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Mild skeletal muscle symptoms might be accompanied with severe cardiac disease, some-
times indicating a serious inherited disorder. Very often it is a cardiologist who refers a
patient with cardiomyopathy and/or cardiac arrhythmia and discrete muscle disease for
neurological consultation, which helps to establish a proper diagnosis. Here we present
three families in which a diagnosis of skeletal muscle laminopathy was made after careful
examination of the members, who presented with cardiac arrhythmia and/or heart failure
and a mild skeletal muscle disease, which together with positive family history allowed to
direct the molecular diagnostics and then provide appropriate treatment and counseling.

© 2017 Published by Elsevier Sp. z 0.0. on behalf of Polish Neurological Society.

1. Introduction

Discrete skeletal muscle symptoms, which are associated with
cardiac disease and which are present especially in younger
patients sometimes could indicate a serious systemic inher-
ited disorder. The term ‘“discrete symptom” usually describes
a mild symptom, which could bother patients, but it is not
disabling or it does not exclude them from everyday life.
Discrete symptoms are often neglected both by patient and by

his/her physician. Patients easily adapt to the restrictions,
associated with subclinical disease of skeletal muscles. This is
also related to a doctor who observes the symptoms, like
abnormal gait pattern, local muscle atrophy, mild muscle
weakness causing problems when climbing stairs or getting up
from the squatting position. Some skeletal muscle symptoms
or abnormal results of diagnostic test almost always lead to
diagnostic steps, e.g. joint contractures or elevated creatinine
kinase, while others need longer observation before any
diagnostic action, e.g. slight muscle weakness or pain, which
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might be explained by excessive physical effort, radiculopathy
or psychosomatic disease. When similar muscle symptoms
are also found in patient's relatives, it could further support
the hypothesis of inherited disease: it helps to establish
a diagnosis, to calculate a risk of recurrence of a disease
in patient's progeny and to choose adequate therapeutic
approach.

Since the majority of genetic skeletal muscle diseases might
be associated with defect of cardiomyocytes and subsequent
cardiomyopathy with heart failure and/or arrhythmia, they are
increasingly perceived as systemic disorders and they are
treated by both neurologists and by cardiologists/internists [1].
Inherited skeletal muscle diseases with proved cardiological
component include but are not limited to dystrophinopathies
[4,5], Emery-Dreifuss muscular dystrophy (EDMD1) [2,3], in
limb-girdle muscular dystrophies (LGMD): sarcoglycanopathies
associated with defect in «-, B- y- or 3-subunits of the
dystrophin-associated sarcoglycan complex (LGMD2D, E, C, F,
respectively) [6,7], titinopathies (LGMD2J) and LGMD2I associat-
ed with mutations in fukutin-related protein (FKRP), both types
of myotonic dystrophy (DM1, DM2) [8], nemalinopathies [9],
desminopathies [10] and Danon disease [11].

Patients with diagnosed heart disease presenting symp-
toms which are suggestive for skeletal muscle disease should
be asked about similar symptoms in their family members,
and their relatives should also consulted. It is important to
establish possible familial nature of a disease and trait of
inheritance (dominant, recessive) and to select genes for
molecular testing. Isolate discrete muscle symptoms, which
are to be looked for in family members, include e.g. slight
elbow and ankle contractures, muscle atrophy in hands,
shoulder instability, muscle pain, lack of reflexes, elevated
creatinine kinase (CK).

We present below a diagnostic approach which resulted in
diagnosis of skeletal muscle laminopathy in members of 3
different families. Initially they presented with cardiac failure
and/or arrhythmia what prompted them to search for medical
attention. Further detailed examination revealed then a mild
skeletal muscle disease, which together with positive family
history allowed to initiate molecular diagnostics and to
provide appropriate treatment and counseling.

