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RESUMO.- [Aspectos epidemiológicos e patológicos 
das cardiomiopatias em gatos no Sul do Brasil.] As 
cardiomiopatias são consideradas umas das mais importantes 

causas de insuficiência cardíaca em gatos e são subdivididas 
morfologicamente em três principais tipos: cardiomiopatia 
hipertrófica (CMH), dilatada (CMD) e restritiva (CMR). 
Este trabalho teve como objetivo determinar a frequência 
e os tipos de cardiomiopatias em gatos diagnosticados no 
Sul do Brasil, abordando seus aspectos epidemiológicos e 
patológicos. Foram revisados os laudos de necropsias de gatos 
e selecionados para o estudo de diagnóstico de cardiomiopatia. 
Os dados referentes à identificação do animal, o histórico/
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sinais clínicos e lesões macroscópicas foram revisados e 
compilados. No período estudado, foram realizadas 1.594 
necropsias de gatos, destas, 72 (4,5%) compreenderam 
diagnóstico de cardiomiopatia. A CMH foi a mais frequente 
seguida pela CMR e CMD, representando 77,8%, 12,5% e 
9,7%, respectivamente. A idade variou de três meses a 18 
anos, com a idade mediana de sete anos. Em relação ao sexo, 
62,5% eram machos e 37,5% fêmeas. Em 76,4% dos casos, 
afetou gatos sem raça definida.  Dispneia mista restritiva e 
hidrotórax foram os principais sinais ou achados do exame 
clínico. Morte súbita e paresia aguda de membros pélvicos em 
razão do tromboembolismo aórtico também foram descritos. 
Na CMH, observou-se espessamento do miocárdio, com redução 
da câmara ventricular.  Hipertrofia, desarranjo e fibrose das 
miofibras foram os principais achados histológicos. Na CMR, 
visualizou-se endocárdio esbranquiçado e espessado na 
maioria dos casos. A CMD caracterizou-se pela dilatação das 
câmaras cardíacas, e sem lesão histológica significante. As 
principais lesões extracardíacas encontradas foram edema e 
congestão pulmonares, hidrotórax e congestão passiva crônica 
do fígado. As cardiomiopatias são causas importantes de morte 
em gatos, devem ser incluídas no diagnóstico diferencial de 
pacientes com sinais clínicos cardiorrespiratórios e  também 
em casos relacionados a morte súbita e paresia aguda dos 
membros pélvicos.

TERMOS DE INDEXAÇÃO: Epidemiologia, patologia, gatos, Brasil, 
felinos, cardiomiopatia hipertrófica, cardiomiopatia dilatada, 
cardiomiopatia restritiva. 

INTRODUCTION
Cardiomyopathies are important progressive heart diseases, 
especially in felines and canines, which resemble the presentation 
of the diseases in humans (Miller & Gal 2017). Cardiomyopathy 
is defined as a diverse group of heart muscle diseases, in which 
the myocardium is structurally and functionally altered (Elliott 
et al. 2008). Cardiomyopathies are considered one of the most 
important causes of heart failure in cats and are classified as 
primary when the origin or suspicion is genetic and secondary 
when there is a known cause that is not genetic (Robinson & 
Robinson 2016). Cardiomyopathies are further subdivided 
into three main morphological types: hypertrophic (HCM), 
dilated (DCM), and restrictive (RCM) (Robinson & Robinson 
2016). In HCM, myocardial hypertrophy of an unknown 
etiology is identified (Fox 2003), but an autosomal recessive 
genetic character is suspected in cats and humans (Meurs et 
al. 2005, 2007). CMD is characterized by the dilation of the 
four cardiac chambers (Robinson & Robinson 2016) and RCM 
by the restriction of ventricular filling and distention due 
to the large amount of fibrous connective tissue (Fox 2004, 
Kimura et al. 2016).

In cats, cardiomyopathies are the most frequent cardiovascular 
diseases and are important causes of deaths (Ferasin 2009a). 
In Brazil, there are few published data sources related to 
cardiomyopathies in this species. Therefore, this study aimed 
to determine the frequency and types of cardiomyopathies in 
cats diagnosed in southern Brazil, with an emphasis on their 
epidemiological and pathological aspects.

