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Abstract

Background: Cardiac arrhythmias are sometimes encountered in patients with hereditary myopathies and muscular
dystrophies. Description of arrhythmias in myopathies and muscular dystrophies is very important, because arrhythmias
have a strong impact on the outcomes for these patients and are potentially treatable.

Case presentation: A girl with severe congenital RYR1-related myopathy exhibited atrial tachycardia and sinus node
dysfunction during infancy. She was born after uncomplicated caesarian delivery. She showed no breathing, complete
ophthalmoplegia, complete bulbar paralysis, complete facial muscle paralysis, and extreme floppiness. At 5 months old,
she developed persistent tachycardia around 200–210 beats per minutes. Holter monitoring revealed ectopic atrial
tachycardia during tachyarrhythmia and occasional sinus pauses with junctional escape beats. Propranolol effectively
alleviated tachyarrhythmia but was discontinued due to increased frequency and duration of the sinus pauses that led
to bradyarrhythmia. There was no evidence of structural heart diseases or heart failure. The arrhythmia gradually
resolved spontaneously and at 11months old, she showed complete sinus rhythm.

Conclusions: Although supraventricular arrhythmia is sometimes encountered in congenital myopathies, this is the
first report of cardiac arrhythmia requiring drug intervention in RYR1-associated myopathy.
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Introduction
Cardiac arrhythmias are sometimes encountered in
patients with hereditary myopathies and muscular
dystrophies. Because of the increasing lifespan of these
patients, prevalence of cardiac involvement is also in-
creasing. Because arrhythmias have a strong impact on
the outcomes for these patients and are potentially treat-
able, description of arrhythmias in myopathies and
muscular dystrophies is very important [1, 2]. To date,
arrhythmia has never been reported in cases of congeni-
tal RYR1-related myopathy.
Here we report a girl with severe congenital RYR1-re-

lated myopathy [2–4] who exhibited atrial tachycardia

and sinus node dysfunction without cardiomyopathy
during infancy.

Case presentation
The female patient was born to non-consanguineous
healthy parents by caesarian delivery due to breech pres-
entation at 36 weeks 3 days of gestational age. Polyhy-
dramnios and decreased fetal movements were pointed
out during pregnancy. After delivery, she showed neither
spontaneous breathing nor spontaneous limb move-
ments. She received standard resuscitative measures. On
examination, no spontaneous breathing, complete oph-
thalmoplegia, complete bulbar paralysis, complete facial
muscle paralysis, and extreme floppiness with dimin-
ished tendon reflexes were noted. Height, weight, and
head circumference were within normal limits. No
dysmorphic features were present. Severe congenital
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myopathy was suspected. She underwent muscle biopsy and
genetic analysis that resulted in a diagnosis of severe con-
genital RYR1-associated centronuclear myopathy (Fig. 1a–c).
She inherited compound heterozygous pathogenic or likely-
pathogenic rare variants in the RYR1 gene (RYR1 NM_
000540, p.D2529N from her father, p.L2155P and p.R682P
in cis from her mother). The other genes in the congenital
myopathy and myasthenia panel were negative.
At the age of 5 months old, she developed persistent

tachycardia around 200–210 beats per minutes (bpm).
She did not show fever, hypotension, abnormal urin-
ation, stool abnormality, diaphoresis, or mydriasis during
the tachycardia. Routine laboratory investigation failed
to show any extra-cardiac cause of tachycardia including
infection, hyperthyroid status, or anemia. Holter moni-
toring revealed ectopic atrial tachycardia during tachyar-
rhythmia up to 200–210 bpm, junctional escape beats
with sinus pauses after cessation of atrial tachycardia,
and occasional sinus bradycardia around 50 bpm. Car-
diac ultrasonography showed no evidence of structural
heart disease or cardiomyopathy. The tachycardia was
refractory to intravenous adenosine triphosphate trial
and to intravenous procainamide. Atrial tachycardia and
sinus node dysfunction, due presumably to her under-
lying severe congenital RYR1-associated centronuclear
myopathy, were diagnosed.
Administration of propranolol (0.5–1.0mg/kg/day) was

initiated and was effective. Her heart rate lowered from
200-210 bpm to 130–150 bpm. Unfortunately, paroxysmal
bradycardia around 30 bpm for several seconds began to
occur almost daily after propranolol treatment. Repeated
Holter monitoring revealed alleviation of atrial

tachycardia, but increased frequency and duration of the
sinus pauses with junctional rhythms that led to bradyar-
rhythmia (maximum R-R interval of 2.44 s) (Fig. 1d, e). As
the patient had complete ophthalmoplegia and limb weak-
ness, we could not determine whether the bradycardia
was associated with any other signs or symptoms.
Propranolol was discontinued at the age of 6 months. For-
tunately, severe tachyarrhythmia did not recur after pro-
pranolol discontinuation. Her heart rates were mostly
around 170–180 bpm, with occasional episodic drops
down to 50–60 bpm. She was discharged home when she
was 10months old, with a tracheostomy, home respirator
support, and a gastric tube. At planned follow-up (11
months old), Holter monitoring revealed complete sinus
rhythm with occasional sinus bradycardia down to 50
bpm. She was still completely ophthalmoplegic, but her
weakness improved slightly, and she and her family could
communicate with each other by her subtle hand gestures
and very slight facial muscle movements.

