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ABSTRACT.	 Examination of our necropsy records for the period 2005 to 2014 yielded 41 cases of the endomyocardial form of restrictive car-
diomyopathy among 327 cats with evidence of heart disease, and here, we reviewed their epidemiological and clinical features. The medical 
data obtained retrospectively included signalment, presenting complaints, findings of physical examination, results of various diagnostic 
tests, methods of treatment and survival times. Except for one Chinchilla Persian cat, all were domestic short-haired cats. The mean age at 
death was 7.3 ± 4.5 years (median, 6 years; range, 4 months to 19 years), and males accounted for 61% (25/41) of the total. Dyspnea was 
the most common clinical sign, being evident in 83% (35/41) of the cats. Hind limb paresis or paralysis due to aortic thromboembolism was 
evident in 41% (17/41). Arrhythmias of atrial origin were common. Echocardiography commonly revealed left atrial or biatrial enlargement 
with severe endocardial thickening of the left ventricle. Most of the affected cats had a poor outcome; the disease duration ranged from 1 to 
977 days, and the median survival period was 30 days.
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Restrictive cardiomyopathy (RCM) is a primary myo-
cardial disease characterized by diastolic dysfunction (re-
strictive pathophysiology) resulting from ventricular wall 
stiffness and represents the second most common form of 
cardiomyopathy in cats [3]. In humans, RCM is divided into 
two basic categories: conditions with predominant endocar-
dial involvement (endomyocardial form) and others with 
predominant myocardial involvement (myocardial form) 
[6]. This classification also appears to be valid for cats, and 
the former type is known as endomyocardial fibrosis [2, 5].

In the endomyocardial form of RCM, marked fibrosis 
focally or diffusely involving the endocardium or endo-
myocardium primarily affects the left ventricle (LV) and 
causes chamber deformity and/or obstruction at different 
levels. These disorders cause elevation of the left ventricular 
diastolic pressure with normal-to-reduced ventricular filling 
volumes (decreased compliance). This elevation of diastolic 
ventricular pressure results in left atrial enlargement and 
pulmonary venous congestion or pulmonary edema. Sys-
tolic function (contractility) of the LV is generally normal or 
mildly impaired [4, 5, 7, 8].

In humans, endomyocardial form of RCM can result from 
endomyocardial fibrosis (Loeffler’s endocarditis and tropical 

endomyocardial fibrosis) and endocardial fibroelastosis (pri-
mary and secondary) [6]. The etiology of endomyocardial 
form of RCM in cats is unknown but considered multifacto-
rial, as there is a wide spectrum of clinical manifestations 
and pathologic phenotypes [5]. In other words, specific di-
agnostic clinical and morphologic criteria in the cat have not 
been as clearly defined as they have in humans [8].

In order to deepen the understanding of the epidemiologi-
cal and clinical features of endomyocardial form of RCM 
in cats, the present report reviews 41 necropsies that were 
diagnosed at our laboratory between 2005 and 2014.

MATERIALS AND METHODS

The materials for the present study were obtained from 
consecutive feline necropsies conducted in the Laboratory of 
Veterinary Clinical Oncology, Tokyo University of Agricul-
ture and Technology, during the period January 2005 to De-
cember 2014. A total of 327 necropsies were performed on 
cats with heart disease, and 41 cats were diagnosed as having 
the endomyocardial form of RCM. During this period, 34 
cases of hypertrophic cardiomyopathy (HCM), 12 cases of 
dilated cardiomyopathy (DCM), 11 cases of arrhythmogenic 
right ventricular cardiomyopathy (ARVC) and 2 cases of 
myocardial form of RCM were identified.

The diagnosis of endomyocardial RCM was based on 
characteristic gross features and histological evidence of 
marked fibrosis focally or diffusely involving the endocar-
dium or endomyocardium of the LV. Grossly, the hallmark 
findings included an enlarged heart with marked left atrial 
and often right atrial dilatation and hypertrophy; severe and 
extensive endocardial scarring frequently bridging between 
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the left ventricular free wall (LVFW) and septum (VS) 
(Fig. 1); left ventricular hypertrophy commonly associated 
with wall and chamber deformity; and mural thrombi in the 
left atrium (LA) or LV [4, 5].