MATERIALS AND METHODS
Necropsy reports filed in a veterinary pathology laboratory from 
January 2008 to December 2018 were reviewed, and cats diagnosed 
with cardiomyopathy were selected for the study. All cats in the study 
were from Rio Grande do Sul, Brazil, especially from the metropolitan 
region of Porto Alegre. The classification of cardiomyopathies was 
based on the morphological changes described by Robinson & 
Robinson (2016). Cases with a medical record or/and pathological 
features consistent with chronic renal failure, endocrine disorders, 
hypertension, myocarditis and neoplasms with cardiac involvement 
were excluded from the study. Animal identification data, such as 
breed, sex and age, history and clinical signs, and gross lesions were 
reviewed and compiled. From the selected cases, archived paraffin 
blocks were searched for the preparation of histological slides, for 
subsequent staining by hematoxylin and eosin (HE) techniques 
and visualization by optical microscopy. For the evaluation of the 
degree of fibrosis, histological sections of the heart were submitted 
to Masson’s trichrome (MT) stain.

RESULTS
From January 2008 to December 2018, 1,594 cat necropsies 
were reported, of which 72 were cardiomyopathic cases, 
representing 4.5% of the cases (respecting the exclusion 
criteria). Regarding the morphological classification, 77.8% 
were cases of HCM, 12.5% restrictive and 9.7% dilated. Age 
ranged from three months to 18 years, with a median age 
of seven years (mean age of 7.6 years). In relation to sex, 
62.5% were males and 37.5% females. In 76.4% of the cases, 
it affected cats mixed breed, and 23.6%, cats with a defined 
breed, mainly Persian and Siamese. Clinical signs and/or 
physical examination findings were described in 57 cases and 
included: restrictive mixed dyspnea (45.6%), hydrothorax 
(33.3%), vomiting (29.8%), lethargy (28.1%), anorexia 
(21.1%) and cyanosis (18.5%). Acute paresis of the pelvic 
limbs was identified in 14%, and sudden death reported in 
26.3% of cases. No significant changes were identified in the 
epidemiological data and clinical presentation regarding the 
morphological classifications of cardiomyopathies.

The hearts of cats with HCM were grossly enlarged, due 
to a marked thickening of the myocardium, predominantly 
of the left ventricle and interventricular septum, with a 
reduction in the left ventricular chamber (Fig.1A). Multifocal 
to coalescent whitish areas in the myocardium were visualized 
in 66.1% of the cases. Cardiac lesions secondary to myocardial 
thickening, such as right ventricular dilatation, left atrial 
dilatation and atrial thrombosis, were described in 33.9%, 
28.6% and 8.9% of cases, respectively. Histologically, in 50% 
of HCM cases, lesions were identified in the left ventricle and 
interventricular septum; 41.1% only in the left ventricle, and 
8.9% left and right ventricle, in addition to the interventricular 
septum. These lesions were mainly characterized by varying 
degrees of myofiber hypertrophy, multifocal disarray that 
is characterized by the interweaving of myofibers, and 
proliferation of interstitial myocardial multifocal fibrous 
connective tissue (fibrosis) (Fig.1B and 1C), evidenced mainly 
by the histochemical technique of MT (Fig.1D). Table 1 details 
the histological lesions in cats with HCM.

In RCM, the hearts were grossly enlarged, whitish and 
frequently globose. In 77.8% of cases, diffusely whitish 
and thickened endocardium was observed (Fig.2A). In the 
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Fig.1. Pathological aspects of hypertrophic cardiomyopathy in cats. (A) Cross-sectional view of the heart with thickening of the myocardium, 
predominantly of the left ventricle and interventricular septum, with consequent reduction of the left ventricular chamber. Bar = 2.0cm. 
(B) Left ventricular myocardium with hypertrophy and multifocal disarray characterized by interweaving of myofibers, associated with 
proliferation of the interstitial multifocal fibrous connective tissue (fibrosis). HE, bar = 300µm. (C) Left ventricular myocardium with 
hypertrophy, disarray and moderate interstitial multifocal fibrosis. Multifocal karyomegaly is also shown (arrow). HE, bar = 180µm. 
(D) Left ventricular myocardium with hypertrophy, disarray and blue-stained interstitial multifocal fibrosis. MT, bar = 120µm. 

