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Cardiomiopatía hipertrófica 
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y hemorragia pulmonar inducida por el ejercicio 
un estudio post mortem en caballos pura sangre

Abstract
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Hypertrophic cardiopatia e induzida pelo exercício pulmonar hemorragia eqüinos da raça um estudo de pós-morte

The aim of this study was to describe hypertrophic cardio-
myopathy occurring in conjunction with exercise induced pul-
monary hemorrhage in Thoroughbred horses in the national 
racetrack “La Rinconada”, Caracas Venezuela. The study in-
cluded 26 equine Thoroughbreds, of which 20 were male and 
six were female, within 2-4 years old. All horses had previous 
episodes of pulmonary hemorrhage induced by exercise and 
had no clinical signs consistent with cardiomyopathy, and had 
a routine diagnostic necropsy. Samples of tissue heart and 
lungs and other organs were collected, fixed, prepared and 
stained with Hematoxylin & Eosin (H&E) and special stain 
Prussian Blue, for light microscopy. On necropsy, all cases 
revealed hypertrophic cardiomyopathy, specifically left ven-
tricular concentric hypertrophy, with severe obliteration of the 
left ventricular lumen. There were no valve diseases or mural 
or valve endocarditis. The average diameter of left ventricular 
wall was approximately ±9.20 cm (DS: ±0.925). The thick-
ness of the wall of the left ventricle was on average ±6.19 
cm (DS: ±0.409). Weight heart was to ±5.11 (DS: ±0.530). 
Histological lesions showed congestion, edema, and acute 
pulmonary intra-alveolar and interstitial hemorrhage due to 
rupture of focal bronchial arterioles, replete with red blood 
effusion. The Prussian blue special stain was positive for he-
mosiderophages in all cases studied. Microscopically there is 
fiber disarray, hypertrophic cardiomyocytes and some fibro-
sis. The cardiac fibers increase in width, nuclei increase in 
size. In conclusion these results suggest a close relationship 
between the developments of exercise-induced pulmonary 
hemorrhage associated with ventricular concentric hypertro-
phic cardiomyopathy in Thoroughbred horses.

Keywords: Cardiomyopathy, EIPH, HCV, Pathology, Thor-
oughbreds.

El objetivo de este estudio fue describir miocardiopatía hip-
ertrófica en conjunción con hemorragia pulmonar inducida 
por el ejercicio en caballos Pura Sangre  en el hipódromo 
“La Rinconada”, Caracas, Venezuela. El estudio incluyó a 26 
equinos Pura Sangre, 20 machos y 6 hembras, con edades 
entre 2-4 años. Todos los caballos presentaron episodios 
previos de hemorragia pulmonar inducida por el ejercicio y no 
tenía signos clínicos compatibles con la cardiomiopatía, se 
practicó necropsia de diagnóstico. Se colectaron muestras 
de corazón y pulmones y de otros órganos, las cuales se 
fijaron en formol y procesadas por los métodos convenciona-
les histológicos, fueron coloreadas con hematoxilina y eosina 
(H&E) y la tinción especial azul de Prusia, y observadas por 
en el microscopio óptico. En todos los casos la necropsia rev-
eló una miocardiopatía hipertrófica, específicamente hiper-
trofia ventricular izquierda concéntrica, con obliteración grave 
de la luz ventricular izquierda. No hubo enfermedades de la 
válvula o válvulas murales o endocarditis. El diámetro pro-
medio de la pared ventricular izquierda fue aproximadamente 
± 9,20 cm (DS: ± 0,925). El espesor de la pared del ventrí-
culo izquierdo fue en promedio ± 6,19 cm (DS: ± 0,409). El 
peso del corazón fue ± 5,11 (DS: ± 0,530). Histológicamente 
se observo congestión, edema y hemorragia intra-alveolar e 
intersticial pulmonar aguda debido a la ruptura de las arte-
riolas bronquiales focales, repletos con derrame de sangre 
roja. La coloración Azul de Prusia fue positiva para hemosid-
erófagos en todos los casos estudiados. Microscópicamente 
se observo  desorganización de las fibras, los cardiomiocitos 
hipertróficos y algunos focos de fibrosis. Las fibras cardía-
cas aumentan en anchura, núcleos aumento de tamaño. En 
conclusión, estos resultados sugieren una estrecha relación 
entre la evolución de la hemorragia pulmonar inducida por el 
ejercicio asociados a miocardiopatía hipertrófica concéntrica 
ventricular en caballos pura sangre. 