2. Family reports
2.1. Family 1

31-years old male (II:2) was referred to a neuromuscular
consultation because of slowly progressing weakness of the
lower limbs, hindering from climbing stairs and getting up
from a squatting and sitting position. Since the school years he
was perceived as less agile than peers and he had worse results
in running. At the age of 31 he was implanted pacemaker DDD
type because of atrioventricular block (AVB) II grade (2:1) with
episodes of bradycardia of 21/min. Conduction disorders were
seen on ECG done routinely during obligatory periodic testing
at work. The patient did not report syncope; however he
noticed decreased tolerance of physical effort and periodic
edemas of the legs. On echocardiography borderline enlarge-
ment of the left atrium was found (4.2cm) with general

o
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[ Mmale, not tested
O Female, not tested
Il @ Male, female; LMNAmutation htz p.Val452Ala
O Male, healthy, no LMNA mutation htz p.Val452Ala

® Miscarriage

Fig. 1 - Pedigree of the Family 1. Note autosomal dominant
trait of inheritance.

hypokinesia of the left ventricle, while ejection fraction (EF)
was within the normal range (60%). NTproBNP was at the level
of 66.9 pg/mL (N < 400 pg/ml). On neurological examination
there were observed waddling gait, lumbar hyperlordosis,
slight elbow and ankle contractures, cervical spine rigidity,
slim shoulder girdle with preserved strength of arms and lack
of tendon reflexes in mm. biceps and mm. triceps. Diagnostic
tests showed moderately increased level of creatine kinase
(CK) - 404 U/], then 310 U/1 (N < 170 U/l). Electromyography
(EMG) revealed myopatic pattern in the m. biceps brachii. The
family history (Fig. 1) revealed that slight elbow contractures
and cervical spine rigidity were observed in 29-years old twin
sisters of the proband (II:3, II:5), and waddling gait in 52-years
old mother (I:1). Neurological examination was done in the
proband's mother (I:1), father (I:2), sister (II:3) and 18-years old
brother (II:7). The proband's mother (I:1) has been less agile
than peers since childhood. At the age of 35 there were noticed
problems with climbing stairs and standing from squatting
position. She did not seek medical attention. On neurological
examination waddling gait, lumbar hyperlordosis, slight
cervical spine rigidity and lack of Achilles tendon reflexes
were observed. No skeletal muscle wasting or contractures
were seen. Periodically she has palpitations. In previous ECG
atrioventricular block II Wenckebach type was found, but no
diagnostics was initiated then. At the age of 52 the patient was
qualified to a gynecological procedure. During routine evalua-
tion before surgery a conduction defect was found. On 24-
hours Holter monitoring AVB II Wenckebach type was
confirmed again; it was leading to night bradycardia (HR 35/
min). In addition 3 pauses (the longest of 2.5 s) was seen. No
complex ventricular arrhythmia was observed. On echocardi-
ography borderline enlargement of the left atrium was found
(4.3 cm), slightly impaired diastolic function and decreased EF
(45%). NTproBNP was 40.3 pg/mL. At that time the patient I:1
had been implanted with a pacemaker DDD type. The
proband's father (I:2) was healthy. The proband's sister (II:3)
was weaker and less clever than peers. She had scoliosis. She
was not able to walk on heels. Since childhood cervical spine
rigidity and trace elbow contractures were noted. No muscle
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weakness/wasting were seen. The patient reported palpitation
after greater physical efforts. 24-hour ECG monitoring revealed
night bradycardia of 35/min, with PQ 200 ms — borderline for
AVB 1. Echocardiography was normal, with good systolic (EF
64%) and diastolic function of the left ventricle. Her first
pregnancy was ended with spontaneous miscarriage in the 6th
week. She has two children: 6-years old son (III:2), clinically
healthy and 3-years old (lII:3) son with trisomy 21. Family
history revealed that the second twin woman (II:5) is less agile
than her sister (II:3). Since childhood cervical spine rigidity,
lumbar hyperlordosis, elbow contractures and weakness of
proximal muscles of the legs were seen. Periodically she
reports pain and stinging sensation in the chest or cardiac
disease. 24-hour ECG monitoring revealed AVB I. Echocardiog-
raphy was normal, with good systolic function (EF 60%). She
has two daughters, the older one (III:4) is overweighed and less
agile than peers, the younger one (III:5) at presentation has not
presented any symptoms of skeletal muscle disease. The
proband's brother (II:7) is slim, at school he was less physically
fit than peers. He easily gets tired. He is not able to walk on
heels. He has thoracic scoliosis, cervical spine rigidity and
slight elbow contractures. No muscle weakness was seen.
Periodically palpitations and postural hypotonia occur.
No conduction defect has been found until now, but
echocardiography revealed slightly decreased EF (50%). Sum-
mary of the neurological and cardiological evaluation is shown
in Tables 1 and 2.