Table 1. Histological lesions observed in the heart of cats with hypertrophic cardiomyopathy

Histological lesion

Histological grade

Discrete Moderate Accentuated No change

n n n n

Myofiber hypertrophy 18 23 10 5

Myofiber  disarray 21 17 9 9

Myocardial fibrosis 24 13 5 14

Cardiomyocyte vacuolization 22 6 0 28

Vessel wall thickening 19 5 0 32

Cardiomyocyte cariomegaly 14 4 1 37

Cardiomyocyte necrosis 6 4 1 45

Inflammatory infiltrate in the myocardium 6 3 0 47

Myocardial adipocyte infiltrate 4 4 0 48

Multifocal mineralization 0 1 0 55
n = Number of cases.
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Fig.2. Pathological aspects of restrictive cardiomyopathy in cats. (A) Longitudinal section of the heart with whitish endocardium. Moderate 
left ventricular and interventricular septal hypertrophy associated with multifocal whitish areas in the myocardium. Bar = 4.5cm. (B) 
Thickened endocardial region resulting from intense fibrosis. HE, bar = 600µm. (C) Intense fibrosis in the endocardial region. MT, 
bar = 600µm. (D) Sub macroscopic aspect of restrictive cardiomyopathy in cats, with the formation of irregular trabeculae of fibrous 
connective tissue interconnecting the interventricular septum with the free wall of the left ventricle. MT. (E) Formation of trabeculae 
of fibrous connective tissue. MT, bar = 1200µm. (F) Sub macroscopic aspect of restrictive cardiomyopathy in cats with predominance 
of fibrosis in the myocardial region. MT.
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remaining 22.2%, whitish irregular bands interconnecting 
the left ventricular free wall to the interventricular septum 
were visualized. Left ventricular and interventricular septal 
myocardial hypertrophy, right ventricular and left atrial 
dilatation, and atrial thrombosis were described in 66.7%, 
55.6% and 11.1%, respectively. In 88.9% of the cases of RCM, 
lesions were microscopically identified in the left ventricle 
and interventricular septum, and in the remaining 11.1%, 
there were cases with histological lesions in the left atrium 
and ventricle, in addition to the septum. Intense multifocal to 
coalescent fibrosis in the endocardial region (Fig.2B), evidenced 
mainly by MT staining (Fig.2C), was identified in 66.7% of 
the cases. In cases with predominance of endocardial fibrosis, 
22.2% had irregular bands of fibrosis interconnecting the left 
ventricular free wall to the interventricular septum (Fig.2D 
and 2E). Fibrosis presented the myocardial form in 33.3% of 
cases (Fig.2F). Other histological findings included: moderate 
hypertrophy and disarray of myofibers, and cardiomyocyte 
karyomegaly (55.6% each), mild inflammatory infiltrate of 
lymphocytes and plasma cells in the epicardium and myocardium 
(22.2%), discrete multifocal mineralization (22.2%) and focal 
endocardial cartilaginous metaplasia (11.1%).

Cats with DCM had enlarged and globose hearts due 
to dilation of the cardiac chambers, predominantly of the 
ventricles. The ventricular walls were thin and flaccid, with 
flattening of the papillary muscles (Fig.3). Histological lesions 
were observed in 14.3% of the cases, characterized by the 
discrete multifocal perivascular fibrosis in the left ventricular 
myocardium and a slight thinning of the cardiac fibers, which 
were multifocally wavy in the ventricles and interventricular 
septum.

The main extra cardiac lesions found in cats with 
cardiomyopathies were: varying degrees of pulmonary edema 
and congestion (94.4% and 69.4%, respectively) (Fig.4A), 
hydrothorax (50%), chronic passive hepatic congestion (44.4%) 
(Fig.4B) and cyanosis (26.4%) (Fig.4C and 4D). Thrombus 
located at the bifurcation of the aorta in internal iliac arteries 
was reported in 11.1% of cases. These cats had diminished, 
firm pelvic limb muscles with whitish multifocal areas. In 
4.2% of cases observed, the extremities of the pelvic limbs, 
skin, and hair were dry, with multifocal areas of cutaneous 
continuity solution (gangrene) (Fig.4F). Table 2 details the 
extra cardiac lesions of cats with cardiomyopathy.