The medical data were obtained at three different facili-
ties and included signalment (breed, age and sex), present-
ing complaints, findings of physical examination, results 
of various diagnostic tests, treatment methods and survival 
times. Laboratory data that were evaluated included com-
plete blood counts (CBCs) and serum biochemistry profiles. 
Thoracic radiographs (lateral and dorsoventral projections), 
standard six-lead electrocardiograms, and two-dimensional 
and Doppler echocardiograms were available for most or all 
of the cats. Survival times for all of the cats were calculated 
from the date of clinical diagnosis until death. Median sur-
vival time was defined as the time at which 50% of the cats 
were still alive.

RESULTS

Forty were domestic short-haired cats, and one was a 
Chinchilla Persian cat. The mean age at death was 7.3 years 
(median, 6 years), ranging from 4 months to 19 years, with 
a standard deviation of 4.5 years. The sex distribution was 
25  males (19 castrated and 6 intact) and 16 females (13 
spayed and 3 intact).

Thirty of the 41 cats were presented because of respiratory 
distress, and six of these also had hind limb paresis or pa-
ralysis due to aortic thromboembolism (ATE). An additional 
11 cats had only hind limb paresis or paralysis. Common ab-
normalities demonstrated by physical examination at initial 
presentation included dyspnea (n=35), tachycardia (n=28), 
muffled heart and lung sounds (n=24), absent femoral pulses 
(n=17), irregular heart rhythms (n=12), abdominal disten-
sion (n=10), systolic heart murmurs (n=8) and gallop sounds 
(n=7). The thyroid glands were not palpable in any cases.

CBCs and serum biochemical analyses were performed on 
37 cats at initial presentation. Results of CBCs were within 
normal limits in 29 cats; the remaining eight cats had either 
mild leukocytosis (n=5) or mild anemia (n=3). Serum bio-
chemical abnormalities included mild to marked increases 
in blood urea nitrogen (n=13), aspartate aminotransferase 
and alanine aminotransferase activities (n=14), and lactate 
dehydrogenase and creatine kinase activities (n=2).

Thoracic radiographs were taken in 38 cats, and these 
commonly demonstrated generalized mild to moderate 
cardiomegaly with a marked increase in the size of the left 
or both the left and right atria (n=36). Pleural effusion and 
pulmonary edema were evident in 27 and 19 cats, respec-
tively. Abdominal radiographs confirmed ascites (n=12) and 
hepatomegaly (n=9).

Standard six-lead electrocardiograms were obtained in 
34 cats. A variety of arrhythmias were recorded alone or in 
combination in 19 cats, including premature atrial contrac-
tions (PACs; n=9), atrial fibrillation (AF; n=5), premature 
ventricular contractions (PVCs; n=5), right bundle branch 
block (RBBB; n=4), complete atrioventricular block (CAVB; 
n=1) and first-degree atrioventricular block (1AVB; n=1).

Echocardiographic examination performed on all 41 cats 
commonly revealed moderate to severe left atrial (n=29) or 
biatrial (n=12) enlargement with variable LVFW and VS 
thickening. Patchy or extensive areas of increased echo-
genicity of the endocardium were also observed within 
the LV (n=36) (Fig. 2). The endocardial lesions were often 
present as large trabecular bands bridging the LVFW and VS 
(n=25). Echocardiographic evidence of mural thrombus in 
the LA was found in 8 cats. Mild to moderate mitral and/or 
tricuspid regurgitation was a consistent finding on Doppler 
examination (n=38).

