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KEY TEACHING POINTS

� Arrhythmogenic left-sided ventricular
cardiomyopathy (ALVC) is a rare type of
arrhythmogenic cardiomyopathy with a phenotype
that is distinct from the traditional arrhythmogenic
right ventricular cardiomyopathy.

� High index of clinical suspicion and cardiac
magnetic resonance imaging are key to the
diagnosis of ALVC.

� A circumferential/ring-like pattern of epicardial or
midmyocardial delayed enhancement pattern is
Introduction
The current revised task force criteria for diagnosis of arrhyth-
mogenic cardiomyopathy (ACM) includes only morpholog-
ical criteria for right ventricle with no consideration for left
ventricle criteria.1 However, accumulating evidence suggests
increasing left ventricle involvement in ACM. One such
phenotype is Carvajal syndrome, which is a primary left
ventricle ACM that is inherited as a familial cardiocutaneous
syndrome consisting of woolly hair, palmoplantar kerato-
derma, and cardiac involvement. High index of clinical suspi-
cion and advanced imaging based on cardiac magnetic
resonance imaging (MRI) are key to making the diagnosis.
We describe here cardiac MRI findings and scar pattern that
led to the diagnosis of Carvajal syndrome in our patient.
increasingly recognized as a hallmark for clinically
suspected ALVC with desmosomal mutation
(Carvajal syndrome).
Case report

History of presentation
A 47-year-old man with newly diagnosed heart failure, phys-
ical findings of woolly hair, palmoplantar keratoderma, and
family history of arrhythmogenic right ventricular cardiomy-
opathy (ARVC) was referred for further evaluation. He had 1
prior episode of presyncope that was preceded by palpitations
and another episode of isolated palpitations. He was other-
wise asymptomatic with good functional capacity and was
very active, including daily jogging and bicycle riding. His
cardiac exam was generally unremarkable, but skin exam
was notable for woolly hair and callused hands and feet.
Past medical history
Hismedical conditionsprior to diagnosis of heart failure include
type 2 diabetes that was well controlled on an oral antidiabetic
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agent, hyperlipidemia, and obstructive sleep apnea that was
managed with continuous positive airway pressure. He smoked
1 pack per day for 30 years and quit smoking recently.
Family history
Family history was significant for cardiac disease and Naxos
syndrome (Figure 1). He has 5male siblings and 4 out of his 5
brothers had cutaneous features of Naxos syndrome. Two of
his brothers with Naxos syndrome died of sudden cardiac
death (SCD) at ages 36 and 55, of which the younger one
was confirmed to have ARVC on autopsy. Two other siblings
had been diagnosed with Naxos syndrome owing to the char-
acteristic woolly hair and callused hands and feet, similar to
our patient. He had 1 brother, aged 57 years, who was re-
ported to be unaffected. His father died suddenly at the age
of 66, and did not have a Naxos phenotype. His mother
died of breast cancer at 51.
Differential diagnosis
The differential diagnosis is broad and includes nonischemic
cardiomyopathy—including inflammatory, dilated, infiltrative,
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Figure 1 A 3-generation family tree showing our patient in green, live family members in white, and dead family members in pattern. The patient is shown in
gray. Square shape indicates male sex and oval shape indicates female sex. The numbers indicate the age for each relative at the time of patient visit (if still alive) or
death. ARVC 5 arrhythmogenic right ventricular cardiomyopathy; SCD 5 sudden cardiac death.
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and genetic etiology—as well ischemic cardiomyopathy. How-
ever, his skin findings, significant family history of Naxos
syndrome, cardiomyopathy, and SCD made us consider a
genetic mechanism as the underlying etiology.

Investigations
Prior to presenting to our clinic, the patient had extensive car-
diac work-up by his primary physician. These included trans-
thoracic echocardiogram, which showed mild-to-moderate
global hypokinesis of the left ventricle with ejection fraction
(EF) of 40%–45%. The right ventricle was well visualized
and was adjudged to be normal. Subsequent work-up included
nuclear myocardial perfusion imaging, which showed a large
inferior wall fixed defect with associated regional inferior wall
hypokinesis. A follow-up angiogram, however, revealed
normal coronary arteries. He also had a 48-hour Holter
monitor that revealed 1.9%ventricular ectopy, 0.5% supraven-
tricular ectopy, and 1 atrial triplet. Twelve-lead electrocardio-
Figure 2 Electrocardiogram showing normal sinus rhythm, nonspecific T a
gram showed nonspecific T-wave abnormalities and 1
premature ventricular complex (Figure 2).