Since the disease affected both men and women from two
consecutive generations (Fig. 1), we suspected muscular
dystrophy with cardiac involvement with autosomal domi-
nant trait of inheritance. There are presumptions indicating
EDMD?2, associated with laminopathy: neurological presenta-
tion with dominating spine rigidity and joint contractures,
discrete and variable weakness of different muscle groups and
type of cardiac dysfunction in the proband, who had
atrioventricular block type II requiring pacemaker implanta-
tion. Once written informed consents had been acquired, we
performed genetic analysis in the proband, his parents,
siblings and siblings' children. Genomic DNA was extracted
from peripheral blood lymphocytes. All 12 exons of LMNA and
exon-intron boundaries were amplified by PCR, sequenced
using the Big Dye Terminator Sequencing Ready Reaction kit

(Applied Biosystems), and analyzed on an ABI PRISM 373
fluorescent DNA sequencer (Applied Biosystems). Primer
sequences and PCR protocols are available upon request.
Molecular testing revealed a heterozygous missense mutation
€.1355T>C, p.Val452Ala in exon 7 of LMNA gene, encoding
lamin A/C in several members of this family (Fig. 1): in the
proband, his mother, 4 siblings from the generation Il and in 4
of 5 children from the generation III. The mutation was not
found in 110 control chromosomes. The family was included to
regular cardiological supervision. Genetic counseling was
provided.

2.2.  Family 2

57-years old female was referred to neuromuscular consulta-
tion by a cardiologist. At the age of 47 the patient had been
implanted pacemaker because of atrioventricular block III
grade; at the age of 57 it was replaced by ICD (implantable
cardioverter-defibrillator) due to deterioration of her cardiac
function (EF 15%). She underwent diagnostics because of
clinical signs of mild myopathy, but without definite molecular
diagnosis. On physical examination there was found de-
creased strength of quadriceps muscles, which resulted in
problems with climbing stairs and standing from squatting
position. Also, she could not stand on her heels. No muscle
wasting, no elbow contractures were seen. EMG revealed
myopatic pattern in m.biceps brachii. She also complained of
the spine stiffness, however MRI revealed osteoarthritis, so
this symptom could not be surely the attribute of any
underlying muscle disease. Clinical presentation in this
patient might be consistent with quadriceps myopathy or
mild limb-girdle muscular dystrophy (LGMD). Survey of the
family history revealed sudden cardiac deaths in young and
middle-aged members of this three generations family (Fig. 2).
Heart failure with conduction defect and mild skeletal muscle
disease directed the molecular diagnostics to laminopathies.
Molecular testing revealed the recurrent heterozygous mis-
sense mutation ¢.1130G>T, p.Arg377Leu in exon 6 of LMNA
gene. The only family members available for physical
examination and genetic testing were two adult sons of the
proband, but fortunately both they are free of the LMNA
mutation detected in their mother.

Table 1 - Neurological characteristics of the patients from Families 1, 2 and 3.

