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Introduction: Arrhythmogenic right ventricular cardiomyopathy (ARVC) is now usually referred to as arrhyth
mogenic cardiomyopathy (ACM) because of the possible left and biventricular affection. In recent years, it has
been shown that early-stage ACM, especially in women carrying a disease-causing variant in the DSP gene, may
present with clinical signs of myocarditis.
Case presentation: The female patient was diagnosed with myocarditis based on arrhythmia and findings on
magnetic resonance imaging at the age of 24 years. An additional performed myocardial biopsy confirmed a
lymphocytic inflammatory reaction. Subsequently, the patient experienced cardiac arrest because of ventricular
fibrillation and was resuscitated. As a result, she received an implantable cardioverter defibrillator, and repeated
ablations of recurrent ventricular tachycardia were performed. After four years, molecular genetic testing
identified the heterozygous, likely pathogenic nonsense variant c.4789G > T, p.(Glu1597*) in DSP
(NM_004415.4). Based on this finding, ACM could be diagnosed, and a heart transplantation was performed only
a few months later because of rapid disease progression.
Discussion: Truncating variants in DSP have been associated with fulminant progression of arrhythmia. However,
the currently used ARVC task force criteria are inadequate to detect DSP-associated ACM with left dominant
presentation. Moreover, the initial diagnosis of myocarditis may distract from a more extensive search for other
causes. Consequently, in cases of recurrent or unusually prolonged myocarditis, especially if present without
detected pathogens, molecular genetic testing should be considered.
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1. Introduction
Amongst cardiomyopathies, arrhythmogenic right ventricular car
diomyopathy (ARVC) is well-known for its predominant and eponymous
affection of the right ventricle. Heterozygous pathogenic variants in
genes, mostly coding for desmosomal proteins, lead to fibro-fatty
replacement of the myocardium which in turn can lead to life-

threatening arrhythmia. Promoted by intensive physical exercise,
ARVC proves to be a significant contributor to sudden cardiac death,
especially in young athletes (Basso et al., 2009).
Establishing the diagnosis of ARVC clinically, however, can be
challenging. Therefore, task force criteria were developed in 1994
(McKenna et al., 1994) and revised in 2010 (Marcus et al., 2010) that
help to objectify the diagnosis. It was shown that a pathogenic or likely
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pathogenic variant can be identified in about 70% of probands that meet
the revised task force criteria (Quarta et al., 2011). Although the
currently used task force criteria from 2010 have an overall clinical
sensitivity and specificity of about 90%, there were also proposed
modifications that could help to reduce the rate of false positive diag
nosed patients. These modifications addressed the signal-averaged
electrocardiogram and family history criteria (Bosman et al., 2020).
Further task force criteria include morphological findings in the right
ventricle by imaging techniques such as echocardiography and magnetic
resonance imaging (MRI) (Marcus et al., 2010). However, there is a need
of revising these criteria, too, since it emerged in the last years that
ARVC might also affect the left ventricle more often than expected in the
past. One revision was proposed in 2020, called the “Padua criteria”
(Corrado et al., 2020). Especially pathogenic variants in DSP were
associated with a left or biventricular involvement and fulminant dis
ease progression (Bhonsale et al., 2015; López-Ayala et al., 2014). To
avoid underdiagnosis of left dominant and biventricular forms, the term
arrhythmogenic cardiomyopathy (ACM) should be used nowadays
instead of ARVC (Bennett et al., 2019).
In this case study, we report a rare case of ACM in a young women,
caused by a pathogenic variant in DSP that presented as myocarditis in
imaging and even myocardial tissue biopsy. Due to the rapid disease
progression, the female patient had to undergo a heart transplantation.

was suspected and heart failure therapy consisting of betablocker, ACE
inhibitor and aldosterone antagonist was started and the patient was
advised against sports. She recovered, and after cardiological evalua
tion, the patient was allowed to return to exercise. A short time later, she
had to be resuscitated due to ventricular fibrillation while exercising.
Repeated cardiac MRI was consistent with the previous findings.
Monomorphic and sustained ventricular tachycardia could be induced
by electrophysiological testing. Therefore, an implantable cardioverter
defibrillator (ICD) was implanted subsequently. Half a year later, a rebiopsy was performed and again showed signs of a myocarditis. An
immunosuppressive therapy with prednisolone and azathioprine was
started because of a suspected autoimmune disease. Shortly after the
medication was started, the patient received appropriate shocktherapies five times in a row by the ICD due to an electrical storm
with ventricular tachycardia (VT). Only one month later, a mono
morphic VT occurred again but ICD shocks were ineffective. The ICD
lead was revised and the patient received left and right ventricular
radiofrequency (RF) ablation. An additional myocardial biopsy was
performed again but examination of the sample only showed residuals of
a preceding myocarditis without any sign of a dilated or arrhythmogenic
cardiomyopathy. Immunosuppressive therapy was eventually stopped.
At the age of 26 years, immunosuppression with ciclosporin was
started for six months since the patient suffered from recurrent sustained
VTs, and a chronic lymphocytic myocarditis was revealed by another
myocardial biopsy. Half a year later, the patient had another ICD-shock
for VF. Another epicardial RF ablation was performed subsequently.
Immunoadsorption was started in regard to the suspected autoimmune
disease, however, systolic functions progressively declined. Due to
persistent arrhythmias of unknown origin, genetic testing by nextgeneration sequencing was performed and identified the heterozygous
nonsense variant c.4789G > T, p.(Glu1597*) in DSP (NM_004415.4).
Although the variant has not been reported in the literature before, it
was classified as likely pathogenic due to its predicted loss of function on
protein level. Based on the clinical phenotype of a typical DSP-associated
cardiomyopathy, which has been described in the literature, the diag
nosis of a left dominant ACM could finally be established although task
force criteria, focused on right-dominant forms, revealed only border
line disease. Half a year later, the patient got several appropriate ICDshocks because of an electrical storm, again. Another, predominantly
epicardial RF ablation was performed subsequently (Fig. 2). Since the
arrhythmias proved refractory to therapy and heart failure progressed
rapidly, the patient was listed with high urgency for heart trans
plantation. The last LVEF measured by echocardiography was 30%. She
received a new heart at the age of 28 years. Macroscopic examination of
the explanted heart revealed myocardial hypertrophy, increased fatty
tissue in the right ventricle as well as myocardial fibrosis in the left
ventricle. Histological examination showed hypertrophic myocytes with
structural disturbances, focal fibrosis and inflammatory cells (Fig. 3). No
cardiotropic pathogens could be detected. Genetic testing of further
family members revealed that the variant was paternally inherited, and
that the patient’s 25 year old brother is also carrier of the variant.
Cardiac MRI of the brother revealed epicardial and intramyocardial
LGE-positive areas in the left ventricle. An event recorder was implanted
with no detected arrhythmia until today.

