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Evaluation of Laboratory Findings, Clinical Features
and Rates of Diagnosis of Patients Admitted to
Outpatient Clinic of Pediatric Neurology with
Neuromuscular Manifestations
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ABSTRACT

Objective: Our aim is to evaluate how many patients with neuromuscular manifestations get a definite
diagnosis and which methods are used in the pathway to diagnosis as well as to assess patient characte-
ristics.

Methods: Patients aged 0-18 years old with neuromuscular manifestations (e.g., weakness, hypotonia,
creatine kinase elevation) who were admitted to Okmeydani Training and Research Hospital between
January 2017 and July 2019 were included. Retrospectively, patient demographics, clinical signs, labora-
tory tests, diagnoses, clinical follow-up were recorded.

Results: Forty-five patients aged 67.8+59.6 months were included in the study. Thirteen (29%) patients
were female, and 32 (71%) were male. Creatine kinase levels were increased in 26 (58%) patients (median:
3211 IU/L). Twenty-four patients underwent electromyography; seven patients had neuropathy and nine
patients muscular pathologies. Three (0.07%) patients underwent muscle biopsy and had nonspecific
myopathic changes. Twenty-six (58%) patients out of 45 had a definite diagnosis, and 21 of these diagno-
ses were genetically confirmed. Seven patients had been subjected to next generation sequencing, and
five of these were diagnosed with dystrophinopathy, hypokalemic periodic paralysis, mental retardation
autosomal dominant type 9, Ullrich muscular dystrophy, and calpainopathy. Altogether, the most common
diagnoses were dystrophinopathy, spinal muscular atrophy, and chronic inflammatory demyelinating
polyneuropathy.

Conclusion: After a patient history is taken, a physical examination is conducted, and serum creatine
kinase levels are measured, establishment of diagnosis is possible through targeted genetic tests for dise-
ases like dystrophinopathy. However, for patients who cannot be diagnosed with this approach, neuro-
muscular panels and whole exome sequencing can provide a diagnosis.

Keywords: Creatine kinase, neuromuscular manifestations, next-generation sequencing, Duchenne mus-
cular dystrophy, whole exome sequencing
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Amag: Bu ¢alismada amacimiz, néromdiskiiler hastaliklari diisiindiiren semptom ve bulgularla basvuran
cocuk hastalarin ne kadarinin kesin tani aldiginin, bu hastalarda hangi yéntemler ile taniya ulasildiginin ve
hasta 6zelliklerinin degerlendirilmesidir.

Yéntem: Okmeydani Egitim ve Arastirma Hastanesi Cocuk Néroloji Poliklinigi’'ne Ocak 2017-Temmuz 2019
tarihleri arasinda néromdskiiler belirtilerle (6rn: giigsiizliik, hipotoni, kreatin kinaz yiiksekligi) basvuran
0-18 yas arasi hastalar degerlendirmeye alindi. Retrospektif olarak hastalarin demografik verileri, klinik
bulgulari, laboratuvar testleri, tanilari, izlemleri kayit altina alindi.

Bulgular: Calismaya dahil edilen 45 hastanin yas ortalamasi 67,8459,6 ay idi. On g (%29)U kiz, 32
(%71)’si erkekti. Kreatin kinaz seviyeleri 26 (%61) hastada yiiksektive medyani 3211 1U/L idi. Elektromiyografi
yapilan 24 hastadan yedisinde néropati, dokuz hastada kasa ait patolojiler saptandi. Kas biyopsisi yapilan
¢ (%0,07) hastada non spesifik miyopatik degisiklikler izlendi. Kirkbes hastadan 26 (%58)’sina kesin tani
konulabildi, bunlardan 21 (%47)’inin tanisi genetik olarak kesinlestirildi. Yedi hastada yeni nesil dizileme
analizi uygulandi ve besi distrofinopati, hipokalemik periyodik paralizi, otozomal dominant mental retar-
dasyon tip 9, Ullrich miskiiler distrofi, calpainopati tanilarini aldi. Tiim hastalarda en sik tanilar distrofino-
pati, spinal miiskiler atrofi ve kronik inflamatuvar demiyelinizan polinéropatiydi.

