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Abstract:

Cardiac involvement has recently been the focus of sporadic late-onset nemaline myopathy (SLONM).
However, right ventricular failure and pulmonary hypertension, in addition to repetitive cardiac arrest, are
noteworthy characteristics of SLONM. We herein report a 66-year-old woman with SLONM whose main
symptoms were cardiac arrest, right ventricular failure, and pulmonary hypertension. Despite permanent pace-
maker replacement, cardiac arrest occurred repetitively, and even with continuous positive airway pressure,
right ventricular failure and pulmonary hypertension persisted. The patient was finally diagnosed with
SLONM by a muscle biopsy. Our case suggests the possibility of cardiovascular involvement in SLONM, es-
pecially right ventricular failure and pulmonary hypertension.
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Introduction

A form of myopathy characterized by unique cytoplasmic
aggregates known as nemaline bodies is defined as nemaline
myopathy (NM) (1). Currently, NM is regarded as a hetero-
geneous disease, and the onset in most cases occurs during
childhood due to the mutation of causative genes (2). How-
ever, non-inherited subacute progressive NM cases with an
onset during adulthood are also observed.

Sporadic late-onset nemaline myopathy (SLONM) is a
rare and acquired type of myopathy that was described for
the first time in 1966 (3). SLONM is characterized by
proximal muscle atrophy and weakness, and the presence of
nemaline bodies in muscle biopsies (4). Monoclonal gam-
mopathy of undetermined significance (MGUS) or human
immunodeficiency virus (HIV) were associated with the
most recent SLONM case reports (5-7). Common clinical

symptoms of SLONM are muscle atrophy and weakness,
head drop, respiratory involvement, and dysphagia (8). In
contrast, cardiovascular failure is rarely reported or recog-
nized as a symptom of SLONM.

We herein report a woman with SLONM without associ-
ated MGUS or HIV and whose initial and main symptoms
were cardiovascular involvement.

Case Report

A 66-year-old woman who developed heart failure com-
plicated by pulmonary arterial hypertension was transferred
to our hospital. The patient’s clinical record is shown in Ta-
ble 1. She provided informed consent to participate in this
study. She had no family history of related diseases. At the
age of 14, she had severe scoliosis, but her perinatal and in-
fant histories were free from clinical conditions. At the age
of 27, she had bradycardia with a heart rate of about 30/
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Table 1. Patient’s Clinical Record.
Age Symptom Examination and treatment

(years)

14 Scoliosis was revealed

27 Bradycardia of HR 30/min

39 Cardiac arrest Myocardial biopsy (diagnosis unknown)
(due to complete AV block) Permanent pacemaker placement

40 Cardiac arrest (cause unknown)

46 Cardiac arrest (cause unknown)

47 Cardiac arrest (cause unknown)

62 Sleep apnea CPAP initiation

66 Right ventricular failure Muscle biopsy (SLONM diagnosed)
Pulmonary hypertension BiPAP initiation

AV: atrioventricular, BiPAP: bilevel positive airway pressure, CPAP: continuous positive airway

pressure, HR: heart rate, SLOMN: sporadic late-onset nemaline myopathy

min. Thereafter, she was not further evaluated, and follow-
up did not involve any intervention. She delivered 3 children
normally when she was 23, 25, and 32.

However, she suffered her first cardiac arrest followed by
complete atrioventricular block at the age of 39. She was
transferred to our hospital [Jichi Medical University Hospital
(JMUH)], and spontaneous circulation was regained after
cardiopulmonary resuscitation. A dual-chamber permanent
pacemaker was implanted, but no underlying diseases re-
lated to the complete atrioventricular block were detected at
that time, despite performing a cardiovascular work-up, in-
cluding a myocardial biopsy Only conventional hematoxylin
and eosin staining was employed at that time, so nemaline
bodies were not observed.

Although her pacemaker worked well and lethal ventricu-
lar arrhythmia was not documented, she repetitively experi-
enced cardiopulmonary arrest at the ages of 40, 46, and 47.
In each episode, she was transferred to Sano Kosei General
Hospital (SKGH), and spontaneous circulation was regained
each time. At the age of 62, she had her pacemaker genera-
tor exchanged, and a new ventricular lead was inserted be-
cause of ventricular lead failure. In addition, at the age of
62, she was diagnosed with sleep apnea, and continuous
positive airway pressure (CPAP) was initiated during sleep.