2. Clinical presentation
At the age of 24 years, the female patient experienced chest pain and
an increased rate of premature ventricular contractions (PVCs). Family
history was unremarkable. Cardiac magnetic resonance imaging (MRI at
1.5 Tesla) showed reduced left ventricular ejection fraction (LVEF:
43%), end diastolic slightly dilated left ventricle, subepicardial late
gadolinium enhancement (LGE) and pericardial effusion (Fig. 1).
Endomyocardial biopsy was performed and revealed interstitial edema
as well as distinct inflammatory foci. Due to these findings, myocarditis

3. Discussion
In this case study, we report a female patient that was affected by
life-threatening arrhythmia caused by a heterozygous nonsense variant
in DSP. Cardiac imaging as well as myocardial tissue biopsy, however,
suggested a myocarditis as the disease’s origin. These findings are in
concordance with the previously published literature. It was recently
shown that ACM caused by variants in DSP can initially present as
myocarditis, especially in women (Scheel et al., 2021). Moreover,
truncating variants in DSP, like the reported one, were associated with a
fulminant arrhythmic disease progression, and implantation of an ICD,

Fig. 1. Cardiac magnetic resonance imaging. Late-gadolinium enhanced
cardiac magnetic resonance imaging showing linear subepicardial contrast
enhancement latero-basal (yellow arrows). (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of
this article.)
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Fig. 2. Radiofrequency ablation and cardiac mapping. Panel A: Endocardial mapping of the left ventricle. Panel B: Epicardial mapping of the left ventricle. Violet:
healthy cardiac tissue, red: scar tissue, dots: marked ablation spots. (3D voltage map, Carto3®). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 3. Histological examination of the explanted heart. Panel A: Myocytes reveal hypertrophy and significant structural disturbances. Panel B: Focal fibrosis
(blue tissue), degenerated (yellow arrow) and hypertrophic myocytes, and arterioles with thickened walls (green arrow) are noted. (Panel A and B: Masson Trichrome
staining (×400)). Panel C: Immunohistochemistry reveals focal detection of CD3 + T cells (×200) and (D) of CD68 + macrophages, indicating inflammation (×200).
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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the work reported in this paper.

even without systolic dysfunction, was recommended (López-Ayala
et al., 2014). It is also known that male sex is a risk factor for arrhythmia
in ACM (Protonotarios et al., 2016) as well as the carrier status of a
pathogenic variant in DSP (Bhonsale et al., 2015). In our reported case,
however, the three years older female patient was strikingly more
severely affected than her brother and her father who also carry the
variant. It was previously shown by examination of family members of
affected patients that the ACM’s disease penetrance is low, and the ex
pressivity is broad (Groeneweg et al., 2015). There is no sufficient
explanation so far, but polygenic inheritance that can influence the
phenotype might be one as it has been shown for hypertrophic and
dilated cardiomyopathy before (Harper et al., 2021; Pirruccello et al.,
2020).
The revised task force criteria include examination of myocardial
tissue biopsy samples (Marcus et al., 2010). In our case, the biopsy did
not lead directly to the diagnosis of an ACM. Instead, myocarditis was
clinically suspected. It remains unclear if a beginning ACM mimics an
inflammatory procedure or if the genetically predestined ACM is trig
gered by a previous myocarditis. The same accounts for our reported
patient. The exact pathomechanism behind this observation still needs
to be elucidated. However, an inherited cardiomyopathy that imaged an
inflammatory event in the myocardial tissue biopsy has also been re
ported in LAMP2-associated cardiomyopathy, for example (Popa et al.,
2020). An updated revision of the task force criteria regarding signalaveraged electrocardiogram and family history criteria was proposed,
as mentioned before (Bosman et al., 2020). Considering the findings of
the last years, the biopsy criteria might be in need to be revised, too,
regarding inflammatory signs and affection of the left ventricle. Espe
cially if there are no detected pathogens, an unusually long-lasting or
chronic myocarditis should indicate genetic testing to possibly identify
an inherited cardiomyopathy.
The case reported here emphasizes the need for revised task force
criteria respect to left or biventricular involvement as proposed in the
“Padua criteria” (Corrado et al., 2020). Establishing the correct diag
nosis of ACM is of utmost importance for the patient: our reported
woman experienced VF while exercising. This might have been avoided
if the diagnosis was established earlier as ACM patients are advised
against moderate to high intensive exercise (Heidbuchel et al., 2021).
Moreover, heart transplantation can be a therapeutic option, even in
case of preserved systolic function if patients suffer from life-threatening
arrhythmias refractory to any therapy.
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