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Abstract

Introduction: Arrhythmogenic right ventricular cardiomyopathy is an underdiagnosed myocardial 
disease which commonly presents with sudden cardiac death in young people. It is considered as a 
challenge for forensic pathologist due to its pathological changes. Here, we presented three cases 
of postmortem diagnosis of arrhythmogenic right ventricular cardiomyopathy with involvement of 
other subtypes. Case Report: Here, we report autopsy cases of sudden cardiac death as the first 
clinical manifestation observed in three patients with different ages and with no medical history, 
nor previous family history of sudden death or heart diseases. The postmortem investigations were 
performed and the diagnosis of arrhythmogenic cardiomyopathy with three expression forms was 
later confirmed by histopathological examination, this latter showed fibroadipose tissue infiltrations 
of the myocardium. The diagnosis of arrhythmogenic cardiomyopathy was discussed with review 
through the literature. Conclusion: We presented special characteristic and histopathology features 
of arrhythmogenic cardiomyopathy cases, discovered in our usual forensic practice. This may be 
helpful for forensic pathologists to make a reliable diagnosis even in the absence of clinical history. 
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INTRODUCTION

Arrhythmogenic right ventricular cardiomyopathy 
(ARVC), also nominated right ventricular 
dysplasia (ARVD), is a myocardial disease 
characterized pathologically by fibrofatty 
replacement of the right ventricular myocardium, 
and clinically by right ventricular arrhythmias, 
which may lead to sudden death in young people 
and athletes.1 It is predominantly related to the 
right ventricular electrical instability which 
can precipitate arrhythmic cardiac arrest at 
any time. Although several theories have been 
advanced, there is clinical and pathological 
evidence that ARVC is a progressive myocardial 
disease with unknown etiopathogenesis, but 
this involves genetic factors.2 Here, we report 
three cases of sudden death in patients with no 
medical or family history of sudden death or 
chronic diseases, which the cause of their death 
was related to ARVC, that was confirmed by 
histopathology examination.

CASES PRESENTATION

Case 1
A 30-year-old male patient with body mass 
index (BMI) of 20 was admitted to hospital 
unresponsive and pronounced dead even with 
resuscitation at emergence unit. Based on the 
information from his family, the deceased had 
an altercation with an unknown man, and then 
a few minutes later, he fainted and fell to the 
ground. The victim was subsequently rushed to 
the hospital. There was no significant finding 
noted in his past history and his family’s history 
of any chronic diseases.
 A medicolegal autopsy was requested by 
the general attorney to establish the cause of 
death. Autopsy revealed facial cyanosis with 
no signs of traumatic injury. His heart appeared 
enlarged and weighted 474 grams which was 
within normal limit. All the coronary arteries 
were patent with normal morphology. The gross 
myocardial examination shows localized whitish 
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infiltrations with seize between 02 to 03 mm at 
the level of the lateral and the posterior wall 
of dilated left ventricle and the anterior part 
of interventricular septum. The thickness of 
the septum was 1.3 cm and the right ventricle 
wall thickness was 0.5 cm with small quantities 
of epicardial fat. The ventricle dilatation was 
localized to affected area and it was isolated to 
left ventricle and interventricular septum only 
(FIG. 1C). No other abnormalities were found 
at the remaining part of the heart’s dissection. 
No pathological changes were observed in the 
other organs.
 Postmortem toxicological analysis was 
negative for alcohol and drugs. Samples were 
taken from myocardium of both ventricles. 
The morphologic variants such as fibroadipose 
tissue infiltrations of the myocardium at the 
level of the left ventricle were found in the 

histopathological examination of the heart 
(FIG. 1A and1B), this infiltration started from the 
apex to mid left ventricle and from the epicardium 
and then extending to become transmural 
one. The replacement of the myocardium by 
fibrous and adipose tissue was patchy, which 
dissects myocardiocytes. The histopathological 
examination of myocardium of the right ventricle 
was normal.
 The autopsy report concluded that the cause 
of death was due to cardiac arrest related to 
an arrhythmogenic cardiomyopathy with left 
ventricle dominant, triggered by stress-induced 
at the moment of the argument.