Muscle weakness/ Reflexes Contractures Cervical Lumbar
wasting spine rigidity  hyperlordosis
mm. mm. mm. Radial Knee Ankle Elbow  Ankle
quadriceps  biceps  biceps  bone

Family 1

Il Yes/no No/no + - + - No Trace Yes Yes

1I:2 Yes/no No/yes + + + + Yes Trace Yes Yes

II:3 No/no No/no - + + + Yes Trace Yes Yes

I:5 Yes/no No/yes Yes Trace Yes Yes

1.7 No/yes No/yes + - - + Yes Trace Yes Yes
Family 2

III:6 Yes/no Yes/no - - - - No No Yes No
Family 3

Proband Yes/yes Yes/yes + + - L/P +/— Trace Yes Yes Yes
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Table 2 - Cardiological characteristics of the patients from Families 1, 2 and 3.

LA (cm) LVDD (cm) LVDS (cm) LVEF (%) Contractility Arrhythmia Cardiac device
Family 1
L1 4.2 4.2 2 60 Normal Sporadic SVB, VB Pacemaker DDD
AVBII Wenckebach, (52y)
bradycardia 21/min
11:2 4.3 5.1 3.3 45 General hypokinesia of AVBII 2:1, VB Pacemaker DDD
Proband the left ventricle (31y)
1:3 3.2 4.5 2.7 64 Normal Night bradycardia 35/min, = No
PQ 200ms
1I:5 3.6 4.4 2.8 60 Normal AVBI No
1.7 2.9 4.0 25 50 Normal no No
Family 2
11I:6 3.5 5.1 nd 15% Impaired AVBIII Pacemaker
Proband 47y)
ICD
(57'y)
Family 3
Proband 4.5 5.8 4.6 45% then  Hypokinesia of IVS and AVBI/II Mobitz Pacemaker VVI
15% anterior wall of LV 2:1/Wenckebach, (44 y)
bradycardia 26/min, AF, ICD
AVBIII, sVT (6y)
CRT-D
(48y)

Normal ranges: LA (left atrium): 1.9-4.0 cm; LVDD (left ventricle end-diastolic diameter): 3.5-5.6 cm; LVDS (left ventricle end-systolic diameter):

2.2-3.8 cm; LVEF (left ventricle ejection fraction): >55%.

SVB - supraventricular beats; VB — ventricular beats; AVB - atrioventricular block; AF - atrial fibrillation; sVT - sustained ventricular

tachycardia; IVS - interventricular septum.

scp47y

SCD 36y

i:1 li:2

SCD 30y

Vi1 V:2

ScD 56y ScD sy
I:3 -5
lli:5 /'III:G 9 :10
SCDyoung

/' Proband, LMNA mutation htz p.Arg377Leu

H @ Male, female; affected
O O Male, female; healthy

/ Deceased

SCD = sudden cardiac death

Fig. 2 - Pedigree of the Family 2. Note family members who died suddenly at young age.

2.3. Family 3

46-years old male with implanted with CRT-D (Cardiac
Resynchronization Therapy Implantable Cardioverter Defibril-
lator) because of recurrent ventricular tachycardia (VT) with
high-energy intracardiac shocks and a very low EF (15%). Other
echocardiographic parameters were: LA - 4.5cm; LVDD -
58cm; LVDS - 46cm. Two years earlier he had been
implanted with cardioverter defibrillator (ICD-VR) because of
sustained VT; 4 years earlier he had been implanted with
pacemaker VVI due to atrial fibrillation with AVB III; at that

time contractility of the left ventricle has been already
impaired, with EF of 45-50%. Asymptomatic AVB I/II Mobitz
2:1/Wenckebach, had been observed since the age of 25. The
patient was referred to neuromuscular consultation by a
cardiologist, however since childhood non-progressing mild
Achilles tendon and elbow contractures, slight spine rigidity
together with wasting and weakness of the proximal muscles
have been found. CK was 283 U/L. On electromyography
myogenic pattern was seen in m. deltoideus, m. vastus
lateralis and m. tibialis anterior. The clinical presentation
was the most likely consistent with EDMD2, however a clinical
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diagnosis has been established relatively late, after consider-
ing characteristic skeletal and cardiac muscle symptoms.
Family history was negative, so it did not provide any
suggestion on a potential trait of inheritance, but life-
threatening arrhythmia indicated with greater probability of
laminopathy than emerinopathy. In fact, molecular testing
revealed the recurrent heterozygous missense mutation
c.1357C>T (p.Arg453Trp) in exon 7 of LMNA gene.

