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Abstract We present two female patients with re-
current episodes of myocardial injury, consisting of
acute chest pain and elevated cardiac markers with-
out coronary artery disease. Cardiovascular mag-
netic resonance imaging identified extensive late
gadolinium enhancement suggestive of an inherited
cardiomyopathy. Genetic testing showed heterozy-
gous pathogenic variants in the desmoplakin (DSP)
gene, the gene coding for the desmoplakin protein,
a structural protein found in the cardiac desmosome.
Pathogenic variants in the DSP gene are associated
with dilated and arrhythmogenic cardiomyopathy.
DSP cardiomyopathies may cause recurring myocar-
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dial injury mimicking an acute coronary syndrome
or myocarditis. Cardiac magnetic resonance imaging
is key in its diagnosis due to its specifying imaging
features. Genetic testing is essential for the evaluation
and confirmation of the diagnosis.
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Introduction

Inherited cardiomyopathies are diagnosed more fre-
quently due to improved screening and diagnos-
tic methodologies. The prevalence of inherited or
idiopathic dilated cardiomyopathies (DCM), based
on adult screening studies, is estimated to be ap-
proximately 1 in 250 [1]. Arrhythmogenic cardiomy-
opathies (ACM), being rarer, are estimated to occur
in 1 to 2000 to 5000 adults. However, these esti-
mates are limited by their methodology and the often
incomplete phenotypical penetrance of underlying
pathogenic DNA variants.

We describe two patients who presented with recur-
rent episodes of acute chest pain and elevated cardiac
markers without coronary artery disease, in whom
deep phenotyping and genotyping led to the diagnosis
of a desmoplakin (DSP) cardiomyopathy. We discuss
and review the current knowledge on DSP cardiomy-
opathy.

Case reports

Patient A is a 35-year-old woman who presented with
acute chest pain and elevated cardiac markers (cre-
atinine kinase [CK] 1991U/l [upper limit of normal
(ULN) 145] and high-sensitivity cardiac troponin T
[hs-cTnT] 5510ng/l [ULN 14]). Her medical and fam-
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Fig. 1 12-Lead electrocardiogrammade at admission of pa-
tient A showing a sinus rhythm of 70 beats per minute, normal
heart axis, normal conduction times, low voltage QRS com-

plexes, and subtle inferolateral ST-segment elevations without
reciprocal ST depressions

ily history was unremarkable. The electrocardiogram
(ECG) showed low-voltage QRS complexes and subtle
inferolateral ST-segment elevations (Fig. 1). Transtho-
racic echocardiography showed a mildly reduced left
ventricular systolic function with apical hypokine-
sia. Coronary angiogram excluded coronary artery
disease. Cardiovascular magnetic resonance imaging
(CMR) showed extensive epicardial late gadolinium
enhancement (LGE) in the inferior and lateral wall
and mid-myocardial LGE in the septum with pre-
served systolic left ventricular function (See Fig. 2
and Video S1 in Electronic Supplementary Material
[ESM]). The patient was diagnosed with acute my-
ocarditis and was discharged from the hospital a few
days later.

During follow-up, symptomatic polymorphic pre-
mature ventricular contractions (2% burden during
Holter monitoring) were present, successfully treated
with atenolol. Approximately 20 months later, pa-

a b c

Fig. 2 Cardiovascular magnetic resonance of patient A:
a,b show the 4-chamber end-diastolic (a) and end-systolic (b)
balanced steady-state free precession cine images. Note the
involvement of the right ventricle (arrow, b) with regional basal
free wall dyskinesia. c shows extensive late gadolinium en-
hancement (LGE) on the short-axis assessment with involve-

ment of the left and right ventricle. Epicardial LGE (arrows, c)
is seen in the lateral and inferior left ventricular segments, and
also mid-myocardial LGE in the septum and the right ventri-
cle free wall. A cine movie is available (Video S1 in Electronic
Supplementary Material)