Fig.3. Gross and sub macroscopic aspects of dilated cardiomyopathy in cats. Ventricular dilatation, with thin and flaccid ventricular walls 
(10% formalin-fixed sample) Insert: sub macroscopic aspect, with intense ventricular dilation. HE, bar = 2.0cm.
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Fig.4. Extra cardiac lesions in cats with cardiomyopathies. (A) Bright pleural surface lungs with red multifocal areas in a cat diagnosed with 
hypertrophic cardiomyopathy. (B) Thoracic cavity with large amount of free serous and yellowish fluid in the cavity associated with 
congestion and marked lobular pattern of the liver in a cat with hypertrophic cardiomyopathy. (C) Plantar surface of purplish-colored 
thoracic limbs in a cat with hypertrophic cardiomyopathy. (D) Purplish oral mucosa and tongue in a case of hypertrophic cardiomyopathy. 
(E) Thrombus located at the aorta artery bifurcation in the internal iliac arteries in a case of hypertrophic cardiomyopathy. (F) Extremities 
of pelvic limbs, skin and dry-looking hair with multifocal areas of cutaneous continuity solution in the same case as above. Insert: pelvic 
limb muscles with whitish multifocal areas.
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DISCUSSION
In the present study, the frequency of cardiomyopathies 
observed in cats was 4.5%. In the literature, heart disease in 
cats was found to have a frequency of 4.2 to 5.7% (O’neill et al. 
2014, Rodrigues et al. 2017). In studies of the causes of death 
and reasons for euthanasia, cardiomyopathies accounted for 
approximately 1% of total feline necropsies (Togni et al. 2018, 
Withoeft et al. 2019). In cats, cardiomyopathies are the most 
frequent cardiovascular diseases and are important causes of 
death in the species (Ferasin 2009a). HCM is most commonly 
diagnosed, clinically and by post mortem examination (Atkins 
et al. 1992, Rush 1998, Riesen et al. 2007, Togni et al. 2018), 
followed by RCM and DCM (Ferasin et al. 2003, Locatelli et al. 
2018). This corroborates the findings of the present study. In 
the past, DCM was the second most diagnosed form in cats; 
however, its decreased frequency over the years may be 
related to the supplementation of taurine in diets after the 
discovery of the association of this amino acid deficiency with 
this condition in cats (Pion et al. 1987, Ferasin et al. 2003).

Cats with cardiomyopathies present a wide variation in 
age range (Bright et al. 1992, Ferasin 2009a). Researchers 
describe that middle-aged cats are the most affected, with 
an average age ranging from four to 10 years (Atkins et al. 
1992, Bright et al. 1992, Rush et al. 2002, Ferasin et al. 2003, 
Riesen et al. 2007, Ferasin 2009a, Payne et al. 2010, Biasato 
et al. 2015, Kimura et al. 2016, Spalla et al. 2016, Miller & 
Gal 2017, Locatelli et al. 2018). However, there are reports of 
two-month-old cats with HCM (Fujii et al. 2001), and in the 
present study it was possible to identify three-month-old cats 
diagnosed with cardiomyopathy. Cats of mixed breed were 
the most affected in the present study, as described in the 
literature (Ferasin et al. 2003, Spalla et al. 2016, Locatelli et 
al. 2018); however, these data may be related to the fact that 
these animals represented the majority of the feline population 
referred to in the pathology laboratory. In the present study, 
males represented more than 60% of cases, as identified by 
numerous researchers (Atkins et al. 1992, Bright et al. 1992, 
Riesen et al. 2007, Fox et al. 2014, Payne et al. 2015, Spalla 
et al. 2016, Locatelli et al. 2018); however, in the study by 
Ferasin et al. (2003), no significant sexual predisposition was 
identified. In human medicine, HCM patients have a MYBPC3 
mutation, that is an abnormal phenotype that develops earlier 

in men than in women (Christiaans et al. 2010), and this has 
also been reported in Maine Coon cats (Kittleson et al. 1999).