Sonug: Oykii, fizik muayene ve serum kreatin kinaz seviyesi sonrasinda, 6rnegin distrofinopati gibi bir grup
hastalikta hedefe yonelik genetik testler ile taniya ulasilabilir. Ancak bu sekilde taniya ulasilamayan has-
talarda néromiiskiiler hastalik panelleri ve tiim ekzom dizileme gibi ileri molekiiler genetik incelemeler
etkili bir sekilde taniya ulasmayi saglayabilir.

Anahtar kelimeler: Kreatin kinaz, Duchenne miiskiiler distrofi, n6romdiskiiler bulgular, tim ekzom dizile-
me, yeni nesil dizileme
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INTRODUCTION

Neuromuscular disorders are the spectrum of
diseases in which the primary abnormality is in the
peripheral nervous system, which involves the ante-
rior horn cell, the peripheral nerve, the neuromuscu-
lar junction, and the muscle ™. They can appear at
any age and may present with positive (cramps,
contractures, muscle hypertrophy, and myalgias) and
negative (exercise intolerance, fatigue, and muscle
atrophy and weakness) symptoms 3. Traditional
diagnostic tests are electromyography (EMG), nerve
conduction studies, and muscle biopsy “. During the
past 20 years, advancements in the field of genetic
medicine have changed the diagnostic tests for neu-
romuscular diseases . Even though effective, gene-
tic testing has added another level of complexity to
an already complex diagnostic field and has left prac-
titioners uncertain about the indications for invasive
procedures such as EMG or muscle biopsy . Even
with all the common and easily available diagnostic
techniques, including genetic tests, some patients-
mostly those with the rarer subtypes of neuromus-
cular disorders-cannot get a definite diagnosis, thus
necessitating a more comprehensive genomic app-
roach.

The aim of our study is to investigate patients
applied to a pediatric neurology outpatient clinic
who exhibited signs and symptoms of neuromuscu-
lar disorders, to explore how many of them received a
specific diagnosis by genetic testing and how many of
them needed next generation sequencing (NGS) as
well as to study their clinical history, laboratory inves-
tigations, diagnoses, treatment, and consultations.

MATERIALS and METHOD

Patients aged 0-18 years admitted to the outpati-
ent pediatric neurology clinic of Okmeydani Training
and Research Hospital between January 2017 and
July 2019 with complaints and signs that indicated
neuromuscular disorders were included in the study.
All patients were recorded so to investigate the num-
ber of patients with neuromuscular manifestations.
Patients with acute neuromuscular disorders (e.g.,
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acute rhabdomyolysis and Guillain-Barré syndrome),
neuropathy or muscle weakness due to chemothe-
rapy treatment and drugs, and spinal cord malforma-
tions, as well as patients diagnosed previously in
different centers, were excluded from the study. The
outpatient pediatric neurology clinic books appoint-
ments over telephone or website after referral from
a pediatrician. Complaints and signs of neuromuscu-
lar disorders included cramps, contractures, muscle
hypertrophy, muscle pseudohypertrophy, motor
developmental delay, fasciculations, reduced or
absent deep tendon reflexes, myotonia, foot drop,
myalgias, exercise intolerance, fatigue, fatigability,
muscle atrophy, weakness, and hypotonia. Laboratory
signs in patients being referred to the pediatric neu-
rology clinic were elevated CK levels that were either
symptomatic or asymptomatic. High CK levels were
considered to be levels 2-fold higher than our
institution’s upper normal level of 205 IU/L. Age,
date of admittance, complaints, findings on physical
examination, medical history, results of laboratory
tests, electrophysiological studies, radiological inves-
tigations, genetic test, and final diagnosis, treat-
ments, consultations, and compliance with follow-up
were retrospectively recorded from the medical data
of patients. Fourteen different genetic tests in diffe-
rent combinations were carried out on patients.
Patients were grouped into four categories according
to their symptoms and CK levels: symptomatic CK
elevation, asymptomatic CK elevation, symptomatic
patients without CK elevation, and hypotonic
infants.