tient presented again with acute chest pain and
elevated cardiac markers (CK 499U/l and hs-cTnT
1300ng/l) after intense physical exertion. Repeated
CMR showed similar results. An 18F-FDG positron
emission tomography/computed tomography scan
was normal, ruling out active sarcoidosis or my-
ocarditis. The patient was referred to a tertiary centre
for further analysis, including genetic testing. The
CMR scans were reassessed, in hindsight showing an
LGE pattern and regional right ventricular dyskinesia
of the basal free wall with localised LGE suggestive for
an inherited cardiomyopathy (Fig. 2). Genetic analy-
sis was performed and a pathogenic variant (class 5)
c.2297+2T> A in the DSP gene (NM_004415.2) with
potential RNA splicing effect was found. Variants
were classified according to the American College
of Medical Genetics and Genomics (ACMG) guide-
lines [2]. An implantable loop recorder (ILR) was
implanted. So far, no arrhythmias have occurred and
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Fig. 3 12-Lead electrocar-
diogram (a) made at admis-
sion of patient B showing
a sinus rhythm of 95 beats
per minute with a normal
heart axis, normal conduc-
tion times, poor R-wave
progression, non-specific
repolarization abnormalities
and small QRS voltages.
Cardiovascular magnetic
resonance of patient B:
b shows extensive ring-like
late gadolinium enhance-
ment (LGE) on the short-
axial view. c shows the
LGE in the 4-chamber view
within the septum and the
lateral wall of the left ventri-
cle. A cine movie is avail-
able (Video S2 in Electronic
Supplementary Material)

a

b c

the patient remains asymptomatic. Results of cascade
genetic testing in first-degree relatives are pending.

Patient B is a 28-year-old woman with a history
of type 1 diabetes mellitus and a family history of
DCM with an affected father. She presented with
acute chest pain and elevated hs-cTnT (831ng/l) with
normal CK values. Her ECG at presentation showed
low-voltage QRS complexes and non-specific repolar-
isation abnormalities, particularly of the inferolateral
leads, with no acute findings (Fig. 3). Echocardio-
graphy showed a mildly increased left ventricular
end-diastolic diameter (56mm) and a low-normal left
ventricular ejection fraction (LVEF 50%). Coronary
angiogram showed no coronary artery abnormalities.
She was diagnosed with a myocardial infarction with
non-obstructive coronary arteries (MINOCA). Pa-
tient received dual antiplatelet therapy, a statin and
a non-dihydropyridine calcium channel blocker. CMR
showed a pattern correlating with a non-ischaemic
DCM with reduced LVEF (44%) and extensive epicar-
dial LGE, most suggestive for an inherited cardiomy-
opathy (see Fig. 3 and Video S2 in ESM). She was
referred to a tertiary centre for further analysis.

A few days after the CMR she presented again with
acute chest pain and hs-cTnT increase (585ng/l).
ECG showed no new findings. Differential diagnostic
considerations were myocarditis (despite low infec-
tious parameters), coronary artery spasm (despite

calcium channel blocker use) or an inherited car-
diomyopathy. Her medication was adjusted, with the
cessation of all prior medication, and the initiation
of a beta blocker and an angiotensin-converting en-
zyme inhibitor. An ILR was implanted, after which
the patient was discharged. Multi-gene panel testing
revealed a pathogenic variant (class 5) c.1904-2A>G
in the DSP gene with potential RNA splicing effect.
During follow-up the ILR detected non-sustained
ventricular tachycardia, which led to a primary pre-
vention implantable cardioverter-defibrillator (ICD)
implantation. Cascade testing revealed the same DSP
variant in her father known with DCM.

Discussion

DSP is a structural intracellular protein, which is crit-
ical in the assembly of the anchoring desmosomes
within myocardial and epidermal skin cells [3]. These
desmosomes function as part of the cellular adhesion
junction, providing rigidity and strength to these cells.
Pathogenic variants in the DSP gene are associated
with ACM and DCM. The recurrent episodes of acute
myocardial injury (acute chest pain, elevated cardiac
enzymes and no coronary artery disease), as described
in both patients, occurs in about one fifth of DSP car-
diomyopathy patients and is associated with left ven-
tricular LGE, even in patients with normal LVEF [4–6].
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This acute clinical presentation of DSP cardiomyopa-
thy may be misdiagnosed as an infectious myocardi-
tis, or diagnosed as a MINOCA. Non-infectious my-
ocarditis is often described in DSP-related ACM [4,
7, 8]. Sen-Chowdry et al. considered that myocardi-
tis may be an element of the natural progression of
ACM, where instead of having an infectious cause,
it is due to a genetic predisposition [9]. The exact
pathophysiology underlying the myocardial injury is
unclear. Recurrent myocarditis-like episodes may be
seen, typified by cardiomyocyte damage and subse-
quent lymphocyte infiltration and necrosis, thereafter
followed by repair and fibrofatty tissue replacement,
as found in post-mortem analyses [10].