The clinical signs of felines with cardiomyopathies are 
varied (Ferasin 2009a), and in many cases are related to 
congestive heart failure (Ferasin et al. 2003, Abbott 2010). 
In general, the main clinical signs and/or findings of the 
clinical examinations in the present study were restrictive 
mixed dyspnea, hydrothorax, vomiting and lethargy, which 
are frequently described in the literature (Bright et al. 
1992, Ferasin et al. 2003, Kimura et al. 2016). However, the 
clinical presentation did not differ significantly between 
cardiomyopathy classifications in cats (Ferasin et al. 2003). 
In addition to the clinical changes already described, some 
cats may be asymptomatic (Rush et al. 2002, Trehiou-Sechi 
et al. 2012, Payne et al. 2013) or experience sudden death 
(Abbott 2010, Trehiou-Sechi et al. 2012, Miller & Gal 2017). 
Heart disease is considered to be one of the most frequent 
causes of unexpected death in cats (Olsen & Allen 2001, 
Wilkie et al. 2015), and in the present study sudden death 
was reported in 15 cats. Stress is an important factor that can 
trigger or exacerbate clinical signs, or be related to sudden 
death, as there is a rapid release of catecholamines. This 
induces generalized vasoconstriction and increased cardiac 
output. In addition to stress, severe arrhythmias may be 
responsible for episodes of syncope and sudden death (Ferasin 
2009a). Acute paresis of the pelvic limbs as a consequence 
of aortic thromboembolism in the aorta artery bifurcation 
in the internal iliac arteries were identified in eight cats of 
the present study, of which seven were diagnosed with HCM 
and one with RCM. Arterial thromboembolism is the most 
serious consequence of cardiomyopathies (Ferasin 2009a). 
Cats have aortic thromboembolism in 6% to 20% of cases of 
myocardial disease. The formation of this condition results 
from left atrial thrombosis, due to the change in blood flow 
(stagnant blood flow), which is released into the aorta with 
the consequent obstruction (Ferasin et al. 2003, Ferasin 
2009a, Kimura et al. 2016, Ocarino et al. 2016, Robinson & 
Robinson 2016).

HCM causes a diastolic ventricular dysfunction, due to 
impaired ventricular filling, due to myocardial thickening, 
which makes the ventricle rigid, and not complacent (Ferasin 
2009a, Robinson & Robinson 2016). The enlarged heart is 

Table 2. Extra cardiac pathological lesions of cats with cardiomyopathy

Lesion
Total (n = 72) HCM (n = 56) RCM (n = 9) DCM (n = 7)

n (%) n (%) n (%) n (%)
Pulmonary edema 68 (94.4) 53 (94.6) 8 (88.9) 7 (100)
Pulmonary congestion 50 (69.4) 35 (62.5) 8 (88.9) 7 (100)
Hydrothorax 36 (50) 27 (48.2) 5 (55.6) 4 (57.1)
Chronic passive congestion of the liver 32 (44.4) 26 (46.4) 3 (33.3) 3 (42.9)
Cyanosis 19 (26.4) 16 (28.6) 1 (11.1) 2 (28.6)
Ascites 15 (20.8) 9 (16.1) 4 (44.4) 2 (28.6)
Hydropericardium 14 (19.4) 10 (17.9) 3 (33.3) 1 (14.9)
Pulmonary atelectasis 12 (16.7) 10 (17.9) 2 (22.2) 0 (0)
Diffuse subcutaneous edema 8 (11.1) 7 (12.5) 1 (11.1) 0 (0)
Aortic thromboembolism 8 (11.1) 7 (12.5) 1 (11.1) 0 (0)
Bilateral nasal serous secretion 6 (8.3) 5 (8.9) 1 (11.1) 0 (0)
Gangrene of the pelvic limbs 3 (4.2) 3 (5.4) 0 (0) 0 (0)

n = Number of cases, HCM = hypertrophic cardiomyopathy, RCM = restrictive cardiomyopathy = DCM = cardiomyopathy dilated, % = percentage. 
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grossly observed as a consequence of ventricular hypertrophy, 
mainly on the left side, with reduction of ventricular lumen. 
Occasionally, both sides are affected (Fox 2003, Ferasin 
2009a). These data corroborate the findings of the present 
study. According to Robinson & Robinson (2016), most cats 
present symmetrical hypertrophy, but in some cases there 
is asymmetrical septal thickening, where the ventricular 
septum is thicker than the free wall of the left ventricle. Atrial 
dilatation and thrombosis, as well as right ventricular dilatation 
resulting from predominantly left ventricular myocardial 
hypertrophy, are frequent in cases of HCM (Ferasin 2009a, 
Robinson & Robinson 2016, Miller & Gal 2017). The whitish 
areas visualized in the hearts of HCM used in the present study 
were related to multifocal fibrosis (Fox 2004, Ferasin 2009a).