Palabras clave: EIPH, Miocardiopatia, Patología, pura san-
gre, VHC. 
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Resumo

O objetivo deste estudo foi descrever a cardiomiopatia hi-
pertrófica ocorre em conjunto com o exercício hemorragia 
pulmonar induzida em eqüinos da raça na pista de corrida 
nacional “La Rinconada”, Caracas, Venezuela. O estudo in-
cluiu 26 eqüinos puro-sangue, dos quais 20 eram do sexo 
masculino e seis do sexo feminino, com 2-4 anos de idade. 
Todos os cavalos tiveram episódios anteriores de hemorragia 
pulmonar induzida por exercício e não tinham sinais clínicos 
compatíveis com cardiomiopatia, e tinha uma necropsia de 
diagnóstico de rotina. Amostras de tecido do coração e os 
pulmões e outros órgãos foram fixadas, preparadas e cora-
das com Hematoxilina e Eosina (H & E) e corante especial 
Prussian Blue, por microscopia de luz. Em todos os casos 
de necropsia revelou cardiomiopatia hipertrófica, hipertrofia 
concêntrica do ventrículo esquerdo, especificamente, com 
obliteração grave do lúmen do ventrículo esquerdo. Não 
havia doenças valvares ou endocardite mural ou válvulas. 
O diâmetro médio da parede do ventrículo esquerdo foi de 
aproximadamente ± 9,20 centímetros (DS: ± 0,925). A es-
pessura da parede do ventrículo esquerdo foi de, em média, 
± 6,19 centímetros (DS: ± 0,409). Coração de peso foi de 
± 5,11 (DS: ± 0,530). Lesão histológica revelou congestão, 
edema e hemorragia intra-alveolar e intersticial pulmonar 
agudo por ruptura das arteríolas brônquica focais, repleto 
de efusão de sangue vermelha. O corante especial azul da 
Prússia foi positivo para hemosiderophages em todos os ca-
sos estudados. Microscopicamente há desorganização das 
fibras, cardiomiócitos hipertrofiados e alguns fibrose. As fi-
bras cardíacas aumentam em largura, aumento de núcleos 
de tamanho. Em conclusão estes resultados sugerem uma 
estreita relação entre a evolução da hemorragia pulmonar in-
duzida por exercício associadas a cardiomiopatia hipertrófica 
concêntrica ventricular em cavalos puro-sangue. 

Palavras-chave: Cardiomiopatia EIPH, HCV, patologia, pu-
ro-sangue.

Introduction

The term cardiomyopathy was coined for a group of myo-
cardial diseases in humans which were at the time unknown 
or obscure cause5. Hypertrophic cardiopathy is much less 
common than the dilated form. Associated clinical syndromes 
include sudden death, death during anesthesia, and conges-
tion heart failure5. A recent review of the literature of cases 
of cardiomyopathy reported in horses showed: hypertrophic 
cardiomyopathy (HCM) is an uncommon genetic cardiovas-
cular disease that affects the left ventricle2,4,7. Chronic admin-
istrations of beta2-agonists have been shown to have toxic 
effects on the heart; however, no data exist on cardiac func-
tion after chronic clenbuterol administration9. In 2013 a previ-
ous study described hypertensive cardiomyopathy in 5 hors-
es (1995-2011)3. A case of Clostridial myonecrosis, hemolytic 
anemia, hepatopathy, osteitis, and transient hypertrophic car-

diomyopathy after intramuscular injection in a Thoroughbred 
gelding were reported in 20131. Multiple factors have been 
previously described as associated with the development of 
epistaxis, exercised induced pulmonary hemorrhage (EIPH), 
and sudden death in horses, which include hypertrophic car-
diomyopathy. However, congenital cardiomyopathy can be 
a factor in the development of pulmonary hemorrhage and 
its consequences have been poorly studied. The aim of this 
study was to describe hypertrophic cardiomyopathy occurring 
in conjunction with exercise induced pulmonary hemorrhage 
in Thoroughbreds horses in the national racetrack “La Rinco-
nada”, Caracas Venezuela. 

Material and methods

Study horses included 26 Thoroughbreds (20 male and 6 fe-
male), between 2-4 years old, in the National Racetrack “La 
Rinconada”, Caracas-Venezuela. All horses had previous ep-
isodes of pulmonary hemorrhage induced by exercise during 
racing with recurrent epistaxis in previous training and were 
treated at the time and their athletic activity continued with 
no clinical signs consistent with cardiomyopathy. The rules 
of racing in Venezuela allowed administration of furosemide 
four hours prior to race time, at a maximum dose of 250 mg 
(Regulation National Horse Racing Venezuela, 1995). How-
ever it is common to use a clenbuterol dose of 2ml/100lbs 
body weight for these cases. However, it was not possible to 
conduct a toxicological study to determine the presence of 
clenbuterol. These horses were followed for 12 months, died 
of various causes: colic, euthanasia, and for catastrophic 
skeletal muscle injury, all of which had a routine diagnostic 
necropsy. Additionally 5 Thoroughbred horses were included 
in the study (3 male and 2 female), that died of other causes 
not associated with epistaxis and EIPH and who had normal 
hearts. Macroscopic and morphological heart dissection was 
performed to record measurements according to standard 
protocols previously described in the literature14. Samples o 
heart and lung tissues and other organs were collected and 
fixed in 10% buffered formalin. Tissue sections were pre-
pared and stained with Hematoxylin & Eosin (H&E) and spe-
cial stain Prussian blue, for light microscopy. 

