
and thus neutralises endotoxin. Polymixin 
B is ototoxic and nephrotoxic but its LPS-
binding action occurs at doses which are 
sufficiently low that they can be used 
systemically without toxicity. The safety of 
polymixin B in the developing fetus has 
not been evaluated and thus it should not 
be used in pregnant mares. Large scale, 
randomised controlled clinical trials are 
lacking and the evidence of its efficacy 
derives from experimental studies in which 
pre-treatment with polymixin, reduced 
TNF, IL-6, respiratory rates, pulse rates 
and rectal temperature in LPS models. 
Polymixin is not available in UK and 
importation from the USA requires an 
import licence. It is used at a dose of 
3,000u/kg in 5% dextrose IV over 30 
mins, BID for 3 days. In order to detect 
any renal side effects promptly, it is 
advisale to monitor serum creatinine 
concentration ± urine specific gravity 
daily. 
 
Tumour Necrosis Factor and Interleukin 1 
are regarded as proximal mediators since 
they are released within 30 minutes. They 
are unrelated structurally but share many 
inflammatory properties and have 
autocrine and paracrine actions that 
amplify the inflammatory cascade. Their 
systemic effects are attributed to the 
release of stress hormones and pyrogens. 
Thromboxane A is released within 5 min of 
stimulation of macrophases and platelets 
with LPS. It is a vasoconstrictor, leads to 
aggregation of platelets and elaborates 
other vasoactive mediators. A second 
wave of inflammatory mediators follows 
and includes granulocyte-monocyte 
stimulating factor, interleukin 8, a 
chemoattractant for neturophils, 
interleukin-6, procoagulant activity and the 
vasodilator nitric oxide. The early clinical 
signs of endotoxaemia, observed within 90 
minutess in experimental models, include 
tachypnoea, tachycardia, pale mucous 
membranes, depression, restlessness, 
inappetance, ileus, abdominal pain and 
loose faeces. 
 
In this stage, interventions are aimed at 
the inhibition of endotoxin-induced 

inflammation. The ideal intervention would 
be inhibition of proximal mediators but 
current practice primarily allows inhibition 
of mediators later in the inflammatory 
cascade. Unlike the other non-steroidal 
anti-inflammatory drugs, aspirin 
irreversibly binds cyclo-oxygenase. It has 
an extremely short plasma half-life 
because it is rapidly taken up by platelets 
therefore aspirin has the potential to 
prevents platelet thromboxane release for 
the life of the platelet.  It is used at a dose 
of 4 mg/kg intravenously every other day 
or 18 mg/kg orally every other day. 
Antibodies/antagonists to TNF, 
antibodies/anatagonists to IL-1, and 
receptor antagonists for platelet activating 
factor offer future potential in inhibiting 
proximal mediators. The use of 
pentoxifylline is currently widely advocated 
in equine medical texts. It has a wide 
variety of effects including decreasing TNF 
& IL-6 release by macrophages, 
decreasing thromboxane B2 release by 
platelets, increasing red blood cell 
deformability, phosphodiesterase inhibition 
and reduced neutrophil adhesion and toxic 
metabolite production. However, it is also 
a vasodilator and thus is contraindicated in 
hypotensive animals. It is used in “toxic” 
laminitis but in horses with primary 
gastrointestinal disease it should be 
reserved for use only once hypotension 
stabilized. 
 
Stage 3 - Neutrophils bind to 
endothelial cells and become 
activated 
Activation of neutrophils & endothelial cells 
leads to expression of adhesion molecules, 
selectins and integrins, and margination of 
neutrophils with leukopaenia. The cell 
membrane phophoslipids, arachidonic acid 
and platelet activating factor are 
stimulated. Following margination, 
neutrophils produce proteases and toxic 
oxygen metabolites. 
 
Via cycoloxygenase inhibition, flunixin 
meglumine suppresses eicosanoid 
production and reduces heart and 
respiratory rate, and rectal temperature 
both at its “analgesic dose” of 1.1 mg/kg 
iv BID and its “anti-endotoxic dose” of 
0.25 mg/kg iv TID. Flunxin can be 
regarded as inhibiting the cardiovascular 
manifestations of entoxaemia in particular. 
Phenylbutazone via more selective 
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inhibition of PGE2 has more selective 
inhibition of effects of endotoxin on 
gastrointestinal motility. Lignocaine is used 
for its anti-inflammatory, analgesic and 
prokinetic. It inhibited haemodynamic and 
cytokine responses to endotoxin when 
given immediately following LPS in a rabbit 
model. Additional advantages in some 
patients are that it may reduce need for 
inhalants during general anaesthesia 
although it reduces quality of recovery. It 
is given as an initial bolus 1.3 mg/kg over 
5 mins followed by continuous rate 
infection of 0.05 mg/kg. The CRI should 
be interrupted approximately 30 mins 
before end of GA and subsequently re-
started with a second bolus. Its side-
effects are depression, muscle 
fasciculations and seizures. Dimethyl 
sulfoxide scavenges oxygen-derived 
radicals, however, results in experimental 
studies has been variable: it reduced 
adhesions in one foal intestinal ischaemia 
model but had no beneficial effects in 
other models of intestinal ischaemia. A 
reduced dose (0.1 g/kg) has been 
advocated for cases with intestinal 
ischaemia 
 
Stage 4 - organ perfusion is 
compromised 
Under the influence of thromboxane, there 
is pulmonary vasoconstriction while 
prostacyclin and nitric oxide lead to 
widespread systemic vasodilation. Damage 
to endothelium leads to microthrombosis, 
hypotension, vascular leakage, 
intravascular cellular plugging produces 
inadequate tissue perfusion, hypoxia and 
hypoglycaemia. This compromises many 
organ systems including the lungs, 
intestine, kidney, heart and importantly in 
the horse, the feet. The later signs of 
endotoxaemia, seen within 4 - 6 hours in 
experimental models include congested 
mucous membranes, often with the 
characteristic “toxic ring”, fever and a 
second phase of tachypnoea and 
tachycardia. Potential complications 
include jugular thrombosis, cardiac 
arrhythmias, renal failure, laminitis and 
disseminated intravascular coagulation. 
Although, interestingly, laminitis has very 
rarely been observed in experimental 
equine LPS models. An early neutropaenia 
with left shift can lead on to neutrophilia. 
Associated with organ perfusion there may 
be lactic acidosis, increased anion gap, 

reduction in PaO2, azotaemia, 
hypo/hyperglycaemia, thrombocytopaenia 
and abnormal clotting profile.  
 
Because of the catastrophic effects of 
circulatory collapse and reduced tissue 
perfusion, support of the circulation with 
fluid therapy is the single most important 
facet of therapy and this topic is 
addressed elsewhere in these proceedings. 
In foals with SIRS, inotropic and pressor 
agents are frequently used in conjunction 
with fluid therapy and reversal of hypoxia 
with respiratory support is very feasible. 
Due to technical limitations, these 
interventions are employed less frequently 
in adults although they may be as relevant 
to adults as foals. Clotting disorders are 
prevalent in horses with gastrointestinal 
disease. Low-molecular weight heparin 
(LMWH) has an anticoagulant action 
related to acceleration of the complex 
formed by antithrombin III and various 
clotting factors including factor Xa and 
thrombin. Unfractionated heparin causes 
erythrocyte agglutination that may 
contribute to thrombotic disorders 
whereas LMWH is as effective as UFH and 
has fewer side effects.  
 
Stage 5 - Recovery or death 
Mechanisms promoting recovery from 
endotoxaemia include macrophage 
tolerance, autoregulation via negative 
feedback mechanisms. Cells shed the TNF 
receptor and acute phase proteins have 
important antiproteases effects.  
 
Summary  
Treatment of endotoxaemia revolves 
around removal of the cause, circulatory 
support, neutralisation of circulating 
endotoxin and inhibition of endotoxin-
induced inflammation. Intervention at 
several points of the self-amplifying 
inflammatory cascade simultaneously is 
the most rational approach. The flow chart 
below summarises interventions that are 
currently available. 
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Equine Encephalosis: 
Is it a Mystery or a Myth? 
 
Anne Pardini 
PO Box 25294, Monument Park, 0104. PardiniA@arc.agric.za 
 
Summary 
2007 marks the anniversary of 4 decades 
of the equine encephalosis virus (EEV) 
mystery. This virus has been isolated from 
dead horses and mildly sick horses alike, 
and no disease has been consistently 
associated with it. It has been blamed for 
central nervous disorders, acute heart 
failure, abortion, hepatitis, hind limb 
paresis and paralysis, swelling of the face, 
supraorbital fossae, eyelids and lips but 
there is no experimental evidence for a 
causative relationship between EEV and 
disease. In fact, there is no actual disease 
described for EEV in the literature.   
 
In 1999 there was an outbreak of African 
horsesickness (AHS) in the Western Cape 
and EEV was isolated from a few sick 
horses. The outbreak prompted further 
research and both survey and 
experimental work was conducted to 
elucidate the nature of EEV as a disease-
causing organism.   
 
From the survey work it was established 
that EEV is a common virus circulating on 
stud farms across the country with 
apparently no associated disease. From 
the experimental work it was established 
that the virus could not on its own, induce 
the severe clinical picture observed in the 
donor. The recipient horses all developed 
fevers and viraemia with seroconversion. 
The clinical picture was very similar to 
horse-sickness fever.  
 
From the immunoperoxidase studies, it 
was established that EEV infects 
monocytes and macrophages in the spleen 
and liver, and is found in pulmonary 
intravascular macrophages. EEV is distinct 
from other orbiviruses, as it does not 
appear to invade endothelial cells. 
 
The findings of the studies suggest that 
EEV is a very mildly pathogenic virus that 

causes transient infections in the 
immunocompetent host, similar to  
horsesickness fever or a very mild cardiac 
form of AHS. The ability of EEV to induce 
serious clinical disease remains 
unresolved, but the evidence suggests that 
the condition of encephalosis as originally 
described, is a mythological entity. EEV 
continues to be associated with acute 
heart failure and death, but no direct 
cause-effect relationship has been proven 
and this aspect of the viral infection 
remains a mystery.  
 
 
History 
Over the last 40 years, equine 
encephalosis virus (EEV) has been the 
source of much confusion and controversy. 
It was originally isolated in 1967 from 
horses that died acutely, presumably from 
acute heart failure, but the first isolate 
was from a horse that developed severe 
central nervous excitation before death 
without associated encephalitis or CNS 
lesions. This gave rise to the name 
“equine encephalosis”, a name that has 
been associated more with the virus itself 
than the disease it causes(1). Unlike 
African horsesickness (AHS) and 
bluetongue (BT), there is to date no 
evidence to support a clinical entity that 
can reliably be associated with 
encephalosis virus infection as originally 
described. The clinical signs that gave rise 
to the name “encephalosis” are seldom, if 
ever, seen. In the years following the first 
isolation, EEV was far more consistently 
associated with acute heart failure, 
abortion, uneventful recovery after a bout 
of fever, mild hepatitis, or mild to in-
apparent disease(2). In some cases, 
presentation is similar to the cardiac form 
of AHS with swelling of the supra-orbital 
fossae, lips and rarely, severe swelling of 
the whole head, but recovery is 
uneventful, unlike AHS(3). The most 
common clinical presentation of EEV is 
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fever with uneventful recovery, an 
important confuser for AHS fever. The 
equivocal nature of clinical signs and virus 
isolation, lack of necropsy features and 
histological pathology all contribute to an 
overall doubt about the ability of the virus 
to cause disease.  
 
EEV is an orbivirus, closely related to 
African horsesickness virus (AHSV) and 
bluetongue virus (BTV) of ruminants(4). 
While both of these orbiviruses, as well as 
epizootic haemorrhagic disease virus 
(EHDV) of deer induce a severe effusive to 
haemorrhagic disease in susceptible 
animals similar to endotoxic shock, EEV 
barely seems to cause disease(5). The 
distinctive presentation of EEV as a milder 
form of AHS suggests that EEV has a 
different pathogenicity to the other 
orbiviruses.  
 
In 1999 there was an outbreak of EEV 
serotype 1 concurrent with the AHS 
outbreak in the Western Cape. Some 
horses from which EEV was isolated died, 
but the majority developed fever, mild 
clinical signs similar to the cardiac form of 
AHS and recovered uneventfully. Of the 
two horses that died, the first (Horse 1) 
had acute heart failure with focal 
myocardial necrosis found at necropsy 
while the second (Horse 2) developed hind 
limb paresis, paralysis and collapse. 
Necropsy findings on Horse 2 were 
unremarkable except for a mild hepatitis. 
 
As a direct consequence of these events, 
experimental studies and survey studies 
were set up to establish the 
epidemiological significance, clinical course 
and pathogenesis of EEV infections.   
 
Surveys 
Surveys conducted in the first few years of 
the new millennium revealed that EEV 
antibodies are present in broodmares on 
stud farms. Foals seroconvert during the 
first year of life without evidence of clinical 
disease(6). These findings are suggestive 
of a stable enzootic situation. 
 
Experimental Work 
Pilot Study 
Previous attempts to reproduce EEV 
infection experimentally(1,2,7), particularly 
encephalosis, all failed except in one 
inconclusive case(2). For the first time it 

was possible to establish the 
seronegativity of the experimental 
recipient animals using a group-reactive 
ELISA that was not previously available(8). 
The virus that had been isolated from 
Horse 2 was passaged three times in 
tissue culture to amplify virus yield, and 
this was used as the challenge inoculum. 
Inoculated ponies developed fever and 
viraemia and preliminary evidence 
suggested trends in haematological values. 
The ponies were euthanased at respective 
time intervals after onset of fever, full 
necropsy examinations were done and 
tissue samples were taken for virus 
isolation, histopathology, electron 
microscopy, and immunohistochemistry. 
No significant necropsy findings were 
observed, however, there was mild 
hydrothorax and pericardial effusion 
present. Histological changes were non-
specific and restricted to foci of apoptosis 
in the spleen.  
 
Challenge Trial 
Since little is known about the immune 
response to EEV, it was decided to repeat 
the challenge, allowing the infection to run 
its course and monitor recipients through 
the recovery phase and a few weeks post-
recovery. A prospective controlled 
experimental challenge trial was 
conducted. Animals were monitored on a 
daily basis for clinical signs, including a full 
neurological examination, and samples 
were taken for serology, clinical pathology 
and virus isolation.   
 
All inoculated ponies developed viraemia, 
associated pyrexia, mild clinical signs, low 
lymphocyte counts (but not below normal 
range) and severe thrombocytopenia. All 
inoculated ponies seroconverted during 
the second week following challenge. This 
shows that EEV had had only a transient 
and mild impact on the health of nine 
inoculated animals, despite having been 
isolated from a viraemic horse that had 
died. It seems clear that the isolated virus 
had no effect on the recipient horses and 
was therefore only mildly pathogenic. The 
death of the donor horse appears to have 
been a consequence of independent 
factors.  
 
Immunoperoxidase Test 
The necessity to improve understanding of 
the pathogenicity, or perhaps non-
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pathogenicity, of EEV requires better tools. 
Visualisation of virus in tissues was a 
priority requirement in order to establish 
not only which tissues the virus replicates 
in, but also which cells. Virus isolation 
from the first trial established that out of 
14 tissues tested from each pony, virus 
was present in liver and spleen. An 
immunoperoxidase test directed against 
VP7 was developed in tissue culture. The 
antibody is able to detect all known 
serotypes of EEV and does not cross-react 
with AHS. Following the development in 
tissue culture, the technique was applied 
to 172 available formalin-fixed tissue 
sections from the experimental ponies. 
EEV in mild infections is restricted to 
monocytes and macrophages within 
microvasculature of liver and lung. It is 
most abundant in spleen and associated 
with irreversibly injured cells in the red 
pulp and hepatic sinusoids. There was no 
evidence for endothelial infection, in sharp 
contrast to AHS and BT.  
 
Comparison With Other Orbiviruses 
Comparing other orbiviruses, especially 
BTV, AHSV and EHDV with EEV, there are 
circumstances where these pathogens do 
not induce disease. Horsesickness fever is 
a good example. Most horses that suffer 
from this form of the disease recover 
uneventfully. In sheep infected with low 
virulence BTV a transient fever develops 
from which they recover uneventfully. 
Virulent strains of BTV in sheep occur in 
Africa and are perfectly capable of 
inducing fatal disease in contrast to the 
low virulence strains of North America. 
Viral virulence determines the ability to 
cause disease in this instance.   
 
Fawns of white-tailed deer occurring in 
EHDV-enzootic areas such as Texas are 
well able to cope with infection and 
recover uneventfully. In contrast, fawns 
from Pennsylvania (epizootic area) are 
highly susceptible and develop severe, 
fatal, haemorrhagic disease. The two deer 
populations show a highly differing 
response to infection with the same viral 
isolates under experimental 
conditions(5,9). The immune status of the 
host is more important in determining the 
outcome of disease in this instance, than 
the virulence status of the virus.  
 

EEV contrasts with the other orbiviruses in 
that it does not cause similar disease. It is 
unique in this respect among orbiviruses 
and the preliminary immunoperoxidase 
evidence suggests that EEV does not infect 
endothelial cells. This may explain why 
EEV does not cause effusion and 
haemorrhage like the other orbiviruses. 
 
Concluding Remarks 
So is equine encephalosis virus a threat to 
horses, or is it an incidental symbiont that 
one ought to ignore? It definitely can 
cause fever, it can replicate in the equine 
host and it has been isolated from horses 
that have clinical signs and from horses 
that have died. The immunocompetent 
equine host tolerates EEV infection well 
under experimental conditions. This means 
that even in the absence of evidence to 
suggest that EEV on its own can cause 
equine death, infection with this virus 
cannot be ignored in the field. The ability 
of EEV to cause central nervous signs 
remains questionable. There is no 
evidence to conclude a causative 
relationship between EEV and these 
clinical findings. Under experimental 
conditions, EEV can induce clinical signs 
similar to a mild cardiac form of AHS.  
 
The findings of the studies suggest that 
EEV is a very mildly pathogenic virus that 
causes transient infections in the 
immunocompetent host. The ability of EEV 
to induce serious clinical disease remains 
unresolved, but the evidence suggests that 
the condition of encephalosis as originally 
described, is a mythological entity. EEV 
continues to be associated with acute 
heart failure and rarely, with abortion. No 
direct cause-effect relationship has been 
proven and this aspect of the viral 
infection remains a mystery.  
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Regeneration Of  
Traumatized Equine Superficial 
Digital Flexor Tendons  
With A Nucleated Cell Cocktail
Barry DMA*, Barry JWA, Jordaan NB 

 
A Lazaron Biotechnologies (SA), PO Box 1243, Stellenbosch 7612 email: dbarry@sun.ac.za 
B Die Straat, PO Box 29, Rawsonville 6845 
 
Equine digital tendons consists mostly of 
collagen fibres, with more than 90% of 
that being collagen type I.  The collagen 
fibres are produced by tenocytes, which 
are fibroblast cells present at irregular 
intervals in the tendon.  Collagen fibres 
are made up of collagen fibrils which 
consist of tropacollagen, a triple helix 
polypeptide chain. 
 
When a tendon is torn during strenuous 
exercise, the torn collagen fibres are 
replaced by fibroblasts.  The orientation of 
the new fibres must be parallel to the line 
of tension on the tendon.  Transverse 
collagen fibre production leads to scar 
tissue formation and the possibility of up 
to 50% recurrence of the traumatization. 
 
South Africa has ~26,000 sporting horses. 
 At any given time more than 10,000 
horses are in active training at race tracts 
and training facilities.  An estimated 5 to 
10% of sporting horses tear a ligament or 
tendon annually preventing them from 
competing and earning revenue, with also 
increased veterinary and stabling costs for 
their owners for the next 12 months or 
more. 
 
In a pilot study the superficial digital flexor 
tendon of both front legs of ten horses on 
a farm in Rawsonville was traumatized by 
an injection of collagenase enzyme.  At the 
same time a skin biopsy was taken and 

fibroblasts cultured.  Two weeks later the 
concentration of peripheral circulating 
nucleated cells was increased with a 
superficial injection of a human 
granulocyte colony-stimulating factor, and 
the nucleated cells harvested from 
peripheral blood.  Different cytokines were 
added to the cultured fibroblasts and 
nucleated cells and the cocktail injected 
into one of the traumatized tendons with 
the aid of ultrasound.  The other tendon 
on the same horse was injected with 
sterile saline and acted as control.  The 
regeneration process was monitored with 
ultrasound and soundness evaluations 
every 2 to 3 weeks, for a total period of 6 
months. 
 
There was a significant difference 
(p<0.05) in the rate of regeneration of 
collagen fibres, reduction of swelling and 
tenderness, and soundness recovery 
between the treated and the control leg in 
all of the horses.  This study will be 
continued with clinical cases. 
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Peritonitis 
 
Celia M Marr, BVMS, MVM, PhD, DEIM, Dip.ECEIM, MRCVS 
Rossdales Equine Hospital, Newmarket, Suffolk, UK 
 
 
Peritonitis occurs in the following 
main categories: 
1.  Primary: due to haematogenous spread 
of bacteria e.g. Strep equi equi, 
Actinobacillus species, R equi or due to 
migrating parasites 
2.  Secondary: 

a.  Septic: due to rupture of GI tract, 
uterine tear, urinary tract disruption 
in adults and some affected foals or 
following intestinal surgery 

b.  Reactive: a non-septic inflammatory 
response to lesions such as abscess, 
neoplasia, urinary tract disruption in 
most affected foals or following 
intestinal surgery 

 
Clinical signs include depression, colic, 
ileus, nasogastric reflux and fever. The 
signs can be catastrophic if there is 
secondary peritonitis due to intestinal 
perforation. The diagnosis is based on 
peritoneal fluid analysis (Table 1). But, 
ultrasonography is useful to assess the 
volume of fluid and to investigate 
underlying cause.  
 
Table 1: Technique for collecting 
peritoneal fluid in adult horses 
1.  Horse restrained standing 
2.  Clip and scrub an area 5 cms either 
side of midline at the lowest point of the 
abdomen or midway between the sternum 
and umbilicus 
3.  Apply spirit or antiseptic 
4.  Stand near horse’s left shoulder 
5.  Needle method 

a. Gently pass a 19 gauge 2 inch 
needle through linear alba  
b. Advance and rotate until fluid 
flows 
c. Collect fluid in plain and EDTA 
tubes 

6.  Blunt tipped teat cannula method 
a. Apply local anaesthetic at 
lowest point of the abdomen 
b. Wear surgical gloves 
c. Make stab incision through skin 
No 11 blade  

 

 
d. Insert sterile teat tube through sterile 
absorbent gauze into skin incision 
e. Advance teat tube until fluid flows 
f. Collect fluid in plain and EDTA tubes 
 
Treatment and Prognosis: 
If peritoneal fluid cytology revealed 
intestinal perforation, and this is supported 
by ultrasonographic findings of particulate 
material and free gas within the abdomen, 
the prognosis is invariably hopeless. In 
other cases, clinical decision making is 
influenced by the horse’s clinical status, 
response to initial therapy, the peritoneal 
nucleated cell count (NCC) and volume of 
fluid.  
1.  Horses with mild to moderate increases 

in peritoneal NCC often have either 
primary or reactive peritonitis and 
efforts should be made to identify any 
underlying cause while treatment is 
initiated with broad spectrum 
antimicrobials such as penicillin, 
gentomycin and metronidazole,  or 
enrofloxacin and metronidazole. 
Endoscopy, laparotomy, laparoscopy 
and labeled granulocyte scintigraphy 
are occasionally undertaken to 
investigate underlying causes. The 
prognosis for primary peritonitis is 
good. Continued decline in the NCC and 
clinical status despite antimicrobial 
therapy suggests there is an underlying 
septic or neoplastic focus. 

2.  Horses with moderate to high 
peritoneal NCC and increased volumes 
of free fluid within the abdominal cavity 
are more likely to have secondary, 
septic peritonitis and surgery should be 
considered sooner rather than later. 
Declining clinical status in the face of 
therapy is also an indication for surgery. 
Peritoneal lavage using 28 - 32 F chest 
drains, inserted into the ventral midline 
with ultrasound guidance can be 
helpful. 10 - 15 l isotonic fluids is 
inserted, the horse is walked for a few 
minutes, then the drains are open. The 
prognosis depends on underlying cause. 
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Dystocia Management:  
Field And Clinic 
 
Grant S. Frazer BVSc, MS, MBA. 
Diplomate, Am. College of Theriogenologists 
Director, Veterinary Teaching Hospital 
College of Veterinary Medicine 
The Ohio State University 
Columbus, OH. 43210. 
 
 
Experienced personnel can save many 
foals by early recognition of dystocias, and 
by prompt intervention before serious 
complications arise. Signs that a mare may 
be experiencing difficulties include failure 
of any fetal parts, or of the amniotic 
membrane, to appear at the vulvar lips 
within 5 minutes after rupture of the 
chorioallantois. If there is no evidence of 
strong contractions and/or no progression 
in the delivery process within 10 minutes 
of rupture of the chorioallantois then a 
vaginal exam is warranted. Other causes 
for concern are hooves upside-down, or 
any abnormal combination of extremities 
appearing at the vulva (only one limb; 
hooves and nose in abnormal relationship; 
nose but not hooves; both forelimbs 
protruding but no head visible at the level 
of the carpi). The most common 
impediments to delivery are malpostures 
of the long fetal extremities (head and 
neck, or limbs). Failure to quickly identify 
a dystocia often results in the fetus 
becoming impacted in the birth canal by 
the mare’s uterine contractions and strong 
abdominal straining. The secret to foal 
survival is a combination of experience 
and expediency. If farm personnel are 
experienced, and referring veterinarians 
are well trained in dystocia management, 
prompt referral to a hospital in close 
proximity may permit delivery of a viable 
foal - even after an hour has elapsed since 
the chorioallantois ruptured. It is probable 
that limited intervention causes less 
disruption of the fetal membranes and 
thus permits longer placental support of 
the fetus.  
 
Assessment of a dystocia case 
Irrespective of the likelihood of being 
requested to provide obstetrical assistance 
to a mare, it is prudent for an equine  

practitioner to have a well organized 
dystocia kit readily accessible for such  
 
occasions during the foaling season. 
Supplies necessary to provide 
cardiovascular and respiratory support to a 
compromised neonate should always be 
available. All equipment should be clean - 
and preferably sterile. A nasogastric tube, 
pump, and bucket should be kept 
exclusively for delivering volume-
expanding lubricant (eg. 
carboxymethylcellulose) into the uterus. 
This is especially important in those 
countries (eg. USA) where injectable 
tocolytic agents (clenbuterol, isoxsuprine) 
are not available for obstetrical use.  
 
Obstetrical chains, nylon ropes and 
handles are the basic requirements - and 
blunt eye hooks may occasionally be 
indicated. A detorsion rod, an obstetrical 
snare, and a Kuhn’s crutch repeller (with 
long nylon rope) can be useful in some 
instances - but require additional 
expertise. These metal instruments can 
easily traumatize the reproductive tract 
and should be used with caution. 
Mechanical extractive devices can exert 
inordinate force and don’t have a place in 
equine obstetrics. Fetotomy in the mare 
should only be performed by experienced 
obstetricians (see separate lecture). Any 
prior obstetrical experience that has been 
obtained by managing bovine dystocias 
will be invaluable when a veterinarian is 
faced with the long extremities and 
forceful straining that inevitably complicate 
the resolution of equine obstetrical cases. 
A minimum of two people should be 
available to assist the obstetrician - one to 
hold the mare’s head and at least one 
other individual to hold instruments, and 
to assist with fetal delivery. 
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Upon arrival, the veterinarian should make 
a cursory assessment of the mare’s 
general physical condition noting, in 
particular, mucous membrane colour and 
refill time (haemorrhage, shock). A more 
complete examination may be indicated 
once attempts have been made to deliver 
a viable fetus. Time is the critical factor 
when managing an equine obstetrical 
case. The perineal area should be 
inspected for the presence and nature of 
any vulvar discharge, the presence of fetal 
membranes, and to identify any fetal 
extremities. Excessive haemorrhage is 
indicative of soft tissue trauma. Moist fetal 
extremities may help to confirm that 
assistance was summoned promptly, 
whereas dry and swollen tissues are 
typical of more protracted cases. A 
malodorous discharge strongly suggests 
the presence of an emphysematous fetus - 
an uncommon occurrence that may be 
encountered in neglected cases. 
Occasionally a foaling mare may present 
with a rectal prolapse, an everted bladder, 
or with loops of bowel (small intestine, 
colon) protruding from the vulva lips.  
 
While performing this external examination 
of the mare the following questions should 
be posed to the owner - age and parity 
number; expected foaling date; duration 
and intensity of labor signs; time since 
rupture of the chorioallantois; appearance 
of fetal membranes, limbs, or muzzle at 
vulvar; and any attempts at manual 
intervention? It is not uncommon to be 
informed that the muzzle was present 
when an attempt was made to correct a 
simple limb malposture. Unfortunately 
these cases have often been complicated 
by a flexed head and neck posture before 
veterinary assistance is requested. Reports 
of fetal movement observed in the mare’s 
flanks are often unreliable, and the mare’s 
expulsive efforts can easily cause 
deceptive ‘movement’ of exposed 
extremities in what is already a dead fetus. 
 
The internal examination should be 
performed in a clean area with good 
footing, and with sufficient room to ensure 
safety for all personnel involved. The use 
of rigid, closed-end stocks is contra-
indicated because of the propensity for 
parturient mares to become recumbent. 
However, adequate restraint is essential 
because the behaviour of a mare in the 

second stage of labour is so unpredictable 
- and it can be violent. If used, the stocks 
should be open-ended with movable sides. 
Whenever possible the initial examination 
should be performed on a standing mare 
in a large, well-bedded stall - with nothing 
more than a twitch or lip chain for 
restraint. The person handling the mare 
should stand on the same side as the 
obstetrician, and apply intermittent tension 
to the twitch or lip chain when instructed 
to do so. If the mare attempts to kick, the 
head should be pulled towards the handler 
such that the hindquarters will move away 
from the obstetrician. Although not 
essential, an initial rectal examination may 
rule out the presence of a term uterine 
torsion, determine the condition of the 
uterine wall (tears, spasm), and may 
provide useful information regarding the 
disposition of the fetus. Prior to any 
vaginal examination the mare’s tail should 
be wrapped and the perineal area 
thoroughly cleansed. The clinician’s arms 
and hands should be scrubbed with 
disinfectant soap. The use of sterile 
sleeves is optional. Liberal application of 
lubricant is essential since the mare’s 
vagina and cervix are easily traumatised, 
and future fertility can be jeopardised by 
the resultant adhesions and fibrosis. White 
petroleum jelly (Vaseline) is useful when 
performing the initial exploratory exam.  
 
If there is evidence of prior vaginal 
manipulations it may be prudent to 
perform an abdominocentesis to ensure 
uterine integrity before instilling large 
volumes of liquid obstetrical lubricant. 
A rapid, thorough check should be made 
for lesions, lacerations, and contusions of 
the genital tract. The presence of any 
pelvic abnormalities that may impede 
passage of the fetus should be noted, the 
degree of cervical relaxation determined, 
and an assessment made as to whether or 
not the uterus is tightly contracted around 
the fetus. Although fetopelvic 
disproportion is uncommon in the mare, it 
can be a factor in some equine dystocias - 
especially those in primiparous mares. The 
disposition of the fetus should be noted 
(presentation, position and posture), and 
fetal viability determined. Care should be 
exercised because an active fetal response 
to manipulations can easily complicate 
what was initially a simple dystocia. This is 
often the cause of more extreme head and 



 
 

39th Annual South African Equine Veterinary Association Congress 2007  
 

 
44

neck malpostures. Placement of a rope 
snare behind the ears and into the mouth 
will ensure that the clinician always has 
control of the head. This will facilitate easy 
correction of a potentially life-threatening 
development such as lateral deviation of 
the head and neck if the fetus pulls away 
from the clinician’s arm. Although tension 
on the head snare can force the mouth 
open, it is unlikely that the deciduous 
incisors will have broken the gum 
sufficiently to be of any concern. A 
mandibular snare will also suffice, but this 
should only be used to guide the head 
back into the pelvic canal. Excessive 
traction can easily cause a mandibular 
fracture. 
 
When obvious fetal movement is absent, 
limb withdrawal may be initiated in 
response to pinching of the coronary 
band. Slight digital pressure through the 
eyelid may arouse a response, as may 
stimulation of the tongue (swallowing). If 
the thorax can be reached, fetal heart 
beat is definitive. In caudally presented 
cases, the digital and anal reflexes are 
useful as indicators of fetal viability. 
Failure to elicit a response is not always an 
absolute confirmation of fetal death. When 
there is doubt about fetal viability an 
ultrasonographic assessment of the fetal 
heart may be made with a 3.5 MHz 
transabdominal probe. If the fetus is in an 
abnormal position the clinician should 
investigate the possibility of a term uterine 
torsion. Once the cause of the dystocia 
has been determined, the obstetrician 
should ensure that the owner understands 
the various treatment options and costs, 
and the inherent risks that may be 
associated with each approach.  
 
