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Epistaxis related to exercise-induced pulmonary haemorrhage in
South African Thoroughbreds

H Weidemana*, S J Schoemanb, G F Jordaanb and M Kiddc

INTRODUCTION
Epistaxis is defined as bleeding from the

nostril(s) and this condition has been
known for at least 300 years. It was for a
long time thought to be of a nasal origin
and due to unusually weak vessel walls
within the nose21. In 1974, the lung was
identified as the primary site of haemor-
rhage6, and in 1981, after examining race-
horses with a flexible fibreoptic endo-
scope, this was confirmed by Pascoe et al.16

They coined the term ‘exercise-induced
pulmonary haemorrhage’ (EIPH), linking
the readily identifiable features, exercise
and lung haemorrhage, to an apparently
common clinical condition. This term
more precisely describes the problem
than earlier ones such as ‘blood vessel
breaking’, ‘bleeder’ or ‘epistaxis’. Pescoe
et al.16 also reported that although some
horses manifested epistaxis after exercise,

far more had endoscopic evidence of pul-
monary haemorrhage without epistaxis.
Whereas epistaxis has a relatively low in-
cidence of 0.8–13.5 %13,19, EIPH has an inci-
dence of 26.5 –74.5 %16 in Thoroughbreds.
Most horses afflicted with EIPH therefore
do not bleed from the nostrils. Problems
that still have to be addressed are, for
example, why some horses are affected to
a greater extent or bleed more severely
than others, and the relationship between
the amount of blood seen and the actual
volume of haemorrhage12. Based on its
severity, at least 5 levels of pulmonary
haemorrhage are recognised9. This
ranges from the simple rupturing of the
capillary endothelium, allowing red
blood cells to escape into the interstitial
tissue (level 1), to level 3 where the
amount of blood flowing into the alveoli
is sufficient to ascend into the trachea and
to be visualised. At level 4, blood is visible
at the nostril (epistaxis), and at level 5
death occurs during or after a race from
severe pulmonary failure. Following
Takahashi et al.25, we refer to the level 4
condition as ‘EIPH-related epistaxis’ in
this paper.

A number of hypotheses have been put

forward regarding the pathophysiology
of EIPH-related epistaxis, for instance
that upper airway obstruction or lower
airway disease are necessary to induce
abnormalities in ventilation and increases
in alveolar pressure that would eventu-
ally lead to the tearing of lung tissue. West
and Mathieu-Costello26 suggested that
bleeding from the lungs is caused by
stress failure and rupture of the capillary
bed of the pulmonary circulation, a
finding substantiated by Birks et al.1,
who showed that Thoroughbred horses
develop extremely high pulmonary vas-
cular pressures during racing. The last
authors found that a pressure of between
75 and 100 mmHg was required to cause
stress failure of the pulmonary capillaries
in horses. Subsequently, Schroter et al.22

suggested that the lung is subjected to
high levels of locomotor-derived impul-
sive forces during high-speed exercise.
They suggested that during locomotion,
the force following ground-strike of the
front legs is transmitted through the
forelimbs to the scapulae, which in turn
produces an impulsive force on the rib
cage. As a result, pressure waves are
transmitted through the lungs, causing a
complex pattern of wave interactions
within the lung that ultimately leads to
haemorrhage.