Case 2
A 25-year-old female patient with body mass 
index of 19 and with no past medical condition  
or previous family history of chronic illness 

FIG. 1: (A: H&E, x40 and B: H&E, x100): Histopathological examination demonstrated fibroadipose tissue 
infiltrations of the left ventricle: Replacement of the myocardium by fibrous (small arrow) and adipose 
tissue (star), which dissects Myocardiocytes (big arrow). (C): Cross section of opened heart.
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or sudden death, she felt uneasiness and 
fainted. Then she was transferred to hospital 
by ambulance, but she died on her way before 
admission. A medicolegal autopsy was requested 
by the attorney in order to elucidate the cause 
of death.
 External examination didn’t show any 
signs of traumatic injury. Her heart (FIG.2A) 
weighted 331 grams, which was normal, with 
no atherosclerosis. No other abnormalities were 
found at the rest of the heart’s dissection as well 
as the other organs.
 Postmortem toxicological screening was 
negative for alcohol and drugs. Samples were 
taken from myocardium of both ventricles. 
The morphologic variants such as fibroadipose 
tissue infiltrations of myocardium at the 
level of the right ventricle were found in the 
histopathological examination of the heart. The 
myocardium is replaced by adipose tissue, which 
dissociates the cardiomyocytes, and become 
disorganized (especially in the lower half of 
the image) (FIG. 2B, 2C and 2D). The autopsy 
report concluded that the cause of death was due 
to cardiac arrest related to arrhythmogenic right 
ventricular cardiomyopathy.

Case 3 
A 40-year-old male patient with body mass index 
of 22 and with no significant medical condition or 
family history of hereditary diseases, transferred 
to hospital by ambulance after collapsing. He 
passed away on his arrival at the hospital. 
 A medico-legal autopsy was performed 
to clarify the manner and cause of death as 
mandated by the local prosecutor. No significant 
injuries were observed on external examination 
at the autopsy. His heart weighted normal: 340 
grams. It was found a coronary atherosclerosis 
with stenosis of 60% involving the proximal and 
the middle part of the anterior interventricular 
artery. Macroscopically, the sections of left 
ventricular wall and septum as well as the 
myocardium were normal. 
 It was also found nonspecific signs, such 
as congestion of the other internal organs. A 
toxicological screening was performed for blood 
alcohol analysis and drug screening in blood 
and urine samples which were negative for any 
chemical compound.
 Samples were taken from the myocardium of 
both ventricles. The morphologic variants such 
as fibroadipose tissue infiltrations of myocardium 
in both right and left ventricles were found in 
the histopathological examination. The residual 
heart muscle is disordered and isolated in the 
form of blocks or islands which bath in abundant 
fatty tissue. The myocardium is dissociated and 
replaced by abundant adipose tissue. In addition 
to atheromatous plate narrowing more than 
half of the vascular lumen of the mid anterior 
interventricular artery (FIG. 3A, 3B and 3C).
 The autopsy report concluded that the cause 
of death was due to cardiac arrest related to 
arrhythmogenic biventricular cardiomyopathy. 
No postmortem genetic testing for diagnosis 

FIG. 2:  (A): Cross section of opened heart (B: H&E, x40, C: H&E, x100, and D: H&E, x400): The myocardium 
is replaced by adipose tissue (star), which dissociates the cardiomyocytes (arrow), and disorganised 
(especially in the lower half of the image).
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accuracy was performed in the presented cases, 
because the general attorney who order the 
medico-legal autopsy do not ask for any further 
medico-legal investigations once the cause of 
death is determined, also the genetic testing for 
postmortem samples is not frequently done by 
genetics laboratories in our context, as it cost too 
much and they do only focus on the pathological 
diagnosis of the living. As a result, postmortem 
genetic testing was not performed. However,the 
families offered cardiological referral.

DISCUSSION

ARVC is an important cause of ventricular 
tachycardia with left bundle block pattern, right 
ventricular (RV) heart failure and sudden death in 
young patients and athletes, even in the absence 
of clinical ventricular dysfunction.2,3According to 
the literature,4,5ARVC may be diagnosed at any 
age, and sudden death tends to occur between 
the ages of 15 and 45 years, with a mean age of 
about 30 years,6 and in our cases sudden death 
occurred also in patients with ages between 15 
and 45. This disease affects men, with a sex 
ratio of 2.7:1 in favor of the men,6 and in our 
cases, the myocardial disease affected two men 
and one woman. The disease prevalence varies 
from 0.02 to 0.1%.6   However, the true incidence 
is unknown because the diagnosis may be missed 
in some cases.7 Hence, many ARVC cases are 
diagnosed at autopsy after the occurrence of 
sudden cardiac death.8