The prognosis for survival of both the 
mare and foal, and the impact of the 
treatment options on the mare’s future 
fertility should also be discussed. 
Sometimes the owner will place more 
value on the mare’s non-reproductive 
attributes, while in other cases the mare’s 
future fertility is of paramount importance. 
The economics of the case, the expertise 
of the clinician, and the proximity of 
hospital facilities are all factors to be 
considered when planning the best course 
of action to resolve a dystocia case. 
Prolonged vaginal manipulations are 
contra-indicated if future fertility is an 

objective. The mucous membranes are 
easily abraded and will inevitably heal with 
fibrosis. Repeated insertion and removal of 
the obstetrician’s arm not only traumatizes 
the vaginal canal and cervix, but also 
increases the bacterial load that is carried 
into the uterus. The clinician must be 
decisive, and if a brief manipulation is 
ineffective then an alternate approach 
should be considered. One or two 
fetotomy cuts will often permit rapid, 
atraumatic extraction of a dead fetus - 
provided that the obstetrician is 
experienced in the technique. 
Unfortunately fetotomy is often used as a 
last resort when prolonged manipulations 
have failed to correct the problem, and 
extensive soft tissue trauma has already 
been inflicted. If a well equipped 
veterinary hospital is close by then 
immediate referral for general anesthesia, 
controlled vaginal delivery, or caesarean 
section may offer the best prospect for 
foal survival and the mare’s subsequent 
fertility. 
 
Chemical Restraint 
The choice of restraint will vary with the 
obstetrician, and will be determined but 
such factors as the mare’s demeanour, the 
complexity of the dystocia, and the 
expectation of fetal viability. If delivery of 
a live foal is anticipated, the clinician 
should consider the potential for altered 
placental perfusion and fetal 
cardiovascular compromise before 
administering any tranquillisers to the 
mare. Light sedation with acetylpromazine 
should have minimal effect on the foal. If 
extra restraint is required, xylazine is 
preferable to detomidine if the fetus is 
viable because its depressant effects are 
of much shorter duration. Neither xylazine 
nor detomidine should be used on its own 
to sedate a dystocia case since some 
apparently sedated mares can become 
hypersensitive over the hindquarters. A 
xylazine-acepromazine combination will 
provide good sedation in a quiet mare, but 
a xylazine-butorphanol combination may 
be preferable if extra sedation and 
analgesia is necessary. 
 
Reduced dosages should be used initially, 
especially in Draft breeds and miniatures 
that appear to respond more intensely to 
tranquilizers and sedative-hypnotic drugs 
than light breeds. Since opiod analgesics 
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can cause some gastrointestinal stasis and 
impaction, it is especially important to 
administer mineral oil once the dystocia 
has been resolved if these agents have 
been used. 
 
The majority of fetotomy procedures (1 or 
2 cuts) can be made on a standing mare. 
Caudal epidural anaesthesia should be 
used at the clinician’s discretion. The time 
involved in administering effective epidural 
anaesthesia often makes this form of 
restraint impractical if a live foal is to be 
delivered. Although an epidural does not 
prevent the mare’s myometrial 
contractions or the abdominal press, it will 
reduce vaginal sensitivity and, thus 
suppresses the Ferguson reflex associated 
with vaginal manipulations. If an epidural 
is utilised, a xylazine-lidocaine combination 
is recommended. A low dose is essential to 
avoid the complication of ataxia – 
especially if referral to a hospital is a 
possibility. Myometrial contractions 
(uterine spasm) can be controlled by 
injectable tocolytic agents (isoxsuprine; 
clenbuterol) if they are available for 
veterinary use. Although intravenous or 
intramuscular administration will cause 
rapid uterine relaxation, it is not known 
whether the oral formulations will achieve 
sufficient blood levels to provide the same 
effect on the parturient uterus.  
 
Short-term general anaesthesia may be 
indicated when minor postural 
abnormalities are present, yet maternal 
expulsive efforts make correction difficult - 
or the attempts at correction have already 
exceeded 10 minutes. Although the uterus 
in an anesthetized mare will be relaxed, 
manipulations in lateral recumbency can 
still be difficult due to the increased 
abdominal pressure. The chances for 
successful resolution are enhanced if a 
hoist is available since the effects of 
gravity will greatly assist with fetal 
repulsion and manipulation. Hobbles 
should be placed on the hind pasterns, 
and the mare’s hindquarters briefly 
elevated some 2 to 3 feet from the floor. A 
xylazine-ketamine combination provides a 
smooth, short (10–15 min) duration 
general anaesthetic, but the addition of 
guaifenesin can provide an additional 10–
20 min for fetal manipulation. However, 
the mare should not remain in an 
elevated, dorsally recumbent position for 

very long. Apart from respiratory and 
cardiovascular compromise, hindlimb 
paresis can develop after prolonged 
suspension. Some of the mare’s weight 
can be taken off the limbs by placing 
supportive pads under the hindquarters. If 
attempts at correction are successful, the 
mare should be lowered into lateral 
recumbency so that the foal can be 
extracted. In specialist equine hospitals 
that are located close to well managed 
broodmare farms, the fetus is often still 
alive when the mare arrives. It is common 
practice to immediately anaesthetise these 
mares, and to maintain them with 
controlled ventilation and intravenous 
fluids. By using the hind end elevation 
technique, almost three-quarters of such 
cases can be resolved by controlled 
vaginal delivery. However, if the fetus is 
still alive and has not been delivered 
within 15 min, a caesarean section is 
performed. Under these optimal 
circumstances a 30% foal survival rate has 
been reported.  
 
Fetal Manipulation (Mutation) 
Often space limitations within the pelvic 
canal dictate that the fetus must be 
repelled deeply into the uterus before it is 
possible to manipulate the fetal body, and 
especially the long extremities. 
Overzealous intervention is a major cause 
of uterine rupture, and it may not be 
possible to achieve meaningful - yet safe - 
repulsion if the uterus is contracted down 
around the fetus. Tocolytic agents are 
effective in relaxing a contracted uterus, 
but injectable formulations are not 
available in all countries. Pumping warm 
obstetrical lubricant around the fetus will 
induce some uterine relaxation in most 
cases, and may provide the extra space 
that is required to safely mutate the 
malposture. However, it is imperative that 
the obstetrician first verifies that the 
uterus is intact - especially if there has 
been prior intervention by inexperienced 
personnel. Most iatrogenic lacerations 
occur in the uterine body, whereas a 
rupture at the tip of the gravid horn is 
more likely to be caused by the thrusting 
activity of the fetal hindlimbs. If a live 
fetus is found to be in an abnormal 
position (dorso-pubic or dorso-ilial) it may 
be possible to rotate it by applying lateral 
pressure over the shoulder. An active fetal 
response will often facilitate correction into 
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a dorso-sacral position. If the foal is dead, 
and the forelimbs are extended, it may be 
possible to mimic the normal rotational 
movements by combining torque with 
gentle traction on the obstetrical chains. 
Judicious use of a bovine detorsion rod 
can also facilitate this maneuver. 
Correction of a malposture of the fetal 
extremities is the most common reason for 
intervention. While attempts to extract a 
fetus with an uncorrected limb malposture 
pose a risk for both the fetus and mare, it 
is sometimes possible to be successful if 
the mare has a large pelvis and the fetus 
is very small or premature. However, the 
cervix and vagina can easily be lacerated, 
and extreme pressures created by 
extraction attempts with an uncorrected 
malposture can cause fetal rib fractures 
and severe internal trauma. It should be 
noted that rib fractures and contusions 
can also occur during an unassisted 
delivery. If the fetus is dead, many 
malposture cases can be rapidly resolved 
by one or two fetotomy cuts - provided 
that the clinician has the appropriate skills 
and equipment. Poor technique and 
inappropriate fetotomy cuts often lead to 
infertility. The alternative is cesarean 
section.  
 
Once any malpositions and/or malpostures 
have been corrected, any traction must be 
applied with careful regard for both 
maternal and fetal well being. Often 
traction applied entirely by hand is all that 
is necessary, although obstetrical straps or 
chains may provide a better grip. If the 
chains are applied with a loop above the 
fetlock and a half hitch below the joint, 
the extractive force will be spread over a 
larger surface and this may decrease the 
possibility of a crush fracture. The eye of 
the chain or strap should be positioned on 
the dorsal aspect of the limbs. Any traction 
that is applied to the head should be 
merely to correct a malposture and to 
direct passage thru the vaginal canal. A 
rope head snare (behind ears and into 
mouth) may be preferable to the use of 
eyehooks in foals since they are more 
susceptible to trauma than are calves. This 
is obviously not an issue if the foal is dead. 
A mandibular snare is sometimes useful on 
a viable foal, but it should be used merely 
to direct the head and not as a point of 
traction. Mandibular fractures can easily 
occur if excessive force is applied. If the 

mare is not anesthetized, any traction on 
the limbs should be applied as an adjunct 
to her expulsive efforts - assisted vaginal 
delivery. Traction should cease when the 
dam stops straining, thereby permitting 
rest and recovery. This approach is 
essential to ensure complete cervical 
dilation, and to permit adequate dilation of 
the caudal reproductive tract - especially 
in primiparous mares. Copious lubrication 
and slow traction, with continuous 
monitoring of cervical dilation, are 
essential when controlled vaginal delivery 
is performed on an anaesthetized mare. 
No more than two or three people 
(depending on size and strength) should 
apply traction to the fetus. Excessive use 
of force may injure a viable foal and inflict 
maternal soft tissue trauma. Serious birth-
related injuries in a foal may include 
fractured ribs, bruised costochondral 
junction of ribs, hemoarthrosis of shoulder 
joints, as well as internal hemorrhage 
and/or a ruptured viscus.  
 
Cranial (anterior) Presentation 
If the fetus is in an abnormal position 
(dorso-ilial; dorso-pubic) the obstetrician 
should always consider the possibility of a 
term uterine torsion. Unlike the situation in 
the cow, spiraling of the vaginal wall is 
seldom detectable in mares. Palpation of 
the broad ligaments per rectum can 
confirm whether any significant 
displacement of the gravid uterus has 
occurred. A cranially presented fetus, with 
forequarters in a dorso-sacral position and 
with head and forelimbs extended, should 
require minimal traction to complete the 
delivery. It is important that one limb is 
advanced slightly ahead of the other. This 
ensures that the width of the fetus across 
the shoulders is reduced. Provided that 
there is adequate lubrication, most foals 
can be successfully delivered. However, if 
progress is not being made then all 
traction should cease. The vaginal canal 
must be fully explored since there are 
three possible explanations that can be 
readily identified. One scenario could be 
incomplete extension of a forelimb (elbow 
lock). The flexed shoulder and elbow joint 
causes increased depth and width of the 
fetus within the maternal pelvic inlet. This 
malposture should be immediately 
suspected if the fetal muzzle lies at the 
same level as the fetlocks instead of over 
the proximal metacarpal bones. If both 
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forelimbs are equally advanced into the 
vaginal canal there is a high risk of 
impaction of the fetal elbows on the pelvic 
brim. Palpation will reveal that the fetal 
olecrannon is caught against the pubis. 
Correction involves repelling the fetal 
trunk while dorso-medial traction is 
applied to the affected forelimb. This will 
raise the elbow up over the floor of the 
pelvic inlet and permit full extension.  
 
Another explanation, absolute feto-pelvic 
disproportion (fetal oversize), is not as 
common in mares as it is in cattle. The 
shape of the mare’s pelvis, and the more 
elongated equine fetus, tend to facilitate 
ease of delivery in most cases. The size of 
the uterus (breed variation) plays a much 
greater role in determining ultimate fetal 
size than does the stature of the stallion. 
Despite this, owners will often express 
concern about fetal oversize if the foal has 
been carried several weeks past the 
expected due date.  
 
Although this is a major concern with 
prolonged gestation in cattle, it is seldom 
an issue in overdue mares. In fact, some 
cases of prolonged gestation in mares may 
involve a smaller than normal, dysmature 
fetus. However, relative feto-pelvic 
disproportion may be a significant factor in 
primiparous mares, and obstetrical 
assistance (traction) is required much 
more often in these younger animals. 
Foals from primiparous mares are more 
likely to sustain thoracic trauma compared 
to foals from pluriparous mares. 
Approximately 30% of referral hospital 
dystocia cases are in primiparous mares, 
and these younger mares were 
disproportionately represented in a report 
on dystocia and neonatal asphyxia from 
the central Kentucky area. Apart from fetal 
issues (malposition, malposture), dystocia 
in primiparous mares may be further 
complicated by a tight vaginovestibular 
sphincter. This will predispose such cases 
to lacerations and rectovaginal tears. If 
copious lubrication and gentle traction 
don't facilitate delivery then cesarean 
section or partial fetotomy are the only 
alternatives.  
 
The third explanation is a ventro-vertical 
presentation with hip flexion and 
impaction of one or both hindlimbs. It has 
been suggested that this could be a 

variant of a ventro-transverse presentation 
where the cranial aspect of the fetus has 
become dislodged and entered the vaginal 
canal. The mechanics of this malposture 
cause the fetal hindlimbs (hooves) to push 
against the pelvic brim whenever traction 
is applied to the forelimbs. The dystocia is 
characterized by partial delivery of the 
anterior aspect of the fetus, followed by 
unproductive straining whereby the 
delivery fails to progress despite the 
mare’s vigorous expulsive efforts. Severe 
trauma can be inflicted on the mare if this 
hindlimb malposture is not recognized, and 
inappropriate amounts of traction are 
applied. Thus, it is important to stop all 
traction if progress is not being made even 
though the forelimbs, head and thorax are 
all correctly aligned. Correction of this 
malposture is contingent upon the fetus 
being repelled enough to permit the 
obstetrician’s fingers to sweep the floor of 
the pelvic inlet. This is not always possible. 
There may be either bilateral (“dog-sitting” 
posture) or unilateral (“hurdling” posture) 
hip flexion. The unilateral posture is more 
common. 
 
In extreme cases the hindlimb may 
actually extend under the fetus and up 
into the vagina. Although the hindlimb 
may be successfully repelled if the fetus is 
alive, it is a difficult procedure and is 
associated with some risk of uterine 
laceration. Limitations of arm length often 
preclude grasping the hindlimb. 
Sometimes merely rotating the fetus will 
dislodge the trapped hoof. One technique 
that is not without risk is to use a snare or 
threaded crutch repeller to loop around 
the pastern. A long cord with a knot in one 
end is pulled through one eye of a Kuhn’s 
crutch. The free end is passed through the 
other eye and the resulting loop placed 
over the trapped hoof. Tension is 
maintained on the long cord as the crutch 
repeller is advanced up the limb and 
seated against the pastern/fetlock. If used 
judiciously the instrument may serve to 
repel the hoof away from the pelvic brim. 
When the fetus is dead, repulsion 
attempts should not be performed on a 
standing mare. In these cases the repelled 
fetal hindlimb often will remain flexed 
instead of returning to its normal position. 
There is an extreme risk that the hoof will 
then puncture the ventral uterine wall as 
the foal is being extracted. Thus, it is 
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recommended that general anesthesia and 
hoisting of the hindquarters be employed 
to reduce the risk of ventral uterine 
rupture. In experienced hands partial 
fetotomy is a viable alternative to cesarean 
section. 
 
If a foot-nape posture is present, one or 
both of the forelimbs will be displaced over 
the foal’s head and pushed against the 
vaginal roof. The abnormal posture 
increases the diameter across the fetal 
chest, and the elbows may be lodged 
against the pubis. This malposture is 
corrected by repelling the fetus into the 
uterus, lifting the limbs off the neck, and 
placing them in a lateral position. The 
head is then raised while at the same time 
obstetrical chains are used to apply 
ventro-medial traction to the limbs until 
they come to lie under the head. Once the 
malposture has been corrected, fetal 
extraction can usually proceed quite 
uneventfully.  
 
This relatively simple malposture can 
cause significant trauma to the vagina and 
perineum if it is not corrected immediately. 
The mare's straining can cause the fetal 
hoof to lacerate the vaginal roof, and in 
extreme cases it may perforate completely 
through into the rectum. This recto-vaginal 
fistula may be all that occurs if the foal 
withdraws its hoof from the rectum prior 
to delivery. However, if the mare’s strong 
expulsive efforts force the trapped limb 
caudally it will dissect through the 
rectovaginal shelf - and may even rupture 
through the anal sphincter. The resulting 
cloaca-like opening is known as a 3rd 
degree perineal laceration. If a live foal is 
found to have a limb lodged in the rectum 
(fistula) it may not be possible to repel it 
in all cases. Under these circumstances it 
may be necessary to incise the perineum 
and surgically create a 3rd degree perineal 
laceration. This will facilitate expeditious 
delivery of a viable neonate. Appropriate 
postpartum care should permit successful 
reconstruction of the perineal area within 
4 to 6 weeks. If the foal is dead it may be 
possible to amputate the trapped limb with 
a fetatome, but care must be taken to 
ensure that the sharp bony stump doesn’t 
create further trauma. 
 
If one or both limbs are not visible at the 
vulvar lips then either a uni- or bilateral 

carpal flexion may be present. The 
affected limb is often lodged in the pelvic 
inlet. Repulsion of the fetus back into the 
uterus will permit the flexed limb to be 
grasped just proximal to the fetlock. By 
rotating the wrist, the carpus can be 
rotated dorso-laterally while the flexed 
fetlock is brought medially and caudally 
into the birth canal. This maneuver allows 
maximal use of available space by 
obliquing the extremity through the pelvic 
inlet. It is important that the clinician's 
hand is cupped over the bottom of the 
fetal hoof at all times while attempts are 
made to straighten the limb. Failure to do 
so may result in injury to the reproductive 
tract.  
 
Application of an obstetrical chain or rope 
snare to the pastern may be a useful aid 
since controlled traction can be applied 
externally while the internal hand 
manipulates the distal limb, and then 
covers and guides the hoof. Since most 
carpal flexions are relatively easy to 
correct manually, the obstetrician should 
be cognizant of the possibility of 
contracted tendons when difficulties are 
encountered. Flexural deformities are 
considered to be the most common 
congenital anomaly of foals. Limb 
contractures are generally bilateral, with 
the forelimbs being affected more often 
than the hindlimbs - although it is not 
uncommon for all four limbs to be 
involved. Severely affected limbs can not 
be straightened, and needless trauma can 
be inflicted on the genital tract by 
prolonged attempts to manually correct 
this malposture. If the mare has been in 
dystocia for some time, the amount of 
uterine contraction may prevent 
meaningful repulsion of the fetus. The 
fetus is invariably dead in such cases, and 
a relatively simple fetotomy cut at the 
level of the distal row of carpal bones can 
permit atraumatic extraction within 
minutes.  
 
Malpostures involving the head and neck 
often occur when a viable foal pulls back 
from vaginal manipulations that are 
intended to correct a minor postural 
problem. If the muzzle engages the 
uterine wall, or floor of the pelvic inlet, the 
mare’s forceful expulsive efforts can drive 
the head and neck ventrally, or laterally 
along the thorax, while the forelimbs are 
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pushed further into the vaginal canal. A 
rope head snare (behind ears and into 
mouth) that is applied before manipulating 
the limbs can facilitate head retrieval if a 
malposture does develop. Head and neck 
malpostures are very difficult to correct 
because the long neck often makes it 
impossible to reach the foal’s head once 
this type of dystocia has occurred. The 
long nose and muzzle are an added 
complication. In some especially difficult 
cases the displaced head will be rotated 
axially at the atlanto-occipital joint such 
that the fetal mandibles are uppermost. 
Prolonged, unrewarding manipulations can 
easily jeopardize the mare’s future fertility. 
As with contracted tendons, it is essential 
that the practitioner considers the 
possibility of a "wry neck" when 
attempting to correct a displaced head and 
neck.  
 
This congenital curvature of the cervical 
vertebrae is not amenable to correction by 
mutation, and needless trauma can be 
inflicted on the genital tract by 
unrewarding attempts to achieve the 
impossible. Inexperienced clinicians should 
consider referral as soon as a head and 
neck malposture is diagnosed. In fact, 
reflection of the fetal head and neck is the 
most common reason for referring a 
dystocia case to a veterinary hospital.  
If the fingers can reach the foal’s muzzle it 
may be possible to exert traction on the 
corner of the mouth while moving the 
wrist to apply opposing pressure against 
the side of the head. Some obstetricians 
suggest applying a clamp (with a 
retrieving cord attached) to an ear so that 
the head can be retracted enough to 
permit placement of a mandibular snare.  
 
While application of a snare can be a 
useful method for correcting a lateral head 
and neck malposture, minimal tension 
should be applied to the mandible since it 
is relatively easy to cause a fracture. 
Gentle traction may be applied to the 
snare while the internal hand repels the 
rest of the head and neck.  Attempts to 
grasp the orbital grooves should be made 
with caution if the foal is alive since 
pressure on the eyeball may provoke 
evasive movements that exacerbate the 
malposture. Eye hooks can easily cause 
damage to the foal’s eye, and thus should 
be used with caution on a live fetus. If a 

portion of the head can’t be grasped, it 
may be possible to use an obstetrical chain 
looped around the neck to pull the head 
within reach. This should be done with 
caution so that the muzzle isn’t forced 
against the uterine wall with such pressure 
that a rupture results.  
 
Another technique that requires extreme 
caution is the use of a Kuhn’s crutch. In a 
manner similar to that previously 
described for correction of a ‘dog-sitter’ 
the long cord is fixed to one eye of the 
crutch. The free end is attached to a 
curved introducer that is passed over the 
neck and retrieved ventrally. The cord is 
withdrawn, untied from the introducer, 
and then passed through the other eye of 
the Kuhn’s crutch. The free end of the 
long cord must be held firmly with the 
crutch handle. Moderate tension is 
maintained on the cord as the crutch is 
advanced along the lateral aspect of the 
neck towards the head. If applied correctly 
the loop around the foal’s neck will 
prevent the Kuhn’s crutch from slipping off 
the neck and possibly rupturing the 
uterus. The advantage of the crutch is that 
there should be sufficient space for an arm 
to repel the fetal body while gentle 
traction on the crutch is used to draw the 
long head caudally. Once the hand can 
grasp the muzzle it should protect the 
uterine wall while guiding the head into a 
normal posture for delivery. If the fetus is 
dead a pair of forceps (with retrieving cord 
attached) can be attached to the skin of 
the neck in an attempt to pull the head 
caudally. Irrespective of the method 
chosen, correction of a lateral neck flexion 
can be extremely difficult. Factors 
influencing the likelihood of success 
include uterine tonicity, clinician arm 
length and skill, and the presence or 
absence of torticollis and facial scoliosis.  
 
Ventral deviation of the head is relatively 
easy to correct if the long fetal nose is just 
below the brim of the pelvis (vertex or poll 
posture). The head should be rotated 
laterally in an arc before attempting to 
bring the muzzle up over the pelvic brim. 
In more severe cases the neck is tucked 
down between the forelimbs (nape 
posture), and in extreme cases the 
mandible rests against the sternum. A 
mandibular snare may be useful to apply 
gentle traction to the head while the poll is 
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repelled. Excessive tension on the snare 
can easily fracture the mandible. The fetus 
may have to be repelled deeply into the 
uterus to provide sufficient space to 
correct extreme ventral malposture. This 
may not be possible unless one forelimb is 
flexed and pushed back into the uterus. A 
retrieving rope loop attached to the 
pastern will facilitate replacement of the 
limb once the neck flexion has been 
corrected. Cesarean section or fetotomy 
are indicated if attempts to reposition the 
head and neck in a timely manner are 
unsuccessful. 
 
Shoulder flexion posture may be unilateral 
(“swimming” posture) with head and one 
forelimb presented, or bilateral (“diving” 
posture) where only the fetal head 
protrudes through the vulvar lips. An 
immediate cesarean section may be 
preferable if the foal is alive since the long 
forelimbs make manual correction of these 
malpostures difficult and time-consuming. 
The head and neck must be repelled back 
into the uterus to gain access to the 
retained limb/s, and this is seldom easy to 
achieve. A soft rope snare should be 
placed on the fetal head so that it can be 
readily retrieved once the shoulder flexion 
has been corrected. If the limb can be 
reached, the mutation is performed in two 
stages. A carpal flexion is created by 
locating the retained humerus, and 
working down to the distal radius.  
 
The limb is then pulled caudally and 
medially as the fetal body is repelled. If a 
rope loop can be passed around the radius 
the external hand can apply traction on 
the distal extremity while the internal hand 
repels the fetus by applying pressure to 
the shoulder. Once the flexed carpus has 
been hooked over the brim of the pelvis it 
can be extended as described previously. 
It must be remembered that it is not 
always possible to repel the head 
sufficiently to gain access to the retained 
forelimb. In these cases cesarean section 
is the only option for delivery of a live foal. 
If the fetus is dead, a fetotomy cut to 
remove the head with as much neck as 
can be reached may provide sufficient 
room to correct the malposture. This 
approach is definitely indicated if the mare 
is presented with only the dead foal’s head 
protruding through the vulvar lips. 
   

Caudal (posterior) Presentation 
If the soles of the hooves are facing 
upwards then a foal in caudal presentation 
should be suspected. Palpation of the 
hocks somewhere in the vaginal canal 
confirms the diagnosis. There is only one 
joint (fetlock) between the hoof and the 
hock, whereas a forelimb has two joints 
(fetlock, carpus) between the hoof and the 
elbow. Although a cranially presented foal 
in dorsopubic position may have both 
forelimbs extended into the vaginal canal, 
this is an uncommon complication and the 
possibility of a uterine torsion should also 
be investigated. In caudal presentation 
there is an increased risk of fetal hypoxia 
due to compression of the umbilical cord 
under the fetal thorax. Likewise, 
premature rupture of the umbilical cord 
while the fetal head is still retained within 
the uterine lumen can also cause fetal 
death. Gentle traction on the hindlimbs in 
conjunction with the mare’s expulsive 
efforts may facilitate delivery. 
 
Caudal presentation predisposes the mare 
to dystocia because the synchronized 
rotation of the fetal body - and extension 
of the extremities - that has been 
described for cranial presentation often 
doesn’t occur. In many cases the 
abnormally presented fetus will be in a 
dorso-ilial position. Although only about 
1% of foals are presented caudally, this 
malpresentation may account for 14-16% 
of referral hospital dystocia cases since 
any postural abnormalities of the long 
limbs create a major complication. 
Typically both hindlimbs are involved in 
the malposture suggesting that the 
etiology is associated with a failure of the 
normal extension mechanism. Both 
bilateral hock and hip flexion cases are 
extremely difficult to correct under field 
conditions due to space limitations within 
the birth canal. 
  
Hock flexion malposture accounts for 
about one quarter of referred caudal 
presentation cases. The flexed hocks are 
palpable either at the pelvic inlet, or 
impacted more caudally in the vaginal 
canal. Straightening a flexed hock entails 
considerable risk since the hock is 
invariably forced against the dorsal uterine 
wall. In cases where the uterus is 
contracted there is a real possibility of 
creating a laceration or perforation. The 
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metatarsus is grasped and the fetus 
repelled into the uterus while the hock is 
pushed dorsolaterally. The procedure for 
medially obliquing the extremity into the 
birth canal is similar to that previously 
described for correction of a carpal flexion. 
An obstetrical chain or strap can be used 
to apply medial traction to the distal limb. 
It is important that the hoof is cupped in 
the hand as it is guided into the pelvic 
canal. If the foal is dead, and the 
obstetrician is experienced, it may be safer 
to correct a flexed hock dystocia by 
fetotomy. The fetal body must still be 
repelled to permit the stifles to be 
extended up into the pelvic canal. 
 
Approximately half of referred caudal 
presentation cases are breech (bilateral 
hip flexion posture). Even under ideal 
hospital conditions the manipulations 
involved in attempting to correct a 
bilateral hip flexion (breech) posture are 
especially time consuming since the limbs 
are displaced under the fetal body. 
Cesarean section will usually provide the 
best prognosis for fetal viability and future 
fertility in these cases.  
 
The comments for managing a hock 
flexion apply because if mutation is 
attempted, the bilateral hip flexion must 
first be converted into a bilateral flexed 
hock posture. These malpostures can be 
extremely difficult to correct because it 
may not be possible to safely repel the 
fetus far enough cranially to facilitate 
manipulation of the retained limbs. The 
distal tibia is grasped and pulled caudo-
dorsally until the hock is in a flexed 
posture. A rope or obstetrical chain looped 
around the limb can help to retrieve the 
hock. If successful, it is important to 
remember to flex both hocks before 
attempting to straighten either limb. If one 
limb is extended into the vaginal canal 
while the other hip remains flexed, the 
fetal body will move back into the pelvic 
canal, and this will make it extremely 
difficult to access the retained limb. If the 
fetus is dead - and cesarean section is not 
an option - this author recommends 
attempting to convert the bilateral hip 
flexion into a hock flexion posture, 
followed by correction with two fetotomy 
cuts through the distal row of tarsal 
bones. Provided that the clinician is 
experienced in the use of a fetatome, this 

may be safer and cause less trauma than 
attempting to straighten the limbs.  
 
Transverse Presentation 
Only about 1 in 1,000 foals will be 
presented transversely. This is the 
culmination of a bicornual gestation in 
which the fetus was tightly packed into the 
uterine body and variable portions of both 
horns. Neither horn is as fully expanded as 
would be expected in a normal pregnancy. 
However, the net effect of this abnormal 
gestation is that overall placental surface 
area may be increased, and thus the foals 
are often larger than normal - a factor to 
be considered if an attempt at vaginal 
delivery is contemplated. Under less than 
ideal management conditions these mares 
may not be recognized as being in labor. 
The normal vaginal pressure stimuli are 
not present and only weak - if any - 
abdominal straining occurs. Successful 
resolution of these dystocia cases requires 
a significant amount of obstetrical 
experience. This explains why these 
extremely rare presentations account for 
10-16% of referral hospital dystocia cases. 
If the fetus is alive the delivery method of 
choice is cesarean section. The majority of 
transverse presentations are ventro-
transverse with the abdomen and limbs of 
the fetus presented towards the birth 
canal. Although the widespread adoption 
of ultrasonography has markedly reduced 
the likelihood of a twin birth, this 
possibility must always be explored when 
more than two limbs are present in the 
birth canal.  
 
In some instances it may be possible to 
repel the head and forequarters of the 
fetus, while extending the two hindlimbs 
into the pelvic canal (version). If the 
manipulations are successful, the 
transverse presentation is thus converted 
into a caudal presentation for vaginal 
delivery. The likelihood of successfully 
resolving one of these cases is improved if 
the mare has been anesthetized and the 
hindquarters elevated. However, extreme 
caution should be used during any 
manipulations since transverse fetal 
presentations are associated with a 
markedly increased incidence of fetal 
malformations. This is likely to be a 
consequence of restricted fetal movement 
in utero. In approximately one third of 
cases attempts at correction may be 
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complicated by the presence of flexural 
limb deformities, angular limb deformity, 
and vertebral deformity such as wry neck. 
Dorso-transverse presentations, with the 
spinal column of the fetus presented 
towards the birth canal, are very rare. 
These cases warrant an immediate referral 
for cesarean section, even if the foal is 
dead. Although an experienced 
obstetrician may be able to deliver a 
transversely presented fetus by multiple 
fetotomy cuts, the owner should be 
advised that this will be a difficult and 
time-consuming procedure. There is a high 
risk of trauma that most likely will impede 
the mare’s future fertility. 
 
Fetal Anomalies 
Apart from the ‘contracted foal syndrome’ 
(limb contractures, scoliosis and/or 
torticollis), fetal anomalies that have been 
reported in the horse include 
hydrocephalus, anencephaly, 
meningoencephalocele, microophthalmia, 
craniofacial malformations (wry nose), 
cleft palate, umbilical hernia, 
diaphragmatic hernia, cardiac anomalies, 
epitheliogenesis imperfecta, dystrophic 
chondropathy, scoliosis, and 
hydronephrosis. In most cases these 
congenital anomalies are not related to 
hereditary factors and do not cause 
dystocia. A very large umbilical hernia will 
usually cause evisceration of the fetus 
during parturition. Although these cases 
will present like a schistosomus reflexus 
birth in cattle (viscera protruding through 
the vulvar lips), the equine fetus does not 
appear to develop the dorso-retroflexion of 
the vertebral column that characterizes the 
ruminant condition. Hydrocephalus is an 
occasional cause of equine dystocia, 
especially in pony breeds. The condition 
occurs when increased intracranial 
pressure causes the bones of the skull to 
enlarge, sometimes almost doubling the 
size of the head. The skull is often very 
thin, and many affected foals can be 
delivered after incising the soft portion of 
the skull with a finger knife, allowing the 
skull to collapse. The trunk of the 
hydrocephalic fetus is generally smaller 
than normal and seldom interferes with 
delivery. If the enlarged cranium is 
densely ossified then a fetotomy cut may 
be necessary to reduce the size of the 
head. 

 
Conclusion 
The third stage of parturition involves 
expulsion of the fetal membranes, and is 
regarded as being normal if completed 
within 30 min to 3 h. Owners should be 
advised to seek veterinary assistance if 
passage of the membranes is delayed. 
Metritis and laminitis are common 
sequelae of membrane retention. In an 
attempt to reduce the incidence of 
membrane retention this author routinely 
employs the Burn’s technique after 
resolving a dystocia case. This involves 
distending the chorioallantois with saline, 
and then tying off the opening. A low dose 
of oxytocin (10-20 IU) is then 
administered and most mares will pass the 
entire chorioallantoic sac within 30 
minutes. Although many of these cases 
may well pass the membranes unaided, it 
is recognized that obstetrical procedures 
predispose the mare to membrane 
retention. The advantage of encouraging 
rapid passage of the entire chorioallantoic 
sac – with any introduced contaminants 
contained within – warrants the minimal 
effort involved in employing this 
technique.  
 