The main histological lesions found in HCM were 
hypertrophied cardiomyocytes, fibers that are arranged in a 
disorganized pattern and varying degrees of fibrosis. These 
are findings that are frequently described in the literature 
(Fox 2003, Ferasin 2009b, Robinson & Robinson 2016). 
Hypertrophy is characterized as large cardiomyocytes, with 
enlarged and pleomorphic nuclei, and often prominent nucleoli 
(Fox 2003). Disarray is characterized by interweaving of the 
myofibers (Maron et al. 1981, Liu et al. 1981) and researchers 
suggest that this alteration constitutes the gold standard for 
the histological diagnosis of HCM (Fox 2003, Biasato et al. 
2015). Proliferation of smooth muscle and connective tissue 
of the coronary vessel wall, fat infiltration, inflammatory 
infiltrate, degeneration and necrosis of cardiomyocytes are 
also described in HCM (Ferasin 2009b, Khor et al. 2015, 
Wilkie et al. 2015), and were frequent in the microscopic 
evaluation of the present study. Disarray of myofibers may 
predispose towards ischemia and, consequently, myocardial 
fibrosis, as disorganized cardiomyocytes promote insufficient 
contraction and increased energy demand (Iida et al. 1998, 
Varnava et al. 2001, Cesta et al. 2005). Narrowing of intramural 
coronary arteries may also contribute to the development of 
myocardial ischemia in these cases (Maron & Spirito 1998, 
Cesta et al. 2005).

RCM is characterized by impaired ventricular diastolic 
filling, due to increased stiffness of the heart muscle caused 
by intense endomyocardial fibrosis (Kushwaha et al. 1997, 
Ferasin et al. 2003, Fox 2004). In the present study, an increase 
in cardiac volume was grossly observed as a consequence of 
ventricular and atrial dilatations. This was mainly associated 
with diffuse whitish and thickened endocardium. Several 
researchers report that there are two morphological patterns 
of endomyocardial fibrosis, although a degree of feature 
overlap may occur (Fox 2004). Diffusely thickened and 
whitish endocardium or irregular trabeculae may be observed 
connecting the interventricular septum to the left ventricular 
free wall (Fox 2004, Ferasin 2009b, Kimura et al. 2016, Miller 
& Gal 2017). Trabeculae formation is the most common 
presentation of RCM in cats (Fox 2004, Kimura et al. 2016), 
but in the present study this presentation was less common 
than the diffuse form. Atrial enlargement, multiple whitish 
areas resulting from fibrosis and left ventricular myocardial 
hypertrophy, are frequent gross findings (Ferasin et al. 2003, 
Fox 2004, Ferasin 2009b, Ocarino et al. 2016, Locatelli et al. 
2018). Aortic thromboembolism may occur in RCM, resulting 
from left atrial and ventricular filling defects and thrombus 
formation (Fox 2004, Kimura et al. 2016). This condition is 

subdivided into two forms: endomyocardial, when predominant 
endocardial lesions are observed, and myocardial form, with 
predominant myocardial involvement (Gallo & D’amati 2001, 
Fox 2004, Kimura et al. 2016). Researchers report that the 
endomyocardial form is more commonly found in cats (Ferasin 
et al. 2003, Fox 2004, Kimura et al. 2016), as is also identified 
in the present study.

Fibrosis was observed microscopically, predominantly 
in the endocardium, with cases involving the left ventricular 
myocardium, interventricular septum and left atrium. The 
characteristic lesion of CMR is a marked endocardial thickening 
due to fibrosis (Fox 2004, Ferasin 2009b, Kimura et al. 2016). 
In many cases, myocardial interstitial fibrosis is also evident 
(Fox 2004). Cardiomyocyte hypertrophy, mild inflammatory 
infiltrate and cartilaginous metaplasia were also histological 
findings identified in the present study and are described in 
the literature (Fox 2004, Kimura et al. 2016). In a study related 
to feline CMR cases, researchers suggested that false left 
ventricular tendons provide a framework for the development 
of irregular trabecular formation that connects the septum 
to the left ventricular free wall (Kimura et al. 2016).