Some diseases or conditions that lack a definite
genetic diagnostic tool were described here in detail
to explain the diagnostic method. Hypotonia was
defined as a state of low muscle tone (the amount of
tension or resistance to stretch in a muscle), often
involving reduced muscle strength. CK levels were
not taken into consideration when making the diag-
nosis of hypotonia in an infant ©. Chronic inflamma-
tory demyelinating neuropathy (CIDP) was determi-
ned according to diagnostic criteria ©. Congenital
myasthenic syndrome is characterized by fatigable
weakness of the skeletal muscles (e.g., ocular, bul-
bar, and limb muscles) with onset at or shortly after
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birth or in early childhood. The diagnosis is based on
a decremental EMG response of the compound
muscle action potential (CMAP) on low-frequency
(2-3 Hz) stimulation, a positive response to acetyl-
cholinesterase (AchE) inhibitors, the absence of anti-
acetylcholine receptor (AChR), and lack of improve-
ment of clinical symptoms with immunosuppressive
therapy . Diagnosis of hypokalemic periodic paraly-
sis depends on a history of attacks of muscle weak-
ness associated with documented serum potassium
levels of <3.5 mmol/L during attacks ®. Thirty per-
cent of patients meeting the diagnostic criteria did
not have a mutation in CACNA1S or SCN4Agenes.
Ethical approval was obtained from the institutional
review board, and descriptive statistical analyses
(mean, standard deviation, median, first quadrant,
third quadrant, frequency, percentage, minimum,
maximum) were performed using SPSS 21.0.

RESULTS

Forty-five patients were identified with symptoms
and signs indicating neuromuscular disease. The
total number of 7.149 patients admitted to the out-
patient pediatric neurology clinic during the study
period. The 0.06%. of the patients manifested perip-
heral nervous system symptoms in the clinic .The
mean age of the patients was 67.8459.6 months; the
youngest patient was one month old, the oldest was
17 years, and the median age was 43 months.
Thirteen (29%) patients were female, and 32 (71%)
were male. Mean follow-up period was 9.5+7.3
months, and the median follow-up was nine months.
Patients were followed up between one and 26
months. The most common physical examination
finding was Gowers’ sign. For all the patients except
one with spinal muscular atrophy type | phenotype,
CK levels were measured. CK levels were normal in
18 (39%) patients and increased in 26 (61%) pati-
ents. One patient who was diagnosed as a hypotonic
infant had CK levels of 489 IU/L. Median CK level was
3.211 IU/L; (maximum 26.024 IU/L, and minimum
413 IU/L). Eighteen (40%) patients had symptomatic
CK, and seven (16%) patients asymptomatic CK ele-
vation. While 14 (31%) patients had symptoms wit-

hout CK elevation, and six (13%) patients were hypo-
tonic infants.

Twenty-four (53%) patients underwent an EMG
which demonstrated diffuse myopathic changes in 4,
results suggesting myasthenia in two, mild myopat-
hic changes in one, and myotonia in one patient. The
EMG of seven patients showed neuropathic changes.
A cranial MRI was performed on 13 (30%) patients,
the results of which were normal in 11 patients. Two
patients-one without a definite diagnosis and one
with congenital myotonic dystrophy-had polymic-
rogyria and hydrocephaly, respectively. Spinal MRI
was performed on nine patients, and only one pati-
ent who had chronic inflammatory demyelinating
polyneuropathy (CIDP)) had contrast enhancement
in the lumbosacral root and fibers. Muscle biopsy
was performed on three (7%) patients and showed
only nonspecific myopathic changes.
Echocardiographic and electrographic investigations
were done for 42 patients. While 40 had normal fin-
dings, one patient without a definite diagnosis had
arrhythmia, and one patient diagnosed with Ullrich
muscular dystrophy had aorta insufficiency and a
bicuspid aortic valve. Two patients with CIDP had
acellular protein elevation in CSF. Tests for inborn
diseases of the metabolism including tandem MS,
acylcarnitine profile, urine organic acid analysis, and
serum quantitative amino acid and lactate test
results were within normal limits in 19 (42%) pati-
ents, and these tests were not ordered for the other
26 patients. Eight (8%) patients who had proximal
muscle weakness and CK elevation were evaluated
for Pompe disease with the dry blood spot (DBS)
technique for enzymatic analysis, but these patients
had normal levels.