Medical treatment was attempted in all 41 cats. The treat-
ment regimens included administration of diuretics, positive 
inotropic agents, an ACE inhibitor, and antiarrhythmic drugs. 
The outcome was generally poor, and half of the cats died of 
profound left-sided or biventricular congestive heart failure 
(CHF) or recurrent ATE within 1 month of clinical onset: the 
median survival time was 30 days (range, 1 to 977 days).

DISCUSSION

To the authors’ knowledge, the endomyocardial form of 
RCM in cats was first described by Liu [9], who reported 
a retrospective series of 68 cases of focal endocardial and 
myocardial fibrosis in the LV as “acquired cardiac disease 
leading to CHF”. Thereafter, the clinical and morphologic 
features of the abnormality were systematically assessed and 

Fig. 1.	 Left side of the heart from a 3-year-old castrated male do-
mestic short-haired cat with the endomyocardial form of restrictive 
cardiomyopathy (RCM), showing extensive endocardial fibrosis 
involving substantial portions of the left ventricular cavity. The 
fibrotic lesions envelop and fuse the papillary muscles and chor-
dae tendineae, causing distortion of the mitral apparatus. The left 
atrium is severely enlarged with diffuse endocardial thickening. 
Scale, 1 mm.
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published as feline RCM by Liu and Tilley [11]. Since then, 
the endomyocardial form of RCM has been recognized as an 
important cause of left-sided or biventricular CHF or ATE 
in cats. In 2004, Fox [5] reported the first comprehensive 
description of the disease.

In the present study, the endomyocardial form of RCM 
was diagnosed pathologically in 41 cats over a 10-year 
period (2005 to 2014), during which 34 cases of HCM, 12 
cases of DCM and 11 cases of ARVC were identified. The 
prevalence of the disease in cats is currently unknown, but 
it appears to be less prevalent than HCM but more prevalent 
than DCM [1]. One clinical report of 106 cats with cardio-
myopathy identified RCM in 21% (22/106) of them, HCM 
in 58% (61/106) and DCM in 10% (11/106) [3]. Such varia-
tions may reflect differences in the time frame, geography 
and breed prevalence between the present and previous 
studies. On the other hand, it is possible that this type of 
cardiomyopathy is more common than published clinical 
reports indicate, since endocardial fibrotic lesions could be 
overlooked during echocardiography due to their location 
and size, the quality of the ultrasonographic equipment or 
the skill of the operator. In this connection, it is interesting 
to note that a study of 1,472 cats necropsied between 1986 
and 1992 identified 37 cases of endomyocarditis (EMC) and 
25 cases of left ventricular endocardial fibrosis (LVEF), fol-
lowed by 34 cases of HCM and 33 cases of DCM; in that 
report, it was considered that EMC and LVEF represented 
temporally different manifestations of a single disease entity 
(i.e. endomyocardial RCM) [13].

Among the 41 cats included in the present study, all were 
domestic short-haired cats except for one Chinchilla Persian, 
and no breed predilection was evident; this is consistent with 
previous reports. In one necropsy study of 25 cats with LVEF 
(endomyocardial RCM), 22 were domestic short-haired cats, 
and three were Siamese cats [13]. Furthermore, this condi-

tion has been reported in Birmans, Siamese and Persians as 
well as domestic shorthair and longhair cats, but specific 
breed predispositions have not been identified [3, 11, 12].

In our series of cases, the mean age at death was 7.3 ± 
4.5 years (median, 6 years; range, 4 months to 19 years). In 
two series of pathologic studies of cats with the endomyo-
cardial form of RCM, the mean age at death was reported 
as 7.3 ± 4.0 years (range, not described) and 6.8 ± 0.5 years 
(range, 1 to 11 years), respectively [9, 10]. In addition, in a 
pathologic report of cats affected by LVEF, the mean age at 
death was 7.4 years (range, 1 to 16 years) [13]. Thus, the 
mean age at death of the affected cats in the present series is 
similar to that reported in previous descriptions.

