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Tubular aggregate myopathy is a rare neuromuscular condition associated with the presence of 
myofibers protein accumulations, in the form of dense tubular aggregates. Clinically it is charac-
terized by proximal muscular weakness, exercise-induced cramps, myalgias, and ocular features 
such as ophthalmoplegia and pupillary abnormalities. The involvement of the central nervous 
system is rare and not completely elucidated. Variants in STIM1, ORAI1, CASQ1 genes are fre-
quently associated with tubular aggregate myopathy. Here we describe a 35-year-old man who 
presented neonatal hypotonia, motor delay, seizures, and sensorineural hearing loss. During a 
SARS-CoV-2 infection at the age of 35, he developed myoclonus, encephalopathy, and marked 
muscular weakness. A deltoid muscle biopsy revealed the presence of tubular aggregates. Genet-
ic analyses including a Whole Genome sequencing failed to reveal a genetic cause. In conclusion, 
we enlarge the clinical spectrum of tubular aggregate myopathy associated with central nervous 
system involvement.
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Introduction

Tubular aggregates (TA) are clusters of protein aggregates found in muscle fibres in the 
form of membrane tubules, with a typical appearance in electron microscopy 1. TA are 
not pathognomonic of a specific disease, they can be found in various neuromuscular 
disorders such as periodic paralysis, paramyotonia, alcoholic myopathy, metabolic my-
opathies, muscular dystrophies, and congenital myasthenic syndromes. The pathophysi-
ological mechanisms leading to their formation and accumulation are not fully elucidated 
2,3. Tubular aggregates myopathy (TAM) has been associated with variants in the STIM1, 
ORAI1, CASQ1, and more rarely in other genes 4. The clinical phenotype is variable, from 
cramps and myalgias induced by exercise to progressive muscle weakness, as well as 
ophthalmoparesis and miosis. A central nervous system involvement has been reported in 
few cases, in form of seizures, or sensorineural hearing loss, in both genetically confirmed 
and unsolved cases 5,6. In other patients a severe congenital muscle weakness and epilep-
tic encephalopathy have been described associated with the presence of cylindrical spirals 
(CSs), protein aggregates that share morphological similarities with tubular aggregates. 
For this reason, a common origin of TA and CSs has been proposed 7.
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Here we describe the clinical, laboratory, imaging and myopathologic 
features of a man presenting with hypotonia at birth, childhood on-
set reduced exercise tolerance, scoliosis, seizures, hearing loss and 
abundant TA in muscle biopsy. 

Case report
P1 is a 35-year-old man born to healthy non-consanguineous parents 
from Cameron, without family history of neuromuscular disorders. He 
has a 5-years-old son suffering from autism spectrum disorder but 
with normal motor development.
Clinical history of P1 started at birth with muscular hypotonia, fol-
lowed by delayed motor milestones. During his childhood he present-
ed episodes of generalized tonic-clonic seizures that spontaneously 
disappeared at the age of 14 years. Two years later a sensorineural 
deafness was diagnosed and treated with prothesis. Along his infan-
cy he started to present cramps and myalgias induced by exercise 
associated to an abnormal gait with hyperlordosis, and progressive 
scoliosis. A spinal fusion was performed at 22 years. At 35 years he 
contracted a SARS-CoV-2, manifesting with fever and myalgias. Sev-
en days later, he developed proximo-distal muscle weakness, with 
difficulty getting up from the lying position, myoclonus of the right 
arm, and dysphagia. At ten days, he showed dyspnoea and reduced 
oxygen saturation, requiring hospitalization. Chest CT-SCAN con-
firmed the presence of SARS-CoV-2 pneumopathy that rapidly im-
proved with non-invasive ventilation (NIV) and oxygen therapy. During 
his stay in ICU he had generalized tonic-clonic seizures, successfully 
treated with Levetiracetam at 1500 mg/daily. 
Clinical examination upon arrival in the Neurology department re-
vealed mild delirium, generalized asynchronous positive and negative 
myoclonic jerks, prominent in the right upper limb, intention tremor, 
dysphagia, dysarthria. He had decreased deep tendon reflexes and 
hypopallesthesia in lower limbs. Four days after admission, the pa-
tient’s clinical condition improved dramatically.
Physical examination in our neuromuscular center showed, high-

