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Abstract

Feline metabolic syndrome is a poorly documented yet clinically relevant condition in

veterinary medicine. This syndrome may remain clinically silent for long periods, allowing cardiac

and endocrine dysfunction to progress unnoticed. Cardiac fatty infiltration combined with myocardial
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remodeling represents a rare but important cause of heart failure and sudden death. A three-year-old
female mixed-breed cat with no prior clinical history was found dead at home. Necropsy revealed
severe obesity (body condition score 9/9) with extensive pericardial, mesenteric, perirenal, and
subcutaneous fat deposition; pleural effusion; pulmonary collapse; and cardiomegaly characterized
by left ventricular concentric hypertrophy and right ventricular atrophy. Histopathology confirmed
left ventricular myocardial hypertrophy with interstitial fibrosis, right ventricular adipose infiltration
(adipositas cordis), hepatic and pulmonary congestion, and diffuse thyroid follicular hyperplasia. The
absence of fibroadipose replacement excluded arrhythmogenic right ventricular cardiomyopathy
(ARVC). Immunohistochemistry demonstrated markedly reduced expression of thyroglobulin and
thyroid transcription factor-1, supporting the diagnosis of thyroid dysfunction. Taken together, these
findings indicate a rare association of a cardiomyopathic nonspecific phenotype with primary
hypothyroidism and obesity, reflecting a complex metabolic—cardiac interplay culminating in sudden
death. This case highlights the importance of early metabolic and endocrine assessment in obese cats,
even in the absence of clinical signs, and emphasizes the diagnostic value of postmortem

immunohistochemistry in identifying sudden deaths of uncertain etiology.

Keywords: cats, obesity, metabolic syndrome, cardiomyopathy, hypothyroidism,

immunohistochemistry.

Introduction

Sudden death in apparently healthy young cats represents a major diagnostic challenge in
veterinary medicine. Hypertrophic cardiomyopathy (HCM) is recognized as the most frequent cause,
but other phenotypes, such as arrhythmogenic right ventricular cardiomyopathy (ARVC) and
adipositas cordis (AC), have also been reported (20, 28). In humans, AC is characterized by epicardial

and intramyocardial fat accumulation, particularly in the right ventricle, without fibrosis or
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inflammation and has been associated with fatal arrhythmias (13). Although infrequently documented
in cats, recent case reports suggest that AC may be underdiagnosed (9, 20).

Primary hypothyroidism is a rare and likely underrecognized endocrine disorder in felines and
is typically reported in experimental contexts or isolated clinical cases (6, 7). Thyroid dysfunction
has been linked to systemic metabolic derangements, fat accumulation, and cardiac remodeling (22,
23). Loss of thyroid transcription factor-1 (TTF-1) and thyroglobulin expression on
immunohistochemistry provide robust evidence of impaired follicular functional capacity, supporting
a diagnosis of primary thyroid dysfunction. Recent necropsy surveys have also revealed a high
prevalence of subclinical thyroid lesions, which often coexist with cardiomyopathies (9). However,
their contribution to myocardial remodeling in young, clinically silent cats remains poorly
characterized.

Obesity further complicates this endocrine-cardiac interplay, with prevalence rates reaching
63% in domestic cats (1, 19, 27). The concept of feline metabolic syndrome encompasses the
coexistence of visceral obesity, insulin resistance, hypertension, dyslipidemia, and endocrine
alterations, all of which predispose cats to cardiovascular dysfunction and premature death (2, 11,
21).

The ACVIM consensus statement on feline cardiomyopathies recommends classifying cases
with diffuse or mixed structural abnormalities as a “nonspecific phenotype” when they do not fit
traditional categories such as hypertrophic cardiomyopathy (HCM), restrictive cardiomyopathy
(RCM), dilated cardiomyopathy (DCM), or arrhythmogenic right ventricular cardiomyopathy
(ARVC) (14).

This report describes a rare case of sudden death in a young cat with a cardiomyopathic
nonspecific phenotype, primary hypothyroidism, and marked systemic obesity. These findings
underscore the importance of integrated evaluation of the endocrine and cardiovascular systems in

obese felines, even in the absence of clinical signs. To our knowledge, the combined presence of a
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cardiomyopathic nonspecific phenotype, primary hypothyroidism, and prominent visceral obesity in

a young adult cat has not been previously documented.

Case description

A three-year-old intact female mixed-breed cat (6.2 kg), with no known medical history, was
found dead at home. According to the owner, the cat had shown progressive weight gain over recent
months without noticeable changes in behavior or appetite. The body condition score was 9/9, which
is consistent with severe obesity.