At the age of 66, she developed heart failure, mainly in-
volving the right part of the heart, and was emergently ad-
mitted to SKGH. At that time, echocardiography showed a
severely impaired left ventricular function (approximately
20% ejection fraction), which was diagnosed as transient
neurogenic cardiomyopathy (i.e., Takotsubo cardiomyopa-
thy). Although her left ventricular function gradually im-
proved, mitral regurgitation and pulmonary hypertension
persisted (estimated pulmonary artery pressure of approxi-
mately 60 mmHg). She was treated with a combination of
diuretics and positive-pressure ventilation.

On further evaluations, she was referred to the Division of
Cardiovascular Medicine of JMUH. An electrocardiogram
showed all ventricular pacing rhythms with dissociated slow
atrial beats, reflecting sinus node dysfunction. Since her

atrial lead was not captured at all, the pacemaker mode set-
ting was changed from atrial-synchronized ventricular-
inhibited (VDD) to ventricular rate responsive demand
(VVIR). An arterial blood gas analysis showed chronic type
IT respiratory failure (PaCO.=60.2 mmHg, Pa0,=44.6
mmHg, and HCO:=32.5 mmL/L in room air). An examina-
tion of the respiratory function showed restrictive ventilator
impairment (67.2% vital capacity, 68.1% forced vital capac-
ity, and 105.8% forced expiratory volume % in 1 second). A
radiograph showed severe scoliosis (Figure A). We re-
examined the echocardiography findings, which showed that
the left ventricular function had recovered, despite the pres-
ence of pacing-induced dyssynchrony and disappearance of
the pulmonary hypertension/right-sided pressure overload.
We performed catheterization to confirm the hemodynamics
and clinical diagnosis and observed a low cardiac output and
normalized pulmonary arterial and right ventricle/atrium
pressure (mean pulmonary arterial pressure=16 mmHg, pul-
monary capillary wedge pressure=4 mmHg, pulmonary vas-
cular resistance=4.8 Wood). We ultimately diagnosed her
heart failure as having been caused by a combination of res-
piratory failure, pulmonary hypertension related to hypoven-
tilation and an impaired ventricular function, suggesting the
possibility of systemic muscular-skeletal disorders that cover
both respiratory and circulatory phenotypes.

Although her cardiac dynamics improved temporarily,
three months later, her echocardiography results showed the
recurrence of pulmonary hypertension/right-sided pressure
overload without severe involvement of the left ventricular
function; tricuspid regurgitation pressure gradient=51.6
mmHg, estimated pulmonary arterial pressure=66.6 mmHg,
ejection fraction=58.1%. Eccentric remodeling was also re-
vealed: interventricular septum thickness=9.1 mm, posterior
wall diameter=10.0 mm. Finally, she was transferred to the
neurology division.

A neurological assessment showed that her cognitive
function was preserved (Mini-Mental State Examination
score of 26/30 and Frontal Assessment Battery score of 17/
18). She did not display head drop or dysphagia. Her ster-
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Figure.

(A) A radiograph showing severe scoliosis. The arrow indicates the pacemaker. (B) Com-

puted tomography showing paraspinal and (C) quadriceps and hamstrings atrophy. (D) Image of the

patient’s lower legs. The arrow indicates the muscle biopsy scar. Muscle biopsy examinations (E-J).
(E) Hematoxylin and Eosin staining. (F) NADH-TR staining. Arrowheads indicate small angular fi-
bers, but no cytoplasmic aggregate was detected. (G) ATPase staining showing type 2 fiber atrophy

and the appearance of some type 2C fibers. Modified Gomori trichrome staining at a lower magnifi-

cation (H) and a higher magnification (I). Arrows showing numerous nemaline bodies present in the

small angular fibers. (J) MxA immunofluorescence, staining-negative. Scale bars=50 um.

nocleidomastoid, paraspinal, quadriceps, and hamstring mus-
cles were atrophic (Figure B, C). Gowers’ sign was positive,
which suggested limb muscle weakness. She had no sensory
disturbance. She exhibited deep tendon hyperreflexia in her
bilateral biceps, triceps, barachioradialis, and patellar ten-
dons. In addition, right Babinski and right Tromner’s re-

flexes were positive. Severe orthostatic hypotension was pre-
sent from 112/92 mmHg in the lying position to 72/48
mmHg in the standing position.