Genetic tests in different combinations were car-
ried out on 38 patients. Seven patients did not have
any genetic tests performed; two of them were diag-
nosed with CIDP, and the others did not attend their
follow-up appointments regularly. The third patient
with CIDP underwent PMP22 MLPA analysis. The
most common genetic tests in decreasing order of
frequency were dystrophinopathy multiplex polyme-
rase chain reaction (m-PCR) analysis, dystrophino-
pathy multiplex ligation-dependent probe amplifica-

129



izmir Dr. Behget Uz Cocuk Hast. Dergisi 2020;10(2):127-35

Table 1. Features of patients who had a definite diagnosis either by genetic testing or clinically.
Age Symptoms Physical examination  Family history Genetic Test Definite diagnosis
G Genetic Results
4yrs Cramps Gowers sign No Dystrophin MLPA analysis  Dystrophynopathy
M Calf muscle Hemizygous deletion in
pseudo-hypertrophy exon 52 of
dystrophin gene
22 mos Cannot Proximal muscle Muscle disease in Dystrophin MLPA analysis  Dystrophynopathy
M walk weakness two uncles Hemizygous duplication in
exons 45-50 of dystrophin
gene
39 mos Difficulty climbing Gowers sign No Dystrophin MLPA analysis  Dystrophynopathy
M stairs calf muscle Hemizygous deletion in
pseudo-hypertrophy exon 49-50 of dystrophin
gene
30 mos Falls during Gowers sign No Dystrophin m-PCR analysis Dystrophynopathy
M walking calf muscle Hemizygous deletion in
pseudo-hypertrophy exon 19-43-44 of
dystrophin gene
9mos No crawling No Two uncles died of Dystrophin m-PCR analysis Dystrophynopathy
M muscle disease Hemizygous deletion in
(Mother carrier of exon 12 of dystrophin
exon 12 deletion) gene
18 mos Cannot get up froma  Can not walk No Dystrophin m-PCR analysis Dystrophynopathy
M sitting position, independently Hemizygous deletion in
difficulty in language exon 45-67 of dystrophin
acquisition gene
36 mos CK elevation Asymptomatic No Dystrophin m-PCR analysis Dystrophynopathy
M (Mother carrier of Hemizygous deletion in
exon 10-29 deletion)  exon 10-29 of dystrophin
gene
34 mos Difficulty climbing Gowers sign No Dystrophin m-PCR analysis Dystrophynopathy
M stairs Hemizygous deletion in
exon 3-44 of dystrophin
gene
9mos No Normal Yes Clinical Exome Sequencing Dystrophynopathy
M (A so-called DMD in Hemizygous mutation in
brother not genetically Dystrophin gene
proven) c.4669_4670del
(p.GIn1557Valfs*10)
20 mos Can not walk Gowers sign Uncle with muscle Dystrophin MLPA analysis  Dystrophynopathy
F disease (Mother Carrier of heterozygous (symptomatic carrier)
carrier of exon 12 deletion in exon 12 of
deletion) dystrophin gene
30 mos Elevated liver Normal Father has difficulty Dystrophin MLPA analysis  Dystrophynopathy
F enzymes climbing stairs (Father Carrier of heterozygous (asymptomatic carrier)
has hemizygous deletion deletion in exons 45-55 of
in exons 45-55 of dystrophin gene
dystrophin gene)
10yrs  Hand shakiness Tremor No SMN1 MLPA analysis Spinal muscular
M Gowers sign Proximal Homozygous deletion in atrophy type Ill
muscle weakness exons 7-8 of SMIN1 gene
1,5 mos Floppiness Lost DTR A sibling as floppy as  SMN1 MLPA analysis Spinal muscular
F Tongue fasciculations  her died at three Homozygous deletion in atrophy type |

No head control

months without a

Good social interaction definite diagnosis

exons 7-8 of SMIN1 gene
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Table 1. (continuation)