Acute myocardial injury is therefore a common
presentation of patients with DSP cardiomyopathy,
which may present recurrently. Besides the differ-
ential diagnosis of infectious myocarditis, MINOCA
may also be considered in these patients. Indeed, the
SMINC-2 trial found that CMR diagnosed a small sub-
set of MINOCA patients with primary DCM [11]. In
addition, CMR has been shown to diagnose ACM and
DCM in patients with initially suspected myocarditis
[12]. CMR should therefore be part of the diagnos-
tic work-up in all patients with unexplained acute
myocardial injury without coronary artery disease
[11]. Cine imaging and LGE in DSP cardiomyopathy
can show left and/or right ventricular involvement,
and specific attention should be paid to fibrofatty
replacement; its presence makes T1 mapping chal-
lenging [13, 14]. T2 values may be elevated, indicating
oedema. LGE was found in almost half of patients
with DSP cardiomyopathies and can be extensive,
particularly in the sub-epicardium with patterns sim-
ilar as those seen in myocarditis. Ring-like patterns
of LGE, as found in both patients, are often observed
in ACM and are associated with an increased risk of
ventricular arrhythmias [15, 16]. Pathogenic variants
in filamin C, another cause of left-dominant ACM,
can also give this ring-like LGE pattern [17]. However,
presentation with acute myocardial injury in patients
with an ACM phenotype seems particular to DSP
cardiomyopathy.

The review by Smith et al. showed that the clinical
phenotype of DSP cardiomyopathy presents as a pre-
dominantly left ventricular cardiomyopathy, whereas
right ventricular involvement was only found in 14%
of patients [5]. Additionally, extra-cardiac features
have been described in patients with pathogenic DSP
variants, namely woolly hair and palmoplantar kerato-
derma. Rare examples of DSP-related syndromes are
the autosomal-recessive Naxos disease with those ex-
tra-cardiac findings and right ventricular involvement;
and Carvajal syndrome with the same findings and
left ventricular involvement [18, 19]. This left ventric-
ular dominant phenotype, since called left-dominant
ACM, differentiates it from traditional arrhythmogenic
right ventricular cardiomyopathy (ARVC). This is illus-
trated by poor correlation with the Task Force Criteria

for ARVC, which were mainly developed for patients
with a predominant right ventricular phenotype [6].
In reported cohorts of DSP cardiomyopathy, females
are overrepresented, particularly in patients present-
ing with acute myocardial injury. In the case series of
Smith et al., 69% of 107 DSP cardiomyopathy patients
were female, but disease progression and burden did
not significantly differ between sexes [5]. In addition,
an all-female case series by Scheel et al. described
10 patients with a pathogenic DSP variant present-
ing with a myocarditis-like phenotype [4]. The au-
thors hypothesised that the myocardial injury could
be the result of immune-mediated effects. Indeed, it
was found that in desmosomal ARVC a disproportion-
ate amount of anti-cardiac antibodies are present in
comparison with other cardiac pathologies [20]. Nev-
ertheless, the authors did acknowledge that there may
be gender disparities in healthcare accessing or biases
that were not accounted for.

In general, decreased LVEF is correlated with
a higher risk for all-cause and cardiac mortality as
well as heart failure-related adverse outcomes in pa-
tients [21, 22]. The development of heart failure is
described in 38% of patients with a DSP cardiomy-
opathy and is associated with acute myocardial injury
and proband status [6]. Furthermore, previous case
series show that pathogenic DSP variants correlate
with ventricular arrhythmias and that left ventric-
ular dysfunction (LVEF< 55%) is strongly associated
with sustained ventricular arrhythmias in DSP car-
diomyopathies [5, 23]. During follow-up, a quarter
of the patients with DSP cardiomyopathy experience
sustained ventricular arrhythmia or sudden cardiac
death, even in the absence of overt left ventricular
dysfunction, which makes risk stratification for pri-
mary ICD implantation challenging in these patients
[6, 24]. However, patients with left-dominant phe-
notypes showed worse survival to severe arrhythmias
[5].