Hematological and biochemical analyses showed kidney
dysfunction, as evidenced by a high serum blood urea nitro-
gen level of 58 mg/dL and a high serum creatinine level of
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Table 2. Typical and Atypical Symptoms of SLONM in the Pres-

ent Case.
Systems Typical Untypical
Skeletal Scoliosis
Muscle Atrophy
Gowers’ sign (+)
Respiratory Type II respiratory failure
Cardiovascular Complete AV block
Cardiac arrest

Right ventricular failure
Pulmonary hypertension
Orthostatic hypotension

Reflex Hyperreflexia

Tromner (+)
Babinski (+)

AV: atrioventricular, SLONM: sporadic late-onset nemaline myopathy

2.00 mg/dL. The level of serum creatinine kinase was nor-
mal (17 U/L), and the test result for both MGUS and HIV
was negative.

Although her muscle weakness was subtle and the serum
creatinine kinase level was not elevated, we performed a
muscle biopsy from the atrophic left femoral rectus muscle
(Figure C, D) and conducted several histochemical analyses
(Figure E-J). Hematoxylin and eosin staining showed only
mild to moderate variation in fiber size, and small angular
fibers were observed (Figure E). However, nemaline bodies
were detected in the small angular fibers, when modified
Gomori trichrome (mGT) staining was performed (Fig-
ure H, I). Immunofluorescence staining was negative for the
myxovirus resistance protein, a marker of dermatomyositis
(Figure J). We also performed whole-exome sequencing for
the patient, but no pathologic substitution in the ACTAI,
NEB, KLHL, TPM, TNNT, CFL2, LMOD3, KBTBDI3,
MYPN, MYOIS8B, or RYR genes was detected. Based on the
results of the muscle biopsy and gene examination, we fi-
nally diagnosed the patient with SLONM.

We introduced CPAP after treatment of her cardiac and
respiratory failure and allowed her to be discharged. How-
ever, she was soon re-admitted to our hospital due to heart
failure. We considered the CPAP to have been insufficient
and therefore initiated bilevel positive airway pressure
(BiPAP) during sleep with treatment for her chronic heart
failure. In accordance with a previous review (4), we also
added immunomodulatory therapy, intravenous immuno-
globulin (400 mg/kg for 5 days) and oral prednisolone in-
take (15 mg/day). After this additional treatment, her daily
living activities were preserved without heart failure or pul-
monary hypertension.

Discussion

Although scoliosis and respiratory involvement are com-
mon SLONM symptoms, it was difficult to diagnose
SLONM in the present case because the initial and main

symptom was cardiovascular involvement, including heart
failure, pulmonary hypertension, and rhythm disturbances. In
addition, she displayed hyperreflexia and positive Tromner
and Babinski reflexes, which are atypical findings in patients
with SLONM. A long period of 27 years passed until the fi-
nal diagnosis of SLONM was made. The echocardiogram
and intracardiac electrocardiogram findings obtained from
her pacemaker also demonstrated sinus node dysfunction,
suggesting that her conduction had been systematically dam-
aged by SLONM. The typical and atypical symptoms for
SLONM in the present case are summarized in Table 2.

Most previous reports on SLONM have focused on respi-
ratory involvement with associated MGUS or HIV (5, 6).
However, cardiac involvement has recently been observed
not only in patients with congenital NM (9) but also in
those with SLONM (7, 10). Sarullo et al. reported a 37-
year-old SLONM man who suffered from left ventricular
failure with dyspnea and tachycardia (10). In that case, heart
failure was revealed after presenting severe weakness and
hypotonia of proximal limb muscles. Monforte et al. ana-
lyzed six SLONM cases and reported cryptogenic cardiac
involvement in all cases (7). Conduction abnormalities or ar-
rhythmias were identified in all six cases in their report,
consistent with our case. While left ventricular failure was
also reported in those previous reports, the right ventricular
failure and pulmonary hypertension in our case are new no-
table features of SLONM. Table 3 shows a comparison be-
tween the previously reported cases of cardiac involvement
following SLONM and our present case.