7 mos  No head control No DTR No SMN1 MLPA analysis Spinal muscular
M Tongue fasciculations Homozygous deletion in atrophy type |
Funnel chest exons 7-8 of SMIN1 gene
Good social interaction
13yrs  Weakness and Dorsiflexion of right No PMP22 MLPA analysis Hereditary neuropathy
M numbness in legs thumb and four other Heterozygous deletion in  with liability to
fingers is weak. PMP22 gene pressure palsies
Dorsiflexion of right
foot is 4/5. No Achilles
DTR on the right.
6.5yrs  Frequent falls, Myotonia No CLCN1 sequence analysis ~ Autosomal recessive
F difficulty walking Homozygous mutation in  myotonia congenita
CLCN1 gene
¢.1886T>C (p. Leu629Pro)
7 mos  Floppiness, referral Hypotonia, no head Weakness in mother DMPK gene molecular Congenital myotonic
F for hydrocephalus control (5 CTG/>50 CTG testing dystrophy
repeats in DMPK gene) 5 CTG/>50 CTG repeats in
DMPK gene
6.5yrs No Normal No LGMD panel testing Calpainopathy
M Homozygous mutation in ~ (muscular dystrophy,
CAPN3 gene limb-girdle, autosomal
¢.1303G>A (p.Glu435Lys)  recessive 1
3.5yrs Difficulty climbing Gowers sign No WES Ullrich muscular
M stairs Tip toe walking Compound heterozygous  dystrophy |
mutations in COL6A3 gene
€.6309+3A>T
€.6299C>G
13 yrs  Attacks of paralysis Normal other than No WES Hypokalemic periodic
M attacks Heterozygous mutation in  paralysis, type |
CACNA1S gene
p.V876E
9,5 yrs  Difficulty climbing Gowers sign No Clinical Exome Sequencing Mental retardation,
M stairs Heterozygous mutation in  autosomal dominant 9
KIF1A gene
c.761G>A p.(Arg254GIn)
15yrs  Frequent falls No DTR No No genetic testing available CIDP
M Foot drop
2.5yrs Difficulty walking Albinism No No genetic testing available CIDP
M Proximal muscle
weakness
12.5 yrs Weakness in legsand  Gowers sign No No genetic testing available CIDP
M hands Distal weakness in
hands
17 yrs  Attacks of paralysis Normal other than Father with hypokalemic No results yet Hypokalemic periodic
M attacks periodic paralysis paralysis
8.5 yrs Difficulty Ptosis No No results yet Congenital myasthenic
M lying down at night External ophtalmoplegia syndrome

Fatigability

CIDP: chronic inflammatory demyelinating polyneuropathy, CK: creatine kinase, DMD: Duchenne muscular dystrophy, DTR: deep tendon
reflexes, F: Female, G: Gender, LGMD: limb girdle muscular dystrophy, M: Male, MLPA: multiplex ligand probe amplification, mos: months,
m-PCR: multiplex polymerase chain reaction, WES: whole exome sequencing, yrs: years
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Groups (Number of Patients)

Symptomatic CK

elevation (18) elevation (7)

Asymptomatic CK

Having symptoms without CK
elevation (14)

Hypotonic infant (6)

Unknown (10) Unknown (3)
Specific diagnoses
(Number of Patients) Spinal muscular

atrophy type 111 (1)

Dystrophinopathy (7)  Dystrophinopathy (2)
Dystrophinopathy

asymptomatic carrier (1)  carrier (1)
Calpainopathy (1)

CIDP (3) Spinal muscular

Unknown (3) atrophy type | (2)

Dystrophinopathy symptomatic Unknown (2)
Congenital myotonic

Hypokalemic periodic paralysis (2) dystrophy (1)

HNPP (1) Unknown (1)

Congenital myasthenic syndrome (1)
Mental retardation, autosomal
dominant 9 (1)

AR myotonia congenita (1)

Ullrich muscular dystrophy (1)

CK: creatine kinase, CIDP: chronic inflammatory demyelinating polyneuropathy, HNPP: hereditary neuropathy with liability to pressure

palsies, AR: autosomal recessive

tion (MLPA) analysis, and SMN1 MLPA analysis.
Patients were tested 0-4 times to reach a final diag-
nosis. Seven patients underwent NGS (targeted
panels, clinical exome sequencing, and WES). Final
diagnoses of dystrophinopathy due to a point muta-
tion, hypokalemic periodic paralysis I, Ullrich muscu-
lar dystrophy |, autosomal dominant mental retarda-
tion 9, and calpainopathy were confirmed in five
patients. A nine-and-a-half-year-old patient with
Gowers’ sign underwent clinical exome sequencing;
and a heterozygous KIF1A mutation was detected
with resultant diagnosis of mental retardation, auto-
somal dominant 9. A patient with known hypokale-
mic periodic paralysis had his genetic mutation defi-
ned. A patient with neuropathy awaiting PMP22
MLPA analysis later turned out to have CIDP. Twenty-
six (58%) patients received a definite diagnosis,
while 19 (42%) were not definitively diagnosed. The
diagnosis of twenty-one patients (44%) out of 26
(58%) was confirmed with genetic testing. While five
patients diagnosed without a genetic test including
three patients with CIDP, one patient with hypokale-
mic periodic paralysis, and one patient with congeni-
tal myasthenic syndrome. None of the undiagnosed
patients underwent NGS. All patients who were
diagnosed clinically and genetically are shown in
Table 1. The most common diagnosis was dystrophi-
nopathy. Definite diagnoses in categories according
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to clinical features and CK levels are presented in
Table 2.