Whilst diagnosis by imaging remains challenging,
DSP cardiomyopathies present a suggestive LGE pat-
tern which may aid distinguishing it from infectious
myocarditis when presented in combination with
acute myocardial injury. [25, 26]. Ultimately, if an in-
herited cardiomyopathy is suspected, genetic testing
is necessary. If a pathogenic variant is found, cascade
genetic testing should be offered to family members.

Conclusion

DSP cardiomyopathy mainly affects the left ventricle
and can be associated with acute myo-inflamma-
tory episodes of chest pain with elevated cardiac
enzymes in the absence of coronary artery disease.
It should be a differential diagnostic consideration
in any patient with unexplained myocardial injury
mimicking myocarditis, particularly in the case of re-
current episodes. CMR and genetic testing are key in
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its evaluation and diagnosis, which may not be missed
due to the increased risk of ventricular arrhythmias.

Conflict of interest S.A.C. Schoonvelde, A. Hirsch, S.C. Yap,
J.M.A. Verhagen, M.A. van Slegtenhorst, D. Segers, J.E. van
Loon and M. Michels declare that they have no competing
interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. McKenna WJ, Judge DP. Epidemiology of the inherited
cardiomyopathies. NatRevCardiol. 2021;18:22–36.

2. Richards S, Aziz N, Bale S, et al. Standards and guidelines
for the interpretation of sequence variants: a joint consen-
sus recommendation of the American College of Medical
Genetics and Genomics and the Association forMolecular
Pathology. GenetMed. 2015;17:405–23.

3. Gallicano GI, Kouklis P, Bauer C, et al. Desmoplakin is
requiredearlyindevelopmentforassemblyofdesmosomes
andcytoskeletal linkage. JCellBiol. 1998;143:2009–22.

4. Scheel PJ III, Murray B, Tichnell C, et al. Arrhythmogenic
right ventricular cardiomyopathy presenting as clinical
myocarditis inwomen. AmJCardiol. 2021;145:128–34.

5. Smith ED, Lakdawala NK, Papoutsidakis N, et al. Desmo-
plakin cardiomyopathy, a fibrotic and inflammatory form
of cardiomyopathydistinct fromtypical dilatedor arrhyth-
mogenic right ventricular cardiomyopathy. Circulation.
2020;141:1872–84.

6. WangW,MurrayB, Tichnell C, et al. Clinical characteristics
and risk stratification of desmoplakin cardiomyopathy.
Europace. 2022;24:268–77.

7. Lopez-Ayala JM, Pastor-Quirante F, Gonzalez-Carrillo J,
et al. Genetics of myocarditis in arrhythmogenic right
ventriculardysplasia.HeartRhythm. 2015;12:766–73.

8. Towbin JA,McKennaWJ, AbramsDJ, et al. 2019HRSexpert
consensus statement on evaluation, risk stratification, and
management of arrhythmogenic cardiomyopathy. Heart
Rhythm. 2019;16:e301–e72.

9. Sen-Chowdhry S, Syrris P, Prasad SK, et al. Left-dominant
arrhythmogenic cardiomyopathy: an under-recognized
clinicalentity. JAmCollCardiol. 2008;52:2175–87.

10. Basso C, Thiene G, Corrado D, et al. Arrhythmogenic
right ventricular cardiomyopathy: dysplasia, dystrophy, or
myocarditis? Circulation. 1996;94:983–91.

11. SörenssonP,EkenbäckC,LundinM,etal. Earlycomprehen-
sivecardiovascularmagneticresonanceimaginginpatients
with myocardial infarction with nonobstructive coronary
arteries. JACCCardiovascImaging. 2021;14:1774–83.

12. Biesbroek PS, Hirsch A, Zweerink A, et al. Additional diag-
nostic value of CMR to the European Society of Cardiology

(ESC) position statement criteria in a large clinical popu-
lation of patients with suspected myocarditis. Eur Heart J
CardiovascImaging. 2018;19:1397–407.

