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INTRODUCTION

Cardiac laminopathies involve electrome-
chanical alterations of cardiomyocytes
caused by genetic variants in the LMNA gene
[1]. Cardiac presentations include dilated
cardiomyopathy (DCM), atrioventricular
block (AVB), atrial and ventricular tachyar-
rhythmias (VTA), and sudden cardiac death
(SCD) [1]. Besides overt DCM and heart
failure (HF), cardiac laminopathy may also
present as systolic dysfunction without left
ventricular (LV) dilatation (HNDC, hypokinet-
ic non-dilated cardiomyopathy) or result in
myocardial scarring detectable on cardiac
magnetic resonance (CMR) [1, 2]. Recogni-
tion of cardiolaminopathy has an ominous
prognosis due to the propensity for malig-
nant VTA that precedes ventricular dilation
and dysfunction [3]. Several tools for SCD risk
prediction were proposed, each incorporat-
ing results of genetic testing [3-6]. However,
clinical use of molecular data is frequently
limited by a lack of credible information on
the pathogenicity of genetic variants, previ-
ously deemed pathogenic based on reports
of single cases [7].

This study presents a novel pathogenic
variant in the LMNA gene in a large 4-genera-
tion Polish family.

METHODS

The study was approved by the local Ethics
Committee, and patients gave written informed
consent for participation in this study, genetic
testing, and the use of their clinical data.

The pedigree tree of 37 individuals from
a 4-generation Polish family with a history
of SCD, HF, and stroke was reconstructed.
The living family members (FMs) underwent
cascade screening with clinical workup, in-
cluding medical history, physical examination,
electrocardiogram (ECG), echo, and Holter
ECG monitoring. Genotype-positive patients
underwent CMR. Information regarding ge-
netic testing is presented in Supplementary
material. Past medical reports, cardiac tests
results, and device interrogation printouts of
deceased FMs were also collected.

Statistical analysis
All calculations were done using Statistica
13PL (StatSoft, Tulsa, OK, USA). Continuous
data were presented as median (range). The
normality of continuous data was tested with
the Shapiro-Wilk test.

RESULTS AND DISCUSSION
The pedigree tree and cardiac screening
results are presented in Figure 1 and Supple-
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mentary material. The genotype-negative FMs were clinical-
ly asymptomatic except for patients:I-1,aged 79 presenting
with atrial fibrillation (AF); -6, implanted with a pacemaker
at the age of 26 due to complete AVB and sarcoidosis; and
lI-4, diagnosed with Coats disease and paralysis of the
perineal nerve. In 7 affected FMs, abnormal ECG findings
were observed: sinus bradycardia (2), first-degree AVB (2),
complete AVB (1), chronic AF (2). Supraventricular tachy-
cardia (SVT) occurred in 7 subjects and was the first sign in
teenagers. Ventricular arrhythmias, premature ventricular
contractions, and nonsustained and/or polymorphic VTA
were present in 8, 7, and 5 individuals, respectively. The
number of premature ventricular contractions on Holter
recordings was usually low (median, 5; range, 4-29 000).
The youngest 16-year-old genotype-positive patient (I1I-17)
had normal cardiac function and runs of SVT 110-160 bpm.

There were four sudden deaths; the death of a 3-month-
old girl (1I-10) was excluded due to incomplete data. The
median age of death was 39 (range, 25-54) years. In
a 54-year-old woman with AF and stroke (I-2), VTA oc-
curred in-hospital after cholecystectomy. On autopsy,
DCM was recognized. Her daughter, II-1, aged 42, died
suddenly after having exertional dyspnea and leg edema
for several months. Both women were considered obli-
gate carriers. The patient II-5 was diagnosed with AF and
bradycardia at the age of 34 and implanted with a VVI
pacemaker followed by a cardiac resynchronization therapy
defibrillator. He died several months later after the rapid
progression of HF. Brother, 1I-9, died suddenly. His autopsy
showed dilatation of both ventricles, and microscopic
evaluation revealed marked scarring, peri-vascular fibro-
sis, and lipid metaplasia, and generalized hypertrophy of
cardiomyocytes with their focal fragmentation. Since his
children were genotype-negative, the local hospital was
contacted to obtain preserved tissue samples. The molec-
ular autopsy confirmed the presence of the LMNA variant
in the patient’s heart, proving co-segregation of the variant
with cardiac phenotype.

Echocardiography revealed HNDC in 4 affected FMs. In
young genotype-positive FMs, left ventricular ejection frac-
tion (LVEF) was preserved till the age of 30 (median LVEF
59%; range, 50%-60%). Patient II-5 experienced deteriora-
tion of LVEF from 42% to 21% in 5 months and died due to
intractable HF.