3. Discussion

Laminopathies are rarely inherited diseases associated with
structural/functional defect of genes that encode the nuclear
envelope proteins. One of the best known one is lamin A/C, the
main component of nuclear lamina, which is encoded by
LMNA gene, located on chromosome 1 and translated on two
proteins, being splice variants - lamin A and lamin C.
Mutations in LMNA gene cause a wide spectrum of diseases
that affect tissues of mesenchymal origin [12]. Muscle
laminopathies create so-called organ-specific subgroups,
which include several phenotypes of various onset and
severity, from the most severe LMNA-related congenital
muscular dystrophy (L-CMD) [13] in children, EDMD [2,3],
LGMD1B [14], and isolated dilated cardiomyopathy with
conduction defects (CMD1A) [15]. This report presents patients
with discrete skeletal muscle disease associated with LMNA-
dependent phenotypes consistent with EDMD2, LGMD1B and
quadriceps myopathy, respectively.

EDMD is clinically characterized by humero-peroneal
muscle atrophy and weakness, multijoint contractures with
spine rigidity and cardiac insufficiency with conduction
defects in later decades of life [16,17]. Great intrafamilial
and interfamilial variability of clinical course of EDMD is seen
[18]. There are two main types of EDMD: EDMD1 associated
with mutations in EMD gene, encoding emerin, with X-linked
recessive inheritance [2] and EDMD2 associated with muta-
tions in LMNA gene, encoding lamin A/C, with autosomal
dominant inheritance [3].

When analyzing disease symptomatology in the Family 1,
we could note that in proband and his siblings the clinical
picture is consistent with EDMD2, while in their mother — with
quadriceps myopathy, although clinical course seems to be
mild. Weakness of mm. quadriceps was seen exclusively in
proband (II:2) and his mother (I:1). Contrary to the children (II:2,
I:3, IL:5, I1:7) their mother (I:1) did not have elbow contractures.
All affected patients had cervical spine rigidity, lumbar
hyperlordosis and trace Achilles tendon contractures. Se-
quence and severity of cardiological and skeletal muscle
symptoms might vary individually. Therefore observation
toward discrete muscle symptoms could be of great impor-
tance to find etiology of severe heart disease in young patients
with idiopathic cardiomyopathy, paroxysmal arrhythmia
(supraventricular tachycardia, atrial flutter/fibrillation), atrio-
ventricular block, sick sinus syndrome, especially when
sudden cardiac deaths/heart disease/skeletal muscle disease
were identified in family history. Conduction defects, which
required cardiological procedure (pacemaker implantation)
has been diagnosed so far in two members of the Family 1:
proband (II:2) and his mother (I:1). Although slight proximal

muscle weakness in proband was present before asymptom-
atic arrhythmia, initially no neurological diagnostics was
initiated. Correlation of cardiac failure and/or arrhythmia and
discrete skeletal muscle symptoms helped to direct of
diagnostics toward genetic disease. Confirmation of laminop-
tahy in proband initiated molecular testing in other members
of his family, who presented similar slight muscle and joint
symptoms: elbow contractures, cervical spine rigidity and
hyperlordosis.