13. Zghaib T, Te Riele AS, James CA, et al. Left ventricular
fibro-fatty replacement in arrhythmogenic right ventricu-
lar dysplasia/cardiomyopathy: prevalence, patterns, and
association with arrhythmias. J Cardiovasc Magn Reson.
2021;23:1–11.

14. KellmanP,BandettiniWP,ManciniC,etal. Characterization
ofmyocardial T1-mapping bias caused by intramyocardial
fat in inversion recovery and saturation recovery tech-
niques. JCardiovascMagnReson. 2015;17:1–11.

15. Augusto JB, Eiros R, Nakou E, et al. Dilated cardiomyopa-
thy and arrhythmogenic left ventricular cardiomyopathy:
a comprehensive genotype-imaging phenotype study. Eur
HeartJCardiovascImaging. 2020;21:326–36.

16. Muser D, Nucifora G, Muser D, et al. Prognostic value of
nonischemic ringlike left ventricular scar in patients with
apparently idiopathic nonsustained ventricular arrhyth-
mias. Circulation. 2021;143:1359–73.

17. Ortiz-Genga MF, Cuenca S, Dal Ferro M, et al. Truncating
FLNCmutations are associated with high-risk dilated and
arrhythmogenic cardiomyopathies. J Am Coll Cardiol.
2016;68:2440–51.

18. Protonotarios N, Tsatsopoulou A. Naxos disease and Car-
vajal syndrome: cardiocutaneous disorders that highlight
thepathogenesis andbroaden thespectrumofarrhythmo-
genicrightventricularcardiomyopathy.CardiovascPathol.
2004;13:185–94.

19. Castelletti S, Vischer AS, Syrris P, et al. Desmoplakin
missense andnon-missensemutations in arrhythmogenic
right ventricular cardiomyopathy: Genotype-phenotype
correlation. IntJCardiol. 2017;249:268–73.

20. Caforio AL, Re F, Avella A, et al. Evidence from family stud-
ies for autoimmunity in arrhythmogenic right ventricular
cardiomyopathy: associationsofcirculatinganti-heartand
anti-intercalated disk autoantibodies with disease severity
andfamilyhistory. Circulation. 2020;141:1238–48.

21. Odemuyiwa O, Malik M, Farrell T, et al. Comparison of
the predictive characteristics of heart rate variability index
and left ventricular ejection fraction for all-causemortality,
arrhythmiceventsandsuddendeathafteracutemyocardial
infarction. AmJCardiol. 1991;68:434–9.

22. Curtis JP, Sokol SI, Wang Y, et al. The association of left
ventricular ejection fraction, mortality, and cause of death
in stable outpatients with heart failure. J Am Coll Cardiol.
2003;42:736–42.

23. BauceB, BassoC, RampazzoA, et al. Clinical profile of four
families with arrhythmogenic right ventricular cardiomy-
opathy caused by dominant desmoplakin mutations. Eur
HeartJ.2005;26:1666–75.

24. López-Ayala JM, Gómez-Milanés I, Sánchez Muñoz JJ, et
al. Desmoplakin truncations and arrhythmogenic left
ventricular cardiomyopathy: characterizing a phenotype.
Europace. 2014;16:1838–46.

25. Segura-Rodríguez D, Bermúdez-Jiménez FJ, Carriel V, et
al.Myocardialfibrosisinarrhythmogeniccardiomyopathy:
a genotype–phenotype correlation study. Eur Heart J
CardiovascImaging. 2020;21:378–86.

26. Sepehrkhouy S, Gho JM, van Es R, et al. Distinct fibrosis
pattern in desmosomal and phospholamban mutation
carriers in hereditary cardiomyopathies. Heart Rhythm.
2017;14:1024–32.

286 Desmoplakin cardiomyopathy

http://creativecommons.org/licenses/by/4.0/

	Desmoplakin cardiomyopathy—an inherited cardiomyopathy presenting with recurrent episodes of acute myocardial injury
	Abstract
	Introduction
	Case reports
	Discussion
	Conclusion
	Supplementary Information
	References


