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Cardiac involvement in laminopathies – short invited review

Zajęcie serca w laminopatiach – praca poglądowa na zaproszenie Redakcji
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Mutations in lamins, which are ubiquitous nuclear intermediate filaments, lead to a variety of disorders, described 
as laminopathies or nuclear envelopathies, that include both X-linked and autosomal dominant forms of Emery-Dreifuss mus-
cular dystrophy (EDMD), dilated cardiomyopathy with conduction system defects (DCM-CD), limb girdle muscular dystrophy 
1B (LGMD1B) with atrioventricular conduction disturbances, Dunnigan-type familial partial lipodystrophy (FPLD), mandibu-
loacral dysplasia (MAD), and autosomal recessive forms of axonal Charcot-Marie-Tooth (ARCMT2, CMT2B) and progeria 
syndromes. Cardiac involvement in laminopathies can be isolated or more frequently associated with muscle involvement. The 
vast majority of patients develop dysrhythmias after the age of 30 years, and many undergo pace maker (P.M.) or cardioverter 
defibrillator implantation; heart failure is relatively frequent after the age of 50 but it occurs less commonly than dysrhythmias. 
Both tachy-arrhythmias and brady-arrhythmias may occur also in LMNA mutated patients presenting a congenital or early on-
set of the disease. Sudden cardiac death (SCD) is the modality of exitus most frequently observed even in implanted patients, 
indicating that subjects carrying LMNA gene mutations are at high risk of sudden death and that P.M. implantation is unable to 
protect them against this dramatic event. The identification of parameters able to stratify the patients at risk is of considerable 
utility in clinical practice.
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Mutacje lamin, które są powszechne występującymi filamentami pośrednimi, prowadzą do różnych zaburzeń, 
zwanych laminopatiami lub zaburzeniami błony jądrowej, do których należy zarówno związana z chromosomem X, jak i au-
tosomalna dominująca postać dystrofii mięśniowej Emery’ego-Dreifussa (EDMD), kardiomiopatia rozstrzeniowa z wadą ukła-
du przewodzącego (DCM-CD), obręczowo-kończynowa dystrofia typu 1B (LGMD1B) z zaburzeniami przewodzenia przed-
sionkowo-komorowego, rodzinna częściowa lipodystrofia typu Dunnigana (FPLD), dysplazja żuchwowo-obojczykowa (MAD) 
i autosomalna recesywna postać choroby Charcota-Mariego-Tootha (ARCMT2, CMT2B) oraz zespół progerii. Zajęcie serca 
w laminopatii może być izolowane lub częściej związane z włączeniem mięśni. U zdecydowanej większości pacjentów wy-
stępuje arytmia po ukończeniu 30 lat, a wielu przechodzi wszczepienie rozrusznika serca (PM) lub kardiowertera-defibrylato-
ra; niewydolność serca występuje stosunkowo często po 50. roku życia, ale występuje rzadziej niż arytmie. Tachycardia i bra-
dykardia mogą występować także u pacjentów z mutacjami LMNA mających wrodzoną lub wczesną postać choroby. Nagła 
śmierć sercowa (SCD) jest rodzajem zgonu najczęściej obserwowanym nawet u pacjentów po zabiegu wszczepienia, co wska-
zuje na to, że osoby z mutacją genu LMNA są narażeni na wysokie ryzyko nagłego zgonu i że wszczepienie rozrusznika ser-
ca nie jest w stanie ich uchronić przed tym dramatycznym wydarzeniem. Identyfikacja parametrów pozwalających na podział 
pacjentów na grupy ryzyka ma istotne znaczenie w praktyce klinicznej.
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Lamins are ubiquitous nuclear intermediate filament 
proteins that form a scaffold, termed nuclear lamina, at the 
nuclear periphery. A small fraction of lamins also localize 
throughout the nucleoplasm. Lamins, binding to a  grow-
ing number of nuclear protein complexes, provide nuclear 
stability, help connect the nucleus to the cytoskeleton, and 
contribute to modulate chromatin organization, gene regu-
lation, genome stability, and cellular differentiation [1].

Considerable interest has been focused on the nuclear 
envelope (NE) in the last 15 years following the realization 
that several human diseases link to defects in genes encoding 
NE specific proteins, most notably A-type lamins and emerin. 

Mutations in lamin A/C lead to a  variety of disorders, 
described as laminopathies or nuclear envelopathies, that 
affect striated muscle, heart, nerves, adipose tissue, bone or 
cause premature ageing. 
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They include both X-linked [2] and autosomal dominant 
forms [3] of Emery-Dreifuss muscular dystrophy (EDMD), 
dilated cardiomyopathy with conduction system defects 
(DCM-CD), limb girdle muscular dystrophy 1B (LGMD1B) 
with atrioventricular conduction disturbances [4], Dunni-
gan-type familial partial lipodystrophy (FPLD), mandibu-
loacral dysplasia (MAD) and autosomal recessive forms of 
axonal Charcot-Marie-Tooth (ARCMT2, CMT2B) [5]. 

Recent findings suggest that lamin mutations can de-
crease nuclear stability, increase nuclear fragility, and dis-
turb mechano-transduction signaling, possibly explaining 
the specific defects in many laminopathies [6, 7]. 