Results

On necropsy all cases revealed hypertrophic cardiomyopa-
thy, specifically in the left ventricle concentric hypertrophy, 
with severe obliteration of the left ventricle lumen (or cham-
ber) (Figures:1,2,3,4). 
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There were no valve diseases or mural or valve endocarditis. 
The average diameter of left ventricle wall was approximately 
±9.20 cm (DS: ±0.925). The thickness of the wall of the left 
ventricle was on average ±6.19 cm (DS: ±0.409).  Average 
heart weight was ±5.11 (DS: ±0.530). The results are shown 
in the table 1. The right ventricle wall thickness averaged 4 
cm, while the left and right atria were ±3.5 cm on average (Ta-
ble 1). In Venezuela, there are no previous reports of average 
Thoroughbred heart dimensions, so measures were taken 
randomly on 5 horses that died of other causes unrelated to 
heart disease and EIPH. The mean diameter of these hearts 
was 6.12, SD: ±0.52, left ventricular wall mean was 5.76, SD: 
±0.35 and mean heart weight was 4.04, SD: ±0.11. Echocar-
diography measurement of normal hearts in this study were: 
Left ventricle free wall in diastole (FWd) 2.4 cm +/- 0.3 and 
left ventricle free wall in systole (FWs) 4.0 cm +/- 0.9 5,8. The 
right ventricular wall thickness averaged 4 cm, while the left 
and right atria were ±3 cm on average. 

Table 1.- Measures of horses heart , left ventricle diameter, left ven-
tricle all and weight heart, sex, years old and cause of death. 

Left Ventricular 
Diameter (cm)

(Miocardiopathy)

Left Ventricular 
Wall (cm)

(Miocardiopathy)

Weight Heart (Kg)
(Miocardiopathy)

Total 9,20769231 6,11923077 5,11153846
Max 11,1 7 6,1

Min 7,3 5,1 4

DS 0,925424366 0,409705041 0,530132742

Edema, congestion, pulmonary hemorrhage pulmonary and 
fibrosis in the caudal lobe was observed in all cases. Histo-
logical lesions showed congestion, edema, and acute pulmo-
nary intra-alveolar and interstitial hemorrhage due to rupture 
of focal bronchial arterioles, replete with red blood effusion. 
The Prussian blue special stain was positive for hemosidero-
phages in all cases studied. Microscopically the myocytes, 
normally arranged in parallel bundles, were found at oblique 
and perpendicular angles to each other, often in an interlac-
ing or basket weave pattern; an indication of cardiac fiber dis-
array, hypertrophic cardiomyocytes and some fibrosis. The 
cardiac fibers were increased in width and nuclei were diam-
eter in size.

Discussion

The lesion observed in the heart at necropsy of horses has 
traditionally been given little attention. Recently cases of sud-
den death in horses in international competition have attract-
ed much interest in the lesions of the heart as the primary 
cause of sudden death. Cardiac hypertrophy occurs in the 
left ventricle, right ventricle, or bi-ventricle6. Hypertrophy can 
be primary (idiopathic cardiomyopathy) or secondary to an-
other underlying condition that increases workload demand. 
Primary hypertrophy is rare and irreversible6. Secondary hy-
pertrophy is a physiologic and partially reversible increase in 
cardiac mass that results from an attempt to meet increased 

Figure 1. - Hypertrophy cardiomyopathy, 
heart, equine.

Figure 2.- Hypertrophy cardiomyopathy, 
heart, equine.

Figure 3.- Hypertrophy cardiomyopathy, 
heart, equine.