arched palate, asymmetrical amyotrophy of the pectoralis muscles, 
asymmetrical scapular winging, hyperlordosis, bilateral atrophy of 
tibialis anterior muscles and valgus feet (Fig.  1). Manual muscle 
testing revealed a mild proximal and asymmetric muscular weak-
ness with deficit in arm elevation, and first interosseous muscular 
weakness quoting 4/5 MRC on left side. He also showed mild axial 
involvement with hyperlordosis and prominent abdomen. CNS in-
volvement remained stable with the persistence of mild myoclonus 
in upper limbs; no other episodes of seizure were noticed during 
three years of follow-up under therapy with Levetiracetam 1000 
mg daily.
Laboratory work-up revealed elevates serum Creatin Kinases at 620 
UI/L (normal values:  < 250), increased lactates 2,55 mmol/l (normal 
values: 0.5-2.2 mmol/L) and pyruvate at 2,95 mg/dl (normal values: 
0;3-0.9 mg/dl) with a lactates-pyruvate ratio at 16 (normal values: 
6-14). EEG was normal. EMG showed a neurogenic pattern compat-
ible with L4-L5 radicular involvement. Brain MRI was unremarkable 
(Fig. 2). Whole body muscle MRI showed moderate bilateral fatty in-
filtration in the erector spinae muscles at lumbar level and in gluteus 
minimus with mild grey striations of lower limb muscles without any 
specific pattern (Fig. 2). Cardiac and respiratory assessment were 
normal. A deltoid muscle biopsy was performed at 35 years. With 
haematoxylin and eosin (H&E) there were well delimited cytoplasmic 
and subsarcolemmal eosinophilic areas the stained intensively with 
the modified Gömöri trichrome (mGT). These aggregates were com-
posed of rounded subunits and reacted strongly with the NADH-TR 
(Fig. 3C), while appeared devoid of oxidative reaction with the SDH 
(Fig. 3D) histoenzymatic reaction, thus confirming their sarco-tubular 
origin. Electron microscopy showed the presence of variably oriented 

Figure 1. Clinical feature. A) High palate. B) Asymmetric scapula alata 
(thin arrow) and scar secondary to arthrodesis. C) Prominent abdomen 
and lumbar hyperlordosis. D) Asymmetric appearance of the pectoral 
muscles (thick arrow).

Figure 2. Whole body MRI. Whole body MRI T2 ideal 1, images on frontal 
(C,D) and axial (A,B,E-O) planes. Absence of pathological areas of hy-
persignal in brain axial images (A,B). C) Frontal plane, showing thoracic 
arthrodesis between T2 and T12 (star). D,E) Absence of involvement in 
cranio-cervical muscles. F) Normal appearance of subscapularis (*). G-I) 
erector spinae muscles showing moderate fatty infiltration at lumbar level 
(thick arrow). L) bilateral involvement of gluteus minimus (thin arrow) at 
pelvic girdle. M-O) Lower limb muscle MRI reveals mild grey striations 
more evident at vastus lateralis (VL), soleus (SOL) and peroneus longus 
(PL) without any specific pattern.
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and tightly packed tubules with a coaxial hyperintense density corre-
sponding to tubular aggregates (Fig. 3E,3F).
P1 underwent various genetic studies after giving informed consent. 
Genetic analysis for SCA 1, 2, 3, 6, 7, 17, 19, Friedreich Ataxia, and 
Niemann-Pick disease, EFB3, and a panel of 500 genes linked to 
intellectual impairment were negative. A panel of 234 genes asso-
ciated with neuromuscular disease 8, including STIM1, ORAI1 and 
CASQ1 returned negative, as well as a panel including mitochondrial 
DNA and 38 nuclear genes associated with mitochondrial diseases. 
Eventually, a whole genome sequencing performed together with the 
DNA of P1’s healthy mother, failed to reveal genetic hits potentially 
responsible for his condition.

Discussion
TAM present a large phenotypic spectrum from asymptomatic pa-
tients to progressive muscle weakness 4, with the presence of TA in 
muscle fibres as the hallmark of the disease. TA represent abnormal 
accumulations of densely packed tubules found preferentially in type 
II skeletal muscle fibres 9. They contain proteins involved in calcium 
(Ca2+) uptake, storage and release, such as calsequestrin, sarcalu-
menin, triadin, STIM1, SERCA1, and RYR1; they originate from the 
sarcoplasmic reticulum, but the pathophysiological mechanism is still 
unknown. The histochemical characteristics are more constant. Tu-
bular aggregates are subsarcolemmal deposits that stain bright red 
with modified Gömöri trichrome (mGT), and blue with nicotinamide 
adenine dinucleotide-tetrazolium reductase (NADH-TR). In contrast 