Both LMNA-related myopathies (LM) and cardiomyopa-
thies (cardiolaminopathies, CLM) have been described. LM 
represent the more consistent subgroup of diseases due to 
mutations in LMNA gene, with three main different pheno-
types based on the distribution of muscle weakness or age at 
onset: LGMD1B, EDMD2, and a form of congenital muscu-
lar dystrophy (MDCL). However all may be associated with 
the same mutation and present in the same family [8–11]; in 
addition, considerable clinical overlap exists among these 
three entities suggesting they should be considered as a con-
tinuum clinical spectrum. Indeed, heart is involved in all 
three entities, with similar features [11] and interestingly, 
heart presentation may precede onset of muscle weakness. 
Creatine kinase is usually normal or mildly elevated.

In CLM the first signs of cardiac disease proved to be 
often silent; ECG findings consist in cardiac rate and rhythm 
abnormalities, followed by sinus node alterations or progres-
sive atrio-ventricular blocks. A number of subjects develop 
atrial fibrillation or flutter evolving in dilated cardiomyopa-
thy whose severity ranges from mild to moderate to severe, 
leading to heart failure requiring in some cases heart trans-
plantation [12]. 

Mutations in LMNA A/C gene have been found in 6% 
of all forms of dilated cardiomyopathy and in up to 33% of 
those with conduction system disturbances.

Vytopil et al. [13] studied the frequency of LMNA mu-
tations associated to different cardiac and skeletal muscle 
phenotypes in 166 patients subdivided into four groups: 
Emery-Dreifuss muscular dystrophy (EDMD), isolated heart 
disease, isolated muscular dystrophy, and idiopathic hyper-
CKemia. They showed that the presence of heart involve-
ment and age of onset are distinguishing features separating 
patients with EDMD and LMNA mutation from those LMNA/ 
/STA negative, while distribution of myopathy is not a reli-
able diagnostic criterion. 

Furthermore an evident intra- and inter-familial vari-
ability has been observed, with cases showing a rapid and 
negative prognosis caused by sudden cardiac death or quick 
deterioration of cardiac status, and familial cases with mild-
er disease course characterized by low prevalence of atrial 
fibrillation and dilated cardiomyopathy and no evidence of 
sudden death [12]. 

Cardiac involvement does not significantly differ in pa-
tients with neuromuscular phenotype from those with selec-
tive cardiac disease [12]. It usually manifests first with low 
P wave and prolonged PR interval, narrow QRS complexes 
at the ECG. The vast majority of patients may develop dys-

rhythmias after the age of 30 years, and many undergo pace 
maker (PM) implantation; heart failure is relatively frequent 
after the age of 50 and occurs less commonly than dysrhyth-
mias [14–16]. To be noted that atrial fibrillation and A-V 
blocks can be present also in laminopathies with congenital 
or early onset [10].

Interestingly, sudden cardiac death (SCD) was the mo-
dality of exitus most frequently observed even in implanted 
subjects, indicating that they are at high risk of sudden death 
and that PM is unable to protect them against this dramatic 
event [12]. SCD is attributed to the development of life-
threatening arrhythmias that may occur in the presence of 
normal left ventricular systolic function. 

Not invasive parameters able to stratify the patients at risk 
to present SCD could be of considerable utility in clinical 
practice. Among them, P-wave dispersion, an independent 
risk factor for the development of atrial fibrillation, has re-
cently been reported to be significantly increased in subjects 
carrying LMNA gene mutations, despite a preserved systol-
ic and diastolic cardiac function [17]. Russo et al. studied 
QTc dispersion (QTc-D) and JTc dispersion (JTc-D), because 
heterogeneity of ventricular repolarisation, stated by these 
electrocardiographic parameters, is considered to provide 
an electrophysiological substrate for malignant arrhythmias 
and sudden death [18]. They observed that, compared to the 
healthy controls, LMNA mutated patients present increased 
values of QTc-D and JTc-D [18]. 

The few studies performed on a  limited number of pa-
tients showed that the factors associated with an unfavor-
able prognosis are ejection fraction < 45%, non-sustained 
ventricular tachycardia, male gender and any form of atrio-
ventricular block. 

In a retrospective longitudinal study on a large number 
of families whose index case was affected from cardiolami-
nopathy, a high rate of major cardiac events was reported, 
including malignant ventricular arrhythmias and heart fail-
ure, usually occurring in patients already affected by dilated 
cardiomyopathy [19]. However, from a phenotypical point 
of view, myocardial involvement in laminopathies is indis-
tinguishable from other forms of idiopathic dilated cardio-
myopathy. Given the lack of evidence, indications for an 
implantable cardioverter-defibrillator for primary prevention 
in this context are the same as conventional indications for 
other forms of idiopathic dilated cardiomyopathy [21]. 

In clinical practice, a  story of competitive sport and 
the presence of a non-missense LMNA gene mutation are 
considered as predicting factors of sudden cardiac death. 
In general, malignant ventricular arrhythmias tend to occur 
in subjects carrying at least two of the following variables: 
mutations other than missense on LMNA gene, ejection frac-
tion < 45% at first clinical evaluation, male sex and non-
sustained ventricular tachycardia [20]. These findings help 
understanding the natural course of cardiolaminopathies 
and provide the clinicians with important suggestions on 
how to prevent sudden cardiac death [22]. 
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