The fetal membranes should be examined 
as a matter of routine to ensure that they 
have been passed intact, and to check for 
any placental anomalies that may 
forewarn of impending problems in the 
neonate. Abdominal discomfort in the 
postpartum mare may be due to uterine 
contractions, especially if the mare has 
been treated with oxytocin to promote 
passage of the fetal membranes. Other 
causes of abdominal pain should not be 
discounted - including rupture of the 
uterine artery. An abdominocentesis can 
provide useful prognostic information in 
the immediate postpartum period. Variable 
amounts of perineal swelling are not 
uncommon after a dystocia, and the 
associated discomfort may contribute to 
fecal impaction. Routine administration of 
mineral oil can ease fecal passage in 
mares that have experienced a dystocia. 
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Pneumonia And Pleuropneumonia 
 
Celia M. Marr, Rossdales Equine Hospital, Newmarket, Suffolk 
 
Pleura: structure and function 

• Visceral and parietal layers 
• single layer of mesothelial 

squamous cells overlie loose 
connective, and adipose tissue 

• Incomplete mediastinum 
• 80% of horses fenestrated in 

caudal ventral portion 
 
Identification of pleural effusion 
Clinical Signs 

• small amount of fluid 
• respiratory signs may be absent 
• several liters of fluid 
• may be dyspneic at rest, or 

following slight exertion 
• ventral dullness on ausculation 

and percussion 
 
Laboratory analysis 

• differentiate transudate/exudate 
• identify neoplastic cells 

 
Differential diagnosis of pleural 
effusion  

• Pleuropneumonia 
• Haemothorax 
• Neoplasia particularly cranial 

mediastinal lymphosarcoma 
• Right-sided heart failure 
• Pericarditis 

 
Pleuropneumonia 
Definition: inflammation of the mesothelial 
lining of pleural cavity with associated 
parenchymal disease due to bacterial 
infection 
 
Pathogenesis 

• Mixed bacterial infection 
o Organisms are often that 

are normal flora of the 
pharynx: Beta-haemolytic 
Streptococcus, E coli, 
Klebsiella spp. Pasteurella 
spp., Bordatella spp., 
Bacteroides spp, 
anaerobes 

 

• Suppression of pulmonary defense 
mechanisms 

• Often follows recent stressful 
event 
o Prolonged shipping 
o High performance 
o Commingling with other 

horses 
o Occult or patent respiratory 

infection 
o Thoracic trauma 
o Surgery and general 

anaesthesia 
 

• Chronic Sequelae 
o Pulmonary abscess 
o Pleural abscess 
o Bronchopleural fistula 
 

Clinical signs 
• Dependent on amount of fluid, 

pathogen, extent of parenchymal 
disease, etc 

• Flagrant:  
o Febrile, depressed, pitting 

edema, nasal discharge, 
guarded cough are common 

• Less flagrant  
o Chronic cough, mild transient 

pyrexia 
• Pleurodynia = pleural pain due to 

inflamed pleura 
 

o Reduction of pain with 
chronicity 

o Formation of firm fibrous 
adhesions 

o Cushion created by fluid 
o Reluctance to move, pointing 

forelimb 
• Auscultation 

o Not consistent, often not 
useful 

o Absent airway sounds 
ventrally 

o Dorsal sounds may be normal 
or abnormal 

o Fluid in the trachea 
o Pleural friction rubs 
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o Cardiac sounds radiate over a 
wide region 

 NB may also have pericarditis 
 

• Percussion 
o Ventral dullness 

 
Thoracic Ultrasonography 

• Pleural fluid 
o Volume 
o Location  
o Character (echogenicity 

increases with cell count, gas 
bubbles suggest anaerobes) 

• Lungs 
o Consolidation 
o Abscessation 

 
Thoracic radiography 

• Acute stage 
o Pleural effusion obscures lung 

pathology 
• Chronic stage 

o Identification of consolidation, 
abscesses and pneumothorax 

 
Laboratory tests 

• Transtracheal aspirate 
o Important to obtain sample 

that is not contaminated by 
upper airway 

o Bacteriology 
o Cytology to confirm not 

contaminated by upper airway 
(squames) 

• Examination of the pleural fluid 
o Physical 
o Cytology 
o Bacteriology (culture, 

antibiotic sensitivity and gram 
stain) 

o Chemistry (low glucose 
concentration suggests 
presence of bacteria) 

 
Treatment 

• Acute stages 
o Broad-spectrum antibiotics 

including anaerobic cover 
o Supportive 
o Drainage - an important therapy 

o Removal of the restrictive 
forces 

o Re-expansion of the 
pulmonary tissue 

o Improves pulmonary 
clearance 

o Removes debris, 
organisms, inflammatory 
mediators, toxins etc 

• Chronic stages 
o Pleural and pulmonary 

abscesses may be amenable 
to drainage, via resection of 
intercostal muscle and/or rib  

o Providing they are walled off 
from the rest of the pleural 
cavity 

 
 
 
Prognosis 

• Milder cases, diagnosed early may 
return to previous career with 
early and aggressive therapy 

• Severe cases can be salvaged for 
breeding but may require months 
of antibiotic treatment and 
multiple surgeries 

 
Aspiration Pneumonia 

• Most commonly located in the 
right ventral lung lobes  

• The most rostral secondary 
bronchus leads to the right 
accessory lobe 

• Risk factors 
o Oesophageal obstruction 
o Spontaneous reflux 
o Dysphagia 
o Pharyngeal paralysis,  
o Guttural pouch mycosis, 

botulism, lead poisoning, 
others 

o Cleft palate and NMS in foals 
• Diagnosis  

o Ultrasonography and 
radiography 

o Transtracheal aspirate 
o Treatment 

• Treatment 
o Broad spectrum antibiotics 

• Prognosis 
o Variable, depends on severity 

and speed of onset of therapy 
 
 
Interstitial Pneumonia 

• Possible insults 
o Most unidentified 
o Infectious agents 
o Inhaled chemicals 
o Hypersensitivity reactions 
o Endotoxin 
o Mechanical ventilation 
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• Clinical syndromes 
o Acute 

• Particularly in foals 
• Coughing 
• Dyspnoea 
• Weight loss 
• Depression 
• Anorexia 

o Chronic 
• Dyspnoea 
• Tachypnea 
• Can Remain bright 

and eating 
• Diagnosis 

o Acute 
 Radiographs:  

generalized 
alveolar/interstitial 
pattern  

 BAL: neutrophils or 
eosinophils 

• Chronic 
o Radiographs: 

multinodular interstitial 
lesions 

o Lung biopsy for definitive 
diagnosis in chronic 
pulmonary fibrosis 
 

• Diagnosis 
o Acute 

• Radiographs:  
generalized 
alveolar/interstitial 
pattern  

• BAL: neutrophils or 
eosinophils 

 
o Chronic 

• Radiographs: 
multinodular 
interstitial lesions 

• Lung biopsy for 
definitive diagnosis in 
chronic pulmonary 
fibrosis 

• Therapy 
o Acute cases 

• Suppress 
inflammation 

• Non-steroidal anti-
inflammatory drugs 

• Corticosteroids are 
more efficacious 

• Alleviate 
bronchoconstriction 
• Maintain arterial 

oxygen 

• Intranasal or 
intratracheal 
routes 

• Reduce pulmonary 
hypertension 

• Prevent secondary 
infection 
• Broad spectrum 

antibiotics 
o There is no effective 

treatment for chronic 
pulmonary fibrosis 

 
 
 
RHODOCOCCUS EQUI INFECTION 

• Characterized by Granulomatous 
inflammation & Abscess formation 

• Key features of the organism 
o Gram positive, pleomorphic 

bacillus 
o Widespread in herbivores 

and environment 
o Obligate aerobe, therefore 

does not tend to multiply 
within the gut 

o Accumulates in the gut, and 
therefore, faeces passively 

o Survives in soil for at least 
12 months in hot  dry 
conditions, therefore disease 
is more common in USA, 
Australia, and Ireland than in 
UK 

• Epizootiology 
o Major route - dust aerosols 
o Variation in strain 

pathogenicity leads to 
sporadic-to-endemic nature 

o Amplified with high risk 
management practices 

 Concentrated facilities 
 Dusty paddocks 
 Incomplete manure 

removal 
 Endemically affected 

farms 
• Pathogenesis 

o Extensive challenge coupled 
with immunological 
incompetence 

o Foal factors 
 Foals 2- 6 months of age 
 Declining maternally 

derived antibody 
 Absence of fully 

competent cellular 
immunity 
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 Half-life of maternal IGG 
= 20-23 days 
 Autogenous IGG 

detectable at 2 
weeks, adult levels 
reached at 4 months 

 Serum IGG 
concentrations 
lowest at 1 - 2 
months of age 

o Organism Factors 
 intracellular survival 
 Multiplies in and 

destroys macrophages 
 Surface components 

Decrease bactericidal 
activity 

 Blockade of lysosomal 
degranulation 

 
• Clinical Syndromes 

o Respiratory form 
 Bronchopneumonia 

with widespread 
abscess formation 
• Depression 
• Fever 
• Dyspnoea 
• Cough 
• Varies from 

insidious to 
extremely acute 
onset 

• Diagnosis 
oTracheal wash 
oCulture 
oGram-stain 
cytology 

oRadiography 
oUltrasonography 

o Intestinal form 
 Ulcerative enterocolits 
with mesenteric 
lymphadenitis and 
abscess formation 
• Depression and fever 
• Diarrhoea 
• Colic 
• Weight loss / failure 

to grow 
• Poor prognosis 
• Diagnosis 

o Identification of 
R equi in the 
faeces is not 
diagnostic 

oFarm history, 
clinical signs and 

haematology 
(neutrophilia, 
hyperfibrinogenae
mia, 
thrombocytosis) 
provide supportive 
evidence 
o Post-mortem 

examination 
o Sporadic abscesses for 

example mesenteric 
nodes, mastitis 

• Clinical signs and 
Diagnosis will 
depend on location  

o Osteomyelitits 
• Clinical signs and 

diagnosis will depend 
on location 

o Immune-mediated non-
septic synovitis 

• Joint distension with 
variable, mild lameness 

• Treatment 
o Supportive 
o Antibiotic selection 

 Rifampin and, 
clarithromycin 
azithromycin, or 
erythromycin 

 Organism sensitive and 
major differential (i.e. 
streptococcus and 
Pasteurella) are also 
sensitive) 

 Lipophilic - good cell 
penetration 

 Combination therapy 
reduces development of 
resistance 

 Oral administration  
 Complications 

• Hyperthermia 
• Colitis in dams 

o Clarithromycin – 7.5 mg/kg 
bid 

o Azithromycin  - 10 mg/kg 
sid – can change to eod 
after 5 treatments 

o Erythromycin 25 mg/kg tid 
or 37.5 mg/kg bid 

o Rifampin 10 mg/kg bid 
• Prevention 

o Hyperimmune serum 
o Management 
o No effective vaccine 

available currently 
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Pregnancy Failure In 
Thoroughbred Broodmares 
In South Africa:  
A Retrospective Analysis Of 25 Years Of Breeding Records
 
Marlow, CHBa, Schulman, ML∗b and Grewar, JDc 

 

b Section of Reproduction and cEquine Research Centre, Faculty of Veterinary Science, University of 
Pretoria, Private Bag XO4, Onderstepoort, 0110 
a Private practitioner, 21 Cypress Street, Cradock, 5880, South Africa 
 
Abstract 
 Pregnancy failure encompasses the loss of 
a pregnancy at any stage from conception 
until term and occurs in some 12-15 % of 
all confirmed pregnancies in Thoroughbred 
mares. Approximately 10 % of diagnosed 
pregnancies in young, reproductively 
normal mares are reportedly lost during 
the first five weeks of gestation. This 
incidence is greater in older and sub-fertile 
mares that comprise a significant 
proportion of the Thoroughbred 
broodmare population. The causes of early 
pregnancy loss before 40 d in mares are 
numerous and currently not all are 
defined. Loss rate after pregnancy 
confirmation at 35-40 d is reported to 
range from 5-25%. The causes are 
subdivided broadly into those of either 
infectious or non-infectious origin. The 
incidence of multiple ovulations and of 
twins is relatively common in 
Thoroughbred mares. Twinning causes 
abortion in a significant number of 
pregnancies and this constitutes an 

important cause of the overall 
Thoroughbred abortion rate. 
 
This study reports on an analysis of data 
generated from 2296 pregnancies on a 
stud farm in the Eastern Cape Province of 
South Africa between1973-1995. The 
overall foaling rate was 82.8% (1902 
foals). An overall abortion rate of 6.1 % 
(139 cases) and an incidence of 
unidentified pregnancy loss prior to, and 
after 40 days, of 1.4 % and 8.8 %, 
respectively were recorded. The effects of 
mare age and reproductive status as well 
as distribution by month on pregnancy loss 
are reported. The incidence of 
repeatability of abortion as well as mare 
breeding performance subsequent to 
abortion is reported. Twinning was 
associated with 1 % (23) of the recorded 
pregnancy losses. 
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African Horse Sickness: 
Strategic Role And Purpose Of 
Data Collection 
 
Isabel Meyer, CSIR Built Environment, imeyer@csir.co.za 
Renee Koen, CSIR Built Environment, rkoen@csir.co.za 
PO Box 395, Pretoria 0001 
 
Abstract 
The African Horse Sickness Trust has been 
establishing an owner-focused information 
system that is aimed at collecting and 
disseminating case information during the 
AHS season. CSIR advised the Trust with 
respect to its process of data collection, 
based on data collection during the 2005/6 
season. In order to define the role that 
owner-contributed information could play 
in enhancing current views of the disease, 
CSIR needed to develop an understanding 
of the strategic context within which 
decisions around the management of the 
disease are taken. To this end, a systems 
approach to the analysis of the problem 
was used. This paper discusses some of 
the trends in information technology-
based approaches and its role in support 
of the management of vector-borne 
diseases, in the context of a systems 
overview of the problem. 
 
Introduction 
The African Horse Sickness Trust has been 
establishing an owner-focused information 
system that is aimed at collecting and 
disseminating case information during the 
AHS season. CSIR advised the Trust with 
respect to its process of data collection, 
based on data collection during the 2005/6 
season. In order to define the role that 
owner-contributed information could play 
in enhancing current views of the disease, 
CSIR needed to develop an understanding 
of the strategic context within which 
decisions around the management of the 
disease are taken. To this end, a systems 
approach to the analysis of the problem 
was used. This paper discusses some of 
the trends in information technology-
based approaches and its role in support 
of the management of vector-borne 
diseases, in  
 

 
 
the context of a systems overview of the  
problem. 
 
Information systems: current 
practice 
Best practice in the use of information 
systems to influence vector-borne disease 
often comes from problems that are high 
on the development agenda, such as 
Malaria. A best-in-class example of such 
an initiative is the Innovative Vector 
Control Consortium1, funded by the Bill 
and Melinda Gates foundation. This is a 
multidisciplinary initiative that develops 
information tools with two focus areas: 
 
Providing individuals within the system 
with literature, with information tools that 
assist with decision making, and with 
access to Geographic Information Systems 
that provide information on vector 
occurrence, incidents, etc. 
 
Assessment tools that enable decision 
makers to evaluate the impact of their 
strategies before implementation  
 
Key to this approach to disease 
management is the enrolment of and 
interaction with the affected community. 
Influencing their behaviour is seen as a 
critical part of sustainably influencing the 
incidence of disease. Using approaches 
that involve animal owners in disease 
management is an increasing trend and a 
natural consequence of the reduction in 
government resources in developing 

                                                 
1 Hemingway et al, The innovative vector 
control consortium: improved control of 
mosquito-borne diseases, Practical 
Parasitology, Vol 22 Issue 7, July 2006, pp 
308-312 
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countries2. For African Horse Sickness 
specifically, information tools have for 
example been developed internationally to 
assess the impact of different vaccination 
strategies on disease eradication3,4 and to 
determine critical success factors in the 
system that will turn an outbreak into an 
epidemic. Other models include population 
dynamic models, and models to accurately 
predict the focal points for presence and 
abundance of the vector5. 
 
A systems view 
Problems that result from the interactions 
of a number of different role players, and 
that do not respond entirely to single 
interventions, often benefit from a systems 
view on the problem. Examples of such 
problems include topical issues such as 
crime, poverty reduction and HIV/AIDS. 
Information is required to assist people to 
make the right decisions when developing 
strategies to intervene, and the debate 
often becomes one of statistics (how many 
incidents are there / is it important) or one 
that advocates singular solutions to the 
entire problem. However, the reality is that 
these problems result from a number of 
interacting factors, and a number of these 
need to be influenced simultaneously if a 
sustainable impact on the problem are to 
be brought about. Also, information bases 
and analytical tools are required that 
enable decision makers to take different 
views on the problem, and to assess the 
impact of their strategies before 
implementation. This is especially true in 
environments where unlimited funding is 
not available. A systems view of some of 
the interactions that influence the 
incidence of vector-borne diseases, with 
some fields of research, is given below: 
 
Data to support strategic intervention 

                                                 
2 Torr, S et al, Integrated control of ticks and 
tsetse, DFID project report ZV0151 
3 Lord, CC et al, Vector-borne diseases and 
the basic reproduction number: a case study 
of African Horse Sickness, Med Vet Entomol, 
1996 Jan 10(1):19-28 
4 Lord, CC et al, Simulation studies of African Horse 
Sickness in Spain, Arch Virol Suppl 1998; 14:103-11 
5 Baylis, et al, Use of climatic data and 
satellite imagery to model the abundance of 
Culicoides imicola, the vector of African Horse 
Sickness, in Marocco, Med Vet Entomol, 1998 
Jul; 12(3):255-66 

Different sources of information, 
contributed by different role players, are 
required to support strategic interventions 
into the disease. A process of defining 
such interventions, with some associated 
questions and information sources, is as 
follows: 
 

Phase Information sources 
and tools 

Assess Status 
quo 

What is the 
current state of 
preventative 
practice, 
vaccination, 
treatment, etc. 
How many 
incidents are 
occurring and 
where 

Owner surveys 

GIS databases 

Population sensus 

Early warning system 

Reporting system 

Define objectives 

What do we 
want to achieve 
by intervention? 
(eradication, 
reduced 
mortality, export 
protection?) 

Debate amongst role 
players 

Understand 
impact and 
prioritise 
interventions 

Which 
interventions will 
have the most 
impact, given 
limited 
resources? 

Impact assessment 
studies 

Simulation models 

Population dynamic 
models 

Refine and 
implement 
interventions 

Develop 
vaccines, 
improve 
treatment, 
assess 
effectiveness of 
pesticides 

Targeted research 

 
A visible debate in the occurrence of AHS 
in South Africa revolves around the 
reporting of the number of cases. Accurate 
reporting will remain important in order to 
assess the overall impact of management 
strategies. However, reporting will at best 
remain an “after the fact” statistic. An 
opportunity exists to focus on reporting on 
the ability of the system to influence and 
prevent disease. This would incorporate 
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accurate reporting on aspects such as the 
rate of vaccination (how much and 
where), the nature of current preventative 
and treatment practices (especially owner-
administered treatments), and the 
localised practice of movement control. 
This requires an owner-focused 
information base. 
 
The development of interventions that rely 
on research is naturally a lengthy process. 
The opportunity exists to build information 
tools that will support interim strategies to 
contain the spread in any particular 
season. Such strategies could include the 
identification of high risk areas (to 
influence owner movement behaviour), 
the identification of hot spots of vector 
activity (for targeted vector control), the 
identification of new outbreaks for 
targeted vaccination with dead vaccines 
(where available), and many more. Such 
strategies are dependent on information 
systems that enable a rapid turnaround 

time from assessing a case to reacting on 
information. 
 
Existing information and reporting systems 
do not fully support these interim 
strategies. However, current initiatives in 
AHS prevention and research are in the 
process of putting some of the building 
blocks of a portfolio of information 
systems in place that will over time be 
able to support the above process. Trends 
in information-based systems are towards 
providing information to empower 
communities with respect to disease 
management. These trends are driven by 
advances in technological and information 
tools, and by experience gained in 
community involvement in complex 
problems. It opens up new possibilities for 
the use of information in disease 
management, and provides an incentive 
for the development of an information 
management strategy for AHS. 
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Update On The Pathogenesis And 
Medical Aspects Of The 
Management Of Laminitis 
 
Celia M Marr, BVMS, MVM, PhD, DEIM, DipECEIM, MRCVS 
Rossdales Equine Hospital, Cotton End Road, Exning,  
Newmarket, Suffolk, CB8 7NN 
 
Factors predisposing individuals to 
acute laminitis 
Laminitis is an extremely common 
condition, occurring at a prevalence of up 
to 2.4% in a UK survey. The pasture-
associated form is seen most commonly in 
May, the month with most sunshine. A 
major factor in predisposing animals to 
this disease worldwide may be 
inappropriate management, leading to 
obesity and/or the ingestion of excessive 
amounts of fermentable carbohydrate. 
However, in many cases, inappropriate 
management is not a factor, suggesting 
more inherent traits. These differences in 
individual susceptibility might also occur at 
the level of the large intestine, perhaps in 
the ability of the hindgut contents to 
buffer changes in pH due to lactic acid 
production and avoid mucosal damage, or 
in the bacterial populations responsible for 
producing laminitis trigger factors. 
Alternatively, they may lie in the 
detoxifying capacity of the liver, the 
responsiveness of peripheral blood vessels 
or the response of the lamellar tissues to 
toxic insult or ischaemia.  
 
No studies have yet shown clear familial or 
breed-associated links with acute laminitis. 
Ponies are more commonly affected by 
laminitis than horses, although it is 
important to note that subclinical laminitis 
may be of great importance in horses also, 
including thoroughbreds. Increasingly, 
various metabolic differences are being 
described between ponies and horses, 
some of which may have a bearing on 
predisposition to laminitis. For example, 
blood platelets from ponies seem to 
produce considerably more of the 
vasoconstrictor mediator, thromboxane A2, 
when activated in vitro compared to those 
of horses. There are also marked  
 
 

 
differences in lipid metabolism. Ponies 
have been shown to be relatively  
 
insensitive to their endogenous insulin 
compared with horses, and furthermore, 
obesity and a history of laminitis are also 
factors associated with relative insulin 
insensitivity [17].  
 
Pituitary pars intermedia dysfunction 
(hyperadrenocorticism, Equine Cushings 
Disease) is frequently associated with 
laminitis although the precise mechanistic 
link between the two conditions is still not 
known. Glucocorticoids, as well as 
exacerbating insulin insensitivity, 
potentiate the vasoconstrictor effects of 
catecholamines and serotonin on the 
digital blood vessels [11]. A third possible 
explanation for the link between 
glucocorticoids and the development of 
laminitis is a steroid-induced increase in 
intestinal permeability to toxins, although 
this has yet to be examined in the horse. 
The precise risk, however, of inducing or 
predisposing to laminitis is still the subject 
of debate, and evidence from controlled 
prospective studies is not yet available to 
guide practitioners.  
 
An increasing number of individual animals 
are now being recognised which are 
predisposed to laminitis and are 
hyperinsulinaemic, but which do not have 
evidence of pituitary pars intermedia 
dysfunction based on clinical diagnostic 
tests [17]. Based on similarities with the 
human condition, the term ‘peripheral 
Cushing’s syndrome’ has been used to 
describe these cases. It has been 
suggested that in these animals, the local 
regulation of glucocorticoid and 
mineralocorticoid activity may be 
imbalanced at the target tissue level, 
possibly due to excess activity of the 
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enzyme 11β-hydroxysteroid 
dehydrogenase type I [17].  Laminitis is 
also recognised as a secondary 
complication of a wide range of severe 
systemic illnesses, such as metritis, colitis 
and septicaemia. These conditions are all 
frequently associated with endotoxaemia, 
although in experimental models of 
endotoxaemia, laminitis is rarely observed. 
Horses that are bearing weight on one 
limb, due to painful conditions of the 
contra-lateral limb are also frequently 
affected with laminitis. 
 
Major hypotheses on the 
pathogenesis of laminitis 
A large number of studies have been 
undertaken in recent years aimed at 
furthering our understanding of the 
complex mechanisms underlying the 
common and debilitating condition of 
acute laminitis in the horse. Many of these 
studies have either reinforced or cast 
doubt on previously held theories on the 
pathogenesis of this disease, while others 
have suggested new mechanisms which 
may play a key role in its development.  
Currently three main hypotheses dominate 
thinking on the pathogenesis of laminitis. 
The first, the vascular theory, proposes 
that ischaemia and subsequent re-
perfusion are the primary event in the 
developmental phase. This is due to 
vasoconstriction, particularly on the 
venous side, leading to tissue oedema, 
opening of arteriovenous shunt and 
reduction of blood flow within the capillary 
beds of the laminae.  
 
During the period of ischaemia and 
consequent hypoxia, free radicals are 
formed and when perfusion is restored, 
tissue damage ensues. The events that 
link the gut (and other predisposing 
factors) to the onset of this process are 
unclear, although it is proposed that gut 
derived vasoactive amines and/or 
endotoxin may either directly or indirectly 
modify vascular tone and compromise 
blood supply to the digit. The second 
hypothesis, the enzymatic theory, 
suggests that “laminitis-trigger factors” 
activate matrix metalloproteinases (MMP) 
leading ultimately to dermo-epidemeral 
separation. MMP have been shown to be 
part of the normal process of controlled 
dissolution  that exists to allow movement 
of dermal and epidermal laminae as the 

hoof grows.  It is proposed that over-
stimulation of these enzymes leads to 
catastrophic destruction of the bond 
between the dermal and epidermal 
laminae. The stimulus that activates MMP 
may be a gut-derived bacterial exotoxin. 
The third theory proposes that laminitis is 
a manifestation of the Systemic 
Inflammatory Response Syndrome (SIRS). 
While a unifying theory may not yet seem 
to be achievable, many facets of the 
current theories are not mutually 
exclusive. A better understanding of the 
early events in the pathogenesis of 
laminitis may possibly lead to more 
effective therapies and means of 
prevention in the future. Strong arguments 
can be made that either ischaemia-
reperfusion or SIRS may activate MMP, 
whereas, it is also feasible that MMP-
induced dermal-epidermal separation 
would lead to compromise of the blood 
supply. However, strong evidence to 
clarify of the precise order to these early 
events in the development of laminitis is 
not yet available.  
 
Foot pathology 
Histological analysis of sections of lamellar 
tissue at different stages of the disease 
provides snapshots of the pathology 
involved. Few histological changes have 
been noted to occur in the developmental 
phase prior to the onset of clinical signs; 
among them has been the presence of 
platelet microthrombi [29]. These findings 
strongly indicate that platelets are involved 
in the pathogenesis of the condition, and it 
seems likely that the microthrombus 
formation may occur secondary to earlier 
activation or damage to the digital 
endothelium. New evidence suggests that 
inflammation may play an early role in the 
pathogenesis after all. In-situ hybridisation 
has demonstrated the expression of 
interleukin (IL)-1β in small perivascular 
pockets of cells early in the prodromal 
phase [12]. Differential up-regulation of 
cyclo-oxygenase (COX)-2 mRNA has also 
been described, as well as the expression 
of other inflammatory signalling molecules 
in venous vascular smooth muscle cells 
[28]. Little is yet known about the factors 
stimulating this up-regulation, although 
they could include reperfusion injury and 
toxins such as endotoxin. 
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The histological changes in the laminar 
tissues seen following the onset of 
lameness are consistent with ischaemia of 
the tissues followed by reperfusion injury 
[13]. Reperfusion injury may result from 
the sudden generation of oxygen free 
radicals following re-oxygenation of 
ischaemic tissues and can lead to severe 
damage to phospholipid cell membranes, 
including disruption of the endothelial 
barrier protecting against neutrophil and 
platelet adherence to the blood vessel 
wall. In other tissues, MMP are activated 
as a result of reperfusion injury. The fact 
that hoof heat and bounding digital pulses 
are characteristic of the acute phase of 
laminitis and that the onset of clinical 
signs coincides with an increase in hoof 
wall surface temperature [14, 25] is 
consistent with a reactive hyperaemia of 
the digit following ischaemia /reperfusion 
injury. Many unique features of the digital 
circulation mean that it is finely balanced 
between maintenance of capillary flow and 
excessive capillary pressure, therefore 
perhaps predisposing the lamellae to 
ischaemic injury and its capillaries are 
particularly leaky to proteins, predisposing 
to increases in interstitial tissue pressure 
[2].  
 
MMP enzymes are important in normal 
tissue remodelling in many parts of the 
body other than the digits. It has been 
shown that MMPs are activated in the 
developmental and acute phases of 
laminitis [16, 25] and these enzymes are 
the key effectors causing the clinical 
manifestations of pedal bone 
displacement, which have such serious 
implications for the prognosis of affected 
cases. However, the basal epithelial cells 
of the epidermal lamellae, which produce 
these enzymes, may be particularly 
sensitive in terms of glucose requirement, 
which might account for their selective 
activation [24].  
   
Changes in digital haemodynamics 
Measurement of blood flow within the hoof 
capsule is technically challenging. In some 
studies, a period of digital hypoperfusion 
was documented during the prodromal 
phase [1, 14]. However, other workers 
have failed to document a significant 
decrease in hoof wall temperature during 
this phase but did note a hyperaemia at 
the onset of clinical signs [25]. 

Nevertheless, the majority of experiments 
specifically measuring flow to the area of 
the laminae or measuring resistance vessel 
function within the foot, point to a period 
of vasoconstriction at some time during in 
the developmental phase.  However, these 
changes may be masked by increased 
shunt flow or the different times that the 
measurements were made relative to the 
onset of clinical signs. The digital vascular 
supply is very different to other parts of 
the body; operating at very high 
hydrostatic pressures, tending to be 
maintained under a degree of tonic 
vasoconstriction rather than vasodilation 
[4, 9], and with capillaries relatively 
permeable to large molecular weight 
compounds [2]. Intimately associated with 
the axially arranged arterioles and venules 
of the lamellar circulation are a large 
number of arteriovenous anastomoses 
[21]. These play a role in 
thermoregulation, periodically opening to 
increase the blood flow and warm the 
lamellar tissues [20]. Therefore, overall 
blood flow may not reflect the nutrient 
supply to the lamellar capillaries, if blood 
is passing through the arteriovenous 
anastomoses at the expense of capillary 
flow. 
 
Changes in the hindgut leading to 
acute laminitis 
 
It is not yet clear what links events within 
the gut and foot. Carbohydrate overload, 
in the form of corn starch administered 
orally, has been the most commonly used 
experimental model of this disease to 
study the changes during this critical 
period Allowing the hindgut bacteria 
access to fermentable carbohydrate results 
in overgrowth of Gram-positive bacteria, 
with resulting production of lactic acid plus 
other factors which are yet to be fully 
characterised. However, it has not been 
shown whether the same changes in 
hindgut flora are found during naturally 
occurring, pasture induced laminitis. 
Increases in plasma endotoxin 
concentrations have been found in CHO-
induced laminitis. The role of endotoxin in 
laminitis has been brought into question 
although it could play a facilitatory role. 
Fructans, a group of fructo-
oligosaccharides of varying molecular size 
and branching structure, are produced as 
a storage carbohydrate in grasses, and 
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levels increase under climatic conditions 
favouring photosynthesis over growth. 
These conditions (bright sunshine during 
the day, with cool nights) are similar to 
those associated with increased incidence 
of pasture laminitis. The carbohydrates do 
not appear to be digested /absorbed by 
the small intestine and, therefore, are 
present as a fermentable substrate for 
hindgut bacteria. Recently, fructans have 
been shown experimentally to induce 
laminitis [27]. Several studies have 
documented damage to the hindgut 
mucosa in experimentally induced 
laminitis. Increased intestinal permeability 
has been attributed to the low pH and/or 
lactic acid produced from carbohydrate 
fermentation, or changes in osmolality of 
the caecal contents. Thus, factors that 
increase intestinal permeability, such as 
acidic conditions generated by 
carbohydrate fermentation, irritants such 
as black walnut extract or mucosal 
damage following ischaemia, by allowing 
mediators from the hindgut contents to 
leach into the systemic circulation, may be 
the critical first step in causing laminitis. 
Indeed, it may not be the intraluminal 
production of trigger factors per se which 
is the initiating event in acute laminitis, 
rather, their rate of access to the systemic 
circulation, which determines the outcome 
of the gastrointestinal insult. If significant 
changes in hindgut pH, bacterial flora and 
by-products of bacterial metabolism occur 
in naturally occurring causes of laminitis, 
as they do in the experimental models, 
subsequent changes in hindgut 
permeability, if not gross mucosal damage, 
might result, allowing access of preformed 
trigger factors to the systemic circulation. 
 
A number of putative mediators produced 
in the equine hindgut contents have been 
proposed as trigger factors for laminitis. 
The absence of a systemic inflammatory 
response and pathological changes in 
other tissues in some forms of laminitis 
suggests that whatever factors are 
released from the hindgut may have a 
direct or selective effect on the digit; 
therefore they must gain access to the 
peripheral circulation, overwhelming 
uptake processes in the liver and other 
clearance mechanisms. What their mode 
of action might be remains unclear, but it 
is presumed, from what is known about 
the pathology, that their effects could lead 

directly or indirectly to the impairment of 
blood flow through the lamellar tissues 
and /or the local induction and activation 
of MMP enzymes.  
 
Monoamines, formed from the 
decarboxylation of various amino acids by 
bacteria, have been proposed as possible 
trigger factors [5]. By mimicking the 
effects of endogenous amine mediators 
such as serotonin and the catecholamines 
(epinephrine, norepinephrine and 
dopamine) and stimulating their receptors, 
they may cause vasoconstriction. A large 
number of different monoamines, such as 
tyramine, tryptamine and 
phenylethylamine, can be found in the 
caecal contents of horses [7]. The 
intravenous infusion of individual amines 
into normal horses decreased blood flow 
to the digits [6] at dose rates which were 
without effect on systemic arterial blood 
pressure. Thus, although direct evidence 
showing that monoamines formed in the 
caecum can induce laminitis when infused 
into the systemic circulation is lacking, 
several pieces of experimental data 
provide strong support for these 
compounds playing an important role in 
the pathophysiology of laminitis.  
 