At necropsy, there was marked accumulation of subcutaneous and visceral fat, particularly in
the pericardial, perirenal, and mesenteric regions. Approximately 50 mL of serous pleural effusion
was present, and both lungs were partially collapsed and congested. The heart exhibited concentric
hypertrophy of the left ventricle (LV), with a wall thickness of 7.8 mm and interventricular septal
thickening of 7.0 mm. The right ventricular (RV) free wall was thinned (2.0 mm) and pale (Fig. 1).
The mucous membranes were diffusely pale. No significant gross abnormalities were observed in the
kidneys, gastrointestinal tract, or lymphoid tissues. The adrenal glands, pancreas, and thyroid glands
were grossly unremarkable.

Microscopically, the lungs showed severe vascular congestion, alveolar edema, scattered
hemorrhage, and hemosiderin-laden macrophages (‘“heart failure cells”) (Fig. 2A-B). The liver
exhibited sinusoidal congestion and mild hepatocellular degeneration (Fig. 2C-D). The thyroid glands
showed diffuse follicular hyperplasia with irregular architecture, scant colloid, and epithelial
proliferation, which is consistent with primary hypothyroidism (Fig. 2E-F).

Cardiac histology revealed left ventricular myocyte hypertrophy with some nuclear
enlargement, disorganization of fiber alignment, and interstitial and perivascular fibrosis (Fig. 3A-

D). The right ventricle contained extensive infiltration of mature adipose tissue in subepicardial and
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intramyocardial regions, separating and compressing myofibers without evidence of fibrosis,
necrosis, or inflammation (Fig. 4A-C).

Immunohistochemical (IHC) analysis of thyroid tissue revealed a marked reduction in
thyroglobulin and thyroid transcription factor-1 (TTF-1) expression, confirming severe thyroid
dysfunction (Fig. 5). Fibrosis of the left ventricular myocardium was confirmed by Masson’s
trichrome staining, whereas the pattern of right ventricular adipose infiltration - without fibrous
replacement or inflammation - was consistent with adipositas cordis and excluded arrhythmogenic

right ventricular cardiomyopathy (ARVC).

Discussion

This case represents an uncommon pathological association in a young cat characterized by a
cardiomyopathic nonspecific phenotype with left ventricular hypertrophy, right ventricular adipose
infiltration, diffuse primary hypothyroidism, and systemic obesity. The coexistence of these disorders
suggests a chronic, multiorgan remodeling process most likely driven by endocrine dysfunction and
visceral adiposity.

Left ventricular hypertrophy and right ventricular mural atrophy (=2 mm), together with
interstitial fibrosis confirmed by Masson’s trichrome staining, are consistent with advanced structural
cardiomyopathy, a pattern also reported in cats that die suddenly without prior clinical signs (20, 31).
Sudden death in such cases is commonly attributed to terminal arrhythmias or acute decompensation
associated with diastolic dysfunction. The epicardial and intramyocardial fatty infiltration of the right
ventricle—without fibrosis or inflammation—matched the definition of adipositas cordis and
effectively excluded arrhythmogenic right ventricular cardiomyopathy (ARVC), in which
fibroadipose replacement predominates (20, 28). In human medicine, adipositas cordis is usually
considered an incidental finding but may be associated with arrhythmias when conduction pathways

are involved (12, 13, 16, 18). Although underreported in cats (5, 20), its recognition is increasing. In
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the present case, the lack of fibrosis or myocyte degeneration supported a slowly progressive,
noninflammatory adipose infiltration rather than a primary arrhythmogenic process.

From an endocrine perspective, the diffuse thyroid follicular hyperplasia observed is
compatible with primary hypothyroidism (18, 23). Thyroid dysfunction can reduce the basal
metabolic rate, promote adipose accumulation, and exacerbate myocardial remodeling, even in the
absence of overt clinical signs (26). Recent necropsy surveys have reported a high frequency of
subclinical thyroid lesions in cats, often concomitant with cardiomyopathy (9), reinforcing the
importance of systematic endocrine surveillance.

Obesity was another central factor in this case. Its prevalence in domestic cats may reach 63%,
and it is frequently accompanied by metabolic comorbidities (17, 27). Obesity is now recognized as
a systemic disease characterized by chronic inflammation and endocrine dysfunction, including
reduced adiponectin and impaired metabolic signaling (1, 10, 19). Visceral adipose tissue acts as an
endocrine organ that promotes insulin resistance, lipotoxicity, and cardiovascular remodeling (2, 4,
29). These mechanisms are consistent with the marked visceral obesity and associated endocrine—
cardiac alterations observed in this patient.

From a methodological perspective, the immunohistochemistry protocols applied adhered to
validated standards in comparative pathology (15, 24). The use of specific positive controls
strengthened diagnostic reliability, particularly in feline thyroid tissue, where technical validation is
essential (25). The marked reduction in thyroglobulin and TTF-1 expression confirmed severe thyroid
dysfunction and highlighted the diagnostic value of immunohistochemistry in sudden death
investigations.