According to the Jockey Club’s Racing
Calendar of Southern Africa (Vols 95–98),
about 110 southern African horses are
stricken annually with EIPH-related epi-
staxis. Worldwide, EIPH is of great con-
cern because of financial losses resulting
from decreased performance, suspension
of horses from racing, lost training days,
and the cost of pre-race medication. An
appreciable number of horses have died
as a result of EIPH during racing7,8. There
appears to be a consistent pattern of
incidence of EIPH throughout the world
despite diverse environmental factors
such as climate, training and manage-
ment practices, racing surfaces and types
of competition. During the early 1980s, post
mortem examinations and epidemiologi-
cal studies failed to demonstrate clear
relationships between a variety of envi-
ronmental factors and EIPH5, but subse-
quently these findings were shown to be
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ABSTRACT
This study investigated if environmental factors had an effect on the incidence of epistaxis
related to exercise-induced pulmonary haemorrhage (EIPH) among racehorses in southern
Africa. Data covering the period 1986–2001 and involving 778 532 race runs were analysed.
This included the following information: date of race, age, sex, name of breeder, trainer,
distance, jockey, state of going, weight carried, racing centre and altitude. Veterinarians
employed by the Jockey Club suspended officially entered horses that presented with
epistaxis (frank bleeding from the nostrils) after racing. On-course endoscopy is not
performed as a standard practice at any southern African racetrack. Epistaxis was identified
in 1287 horses (0.165 %). More horses presented with EIPH-related epistaxis (a) at sea level,
(b) from May to October, (c) when older (>3 years), (d) after 1995, (e) on Fridays and
Sundays, and (f) more in geldings than in mares or entire males. No association could be
established between epistaxis and breeder, trainer, distance run, jockey, state of going and
weight carried. It is concluded that the frequency of EIPH-related epistaxis is associated
with altitude, winter and spring, sex and age. It is suggested that racing at lower altitudes
may increase the probability of exercise-induced pulmonary haemorrhage.
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invalid, as discussed below.
The present study was undertaken to

determine if environmental factors have
had any effect on EIPH-related epistaxis
in southern Africa.

MATERIALS AND METHODS
Racing in South Africa and Zimbabwe

falls under the control of the Jockey Club
of Southern Africa, therefore veterinarians
employed by the Jockey Club examine all
horses before and after racing. Any horse
with epistaxis is reported as a ‘bleeder’
and suspended from racing. Horses with
an initial bout of epistaxis are automati-
cally suspended from racing for a period
of 3 months. A repeat bleeder receives a
6-month suspension and any further
incident of bleeding results in permanent
suspension. Owing to time and cost con-
straints, on-course endoscopy is not a
standard practice on any South African
racetrack. The use of furosemide is not
allowed in South African Thoroughbred
racing. Jockey Club-reported cases are re-
corded for all the racing centres in South
Africa and Zimbabwe. For each case, the
Jockey Club of Southern Africa’s database
includes the following data: identification
number of horse, its name, age, sex,
breeding status, stud where born and
raised, trainer, distance raced, date and
race when epistaxis occurred, racing
centre, date of last run before epistaxis
was reported, state of going, jockey,
weight carried, altitude, and date of re-
turn to racing. Racing in southern Africa is
conducted at sea level (Durban, Cape
Town and Port Elizabeth), ~1000 m a.s.l.
(Pietermaritzburg) and ≥2000 m (Johan-
nesburg, Bloemfontein, Kimberley and
Zimbabwe).

The data covering the period 1986–2001
and involving 51 465 individual horses
that ran a total of 778 532 race runs, were
analysed. Classification trees methodol-
ogy was used to determine the influence
of various predictor variables on epistaxis
as demonstrated in Thoroughbreds2. This
splits the data into various subgroups
based on predictors. If the predictors have
an influence on the occurrence of epi-
staxis, then certain subgroups will have
proportionately more epistaxis than other
subgroups. The subgroups were deter-
mined by rules based on the predictors. �2

tests (Statistica 6) for contingency tables
were used to determine the significance
of differences between subgroups.

The association of EIPH-related epi-
staxis with a number of variables was
tested statistically using classification
trees (Cart version 5). Owing to the very
low incidence of epistaxis (0.17%, or 1287
occurrences from 778 532 race starts),
samples with more manageable propor-

tions of epistaxis were drawn from the
original data. These samples were:
• All the horses with epistaxis were in-

cluded (1118 horses). This excluded
data for starts following the 1st episode
of epistaxis.