Exotoxins are factors secreted by bacteria, 
as opposed to endotoxins, which are 
integral components of their cell walls. 
They include protease enzymes, which 
may activate endogenous MMP enzymes. 
A comprehensive analysis of the exotoxins 
produced in equine large intestinal 
contents has yet to be carried out, 
although broth cultures of streptococci and 
other bacteria show MMP activating 
capabilities when directly incubated with 
laminar tissues [22].   Although this 
hypothesis is an attractive one, a 
compelling explanation as to why these 
exotoxins should target the basement 
membranes of laminar tissue has yet to be 
put forward. Furthermore, activation of 
MMPs could equally well be explained by 
ischaemia of the laminae followed by 
reperfusion. 
 
Actions of putative gut-derived trigger 
factors and other mediators in the digit 
The catecholamines, 5-HT and endothelin 
represent some of the most potent 
vasoconstrictors of the equine digital 
circulation. Digital arteries seem to be in 
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the region of 30-40 fold more sensitive to 
the vasoconstrictor actions of 5-HT that 
other peripheral blood vessels [4]. The 
monoamines produced by bacteria in the 
equine hindgut, cause constriction of 
digital arteries and veins in vitro by 
stimulating 5-HT and α-adrenoceptors [8]. 
Their effects seem to be more potent in 
veins than arteries, a finding which may 
be consistent with the selective 
venoconstriction described in 
haemodynamic studies of laminitis [3].  
Thromboxane and 5-HT, two mediators 
released by activated platelets, work 
synergistically to produce vasoconstriction 
which is partially selective for the venous 
side, a finding which could be consistent 
with platelet involvement in laminitis. 
Endothelin, a small peptide mediator 
released from the vascular endothelium 
onto the smooth muscle, is another potent 
vasoconstrictor in this vascular bed [19], 
and its increased expression has been 
observed in laminitis [18]. The link 
between the processes occurring in the 
hindgut and the release of endothelin is as 
yet unclear. Whether shown to be a 
primary or secondary factor in laminitis, 
endothelin antagonists may potentially be 
useful for its treatment or prevention in 
the future. 
 
Counteracting the effects of 
vasoconstrictor mediators in the equine 
digit are several vasodilator substances, 
including nitric oxide (NO), endothelium-
derived hyperpolarising factor (EDHF), 
prostacyclin, adenosine generated by 
ischaemic tissues [4] and adenosine 
diphosphate (ADP) released from platelets. 
The vasculature of the equine digit, 
including the dorsal hoof wall, is densely 
innervated with nerve fibres containing 
vasodilator substances such as substance 
P and calcitonin gene-related peptide 
(CGRP) and vasoconstrictors including 
neuropeptide Y as well as norepinephrine 
[21, 26]. These mediators clearly play an 
important role in the balance between 
vasoconstriction and dilation of the digital 
vasculature. 
 
Matrix metalloproteinases are secreted in 
the pro-form, which requires subsequent 
activation by other proteases. The 
induction of MMP-2 and MMP-9 production 
and secretion is brought about by various 
cytokines and growth factors, such as IL-

1β, tissue necrosis factor (TNF)-α and 
tissue growth factor (TGF)-β (Li et al., 
2001). Their subsequent activation occurs 
as a result of the actions of proteases such 
as trypsin, plasmin and cathepsin G, or by 
reactive oxygen species. Therefore, these 
enzymes are commonly involved in tissue 
destruction following ischaemia-
reperfusion injury. Recently, a number of 
bacterial proteases have also been found 
to have this MMP-activating ability. In vitro 
dermal-epidermal separation can be 
induced by broth supernatants in which 
various Gram-positive and Gram-negative 
bacteria from the equine intestine had 
been grown, including Streptococcus 
bovis. Thermolysin (purified from a bacillus 
spp.) is a possible bacterial protease 
capable of activating MMP-2 and MMP-9 
and causing explant separation [22]. 
 
Practical Assessment & Management 
of Acute Laminitis 
The primary goals in cases of laminitis are 
to minimise structural changes within the 
hoof, alleviate discomfort and restore 
function without compounding structural 
changes, and halt the pathogenic 
processes that are driving the laminitis. 
Additional goals are to assess the existing 
degree of structural changes in order to 
plan corrective farriery and provide an 
accurate prognosis and to identify, remove 
or treat predisposing factors and prevent 
recurrence.  
 
Preventing on-going structural 
changes within the digit 
Digital support can be achieved by 
applying support to the frog only or to the 
frog and sole. Currently, there is no clear 
evidence to support one method over the 
other. Devices are available from a variety 
of commercial sources or can be 
homemade.  Laminitic horses should be 
confined to a stable or other small area to 
limit movement. Deep bedding both 
supports the digit and encourages the 
horse to lie down. Acepromazine may also 
be helpful in this regard. 
 
Analgesia 
Analgesia is mandatory but should not be 
of such a degree that the horse is inclined 
to move excessively. Phenylbutazone is 
currently the most common choice. In 
horses with severe pain, opiates may be 
necessary and recently protocols for 
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constant rate infusions of combinations of 
ketamine, lignocaine, detomidine, 
morphine and acepromazine have been 
reported and seem to offer a new solution 
for the control of the extremely severe, 
and debilitating pain that some laminitic 
cases suffer [31, 32]. 
 
Modification of pathogenic events 
The relative importance of inflammation, 
haemodynamic events and activation of 
matrix metalloproteinases in the 
pathogenesis has yet to be resolved. 
Furthermore, by the onset of clinical signs, 
drugs aimed at halting early pathogenic 
processes may be too late. Vasodilators 
such as acepromazine and nitroglycerine 
continue to be widely used although their 
efficacy remains unproven. The majority of 
veterinarians continue to believe that 
vasodilation is important and 
acepromazine is the most commonly used 
vasodilator in UK. Acepromazine 
antagonises 5-HT receptors as well as α 
adrenoreceptors.  
 
Various novel therapeutic strategies are 
being developed for more effective 
treatment and prevention while some 
older methods are also being re-evaluated; 
placing the feet in ice or cold water has 
been advocated for some time as a means 
of treating acute laminitis, and in a recent 
study, placing ice around one foot has 
been shown to prevent experimentally-
induced laminitis in that foot but not in the 
other forelimb [27]. It was hypothesised 
that vasoconstriction caused by the cold 
temperature prevented toxins from 
reaching the foot; importantly however it 
is also conceivable that the cold 
temperature inhibits MMP enzyme activity 
and furthermore could protect against 
ischaemia - reperfusion injury. 
Pharmacological agents that effectively 
block the activation of MMP would 
represent a major step forward in the 
treatment of laminitis. Some other novel 
therapies have recently been successfully 
tested, including  fibrin antagonists and a 
dihydropyridine calcium channel blockers  
[15, 30]. Aspirin appears to attenuate 
endotoxin-induced hypoperfusion within 
nutrient vessels. Recent research has 
demonstrated up-regulation of COX-2 
expression [33] and failed to demonstrate 
expression of xanthine oxidase and other 
enzymes changes that are expected in 

ischaemia-reperfusion [34]. This has lead 
to renewed interest in the role of 
inflammation in acute laminitis and further 
supports a role for non-steroidal anti-
inflammatory drugs although, as noted 
above, it is not yet clear whether selective 
inhibition of COX-2 will be an advantage or 
disadvantage.  
 
Assessing the degree of structural 
damage & prognosis 
The diagnosis of laminitis is based on 
lameness, pain on hoof testers in one or 
more feet, increased digital pulses and 
heat in the hoof walls. The severity may 
vary from foot to foot, the most severely 
affected foot is used to determine the 
laminitis category[35]. 
 
Acute Laminitis:  abnormal digital pulses, 
heel loading stance and shifting lameness.  
Acute founder: abnormal digital pulses, 
heel loading stance and shifting lameness 
with supra-coronary depressions, which do 
not go all the way back to both heels. 
Sinker:  abnormal digital pulse or stone 
cold feet stands square with supra-
coronary depression extending back to 
both heels, tend to be very reluctant to 
move. 
 
Chronic founder:  divergent growth rings 
on the wall, wider at the heels, flattened 
soles, wider than normal dorsal white 
lines.  
 
Lateral digital radiographs are most useful 
if the dorsal wall and point at which the 
horn changes from hard to soft are 
delineated clearly with a wire or barium 
paste. The degree of rotation of the pedal 
bone and the founder distance can then 
be determined. Sinkers and horses with 
marked pedal bone rotation have a poor 
prognosis. 
 
Predisposing factors 
In many cases, predisposing factors such 
as concurrent metritis or severe non-
weight bearing lameness in the contra-
lateral limb are clear. Females are at an 
increased risk of developing laminitis [36. 
37] while although many believe ponies to 
be at an increased risk to develop 
laminitis, only two studies have produced 
data that support this [37, 38]. 
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Pituitary pars intermedia dysfunction 
(PPID) can predispose to laminitis and in 
older animals, this possibility can be 
investigated most effectively using the 
combined dexamethasone suppression-
TRH stimulation test although both false-
positive and false-negative results occur 
[39]. There are three main treatment 
options for PPID: dopamine agonists e.g. 
pergolide, serotonin antagonists e.g. 
cyproheptadine and cortisol synthesis 
inhibitors e.g. trilostane. No drug has been 
shown to be more efficacious or safer than 
the others but on theoretical grounds, 
aiming treatment at the dopamine 
receptor in the brain may be most rational.  
 
Equine Metabolic Syndrome (“peripheral 
Cushings”) is a poorly understood complex 
endocrinopathy associated with obesity 
[40]. It is important to recognise that 
currently there is not universal agreement 
that this syndrome actually exists. It is 
hypothesized that omental adipocytes 
secrete  products including cortisol and 
resistin that lead to insulin resistance. 
Chronic hyperglycaemia leads to 
endotheliopathy and insulin may stimulate 
the release of matrix metaloproteinases 
both of which are believed to explain why 
the syndrome predisposes to laminitis. The 
diagnosis requires measurement of fasting 
serum glucose, insulin and trigylceride 
concentrations and demonstration of 
insulin resistance using the intravenous 
glucose tolerance test. Insulin resistance 
can be reversed by a combination of a 
restricted diet and increased exercise 
programme [40]. 
 
Conclusion 
In conclusion, a unifying theory for the 
pathogenic mechanisms causing acute 
laminitis, drawing on many currently held 
assertions involving haemodynamic 
disturbances and metalloproteinase 
activity, is still justifiable, as at present 
these two theories are by no means 
mutually exclusive. There remain, 
however, some important aspects of this 
disease which are yet to be definitively 
clarified, including the significance of the 
haemodynamic disturbances on tissue 
oxygenation, and the precise factors which 
are released from the hindgut to initiate 
the process. Because of the difficulties in 
studying the complex tissue structure of 
the laminae, it is likely that answers will 

only continue to emerge little by little. 
Ultimately, clarification of the events 
leading to destruction of the integrity of 
the foot may lead to novel therapeutic 
options.  
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Equine Pain Management 
 
CELIA M MARR, DEIM, DipECEIM, MRCVS,  
 
Options for Moderate Pain 
Morphine 

• Start at 0.1 mg/kg im every 4 
hours: reduce the dose as patient 
comfort increases 

• Consider using Acepromazine 
(0.011 – 0.022 mg/kg im) every 4 
hours along with morphine, 
particularly in laminitis cases. 

• Do not use morphine & butorphanol 
simultaneously but morphine 
treatment can start approximately 
one hour after butorphanol is given. 

• Epidural Administration: Dose = 50 
µg/kg BID or TID via epidural 
catheter 

 
Butorphanol Infusion 

• 12 µg/kg/hr i.e. for 500kg horse 
add 0.6 ml to 1 litre NaCl and give 
over 1 hour 

 
Lignocaine Infusion  

• Dose: 1.3 mg/kg IV bolus over 5 
mins then 0.05 mg/kg/min e.g. for 
500 kg horse give 33 ml bolus then 
150 ml/1 ltr NaCl over 2 hrs 

• NB: if horse has been given a bolus 
and the infusion is then stopped for 
more than 30 minutes for any 
reasons (e.g. during recovery, lines 
disconnected etc) re-start with 
another bolus given over around 10 
min. 

 
Fentanyl 

• For adult horses: make sure you are 
using the Durogesic 100 patches 
that contain 10 mg fentanyl and 
provide 100 µg/hr (ie not the foal 
patches which are Durogesic 25) 

• Use one patch per 150 kg. 
• Each patch should last for up to 72 

hours. 
Options for Severe Pain 
(summarised from ABRAHAMSEN, E.J. 

Proceedings 44th Congress of the British 

Equine Veterinary Association, Harrogate, 

2005, pp. 195-196. & pp. 241-242) 

Pentafusion Constant Rate Infusion 

• You must use fluid pumps when 
using Pentafusion CRI.  

• Use 2 coiled extension sets to 
attach each of the lines from the 
pumps to the horse. 

• Use a double T or Y connector to 
attach the coiled extensions to the 
catheter. 

 
Bag 1. 
Lignocaine 3 mg/kg/hour [i.e. using 
lignocaine 2%, you will need 0.15 
ml/kg/hour] 
Ketamine 0.6 mg/kg/hour 

• Calculate the hourly rate of 
lignocaine 2%, calculate how much 
lignocaine 2% you will need for 12 
hours, and put this in a sterile bag 
(e.g. Freka mix bag). 

• Calculate the hourly dose of 
ketamine you need and add 
sufficient ketamine for 12 hours to 
the lignocaine 2%. 

• Label the bag’s contents and the 
desired rate of the infusion clearly. 

 
Bag 2. 
Morphine 0.025 mg/kg/hour 
Detomidine 0.004 mg/kg/hour 
Acepromazine 0.002 mg/kg/hour 
 

• You will run this bag at the same 
rate as Bag 1 and so that it runs 
out at the same time, work out how 
much saline you will need for 12 
hours and remove any excess from 
a 1 litre bag of saline. 

• Calculate the doses of each drug 
and add to the saline. 

• Label the bag’s contents and the 
desired rate of the infusion clearly. 

 
Loading doses and onset of pain relief 

• Lignocaine 1.3 mg/kg iv over 5 
mins (see comments overleaf on 
what to do if the infusion is stopped 
for any reason). 

• Morphine 0.1 mg/kg iv (do not give 
this if the horse has already been 
receiving morphine). 

• Time to peak pain relief can be 
several hours. 
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Weaning off the infusions 
• Start by reducing the rate of 

administration of Bag 2 by 50%, 
then 50% again, then stop infusion 
completely. 

 
Complications = Ileus and impactions 

• If there is any suspicion of ileus or 
impaction, administer 1 – 2l of 
liquid paraffin with 1 g/kg 
magnesium sulphate, electrolytes 
and water by nasogastric tube 

• Make sure the horse is adequately 
hydrated and give intravenous 
fluids if necessary. 

• If signs persist, stop morphine and 
detomidine and modify the infusion 
to one bag containing only 
lignocaine, ketamine and 
acepromazine. 

 
Approximate Cost 
At current UK prices, the cost to the client 
for 24 hours treatment for a 450 kg horse 
is £460, excluding intensive care nursing 
fees. 
 
Options for Moderate Pain 
Morphine 
Start at 0.1 mg/kg im every 4 hours: 
reduce the dose as patient comfort 
increases 
Consider using Acepromazine (0.011 – 
0.022 mg/kg im) every 4 hours along with 
morphine, particularly in laminitis cases. 
Do not use morphine & butorphanol 
simultaneously but morphine treatment 
can start approximately one hour after 
butorphanol is given. 
Epidural Administration: Dose = 50 µg/kg 
BID or TID via epidural catheter 
 
Butorphanol Infusion 
12 µg/kg/hr i.e. for 500kg horse add 0.6 
ml to 1 litre NaCl and give over 1 hour 
 
Lignocaine Infusion  
Dose: 1.3 mg/kg IV bolus over 5 mins 
then 0.05 mg/kg/min e.g. for 500 kg horse 
give 33 ml bolus then 150 ml/1 ltr NaCl 
over 2 hrs 
NB: if horse has been given a bolus and 
the infusion is then stopped for more than 
30 minutes for any reasons (e.g. during 
recovery, lines disconnected etc) re-start 
with another bolus given over around 10 
min. 
 

Fentanyl 
For adult horses: make sure you are using 
the Durogesic 100 patches that contain 10 
mg fentanyl and provide 100 µg/hr (ie not 
the foal patches which are Durogesic 25) 
Use one patch per 150 kg. 
Each patch should last for up to 72 hours. 
 
Options for Severe Pain 
(summarised from ABRAHAMSEN, E.J. 
Proceedings 44th Congress of the British 
Equine Veterinary Association, Harrogate, 
2005, pp. 195-196. & pp. 241-242) 
 
Pentafusion Constant Rate Infusion 
You must use fluid pumps when using 
Pentafusion CRI.  
Use 2 coiled extension sets to attach each 
of the lines from the pumps to the horse. 
Use a double T or Y connector to attach 
the coiled extensions to the catheter. 
Bag 1. 
Lignocaine 3 mg/kg/hour [i.e. using 
lignocaine 2%, you will need 0.15 
ml/kg/hour] 
Ketamine 0.6 mg/kg/hour 
Calculate the hourly rate of lignocaine 2%, 
calculate how much lignocaine 2% you will 
need for 12 hours, and put this in a sterile 
bag (e.g. Freka mix bag). 
Calculate the hourly dose of ketamine you 
need and add sufficient ketamine for 12 
hours to the lignocaine 2%. 
Label the bag’s contents and the desired 
rate of the infusion clearly. 
 
Bag 2. 
Morphine 0.025 mg/kg/hour 
Detomidine 0.004 mg/kg/hour 
Acepromazine 0.002 mg/kg/hour 
 
You will run this bag at the same rate as 
Bag 1 and so that it runs out at the same 
time, work out how much saline you will 
need for 12 hours and remove any excess 
from a 1 litre bag of saline. 
Calculate the doses of each drug and add 
to the saline. 
Label the bag’s contents and the desired 
rate of the infusion clearly. 
 
Loading doses and onset of pain relief 
Lignocaine 1.3 mg/kg iv over 5 mins (see 
comments overleaf on what to do if the 
infusion is stopped for any reason). 
Morphine 0.1 mg/kg iv (do not give this if 
the horse has already been receiving 
morphine). 
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Time to peak pain relief can be several 
hours. 
 
 
Weaning off the infusions 
Start by reducing the rate of 
administration of Bag 2 by 50%, then 50% 
again, then stop infusion completely. 
 
Complications = Ileus and impactions 
If there is any suspicion of ileus or 
impaction, administer 1 – 2l of liquid 
paraffin with 1 g/kg magnesium sulphate, 
electrolytes and water by nasogastric tube 
Make sure the horse is adequately 
hydrated and give intravenous fluids if 
necessary. 
 
If signs persist, stop morphine and 
detomidine and modify the infusion to one 
bag containing only lignocaine, ketamine 
and acepromazine. 

Approximate Cost 
At current UK prices, the cost to the client 
for 24 hours treatment for a 450 kg horse 
is £460, excluding intensive care nursing 
fees. 
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Pituitary Pars Intermedia 
Dysfunction 
Diagnostic Tests And Treatment Options 
 
CELIA M MARR, DEIM, Dipeceim, MRCVS 
 
Pituitary pars intermedia dysfunction is 
caused by an adenoma or hyperplasia of 
the pars intermedia region of the pituitary 
gland. It can occasionally be caused by an 
adenoma in the pars distalis region of the 
pituitary. There is however only one case 
report documenting four horses with a 
hormone producing primary adrenocortical 
neoplasm. The pars intermedia produces a 
variety of hormones including ACTH, beta 
endorphins, POMC, CLIP and MSH. This 
region of the pituitary is mainly controlled 
by neurotransmitters (dopamine is 
inhibitory and serotonin stimulatory to this 
region) and is minimally influenced by the 
hypothalamus and hormonal negative 
feedback. 
 
Diagnostic Tests 
In order to accurately diagnose pituitary 
pars intermedia dysfunction dynamic tests 
are required. Basal plasma cortisol levels 
and insulin assays are unreliable. Basal 
ACTH is a useful test but due to the 
special sample handling skills required it is 
impractical for use in practice. ACTH 
stimulation test is not applicable to horses.  
 
The two most accurate tests are the 
dexamethasone suppression test and the 
combined dexamethasone suppression test 
and thyrotropin releasing hormone 
stimulation test. However, there is no 
good evidence that the combined test is 
superior to the dexamethasone 
suppression test alone, therefore it is not 
clear if the extra cost is justified.  The TRH 
test, although less reliable, is still 
sometimes used if it is necessary to test a 
horse while it has active signs of acute 
lamintitis.  
 
Dexamethasone suppression test: Take a 
blood sample (in a plain tube as serum is 
required) for cortisol. Inject 40ug/kg of 
dexamethasone i/m. In normal horses this 
should cause an 80% reduction in plasma 
cortisol within 1 hour and these levels 
should remain low for 24 hours. There is a 

smaller decrease in affected animals. This 
test is therefore best carried out overnight 
starting at around 5 pm and a second 
blood sample taken 16-24 hours after the 
dexamethasone injection. There is a high 
prevalence of false positive results in 
autumn and therefore testing should be 
avoided at that time.  
 
Combined dexamethasone suppression/ 
TRH stimulation test: Take a baseline 
blood sample. Administer 40ug/kg of 
dexamethasone i/m. A second blood 
sample should be taken three hours later 
followed immediately by 1mg TRH i/v. A 
third blood sample should then be taken 
30-45 minutes after TRH administration. A 
final blood sample should then be taken 
19-21 hours after this. In both normal and 
affected horses there is small decrease in 
cortisol at three hours; then following TRH 
there is a >66% increase in serum cortisol 
in affected animals, and affected animals 
show no suppression in cortisol at 24 
hours. Normal animals should have a 
serum cortisol level of < 27 nmol/l at 24 
hours. 
 
TRH stimulation test: Take a baseline 
blood sample, administer 1mg TRH i/v, 
take samples at 15 and 60 min, an 
increase in cortisol concentration of >50% 
at 15 min that persists at 60 min supports 
a diagnosis of PPID. Increases of between 
30-50% are suspicious but not definitive. 
Responses are often blunted if the 
baseline cortisol is high. This test is 
considered less specific than the other two 
but some clinicians like to use it in cases 
that have recently had active laminitis. 
 
Treatment  Options 
There are three main treatment options 
for this condition. No drug has been 
shown definitively to be more efficacious 
or safer than the others in comparative 
clinical trials. On theoretical grounds, 
aiming treatment at the dopamine 
receptor in the brain may be most rational. 
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However, this remains unproven, and 
beneficial effects have been reported with 
all three approaches. Trilostane is now the 
only drug licensed for treatment of canine 
Cushing’s disease but Equine PPID is not 
an equivalent condition. The other drugs 
listed below are not licensed in any of our 
domestic species. 
 
Dopamine agonists:  Pergolide (Celance™)  
Dose: 0.5 - 2 mg SID p/o (1000 
micrograms and 250 micrograms tablets or 
generic 1 mg tablets from Dowelhurst Ltd) 
Side effects: Diarrhoea, depression, colic 
and anorexia. Overdose can cause 
sweating dyspnoea, dizziness and a dry 
mouth.  
Comments: Beneficial effects have been 
reported in approximately 80% cases, at 
higher doses. Generally, treatment is 
initiated at the lower dose, and if no 
response is seen in around 3 – 4 weeks, 
the dose is stepped up in 0.5 mg 
increments. 
 
Serotonin antagonists: Cyproheptadine 
(Periactin™)  
Dose: 0.25mg/kg SID p/o (4mg tablets) 
Side-effects: This drug appears to have a 
wide therapeutic index. 
Comments: This is the least efficacious 
option, but some cases will respond and it 
is currently the least expensive option. It 
is reported that if horses do not respond 
to this dose they are unlikely to respond to 
higher doses. Can be combined with 
pergolide. 
 
Cortisol synthesis inhibitor:  Trilostane 
(Modrenal™)  
Dose: 0.5-1.0 mg/kg SID p/o (60 and 
120mg tablets) 

Side effects: 1 horse in a trial at the RVC 
developed hyperaesthesia temporarily. No 
other side effects noted. 
Comments: Trilostane is a 3-beta 
hydroxysteroid dehydrogenase inhibitor 
therefore it inhibits cortisol production at 
the level of the adrenal which means it 
only improves clinical signs associated with 
increased cortisol i.e. laminitis, PUPD, 
immunosuppression, lethargy. 
Improvement in clinical signs has been 
reported in 75% cases. 
 
Monitoring Response To Treatment 
Clinical signs are much the most important 
means of monitoring response to 
treatment. The hirsuitism is often the first 
sign to dissipate. A decreased water intake 
and improvement in laminitis often follow 
this.  
 
Laboratory tests that can be used to 
measure improvement include:  

• urinary cortisol:creatinine ratio 
(normal mean values for the ratio 
are 10 +/- 5x10-6 whereas affected 
horses had values of >20x10-6  with 
corticoid concentrations >320nmol/l 
- not valid for donkeys)  

• morning urine sample, monitor 
glucose levels if high on 
presentation,  

• dexamethasone suppression test in 
which an improvement may be 
seen, although it is unlikely to 
return to normality.  
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Equine Metabolic Syndrome 
Diagnostic Tests And 
Management Options 
 
CELIA M MARR, DEIM, DipECEIM, MRCVS 
 
Definition 
A poorly understood complex 
endocrinopathy associated with obesity 
associated with ‘adipokine’ secretion from 
omental adipocytes. The secretory  
products include cortisol and resistin that 
lead to insulin resistance. Believed to be a 
result of an evolutionary development to 
provide survival benefit during seasonal 
food shortages (that no longer exist with 
domestication). In the wild situation, 
insulin resistance develops during a period 
of feed excess thus when a subsequent 
period of food deprivation ensues, the 
brain and other non-insulin dependent 
tissues are provided with adequate 
glucose. When there is permanent feed 
excess, chronic hyperglycaemia leads to 
endotheliopathy and insulin may stimulate 
the release of matrix metaloproteinases 
both of which are believed to be why the 
syndrome predisposes to laminitis. 
 
Insulin resistance refers to failure of the 
body to respond to insulin. Skeletal muscle 
and adipose tissues are primarily affected 
because they are sites of insulin-mediated 
glucose disposal. Impaired glucose 
tolerance (IGT) is a feature of IR and is 
recognized by performing oral or 
intravenous glucose tolerance tests. 
Plasma glucose concentrations remain 
elevated for longer after administration of 
exogenous glucose in patients with IGT 
because insulin is less effective in 
stimulating glucose disposal into tissues. 
When serum insulin concentrations are 
measured, an exaggerated insulin 
response to exogenous glucose is detected 
in IR patients during tolerance tests. 
 
Clinical Signs 

• ‘good doers’ (often obese) 
• laminitis/“laminopathy” i.e. 

divergent rings and other 
structural changes of the hoof, 
with no specific history of a full 

blown laminitis episode. 
• lethargy 
• abnormal cyclicity 
• abnormal fat deposition on crest / 

shoulders / sheath / intraabdominal 
 
Diagnostic Tests 
Fasted* serum glucose§:  
 normal to mildly increased 
Fasted* insulin§:   
 normal to markedly increased 
 triglyceride:  
 normal to mildly increased 
* fast for 12 hours prior to sampling 
Note: Resting glucose:insulin (G mg/dl : I 
µIU/mL) ratios are generally been low (< 
5). 
§ Note: these are tests for insulin 
resistance rather than metabolic syndrome 
per se. In horses >14 years of age, the 
dexamethasone suppression test should be 
used to rule out pituitary pars intermedia 
dysfunction (PPID) which can be 
associated with similar signs and insulin 
resistance.  
 
Additional Diagnostic Tools 
Indirect Blood Pressure: some horses with 
metabolic syndrome are hypertensive. 
Ultrasonographic Assessment of Abdominal 
Fat: this, in addition to body weight, can 
be a useful means of monitoring the 
effectiveness of diet and exercise. Measure 
fat layer just to the left of the linea alba at 
a point approximately 30 cm cranial to the 
umbilicus, record the reference area so 
that future measurements can be 
compared. 
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COMBINED INTRAVENOUS GLUCOSE-
INSULIN TOLERANCE TESTING 
(IVGITT) 
Nicholas Frank, University of Tennessee 
 
Purpose 

1. to assess horses with suspected 
insulin resistance (IR) that do not 
have increased fasting insulin 
concentrations 

2. in horses greater than 14 years 
with positive results a 
dexamethasone suppression – 
TRH stimulation test should be 
performed to investigate the 
possibility that the IR is due to 
PPID 

 
Criteria for inclusion 

1. Horses or ponies must remain 
calm during the procedure in 
order to avoid the confounding 
effects of stress (physiological 
insulin resistance)  

2. Testing should not be performed 
on a horse that is currently painful 
(e.g. active laminitis) 

3. Horses should be > 2 years of age  
 
Protocol 

1. Weigh the horse or estimate its 
weight 

2. Catheterize the jugular vein (e.g. 
14-gauge 5 ½-inch catheter), but 
try to avoid stressing the horse 
and do NOT administer sedatives 
because they alter insulin 
sensitivity.  Ideally, you should try 
to place the catheter the night 
before. 

3. Feed only grass hay for a 
minimum of 12 hours (overnight) 
before testing and provide grass 
hay during the procedure.  

4. Calculate dosages: 
 

_____ kg x 150 mg/kg dextrose = 
____  mg dextrose ÷  500 mg/ml = 
_____ml 

 
_____ kg x 0.10 units/kg soluble 
insulin  = _____ units  ÷ 100 units/ml 
= _______ ml 

 
5. Take a baseline (time = 0) glucose 

measurement 

6. Draw 50% dextrose into THREE 
60-ml syringes and inject glucose 
via catheter  
(e.g. 150ml to a 500-kg horse) 

7. Draw regular insulin (Humulin-S®; 
Eli Lilly) into a tuberculin syringe 
(e.g. 0.5 mL for a 500-kg horse). 
Fill a 3-ml syringe with 1.5-mL 
sterile physiological (0.9%) saline. 
 Inject the insulin into the saline 
to give an approximately 2-mL 
volume. Inject insulin (in saline) 
via catheter immediately after the 
dextrose has been infused, and 
then flush the catheter. 

8. At each time point you should 
draw off 5-mL waste blood from 
the catheter, then draw 2-ml of 
blood, and then flush the catheter 
with 5-mL heparinized saline.  . 

9. Collect samples at 0, 1, 5, 15, 25, 
35, 45, 60, 75, 90, 105, and 120 
minutes.   

10. If the horse has dropped below 
baseline and you need to leave 
after 60 min, inject 120 ml 50% 
dextrose solution before removing 
catheter.  

11. Interpretation: Healthy horses 
show a decrease in blood glucose 
concentrations below the baseline 
value by 45 min. Horses with 
impaired glucose tolerance (IGT), 
a feature of IR, will have blood 
glucose concentrations that are 
still above baseline at t = 45 min. 

 
NOTE: Healthy horses injected with insulin 
are at risk for going into hypoglycemic 
shock. Have two 60-ml syringes containing 
50% dextrose solution on hand for IV 
injection if the horse collapses.  A bag of 
5% dextrose fluids should also be 
available. Sweating and mild muscle 
fasciculations are commonly observed 
during the negative phase and do not 
require treatment.  
 
Management 
Management relies on reduced feed intake 
and increased exercise. There are no 
drugs that have been shown to be 
effective and no scientific rationale for 
using the drugs currently advocated for 
PPID. Drugs, such as metformin, that are 
used to increase insulin sensitivity and 
reduce gluconeogenesis in human Type 2 



 
 

39th Annual South African Equine Veterinary Association Congress 2007  
 

 
77

diabetes, have not been evaluated in 
horses.  
 
 
 
Nutritional supplements that may help. 

antioxidants (vitamin E [4iu/kg], 
vitamin C [5mg/kg]) 
chromium 5 mg/horse/day,  
magnesium, vanadium 
levothyroxine [0.1 mg/kg po SID] 

 
Diet 

• Absolutely no access to grass, 
haylage, carrots, apples or cereals 
as these have a high glycemic index 

• Soak hay to remove soluble 
carbohydrate 

• Mix hay (9 parts) with straw (1 
part) to further reduce its energy 
content 

• Short feeds (if necessary) should 
consist of Dengie HiFi Lite and/or 
unmolassed sugar beet pulp 

• Encourage owner to weigh all feed 
to ensure that the diet is adhered to 
strictly. 

 
Designing Diet Plan 

• Normal horse intake   = 
2.5% of body weight 

• Target intake for reducing weight 
  = 1 – 2% of body weight 

• Design diet plan starting at a total 
intake of 2% of body weight then 
re-evaluate in 4 weeks and modify 
accordingly. 

• Start with hay & grass mixture 
and if weight loss satisfactory, 
replace up to 1kg of hay with 
chaff and/or unmolassed sugar 
beet pulp. 

• Once reaches target weight, allow 
limited access to pasture, 
preferably in overnight, reducing 
1 kg of hay ration for each hour of 
pasture. 

 
Exercise 
If sound enough, 20 min lungeing exercise 
BID. Turn out in a sand school or other 
grass free area should be encouraged. 
 