Figure 4.- Hypertrophy cardiomyopathy, 
heart, equine.
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work demand. Concentric cardiac hypertrophy results in in-
creased myocardial mass with thickened walls and reduced 
ventricular chamber volume. Cardiac hypertrophy has three 
sequential cellular stages: 1. Initiation (increase in cell size 
by increasing the number of sarcomeres and mitochondria). 
2. Compensation: stable hyper function of the heart; ab-
sence or minimal clinical signs of heart failure. 3. Deteriora-
tion: degeneration of hypertrophied cardiomyocytes, loss of 
myocardial contractility and frank evidence of heart failure6. 
In horses previous reports highlight the complications that 
can arise from clostridial myonecrosis, including the effect 
on the myocardium with hypertrophic cardiomyopathy af-
ter intramuscular injection1. Clenbuterol is a β 2 -adrenergic 
receptor agonist licensed for veterinary use as a broncho-
dilator. At doses ≥ 10² μg/kg (4.5 μg/lb), in excess of those 
normally prescribed, β-adrenergic stimulation by clenbuterol 
may cause sustained tachycardia, muscle tremors, hypergly-
cemia, and cardiac and skeletal muscle necrosis11. Laminitis, 
acute renal failure, rabdomiolisys, and cardiomyopathy were 
fatal complications with clenbuterol overdose in 2 horses in 
the present report11.  Other study after treatment, CLENEX 
and CLEN demonstrated significantly higher left ventricular 
internal dimension (LVD) at end diastole (+23.7 +/- 4.8%; 
+25.6 +/- 4.1%), LVD at end systole (+29.2 +/- 8.7%; +40.1 
+/- 7.9%), interventricular septum wall thickness (IVS) at end 
diastole (+28.9 +/- 11.0%; +30.7 +/- 7.0%), IVS at end systole 
(+29.2 +/- 8.7%; +40.1 +/- 7.9%), and left ventricular poste-
rior wall systolic thickness (+43.1 +/- 14.%; +45.8 +/- 14.1%). 
CLENEX and CLEN had significantly increased aortic root di-
mensions (+29.9 +/- 6.1%; +24.0 +/- 1.7%)9. Taken together, 
these data indicate that chronic clenbuterol administration 
may negatively alter cardiac function9. Recently there have 
been a significant number of cases of sudden death during 
exercise or after exercise in California USA. A detailed report 
to the California Horse Racing Board at its Nov. 21 meeting 
concluded that the cluster of sudden deaths and the medica-
tions routinely dispensed in these horses were Ventipulmin 
(clenbuterol) and Thyro-L (levothyroxine), both of which were 
administered legally. In the Horse Racing Venezuela,is com-
mon to use a clenbuterol dose of 2ml/100lbs. Left ventricular 
hypertrophy is the most consistently reported effect of clen-
buterol in humans and laboratory animals, and increased mu-
ral thickness may be due to a combination of true hypertrophy 
and myocardial fibrosis. In horses receiving clenbuterol at 
2.4μg/kg twice daily for 8 weeks, no echocardiography altera-
tions were evident at rest, but all parameters measured were 
significantly different in treated horses following strenuous 
exercise, except for end-diastolic thickness of the left ven-
tricular free wall12. Another recent report in horses concludes 
a clinical relevance-hypertensive cardiomyopathy should be 
considered as a comorbid diagnosis in horses with lamini-
tis or chronic renal failure3. Congestive heart failure could be 
unilateral or bilateral, and acute or chronic. Fluid retention, 
edema, venous congestion and, in some cases, cyanosis are 
the most common signs of heart failure. Left heart failure: pul-
monary congestion and edema (acute); intra-alveolar hem-

orrhage, alveolar hemosiderophages known as heart failure 
cells and pulmonary fibrosis in chronic cases. Fluid accumu-
lation in lungs caused by left heart failure is clinically referred 
to as cardiogenic pulmonary edema6. This may increase the 
risk of developing hypertension and pulmonary hemorrhage 
induced by exercise in the athletic horse. Remodeling of pul-
monary veins (VR) in equine EIPH was recently described, 
suggesting that it contributes to the pathogenesis of the dis-
ease. The cause of VR is unknown, we tested the hypothesis 
that the development of VR follows pulmonary blood flow 
distribution, preferentially occurring in the caudal-dorsal lung 
region13. Similarity of the distribution of EIPH lesions and the 
reported fractal distribution of pulmonary blood flow suggests 
that VR develops in regions of high blood flow13. In summary, 
concentric left ventricular hypertrophy generates a decrease 
of end systole volume and an increase in blood volume in 
a left atrial retrograde stagnation of blood in the pulmonary 
veins. This causes an increase in blood volume in the lungs 
with increased pulmonary vascular pressure. Moreover sys-
temic hypertension secondarily impacting the system with in-
creased venous pressure in the vena cava, right atrium, right 
ventricle and pulmonary arteries can explain the development 
of pulmonary hemorrhage induced by exercise in the athletic 
horse. In conclusion, this study reported hypertrophic cardio-
myopathy, specifically left ventricular concentric hypertrophy 
and the development of pulmonary hemorrhage induced by 
exercise in Thoroughbreds horses. However further immuno-
histochemical and genetic studies are required. The lesions 
observed in the heart of these horses were necropsy find-
ings however, given the previous history of exercise-induced 
pulmonary hemorrhage, epistaxis and a pathophysiological 
association between pulmonary hemorrhage, epistaxis and 
cardiomyopathy is established.

Acknowledgments: The authors acknowledge the technical 
assistance of Raul Kobe Briceño Senges in image editing, 
Luis Leal for technical assistance during necropsies, Fran-
cisco Garcia and Emilio Suniaga by histological processing. 
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