 Since the original report of 24 affected 
patients made by Marcus and colleagues that was 
published in 1982,9 there have been considerable 
advances in the understanding of this myocardial 
disease. It was initially described as a dysplasia 
having the thought of the possibility of a 
congenital defect in the development of the 
right ventricular myocardium.10 After that, the 

discovery of the fact that the disease is caused 
by a genetic defect in the cardiac desmosomes 
has led to its recognition as a cardiomyopathy 
and its inclusion in the classification of 
cardiomyopathies by the American Heart 
Association.10

 Previous published ARVC studies reported 
that nearly 40% of cases carried a pathogenic 
mutation in the PKP2 gene,11 establishing that 
it is the most prevalent gene related to ARVC. 
In addition, previous studies on human heart 
samples have described PKG reduction at 
intercalated disks as a hallmark of ARVC. A 
reduction of PKG was observed regardless 
of whether the samples carried a mutation. 
Some studies have proposed that this is not 
ARVC-specific since it has also been observed 
in hypertrophic cardiomyopathy and dilated 
cardiomyopathy.11

 ARVC can be complicated by cardiac 
electrical instability or right ventricular failure. 
Both complications were recorded as cause of 
cardiovascular death by some authors in the 
literature with annual mortality rate of 19% and 
2%, respectively.12

 In general, clinical presentation of ARVC 
usually consists of RV arrhythmias, which range 
from isolated premature ventricular beats to 
non-sustained tachycardia, ventricular fibrillation 
and sudden death.13 In some cases, the first 
presentation of ARVC may be sudden cardiac 
death with no prior onset symptoms.14 In our 
presented study, there were neither symptoms, 
nor family and medical history of sudden death, 
or chronic illness or any hereditary diseases. 
Besides, the first clinical presentation in our 
patients was unexpected sudden death. For that 
reason, an autopsy was performed to rule out 
an external cause to death and to search for any 
explanation for the occurrence of death such 
unexpectedly. Current ARVC clinical diagnosis 

FIG. 3: (A: H&E, x40): The myocardium (arrow) is dissociated and replaced by abundant adipose tissue (star). 
(B: H&E, x100): The residual heart muscle is disordered and isolated in the form of blocks or islands 
which bath in abundant fatty tissue. (C: H&E, x400): Myocardial fibers (arrow), adipocytes (star).
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is based on the fulfillment of Task Force Criteria 
(TFC),8 recently revised,9 including genetic 
testing.2

 Postmortem histopathological examination 
plays an important role in concluding the cause 
of death. ARVC is morphologically characterized 
by diffuse or segmental lack of myocardium in 
the RV free wall, which is replaced by fatty or 
fibrofatty tissue.15As described in the literature, 
this replacement is progressive, starting from 
the epicardium or midmyocardium and then 
extending to become transmural pathology.16,17 

The morphologic variants such as fibroadipose 
tissue infiltrations were found in our presented 
cases. Although several theories have been 
proposed and different genetic variants have 
been described, the accurate etiopathogenesis 
of ARVC is still unknown.18

 ARVC is a complex heterogeneous disease 
with a spectrum of phenotypes and three 
possible forms of expression: the classical RV 
(39% of cases), the left dominant (5%) and the 
biventricular (56%) forms.19

 The lef t -dominant  ar rhythmogenic 
cardiomyopathy was first described in 1992 
by Pinamonti et al.20 It is a cardiomyopathy of 
high importance, which predominantly involves 
the left ventricle (LV),21 and characterized 
pathologically by fibroadipose replacement of 
the LV, frequently observed in the outer one-
third of the myocardium and the right side of the 
interventricular septum.22,23 This special feature 
was discovered in one of our reported cases.
 Furthermore, the biventricular is another 
subtype of arrhythmogenic cardiomyopathy, 
which involves both RV and LV.24 During the 
progression of the disease, an initial right or left-
dominant pattern can evolve into a biventricular 
dysfunction.25,26  In our presented study, a case of 
morphologically fibrofatty form of ARVC with 
involvement of RV and LV was discovered at 
histopathology examination.
 Early and occasionally late stages of 
Arrhythmogenic cardiomyopathy (AC) may 
show similarities with a few other diseases, in 
particular:27