In the present study, the total numbers of male and female 
cats were 25 (61%) and 16 (39%), respectively. The male/
female ratio was 1.56, indicating a slight predominance in 
males, although we were unable to rigorously compare this 
figure with the proportions of male cats in previous necropsy 
populations. One reported series of 68 cats with LVEF in-
cluded 40 males and 28 females (59% vs 41%) [9]. In one 
pathologic study of 25 cats with LVEF, 20 were males, and 
five were females (80% vs 20%) [13]. On the other hand, in 
a clinical case series of 22 cats, 73% were females [3]. Thus, 
some reports have indicated a male predisposition, whereas 
others have reported a female predisposition. Further studies 
will be needed to confirm any gender predisposition.

The clinical findings observed in our present 41 cases were 
generally related to left-sided or biventricular CHF, including 
dyspnea, tachycardia, pleural effusion, ascites, pulmonary 
edema and hind limb paresis or paralysis due to ATE. Eight 
cats had systolic murmurs associated with mitral and/or tri-
cuspid regurgitation and irregular heart rhythms. CBCs were 
generally within the normal ranges, and no pathognomonic 
abnormalities of significance were detected. The results of 
serum biochemical analyses largely reflected the disease 
process underlying ATE. Thoracic radiographs frequently 
revealed various degrees of cardiomegaly, pleural effusion 
and pulmonary edema. Echocardiography disclosed severe 
endocardial thickening of the LV with left-atrial or biatrial 
enlargement. These clinical findings reviewed in this series 
are very similar to those reported in previous descriptions, 
including a high risk of ATE [3, 5, 11]. There was no obvious 
relationship between the occurrence of hind limb paresis or 
paralysis and echocardiographic evidence of mural throm-
bus in the LA. Various arrhythmias were observed alone or 
in combination on electrocardiography in 19 affected cats, 
including PACs, AF, PVCs, RBBB, CAVB and 1AVB. The 
frequency of PACs (26%; 9/34) and AF (15%; 5/34) in our 
cats was not surprising in view of the severe left-atrial or 
biatrial enlargement detected by echocardiography [5].

In our series of cases, the duration of the disease ranged 
from 1 to 977 days, with a median survival time of 30 days, 
despite aggressive medical treatment. For a total of 16 cats 
with RCM including 12 that had died before the time of 
publication and 4 that had still been alive, Ferasin et al. [3] 
reported median survival times of 21 days for the former and 
1,277 days for the latter, respectively; almost half of the cats 
did not survive more than 1 month. Thus, cats with RCM 

Fig. 2.	 Two-dimensional echocardiogram (long-axis view from the 
right parasternal location) of a 7-year-old spayed female domestic 
short-haired cat with endomyocardial RCM, showing marked left 
atrial enlargement and irregular hyperechoic endocardial regions 
within the left ventricle (arrowheads). Ao, aorta; LA, left atrium; 
LV, left ventricle; PE, pericardial effusion; RV, right ventricle.



Y. KIMURA ET AL.784

have previously been found to have short survival times, 
and the results of the present study confirmed this. In other 
words, most affected cats are diagnosed at an advanced stage 
of the disease, presumably because the clinical signs may 
not be evident until cardiac decompensation has markedly 
progressed.

The present results confirmed and extended the findings 
of previous studies and led to the following conclusions, 
although limitations of the study include the small size and 
the retrospective and necropsy-based nature of the research. 
First, the endomyocardial form of RCM in cats might be 
more prevalent than believed previously, because there is a 
possibility that endocardial fibrotic lesions might be over-
looked during echocardiography. Second, we found a slight 
predominance in males (male/female ratio of 1.56), although 
we were unable to rigorously compare this figure with the 
proportions of male cats in previous necropsy populations. 
Third, medical treatment of left-sided or biventricular CHF 
is usually ineffective, although management of pleural ef-
fusion and pulmonary edema for more than 1 year has been 
possible in some cats. Finally, the prognosis for cats with 
endomyocardial RCM is poor; many affected cats die due 
to profound CHF or ATE, with a median survival time of 1 
month.
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