We speculate that two pathologies were associated with
the symptoms of SLONM in the present case. One is
chronic type II respiratory failure, which was associated
with right ventricular failure (cor pulmonale) and pulmonary
hypertension (11). A major cause of this pathology is con-
sidered to be chronic hypoxia, which leads to pulmonary ar-
terial vasoconstriction and a cascade of molecular and bio-
chemical events, culminating in vascular smooth muscle hy-
pertrophy (12). The other pathology associated with the
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Table 3. Comparison between the Previous Reported Cardiac Involvement Cases Fol-
lowing SLONM and Our Present Case.

Pt. Onset Symptoms at Left atrial/ventricu- Right .atrlal/
Reference Sex . ventricular
No age onset lar involvement .
involvement
7 #1 M 39 Proximal upper  Mild EF reduction None
limb weakness (51%)
Neck extensor
weakness
#2 F 73 Proximal lower  Left ventricular Atrial
limb weakness  hypertrophy tachycardia
Neck extensor Left ventricular runs
weakness diastolic dysfunction
#3 F 65 Proximal lower  Left ventricular 1st degree AV
limb weakness  hypertrophy block
Neck extensor Left ventricular
& flexor diastolic dysfunction
weakness Left atrial
enlargement
#4 M 64 Proximal upper ~ Mild EF reduction Permanent
& lower limb (50%) AF
weakness Left ventricular
Neck extensor hypokinesia
weakness
#5 M 47 Proximal upper  Mild EF reduction None
& lower limb (52%)
weakness Left ventricular
Neck extensor hypokinesia
weakness Non-sustained VT
#6 F 68 Proximal lower ~ None Paroxysmal
limb weakness AF
Neck extensor
weakness
10 #7 M 37 Proximal upper  Left ventricular None
limb weakness systolic dysfunction
EF reduction (20%)
Present case #8 F 39 Cardiac arrest Takotsubo Complete AV
cardiomyopathy block
EF reduction (20%) Permanent
pacemaker
placement
Right
ventricular
failure
Pulmonary

hypertension

AF: atrial fibrillation, AV: atrioventricular, EF: ejection fraction, F: female, M: male, SLOMN: sporadic late-

onset nemaline myopathy

symptoms of SLONM in the present case is cardiac involve-
ment as the initial manifestation of NM. An undetermined
conduction system disorder or cardiomyopathy is associated
with NM, and sudden cardiac death without any prefixes has
occasionally been reported (7, 10, 13). Some may argue that
the aforementioned manifestations may be caused by alveo-
lar hypoventilation syndrome or other congenital muscular
diseases as differential diagnoses. Still others argue that one
NM pathology is the combination of features of actin-
associated myopathy and myofibrillar myopathy, as various
genes coding for actin-binding proteins are causative for
NM (14, 15). One NM causative gene, cofilin2, is involved
in sacrometric actin exchange and muscle maintenance (16).
We speculate that sinus or atrioventricular node dysfunction

alone was not the cause of our patient’s cardiopulmonary ar-
rest, as her arrests repeatedly occurred even while the pace-
maker was working. More advanced studies are therefore
needed, although it is possible that the disturbance in muscle
maintenance or pulmonary hypertension itself may be due to
cardiac involvement, as in our present case.

Scoliosis and orthostatic hypotension were also evident in
our case. Scoliosis is possible in all congenital myopathies
but is more characteristic in the early phase of certain
NM (17, 18). A positive Babinski reflex suggests supranu-
clear paralysis over the L4 level, while a positive Tromner’s
reflex suggests that this occurs over the C6-T1 level. We
speculate that her right positive Babinski and Tromner’s re-
flexes were due to scoliosis. A previous report based on NM
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autopsy cases shows nemaline bodies aggregate not only in
the skeletal muscle but also in the smooth muscle (19). We
speculate that the disturbance in the vascular skeletal muscle
also occurred and caused orthostatic hypotension in our pre-
sent case.

In conclusion, the present case alerts clinicians to the pos-
sible cause of SLONM as a cardiovascular and respiratory
disorder.
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