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KEY TEACHING POINTS

� Molecular genetic testing should be considered in
younger patients with atrioventricular block and
family history of sudden cardiac death.

� Predicting outcome based on clinical or genetic
factors in lamin A/C variant carriers is difficult.

� An implantable cardioverter-defibrillator should be
considered in patients with atrioventricular block
and lamin A/C variant.
Introduction
Atrioventricular (AV) block is a common condition that
occurs at all ages, but most often in the elderly.1 Among
younger patients, AV block is most often seen as a complica-
tion of cardiac surgery or as congenital AV block. In some
(but rare) cases, AV block is due to genetic causes.

Variants in the lamin A/C gene are associated with AV
block, cardiomyopathy, ventricular arrhythmias, muscular
dystrophy, and sudden cardiac death.2,3 Lamin A and lamin
C are major structural proteins of the cell nucleus
membrane.4 The cellular mechanism causing AV block in pa-
tients with lamin A/C gene variants is not fully understood.5

Previous studies have shown that implanting an implant-
able cardioverter-defibrillator (ICD) in patients with lamin
A/C variants complicated by AV block is effective in treating
malignant ventricular arrhythmia (MVA), and thereby poten-
tially preventing sudden cardiac death.6,7

We report how appropriate use of molecular genetic
testing in a 35-year-old man with advanced AV block and
family history of sudden cardiac death resulted in an upgrade
of the patient’s dual-chamber pacemaker to a biventricular
ICD (cardiac resynchronization therapy defibrillator
[CRT-D]), which most likely saved the patient’s life.
Case report
A 35-year-old man (II-1, Figure 1) was admitted to hospital
(Aarhus University Hospital) owing to the incidental finding
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of advanced AV block on a routine check-up at his general
practitioner. The patient had mild dyspnea during exercise
and dizziness, but had no other symptoms and was in good
physical condition.

Electrocardiogram at admission showed a heart rate at 25
beats per minute and advanced AV block with narrow QRS
complexes (Figure 2). Echocardiography showed a border-
line dilated left ventricle (LV) of 63 mm (left ventricular
end diastolic diameter [LVEDD]) or 31 mm/m2 (LVEDD/
body surface area; normal,32 mm/m2) and otherwise struc-
turally normal heart with normal systolic LV function,
including normal tissue tracking. It was considered that the
upper normal–range LV volume could be a result of long-
term bradycardia. During admission, telemetry revealed
episodes of total AV block with a maximum pause in heart
rhythm of 6.6 seconds. A dual-chamber pacemaker was
subacutely implanted.

As part of the subsequent family screening, it turned out
that the patient’s father (I-1, Figure 1) had died suddenly
and unexpectedly while sleeping at the age of 45 years. No
autopsy was performed. We identified no other cases of
sudden cardiac death, device implantation, or cardiomyopa-
thy in the family (Figure 1). Molecular genetic testing
en access article
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Figure 1 Family pedigree. The arrow points to the index case.
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revealed a variant in LMNA (c.1411C.T, p.Arg471Cys,
NM_170707.3), ie, in a highly conserved position. Three in
silico programs (SIFT, PolyPhen2, and Mutation Taster) pre-
dicted this mutation to be disease-causing. An Arg-to-His
mutation in the same codon was previously associated with
dilated cardiomyopathy.8

Molecular genetic testing of the patient’s relatives identi-
fied his 25-year-old sister (II-3, Figure 1) as carrier of the
same variant. She was asymptomatic with a significant
prolongation of the PR interval (340 ms) and narrow QRS
complexes.

Our index patient underwent follow-up echocardiography
after 6 months pacing, showing no change in LV dimensions.
Based on the persistently dilated LV, the family history, and
Figure 2 Twelve-lead electrocardiogram
the malignant cause of disease in a proportion of patients with
lamin A/C gene variants, it was decided to offer the patient a
reoperation with upgrade to a CRT-D. CRT was chosen to
minimize risk of progressive LV failure because of perma-
nent right ventricular pacing.

During the night, 2 years after the upgrade, the patient’s
wife noticed some deep snoring sounds from the patient,
followed by a twitch. Tracings from the CRT-D showed ven-
tricular fibrillation (VF) with relevant therapy. Initial antita-
chycardia pacing was inefficient, and VF was terminated
by appropriate shock therapy (Figure 3).
Discussion
This case shows the important role of molecular genetic
testing in predicting disease progression in patients with
early-onset AV block. In general, genetic testing should be
considered when an individual has a clinical diagnosis of
an inherited heart disease, particularly if there is a positive
family history.9,10

AV block is generally not considered an inherited heart
disease, but in younger patients with unexplained AV block
we consider it appropriate to obtain a family history focusing
on close relatives with early-onset AV block, cardiomyopa-
thy, sudden cardiac death, or muscular dystrophy. In case
of a positive family history, genetic testing seems prudent,
as genetic findings may add to the clinical decision as well
as to cascade screening in the family.
with advanced atrioventricular block.



Figure 3 Recordings from cardiac resynchronization therapy device with ventricular fibrillation (VF) and successful implantable cardioverter-defibrillator
shock therapy.
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In patients with lamin A/C variants, concomitant con-
duction disorder has been associated with high risk of
MVA.7,11 Often, complete AV block with a wide QRS
rhythm is considered with more extensive involvement of
the cardiac conduction system and thus more malignant.
However, when complete AV block is present, in lamin
A/C, the typical finding is narrow QRS complexes, as in
the present case.12 In a study with 269 lamin A/C variant
carriers, an association between conduction disorders and
high risk of MVA was not found.13 Instead, 4 independent
risk factors for MVA were identified. These were nonsus-
tained ventricular tachyarrhythmia, left ventricular ejection
faction ,45% at first clinical contact, male sex, and a
non-missense variant.13 All patients with MVA in this study
had at least 2 of these risk factors.13 Other studies have not
been able to find an association between left ventricular
ejection faction or nonsustained ventricular tachyarrhythmia
and risk of MVA.3,6,7,12

In our case, the patient only had 1 of these risk factors
(male sex). This emphasizes the difficulties in predicting
outcome based on clinical or genetic factors in lamin A/C
mutation carriers.3 Still, the challenge is when to suspect a
hereditary course of AV block.
Conclusion
This case shows the importance of family history and
molecular genetic testing in patients with early-onset AV
block. The finding of a pathogenic mutation may be of
predictive value and a useful parameter in the choice of
specific treatment. In this case, upgrade from dual-chamber
pacing to CRT-D most likely was life-saving.
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