• From the remaining horses, 1118 were
selected randomly, and referred to as
the 50 % sample. This sample was du-
plicated using a further 1118 randomly
selected horses. In the same manner, a
sample containing the 1118 bleeders
and 4472 randomly selected horses
(20 % sample) was acquired and dupli-
cated. Finally a single 9.1 % sample was
drawn using all the bleeders and 12 298
randomly selected horses. The 5 sam-
ples had identical or very similar values,
and only the 50 % sample is therefore
used to illustrate the results of the study.

• All the race starts for each selected horse
were included. For the 50 % sample, this
for example gave a total of 43 863 races
with a proportion of 0.026 episodes of
epistaxis.

• In thirty-eight cases, epistaxis was
observed after training; these were ex-
cluded from analyses in some instances
when relevant data were not available.

RESULTS
Positive relationships were established

between EIPH-related epistaxis and race
year, altitude, age, sex, the day of racing
and month. An exponential increase in
the incidence of EIPH-related epistaxis
was evident for the period 1986–2001
(Fig. 1).

A significantly higher incidence of
EIPH-related epistaxis occurred in south-
ern Africa after 1995 (P < 0.001) (Fig. 2.)
The histogram in Fig. 3 shows that a sig-
nificantly larger percentage of EIPH-re-
lated epistaxis occurred in horses racing
at sea level compared with horses racing
at a higher altitude (P < 0.001).

The randomly selected sample estab-
lished an association between EIPH-
related epistaxis and age ( Fig. 4).

Only 1.1 % of 2-year-olds were stricken
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Fig. 1: Percentage EIPH-related epistaxis in a randomly selected sample according to year.

Fig. 2: Percentage EIPH-related epistaxis before and including 1995 and after 1995.



with EIPH-related epistaxis during their
1st year of racing. The 3-year-olds showed
a significant increase in the incidence of
EIPH-related epistaxis to 2.7 % (P <
0.001). The ages 4 years and older showed
a further significant increase compared to
both the 2-year-old (P < 0.001) and the
3-year-old groups (P = 0.0186).

The incidence of EIPH-related epistaxis
was also found to be significantly greater
in geldings than in females and entire
males (P < 0.001). As illustrated in Fig. 5,
geldings showed 2.5 % epistaxis com-
pared to 3.3 % in males and females com-
bined.

Racehorses in southern Africa experience
EIPH-related epistaxis significantly more
often on Sundays and Fridays than on
any other day (Fig. 6).

A significantly higher (P < 0.001) inci-
dence of epistaxis was observed in winter
and spring (months 5–10; May– October)
than in summer and autumn (months
11–12, 1–4; November–April) (Fig. 7).

No association was found between state
of going, trainer and location of racetrack,
and this is in agreement with an earlier
study15. The present study could also not
establish a relationship between distance
raced and EIPH. This is also in agreement
with other studies15,23. However, in a num-
ber of other studies, a positive association
was found between EIPH-related epi-
staxis and distance raced or breezed19,20.

DISCUSSION
In the present study, EIPH-related

epistaxis was observed in 0.16 % of all race
starts, which is appreciably lower than
0.84 % reported in an earlier study13 but
close to 0.15 % recorded in a comparable
study in Japan25. In the Japanese study the
authors suggested that the low incidence
could have been the result of the lower
mean age of horses racing there than
in other countries. Sixty-four percent of
horses in Japan were ≤3 years old, which
is equal to or higher than the percentage
in other countries. In the present study,
which confirmed that the frequency of
epistaxis increased with age, it was found
that approximately 40.4 % of horses in
racing were 2–3 years of age while 40.3 %
were 4 or 5 years old.

A total of 1118 (2.1 %) racehorses suf-
fered from EIPH-related epistaxis during
or after racing, with 150 (13.4 %) showing
a repeated bout of epistaxis and a further
12 horses (1.0 %) experiencing a 3rd
bout and permanent suspension from
racing.