- Idiopathic Ventricular Tachycardia (VT) 
originating from the Right ventricular outflow 
tract (RVOT) tachycardia. This latter is usually 
seen in patients without underlying structural 
heart disease, although may also occur in the 
context of ARVD. However, idiopathic RVOT VT 
is a benign non-familial condition, in which the 
ECG shows no depolarization or depolarization 
abnormalities and no RV structural changes can 

be detected. So, it is important to differentiate 
idiopathic RVOT VT from AC with regard to 
screening of family members, prognosis, and 
outcome of catheter ablation.
- Cardiac sarcoidosis, which a remarkably 
high incidence (15%) of this disease was 
found in patients with suspected AC with 
clinical symptoms of cardiac involvement. 
The presence of extracardiac sarcoidosis, 
mediastinal lymphadenopathy, septal conduction 
abnormalities, and septal scar on cardiac imaging 
may be indicative of cardiac sarcoidosis rather 
than AC as disease etiology. Histopathological 
findings from endomyocardial biopsies can 
differentiate between the two entities. Also, 
cardiac sarcoidosis may mimic AC even on 
the molecular level, due to the existence of 
markedly reduced immunoreactive signal in 
the intercalated disk of the desmosomal protein 
plakoglobin that was observed in both of them.
- Myocarditis: that must be distinguished from 
AC in endomyocardial biopsy. Besides, Giant 
cell myocarditis may be indistinguishable from 
AC using immuno-histochemical analysis. In 
contrast,viral myocarditis does not result in 
plakoglobin redistribution from the intercalated 
disk. Differential profiles of cytokinesare 
implicated to underlie this difference in 
disruption of desmosomal proteins.
- Dilated cardiomyopathy (DCM), especially in 
the more advanced stages of disease. However, 
it usually presents with heart failure rather than 
arrhythmias. Thus, patients with sustained VT as 
the initial symptom of a supposed DCM should 
also be screened for AC.
-Other rare differential  diagnosis  to 
consider: Brugada syndrome with similar 
electrocardiographic or RV arrhythmias, 
congenital abnormalities such as Uhl’s disease, 
Ebstein’s anomaly, and atrial-septal defects, RV 
infarction, and possibly pulmonary hypertension.
 Therefore, autopsy investigation combined 
with genetic testing and family screening were 
associated with a substantially higher likelihood 
of identifying a possible cause of sudden cardiac 
death among children and young adults than did 
autopsy investigation alone.28

 Genetic testing is recommended for AC 
cases diagnosed in postmortem. The molecular 
autopsy is particularly useful for detecting AC in 
decedents with limited structural disease. Recent 
cases series have reported AC in sudden cardiac 
death victims with reportedly normal cardiac 
structure. Thus, a post-mortem molecular testing 
should be included in the strategy of family care 
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after cardiac death and suspected arrhythmogenic 
cardiomyopathy, since genetic findings provide 
additional information useful for relatives, which 
are beyond conventional autopsy.29

 Finally, it must be remembered that, as noted 
above, ARVC has a non-specific nature with 
broad spectrum of phenotypic expressions, 
which it could be probably the reason why this 
disease is often poorly diagnosed and frequently 
go unrecognized. Therefore, we presented the 
special characteristic and histopathology features 
of ARVC cases, discovered in our usual forensic 
practice. These may be helpful for forensic 
pathologists to make a reliable diagnosis even 
in the absence of clinical history. Thus, autopsy 
diagnosis of ARVC is still imperative.

CONCLUSION 

In summary, sudden death is often the first 
manifestation in ARVC patients and forensic 
pathologists often encounter these cases without 
any clinical data or family background. Since the 
typical pathological changes may not be grossly 
observed during autopsy, the diagnosis of ARVC 
is often remains a challenge for medicolegal 
community to search for more convincing 
arrhythmogenic pathological findings, especially 
when dealing with suspected cases of sudden 
death in young.

Highlights:
• Sudden cardiac death in young without any 

clinical data or family background.
• Arrhythmogenic cardiomyopathy with three 

expression forms.
• Myocardial disease with fibroadipose tissue 

infiltrations at histopathology.
• Diagnosis of Arrhythmogenic cardiomyopathy 

remains a challenge for forensic pathologist 
due to its pathological changes.
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