Acetazolamide at a dose of 20 mg/kg was started
for patients with hypokalemic periodic paralysis, int-
ravenous immunoglobulin 1 g/kg was given once
every three weeks for CIDP patients, and carbamaze-
pine and mexiletine treatments were given for pati-
ents with autosomal recessive myotonia congenita.
The patient with congenital myasthenic syndrome
was treated with pyridostigmine and tracheostomy.
Some precautions to prevent pressure palsies were
taken for the patient who had HNPP. No patient with
dystrophinopathy was started with steroids because
of their young age. All patients benefited from treat-
ment except the patient with autosomal recessive
myotonia congenita and one patient with hypokale-
mic periodic paralysis, who could not be evaluated
because he did not come to his appointments.
Fourteen (31%) patients had comorbidities, most
commonly delays in language and social develop-
ment, while 31 (69%) patients did not have any. A
twelve-month-old patient with ptosis, external oph-
thalmoplegia, and fasciculations died without any
diagnosis due to a presumed apneic attack at home.
Patients most commonly consulted with the depart-
ment of physical rehabilitation and secondly with
department of pediatric metabolism. Twenty-five
(55%) patients regularly visited our outpatient clinic,
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while 20 (45%) patients did not attend their appoint-
ments regularly. Of the nineteen undiagnosed pati-
ents, 10 (53%) patients regularly attended the out-
patient clinic, and nine (47%) patients did not.

DISCUSSION

Neuromuscular disorders cover a large variety of
diseases of the peripheral nervous system, and in
children and adolescents most cases are due to
hereditary causes. However, acquired diseases that
are mostly inflammatory with treatable etiologies
should not be missed. Since the identification of
dystrophin mutations in Duchenne muscular
dystrophy in 1985, an increasing number of causati-
ve genes has been identified, which has led to accu-
rate diagnosis, genetic counseling, and pathophysio-
logical understanding of pediatric neuromuscular
disorders ©. We described patients with CK elevation
and symptomatology suggesting neuromuscular
disorders coming from a pediatric neurology outpa-
tient clinic and analyzed the pathway leading to the
diagnosis. Patients with CK elevation in our study
were both symptomatic and asymptomatic, altho-
ugh more cases were symptomatic. The most com-
mon cause was dystrophinopathy in both groups,
compatible with the fact that the most common
childhood neuromuscular disease is Duchenne mus-
cular dystrophy, a dystrophinopathy with an inciden-
ce of 1/3,500-1/5,000 in male children 9. A recent
study presented a spectrum of hyperCKemia accor-
ding to the extent of CK elevation; the most common
diagnosis being dystrophinopathy within all three
groups. There was also hyperCKemia due to neuro-
genic disorders like spinal muscular atrophy ®¥ as in
our patient with spinal muscular atrophy type lll,
who had elevated CK levels.

All of our dystrophinopathy patients were diag-
nosed genetically using m-PCR, MLPA and, in one
patient, clinical exome sequencing to detect point
mutations of dystrophin. Before the widespread use
of dystrophin m-PCR analysis, muscle biopsy was the
sole diagnostic technique for dystrophinopathies. In
a study by Ardigl et al., muscle biopsy was perfor-
med after a negative deletion/duplication test for

dystrophinopathies in 42% of the patients, but the
percentage of patients who underwent diagnostic
muscle biopsy declined after 2011, and no patient
underwent this test in the last two years of their
study @2, Still, muscle biopsy gives invaluable clues in
identifying pediatric neuromuscular disorders like
limb girdle muscular dystrophies and the congenital
myopathies described by Diniz et al (3,