Taken together, the morphological and immunohistochemical findings in this case emphasize
the importance of recognizing the cardiomyopathic nonspecific phenotype described by the ACVIM
consensus (14). These findings reinforce the need for integrated endocrine—cardiovascular evaluation
in obese cats, even when they are clinically silent, as this approach may improve early detection and

prevention of fatal outcomes.
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In conclusion, this case demonstrates how the interaction between systemic obesity, primary
hypothyroidism, and cardiac remodeling can culminate in the cardiomyopathic nonspecific
phenotype and sudden death in a young cat. The combined morphological and immunohistochemical
findings, particularly the reduced expression of thyroglobulin and TTF-1 and the right ventricular
adipose infiltration consistent with adipositas cordis—provide a coherent explanation for the fatal
outcome and effectively exclude arrhythmogenic right ventricular cardiomyopathy. These findings
highlight the importance of early recognition of metabolic and endocrine alterations in feline patients
and underscore the diagnostic value of incorporating immunohistochemistry into necropsy

investigations of unexpected deaths.
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Figure 1. Gross findings in a young cat that died suddenly. A. Thoracic cavity showing severe

subcutaneous and visceral fat deposition, pleural effusion, and partial pulmonary collapse (scale bar
= 10 cm). B. Abdominal cavity with marked mesenteric and visceral adipose tissue accumulation
(scale bar =10 cm). C. Transverse section of the heart showing concentric left ventricular hypertrophy
and thinning of the right ventricular free wall (scale bar = 2 cm). D. Trachea and lungs with evident
pulmonary congestion and edema (scale bar = 5 cm). E. Close-up image of the heart surface

demonstrating abundant epicardial and visceral fat covering the myocardium (scale bar =2 cm).
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Figure 2. Histopathological findings in the lung, liver, and thyroid of a cat with global
cardiomyopathy, metabolic syndrome, and severe thyroid dysfunction. A. Lung with severe vascular
congestion, alveolar edema, and hemorrhage (H&E, 10%). B. Higher magnification image showing
hemosiderin-laden macrophages (“heart failure cells””) within alveoli (H&E, 40x%). C. Liver with
centrilobular congestion, dilated sinusoids, and pigment accumulation (H&E, 10x). D. Higher
magnification of the centrilobular region showing marked sinusoidal congestion and mild
hepatocellular degeneration (H&E, 20x). E. Thyroid with altered follicular architecture: irregular
follicles, some collapsed or devoid of colloid, and diffuse epithelial proliferation (H&E, 10x%). F.
Higher magnification image showing hyperplastic cuboidal epithelium with scant colloid in the

follicular lumina (H&E, 20x).
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Figure 3. Histopathological changes in the left ventricular myocardium of a cat with sudden death
and advanced structural cardiomyopathy. A. Hypertrophied cardiac fibers with prominent central
nuclei and irregular, wavy alignment (H&E, 20%). B. Higher magnification image showing
anisocytosis, nuclear enlargement, and loss of parallel fiber orientation (H&E, 40%). C. Myocardium
with diffuse interstitial fibrosis separating muscle fibers (H&E, 10%). D. Dense collagen deposition
confirmed by Masson’s trichrome staining, highlighting fibrotic expansion between cardiomyocytes

(Masson’s trichrome, 20x).
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Figure 4. The adipositas cordis in the right ventricle of a cat with sudden death. A. Low-power view
of the right ventricular myocardium showing extensive infiltration of mature adipose tissue
interspersed between cardiac fibers and extending toward the subepicardial region (H&E, 4%). B.
Higher magnification image of adipocytes penetrating the adjacent myocardium and separating
cardiac fibers without inflammation or necrosis, which is consistent with a slow atrophic process due
to pressure or disuse (H&E, 20x). C. Details of the adipose—myocardial interface showing mild

interstitial fibrosis, focal cardiomyocyte thinning, and nuclear displacement (H&E, 40%).
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Figure 5. Immunohistochemical expression of thyroglobulin (A—C) and TTF-1 (D-F) in feline
thyroid tissue. A. Thyroid tissue from the hypothyroid cat showing complete loss of cytoplasmic
thyroglobulin immunoreactivity in follicular cells (score 0, 20x). B. Normal feline thyroid gland with
moderate cytoplasmic thyroglobulin expression in the follicular epithelium (score 2, 20x). C. Human
thyroid (positive control) showing strong cytoplasmic thyroglobulin staining (score 3, 20x). D.
Thyroid tissue from the hypothyroid cat showing the absence of nuclear TTF-1 labeling in follicular
cells (score 0, 10%). E. Normal feline thyroid gland with moderate nuclear TTF-1 expression (score
2, 10x). F. Human thyroid (positive control) with strong nuclear TTF-1 immunostaining (score 3,

40x).
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