CMR imaging was performed in 6 of 7 LMNA variant
carriers; median age, 33; range, 19-44 years.The LV function
and size were preserved. Myocardial fibrosis assessed by
late gadolinium enhancement (LGE) was present in 3 (50%)
individuals; in 2, non-sustained VTA was also present. LGE
was located midmyocardially in the basal interventricular
septum and subepicardially in the LV basal postero-inferior
wall. Local thinning of the LV wall was observed in 4 (67%)
patients, thus making an assessment of LGE difficult. The
pattern of hypertrabeculation was found in three patients
(in 2accompanied by thin LV walls). The right ventricle was
normal, except for the patient Il-7 with LVEF 45%.
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Based on current criteria, two patients qualified for
primary prevention implantable cardioverter defibrillator
(ICD) [6]. The modified LMNA-VTA risk score also included
patient Ill-3 with AVB type 1 in the high-risk group [5]. All
eligible patients refused ICD implantation. The distribution
of SCD risk factors is presented in Table S1.

Apart from a rise in serum creatine kinase, no overlap
with other phenotypic expressions of laminopathies
was observed.

Genetic analysis

Mutational analysis of the index patient II-7 revealed a hete-
rozygous frameshift mutation in the LMNA gene, denoted as
LRG_254t2 (LMNA):c.496delC p.(Arg166Glyfs*11) (Figure 1).
The variant was not present in the phenotype-negative
brothers, the father, or brother 1I-6 with complete AVB
attributed to sarcoidosis. Since cardiolaminopathy may
manifest as AVB, genetic testing was performed twice using
two independent samples from the latter patient.

The variant was not previously described. ClinVar, NCBI
dbSNP, HGMD-Public, LOVD databases do not contain an
entry for this variant; its population frequency is unknown,
and the alteration does not have a gnomAD exomes and
genomes entry despite its locus being covered in gnomAD.
The variant p.(Arg166Glyfs*11) is located in the exon 2 of
the LMNA gene corresponding to the coil 1B, an alpha-hel-
ical segment of the highly conserved central rod domain
implicated in lamin A/C dimerization [8]. By disrupting the
coiled-coil fold of lamin A/C, mutations affecting the struc-
ture of this domain may result in reduced nuclear rigidity
and increased susceptibility to mechanical stress-induced
damage [8]. As other non-missense variants, truncating
mutations could induce nonsense-mediated mRNA de-
cay resulting in haploinsufficiency. In a mouse model, the
loss of half of the lamin A/C alleles recapitulates the DCM
phenotype with conduction abnormalities, arrhythmias,
and HF [9].

Molecular autopsy

Current guidelines advocate for collecting tissue samples
for subsequent genetic testing of all unexplained SCD
victims [6]. Furthermore, current molecular methods allow
for the recovery of high-quality DNA from formalin-fixed,
paraffin-embedded tissue. Usually, the post-mortem diag-
nosis allows for extending genetic screening to relatives. In
this study, the molecular autopsy helped in establishing
co-segregation of the LMNA variant with phenotype.

In recent years many identified DNA variants were
deemed pathogenic based on case reports [7]. This resulted
in harm, such as disease-labeling, insurance problems, and
even implantation of unnecessary defibrillators [7]. As the
final interpretation of genetic workup should be based on
integrated genetic and clinical data, we performed clinical
and genetic screening, searched for medical data of the
deceased, and performed the molecular autopsy of the
last SCD victim. The co-segregation analysis allowed for
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establishing the genotype-phenotype relation in relatives,
presenting ECG abnormalities and SVT in young adults,
HNDC in middle-aged patients,and DCM in later stages of
the disease. In line with previous reports, we observed com-
plete penetrance of the laminopathy [3]. According to our
expertise, the following ACMG/AMP criteria were fulfilled:
PVS1, PM2, PP1 to classify the variant as pathogenic [10].

SCD and stroke risk

Although the presence of truncating mutations increases
therisk of malignant VTA in risk stratification schemes [3-5],
the genotype-positive ICD-eligible FMs refused an ICD.
Several tools were proposed to increase the acceptance of
ICD therapy e.g., the Implantable Cardioverter-Defibrillator
Concerns questionnaire, addressing causes of patients’
anxiety [11]. In case of the lack of acceptance for a con-
ventional ICD, the wearable cardioverter-defibrillator can
be prescribed [12]. However, its high cost and difficulties
in reimbursement in Poland, as well as potentially low
rates of patient adherence, which is a key driver of the
efficacy of wearable cardioverter-defibrillator in long-term
treatment, limit its use.

Patients with cardiolaminopathy have a high risk of
cardioembolic stroke, irrespective of CHA,DS,-VASc score,
dependent on the occurrence of AF, low LVEF, and/or the
presence of non-compacted myocardium. In such cases,
anticoagulation could be initiated based on the indications
applied in the LV non-compaction cardiomyopathy [13].

CONCLUSIONS
The novel variant c.496delC p.(Arg166Glyfs*11) in the LMNA
gene is associated with the highly malignant phenotype
of SCD and DCM/ HNDC. The molecular autopsy allowed
for assigning pathogenicity to the variant in the presence
of complete AVB as a confounder. There is an ongoing
need to preserve tissue samples of SCD victims to allow
for molecular autopsy and reimbursement of the method.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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