they do not react with succinate dehydrogenase (SDH) or cytochrome 
C oxidase (COX) 1.
Their appearance on electron microscopy is variable, with different 
shapes, sizes, and orientation of the tubules with respect to the mus-
cle fibres. TA displace the myofibrils 1. 
Genetically determined TAM is often linked to heterozygous mu-
tations of STIM1 and ORAI1 among the most frequent genes 10,11. 
STIM1 gene encodes STIM1, a calcium sensor located in the sar-
coplasmic reticulum, which activates the ORAI1 calcium channel 
causing the entry of extracellular calcium by a store-operated calci-
um entry (SOCE) mechanism; mutations in these genes cause SOCE 
hyperactivity, due to an alteration in the activation of STIM1 or in 
the permeability of ORAI1, which would generate an excessive entry 
of calcium, with impairment of calcium homeostasis 12. TAM have 
autosomal dominant and recessive inheritance, and recently have 
been associated to other variants in CASQ1, RYR1, PGAM2, SCN4A 
and ALG14 genes 13. TA in muscle can be associated with other par-
aclinical features such as the presence of thrombocytopenia, mild 
bleeding tendency and functional or congenital asplenism. In STIM1 
gain of function related TAM, the thrombocytopenia is probably linked 
to excessive platelet activation and consumption 14.
However, in some cases the underlying genetic cause of TAM remain 
unsolved as in our patient. 
P1’s muscular phenotype is characterized by exercise intolerance with 
appearance of myalgias and cramps and it is consistent with phenotypic 
variability of TAM ranging from myalgias, cramps, progressive proximal 
muscle weakness and myasthenic features, to asymptomatic patients 4. 

Figure 3. Muscle biopsy. A) HE shows some myocytes (*) with subsarcolemmal basophilic aggregates, which correspond to reddish granular aggregates 
in mGT B). These aggregates are blue-stained (arrowhead) in NADH (C) and remain unstained (arrow) with SDH (D). Electron microscopy displays the 
presence of subsarcolemmal tubular aggregates parallel oriented near the myofibers (E) and with the typical appearance densely organized in cross 
section (F).
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P1 revealed a sensorineural deafness in young age as reported in oth-
er rare cases of pathogenic variants in STIM1 suggesting that hearing 
loss may be due to altered calcium homeostasis in the organ of Corti 
6. History of seizure in TAM is reported in only few cases 5 and is not 
totally understood but probably linked to the key role of calcium in the 
transmission of excitatory signals in central nervous system; brain-spe-
cific ORAI1 and STIM1 knockout (KO) mice are described to present 
stronger and higher chemoconvulsant-induced mortality compared with 
wild type 15. Nevertheless, we failed to find pathogenic STIM1 and ORAI1 
variants. SARS-CoV-2 infection could probably play a key-role as a trig-
ger in the worsening of muscular symptoms and the occurrence of sei-
zures is probably facilitated by the hypoxia induced by the SARS-CoV-2 
pneumonia. Muscle MRI in TAM usually shows fibro-fatty replacement 
of subscapularis with sparing of trapezius in the upper limb. In lower 
limb greater involvement of the semimembranosus, semitendinosus, 
medial and lateral gastrocnemius and long head of the biceps femoris 
muscles, while the anterior compartment is usually preserved 16. In our 
patient we found a mild bilateral fibro-fatty replacement of gluteus mini-
mus and the erector spinae muscles at lumbar level (Fig. 2).
Here we report the case of a patient with a mild myopathy with a long 
history of childhood onset seizures. He developed epileptic myoclo-
nus following a SARS-CoV-2 infection, and a muscle biopsy revealed 
the presence of TA. Extensive studies failed to determine the genet-
ic origin of this condition. In conclusion we enlarge the phenotypic 
spectrum of TA myopathy with central nervous system involvement. 

Acknowledgements

The authors of this article would like to thank: Dr Juliette Nectoux 
Sultan Bastu, Dr María Alfaro-Olivera, Dr Valerie Biancalana, and Dr 
Claude Férec, Dr Sylvia Redon. 

Conflict of interest statement

The Authors declare no conflict of interest

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors

Author contributions

GB, GS: collected clinical data and drafted the manuscript; CV, RYC: 
collected genetic and muscle imaging data; ED: planned the study, 
revised and submitted the manuscript

Ethical consideration

This study was performed in line with the principles of the Declara-
tion of Helsinki. The study was approved by local Ethics Committee 
(DC-2012-1535 and AC-2012-1536). Informed consent was ob-
tained from the patient.

References
1	 Pavlovicová M, Novotová M, Zahradník I. Structure and composition of tubular 

aggregates of skeletal muscle fibres. Gen Physiol Biophys. 2003 Dec;22(4):425-

40. PMID: 15113116.

2	 Schiaffino S. Tubular aggregates in skeletal muscle: just a special type of pro-

tein aggregates? Neuromuscul Disord. 2012 Mar;22(3):199-207. https://doi.

org/10.1016/j.nmd.2011.10.005. Epub 2011 Dec 10. PMID: 22154366.