Monitoring 

Monitor body weight and intra-abdominal 
fat at four weekly intervals until under 
control. 
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Equine Fluid Therapy 
 
Celia M Marr, BVMS, MVM, PhD, DEIM, DipECEIM, MRCVS 
Rossdales Equine Hospital, 
Newmarket, Suffolk, UK, CB8 7NN 
 
Goals Of Fluid Therapy 
The goals of fluid therapy are to: 

• Replace and correct fluid, 
electrolyte and acid-base disorders 

• Restore effective circulating volume 
• Provide maintenance requirements 

for water and electrolytes 
• Account for on-going losses 

 
Fluid therapy is usually planned in three 
discrete phases: 

• Replace and correct fluid, 
electrolyte and acid-base disorders 

• Restore effective circulating volume 
• Provide maintenance requirements 

for water and electrolytes 
• Account for on-going losses 

However, in reality these three phases 
overlap in time. Nevertheless it is helpful 
to construct the therapeutic plan around 
these phases as they dictate the clinical 
priorities, and consequently the selection 
of fluid types and routes of administration. 
 
Normal Fluid Distribution 
The fluid compartments consist of total 
body water representing around 60% of 
the adult. This can be further sub-divided 
into intracellular fluid (approx. 40%) and 
extracellular fluid (approx. 20%), which in 
turn consists of interstitial fluid 
(approx.15%) and intravascular fluid 
(approx. 5%). The fluid compartments in 
the foal, particularly the ECF are larger, 
and total body water is around 75-80% in 
the neonate. 
 
Types Of Fluid Loss 
The type of fluid loss determines whether 
it is lost mainly from the extracellular or 
the intracellular space and in turn 
influences clinical and laboratory findings 
and fluid therapy plan. Loss of circulating 
volume (i.e. ECF) is more devastating than 
loss from the ICF alone. The table below 
summarises these effects. 
 
Loss Of Hypertonic Fluid 
This is lost where the fluid is rich in 
protein rich loss, for example in 

gastrointestinal sequestration or protein 
loosing enteropathy. In this instance, the 
fluid is lost from circulating volume and 
interstitial space. The specific location of 
loss will also determine concurrent 
electrolyte and acid-base disturbances, for 
example loss from the proximal GI tract in 
some cases of anterior enteritis will 
produce hypochloraemic alkalosis but loss 
from the remainder of the GI tract is 
usually associated with hyponatraemia and 
metabolic acidosis. In horses, metabolic 
acidosis due to the accumulation of lactic 
acid as a product of anaerobic metabolism 
secondary to poor perfusion is much the 
most common acid-base disturbance that 
is observed.   
 
Where there is loss of effective circulating 
volume, clinical signs can be severe and 
include prolonged capillary refill time, 
reduced pulse quality, increased heart 
rate, increased jugular filling time and 
reduced temperature of the extremities. 
Laboratory Findings may include increased 
packed cell volume and increased blood 
lactate concentration. The total protein 
concentration may be increased however, 
if there has been a substantial protein 
loss, there may be an absolute or relative 
hypoproteinaemia (normal total protein 
coupled with an increased packed cell 
volume and other signs of hypovolaemia). 
  
Loss Of Isotonic Fluid 
In horses, this situation generally arises 
with acute haemorrhage where there is a 
loss of water, colloid, red cells, electrolytes 
but no immediate change in osmotic 
potential. The fluid deficit is primarily from 
the extracellular compartment. Splenic 
contraction initially maintains the packed 
cell volume although serum total protein 
concentration may start to fall before the 
packed cell volume. Consequently, in 
horses, heart rate is a better guide to 
degree of haemorrhagic shock than 
packed cell volume. Physiological 
responses attempting to maintain blood 
pressure that come into play in the longer 
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term include sodium retention under the 
influence of antidiuretic hormone secretion 
and there are decreases in packed cell 
volume by 12 - 24 hrs after the onset of 
haemorrhage. 
 
Loss Of Hypotonic Fluid:  
Where horses are deprived of water for 
example due to oral or pharyngeal 
disease, the loss is primarily from 
intracellular space and the circulating 
volume is maintained. Clinical signs 
specifically associated with loss of total 
body water include reduced skin elasticity, 
sunken eyes, dry mucous membranes but 
the pulse pressure and jugular fill are 
normal. The packed cell volume generally 

remains normal but the serum total 
protein content increases. 
 
Assessing The Magnitude And 
Location Of The Fluid Deficit 
The clinical features described above, 
allow the clinician to distinguish 
hypovolaemia (loss of circulating volume) 
and dehydration (loss of total body water). 
Patients with hypovolaemia are more likely 
to require urgent volume replacement 
whereas with dehydration it is appropriate 
to correct the deficit more slowly. It is also 
useful to estimate the fluid deficit as this 
serves as a starting point in planning 
replacement needs. 

 
 

ECF ICF            
Effect on  
Loss of 

Volume Tonicity Volume Tonicity 

Hypotonic 
Fluid 

minimal 
decrease 

increase decrease increase 

Isotonic 
Fluid 

decrease none none none 

Hypertonic 
Fluid 

decrease variable 
decrease 

minimal 
increase 

minimal decrease 

 
 
Clinical features used to estimate the fluid deficit 
 
 

 

% Clinical Signs 

<5 not detectable 

5-6 subtle loss of skin elasticity 

6-8 loss of skin elasticity, slightly long capillary refill time 

10-12 skin tenting, long CRT, eyes sunken, dry mucous membranes, signs of incipient 
shock (increased heart rate, low temperature, weak pulses) 

12 -15 definite signs of shock: pale/congested membranes, tachycardia, low 
temperature, weak pulses, generalised muscular weakness 

% Clinical Signs 

<5 not detectable 

5-6 subtle loss of skin elasticity 

6-8 loss of skin elasticity, slightly long capillary refill time 

10-12 skin tenting, long CRT, eyes sunken, dry mucous membranes, signs of incipient 
shock (increased heart rate, low temperature, weak pulses) 

12 -15 definite signs of shock: pale/congested membranes, tachycardia, low 
temperature, weak pulses, generalised muscular weakness 
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Resuscitation Fluid Therapy 
The aim of resuscitation is rapid 
restoration of the circulating volume and is 
necessary in hypovolaemic patients. For 
horses with circulatory collapse secondary 
to gastrointestinal loss or sequestration or 
effusions into the body cavities, high 
Volume, isotonic crystalloid solutions are 
traditionally used. This approach is not  
suitable in acute haemorrhage where 
blood transfusion is optimal although other 
measures may be more practical (see 
below). The major disadvantage of the 
high volume, isotonic fluid approach is that 
it is difficult to achieve the “shock fluid 
rate” of 90 ml/kg/hr in adult horses by 
gravity flow alone. Use of large bore 
catheters, either singly or double, and 
peristalitic or other pressurized pumps can 
increase the fluid rates however, these 
interventions carry a high risk of jugular 
thrombosis. 
 
Low volume resuscitation can be achieved 
practically and economically with 
hypertonic saline (7.2% saline - [Na] = 
1232 mmol/L & [Cl] 1232 mmol/L). This is 
administered at a rate of 3-5 ml/kg over 
10-15 min and is indicated in both 
hypovolaemic and haemorrhagic shock. It 
has numerous, beneficial, short-term 
effects including:  
• Increases cardiac output 
• Increases O2 delivery 
• Increases arterial pressure 
• Decreases peripheral and pulmonary 

resistance 
• Redistribution of blood from peripheral 

beds to splanchnic circulation 
• Increases urinary output 
• Decreases total body water  

Its precise mechanism of action remains 
unclear. It has an osmotic effect such that 
fluid moves into vascular compartment 
from the intracellular space and 
interstitium and some, but not all, 
experimental studies suggest that it may 
involve a pulmonary - mediated vascular 
response reflex. However, hypertonic 
saline also decreases total body water and 
it must be followed with isotonic solution 
for volume replacement or if feasible, the 
horse must be allowed to drink. Its main 
advantages are that it is economical, in 
acute haemorrhage it is more readily 
available and easier to store than blood 
and the small volume is particularly useful 

for in-field fluid therapy and pre-
anaesthetic stabilisation. It should not be 
use in patients with compromised renal 
function and it may induce kaliuresis and 
compound hypokalaemia. The infusion 
cannot be repeated and it should be 
avoided in sick foals since renal 
dysfunction is common component of 
many neonatal diseases, except where the 
presenting problem is acute haemorrhage. 
 
Artificial colloids are products that contain 
large molecules that move out of the 
vascular compartment slowly due to its 
semi-permeable membrane.  Colloids are 
indicated where there is a need to support 
oncotic pressure or circulating volume. By 
increasing the plasma osmolality, these 
solutions help to retain fluid in the 
vascular compartment. Various types are 
available including gelatins, hydroxyethyl 
starches, polysaccharide and polymerised 
haemoglobin. The hydroxyethyl starches, 
hetastarch and pentastarch are most 
widely used in equine medicine.  
Pentastarch is administered at up to 10 
ml/kg and can be used in adults and 
neonates. They can prolong bleeding time 
and are contraindicated in coagulopathy 
and renal failure. 
The use of colloids in resuscitation is 
recommended by the American Hospital 
Consortium Guidelines in (i) haemorrhagic 
shock until blood products are available 
and (ii) non-haemorrhagic shock after an 
initial infusion with crystalloid. Systematic 
reviews in human critical care and 
experimental endotoxaemia studies in 
horses have failed to show an advantage 
over high volume crystalloids.  Colloids are 
significantly more expensive than 
crystalloids. However the low volume is a 
significant practical advantage in horses 
where colloids are generally used following 
hypertonic saline and with concurrent 
crystalloid administration. The specific 
Indications for Pentastarch used in the 
authors clinic are (i) in circulatory support 
for acute haemorrhage, (ii) intra-
operatively in colic patients which remain 
hypotensive despite hypertonic saline, 
isotonic crystalloids and ionotropes and 
(iii) first line treatment in enterocolitis 
cases and other hypoproteinaemic states 
accompanied by signs of severe circulatory 
collapse. They are also used as 
maintenance fluids in cases with 
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hypoproteinaemia, for example Lawsonia 
infection, following colon resection etc.  
Plasma is also classified as a colloidal 
solution although albumin crosses capillary 
membrane and thus its effect is not as 
pronounced or long-lasting as the artificial 
colloid products. Although it is less 
effective than artificial colloids at 
maintaining intravascular volume it has the 
advantage that it also contains beneficial 
molecules such as clotting factors, anti-
LPS antibody etc and therefore may be 
used alone or in conjunction with artificial 
colloids in sick foals and adults with 
gastrointestinal disease or clotting 
disorders. Commercially produced plasma 
is the most convenient however, 
unfortunately, the quantities required for 
volume replacement can be prohibitively 
expensive for adults. 
 
Resuscitation in neonatal foals can be 
particularly challenging. They frequently 
have multi-systemic disease and this may 
include renal dysfunction and respiratory 
disease which requires high volume fluid 
therapy to be administered with particular 
care. In the author’s clinic, a maximum of 
60 ml/kg for the first hour is used. Mean 
arterial blood pressure, blood lactate 
concentration and urine output are useful 
means of monitoring the efficacy of fluid 
therapy. With persistent hypotension, fluid 
challenges  with 10 ml/kg isotonic 
crystalloids or plasma or 3 ml/kg 
pentastarch over 15-20 min can be 
administered to gauge the effect of 
volume expansion. If on-going fluid 
challenges fail to lead to increases in MAP, 
ionotropes and then pressor agents are 
introduced. Appropriate targets are:  
 
Mean Arterial Pressure > 65 mmHg  
Blood Lactate < 5 mmol/L and decreasing  
Urine output > 2 mg/kg 
Central Venous Pressure < 10 cmH2O and 
stable  
 
Replacement Fluid Therapy 
The volume, type and route of 
administration must be selected in 
composing a plan for replacement therapy. 
With isotonic loss i.e. haemorrhage, blood 
may be the most appropriate if available, 
although as described above hypertonic 
saline and colloids may be more practical. 
With hypotonic loss, water is often the 

most physiological although this can only 
be administered orally. While with 
hypertonic loss, both water and 
electrolytes are needed. These can be 
given by either the oral or intravenous 
route. The oral route is the most 
physiological but it is limited by volume it 
is feasble to administer and in many 
disease situation, the oral route is not 
available. Studies comparing enteral and 
intravenous administration of balanced 
electrolyte solutions have shown that 
colonic and faecal water is higher following 
oral fluid therapy and this is an important 
consideration in the treatment of 
impaction colics. The addition of glucose 
to oral electrolyte solutions improves the 
absorption of water and electrolytes as 
sodium is transported into the epithelial 
cell with glucose and anion follows 
passively. Ssodium is pumped into the 
lateral intracellular space and water 
follows passively. Solutions for oral 
replacement usually also contain 
alkalinising compounds and inclusion of 
glutamine may be helpful. It is a non-
essential amino-acid which becomes 
essential in disease states. It is the main 
fuel for the enterocytes (and other rapidly 
dividing cells. 
 
There are numerous balanced polyionic 
crystalloid solutions suitable for 
intravenous use, such as Lactated Ringers, 
Hartmans, Isolec, Normosol-R They are 
similar electrolyte composition to plasma. 
These are the safest choice where the 
exact electrolyte & acid-base status of the 
patient. Lactate was first used as an 
alkalinising agent as it consumes hydrogen 
ions as it is converted, in the liver, to 
glucose or carbon dioxide. Acetate and 
gluconate are metabolised in muscle and 
are preferred in patients with 
compromised hepatic function. 
 
In patients with moderate hypovolaemia, 
typically, one half of deficit is given over 6 
hours, then the remainder over the 
following 12 - 18 hours. Rate can be 
controlled by counting drips, using drip 
counters or fluid pumps or the rate of 
administration can be monitored or 
restricted with fixed volume chambers. It 
is important not to rely on the calculated 
administration system too much but to 
monitor how much fluid has been given 
frequently to assess accuracy of delivery 
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system. Fluid overload leads to increases 
in central venous pressure and pulmonary 
oedema. There may be jugular distension, 
respiratory rate increases, moist crackles 
on auscultation and frothy nasal discharge. 
Overzealous fluid administration is a 
particular problem in patients with renal 
failure/dysfunction, respiratory disease 
and cardiac disease. Ideally, central 
venous pressure should be monitored, but 
this is often not very repeatable. 
Treatment consists of reducing fluid rates 
and administering furosemide. 
 
Maintenance Fluid Therapy 
The goal of maintenance therapy is to 
address (i) Sensible losses i.e. urine 
output, (ii) Insensible losses i.e. faeces 
and respiratory water loss and (iii) 
Ongoing losses due to disease i.e. 
diarrhoea, nasogastric reflux, polyuria, 
exudate, effusions, haemorrhage etc. 
Fluids used for maintenance should be 
isotonic with plasma, but have higher 
water content, and lower sodium and 
higher potassium content. Dextrose is 
added to maintain tonicity. Maintenance 
rates for adult horses are typically 
estimated at 2 - 3 ml/kg/hour or 40 - 60 
ml/kg/day. This must be increased for 
diarrhoea, reflux etc and modified based 
on clinical and laboratory findings. There 
are two schools of thought regarding ideal 
maintenance fluid rates in neonates. Some 
authors prefer 4 ml/kg/hour, total for 50 
kg foal per day = 4.8 L Whereas, others 
prefer the Holliday-Segar formula which 
calculates a “dry” fluid rate which is 
introduced once fluid deficits have been 
addressed: 
 
1 – 10 kg = 100 mL/kg/d  
 = 1000 ml 
11-20 kg = 50 ml for each kg > 10 kg/day 
 = 500 ml 
20 kg of weight = 25 ml for each kg > 
20kg  = 750 ml 
Total for 50 kg foal per day   
 = 2.25 L 
 
It is important to include all fluid including 
oral intake and diluents for drugs but not 
TPN fluid. Neonates are also particularly 
susceptible to sodium overload, therefore 
solutions containing low concentrations of 
sodium chloride with dextrose added to 
maintain tonicity are used. The sodium 

load should be limited to 3 mEq/kg/day if 
possible. Foals receiving total parentral 
nutrition formulas with amino-acids at 2 
g/kg/d will be receiving sodium at 1 
mEq/kg/day. With nephropathy it is helpful 
to measure urinary sodium excretion, and 
match this plus 1 mEq/kg/day. Diarrhoea 
may cause excessive sodium loss. Fluids 
designed for replacement are often used 
for maintenance in adults. Although this is 
not ideal, it is common practice due to the 
convenience of large bags in which 
replacement, but not maintenance 
solutions are marketed. Because of the 
short duration of fluid therapy in most 
cases, ill effects are rarely observed 
although it is inefficient since the large 
sodium load increases urine production. 
However, selected cases, such as those on 
long-term maintenance, or cases with 
renal dysfunction, may benefit from 
substitution of part of their fluid 
requirement with 5% dextrose. 
 
Summary 
Fluid therapy is an important component 
of supportive care. Hypertonic saline and 
colloids offer a more practical means of 
providing rapid support to the circulation 
than isotonic crystalloids. Replacement 
needs are usually met with balanced 
polyionic solutions given intravenously. 
Maintenance needs should be considered 
particularly carefully in neonatal cases and 
adults on long-term fluid therapy or with 
renal dysfunction. 
 
Further Reading 
1. Corley, KTT (2002) Monitoring and 

treating haemodynamic disturbances in 
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Vet Clin Equine 20, 63-75.  
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endotoxemia in anesthetized horses. J 
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Exercise-Associated Arrhythmias 
 
Celia M Marr 
ROSSDALES EQUINE HOSPITAL, COTTON END ROAD, EXNING, NEWMARKET, SUFFOLK, CB8 8SF, UK 

Introduction 
Cardiac arrhythmias are commonly found 
in horses on auscultation, both at rest and 
immediately after exercise. In order to 
determine the clinical importance of these 
findings in equine athletes, it can be 
extremely helpful if the cardiac rhythm is 
evaluated during exercise. Recent studies 
have demonstrated that, in the 
Thoroughbred, isolated premature 
depolarisations occur in Thoroughbreds 
with no known performance problems or 
additional evidence of cardiac disease and 
thus new guidelines for interpretation of 
exercising electrocardiography are needed. 
 
Ecg Recording Techniques 
The traditional method for recording 
exercising ECGs is to use a radiotelemteric 
device: a small radio transmitter is 
attached to the horse which detects the 
surface ECG and transmits is to an 
oscilloscope at a distant point. Typically 
devices are able to operate over a distance 
of around 50 meters and this technique 
can be used for both treadmill studies and 
field studies, provided that the operator 
can remain close enough to the horse to 
pick up a diagnostic signal. In recent 
years, a variety of new digital devices have 
become available for ambulatory or Holter 
monitoring and these are also suitable for 
equine exercising ECG. These devices 
record the ECG on a flash card or similar 
device and this is subsequently 
downloaded for display and review. The 
main disadvantage of this approach is that 
the ECG cannot be visualised in real-time. 
In some treadmill laboratories, ECG 
devices with leads connecting the 
electrodes from the body surface to the 
oscilloscope are utilized but these are less 
practical than radiotelemetric or digital 
systems. 
 
ECG recording devices can be attached to 
the horse using a surcingle for a lungeing 
or treadmill exercise test and they are 
usually fixed to the saddle, a breast plate, 
or a saddle cloth, the choice being 

influenced mainly by the saddle design 
and rider comfort. For a conventional 
“English” saddle, it is often easiest to strap 
the device to the girth at a point where it 
will not interfere with the stirrups. For 
“racing saddles”, placing the device in a 
pouch in front of or within a saddle cloth 
behind the saddle, is most convenient 
while with “Western saddles”, the breast 
plate is a convenient location. There are 
two systems of lead placement currently in 
use (Figure 1). Neither has a clear 
advantage over the other. Electrodes can 
be positioned on the left chest wall 
approximately 20 cm caudally from the 
point of the elbow (positive) and just 
cranial to the proximal aspect of the 
scapula (Jose-Cunilleras, et al, 2006). 
Alternatively, for a three lead system, the 
electrodes are placed under a girth as 
follows: right arm: approximately 10 – 15 
cm dorsal to the level of point of the 
shoulder, left arm: at the level of the point 
of the elbow, left arm: just to the right of 
the ventral midline (Ryan, Marr, 
McGladdery, 2005). It is helpful to use 
self-adhesive electrodes designed to stress 
electrocardiography in humans as these 
brands tend to be the hardest to remove 
and are less likely to become detached 
during the test. 
 
Exercise Protocols 
The goal in exercise electrocardiography is 
to complete a test that is equal to or in 
excess of the horse’s typical work 
schedule. Standardised maximal exercise 
tests for use in treadmill studies have been 
reported in a variety of studies and texts 
(see for example, Young, et al, 2002; 
Birks, Durando, Martin, 2004). Field-based 
tests tend to be dictated by local 
conditions. In the author’s clinic, three 
basic exercise protocols are used. For a 
sub-maximal test, the horse is lunged in a 
sand school at the trot for 10 mins and 
this is followed by 5 min canter. The horse 
is encouraged to achieve a maximal heart 
rate of at least 150 bpm during the canter 
phase of a sub-maximal test. For maximal 
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tests, either (i) Polytrack and grass gallops 
with minimal inclines (up to approximately 
5o) or (ii) a grass gallop with an incline 
ranging from approximately 5 – 15o is 
used. Speed is not quantified but following 
warm-up trotting, the horse completes a 
maximum of two fast canters estimated to 
be in the range 11-14.99 ms-1 followed by 
one piece of fast work estimated to be in 
the range > 15 ms-1. The distance of each 
canter or gallop is approximately 4 – 5 
Furlongs). These estimates have been 
validated for Thoroughbred flat racehorses 
in the UK by both stopwatch and GPS 
methods (Dyson, 2006). However, the 
protocol for each test is discussed with the 
horse’s trainer so that it can be adapted 
depending on the horse’s state of fitness. 
Similar protocols are used for all horses 
and the riders are asked to first canter and 
then gallop the horse but estimated 
speeds for tests conducted on sport horses 
are not available. 
 
Normal Ecg Findings During Exercise 
The horse’s heart rate increases with each 
increase in the level of exercise up to a 
maximum of 200–240 bpm. A maximal 
heart rate of 220–240 bpm is reached in 
most horses with high-intensity exercise 
during a maximal exericse test. Sinus 
tachycardia is the normal cardiac rhythm 
in the exercising horse with a heart rate of 
70–120 bpm when the horse is trotting, 
120–150 bpm at the canter, 150–170 bpm 
at the canter (hand gallop) and more than 
170–240 bpm at fast work (gallop), (Reef, 
1999). The fit horse has a rapid heart rate 
recovery following the termination of high-
intensity exercise, with the heart rate 
dropping below 100 bpm in the first 2 - 3 
minutes following maximal exercise and 
returning to baseline within 30–45 
minutes. 
 
Changes in the configuration of the ECG 
occur normally in exercising horses, most 
noticeably in the T wave. A change in 
polarity of the T wave and an increase in 
its amplitude commonly occur in the 
normal horse with an increase in heart 
rate. Changes in T wave configuration 
during exercise have no clinical 
significance. The P–R interval and the Q–T 
interval shorten significantly with an 
increase in heart rate, with little change in 

the duration of the QRS complex. In most 
horses the P and T wave merge, making 
identification of the P wave difficult in the 
horse at peak exercise. 
 
The physiological arrhythmia, sinus 
arrhythmia is found, to some degree in 
approximately 50% of healthy 
Thoroughbred during the warm up phase 
and in around 30% as their heart rate 
slows during recovery from exercise. This 
is manifested on the ECG as a waxing and 
waning of the R-R interval and heart rate. 
Second degree atrioventricular block is 
commonly found immediately after fast 
work and was documented in 15.3% (8.3-
22.3) of healthy 2 – 4 year-old 
Thoroughbreds in one study (Ryan et al, 
2005).  Both of these physiological 
arrhythmias are due to autonomic 
influences on the heart and may also 
reflect intra-thoracic pressure changes. 
Providing that they are not present at 
peak exercise, they are of no clinical 
significant. 
 
Premature Depolarisations 
Premature depolarisations are recognised 
when the R-R is shorter than the 
preceding one. Distinguishing 
supraventricular from ventricular 
premature depolarisations is based mainly 
on the configuration of the QRS complex 
and T wave since premature p waves are 
hard to discern on exercise ECGs. With a 
supraventricular premature depolarisation 
(SVPD), the QRS  is unchanged as 
conduction follows its normal pathway 
through the ventricles whereas with 
ventricular premature depolarisations 
(VPD) the QRS-T configuration will be 
altered (Figure 2). It is helpful to record 
multiple leads as changes in the QRS-T 
configuration may be more obvious on one 
lead than the others. 
 
Premature depolarisations may be a 
reflection of myocarditis, or be related to 
hypoxia, ischaemia, electrolyte and acid-
base disturbances or high catecholamine 
concentrations. However, efforts to relate 
exercise-associated premature 
depolarisations, to clinical disease in 
horses, has produced conflicting results 
(Martin, 2000, Ryan et al, 2005, Jose-
Cunilleras et al, 2006). Premature 
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depolarisations have recently been 
recognised as occurring very commonly in 
apparently healthy, young Thoroughbreds 
(Ryan et al, 2005). In that report, 28.6% 
had VPD in at least one phase of exercise 
23.5%, had VPD in only one phase, 4%, 
had VPD in two phases and 1%, had VPD 
in four of the five exercise phases. The 
numbers of individual VPD were 
particularly surprising with some horses 
having up to 33 during a 10-15 minute 
warm-p period and rounghly 20 in the first 
1 – 2 minutes after exercise. Three horses 
(3%) had VDP during peak exercise. Two 
of these horses had one VPD during 
exercise while one horse had two. Two 
had VPD only at peak exercise while the 
third had VPD during warm-up, peak 
exercise, recovery and post-exercise.  
 
Similarly, a high prevalence of SVPD has 
been documented in healthy young 
Thoroughbreds: SVPD were detected in at 
least one phase of exercise in 22.9%. 
17.3%, CI 9.9 – 24.8%) had SVPD in only 
one phase, 4% had SVPD in two phases 
and one horse (1%, CI 0 - 3%) had SVPD 
in three of the five exercise phases. Again, 
up to roughly 30 SVPD were seen during 
the warm-up and around 20 were 
documented in some individuals 
immediately after exercise. Overall, 40% 
of these healthy young Thoroughbreds 
had at least one premature depolarisation 
with 8.2%, having both SVPD and VPD.  
 
Studies conducted on a group of 
Thoroughbred horses presented for poor 
performance have demonstrated an even 
higher prevalence of premature 
depolarisations. In that study, 63% of 
horses had premature depolarisations 
immediately before, during or within 
minute after treadmill exercise. 9% had 
arrhythmias at peak exercise (11-13 ms-1). 
Despite the presenting problem being poor 
performance in this group of horses, there 
was no apparent association between the 
arrhythmias and performance and in fact, 
horses with premature depolarisations 
were more likely to have improved racing 
performance after the treadmill study, 
than those that had no arrhythmias (Jose-
Cunnilleras et al, 2006). 
 

Previously, it was thought that any form of 
arrhythmia defined as any disturbance of 
regular heart rhythm, occurring at peak 
exercise is abnormal and is seen as 
indicative of either cardiac disease or other 
conditions such as hypoxia or electrolyte 
imbalances affecting the heart Premature 
depolarisations were considered clinically 
important if > 2 isolated premature 
depolarisations or pairs or paroxysms of 
premature depolarisations (> 5) were 
detected during galloping exercise or 
immediately after exercise. (Martin et al, 
2000). Based on the results of the more 
recent studies described above, new 
diagnostic criteria are needed and 
premature depolarisations that occurr only 
following exercise should not necessarily 
be considered performance limiting, even 
if they are occurring frequently.  
 
Premature depolarisations during galloping 
exercise, should still be regarded with 
suspicion, particularly if there is history or 
poor performance and there are more 
than 2 in one exercise period or if they 
occur in runs. In these cases, potential 
causes include hypoxia relating to upper or 
lower airway disease and myocarditis. 
Endoscopic examination of the upper 
airway during exercise and further 
cardiological investigation such as stress 
echocardiography and measurement of 
biochemical markers of myocardial disease 
and electrolyte status are rationale. The 
role of premature depolarisations in 
sudden death at exercise remains unclear 
but because of this possibility, the less 
stable ventricular arrhythmias continue to 
give cause for concern despite (or 
arguably because of) documentation that 
these arrhythmias are common in equine 
athletes. 
 
Paroxysmal Atrial Fibrillation 
Atrial fibrillation is estimated to occur in 
0.02 – 0.03% of race starts (Ohmura et al, 
2003, Williams et al, 2001) and as such it 
is the most clinically important arrhythmia 
of the horse. Four year-old and older 
racehorses have been shown to be at 
increased risk of developing atrial 
fibrillation (Ohmura et al, 2003). The term 
paroxysmal atrial fibrillation (PAF) refers to 
atrial fibrillation that resolves 
spontaneously, usually within around 24 
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hours of onset. Typically horses will be 
pulled up, blowing and distressed and 
have a prolonged recovery time. 
Documentation of the problem is often 
difficult, unless an ECG has been recorded 
at the track at the time of the initial 
episode. It is useful to perform exercising 
and 24 hour ECGs in these cases as 
occasionally it will be possible to identify 
frequent SVPD and the presence of VPD 
suggests that the arrhythmia may, in fact 
have been ventricular tachycardia rather 
than PAF. Some horses with PAF have 
electrolyte disturbances, particular 
deficiencies in magnesium and potassium, 
that warrant dietary supplementation. 
Attempts to abolish underlying SVPD are 
occasionally successful. Corticosteroids are 
used, in the hope that there may be 
steroid-responsive myocarditis and anti-
arrhythmic drugs such as phenytoin are 
rational, although often the arrhythmia 
returns when the anti-arrhythmic is 
withdrawn. 
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Figure 1: Placement of electrodes for exercise electrocardiography. The ECG is recorded (i) 
either between positive and negative electrodes placed cranial and caudal to the heart 
(rectangles) or (iii) using a three lead system around the sixth or seventh intercostals space 
(octagons). 

 

 
 
Figure 2: The origin of premature depolarisations is reflected in the configuration of the QRS 
complex and T wave. 
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Evaluation of the equine ovary 
 
Grant S. Frazer BVSc, MS, MBA. 
Diplomate, Am. College of Theriogenologists 
Director, Veterinary Teaching Hospital 
College of Veterinary Medicine 
The Ohio State University 
Columbus, OH. 43210. 

Normal ovary: 
The equine ovary has a characteristic 
kidney bean shape. The depression on the 
ventral border is the site of the ovulation 
fossa. Unlike many species, the follicle 
doesn’t rupture through the surface of the 
mare’s ovary. Instead, all ovulating follicles 
“point” towards the ovulation fossa and all 
ovulations occur through this site on the 
ovary. Evaluation of the cyclic equine 
ovary (palpation per rectum and 
ultrasonographic imaging) is discussed in 
other chapters in this section.  
 
The purpose of this chapter is to review 
the various abnormalities that clinicians 
may detect during routine palpation of an 
equine ovary. When evaluating an equine 
ovary it is important to consider the time 
of the year, age and the pregnancy status 
of the mare.  
 
Small, inactive ovaries: 
1. Physiologic conditions 

Ovarian senescence can occur in aged 
mares, with lengthening of the follicular 
phase occurring despite the presence of 
elevated levels of gonadotropins. This 
may be due to a reduction in the 
number of primordial follicles that are 
available for recruitment. Abnormal 
pituitary function (Cushing’s Disease) 
should also be considered in aged 
mares. 

2. Anabolic steroids 

 Administration of anabolic steroids to 
performance animals can have 
detrimental effects on future fertility, 
and should be avoided. The presence of 
clitoral hypertrophy may suggest that a 
filly has been medicated with anabolic 
steroids. Low doses can cause 
aggressive or stallion-like behavior. 
Higher doses may inhibit ovarian 

activity by preventing follicular 
development and ovulation. 

3. Chromosomal abnormalities 

 Karyotyping should be considered when 
a mare of breeding age is determined 
to have gonadal hypoplasia. The 
domestic horse (Equus caballus) has 62 
autosomes and two sex chromosomes. 
Thus, the normal chromosome number 
for a mare is 64, XX. Absence of a sex 
chromosome (63,X gonadal dysgenesis) 
is the most common chromosomal 
abnormality in the mare. This XO 
condition is analogous to Turner’s 
syndrome in humans. A mare that is 
small for her age and has small, inactive 
ovaries is quite likely to have this 
condition. The external genitalia will 
tend to be small, and the tubular tract 
will be small and flaccid. A variation of 
this condition occurs when a mare has a 
mosaic or chimeric karyotype 
(63,XO/64,XX).  

 
Enlarged ovaries: 
1.  Anovulatory follicles 

 Large, anovulatory follicles are a 
normal finding during the spring and 
fall transition periods. Anovulatory 
follicles can exceed 10cm in diameter 
and may persist for several weeks. 
The cause is likely to be abnormal 
estrogen production by the follicle 
itself, and/or insufficient release of 
pituitary gonadotropin to induce 
ovulation. Often the ultrasonographic 
image reveals scattered free-floating 
echogenic spots due to the presence 
of blood in the follicular fluid 
(hemorrhagic follicles). In others there 
will be echogenic fibrous bands due to 
gelatinization of the hemorrhagic fluid. 
Although human chorionic 
gonadotropin (2500 IU intravenously) 
or a GnRH implant may induce 
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ovulation, in most cases the treatment 
will be ineffective. Fortunately most of 
these anovulatory follicles 
spontaneously regress within 1-4 
weeks. It is not wise to breed a mare 
in anticipation of ovulation of a 
persistent follicle since fertility of the 
aged oocyte is likely to be poor. 