DCM is characterized by systolic dysfunction as a result 
of lack of contractility, which results in bilateral congestive 
heart failure (Ferasin et al. 2003, Ocarino et al. 2016, Robinson 
& Robinson 2016). The hearts were grossly enlarged and 
globose as a result of the dilatation of all cardiac chambers, 
with thin and flaccid ventricular walls, and flattening of the 
papillary muscles. Similar data are described in the literature 
(Liu 1977, Tilley et al. 1977, Ferasin et al. 2003, Robinson & 
Robinson 2016). Histological lesions are often nonspecific, 
discrete or absent (Robinson & Robinson 2016, Miller & Gal 
2017). In most of the diagnoses of DCM in the present study, 
no significant histological lesions were observed. These, when 
present, are characterized by discrete thinning of cardiac 
fibers, wavy fibers and fibrosis (Tilley et al. 1977, Robinson 
& Robinson 2016).

Pulmonary edema and congestion, hydrothorax and chronic 
passive congestion of the liver were frequent extra cardiac 
lesions. These changes are common in cases of heart failure 
in animals, and several researchers describe these findings in 
different classifications of cardiomyopathies in cats (Ferasin 
et al. 2003, Fox 2003, Payne et al. 2010, Kimura et al. 2016, 
Robinson & Robinson 2016). The formation of pulmonary 
edema, hydrothorax, ascites and hydropericardium occur 
mainly by increased hydrostatic pressure due to blood flow 
stasis in cats with cardiomyopathies (Robinson & Robinson 
2016, López & Martinson 2017). Chronic passive congestion of 
the liver is also related to portal hypertension resulting from 
heart failure (Miller & Gal 2017). Cyanosis, in cases of heart 
failure, is due to deposition of unoxygenated hemoglobin in 
the mucosae (Miller & Zachary 2017) and was a relatively 
frequent finding in the cases of the present study.

Mutations in genes that encode proteins associated with 
the cardiac contraction process have been identified in cats 
with HCM (Robinson & Robinson 2016). In this condition, the 
hereditary character in the Maine Coon and Radgoll breeds, 
and their relationship with genetic mutations, is documented 
(Meurs et al. 2005, Meurs et al. 2007, Robinson & Robinson 
2016). Researchers report that endomyocarditis of viral, 
bacterial (Bartonella sp.) and immunomediated origin, or as 
a consequence of end-stage HCM, are the possible etiological 
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factors of feline RCM (Fox 2004, Cesta et al. 2005, Robinson 
& Robinson 2016). Feline parvovirus genomic material has 
been isolated from the hearts of cats with cardiomyopathy 
and myocarditis (Robinson & Robinson 2016). Furthermore, 
researchers have suggested the possible involvement of the 
feline immunodeficiency virus in cats with lymphocytic 
myocarditis and hypertrophic cardiomyopathy, although the 
cause and effect have not been well understood (Robinson & 
Robinson 2016, Rolim et al. 2016). In recent studies, no related 
viral agents have been identified in HCM and RCM (Kimura 
et al. 2016, McEndaffer et al. 2017). Genetic inheritance is 
suggested as the cause of idiopathic DCM and secondary DCM-
related taurine deficiency in cats (Pion et al. 1987, Robinson 
& Robinson 2016, Miller & Gal 2017).

CONCLUSIONS
Cardiomyopathies were related to the cause of death in 

4.5% of cats referred for necropsy; HCM was the most frequent 
morphological classification, followed by RCM and DCM. 

Cardiomyopathies showed great variation in age, consisted 
of predominantly affected cat mixed breed adult males with 
a median age of seven years.

Restrictive mixed dyspnea and hydrothorax were the 
major findings on clinical examination. Less frequently, cases 
of sudden death and acute paresis of the pelvic limbs due to 
aortic thromboembolism at the aorta artery bifurcation in 
the internal iliac arteries were reported.

Cats with HCM had myocardial thickening with consequent 
reduction in the ventricular chamber, which were histologically 
characterized by hypertrophy, disarray, and fibrosis.

In CMR, the endocardium was diffusely whitish and 
thickened, and was less common, forming irregular bands 
connecting the left ventricle to the interventricular septum.

Endocardial fibrosis was the predominant histological form 
of CMR. In CMD, the heart had dilated cardiac chambers, and 
microscopic examination revealed no significant findings.

The main extra cardiac lesions revealed pulmonary edema 
and congestion, hydrothorax and chronic passive congestion 
of the liver. 

Cardiomyopathies are important causes of death in cats 
and should be included in the differential diagnosis of patients 
with cardio respiratory clinical signs and in cases related to 
sudden death and acute paresis of the pelvic limbs.
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