The proband's, mother has been implanted with pacemak-
er after confirmation of the atrio-ventricular block II and
decreased ejection fraction (45%). It has been suggested that
implantation of a pacemaker could not be sufficient to prevent
sudden cardiac death in some patients with laminopathy,
namely with non-sustained ventricular tachycardia, left
ventricle EF < 45%, male sex and non-missense mutation in
LMNA gene [19]. As one of the four risk factors listed above is
present in the patient I:1, i.e. borderline EF, she requires re-
evaluation toward qualification to implantable cardioverter-
defibrillator. In case of the female from Family 2 the main
reason to replace pacemaker with ICD was gradual deteriora-
tion of cardiac function, with decrease of EF to 15%. The patient
from Family 3 had three of four risk factors of SCD in
laminopathy, listed in the paper of van Rijsingen et al. [19] i.e.
VT, male sex and EF < 45%, finally he required implantation of
CRT-D. Although until now no cardiac arrhythmia requiring
electrotherapy has been found in the siblings of the proband
from Family 1 (i.e. II:3, II:5, II:7), they require annual follow-up,
which should include physical examination, ECG, Holter
monitoring and echocardiography, which is recommended
not only in all carriers of LMNA mutation, but in all patients
with muscular dystrophies, even asymptomatic and with
normal ECG [20,21].

In addition to cardiac failure, requiring implantation of
cardioverter-defibrillator in primary prevention of SCD, the
proband from the Family 2 presented also signs that might
correspond to quadriceps myopathy or mild LGMD, but
without previous definite diagnosis, despite some attempts.
Positive family history toward SCD in numerous young and
middle-aged members of consecutive generations in this
family, which indicated autosomal-dominant trait of inheri-
tance, allowed to direct the diagnostics to laminopathies. In
fact, the recurrent mutation in LMNA gene: c.1130G>T (p.
Arg377Leu) was detected; it had been previously described in
patients with EDMD2 [22], LGMD1B [23], DCM-CD [24], quadri-
ceps myopathy with DCM-CD [9] and EDMD2 with peripheral
neuropathy [25].

Phenotype of the patient from the Family 3 was consistent
with EDMD2, but non-progressing muscle weakness and mild
joint contractures with quite good physical ability prevented
him to seek neurological diagnosis at younger age. Severe
cardiological involvement which occurred in his fifth decade of
life, in association with skeletal muscle symptoms, directed
diagnostic pathway to inherited disease and it was the
cardiologist who was the first specialist referring this patient
to neuromuscular center. The disease-causing mutation in
exon 7 of LMNA gene, i.e. c.1357C>T (p.Arg453Trp), has been
reported in other EDMD?2 patients, also of Polish origin [26,27].

Discrete muscular symptoms and signs observed in all
patients with laminopathy presented above were the main
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cause of somewhat late decision for referring them to
neurological and genetic consultations. It was a cardiac
disease which trigger diagnostics toward neuromuscular
disease, mainly due to high awareness of cardiologists, who
were the first specialists asked for consultation. It should also
be stressed that laminopathies may manifest as isolated
cardiac disease (DCM-CD) and the later muscle symptoms
appear, the less severe and easier to overlooked they might be.
Patients are often well-adapted to them, so they do not seek
medical attention. Only serious cardiac disease or sudden
cardiac deaths in family raise the significance of genetic
diagnosis and proper counseling. LMNA gene mutations are
characterized by almost full penetration as for heart disease in
adulthood and constitute a real threat to life if left undiag-
nosed and untreated. Establishing diagnosis of laminopathy
may be crucial since these patients may require implantation
of the ICD instead of the classic pacemaker due to significantly
higher risk of sudden death spawned by ventricular tachyar-
rhythmia which is not preventable by pacemaker itself. The 57
years old female patient from the family 2 might be a good
example of this strategy.

Finally, discrete muscle symptoms should not be under-
estimated. Carefully collected history, physical examination,
diagnostic procedures would help in shaping so as not to
overlook the systemic disease. Patients and carriers with
subtle skeletal muscle symptoms/signs are to be routinely sent
to cardiologists for early recognition and treatment of
cardiomyopathy and/or life-threatening arrhythmias. Cur-
rently, screening for cardiac should be offered to all patients
suspected/diagnosed with muscular dystrophy or myopathy
[21]. Identification of all patients in the family presenting
subclinical symptoms of muscle disease and determination of
proper diagnosis might help establishing therapeutic ap-
proach, as well as genetic and career counseling.
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