Clinicians should be aware that not all 
palpable and ultrasonographically 
imaged structures around the ovary 
have to be follicles. Fossa cysts and 
parovarain (fimbrial) cysts can be 
found in many mares as an incidental 
finding. These structures tend to arise 
from remnants of the embryonic 
(mullerian and wolfian) duct systems. 
If they are of a significant size they 
should be noted on the mare’s 
breeding records, but they are 
generally not associated with any 
reduction in fertility. It is theoretically 
possible that an excessively large cyst 
could interfere with ovulation or 
oocyte transport. 

2. Hematoma 

During the physiologic breeding 
season in a normal, non-pregnant 
mare a surge of luteinizing hormone 
from the anterior pituitary results in 
rupture of the mature follicle 
(ovulation). Normally there is some 
hemorrhage from blood vessels in the 
theca layer and this results in a soft, 
intermediate structure – the corpus 
hemorrhagicum.  Immediately after 
ovulation a depression may be 
palpable, but this is soon replaced by 
the developing corpus luteum. The 
theca cells and invading granulosa 
cells become luteinized such that the 
serum progesterone level is elevated 
until endometrial prostaglandin brings 
about luteolysis. 

A hematoma is the most likely 
explanation for a unilateral ovarian 
enlargement during the physiological 
breeding season. It is not uncommon 
for excessive post-ovulatory 
hemorrhage to occur. The former 
follicle can become markedly 
distended. Treatment is not indicated 
since the structure is essentially an 
abnormally large corpus 

hemorrhagicum. There will not be any 
abnormal behavior. The mare will 
continue to have regular estrous 
cycles, and the opposite ovary remains 
functional. Serum hormone levels will 
be normal. The hematoma will resolve 
over a period of several weeks, and 
normal ovarian function can be 
expected to return in most cases. 

3. Pregnancy 

Although an ovarian tumor could 
begin development during pregnancy, 
the most likely explanation for ovarian 
enlargement and abnormal behavior 
during this time will be due to normal 
physiologic events. Secondary corpora 
lutea tend to cause bilateral ovarian 
enlargement after approximately day 
40 of gestation. Expressions of estrus, 
stallion-like or just aggressive behavior 
can occur during pregnancy. The large 
fetal gonads are a significant source of 
testosterone. Obviously there is also a 
mix of progesterone from the corpora 
lutea and progestins from the 
placenta. By 2-3 months of gestation 
testosterone levels can exceed 100 
pg/ml, and then continue to rise until 
about 6 ½ months. The testosterone 
concentrations then gradually decline 
to basal levels at parturition.  

4. Granulosa Cell Tumors 

In a normal ovary the granulosa cells 
line the inside of follicles, while the 
theca cells surround the outside of the 
follicle. The theca cells produce 
testosterone. Both the granulosa and 
theca cells are involved in the 
steroidogenic pathway that leads to 
estradiol production. The granulosa 
cells also produce the protein 
hormone, inhibin. The granulose cell 
tumor (GCT) is the most common 
tumor of the equine ovary.  They tend 
to be unilateral, slow growing, and 
benign. In fact, these ovarian tumors 
can develop during pregnancy. If a 
GCT is detected at the foal heat check 
it may be possible to remove the ovary 
and have the mare bred back later 
that season. This will depend on the 
time of year that the mare foals and 
also the degree of follicular 
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suppression present in the 
contralateral ovary. 

Although GCTs are steroidogenically 
active, the hormonal milieu can vary 
from case to case. This impacts on the 
amount of follicular activity on the 
contralateral ovary, and the type of 
behavior being exhibited.  Typically 
the opposite ovary is small and 
inactive, but occasionally a GCT will 
present on one ovary while there is a 
corpus luteum on the other. Owners 
may report that the mare has failed to 
exhibit estrous behavior (prolonged 
anestrus) or that it is continuously 
displaying signs of being in estrus 
(nymphomania). A dangerous side 
effect in some mares will be 
aggressive behavior towards the 
handler. These mares tend to exhibit 
stallion-like behavior, and may develop 
a crested neck and clitoral 
hypertrophy if the tumor has been 
present for some time. 

Loss of the characteristic kidney-bean 
shape is usually a good indication that 
a tumor may be present in a small 
ovary. Often the ovary is too large to 
thoroughly palpate. In both instances 
the characteristic multicystic 
(honeycombed) image on an 
ultrasound examination can support 
the diagnosis. Occasionally the GCT 
may present as a large unilocular cyst. 
The ultrasonographic diagnosis can be 
supported by hormonal assays if 
necessary (Table 1).  

Most GCT appear to secrete sufficient 
inhibin to suppress pituitary release of 
follicle stimulating hormone, and it is 
thought that this explains the typical 
suppression of follicular activity on the 
contralateral ovary. If there is a 
significant theca cell component in the 
tumor then the serum testosterone 
level will be elevated, and these mares 
are more likely to be aggressive and 
exhibit stallion-like behavior. Although 
progesterone levels tend to be low (< 
1 ng/ml) in affected mares, it is 
possible in some instances for cyclic 
activity to continue in the presence of 
a GCT. 

Indications for removal of these 
benign tumors include breeding 
purposes, behavioral problems, and in 
some cases colic episodes. It is 
important to be certain of the 
diagnosis first since a histopathologic 
diagnosis of normal ovarian tissue can 
be difficult to explain to an owner. It is 
especially important to explain to 
owners that not all behavioral 
problems are ovarian in origin. An 
endometrial biopsy and cervical 
evaluation are recommended if the 
mare is to be used for breeding 
purposes. Although the abnormal 
hormonal environment can cause 
reversible changes in the density of 
the endometrial glands, chronic 
degenerative changes (fibrosis) will 
limit the mare’s ability to carry a foal 
to term. The affected ovary can be 
removed by several surgical 
approaches, depending on the size of 
the GCT and the preference of the 
surgeon. Options for ovariectomy 
include laparoscopy, colpotomy, flank 
and ventral midline laparotomy. The 
time until subsequent ovulation on the 
remaining ovary can vary 
tremendously, and owners should be 
advised that it might take up to 6-8 
months.  

5. Other Ovarian Tumors 

Although they are rare, teratomas are 
the next most common ovarian tumor 
after a GCT. They are also unilateral, 
but are not hormonally active and do 
not alter the mare’s behavior. The 
opposite ovary remains active and the 
mare will exhibit normal estrous 
activity during the physiologic 
breeding season. A teratoma is a germ 
cell tumor and may contain cartilage, 
bone, hair, mucus and other tissues. 
The surface of the ovary tends to be 
sharp and irregular on palpation, and 
the varying density of the aberrant 
tissues causes abnormal shadows on 
the ultrasound image. Although an 
ovarian teratoma is generally thought 
of as being benign, the author has 
reported on one malignant case that 
had metastasized to several organs.  

Even more rare tumors of the equine 
ovary include cystadenomas and 
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dysgerminomas. Cystadenomas tend 
to be benign whereas dysgerminomas 
maybe malignant. They are both 
unilateral and hormonally inactive. 
Thus, the contralateral ovary and 
behavior are normal. The 

ultrasonographic image of a 
cystadenoma can resemble that of 
multiple follicular activity.  The same 
considerations for surgical removal 
apply as for GCT. 

 

Table 1. Hormonal concentrations in mares with a GCT. 

 Hormone  Diagnostic level  Incidence 
 Testosterone  > 50-100 pg/ml  50-60% of cases. 

 Inhibin   > 0.7 ng/ml  approx. 90% of cases. 
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Clinical Problems in the Breeding 
Stallion 
 
Grant S. Frazer BVSc, MS, MBA. 
Diplomate, Am. College of Theriogenologists 
Director, Veterinary Teaching Hospital 
College of Veterinary Medicine 
The Ohio State University 
Columbus, Ohio. 43210. 
 
  
Penile And Preputial Trauma 
Balanitis is inflammation of the free body, 
or glans of the penis. Posthitis is 
inflammation of the laminae of the 
prepuce. Balano-Posthitis is inflammation 
of both. Phimosis is the inability of the 
stallion to completely protrude its penis 
from the prepuce. It is usually due to 
constriction of the external preputial orifice 
or the preputial ring, either subsequent to 
trauma or due to neoplasia. Urine scalding 
can exacerbate the problem due to 
excoriation and cellulitis. Paraphimosis is 
prolapse of the penis and inability to 
retract it into the preputial cavity. 
 
Kicks received during natural breeding are 
a common cause of penile and preputial 
injury. Severe penile trauma may result 
from bending of the erect shaft due to 
sudden movement of the mare during 
intromission. Unlike penile hematomas in 
the bull, the hemorrhage in stallions is 
often not from the blood spaces of the 
corpus cavernosum penis. Blunt trauma to 
the penile shaft can result in inflammatory 
edema and hemorrhage from the venous 
plexus external to the tunica albuginea of 
the penis. However, if the hematoma 
continues to expand then surgical 
exploration may be warranted to repair a 
possible tear in the tunica albuginea itself. 
Ultrasonographic examination is useful to 
evaluate the extent of the tissue damage. 
Because the mare’s tail hairs can cut the 
penis, the mare’s tail should always be 
wrapped prior to breeding. Lacerations can 
also be caused by Caslick's and breeding 
stitches, or by improperly fitted, cracked 
or wrinkled phantom covers. Stallions also 
can traumatize their erect penis by 
attempting to breed an estrous mare 
across a fence.  

The severe inflammatory response 
associated with penile trauma leads to 
prolapse of the detumescing penis as well 
as the internal preputial lamina. Venous 
and lymphatic drainage are greatly 
impaired by the acute swelling and 
pendulous weight, and the condition 
becomes self-perpetuating. If the 
condition is chronic, the veins may have 
thrombosed and the lymphatics may be 
clogged or occluded by the swelling. The 
stretched penile and preputial epithelium 
rapidly becomes dry and cracked, leading 
to excoriation and infection. Neglected 
cases can result in the development of 
extensive cellulitis. Superficial lacerations 
of the penis and prepuce should be 
treated aggressively to prevent 
complications.  
 
Treatment 
When presented with a stallion with penile 
and preputial trauma it is essential to 
determine if the animal can urinate. The 
volume of urine in the bladder can be 
determined by palpation per rectum. If 
necessary the bladder should be 
catheterized. Urethral patency must then 
be monitored until the penile and preputial 
swelling subsides. If the injury is acute, 
application of ice packs wrapped in wet 
towels may help to prevent edema if the 
stallion will tolerate these manipulations. 
Cold-water hydrotherapy should be 
continued until threat of further edema or 
hemorrhage has passed. Do not overdo 
hydrotherapy - it can lead to skin 
maceration. Skin creams and wound 
ointments are useful to protect the 
traumatized epithelium. Gentle massage 
will help to reduce edema. A rubber 
pressure bandage may be applied for short 
periods, starting at the glans penis and 
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wrapping upwards. The injured penis 
should be replaced into the preputial 
cavity as soon as possible.  
 
If an irreducible paraphimosis is present 
then the edematous penis and prepuce 
should be elevated and supported to 
facilitate venous and lymphatic drainage of 
the injured tissue. It is very important to 
fashion some sort of external support for 
the penis and prepuce (eg. nylon mesh 
attached to four pieces of cotton gauze). 
Failure to support the pendulous weight 
will exacerbate the edema, and can cause 
damage to nerve fibers that may 
ultimately lead to penile paralysis. After 
ensuring that the stallion can void urine, 
the next priority is to support the injured 
organ against the ventral abdomen. Loose 
nylon mesh is ideal since it permits urine 
drainage and does not trap moisture. 
Pantyhose can be easily fashioned into a 
sling. Non-steroidal anti-inflammatory 
medication and regular exercise (with 
penile support) may help reduce 
inflammatory edema. The author has 
found warm water hydrotherapy to be 
useful in stimulating fluid resorption. It is 
essential that the penis and preputial 
epithelium be well covered with ointment 
to prevent any macerating effect of the 
hydrotherapy.  
 
Prompt and diligent care of an acute injury 
may relieve the inflammatory edema 
within 3 to 4 days. Once the edema is 
reduced, the penis and internal laminae of 
the prepuce should be returned to the 
preputial cavity, and retained by a 
supporting truss or temporary retention 
sutures. The disadvantage of sutures is 
that they will further traumatize the friable 
preputial tissue. The horse should receive 
broad-spectrum antibiotic coverage to 
prevent cellulitis. The stallion should be 
isolated from mares to enforce sexual rest 
until the tissues have completely healed. If 
significant scrotal edema has been 
associated with the condition the owner 
should be advised that the stallion’s semen 
quality may be adversely affected for a 
couple of months. When the stallion is 
returned to the breeding shed the semen 
should be monitored for evidence of 
hemospermia. 
  

Penile paralysis 
Although flaccid paraphimosis (penile 
paralysis) may be a complication of severe 
penile injuries, it may also be associated 
with some neurologic diseases (eg. rabies, 
equine herpes virus 1, myelitis, or spinal 
injuries); the edema of purpura 
hemorrhagica, equine viral arteritis, and 
equine infectious anemia; severe 
debilitation; and administration of certain 
phenothiazine-derived tranquilizers such 
as propiopromazine and acepromazine 
maleate. The flaccid paraphimosis may or 
may not be edematous. Given time, the 
skin of the exposed glans and free body of 
the penis becomes dried, thickened, and 
inelastic. If the condition is chronic, the 
prognosis is bleak for a breeding stallion. 
Some horses with penile paralysis may be 
trained to ejaculate into an artificial vagina 
if the water temperature in the vagina is 
increased. The stallion can be salvaged for 
non-breeding purposes by surgically 
retracting the penis (phallopexy; also 
known as the Bolz technique) or by 
amputation (phallectomy). 
 
Priapism 
Priapism or persistent penile erection is 
uncommon in stallions, but has been 
associated with the administration of 
phenothiazine-derivative tranquilizers. A 
drug-induced blockade of sympathetic 
impulses to smooth muscles associated 
with the erectile process may permit the 
corpus cavernosum penis to fill with blood 
such that the penis drops from sheath. If 
the condition is acute, administration of a 
cholinergic blocker (8 mg benztropine 
mesylate by slow intravenous drip) may be 
an effective treatment. Although anti-
inflammatory medication, massage and 
supportive slings are unlikely to resolve 
the condition, they do help to reduce the 
amount of secondary edema that can 
develop. Emollient ointments are useful to 
protect the exposed tissues. As time 
progresses the stagnant blood in the 
corpus cavernosum penis eventually 
occludes the venous outflow, and then the 
arterial inflow. 
 
An aggressive approach provides the best 
prognosis. When priapism is diagnosed the 
corpus cavernosum penis should be 
flushed with heparinized saline to remove 
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the sludged blood. A large gauge needle is 
inserted into the cavernous tissue behind 
the glans penis. A second large gauge 
needle is then inserted into the corpus 
cavernosum penis approximately 4 to 6 
inches behind the scrotum. The irrigation 
is continued until all dark sludged blood 
has been evacuated. In recurrent cases, a 
surgical procedure has been described to 
create a shunt from the corpus 
cavernosum penis to the corpus 
spongiosum penis. If treatment is 
unsuccessful then phallectomy may be 
required. 
 
Penile Neoplasms And Granulomas 
The grouping of neoplasms with 
granulomas is appropriate since they have 
features in common both in differential 
diagnosis and surgical management. Both 
groups are space-occupying lesions that 
are frequently ulcerated and associated 
with local hemorrhage, exudation and 
regional irritation. A final diagnosis should 
depend on biopsy results, and not on 
clinical impressions. Biopsy results are 
essential for establishing a rational basis 
for treatment. 
 
Squamous Cell Carcinoma  
This is the most common neoplasm of the 
equine penis and prepuce. Breeds that 
tend to have unpigmented genitalia (eg. 
Appaloosa, American Paint Horse) are 
most commonly affected. Usual sites are 
the glans penis, the skin of the free body 
of the penis, and the preputial ring. 
Initially there are small, heavily keratinized 
plaques. The lesion infiltrates the 
underlying tissue and creates a shallow, 
crusted, fungoid, and ulcerative neoplasm. 
Lesions tend to remain localized and 
although the squamous cell carcinoma is 
malignant, the progress is very slow. 
However, ultimately there is penile 
invasion and metastasis to the superficial 
inguinal lymph nodes if the condition is 
neglected. Rapidly growing secondary 
tumors in the area of the inguinal lymph 
nodes may have necrotic centers and 
sinuses that drain a purulent discharge. In 
these advanced cases the penis may be 
trapped within the preputial cavity as 
inflammatory edema and fibrosis prevent 
the normal telescoping function of the 
prepuce. 

Treatment 
Precancerous lesions (carcinoma in situ) 
may be treated by applications of 5-
flourouracil. Small penile and preputial 
neoplasms are amenable to cryosurgery or 
5-fluorouracil. Surgical excision of 
pedunculated, nonmetastatic lesions and 
segmental posthioplasty (reefing) may 
salvage erectile function. The goal of 
surgical intervention is to remove the 
lesion and fibrotic tissue while maintaining 
or restoring the telescoping action of the 
prepuce. The stallion will require up to 4 
weeks of sexual rest before teasing to 
gauge success of the procedure. The 
amount of prepuce that can be surgically 
removed without affecting normal coital 
function is difficult to predict. In advanced 
cases, where the neoplasm has invaded 
the tunica albuginea, a phallectomy 
(penile amputation) and removal of lymph 
nodes is necessary. The stallion should be 
castrated a couple of weeks before the 
amputation is preformed. If the tumor has 
invaded the penis, prepuce, and lymph 
nodes then radical dissection with 
complete ablation and perineal 
urethrostomy may be necessary to salvage 
the animal. However, economic and 
humane factors must be considered. 
 
Cutaneous Habronemiasis  
“Summer sores” are caused by infestation 
of the skin and mucous membrane with 
Habronema sp. larvae. The house and 
stable fly are the nematode’s intermediate 
hosts, and are prevalent during the 
summer months. Predilection sites are the 
urethral process and the preputial ring. 
Lesions on the preputial ring may cause 
interference with the normal telescopic 
action of the prepuce, and may lead to a 
phimosis.  Lesions on the urethral process 
tend to cause hemospermia once the 
corpus cavernosum penis has been 
exposed. Migration and encystment of the 
larvae cause the development of 
exuberant granulation tissue. Histologic 
evaluation of a biopsy will reveal an 
intense eosinophilic reaction with caseous 
granules and encysted larvae. 
 
Treatment 
Anti-inflammatory medication may help to 
alleviate the foreign body reaction against 
the larvae. The widespread use of 
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ivermectin and related anthelmintics has 
reduced the incidence of this condition. 
The larvacidal activity of systemic 
ivermectin will kill most larvae after a 
single treatment. This leads to rapid 
clinical improvement, and resolution of the 
lesions within a month in most instances. 
Topical organophosphate application (4.5 
gm trichlorfon in 2 oz. nitrofurazone cream 
mixed with an anti-inflammatory agent, 
applied once daily) can be effective. 
Systemic treatment with organophosphate 
is not without risk, and the stallion had to 
be monitored for signs of toxicity. The 
clinician must have atropine and 
pralidoxime chloride available.  
Focal residual scar tissue in the internal 
lamina of the prepuce can be surgically 
removed under local anesthesia. Larger 
lesions warrant a reefing procedure. If 
amputation of the urethral process is 
required, the cut edges must be carefully 
closed with several fine interrupted 
sutures. A post-operative complication can 
be hemospermia associated with tearing of 
residual scar tissue at the suture site 
during the penile engorgement that is 
associated with ejaculation. 
 
Equine Coital Exanthema 
Equine herpesvirus 3 (EHV-3) is distinct 
from the rhinopneumonitis viruses. It 
causes an infectious venereal disease with 
an incubation period of 6 to 10 days. At 
that time small, raised, reddened, 
vesicular blisters (2-5 mm diameter) 
appear. These develop into pustular 
papules with an increased number of 
lesions appearing over a 2 to 5 day period. 
By the 6th day, most of initial pustules 
have become encrusted, scab-like lesions. 
The scabs are easily rubbed off revealing 
superficial ulcers. The penis and prepuce 
may be painful and edematous resulting in 
temporary unwillingness of the stallion to 
penetrate the mare or artificial vagina. In 
fact, in order to prevent transmission, the 
stallion should be withheld from stud 
service until the genital lesions are healed. 
Failure to rest the stallion can delay 
healing and will promote the spread of 
infection to susceptible mares. Similar 
lesions occur on the vulvar mucosa of 
affected mares. The condition is self-
limiting. In the interim the penis and 
prepuce should be cleansed, and emollient 

ointments applied. Fertility does not 
decrease in uncomplicated cases. If there 
is no secondary infection the lesions 
resolve within 2 to 3 weeks, leaving 
depigmented white scars.  
 
Hemospermia 
The presence of blood in the ejaculate 
(hemospermia) may be detrimental to 
fertility. It may be associated with 
urethritis, habronemiasis of the urethral 
process, and lacerations of the glans 
penis, but is often caused by tears in the 
urethra. The etiology of these urethral 
defects is unknown, but the likely source 
of the hemorrhage is the corpus 
spongiosum penis. The site of the lesion is 
typically at the level of the ischial arch on 
the posterior surface of the urethra. 
Confirmation of the diagnosis requires 
examination of the urethra with a long, 
sterilized, flexible endoscope. 
 
Some cases of hemospermia have been 
treated medically with methenamine and 
antimicrobial drugs. Although 
recommendations for sexual abstinence 
are justified, this approach alone is often 
unsuccessful in correcting the problem. A 
temporary urethrostomy at the level of the 
ischial arch may be more effective. It is 
possible that this procedure reduces the 
pressure in the corpus spongiosum penis 
during the muscular contractions 
associated with micturition. If the urethral 
defect can be seen then suturing the tear 
may be beneficial. 
 
Effusions Of The Vaginal Cavity 
Hematocele  
An acute hematocele is a collection of 
whole blood from hemorrhage into the 
vaginal cavity. In some cases the scrotal 
sac may be so distended that it is quite 
firm on palpation. Hematoceles are almost 
invariably associated with trauma to the 
scrotal contents. A hematocyst is a 
hematoma that is confined within the 
tunica albuginea. Typically the stallion will 
exhibit signs of pain – especially in 
response to attempts to palpate the 
distended scrotum. Ultrasonographic 
examination will reveal the presence of 
free-floating echogenic spots that swirl as 
the scrotum is balotted. In less acute 
cases the blood will have clotted and the 



 
 

39th Annual South African Equine Veterinary Association Congress 2007  
 

 96

image will consist of echogenic clots and 
free-floating fibrin tags, interrupted with 
anechoic serous fluid. If the tunica 
albuginea of the testis has been ruptured 
then the distorted testicular architecture 
may be detected by ultrasonographic 
examination. Needle aspiration using 
aseptic technique will reveal 
serosanguinous fluid. 
 
A small hematocele may resolve without 
treatment but adhesions between the 
visceral and parietal tunics may preclude 
normal thermoregulation. A breeding 
soundness examination should be 
performed 60 days after resolution. If the 
testis is not freely mobile within the 
vaginal cavity then semen quality may be 
adversely affected. If a large hematocele 
is present, then the blood will insulate the 
testis and adversely affect 
spermatogenesis. Surgical intervention 
may be warranted to drain the cavity and 
identify the source of the hemorrhage. A 
small rent in the tunica albuginea may be 
amenable to suturing, but concerns about 
the negative effects of inflammation on 
the contralateral testis often justify 
unilateral orchiectomy. Gross damage to 
the testis and/or epididymis leave the 
surgeon little alternative.  
 
Hydrocele 
A hydrocele is a painless, non-
inflammatory accumulation of serous fluid 
between the visceral and parietal layers of 
the vaginal tunic. Although scrotal 
enlargement due to excess fluid 
accumulation may be associated with 
other pathology (eg. neoplasia), in many 
instances the condition is idiopathic. The 
etiology is presumed to be associated 
either with increased secretion of fluid by 
the vaginal tunic, or decreased resorption 
by the veins and lymphatics of the 
spermatic cord. The condition may be of 
acute onset, or it may develop insidiously. 
Since the condition is not painful, the 
immediate concern is primarily for the 
stallion’s subsequent fertility. The 
testicular temperature will be elevated due 
to the insulating effects of fluid 
accumulation. This will have a detrimental 
effect on spermatogenesis in the affected 
testicle, and may adversely impact on the 
contralateral testis as well. Some cases are 

transient, and appear to be associated 
with hot weather. They may self-correct 
with the onset of cooler environmental 
temperatures. If the condition is chronic 
then the affected testis is likely to atrophy. 
 
The inguinal rings should be examined per 
rectum to check for the presence of an 
inguinal or scrotal hernia, although in most 
instances the stallion would be expected to 
be exhibiting colic signs associated with 
strangulation of an intestinal loop. 
Palpation of the scrotal contents may be 
unrewarding, depending on the amount of 
scrotal distension. There may be a mild 
shifting fluctuance, or an edematous 
scrotal sac that is grossly distended with 
fluid. In these instances ultrasonographic 
examination is especially useful. The fluid 
accumulation in a hydrocele produces an 
anechoic to hypoechoic ultrasound image. 
If the ultrasound examination confirms 
that the fluid is in the sac of the tunica 
vaginalis, then a needle aspirate may be 
obtained using aseptic technique. The 
stallion should be monitored systemically 
for leukocytosis, fever, and pain. Since the 
vaginal sac is an extension of the 
peritoneal cavity the fluid accumulation 
can arise as an extension of peritonitis or 
ascites. The author managed a case of 
diffuse peritonitis that had an elevated 
white cell count in the vaginal cavity fluid. 
It is important to use caution when 
aspirating fluid from a hydrocele because 
the needle can lacerate a vessel on the 
tunica albuginea and cause significant 
hemorrhage. Aspiration of serous, amber 
colored fluid from the vaginal cavity 
verifies the presence of a hydrocele. 
Therapeutic drainage is not a viable option 
since the fluid soon reforms. 
 
Treatment 
Treatment options for a hydrocele are 
limited. Since the etiology of the fluid 
accumulation is poorly understood it is 
difficult to propose viable solutions. If the 
condition is secondary to scrotal trauma 
then anti-inflammatory medication and 
cold water hydrotherapy may help to 
reduce the acute edema. Exercise may 
also help in the short-term, and 
occasionally a hydrocele will spontaneously 
resolve. However, since most hydroceles 
are persistent, the usual course of action 
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to manage the condition is unilateral 
castration to remove the affected vaginal 
tunic and testis. Failure to do so may lead 
to adverse temperature related effects on 
spermatogenic function in the contralateral 
testis as well. 
 
Inguinal And Scrotal Hernias 
An inguinal hernia is the passage of a 
segment of intestine through the vaginal 
ring into the inguinal canal. The hernial 
contents usually consist of the ileum or 
distal jejunum and are contained within 
the cavity of the tunica vaginalis. In the 
canal they share the vaginal sac with the 
testicular vessels and ductus deferens. A 
scrotal hernia occurs when the intestines 
descend into the scrotum and lie adjacent 
to the testis. The condition is generally 
considered to be acquired when diagnosed 
in an adult stallion. However, the 
predisposing cause may have been a 
congenitally enlarged vaginal ring. 
Although the condition may be reported to 
occur following breeding, exercise, or 
transport, it can also occur in a stallion 
that has been resting in a stall.  
 
Affected stallions have an awkward gait 
and generally develop severe colic 
symptoms because the segment of 
intestine almost invariably becomes 
compromised. The scrotum may or may 
not be swollen, depending on whether an 
inguinal or scrotal hernia is present, and 
the duration of the condition. Even 
inguinal hernias can result in scrotal and 
testicular edema because the intestinal 
loop compresses the spermatic cord. Acute 
pain from a testicular torsion must be 
considered as one of the differential 
diagnoses. Palpation of inguinal rings per 
rectum is important if a stallion presents 
with colic signs. Omentum and/or intestine 
may be palpated entering the ring. If the 
hernia has self-corrected, the affected ring 
is still likely to feel enlarged. If the 
scrotum is enlarged there may be palpable 
crepitus, and an ultrasonographic 
examination may confirm the presence of 
loops of intestine.  
 
Treatment 
Emergency ventral midline celiotomy is 
necessary to resect the incarcerated loop 
of small intestine because acute, 

irreducible hernias commonly become 
strangulated,. Attempting to save the 
affected testicle may be impractical since 
vascular compromise may have already 
occurred. Also, many surgeons prefer to 
remove the involved testicle so that the 
inguinal ring can be completely closed. If 
the unaffected testis is not removed there 
may be some compensatory hypertrophy. 
Because a propensity to develop hernias 
may be inherited, it may be ethical to 
recommend castration at the time of 
surgery. 
 
Lesions Of The Testicles 
Hypoplasia and Atrophy 
Testicular hypoplasia is a congenital 
condition whereby there is failure of the 
testis to undergo normal development. 
The affected testis is small and of soft 
consistency. The condition may be 
associated with a chromosomal 
abnormality. In degenerative atrophy 
there is loss of spermatogenic tissue in 
what had been a normally developed 
testis. The affected testis becomes small 
and firm. It is often difficult to determine a 
precise cause (eg. disturbance of 
thermoregulation) and the clinician has to 
rely on historical information. Both 
conditions result in decreased sperm 
production. Even if only one testicle is 
atrophic, sperm production may still be 
insufficient to classify the stallion as being 
breeding sound. 
 
Orchitis 
Orchitis is generally associated with sterile 
inflammation, and often is of traumatic 
origin. Infectious orchitis is uncommon, 
but may be due to ascending infection (eg. 
Klebsiella infection) or to localization of 
systemic disease (eg. Streptococcal 
infection). Penetrating wounds are more 
common and will cause swelling and 
abscessation. The testicle is often hot, 
painful, and very tense due to swelling 
that is confined by the tunica albuginea. 
Fluctuant swelling is not a reliable 
diagnostic feature. A superimposed 
edematous plaque in the scrotal skin 
generally makes palpation difficult. The 
stallion is likely to be febrile. Systemic 
antimicrobials, anti-inflammatory 
medication and hydrotherapy may help, 
but prompt unilateral orchiectomy often is 
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indicated to minimize thermal damage to 
the contralateral testis. 
 
Neoplasia 
Testicular neoplasia in stallions is 
uncommon. Neoplasia present as a 
nonpainful testicular enlargement of 
insidious onset. The affected testicle 
usually remains freely movable within the 
scrotum. Testicular lymphatic drainage 
flows into the medial iliac and lumbar 
lymph nodes, and this can lead to 
metastases in the posterior abdomen and 
pelvis. The superficial inguinal lymph 
nodes would only be affected if the 
scrotum, penis and prepuce were involved 
(see squamous cell carcinoma). 
Ultrasonography will reveal changes in the 
normal homogenous echogenicity of 
testicular parenchyma. The image of the 
contralateral testis is useful for 
comparison. Testicular neoplasia can be 
confirmed by cytological examination of a 
fine needle aspirate or by histological 
examination of a biopsy specimen.  
 
A seminoma is the most common testicular 
tumor of aged stallions. Although they are 
generally benign, the clinician should 
suspect metastases if the spermatic cord is 
palpably thickened. The tumor has a gray, 
lobulated cut surface. Teratomas are 
uncommon tumors of young horses, and 
are most likely to be found in a cryptorchid 
testicle. Interstitial (Leydig) cell tumors are 
rare, and have characteristic firm, tan-
brown nodules on the cut surface. Sertoli 
cell tumors are extremely rare testicular 
tumors that are firm, with a gray-white cut 
surface. Unilateral orchiectomy is 
indicated. The spermatic cord should be 
ligated and severed as far proximal as 
possible. It is essential that sections of the 
proximal cord be examined histologically 
for evidence of metastases before the 
owner is offered a prognosis.   
 
Torsion of the spermatic cord 
(Testicular Torsion) 
Testicular torsion may occur as two 
different syndromes. The condition occurs 
when the distal spermatic cord and testicle 
rotate on the vertical axis. A partial torsion 
can be described as a rotation of 180° or 
less. In cases of 180° torsion, the tail of 
the epididymis is located in the cranial 

aspect of the scrotum. The ligament of the 
tail of the epididymis (gubernaculum) can 
be palpated as a small knob of tissue 
dorsal to the epididymis. These partial 
torsions are often an incidental finding 
during a breeding soundness examination. 
While they should be noted in the 
examination report, there does not appear 
to be any adverse effect on semen quality. 
Torsion of more than 180° starts to cause 
some venous and then arterial 
compromise of the spermatic vessels. 
Torsions of 360°, or greater, cause 
complete occlusion of the testicular blood 
supply. The affected stallion shows signs 
of severe colic. Ischemic damage and 
gangrene rapidly ensue. The vascular 
compromise leads to slowly developing 
scrotal swelling. In cases that have been 
misdiagnosed as a gastro-intestinal colic 
the stallion may respond to analgesic 
medication, and only later will the correct 
diagnosis be made when scrotal swelling is 
noticed. Thus, although the condition is 
rare, torsion of the spermatic cord should 
always be considered when a stallion 
exhibits signs of colic. The differential 
diagnosis should include a strangulated 
loop of intestine in an inguinal or scrotal 
hernia. If a 360° torsion is present the tail 
of the epididymis is in its normal position. 
However, the vascular compromise makes 
the affected cord and testicle enlarged and 
firm. Ultrasonographic examination of the  
congested cord reveals obvious differences 
from the unaffected side. There may be an 
accumulation of fluid in the vaginal sac 
and hypoechoic areas within the 
strangulated testicle. Unilateral castration 
is indicated in most cases. If the condition 
is diagnosed immediately then an 
orchiopexy procedure has been described 
to permanently fix the testicle in its correct 
scrotal alignment. However, the vascular 
compromise is likely to have already 
caused some irreversible testicular 
damage. Ultrasonographic measurements 
are useful to monitor for evidence of 
subsequent testicular atrophy. 
 