Given his significant history and the suspicion for underly-
ing nonischemic cardiomyopathy, we sent the patient for car-
diac MRI, which showed a dilated left ventricle with
moderately reduced global systolic function (EF 38%). Right
ventricle was normal in size and global systolic function, and
there was no evidence of major or minor MRI criteria for
ARVC (Supplemental Video). Late gadolinium enhancement
imaging, however, was abnormal with extensive,
circumferential/ring-like epicardial to midmyocardial enhance-
ment of the left ventricle, extending from the base to the apex,
with some skip segments in-between (Figure 3). In addition, ge-
netic testing was positive for pathogenic mutation in desmopla-
kin gene DSP c.6510_6511insCT (p.Asn2171Leufs*17) and a
variant of uncertain significance in the DSP gene
c.27315G.A (Intronic). Given the MRI findings with pre-
dominant left ventricular involvement and the results of his
bnormalities in inferolateral leads, and a premature ventricular complex.



Figure 3 Delayed-enhancement imaging with extensive, circumferential epicardial to midmyocardial enhancement of the left ventricle, extending from the
base to the apex, with some skip segments in between.
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genetic testing, he was diagnosed with left-sided ACM. The
predominant left ventricular involvement is in favor of Carvajal
syndrome, a variant of Naxos disease.
Management
He was commenced on guideline-directed medical therapy
for heart failure, including beta-blocker and angiotensin II
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receptor blocker. For his left-sided predominant ACM (Car-
vajal syndrome), he was recommended genetic testing in
first-degree relatives and counseled extensively to refrain
from high-intensity and competitive sports, as high-
intensity exercise has been shown to accelerate progression
of ARVC and increase ventricular arrhythmia. In addition,
he received an implantable cardioverter-defibrillator (ICD)
for prevention of SCD, based on his risk factors for SCD,
including family history of SCD, personal history of presyn-
cope that was presumed to be due to ventricular arrhythmia,
and confirmed ACM. In addition, he has 1 major criterion
(left ventricle EF ,50%) and 3 minor criteria for ICD
(male sex, .1000 premature ventricular contractions per
24 hours, and 2 desmosomal variants) to warrant at least a
class IIb ICD indication.

Discussion
Our patient represents a case of left-sided ACM with a cardiac
phenotype that is distinct from the traditional ARVC based on
the MRI findings. In accordance with the revised task force
criteria forARVC,1 our patient has 2major criteria—family his-
tory of confirmed ARVC and positive pathogenic gene muta-
tion—and at least 1 minor criterion of ventricular ectopy.
Hence, he fulfills the criteria for definite ACM, which requires
at least 2 major criteria. His cutaneous manifestations and
left-sided involvement are consistent with the form of ACM
(Carvajal syndrome) that tends to have cardiocutaneous mani-
festations. This rare ACM phenotype was first reported in the
1990s fromfamilies in India andEcuador, and a causalmutation
in the desmoplakin gene has subsequently been described.2-4

Cardiac MRI played a key role in the diagnosis of ACM in
our patient. Pathology studies in Carvajal patients have identi-
fied epicardial and midmyocardial patterns of fibrosis, similar
to theMRIfindings in our patient.5 The epicardial involvement
and pattern of abnormal enhancement similar to our patient has
been described with desmosomal disease–causing variants and
left-sidedACM from theUnitedKingdom.6CardiacMRI find-
ings with Carvajal syndrome have reported noncompaction
changes in the past.7 Although our patient did not have non-
compaction, his pattern of enhancement and scarring can be
seen with other desmosomal diseases.6 A similar ring-like
pattern of enhancement has been reported in arrhythmogenic
left ventricular cardiomyopathy (ALVC) cases with DSP mu-
tation and correlates with histological evidence on fibro-fatty
replacement.8,9 Our case also highlights that MRI can play
an important role in the evaluation of ALVC and the differen-
tiation between Naxos and Carvajal syndromes. While non-
compaction has been recognized as a presentation of Naxos
and Carvajal syndromes, we would like to note that the
abnormal scarring of the left ventricle could be an important
and under-recognized manifestation of this disease, and could
also play a role in the arrhythmogenic potential of the disease.
A notable dilemma in the management of this patient was
whether an ICD should be implanted, as there is currently a
paucity of data on risk stratification in patients with predom-
inant left-sided ACM. The final decision was guided by the
presence of risk factors that had been shown to be prognostic
in population with ARVC and potential risk-benefit discus-
sion with the patient.
Conclusion
In conclusion, we present a case of ALVC, Carvajal syn-
drome, diagnosed with circumferential epicardial and mid-
myocardial enhancement pattern on cardiac MRI and
abnormal genetic testing. Our case provides more evidence
to support predominant left-sided cardiomyopathy as an en-
tity that is part of the ACM spectrum but with a cardiac
phenotype that is distinct from the traditional ARVC. This
adds credence to the call for the inclusion of morphological
left ventricle criteria, including late gadolinium enhance-
ment, in the task force criteria for ACM in order to improve
the identification of this currently underdiagnosed left
ventricle–dominant disease.10
Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2021.
01.024.
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