3	 Morgan-Hughes JA. Tubular aggregates in skeletal muscle: their function-

al significance and mechanisms of pathogenesis. Curr Opin Neurol. 1998 

Oct;11(5):439-42

4	 Böhm J, Chevessier F, Koch C, et al. Clinical, histological and genetic charac-

terisation of patients with tubular aggregate myopathy caused by mutations in 

STIM1. J Med Genet. 2014 Dec;51(12):824-33. https://doi.org/10.1136/jmed-

genet-2014-102623. Epub 2014 Oct 17. PMID: 25326555.

5	 Narayanappa G, Nalini A, Thaha F. Congenital myopathy with tubular aggregates: 

report on two siblings from India. J Child Neurol. 2009 Jul;24(7):874-8. https://

doi.org/10.1177/0883073808331352. Epub 2009 Feb 23. PMID: 19240046.

6	 Ticci C, Cassandrini D, Rubegni A, et al. Expanding the clinical and genetic spec-

trum of pathogenic variants in STIM1. Muscle Nerve. 2021 Nov;64(5):567-575. 

https://doi.org/10.1002/mus.27391. Epub 2021 Aug 26. PMID: 34368974.

7	 Malfatti E, Chaves M, Bellance R, et al. Cylindrical spirals associated with se-

vere congenital muscle weakness and epileptic encephalopathy. Muscle Nerve. 

2015 Nov;52(5):895-9. https://doi.org/10.1002/mus.24699. Epub 2015 Jun 

18. PMID: 25959956.

8	 Krahn M, Biancalana V, Cerino M, Perrin A, et al. A National French consensus on 

gene lists for the diagnosis of myopathies using next-generation sequencing. Eur 

J Hum Genet. 2019 Mar;27(3):349-352. https://doi.org/10.1038/s41431-018-

0305-1. Epub 2018 Dec 14. PMID: 30552423; PMCID: PMC6460575.

9	 Engel WK, Bishop DW, Cunningham GG. Tubular aggregates in type II muscle 

fibers: ultrastructural and histochemical correlation. J Ultrastruct Res. 1970 

Jun;31(5-6):507-25. https://doi.org/10.1016/s0022-5320(70)90166-8. PMID: 

4912968.

10	 Walter MC, Rossius M, Zitzelsberger M, et al. 50 years to diagnosis: Autoso-

mal dominant tubular aggregate myopathy caused by a novel STIM1 muta-

tion. Neuromuscul Disord. 2015 Jul;25(7):577-84. https://doi.org/10.1016/j.

nmd.2015.04.005. Epub 2015 Apr 16. PMID: 25953320.

11	 Garibaldi M, Fattori F, Riva B, et al. A novel gain-of-function mutation in ORAI1 

causes late-onset tubular aggregate myopathy and congenital miosis. Clin Genet. 

2017 May;91(5):780-6.

12	 Morin G, Biancalana V, Echaniz-Laguna A, Noury JB, et al. Tubular aggregate 

myopathy and Stormorken syndrome: Mutation spectrum and genotype/pheno-

type correlation. Hum Mutat. 2020 Jan;41(1):17-37. https://doi.org/10.1002/

humu.23899. Epub 2019 Sep 15. PMID: 31448844.

13	 Vattemi GNA, Rossi D, Galli L, Catallo MR, Pancheri E, Marchetto G, et al. Ryano-

dine receptor 1 (RYR1) mutations in two patients with tubular aggregate myopa-

thy. Eur J Neurosci. 2022 Aug;56(3):4214-23

14	 Beecher G, Fleming MD, Liewluck T. Hereditary myopathies associated with he-

matological abnormalities. Muscle Nerve. 2022 Apr;65(4):374-390. https://doi.

org/10.1002/mus.27474. Epub 2022 Jan 5. PMID: 34985130.

15	 Hori K, Tsujikawa S, Novakovic MM, et al. Regulation of chemoconvulsant-induced 

seizures by store-operated Orai1 channels. J Physiol. 2020 Dec;598(23):5391-

5409. https://doi.org/10.1113/JP280119. Epub 2020 Sep 17. PMID: 32851638; 

PMCID: PMC7896430.

16	 Tasca G, D’Amico A, Monforte M, Nadaj-Pakleza A, Vialle M, Fattori F, et al. Mus-

cle imaging in patients with tubular aggregate myopathy caused by mutations in 

STIM1. Neuromuscul Disord. 2015 Nov;25(11):898-903