Supplemental Readings  
Varner, D., Schumacher, J., Blanchard, T., & 
Johnson, L. Diseases and Management of 
Breeding Stallions. American Veterinary 
Publications, Goleta, CA. 1991, pp 175-334. 
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Cardiac Murmurs: Assessment In 
Pre-Purchase Exams? 
 
lia Celia M Marr, BVMS, MVM, PhD, DEIM, DipECEIM, MRCVS 
Rossdales Equine Hospital, Newmarket, Suffolk, UK

Introduction 
Cardiac murmurs are extremely common, 
occurring in 65- 80% of athletic horse 
breeds. While cardiac murmurs can be 
associated with poor performance or even 
occasionally heart failure, most cardiac 
murmurs are detected when the heart is 
examined as part of a general physical 
examination, for example in a pre-
purchase setting or prior to anaesthesia. 
In this situation, the clinician must decide 
whether the cardiac murmur is indicative 
of serious cardiac disease, mild sub-clinical 
cardiac disease or due to physiological 
processes. In addition, if cardiac disease is 
detected, it is necessary to decide whether 
this is likely to be progressive or non-
progressive. With careful examination it is 
possible to characterize murmurs, 
determine the list of differential diagnoses 
and identify those horses that require 
further investigation before a prognosis 
can be offered. Echocardiography is 
extremely useful is assessing the structure 
of the heart and in identifying changes to 
the chamber dimensions and function that 
may provide an insight on the impact of 
the heart disease. Electrocardiography 
allows concurrent cardiac rhythm 
disturbances to be documented but, in 
horses, provides little information on 
cardiac chamber size. 
 
Characterizing Murmurs 
Cardiac murmurs are prolonged sounds 
occurring during periods of the cardiac 
cycle that are usually silent. Murmurs arise 
when normal laminar flow is disrupted. 
The criteria used to describe murmurs are 
its timing [fig 1], location (point of 
maximal intensity [fig 2] and direction of 
radiation) and quality (intensity [table 1] 
and shape [fig 3]). If all five 
characteristics of a murmur are considered 
carefully, the clinician is usually able to 
formulate a differential diagnosis and 
differentiate murmurs which are 

physiological (functional) from those which 
indicate that there is cardiac pathology 
and justify further diagnostic evaluation.  
 
 
Table 1. Definitions of murmur intensity 
grades. 
 
Intensity 
Grade 

Definition 

1 A soft murmur audible only after 
careful auscultation in a localized area 
of the thorax 

2 A soft murmur which is clearly audible 
after a few seconds auscultation 

3 A moderately loud murmur that is 
immediately audible 

4 A loud murmur that is immediately 
audible over a wide area of the 
thorax with no precordial thrill 

5 The loudest murmur that becomes 
inaudible when the stethoscope is 
removed from direct contact with the 
thorax, always accompanied by a 
precordial thrill 

 A loud murmur that can still be heard 
when the stethoscope is removed 
from direct contact with the thoracic 
wall, always accompanied by a 
precordial thrill. 

 
 
Causes of Murmurs 
Physiological Murmurs 
Physiological (functional) murmurs are 
present where there is no cardiac 
pathology, particularly associated with left 
ventricular ejection. Whilst often found in 
normal horses, they also occur if blood 
viscosity is lowered in anemia or 
hypoproteinemia. However, because 
cardiac murmurs can accompany 
congenital cardiac disease or valvular 
insufficiency, it is important that 
physiological (functional) murmurs are 
distinguished from pathological murmurs. 
Physiological murmurs are quieter (grade 
3 or less), soft and localized, do not have 
precordial thrills and do not obscure the 
heart sounds. Functional murmurs in 
systole caused by ventricular ejection are 
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localized to the heart base in the third or 
fourth intercostal space; they are usually 
grade 3 or less and have a soft, blowing 
quality. Functional diastolic murmurs occur 
in early or mid diastole, they are 
frequently musical or squeaky, and are 
auscultated over the left heart base or left 
AV valve area. 
 
Valvular Regurgitation. 
Valvular disease in horses can be due to 
degenerative or inflammatory processes, 
and inflammation of the valve can be 
further sub-divided into non-septic or 
septic inflammation, the latter being better 
known as bacterial endocarditis. In all 
instances, the disease typically leads to 
regurgitation (leaking). It is important to 
appreciate that since a valve can only leak 
at a time in the cardiac cycle when it 
should be closed, if a murmur can be 
localized to one valve area and its timing 
determined, the clinician can often 
distinguish regurgitation from sounds 
associated with forward flow (physiological 
murmurs) fairly easily. It has now been 
well-documented that valvular 
regurgitation occurs in the absence of 
valvular pathology [1]; this is described as 
physiological regurgitation and may or 
may not be associated with soft murmurs. 
Physiological regurgitation has no clinical 
significance.  
 
Congenital defects 
Congenital defects occur less commonly 
than the other causes of murmurs; 
typically they are very loud and are often 
accompanied by precordial thrills. Simple 
defects, such as the ventricular septal 
defect are often well-tolerated and may 
not be detected until the animal is mature 
(see below) whereas with complex 
congenital cardiac defects, the foal may 
present fairly early in life and the murmur 
will be accompanied by other signs of 
cardiovascular compromise. 
 
Differential Diagnoses for specific 
murmurs 
Systolic murmurs loudest on the left side 
The two most common causes of systolic 
murmurs loudest on the left side are flow 
murmurs associated with the semi-lunar 
valves (usually aortic) and mitral (left 
atrioventricular) valvular insufficiency. 

 
Mitral Insufficiency 
Murmurs of mitral insufficiency are present 
in around 3.5% of the general horse 
population [2]. However, it is the most 
frequent form of valvular insufficiency 
referred for further investigation and is 
more likely to be associated with signs of 
poor performance: 35% of horses 
presented to the author for investigation 
of valvular insufficiency have mitral 
insufficiency and in 50% of these there is 
a history of poor performance. Mitral 
insufficiency is the second commonest 
location for valvular pathology, but it is the 
most likely form of insufficiency to lead to 
congestive heart failure or sudden death 
due to pulmonary rupture [3-5]. More 
often, horses with mitral valve disease 
develop atrial fibrillation that is refractory 
to treatment with quinidine sulphate, thus 
ending their competitive careers [6]. 
Horses with severe mitral insufficiency also 
have a high incidence of ventricular 
arrhythmias [3]. Because of these 
potentially serious sequelae, investigation 
of horses with murmurs of mitral 
insufficiency is warranted more frequently. 
 
The murmur of mitral insufficiency is holo- 
or pan-systolic, typically band shaped and 
is loudest over the left fifth intercostal 
space, radiating caudodorsally if it is 
severe. The grade of the murmur does not 
necessarily relate to the severity of the 
disease, and it may reflect the direction of 
the regurgitant jet, frequently being louder 
if the jet is orientated towards the chest 
wall. Flow mapping can underestimate the 
severity of mitral regurgitation, because it 
is difficult to align the ultrasound beam 
parallel to the direction of regurgitant 
flow. Therefore, care must be taken if a 
small jet is detected in a horse with other 
signs of severe mitral insufficiency, such 
as left atrial enlargement or left ventricular 
volume overload. 
 
Echocardiography is an important tool with 
which to investigate mitral valvular 
regurgitation.  Mitral valve prolapse is a 
fairly common finding [1], often associated 
with a mid-systolic murmur. If there is no 
or minimal regurgitation, the prognosis 
appears to be good. Extensive nodular 
changes on the valve, ruptured chordae 
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tendineae and flail cusp indicate more 
severe pathology [3]. The dimensions of 
the left ventricle, left atrium and 
pulmonary artery should be carefully 
evaluated. A good prognosis can be 
offered if the regurgitant jet is small, there 
are  no valvular structural changes and no 
cardiac enlargement. Pulmonary artery 
dilatation is a poor prognostic sign [3], 
and care should be taken not to 
underestimate the importance of mitral 
insufficiency in horses with large 
regurgitant jets and minimal atrial 
enlargement, because this may indicate an 
acute onset which may continue to 
progress. 
 
Myocardial disease may accompany mitral 
insufficiency [3]. If this has led to severe 
dilatation, the prognosis is poor. These 
horses should be evaluated during high-
speed treadmill work to determine their 
exercise tolerance and ensure that 
exercise-induced arrhythmias are absent. 
With mild to moderate ventricular 
dilatation, the horse may experience 
reduced performance but be able to 
perform light work. 
Systolic murmurs loudest on the right side. 
The two most common systolic murmurs 
on the right side are due to tricuspid (right 
atrioventricular) valvular regurgitation. 
 
Tricuspid Insufficiency 
Pathological changes in the tricupsid valve 
are uncommon, conversly tricuspid 
insufficiency is frequently encountered, 
particularly in performance horses [2]. In 
one survey of 545 horses, the overall 
incidence was 9% but the incidence in 
Throughbred racehorses was 16.4%. In 
the author’s clinical population, 
Thoroughbreds are at an increased risk of 
having tricuspid insufficiency compared to 
other breeds: 22% of Thoroughbreds 
presented for investigation of valvular 
insufficiency had tricupsid insufficiency, 
whereas there was an incidence of 8% in 
mixed pleasure horses and 5% in ponies 
(risk ratio 2.84, 1.24–6.45, P<0.01).  
 
Murmurs of tricuspid insufficiency are also 
often found in Standardbreds. It has been 
proposed that the insufficiency is caused 
by geometric changes in the ventricle in 
response to hypertrophy [2] but 

prospective studies have not yet been 
performed to substantiate this theory. 
Similarly, the tricupsid valve is a common 
site for physiological regurgitation [1,7]. 
Tricuspid insufficiency is rarely related to 
clinical signs such as poor performance in 
performance animals, but if it is 
encountered in breeds in which it is less 
common, it may warrant further 
investigation. Occasionally, lesions such as 
rupture of a chorda tendinea, bacterial 
endocarditis and severe degenerative 
valve disease are encountered. Valvular 
prolapse is seen commonly. 
 
The severity of tricuspid insufficiency can 
be semiquantitated with Doppler 
echocardiography fairly easily. Signs of 
right ventricular volume overload include 
dilatation of the right ventricle, rounding 
of its apex so that the heart appears to 
have a double apex, and paradoxical 
septal motion. Horses with normal valve 
structure  or valvular prolapse, moderate 
regurgitation and no signs of right 
ventricular volume overload generally have 
a good prognosis for continued 
performance. Tricuspid insufficiency does 
not appear to predispose to the 
development of atrial fibrillation unless it is 
severe [6].  
 
Ventricular Septal Defect 
The ventricular septal defect (VSD) is the 
commonest congenital cardiac defect in 
horses [8]. VSDs are also frequently a 
component of complex defects. VSDs have 
been documented in a wide variety of 
breeds. The lesion is particularly common 
in Welsh Mountain ponies. VSDs are 
usually located in the membranous (non-
muscular) portion of the septum in the left 
ventricular outflow tract (subaortic) 
immediately below the right coronary cusp 
of the aortic valve and the tricuspid [8]. 
Less commonly, defects are found in the 
perimembranous or muscular portions 
where there may be single, multiple or 
fenestrated defects or in the membranous 
septum in the right ventricular outflow 
tract (subpulmonic) [8]. In the left 
ventricular outflow tract, larger defects 
can lead to moderate to severe aortic 
insufficiency as the cusps of the aortic 
valve are sucked into the defect and, 
ultimately, may rupture [8]. The shunt 
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direction is usually left to right with simple 
VSDs. 
 
The VSD is usually associated with at least 
two murmurs. The shunt itself causes a 
loud, pansystolic band-shaped or coarse 
murmur with its point of maximal intensity 
over the right fourth intercostal space. 
There is often also a murmur of relative 
pulmonic stenosis [8]. The right 
ventricular tract is anatomically normal 
but, because of the increased volume of 
blood leaving the right ventricle, a loud 
holosystolic crescendo–decrescendo 
murmur is auscultated over the pulmonic 
valve area in the left third intercostal 
space. This murmur of relative pulmonic 
stenosis is typically at least one grade less 
than the VSD murmur. If there is 
concurrent aortic insufficiency, a 
holodiastolic decrescendo murmur will be 
present over the aortic valve area in the 
left fourth intercostal space. 
 
The integrity of the septum is assessed 
with two-dimensional echocardiography 
[8]. A membranous VSD is typically best 
visualised in an image of the left 
ventricular outflow tract. The defect 
should be measured in two mutually 
perpendicular planes to determine its 
maximal diameter [8]. Colour flow Doppler 
echocardiography demonstrates the 
intracardiac shunt and is particularly 
helpful in identifying small VSDs. 
Continuous wave Doppler 
echocardiography is used to document the 
maximal velocity of the intracardiac shunt. 
The maximal shunt velocity reflects the 
pressure difference between the left and 
right ventricles. If the right ventricular 
pressure rises, the pressure difference will 
fall and therefore the shunt velocity will be 
low. The echocardiogram should also be 
assessed for signs of left ventricular 
volume overload, dilatation of the left 
ventricle, rounding of the apex, right 
ventricular hypertrophy and dilatation, and 
concurrent valvular insufficiency. 
 
The prognosis in VSD depends on the size 
and location of the defect and the maximal 
velocity of the shunt. Horses with small 
defects in the left ventricular outflow tract 
can have a useful career. All horses which 
had a successful career had membranous 

or perimembranous VSDs with a maximal 
diameter of less than 2.8cm in one study 
[8]. Seven of 11 horses with a shunt 
velocity greater than 4m/s performed 
successfully at maximal types of 
competition, while the remainder were 
successful at lower levels of activity such 
as showing or hunting [8]. In smaller 
breeds of horses and ponies, it may be 
helpful to compare the size of the VSD 
with the diameter of the aortic root. VSDs 
which are less than one-third of the aortic 
root are likely to be restrictive and 
therefore carry a more favourable 
prognosis [9]. Horses with muscular VSD, 
additional lesions such as severe aortic 
insufficiency or in which the VSD is part of 
a more complex cardiac defect have a 
poor prognosis [8]. Therefore, the 
echocardiogram should be evaluated 
carefully to provide accurate prognostic 
information. 
 
Diastolic Murmurs on the left and/or 
right side 
The two main differential diagnoses for 
diastolic murmurs are physiological 
murmurs associated with ventricular filling 
and aortic valvular regurgtiation. Pulmonic 
valvular regurgitation occurs very rarely. 
 
Aortic Valvular Regurgitation 
The aortic valve is the commonest site for 
valvular pathology, particularly in the 
middle-aged and older horse [10]. 
Degenerative lesions consisting of nodular 
or, less commonly, generalised fibrous 
thickenings are seen most often on the left 
coronary cusp, although any or all of the 
three cusps may be affected [10]. 
Bacterial endocarditis can affect the aortic 
valve [10]. All forms of congenital valvular 
lesions are extremely uncommon in 
isolation but congenital malformations 
have been reported in the aortic valve [11, 
12]. Severe aortic insufficiency can 
accompany ventricular septal defects, 
when the presence of the defect 
immediately beneath the aortic root leads 
to instability and, in some cases, rupture 
of the aortic valve (see above).  
 
The murmur of aortic insufficiency is 
typically pan, holo or early diastolic 
decrescendo and has its point of maximal 
intensity over the aortic valve in the left 
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fifth intercostal space and radiates variable 
distances ventrally towards the heart base. 
It may be musical in quality, and in some 
horses it has a bizarre ‘creaking’ quality, 
which may be due to vibrations of cardiac 
structures, such as the mitral valve and 
the ventricular septum, rather than 
turbulent blood flow itself. 
 
The best clinical guide to severity of 
regurgitation is the quality of the arterial 
pulses, rather than the grade of the 
murmur. Horses with moderate aortic 
insufficiency have reduced diastolic 
pressure and in those with severe aortic 
insufficiency and left ventricular volume 
overload, the systolic pressure and 
difference between the systolic and 
diastolic pressures increase, so that the 
pulses become increasingly hyperkinetic. 
In middle-aged horses, slowly progressive 
aortic insufficiency is common and well 
tolerated. Aged horses should be 
investigated if they are to continue to be 
used for riding, and aortic insufficiency 
may be more important if it is detected in 
a young animal. 
 
Colour flow Doppler echocardiography can 
readily demonstrate the area occupied by 
the regurgitant jet. Doppler 
echocardiography can also be used to 
assess pressure gradients which arise as a 
result of aortic insufficiency. The two-
dimensional and M-mode 
echocardiographic features of aortic 
insufficiency have been described 
previously [13]. Prolapse of the non-
coronary cusp is a common finding and is 
rarely associated with severe regurgitation 
[1]. In the typical, degenerative disease 
seen in older horses, echogenic foci, 
representing degenerative nodules, are 
commonly localised to the left coronary 
cusp. Generalised thickening of the aortic 
valve, and flail cusp, indicate more 
extensive pathology. Dilatation of the 
aortic root, diastolic vibrations of the 
mitral valve and septum, and premature 
closure of the mitral valve, are seen with 
moderate to severe aortic insufficiency but 
are not necessarily relate to severity [13]. 
The vibrations arise as a consequence of 
the turbulence created in the left 
ventricular outflow tract by the regurgitant 
jet.  

 
Both two-dimensional and M-mode 
echocardiograms are useful in assessing 
the degree of left volume overload. Left 
ventricular volume overload is diagnosed if 
the left ventricular diameter is increased, 
the apex of the ventricle takes on a 
globoid shape and the ventricle is 
hyperkinetic. 
 
In the author’s clinical population, there is 
an apparent association between aortic 
insufficiency and ventricular arrhythmias: 
horses with aortic insufficiency are more 
likely to have ventricular arrhythmias 
compared to horses with other forms of 
valvular insufficiency (risk ratio 1:87, 
1.05–3.31, P = 0.035). Therefore, 
ambulatory and exercising 
electrocardiography  are recommended as 
part of the diagnostic work-up in cases of 
aortic insufficiency, particularly in horses 
with moderate to severe arrhythmias 
which are being used for riding purpose. 
 
Horses with mild to moderate aortic 
insufficiency, which is slowly  progressive 
and is not associated with ventricular 
arrhythmias, can be  used successfully as 
riding horses for several years after the 
diagnosis is made. A poorer prognosis is 
warranted with acute-onset,  severe aortic 
insufficiency and severe, advanced 
degenerative disease, particularly if the 
degree of left ventricular dilatation has 
caused dilatation of the mitral valve 
annulus and mitral insufficiency or if there 
are ventricular arrhythmias. 
 
Decision Making in the Pre-purchase 
Exam setting. 
 
As described above, the first step in 
rationale decision making is to attempt to 
characterize the murmur and narrow the 
causes down to a list of one or two 
possibilities. The age, intended use, state 
of training, intended career length of the 
animal can all influence the prevalence of 
the various causes of murmurs and impact 
on their significance. Factors such as 
insurance status and plans for re-sale may 
also influence the owners’ decision making 
in some cases. Clinicians have the option 
of advising a potential purchaser not to 
buy the horse, to buy the horse with a 
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third option, of suggesting that further 
investigations are undertaken and 
echocardiography is usually the most 
logical next step although ECGs can be 
helpful in documenting concurrent 
arrhythmias. 
 

Horses that undergo further investigations 
are more likely to be judged suitable for 
purchase than not.  
 
Table 2 lists the various murmurs and 
guidelines for criteria that might prompt 
further investigations prior to making a 
decision to recommend purchase. 
 

Table 2. Summary of decision making in the pre-purchase setting.
  
Location and timing Differentials Characteristics causing concern 

Aortic Flow 
murmur 

If loud, prolonged or audible over a wide area, suspect that MI is 
present rather than a flow murmur 

Left, systolic 
Mitral 
insufficiency 

Grade 3 or louder 

Pre-cordial thrill 

Concurrent Arrhythmia 

Intended for use as top class Eventer with long career ahead.  

Ventricular 
septal defect 

A murmur on the left side will also be present 

Most often found in non-atheletic breeds or juveniles.  

Right, systolic 
Tricuspid 
insufficiency 

Grade 4 or louder 

Pre-cordial thrill 

Concurrent Arrhythmia 

If found in a non-athelete (which is uncommon therefore VSD 
should be suspected) 

Ventricular 
filling 
(physiological) 

If loud, prolonged or audible over a wide area, suspect that AI is 
present rather than a flow murmur 

Diastolic 

Aortic 
Insufficiency 

Young horse 

Grade 4 or lounder 

Pre-cordial thrill 

Concurrent Arrhythmia 

Before arranging referral ensure prospective purchaser realizes this 
is a progressive lesion as this may be enough to put them off 
proceeding. 

When performing echocardiograms in 
horses in a pre-purchase setting, it is 
important that a systematic and detailed 
exam is undertaken. The cause of the 
murmur should be identified and in the 
case of mitral and tricuspid insufficiency, a 
favourable prognosis can be offered where 
there is no evidence of enlargement of the 
cardiac chambers, there are no visible 
valvular lesions and the jets of 
regurgitation are small. Ideally, an resting 
and exercising ECG should also be 
included as the present of a concurrent 
arrhythmia warrants a more cautious 
prognosis. Aortic insufficiency is seen less 
often in this particular clinical setting as it 
is a disease of the older horse population 

who are less likely to be subjected to pre-
purchase examinations. Aortic insufficiency 
is invariably progressive although many 
horses are useful in general riding 
activities with this disease. Aortic 
insufficiency is assessed by similar 
echocardiographic criteria. 
 
Summary 
Cardiac murmurs are commonly detected 
in situations where the clinician is required 
to determine if they are indicative of a 
cardiac disease that may impact on the 
horses performance or lifespan at some 
stage. Careful characterization allows a 
rationale decision of whether further 
investigation is necessary and if 
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investigation is required it should usually 
include echocardiography and 
electrocardiography.   
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Fig. 1. The timing of murmurs is determined within the cardiac cycle 
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Fig. 2. The point of maximal intensity corresponds to the valve area over which the murmur is 
loudest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Terms used to describe the quality or shape of murmurs 
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Introduction 
Even if the fetus is dead (no limb 
withdrawal, no ocular reflex, no 
swallowing reflex, no heart beat, no anal 
reflex) the time spent manipulating it is 
still critical. Repeated in and out arm 
movements are contra-indicated as the 
mucous membranes of the mare's vagina 
and cervix  are easily abraded. If the 
surface epithelium of the vagina is 
destroyed then exposure of the underlying 
tissue can result in adhesions that may 
adversely affect fertility. Cervical 
adhesions are almost inevitable after 
prolonged intervention. An irritated equine 
vagina takes on the texture of sandpaper, 
and the scar tissue laid down during the 
healing process results in what can best 
be described as a "stovepipe vagina." One  
or two well placed fetotomy cuts can 
dramatically shorten the intervention time. 
If the obstetrician is not familiar with 
correct fetotomy technique then the best 
option for the mare's reproductive future 
may well be a cesarean section. 
 
The foremost consideration when 
assessing an obstetrical case is whether 
the fetus is still viable. This information 
together with knowledge of the economic 
value of the mare; expertise, equipment 
and facilities available to the veterinarian; 
and owner's preference will determine 
whether fetotomy or cesarean section is 
chosen as the method of resolution for 
those cases where mutation alone is 
unsuccessful. Economic considerations 
should include the future use of the mare 
(breeding versus performance value), the 
veterinary fees (anesthesia and surgery 
versus fetotomy), and the extended 
hospitalization required for post-surgical 

management.  Prominent veterinary 
obstetricians have made an important 
point in stating that although some 
dystocias may be best resolved by surgical  
intervention, the expense of the procedure 
and aftercare exceed that of fetotomy.  
Thus, the value of the mare is a significant 
factor to be considered prior to resorting 
to surgery.  
 
In a recent study  of 150 obstetrical cases 
 from two equine referral hospitals it 
became apparent that severe dystocia is 
often multifactorial, with 86% of cases 
involving malposture and over half (58%) 
of these involving more than one 
extremity. Head and/or neck deviation 
were a major reason for referral as these 
cases are extremely difficult to correct. In 
30% of cases malposition was a factor, 
and abnormal presentation was involved in 
24% of referrals. Many dystocia cases 
require only partial dismemberment of the 
fetus before a safe and rapid delivery is 
possible. The condition of the soft tissues 
of the birth canal can limit the options 
available at the referral hospital. If the 
birth canal is already severely traumatized 
then the best option for future fertility may 
be an immediate decision to perform a 
cesarean section. In the author's hospital 
environment over 95% of the fetuses are 
determined to be dead on arrival, making 
this an ideal population for fetotomy 
procedures. Over 50% of the mares have 
been in labor for between 3 and 6 hours, 
and another 25% for between 7 and 12 
hours. In exceptional cases the mare may 
have been in labor for 24 hours or more. 
  
Technique 
Most of the unsatisfactory results that are 
attributed to fetotomy are actually due to 



 
 

39th Annual South African Equine Veterinary Association Congress 2007  
 

 108

lack of experience and poor technique. 
Correctly designed instruments must be 
available, and the procedure should not be 
resorted to after prolonged attempts at 
mutation.  
 
Restraint:  The author prefers to perform 
partial fetotomy procedures on a 
tranquilized, standing mare in a large stall 
bedded with nonslip material, preferably 
clean straw. Parturient mares are 
unpredictable and the clinician should take 
what ever precautions are necessary to 
permit a safe examination - both for the 
mare and the veterinarian. The presence 
of a dead fetus means that only the mare 
need be considered when administering 
chemical restraint.  
 
The author routinely uses low doses of 
xylazine (0.3 to 0.5 mg/kg IV) and 
butorphanol (0.01 to 0.02 mg/kg IV) in 
conjunction with a twitch or lip chain. 
Epidural anesthesia may not eliminate the 
abdominal contractions of mares, but it does 
provide analgesia to the perineal region. It 
is useful to reduce the reflex straining 
initiated by manipulations within the birth 
canal.  The author prefers a xylazine-
carbocaine combination to reduce the 
likelihood of hindlimb weakness. 
Tranquilization, with or without an epidural, 
was the means of restraint used for almost 
three quarters of the fetotomies (51/70) in a 
recent dystocia study. The remaining cases 
required either short-term or prolonged 
general anesthesia. In those mares 
subjected to a prolonged fetotomy 
procedure the use of general anaesthesia 
and hoisting of the hindquarters is 
recommended. It should be remembered 
however, that complete fetotomy can 
generally be expected to result in severe 
trauma to the genital tract, even if 
performed by a skillful and experienced 
operator. 
Equipment : Apart from having the technical 
knowledge and expertise, a veterinarian 
must have the correct equipment to 
optimize the chances for a successful 
fetotomy. All equipment is readily available 
through veterinary supply catalogues. 

1. Utrecht model fetatome and threader - 
double barrelled instrument with a hand 
grip and    notched oval plate for 
anchoring obstetrical chains. 

2. Wire saw handles - the author prefers the 
"fold-over" type which grip the fetotomy 
wire between the two arms. The wire can 
be quickly attached and securely held. 

3. Fetotome saw wire - available in spools. 
Approximately 15 feet are required to 
double thread       the fetatome, pass 
around the fetus, and still provide the 
assistant with sufficient length to saw. 

4. Krey hook - this expandable, two-armed 
hook comes with a stop that prevents 
overclosure of the instrument should it 
become disengaged. 

5. Wire introducer - curved instrument for 
passing the wire over or around a fetal 
part. 

6. Fetotomy (Palm) knife - used to seat 
the wire for some cuts. Useful to 
remove bone fragments prior to fetal 
extraction. 

7. Fetotomy wire and sterile wire cutters. 
8. Lubricant  
9. Sterile stomach pump and stomach 

tube. 
10. Obstetrical ropes, chains, and handles. 
 
Procedure: 
After the mare's tail is wrapped and tied to 
one side, the perineal region is thoroughly 
cleansed. The author routinely wears a 
sterile rubber sleeve on each arm. A well 
lubricated arm is inserted to determine the 
condition of the genital tract (lacerations, 
presence of a pelvic mass, degree of 
cervical relaxation, presence of uterine 
muscular spasm). Careful thought should 
be given prior to all manipulations. 
Repeated vaginal entry and internal 
manoeuvres only serve to traumatize the 
birth canal, and increase the level of 
bacterial contamination. Application of 
copious volumes of lubricant is essential 
because the mare's genital tract is very 
sensitive to trauma, and the uterus is 
easily ruptured. A sterile stomach tube and 
pump are used to gently instill liquid 
lubricant into the uterine lumen as often 
as necessary during the procedure to keep 
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the tract coated, and the uterus distended. 
If the uterus is contracted, the lubricant 
tends to induce some uterine relaxation 
and thus creates additional room between 
the uterus and fetus. Once the wire has 
been threaded around the fetal part to be 
amputated, sufficient tension is applied to 
the wire to confirm that it is not crossed or 
kinked.  
 
The veterinarian must ensure that the 
head of the fetatome is in the correct 
position, then cover it with a hand, while 
using the other arm to hold the fetatome 
securely during the cutting procedure.  An 
assistant is instructed to start the cut by 
slow, short to-and-fro arm movements. 
Once the wire is seated the length of the 
arm movements is increased, as is the 
amount of pressure. Long strokes spread 
the wear on the wire and prevent it from 
overheating, thereby reducing the 
likelihood that the wire will break. A 
correctly performed cut can be completed 
in a short time.   
 
The procedure for the most frequently 
employed cuts are discussed below :- 
 

1. Carpus/Tarsus - One channel of the 
fetatome is threaded and the free end 
attached to a curved wire introducer. 
This is passed around the joint of the 
flexed limb and the wire returned to the 
outside. The second channel of the 
fetatome is then threaded and the head 
of the instrument held firmly against 
the distal carpal/tarsal joint. Cutting 
through the intercarpal joint ensures 
that the increased diameter of the distal 
radius in the area of the growth plate 
remains as an anchor point for the 
chain when traction is applied.  
Similarly, the hock joint is sectioned 
through the distal row of tarsal bones 
so that a point of traction remains 
above the large tuberosity of the os 
calcis. Once the distal portion of the 
limb has been removed from the uterus, 
an obstetrical chain is attached to the 
proximal stump. Before any traction is 
applied the anteriorly presented fetus 

should be retropulsed to facilitate 
extension of the elbow and shoulder. 

2. Deviation of the head and neck - two 
options are possible, either direct 
amputation of the flexed head and 
neck; or removal of the opposite 
forelimb first, which then provides 
access for amputation of the head and 
neck. With a direct cut, one channel of 
the fetatome is threaded, and the wire 
introducer attached to the free end is 
passed between the neck and chest 
wall.  

The head of the fetatome is held as 
close to the thoracic cavity as possible 
so that amputation is near the base of 
the neck. Once the head and neck have 
been removed, a krey hook is attached 
to the exposed vertebra. It is essential 
that a hand is placed over the neck 
stump while traction is applied to the 
krey hook chain and forelimbs. This 
ensures that the uterine wall, cervix and 
vagina are not traumatized by bone 
fragments.  If the neck can't be 
reached, removal of the opposite 
forelimb often provides sufficient room 
to facilitate passage of a curved wire 
introducer around the fetal neck. A 
second cut then removes the retained 
head and neck, thereby permitting 
delivery of the remainder of the torso.   

3. Extended forelimb - After both channels 
of the fetatome are threaded, the wire 
loop is moved up the limb until the 
head of the fetatome is positioned 
dorsocaudal to the cartilaginous part of 
the fetal scapula. It is essential that the 
wire is not dragged over the vaginal 
and cervical mucous membranes. Once 
tension is applied to the wires the loop 
should be seated in the axilla such that 
the ventral part passes between the 
fetal elbow joint and chest, and the 
dorsal part rests medial to the 
humeroscapular joint.  A chain attached 
to the fetlock is then anchored to the 
fetatome such that the limb is held in 
extension. The veterinarian must ensure 
that the head of the fetatome remains 
dorsocaudal to the scapula during the 
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sawing process.  A correctly placed cut 
will remove the entire forelimb by 
dissecting through the muscular 
attachments between the scapula and 
chest wall. The obstetrician should 
endeavor to remove the scapula in its 
entirety. It is common, however, to 
have a remnant of the scapula 
remaining attached to the fetal trunk 
after removal of the limb. It is critical 
that this portion be removed by hand 
(palm knife) before any further 
manipulations are performed. Failure to 
remove this remnant prior to fetal 
extraction may result in lacerations of 
the uterus, cervix and vagina. 

4. Retained forelimb - Prior to 
introduction of the saw wire a palm 
knife is used to make an incision along 
the dorsal border of the scapula. One 
channel of the fetatome is threaded 
and the free end is then attached to a 
curved wire introducer. The introducer 
is passed over the scapula and then 
pushed down between the limb and 
chest wall until it can be picked up 
ventrally and withdrawn under the 
humeroscapular joint. The second 
channel of the fetatome is threaded 
and the head of the instrument is 
advanced until it rests medial to the 
humeroscapular joint. The head 
should be held here and the wire loop 
seated in the dorsal incision. The 
sawing action will then cut through 
the muscular attachments that hold 
the scapula to the body wall.  

