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Abstract: Background: Laminopathies are a heterogenous group of heritable diseases
caused by variants in the Lamin A/C gene (LMNA). They manifest as cardiac and mus-
cular myopathies, lipodystrophies, neuropathies, and progeria. Cardiac manifestations
include dilated cardiomyopathy and arrhythmias. Case presentation: A Finnish woman
in her 40s who was found to carry two heterozygous likely pathogenic (LP) variants in
LMNA, c.1003C>T p.Arg335Trp and c.1303C>T p.Arg435Cys. She was diagnosed with
dilated cardiomyopathy and received cardiac resynchronization therapy with a defibrillator.
Conclusions: Double heterozygous LMNA variants are exceedingly rare. Even though the
patient presented with two LP variants, the age of onset was typical, and the phenotype
was not markedly more severe than in those with only one LP variant.
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1. Introduction
Lamin A/C gene (LMNA), located in the human chromosome 1q22, encodes lamin A

and lamin C proteins through alternative splicing [1]. Lamin A and C are structural proteins
found in the inner nuclear lamina. They provide structural support to the nucleus and
help maintain nuclear stability, regulate cell differentiation, and participate in replication of
DNA as well as in repair of DNA damage [2].

Genetic variants in LMNA are associated with a heterogeneous group of heritable
diseases, referred to as laminopathies. Laminopathies include cardiac and muscular my-
opathies, lipodystrophies, neuropathies, and premature aging syndromes (progeria). [3]. In
this case report, the focus is on LMNA-associated dilated cardiomyopathy (DCM) (OMIM
115200). The most frequently identified LP/P variants associated with DCM include TTN,
DSP, LMNA, MYH7, TNNT2, FLNC, RBM20, BAG3, NRAP, DSG2, SCN5A, DES, DMD,
MT-TL1, and PKP2, with prevalence rates ranging from 45.3–0.9% of cases [4]. Typically,
familial DCM is inherited in an autosomal dominant pattern [5]. DCM presents with
systolic dysfunction as well as dilatation of left or both ventricles [5].

LMNA variants are a common cause of familial DCM and account for 6.8% of all
cases [6]. Up to 165 different LMNA variants have been found to cause DCM [7]. DCM
caused by pathogenic variants in LMNA is progressive and often leads to heart failure and
sometimes results in a need of heart transplantation around the ages of 40 to 50 [7]. In
Finland, 9% of all heart transplantations are due to LMNA-associated DCM [8].

In addition to heart failure, common clinical findings include early-onset atrioven-
tricular (AV) blocks, atrial fibrillation, ventricular tachycardia, bradycardia, and increased
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concentration of high sensitivity Troponin T or I. Due to the progressive course of the
cardiomyopathy and high risk of life-threatening arrhythmias, most patients eventually
require a pacemaker with a defibrillator [7].

In 2023, the European Society of Cardiology (ESC) presented a new phenotype, non-
dilated left ventricular cardiomyopathy (NDLVC), which can also be caused by LMNA [9].
It is characterized by non-ischemic left ventricular (LV) scarring or fatty replacement,
irrespective of global or regional wall motion abnormalities, or by isolated LV hypokinesia
in absence of scarring [9]. It now includes a group of patients previously diagnosed as DCM
without dilated LV. The genes most associated with NDLVC overlap with DCM disease
genes [9].

2. Detailed Case Description
A Finnish woman in her 40s was found to have two likely pathogenic (LP) allelic

variants in LMNA. Typically, only one LP or pathogenic (P) variant has been enough
to cause DCM [10,11]. We present a rare case with two heterozygous LP variants in
LMNA, the missense variants: LMNA(NM_170707.4):c.1003C>T (p.Arg335Trp) and LMNA
(NM_1707.4):c.1303C>T (p.Arg453Cys).

The patient was a physically active woman with a BMI of 20.4 kg/m2 and no other
comorbidities besides well-controlled hypothyroidism. The patient was referred to hospital
emergency after suddenly feeling nauseous while exercising. She was found to have a
wide-complex tachycardia up to 245 beats per minute (BPM), compatible with sustained
ventricular tachycardia. A cardioversion was conducted at the scene and the rhythm
converted into a slow atrial fibrillation with a prolonged QT-interval. In the cardiac care
unit (CCU), monitoring showed episodes of complete AV-block and nodal rhythm. A
second cardioversion was done eight days later, and sinus rhythm was obtained. ECG in
sinus rhythm demonstrated normal PR-time and a narrow QRS complex.

In echocardiography, left ventricular end-diastolic diameter (LVEDD) was 47 mm, left
ventricular wall thickness within normal limits. Left ventricular ejection fraction (LVEF)
was about 50%. Right ventricle and atrium were mildly enlarged. There was moderate
tricuspid regurgitation, tricuspid gradient was 18 mmHg, and tricuspid annular plane
systolic excursion (TAPSE) 20 mm.