Altitude
Only 1 reference to the relationship

between altitude and pulmonary haem-
orrhage could be found in the literature.
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Fig. 3: Percentage EIPH-related epistaxis at different altitudes.

Fig. 4: Percentage EIPH-related epistaxis per age group.

Fig. 5: Percentage EIPH-related epistaxis according to sex.

Fig. 6: Percentage EIPH-related epistaxis on Sundays and Fridays compared to other days.



Raphel and Soma19 cited a paper by
Pfaff18, who found that epistaxis was more
likely to occur at sea level than at an
altitude of approximately 2000 m. It was
based on racing records that were, how-
ever, not analysed statistically19. This is in
agreement with our observations. The
paucity of research on the relationship
between altitude and EIPH-related epi-
staxis may be ascribed to the fact that most
European and Eastern countries race at
sea level or only slightly above.

There have been reports that geograph-
ical and environmental factors influence
the frequency of EIPH-related epistaxis25.
In the present study, significantly more
racehorses manifested epistaxis at sea
level than horses racing at high altitude.
In the United States, where much racing
takes place at higher altitudes, a popular
belief exists that epistaxis occurs with
greater frequency in the mid-Atlantic
states (mostly at sea level)19. However, the
use of furosemide, a supposed suppressor
of pulmonary haemorrhage, is allowed
in a number of states and its use may
hamper research on epistaxis in the USA.

An increase in both the resting packed
cell volume and red cell numbers occurs
at higher altitudes, accompanied by an
increase in total blood volume, appar-
ently due to the expansion of the red cell
volume27. Further research on the pulmo-
nary mechanism in horses with EIPH at
different altitudes, is clearly indicated.

Age
A positive association between age and

EIPH was reported during the 1970s and
1980s3,4,6,13,15,19,24, the severity increasing
with age3,20 A link between age and
epistaxis was suggested by Pfaff17, and a
subsequent study by the same author
showed that the tendency to bleed in-
creases up to the age of 5 years, but he
noted that that 4- and 5-year-olds proba-
bly do more racing than horses of other
ages18. The low incidence of epistaxis

among 2-year-olds can be attributed to
the fact that they are introduced to racing
only towards the end of the 2nd year. The
higher incidence of haemorrhage in
older horses could also indicate that
there are cumulative effects of pulmonary
damage24. By contrast, no association
between age and EIPH were found in 2
other studies16,23.

Day of racing
Saturdays and Wednesdays were the

traditional racing days in southern Africa.
In 1986, 14 % of all meetings took place on
Wednesdays. Saturdays have always
occupied the ‘elite’ position on the racing
calendar and 2 to 3, even 4, meetings were
held on this day whereas no racing took
place on Sundays. At present, however,
racing takes place every day of the week.
Since the mid-1990s, most racing on
Fridays and Sundays took place at Port
Elizabeth (at sea level), with an additional
meeting every Sunday either in Cape
Town, Durban or Johannesburg.

Compared with horses racing at the
major southern African centres, the aver-
age performance of horses participating
at Port Elizabeth is slightly below average.
The benchmark handicap merit rating
system used by the Jockey Club rates the
average Port Elizabeth horse 4 pounds
(2 kg) lower than the average horse in the
major centres. Horses unable to earn their
keep in the main centres find their way
to Port Elizabeth, and horses that ‘bleed’
at work in other centres might also be
quietly sent there18. The notion that
horses ‘bleed’ more on Fridays and Sun-
days because most racing on these days
takes place at Port Elizabeth, is challenged
by the fact that the same class of horse
participates at Bloemfontein (same merit
rating as Port Elizabeth) and Kimberley
(1 kg lower than Port Elizabeth), race-
tracks with comparable racing frequen-
cies but a smaller incidence of epistaxis. If
this is so, then altitude (racing at sea level)

as an environmental factor, indeed has
an effect as demonstrated above. This
warrants further investigation.