Discussion 

Vandeplassche has reported on a series of 
partial and complete fetotomies.  Partial 
fetotomy (one, 2 or, exceptionally, 3 cuts) 
permits repositioning of the fetus such 
that controlled vaginal delivery is possible. 
A series of 132 severe dystocias that were 
resolved by partial fetotomy included 
reflection of the head and neck (54.5%), 
hydrocephalus/dicephalicus (4.5%), 
breech presentation with deformity or 
ankylosis of the hindlimbs (12.9%), partial 
transverse presentation (18.9%), and 
deformity, ankylosis or reflection of the 

forelimbs (9.0%). On the basis of these 
132 cases, Vandeplassche stated that 
partial fetotomy was the method of choice 
to rapidly and safely resolve over 80% of 
cases that were not amenable to mutation 
alone. The only alternative in such cases is 
a cesarean section. In another dystocia 
study (Frazer et al) almost half of the 
cases were resolved by fetotomy, and 
73% (51/70) of these were performed on 
a standing tranquilized (+/-epidural) mare. 
A 1 to 3 cut fetotomy was performed in 
cases where the head and neck, and/or 
limbs were abnormally placed. 

One or two cuts were sufficient to correct 
57% (40/70) of the cases, and another 15 
required 3 cuts. Greater than 3 cuts 
(15/70) were performed when economics 
of the case precluded the expense of 
cesarean section or where, in the opinion 
of the clinician, the autolyzed state of the 
fetus presented too great a surgical risk. 
Of the cases not resolved by mutation 
alone 66% were corrected by fetotomy 
and 34% by cesarean section.  
 
Wry neck : It is important to be able to 
differentiate this condition from a mere 
lateral deviation of the head and neck. 
Wry neck is not amenable to correction by 
mutation. Although the author generally 
removes the entire neck at the level of the 
thorax, in severely kinked cases it may be 
preferable to make the cut behind the 
greater curvature of the bend in the neck. 
This ensures that the amputated head and 
neck portion can be readily extracted 
 
Hydrocephalus:  The condition is not 
uncommon in equine fetuses, especially 
those of the pony breeds. A single 
fetotomy cut from behind the ears down 
into the mouth removes the dorsal half of 
the fetal head, thereby permitting assisted 
vaginal delivery of the fetus. The trunk of 
a hydrocephalic fetus is generally smaller 
than normal and thus seldom interferes 
with delivery. In the author's referral 
hospital caseload approximately 5 % of 
dystocias involve a hydrocephalic fetus. 
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Contracted tendons: This condition is 
considered to be congenital rather than 
hereditary, and has no sex predilection. In 
a survey of 668 foals that died due to 
complications of birth the contracted foal 
syndrome was the most common 
congenital anomaly diagnosed. This rigid 
deformity generally means that the fetus 
must be extracted by cesarean section. 
Less severe cases may be managed by 
fetotomy. The condition occurs with 
various combinations of torticollis, scoliosis 
(49%), maxillofacial deformities (18%), 
and varying degrees of flexion of the 
carpus, tarsus, and fetlock. Limb 
contractures are generally bilateral and 
more common in the forelimbs (87%) than 
the hindlimbs (74.5%). Contracted fetlocks 
are more common than contractures of 
either the carpus or tarsus. 
 
Anterior presentation:  
1) "Hip lock" - A 2-cut fetotomy may 
occasionally become necessary if a 
normally presented foal becomes 
"hiplocked". If the fetus is dead, and 
attempts at traction are unsuccessful, the 
first fetotomy cut should section the lower 
lumbar region, and the second bisect the 
pelvis such that delivery by traction can 
proceed.  

 2) "Hurdling/Dog-sitting" - Another reason 
for traction on the head and forelimbs to 
be unsuccessful is with oblique ventro-
vertical presentations. In this variant of 
anterior presentation the head and 
forelimbs protrude through the vulvar lips, 
but one (Hurdling) or both (Dog-sitting) 
hindlimbs is flexed at the hip.  

The hooves may be caught at the pelvic 
brim such that the long axis of the fetus is 
angled up out of the uterus, or the entire 
hindlimb may lie in the vagina under the 
fetus. The unilateral malposture is more 
common. Although the hindlimb may be 
successfully repelled if the fetus is alive, 
this should not be attempted in the 
standing mare if the fetus is dead. In 
these cases the hindlimb may not always 
return to its normal position and uterine 
rupture can result when the fetus is being 

extracted. For this reason experienced 
practitioners recommend anaesthetizing 
the mare and elevating the hindquarters 
before attempting mutation.  

Partial fetotomy is an alternative, with a 
transverse cut being made through the 
fetal trunk. After the front end is delivered, 
the fetus is eviscerated and skinned back 
to permit removal of the lumbar vertebrae 
as close to the pelvis as possible. The skin 
flaps are tied together to cover the 
vertebral stump. Chains are then attached 
to the hindlimbs and the pelvis repelled 
into the uterus. The caudal portion of the 
fetus is then delivered in posterior 
presentation. An alternate approach in the 
anesthetized mare has been described.  A 
forelimb is removed, the costochondral 
junctions incised and the fetus 
eviscerated. The curved fetotomy wire 
introducer is then passed far back over the 
fetal tail-head and retrieved by passing an 
arm underneath into the inguinal region of 
the fetus. The malpostured hindlimb is 
sectioned in the coxofemoral area and the 
fetus delivered by applying traction on the 
remaining forelimb.  This method 
eliminates the possibility of uterine rupture 
if the offending hindlimb remains flexed 
within the uterus after manual repulsion. 

3) Head and neck flexion - The single most 
common abnormality resulting in dystocia 
is a reflected head and neck. If the fetus is 
dead a partial fetotomy is indicated. This 
cut is relatively easy to perform and the 
author believes it to be preferable to 
prolonged attempts at manual correction 
of a head and neck deviation. In 
Vandeplassche's dystocia population 89% 
(154/173) of the anteriorly presented 
cases (head and neck reflection) that were 
not amenable to correction by mutation 
were subsequently resolved by 
predominately 1 (40%) or 2 (30%) cut 
fetotomies. 

4) Forelimb malpostures - These are more 
easily corrected than hindlimbs provided 
that there is no tendon contracture.  

a) Uni- or bilateral carpal flexion alone is 
usually not a cause of severe dystocia. If 
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complicated by flexion of the elbow or 
shoulder then mutation becomes more 
difficult, and if the fetus is dead, a 
fetotomy cut through the distal row of 
carpal bones is preferable to prolonged 
attempts at manual correction. This is 
especially true if contracted tendons are 
suspected.  

b) Uni- or bilateral shoulder flexion will 
inevitably cause dystocia. Correction by 
mutation alone is possible but may take 
some time to achieve due to the long 
limbs of the equine fetus. Here again, 
dead fetuses are best delivered by a one 
or two cut fetotomy. If a dead fetus is 
presented with bilateral shoulder flexion 
and only the head protruding through the 
vulvar lips, sectioning the neck may permit 
repulsion of the fetus and correction of the 
abnormal posture by mutation. If not, 
further fetotomy cuts to remove the 
retained forelimbs may be indicated.  

Posterior presentation: 
In Vandeplassche's dystocia population 
78.6% (44/56) of posterior presentations 
that were not amenable to correction by 
mutation were subsequently resolved by 
fetotomy (mean of 2.8 cuts). 
1)  Hip flexion - Correction of bilateral hip 

flexion (True Breech Presentation) by 
mutation is seldom successful. It must 
first be converted into hock flexion. This 
is best attempted by anaesthetizing the 
mare, hoisting the hindquarters and 
instilling copious amounts of lubricant. 
This eliminates straining and increases 
the abdominal space. However, the 
uterine body is easily ruptured at its 
dorsal aspect as the hock is 
straightened. If the foal is dead a 
fetotomy may be considered but this is 
not readily performed on a bilateral hip 
flexion. The curved wire introducer 
must be passed dorsally between the 
trunk and most accessible flexed 
hindlimb, then retrieved from 
underneath - a rather difficult 
manoeuvre. The only alternative is a 
cesarean section. 

2) Hock flexion - Correction of a flexed 
hock posture by fetotomy may be safer 

in some instances than attempting to 
straighten the retained limb of a dead 
foal. The limb is sectioned through the 
distal row of tarsal bones and the 
amputated portion removed. An 
obstetrical rope or chain can then be 
fixed above the large tuberosity of the 
os calcis and use it as a point of 
traction.  

Transverse presentation 
Mutation of most transverse cases is 
impossible. In Vandeplassche's dystocia 
population only 50.5% (47/93) of the 
transverse presentations that were not 
amenable to correction by mutation were 
subsequently resolved by fetotomy (mean 
of 3.3 cuts). Some ventro-transverse cases 
may be managed by a two cut fetotomy if 
they are only partially bicornual. After one 
forelimb is removed, the head and neck 
are sectioned. It may then be possible to 
convert the fetus into a posterior 
presentation. 
 
However,  in Vandeplassche's studies 
transverse presentation of the fetus was 
the predominant reason for surgery and it 
was emphasized that in retrospect the 
percentage should have been higher as 
several cases that were corrected by 
fetotomy would have been better 
managed by cesarean section.  In a study 
of 202 mares delivered by fetotomy (69 
total; 133 partial), transversely presented 
and oversized fetuses posed the poorest 
prognosis for recovery of the mare, being 
81% and 75% respectively. They required 
too many cuts, especially if there was an 
oversized or malformed fetus, an 
elongated narrow birth canal, or advanced 
uterine involution. The author has 
extracted several transversely presented 
fetuses by means of fetotomy. These are 
extremely difficult cases and the procedure 
in this instance should be viewed as a last 
resort to save the mare's life when 
cesarean section has been declined by the 
owner. 
 
Summary 
Results from fetotomy can vary 
tremendously, to a large extent dependent 
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upon the level of expertise offered the 
obstetrician and the facilities available. A 
common fault is to choose fetotomy only 
after the birth canal has already been 
traumatized by unproductive attempts at 
mutation. Although many experienced 
veterinarians have reservations about the 
use of a fetotome in the mare, others 
consider a dead fetus to be an indication 
for fetotomy to avoid the additional risks 
inherent in performing a cesarean section. 
The aim of a fetotomy is to rapidly 
decrease the size of a fetus such that safe 
extraction can proceed. This avoids the 
stress and injury that follows from 
prolonged manipulations and excessive 
traction.  
 
Vandeplassche has stated that an 
experienced obstetrician should be able 
resolve over 90% of equine dystocias by 
mutation and traction, coupled with the 
judicious use of the fetotome when 
indicated. Thus, in this renowned 
obstetrician's opinion cesarean section 
may only be indicated as the primary 
approach in less than 10% of cases where 
a dead fetus is present. Fetotomy should 
not , however, be considered as a 
substitute for cesarean section even 
though veterinarians unfamiliar with 
fetotomy techniques may be more inclined 
to perform surgery.  
 
The good obstetrician should be skilled in 
the former, but have recourse to the later, 
and should use both techniques at the 
appropriate time. A poor prognosis for 
future fertility can be expected if the 
surgery is attempted after the mare has 
been subjected to prolonged vaginal 
manipulations and/or attempts at 
fetotomy. The reduced fertility that has 
been reported in mares after a cesarean 
section may have more to do with the 
cause and initial management of the 
dystocia rather than the actual surgery. 
Vandeplassche reported a 50% pregnancy 
rate for mares after cesarean section, but 
there was an increased likelihood of 
subsequent abortion. However, a fertility 
study on dystocia cases that have been 

resolved by cesarean section after minimal 
prior vaginal manipulation has 
demonstrated that the prior intervention 
may be a major factor in subsequent 
fertility.   
 
The author and others have noted that the 
pregnancy rate after elective cesarean 
sections is higher than that reported for 
mares which have had surgery to correct a 
dystocia.  One may ask why use of  the 
fetotome is far more common in the 
management of equine obstetric cases in 
Europe. Perhaps this is a reflection on the 
level of species specialization in the North 
American veterinary profession. Fetotomy 
in the mare is not as easy as in the cow 
due to the longer equine birth canal, 
longer fetal extremities and the 
impediment posed by the rapidly 
detaching fetal membranes. Thus, 
veterinarians who have the opportunity to 
develop their obstetrical skills in bovine 
dystocia cases are at a distinct advantage 
when it comes to managing such cases in 
the mare. The author had performed many 
fetotomies on cows before attempting to 
use the procedure in a mare. 
 
Extensive bovine fetotomy experience 
facilitates the acquisition of the technical 
expertise necessary to manipulate the 
equipment and to perform the cut(s) 
required without traumatizing the dam's 
reproductive tract. This paper has 
discussed when the procedure may be 
indicated in the mare, and where the 
cut(s) should be made. For those 
veterinarians who work exclusively on 
horses the cases which provide an ideal 
learning opportunity are those where 
cesarean section is not an option, and the 
alternative to an attempted fetotomy 
would be euthanasia.  In conclusion, the 
author believes that fetotomy definitely 
has it's place as a viable alternative to 
cesarean section in the management of 
selected equine dystocia cases, 
irrespective of the value of the mare – 
provided that the veterinarian is an 
experienced obstetrician. 
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Atrial Fibrillation: 
Pathogenesis, Management And 
Outcome 
 
Celia M Marr, BVMS, MVM, PhD, DEIM, DipECEIM, MRCVS 
Beaufort Cottage Equine Hospital,  
Rossdale and Partners 
Newmarket, Suffolk, UK, CB8 7NN 

Pathogenesis Of Atrial Fibrillation 
Atrial fibrillation is the most important and 
common pathological arrhythmia of the 
horse. Atrial fibrillation arises due to re-
entry, occurring in the presence of a 
unidirectional conduction block. This 
creates circus waves, that providing there 
is a critical atrial mass, are 
electrophysiologically stable and thus tend 
to be readily sustained. The horse has an 
inherent predisposition for this rhythm 
disturbance for two reasons; high vagal 
tone creates electrophysiological 
heterogeneity necessary for initiation of 
the arrhythmia and the large size of the 
equine atria perpetuates atrial fibrillation.  
 
However, any circumstance that 
exacerbates these two predisposing 
features will further increase the risk of an 
individual animal to the development of 
atrial fibrillation. Specifically, atrial 
enlargement that may occur in association 
with mitral insufficiency or, less frequently, 
tricuspid insufficiency or congenital cardiac 
disease can lead to atrial fibrillation. Thus, 
atrial fibrillation is commonly found in 
horses in congestive cardiac failure. In this 
setting, atrial fibrillation is a consequence 
of the underlying cardiac disease and not 
a specific cause of clinical signs of 
congestive failure.  
 
Both primary and secondary myocardial 
disease can exacerbate atrial 
electrophysiological heterogeneity.  
 
 
 
 
 
 
 
 
 

 
Thus, paroxysmal atrial fibrillation is 
occasionally seen in horses following colic 
surgery and, electrolyte disturbances, and 
in particular hypokalaemia has been 
implicated in the pathogenesis of 
sustained and paroxysmal atrial fibrillation. 
 
Clinical Presentation And Diagnosis 
Atrial fibrillation is most commonly 
identified as a clinical problem in horses 
engaged in vigorous athletic activities.  
 
Exercise-induced pulmonary haemorrhage 
may occur in conjunction with atrial 
fibrillation, presumably due to increases in 
pulmonary vascular pressure associated 
with impaired atrial emptying. In pleasure 
horses and breeding stock, it may 
frequently be an incidental finding. The 
condition is most often sustained but it 
can be paroxysmal and thus is generally 
considered to be the primary differential 
diagnosis in horses that develop 
arrhythmias during strenuous exercise. 
Paroxysmal atrial fibrillation will typically 
resolve spontaneously within around 24 
hours in this situation.  
Atrial fibrillation is characterised 
electrocardiographically as irregularly-
irregular R-R intervals with replacement of 
the p wave by random baseline 
undulations (f waves, Fig 1). 
 
Fig 1. An ECG recorded from a horse with 
atrial fibrillation, and no underlying heart 
disease. Note the f waves, irregular R-R 
interval and the slow (normal) heart rate. 
 
 
 
 
 
 
 

R
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The key issue in the diagnostic approach 
to horses with atrial fibrillation is the 
identification of underlying cardiac disease 
to enable the most rational therapeutic 
plan to be developed. It is important to 
differentiate horses in which atrial 
fibrillation is a consequence of heart 
failure rather than a primary condition 
since quinidine sulphate is indicated in 
primary atrial fibrillation and contra-
indicated in congestive heart failure. A 
heart rate of greater than 60 bpm, loud 
cardiac murmurs and echocardiographic 
evidence of valvular or other cardiac 
lesions suggest congestive heart failure is 
present  
(Table 1). 
 
In addition to specific biochemical tests for 
predisposing factors, haematology and 
blood biochemistry should be performed 
prior to treatment to ensure that the horse 
is otherwise healthy prior to initiation of 
therapy. The duration of the arrhythmia 
appears to influence the likelihood of 
successful treatment. This may be because 
the atria undergo electrophysiological 
remodelling such that the arrhythmia 
becomes more stable if it has been 
present for prolonged periods. 
 
 
 
Table 1. Clinical, echocardiographic and 
laboratory findings that are indicative of 
underlying cardiac disease in horses 
presenting with atrial fibrillation. 
 
Clinical Examination 
Heart rate > 50 bpm 
Cardiac murmur 
Venous distension and pulsation 
Peripheral oedema 
 
Echocardiographic Examination 
Atrial enlargement (left atrial diameter in 
left parasternal image > 14.5 cm) 
Valvular abnormalities and regurgitation 
Ventricular enlargement 
 
Laboratory Investigation 
Electrolyte statusBiochemical indicators of 
disease (cardiac isoenzymes of creatine 
kinase and lactate dehydrogenase, 
Troponin I) 
 

 
The most effective drug for treatment of 
uncomplicated atrial fibrillation is quindine 
sulphate administered by nasogastric tube.  
 
However, side-effects are common and 
can be fatal and if there is significant 
underlying cardiac disease, treatment with 
quinidine is not only futile, but also is 
potentially harmful. Thus, careful selection 
of suitable patients for treatment with 
quinidine sulphate is essential.  
 
A guide to the decision making on 
management of horses presenting with 
atrial fibrillation is described below:
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Quinidine Sulphate 
Two protocols are available for treatment 
with quinidine sulphate. It can be 
administered at a dose of 22 mg/kg every 
two hours, for six or seven treatments. If 
atrial fibrillation is still present, the same 
regimen is repeated the following day. The 
alternative treatment protocol consists of 
the administration of quinidine sulphate at 
22 mg/kg every two hours for five 
treatments and then the dosage interval is 
increased to six hours. With both 
protocols, treatment stops when normal 
sinus rhythm is restored or when side-
effects occur. The drug is extremely 
unpalatable and ulcerogenic and thus 
requires administration by nasogastric 
tube.  
 
Quinidine is effective because it prolongs 
the effective refractory period. However, 
the drug has a low therapeutic index and 
it also has alpha-adrenergic antagonist, 
vagolytic and pro-arrhythmic actions. 
These lead to the cardiovascular side-
effects of profound hypotension, rapid 
supraventricular and ventricular 
arrhythmias respectively. These side-
effects appear to be relatively independent 
of plasma quindine concentrations and are 
an idiopathic response in some individuals. 
Potentially fatal arrhythmias occur in 
around 4-8% of human beings treated 
with quinidine and a similar prevalence is 
probably present in horses. In emergency 
situations, supraventricular arrhythmias 
can be treated with digoxin while 
ventricular arrhythmias are treated with 
magnesium sulphate, propanolol or 
lignocaine. Procainamide should not be 

administered because it is of the same 
class as quinidine.  
 
The extra-cardiac side–effects of quinidine 
are in fact more common and appear to be 
related to the dose and duration of 
treatment. The extra-cardiac side-effects 
occur most frequently in patients that 
have some degree of underlying heart 
disease or have had atrial fibrillation for 
prolonged periods prior to initiation of 
treatment. Prolongation of the QRS 
duration by greater than 25% of its pre-
treatment value is an indicator that the 
plasma quinidine concentrations are high, 
and it is recommended that this is 
assessed during treatment and no further 
quinidine is administered if this is 
observed. Depression and anorexia are 
extremely common, and provided these 
signs are mild, treatment is generally 
continued despite their presence. 
Gastrointestinal problems (colic and 
diarrhoea) are the most common reason 
for treatment failure. Other side-effects 
include respiratory stridor, ataxia, urticaria 
and penile prolapse. 
 
Prognosis 
The prognosis for treatment of 
uncomplicated atrial fibrillation of short 
duration with quinidine sulphate is good. 
The recurrence rate in this category is 
around 15%. However, frequently the 
horse may remain in sinus rhythm for 
several months or years before the 
arrhythmia recurs. In horses with 
underlying heart disease or atrial 
fibrillation of longer duration prior to 
treatment the recurrence rate is higher.  
 

CLINICAL SETTING RECOMMENDED MANAGEMENT OPTIONS 
Sustained uncomplicated atrial fibrillation as an 
incidental finding in breeding stock or other 
animals that are not used for ridden activities 

No action required 

Sustained uncomplicated atrial fibrillation as an 
incidental finding in horses used for light ridden 
activities 

Rule out concurrent arrhythmias during exercise if 
the horse is to continue to be used with atrial 
fibrillation, treatment with quinidine sulphate is 
optional 

Sustained uncomplicated atrial fibrillation in 
athletes 

Rule out underlying cardiac disease,  
If no or minimal cardiac disease present - 
Treatment with quinidine sulphate 

Paroxysmal atrial fibrillation Investigate predisposing causes (systemic disease, 
electrolyte disturbances etc) 

Sustained atrial fibrillation in horses with 
concurrent signs of congestive cardiac failure 

Palliative therapy with furosemide, digoxin, and 
ACE inhibitors 
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After treatment, it is useful to use 
ambulatory ECG to identify isolated 
premature depolarisations as these 
suggest that there may be myocardial 
disease and can lead to recurrence of the 
arrhythmia. Provided that these are not 
present, the horse can return to training 
within a few days of successful training.  
 
Refractory Cases 
In horses in which treatment is 
unsuccessful the same treatment protocol 
can be repeated 14 – 28 days later. 
Digitalisation prior to second treatment 
may improve the likelihood of successful 
conversion, although this approach has 
not been evaluated critically. It is also 
reasonable to consider using the horse for 
a less strenuous activity.  
 
Unfortunately, there is a sub-group of 
horses with chronic AF that have runs of 
ventricular tachycardia during exercise and 
there does appear to be an association 
with atrial fibrillation and exercise-induced 
ventricular arrhythmias. Therefore, if the 
horse is to continue to be used for ridden 
activities, an exercising ECG should be 
obtained to assess any risk of collapse 
during exercise. In the majority of cases 
with sustained atrial fibrillation of 
prolonged duration and in the absence of 
more malignant arrhythmias, collapse 
during exercise is unlikely. 
 
Novel Approaches 
Alternative drugs such as class 1a 
procainamide are rational but although 
they have not been fully or fairly 
evaluated, anecdotal experience has not 
been encouraging.  
 
Treatment of AF with intravenous 
flecanide has proved disappointing3 but it 
has been used successfully in an oral 
regimen in one horse4. Similarly, 
development of new treatment regimens 
using amiodarone is underway5. The most 
exciting recent development is the 
introduction of transvenous electrical 
cardioversion using biphasic technology by 
McGurrin and colleagues working on a 
predominantly Standardbred population. 
Fifty episodes of AF in 46 horses, with no 
additional underlying cardiac disease have 
been treated with a 98% success rate6. 
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Tulp (Morea Pallida) Toxicity In 
Horses 
 
Donnellan CMB, BVSc (hons) MmedVet (med), 
Department of Companion Animal Clinical 
Studies, Faculty of Veterinary Science, Private 
Bag X04, Onderstepoort, 0100, 
cynthia.donnellan@up.ac.za 
 
 
Tulp (Morea pallida) is a cardiac glycoside-
containing plant. Fifty-six horses in a stable 
yard near White River, Mpumulanga, were 
exposed to hay contaminated with yellow 
tulp (Morea pallida). Twenty-six of these 
horses developed colic, 12 with severe colic, 
with 4 horses dieing, two from gastric 
rupture. Of these horses with colic, 3 were 
presented to the Onderstepoort Veterinary 
Academic hospital. Two horses had mild 
colic. One horse presented with marked 
dehydration, cardiovascular compromise, 
gastric distention, and small intestinal ileus 
and distention. Ileus of the large colon 
subsequently led to severe caecal and 
colonic tympany. Following ileus, colitis and 
diarrhea developed. Gastroscopy revealed 
hemorrhagic gastritis. Cardiac evaluation 
revealed significantly elevated cardiac 
Troponin I levels (30.56 ng/ml), sinus 
tachycardia and decreased fractional 
shortening (27%). Paraphimosis with 
ischemia and necrosis of the penis 
developed from thrombosis of the penile 
veins. The hay samples were visibly 
contaminated with tulp (Morea pallida). The 
cardiac glycoside content of the hay was 
9556 nmol/l and serum 0.9 nmol/l. Post 
mortem examination of this horse revealed 
ulcerative gastritis, enteritis and necrotic 
colitis, fungal embolic pneumonia with 
venous thrombosis in the heart, lung and 
penis. Cardiac glycoside toxicity resulting in 
terminal opportunistic systemic mycosis in 
this case. Tulp contaminated hay fed to 
horses may result in colic with severe ileus, 
gastritis, enteritis and colitis.  
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Overview of 
Clinical and Pathological Effects of 
Flunixin Meglumine Administration to 
Neonatal Foals- Joan B. Carrick et al, 
Clin J Vet Res 1989; 53: 195-201 
 
Finadyne, flunixin meglumine 50 mg/ml 
is the only NSAI labeled for use in foals of 
72 hours of age and older. Some newer 
drugs only instruct use from 6 weeks of 
age and older. Making one look at an 
established product with new eyes! 
 
Gastrointestinal ulceration is an important 
concern, especially when treating foals. 
First do no harm, comes to mind. In the 
mentioned study, 2-3 day old foals were 
given Finadyne intravenously at a dose of 
0.55, 1.1, 2.2 and 6.6 mg/kg divided twice 
daily for 5 days. Foals were given physical 
exams daily and blood samples were 
collected on days 1, 3 and 6. All foals were 
euthanized after 6 days, necropsied and 
examined for lesions. 
 
Results of the study showed that of the 
foals that developed diarrhoea during the 
study, there was no relationship between 
the incidence of diarrhoea and flunixin 
meglumine dosage. As for blood 
parameters, the study showed that many 
of the changes noted were consistent with 
published reports for neonatal foals 
reflecting a normal change associated with 
adaptation to extrauterine life. However, 
the rise in WBC and neutrophil count 
during the experiment is in contrast to 
previously published information which 
indicated that in healthy foals greater than 
2 days of age, these parameters remained 
constant. As there was not significant 
difference among the different treatment 
groups, the rise in WBC and neutrophil 
numbers may have been due to the stress 
of repeated handling of the foals or 
concurrent infection. 
 
In studying the effects of Finadyne on 
the kidneys there was no gross or 
histological evidence of renal papillary 
necrosis. In  

addition, the only rise on serum urea and 
creatinine occurred on day 6 in the 2.2 
mg/kg treatment group. One of the foals 
in the 2.2 mg/kg group had clinical 
evidence of renal failure, however, the 
renal failure in this foal was most likely a 
result of dehydration associated with 
diarrhoea, but may have been exacerbated 
by flunixin meglumine administration.  
None of the foals in the 6.6 mg/kg 
treatment group developed clinical signs of 
renal failure. 
 
The gastrointestinal lesions seen in the 
foals in this experiment were mild in 
comparison to lesions reported in foals 
that received phenylbutazone at 
approximately twice the recommended 
dose. At Schering-Plough’s recommended 
dose of 1.1 mg/kg given for 5 days, there 
was no significant increase in 
gastrointestinal lesions.  At 6.6 mg/kg the 
gastrointestinal lesions noted were not 
graded as severe. This finding was 
unexpected since the administration of 
phenylbutazone to adult ponies at 3 x, and 
to horses 3.5 or 7 times the recommended 
dosage has produced severe colic, 
diarrhoea and death in 4 to 10 days. 
 
The incidence of gastric ulceration in 
healthy, unhandled foals are unknown. In 
the saline-treated control group, 2 foals 
had gastric ulcers. This complicates the 
interpretation of these results. 
Nonetheless, the study did show that the 
treatment of  healthy neonatal foals with 
the recommended dosage of Finadyne 
caused no clinical, clinicopathological or 
pathological differences compared to 
treatment with physiological saline, but 
treatment with 6.6 mg/kg/day increased 
total gastrointestinal ulceration, gastric 
ulceration and cecal petechiation. 
 
Safety, as is efficacy is not a sole function 
of the active ingredient included in a drug, 
but of the complete formulation. Use 
Finadyne - quality backed by research.  
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Contact 
Dr Corné Loots 
Business Unit  Manager, Companion 
Animals and Poultry 
Schering-Plough Animal Health 
Tel. 086 100 7724  2F0305 
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Finadyne and endotoxaemia 
Endotoxic shock, which can be fatal, is the 
result of gram negative bacterial 
infections. Endotoxins are responsible for a 
variety of effects in mammals: 
hypoglycaemia, intravascular coagulation, 
ischaemia, endothelial damage and a 
decrease in white blood cell numbers. 
Colic in horses, diarrhoea in calves, 
coliform mastitis in cows, MMA in sows 
and abdominal trauma in dogs are specific 
examples. Endotoxins are released from 
the cell wall when the bacterium is broken 
down. Because of continual growth and 
death of gram-negative bacteria in the 
intestinal tract, there is a constant 
endotoxin level in the gut. Animals are 
protected from gut endotoxins by very 
limited absorption or liver detoxification. 
Several factors may be involved in 
overriding the protective mechanisms in 
the gut:  

a) death of large numbers of bacteria, 
leading to increased amounts of 
endotoxin; 

b) breakdown of protective barriers; 
c) overwhelming challenge to the 

liver; 
d) combination of the above. 
 

 
Damage to vascular endothelial cells 
follows, the arachidonic cascade is 
activated and prostaglandins are formed. 
A decrease in blood pressure is followed 
by partial recovery and then marked 
decrease in blood pressure, resulting in 
inadequate blood flow to critical organs. 
The latter changes are partially due to the 
effects of prostaglandins (tromboxane and 
prostacyclin). In model studies it has been 
shown that Finadyne blocks the increase in 
tromboxane and prostacyclin. Thereby, 
reversing the adverse effects of decreased 
blood pressure and decreased blood flow 
to critical organs. Phenylbutazone has a 
lesser effect and sodium salicylate has no 
effect. Finadyne appears to have a greater 
affinity for the enzymes in the vascular 
endothelial cells and this may explain the  
 
 

 
 
 
 
 
 
differenced in anti-endotoxic effect of 
these NSAIDs.  
 
Finadyne was also proven to be a more 
potent COX inhibitor than phenylbutazone 
in vivo. 
 
Treatment of endotoxic shock must be 
rapid and directed on three fronts: 
symptoms, mediators and bacteria 
responsible for endotoxin release. Fluids 
should be started immediately, followed by 
Finadyne as early as possible. This 
increases the circulating blood volume and 
reduce hypotension. Antibacterial 
treatment is instituted last to combat the 
infection. Fluid and anti-inflammatory 
treatment comes first, since shock is the 
most life-threatening. Starting with 
antibiotics may result in treating the 
infection of a dead animal! 
 
Safety, as is efficacy, is not a sole function 
of the active ingredient included in a drug, 
but of the complete formulation. Use 
Finadyne - quality backed by research.  
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19 February 2007 
Lucky Draw Prize: Welch Allyn Master 
Elite Stethoscope 
 
Finadyne® and Endotoxaemia 
 
Questions 
1. Endotoxaemia is the result of 

infections caused by 
A Viruses 
B G+ Bacteria 
C G- Bacteria 
D All of the above 
 
2. The following factors may be involved in 
the overriding of protective mechanisms in 
the gut 
A Death of large numbers of bacteria, 
leading to increased amounts of endotoxin 
B Breakdown of protective barriers 
C Overwhelming challenge to the liver 
D Combination of the above 
 
3. Which of the following treatments 
would you administer first in a patient with 
endotoxaemia? 
A Fluids 
B Finadyne® 
C Antibiotics 
D Corticosteroids 
 
4. TRUE/ FALSE 
Finadyne® (flunixin meglumine) blocks the 
increases in tromboxane and prostacyclin, 
thereby reversing the adverse effects of 
decreased blood pressure and decreased 
blood flow to critical organs. 
 
 
20 February 2007 
Lucky Draw Prize: Welch Allyn 
Procedure Headlight 
 
Phenylbutazone in food producing 
animals: is it safe? 
 
True/ False 
1. The use of phenylbutazone in food 
producing animals may cause non-dose 
related aplastic anaemia in humans. 
 

2. Orally administered aspirin my cause 
rumen atony. 
 
3. The withdrawal period for flunixin 
meglumine (Finadyne) is … hours for milk. 
A 24 hours 
B 36 hours 
C 48 hours 
D 72 hours 
 
4. The half-life of phenylbutazone is 
reported to be….. days in liver and muscle. 
A 5 days 
B 20 days 
C 43 days 
D 56 days 
 
 
21 February 2007 
Lucky Draw Prize: Welch Allyn 
Panoptic Ophthalmoscope 
 
Overview of Clinical and Pathological 
Effects of Flunixin meglumine 
Administration to Neonatal Foals 
 
 
1.Finadyne may be used in foals from 
A 72 hours and older 
B 2 weeks and older 
C 6 weeks and older 
D 2 months and older 
 
2.  True/ False 
Dehydration will increase the risk for renal 
failure when administering a NSAI. 
 
3. At the recommended dose of 1,1 mg/kg 
(1ml/45 kg) Finadyne given for 5 days, 
there was no significant increase in gastro-
intestinal lesions. 
 
4. In studying the effects of Finadyne on 
the kidneys there were no gross or 
histological evidence of renal papillary 
necrosis. 
 
5. The only rise in serum urea and 
creatinine occurred on day 6 in the 2,2 
mg/kg (2x the recommended dose) 
treatment group.  
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