Due to the undetermined cause of the VT, the patient underwent thorough cardiac as-
sessment. A computed tomography (CT) angiogram was performed to exclude significant
coronary artery disease, and the coronaries showed neither atherosclerotic plaques nor nar-
rowing. Cardiac magnetic resonance (CMR) showed a slightly enlarged left ventricle with
mildly reduced ejection fraction (Figure 1). The LV wall thickness was normal. In cine im-
ages, there was hypokinesia of the basal lateral wall. Intensive transmural late gadolinium
enhancement (LGE) was present in the lateral wall (Figure 2). T2 mapping showed my-
ocardial edema predominantly in the lateral wall (Figure 3). T1 mapping revealed diffuse
myocardial fibrosis in the LV myocardium (Figure 4). In addition, 18F-fluorodeoxyglucose-
positron emission tomography (FDG-PET) scan excluded inflammatory myocardial diseases
such as sarcoidosis.

Endomyocardial fibrosis was suspected, and RV endomyocardial biopsy was taken,
but due to scarce sample size, results were inconclusive.

Laboratory results during the 3 weeks of hospitalization: Hb 105–96–121 g/L (reference
range 117–155 g/L), Pro-BNP 261–776–702–411 ng/L (<155 ng/L), TnI 78–144–24–11 ng/L
(<45 ng/L), ALAT 99–58 U/I (<35 U/I). Transferrin saturation of 5% (17–52%) and ferritin
6 µg/L (15–125 µg/L) indicated iron deficiency anemia.
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Figure 1. Four-chamber and short axis cine images. LV was slightly enlarged, and systolic function 

mildly reduced. LV end diastolic volume (EDV) 171 mL (105 mL/m2), ejection fraction (EF) 50%. 

   

Figure 2. Short axis and four chamber LGE images show transmural enhancement in the lateral wall 

(arrows). 

 

Figure 3. AHA 17 segment bull’s-eye of the L. T2-mapping shows elevated T2 relaxation times (>52 

ms) predominantly in the lateral segments referring to myocardial edema. 

Figure 1. Four-chamber and short axis cine images. LV was slightly enlarged, and systolic function
mildly reduced. LV end diastolic volume (EDV) 171 mL (105 mL/m2), ejection fraction (EF) 50%.
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Figure 2. Short axis and four chamber LGE images show transmural enhancement in the lateral
wall (arrows).
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Figure 3. AHA 17 segment bull’s-eye of the L. T2-mapping shows elevated T2 relaxation times
(>52 ms) predominantly in the lateral segments referring to myocardial edema.
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Figure 4. T1 mapping bull’s-eye figure with high T1 relaxation times (>1000 ms) in the LV indicating
diffuse fibrosis in the myocardium.

During the hospitalization, she was suspected to suffer from viral myocarditis due to
the intense LGE seen in the CMR. As she no longer suffered from ventricular arrhythmias,
she was discharged after three weeks with a plan to follow up in the outpatient clinic.

Before the outpatient clinic appointment, it was noted that her ECG showed low
voltage QRS complexes and P-waves that were almost absent. (Figure 5) It was also noted
that the ECG had been similar already seven years earlier. As the clinical diagnosis of
viral myocarditis had remained unsure and the ECG findings sometimes associate with
genetic cardiomyopathies, the patient underwent genetic testing. Genetic testing and
variant interpretation were performed by Fulgent laboratory, using commercially available
DCM next-generation sequencing (NGS) panels with 50 genes listed in Table 1 as well as
deletion/duplication analysis. Two LP heterozygous missense variants were identified
in LMNA: c.1003C>T p.Arg335Trp and c.1303C>T p.Arg435Cys. A binary alignment map
(BAM) method determined that the reported variants were located 392 bp apart. Within the
BAM file, a few sequencing reads contained both variants, suggesting that these variants
are in cis configuration. No additional LP or P variants were identified within the coding
region or its immediate vicinity (+/− 20 bp) of the genes listed in Table 1. Therefore,
these 2 LMNA variants were considered to cause the patient’s condition, given their
presence alongside acute onset VT and clinical findings consistent with cardiomyopathy.
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Figure 5. ECG shows sinus rhythm with very small P-waves (V1,V2) and low voltage.
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Table 1. Genes included in the Fulgent NGS panel.

ABCC9 ACTC1 ACTN2 ANKRD1 BAG3 CDH2 CRYAB

CSRP3 DES DMD DOLK DSC2 DSG2 DSP

EMD EYA4 FKTN FLNC GLA HCN4 JPH2

JUP LAMP2 LDB3 LMNA MYBPC3 MYH6 MYH7

MYPN NEXN NKX2-5 PKP2 PLEKHM2 PLN RAF1

RBM20 RYR2 SCN5A SGCD TAZ TCAP TMEM43

TNNC1 TNNI3K TNNI3K TNNT2 TPM1 TTN TXNRD2

VCL

Sanger sequencing of the detected LMNA variants was used to analyze the genotype
on available family members. These variants were not identified in the patient’s two
children or her mother, indicating that the patient had inherited both variants from her
father or one or both variants were de novo (Figure 6). We had no contact with the patient’s
paternal family, so further investigations concerning inheritance pattern were not possible.
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DCM. Genotype is indicated as following: +/+ for LMNA carriers, −/− for wildtype individuals.