Sex
The incidence of epistaxis in male and

female racehorses over a 2½-year period
at a New York racetrack was approxi-
mately equal11. In another study the inci-
dence of epistaxis was found to be
significantly greater in geldings than in
females and entire males18, a finding also
of the present study. However, no rela-
tionship between sex and EIPH could
be established in a number of other
studies6,14,16,19,23. A significantly lower EIPH
prevalence in entire male racehorses,
compared with mares and geldings, has
also been reported10. Research in Japan
failed to reveal any relationship between
sex and epistaxis; however, this factor was
significant in a multiple logistic regres-
sion analysis, when adjusted for the other
factors25.

Month/season of racing
Investigations at New York racetracks

have shown that most horses bleed dur-
ing autumn and spring11,13, while the
worst months for bleeding were the
colder months (April to July; winter)18, a
finding in agreement with our study in
which most horses were found to bleed
during the cooler to cold months (May–
October). A highly significant negative
relationship between air temperature and
EIPH has been reported in the literature,
i.e. more horses were EIPH positive as
temperature decreased14 [temperatures
were designated as warm (>10 °C), tem-
pered (0 °C to ≤ 10 °C) or cold (<0 °C)].
Since there is no physiological reason for
this, one can only speculate as to the
nature of the relationship between air
temperature and EIPH. A possible expla-
nation could be that a factor such as cold
air would render the capillary walls more
fragile, thereby increasing their tendency
to rupture during exercise.

Year of racing
We were unable to explain the signifi-

cant increase in epistaxis since 1995.

Furosemide
The use of furosemide is allowed in a

number of states in the USA, purportedly
to decrease the incidence of EIPH. This
medication could mask the symptoms of
EIPH  and  result  in  bleeders  not  being
identified. The indiscriminate use of
such horses for stud purposes when its
epistaxis status is not known, could have a
possible negative influence on the breed
as a whole. This will be investigated in a
further study.
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Fig. 7: Percentage EIPH-related epistaxis according to grouped months.
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Book review/Boek resensie: Crocodiles – Biology, husbandry and diseases (continued from p. 116)

used in commercial farming in South Africa.
Reproduction – of prime importance to commer-
cial farmers and conservationists alike – is exam-
ined. Prof. Huchzermeyer discusses nesting be-
haviour, practical considerations in preparing
commercial nesting sites, as well as the evaluation,
incubation and care of eggs and hatchlings.

Temperature control and stress reduction are of
prime importance when dealing with any captive
reptile, and is of even greater importance in captive
crocodiles when kept at high stocking densities.
Ways of maintaining optimal temperature gradi-
ents, as well as methods of stress reduction, such as
providing adequate hiding areas and reducing
stocking densities are discussed. Hygiene is also of
the utmost importance in commercial crocodile
farming, and all aspects – from egg to adult – are
touched on, including biosecurity measures.
Although most of the book focuses on commercial
farming, the requirements of crocodilians in a zoo
setting are also discussed where this differs from
the above.

The slaughter process, humane killing, as well as
the effects of preslaughter stress are examined in
depth. From a conservation aspect, the bushmeat

trade and the use of crocodile parts in traditional
medicine are touched on.

Transmissible diseases, such as crocodile-specific
viral and bacterial diseases, as well as non-specific
bacterial, fungal and parasitic infections are dealt
with. As in other reptiles, disease is usually second-
ary to underlying husbandry concerns, and is
discussed in this context. Parasite and host lists are
extensive and where known, parasite life cycles
are described. As is the case in most captive exotic
species, non-transmissible – especially nutritional
and husbandry-related – diseases are major causes
of morbidity and mortality, and are discussed in
great detail. The chapters dealing with disease
reflect the current state of knowledge as to the
prevention, clinical significance and treatment of
both transmissible and non-transmissible diseases.

This book can be wholeheartedly recommended
as an essential addition to the library of anyone
dealing with captive or farmed crocodilians.

W van Wyk
Bird and Exotic Animal Clinic
Faculty of Veterinary Science

University of Pretoria
Onderstepoort