Discussion and conclusions
This is to our knowledge the first report of arrhythmia re-
quiring drug intervention in RYR1-associated myopathy
[3, 4]. Although supraventricular arrhythmia is sometimes
encountered in congenital myopathies [5], the reason why
RYR1 mutation led to atrial tachycardia and sinus node
dysfunction in our patient remains unclear. RYR1 is
expressed predominantly in skeletal muscles and to a
lesser extent in vascular smooth muscles, but does not
exert any effects on cardiac muscles [6, 7].
Because arrhythmias have a strong impact on the out-

comes for myopathy patients and are potentially treatable,

Fig. 1 a–c Skeletal muscle (thyrohyoid muscle) histopathology was consistent with centronuclear myopathy. d and e Holter monitoring
demonstrates sinus pause and junctional rhythms, confirming the diagnosis of sinus node dysfunction. a, hematoxylin & eosin; b, NADH-TR; c,
modified Gomori-trichrome; calibration bar 20 μm; NADH-TR, nicotinamide adenine dinucleotide dehydrogenase - tetrazolium reductase.
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early recognition and treatment of primary cardiac
arrhythmia in myopathy patients is vitally important. We
identified our patient’s atrial tachycardia with sinus node
dysfunction through bedside observation and Holter mon-
itoring. Prompt treatment with low-dose propranolol
effectively alleviated the atrial tachycardia. The heart rate
abnormality in congenital myopathy patients is usually a
result of some respiratory or gastrointestinal infection.
The otherwise unexplained tachycardia in severely af-
fected myopathy patients may easily be overlooked to the
point where tachycardia-induced heart failure becomes
evident. We suggest that neurologists should be aware of
the possibility of primary cardiac arrhythmias and perform
Holter monitoring in severely affected congenital myop-
athy patients with an otherwise unexplained heart rate
abnormality.

Acknowledgements
We thank Drs. Masashi Ogasawara and Ichizo Nishino at the National Center
for Neurology and Psychiatry for histopathology and genetic analysis; Drs.
Mei Ikenori, Hiro Nakao, Yosuke Ogawa, and Noriko Morimoto at the
National Center for Child Health and Development for patient care; and the
medical editors from the Division of Education for Clinical Research at the
National Center for Child Health and Development for editing this
manuscript.

Authors’ contributions
IH took care of the patient, designed the study, and drafted the initial
manuscript. YA, HO, and MK supervised the care and extensively revised the
manuscript.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
All the data presented in this article is stored in our Unit.

Ethics approval and consent to participate
This study has been approved by the institutional review board at the
National Center for Child Health and Development [trial number 2018–2011].

Consent for publication
The guardians consented for publication.

Competing interests
The authors declare that they do not have any potential conflicts of interest
to disclose.

Author details
1Division of Neurology, National Center for Child Health and Development,
2-10-1 Okura, Setagaya-ku, Tokyo 157-8535, Japan. 2Division of Cardiology,
National Center for Child Health and Development, 2-10-1 Okura,
Setagaya-ku, Tokyo 157-8535, Japan.

Received: 13 May 2019 Accepted: 3 December 2019

References
1. Finsterer J, Stöllberger C, Keller H. Arrhythmia-related workup in hereditary

myopathies. J Electrocardiol. 2012;45:376–84. https://doi.org/10.1016/j.
jelectrocard.2012.02.003.

2. Arbustini E, Toro A, Giuliani L, Favalli V, Narula N, Grasso M. Cardiac
phenotypes in hereditary muscle disorders. J Am Coll Cardiol. 2018;72:2485–
506. https://doi.org/10.1016/j.jacc.2018.08.2182.

3. Bharucha-Goebel D, Santi M, Medne L, Zukosky K, Zukosky K, Dastgir J, et al.
Severe congenital RYR1-associated myopathy: the expanding
clinicopathologic and genetic spectrum. Neurology. 2013;80:1584–9. https://
doi.org/10.1212/wnl.0b013e3182900380.

4. Neto O, de Moreno C, Malfatti E, Donkervoort S, Böhm J, Guimarães J, et al.
Common and variable clinical, histological, and imaging findings of
recessive RYR1-related centronuclear myopathy patients. Neuromuscul
Disord. 2017;27:975–85. https://doi.org/10.1016/j.nmd.2017.05.016.

5. Steele HE, Harris E, Barresi R, Marsh J, Beattie A, Bourke JP, et al. Cardiac
involvement in hereditary myopathy with early respiratory failure: A cohort
study. Neurology. 2016;87:1031–5. https://doi.org/10.1212/wnl.
0000000000003064.

6. Greiser M, Kerfant B-G, Williams GS, Voigt N, Harks E, Dibb KM, et al.
Tachycardia-induced silencing of subcellular Ca2+ signaling in atrial
myocytes. J Clin Investigation. 2014;124:4759–72. https://doi.org/10.1172/
jci70102.

7. Petegem F. Ryanodine receptors: structure and function. J Biol Chem. 2012;
287:31624–32. https://doi.org/10.1074/jbc.r112.349068.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hayakawa et al. Italian Journal of Pediatrics          (2019) 45:165 Page 3 of 3

https://doi.org/10.1016/j.jelectrocard.2012.02.003
https://doi.org/10.1016/j.jelectrocard.2012.02.003
https://doi.org/10.1016/j.jacc.2018.08.2182
https://doi.org/10.1212/wnl.0b013e3182900380
https://doi.org/10.1212/wnl.0b013e3182900380
https://doi.org/10.1016/j.nmd.2017.05.016
https://doi.org/10.1212/wnl.0000000000003064
https://doi.org/10.1212/wnl.0000000000003064
https://doi.org/10.1172/jci70102
https://doi.org/10.1172/jci70102
https://doi.org/10.1074/jbc.r112.349068

	Abstract
	Background
	Case presentation
	Conclusions

	Introduction
	Case presentation
	Discussion and conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