In our patient, the laminopathy primarily presented with atrioventricular conduction
abnormalities, bradycardia, atrial fibrillation/flutter, and VT. The patient later underwent
right atrium isthmus ablation, but the atrial flutter persisted as the left atrial flutter had
appeared. The clinical entity was interpreted as beginning DCM, as the LVEDD was
50 mm (30 mm/m2 of BSA) at the largest and LVEF was 45% at the lowest. However, at
the beginning of the symptoms, all the clinical findings would have been compatible with
NDLVC, as there was non-ischemic LV scarring with mild LV dilatation. Eventually, the
patient underwent CRT-D implantation as secondary prophylaxis due to previous sustained
VT. The patient had no symptoms or findings suggesting clinically relevant skeletal muscle
myopathy or lipodystrophy.

Currently, patient has occasional mild, transient non-pressing pain behind the sternum.
These episodes are more frequent in the evening, and the patient attributes them to stress.
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After hospitalization, she has returned to her everyday life and continues low-impact
exercise. Follow-up continues at the cardiology outpatient clinic.

3. Discussion
Of all DCM cases, 30–50% are inherited with disease-causing variants observed in

over 60 genes [12,13]. LMNA accounts for 6.8% of inherited DCM [6]. DCM is typically
considered a monogenic disease, although approximately 2% of those who have a genetic
predisposition to DCM have two heterozygous LP/P variants [12]. LMNA variants have
been reported in combination with pathogenic titin (TTN) variants [14]. Carriers of multiple
DCM-related pathogenic variants may suffer from earlier onset of the symptoms and more
severe course of the disease [14,15]. To our knowledge, there are only a few reports of
patients with compound heterozygous LMNA variants, and none of the patients presented
with DCM [16–19].

As the patient’s father could not be studied, we could not define whether the two
likely pathogenic variants are in the same homologous chromosome (cis configuration)
or whether the variant alleles are in separate chromosomes (trans configuration). If both
variants were in the same chromosome, the other chromosome would produce normal
proteins, and the clinical presentation could resemble phenotype of heterozygous LP/P
LMNA variant. The phenotype of the index patient, along with the absence of these variants
in children, could suggest cis configuration. Additionally, the BAM method used suggested
possible cis configuration; however, due to the limited number of supporting reads, parental
testing would have been required to confirm this definitively. As this is a retrospective case
report, further sequencing was not possible.

The two missense variants observed in the index patient (c.1003C>T p.Arg335Trp and
c.1303C>T p.Arg435Cys) have both been reported to cause a range of phenotypes consistent
with laminopathies. Multiple cases with similar DCM phenotype in heterozygous state
have been reported in different databases as well as other conditions such as Emery–
Dreifuss muscular dystrophy and Heart–Hand syndrome [20,21]. LMNA c.1003C>T has
been reported to cause phenotype similar to the index, DCM with atrial fibrillation, and
non-sustained VT [21,22]. One case with the same variant but with more severe phenotype
has been reported to cause DCM leading to relatively early heart transplantation at the
age of 39 [23]. Heterozygous LMNA c.1303C>T variant has been reported to cause a range
of phenotypes from mild to severe isolated DCM with low ejection fraction but with no
arrhythmias [24].

Characteristic ECG findings for LMNA DCM are different arrhythmias such as
supraventricular and ventricular tachycardia, bradyarrhythmia, as well as conduction
system disorders and flat P waves [25]. First signs and symptoms manifest typically in
early to mid-adulthood [26]. Our patient presented with first signs of conduction system
disorder in ECG already seven years before the admission to the hospital. LMNA DCM
may also present with left ventricular thrombi and severe heart failure at an early age,
which the patient had no signs of [27].

As these patients are in high risk of sudden cardiac death, LMNA-risk VTA calculator
(2019) can be used to evaluate the five-year risk of life-threatening VT [28]. Factors included
in the model are sex, degree of AV-block, type of the LMNA variant, history of non-
sustained VT, and LVEF [28]. Based on the current ESC guidelines, primary preventive ICD
implantation should be considered in patients with a five-year estimated risk of ≥10% [29].
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4. Conclusions
We report a rare case of cardiomyopathy presenting with major electric disturbances

and features of borderline DCM and NDLVC caused by two heterozygous LP LMNA
variants. Even though the patient presented with two LP variants, the age of onset was
typical, and the phenotype was not markedly more severe than in those with only one
LP/P variant.
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