The most common neuromuscular disorders
reported after dystrophinopathies are myotonic
dystrophy and spinal muscular atrophy @4, Qur
patient population includes one congenital myotonic
dystrophy patient whose mother got a diagnosis of
myotonic dystrophy after her daughter’s diagnosis
and three patients with spinal muscular atrophy. We
did not have a patient with classical myotonic
dystrophy type I. This could be due to several factors;
for example, the age of onset is 10-30 years, and
since clinical signs like weakness may not be promi-
nent in early childhood, myotonia could be missed
during a routine neurological examination (),
Diseases like spinal muscular atrophy are more com-
mon in Turkey than are globally reported due to
consanguineous marriages, but myotonic dystrophy
has an autosomal dominant inheritance pattern.

Late-onset Pompe disease is an important inheri-
ted neuromuscular disorder because it is treatable.
Unver et al. reported three cases of late -onset
Pompe disease out of 37 pediatric patients with limb
girdle weakness and 35 patients with nonspecific
hyperCKemia diagnosed by a DBS test and geneti-
cally confirmed. They started enzyme replacement
treatment following the guidelines of the American
Association of Neuromuscular & Electrodiagnostic
Medicine (AANEM) *7), Chronic inflammatory dem-
yelinating neuropathy, another treatable but
immune-mediated disease of the peripheral nervous
system and a common diagnosis in our cohort, lacks
a reliable biological marker, leading to challenges in
diagnosis, follow-up, and treatment ©. Charcot-
Marie-Tooth (CMT) disease is a differential diagnosis
of CIDP. Analysis for PMP22 gene duplication in
CMT1A, the most common form of CMT, was perfor-
med in one of our CIDP patients. As CMT has no
cure, treatment for CIDP should be considered as
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early as possible in children who meet the diagnostic
criteria with neuropathic symptoms ©.

The most favorable diagnostic approach to a pati-
ent suspected to have an inherited neuromuscular
disorder is to determine an initial diagnosis through
history, physical examination, and CK levels and then
to request a targeted genetic analysis according to
the initial diagnosis. For the initial diagnosis of
dystrophinopathy, the diagnostic algorithm is preci-
sely defined, but sometimes the clinical signs,
symptoms, and CK levels do not suggest a diagnosis,
limiting the diagnostic rate using phenotype-driven
genetic testing. Thus, for such patients, early appli-
cation of NGS such as WES is recommended in neu-
romuscular disorders as they are likely to yield a high
diagnostic rate *#'). We had seven patients who
underwent NGS, and five of them received a diagno-
sis. In a U.K. study, exome sequencing was compared
with sequential gene testing for limb girdle muscular
dystrophy. Those patients selected for WES had
undergone more extensive prior testing than those
undergoing standard genetic testing. They conclu-
ded that WES achieved a higher rate of diagnosis
than standard testing even in a cohort of extensively
investigated patients (8,

Vill et al. retrospectively analysed 98 patients
with early onset myopathies. Final diagnosis was
possible for 63 (64%) out of 98 patients in a single
neuromuscular referral center. We were able to diag-
nose more than half of our patients over a two-and-
a-half-year period genetically and clinically using
high throughput genetic methods like NGS when
necessary in a single center of pediatric neurology,
which schedules appointments by telephone or onli-
ne after referral from a pediatrician for general pur-
poses in the field of pediatric neurology. The limita-
tions of our study include its retrospective nature,
our inability to perform NGS on all undiagnosed pati-
ents as NGS is not still extensively used, and our
inability to give incidence/prevalence rates by county
or city. Our one patient with presumed neuromuscu-
lar disorder was diagnosed with mental retardation,
autosomal dominant type 9, a KIF1A mutation.
Sometimes, diseases like connective tissue disorders
and metabolic disorders can mimic myopathy 2921,

134

izmir Dr. Behget Uz Cocuk Hast. Dergisi 2020;10(2):127-35

Neuromuscular disorders can present with asym-
ptomatic or symptomatic CK elevation and without
any CK elevation. According to medical history,
physical examination, and CK levels, treatable etiolo-
gies of neuromuscular diseases should be conside-
red first for every patient. Despite all efforts, a group
of patients still may not get a diagnosis. Monitoring
patients, even undiagnosed patients on a regular
basis, could be useful as new diagnostic approaches
and treatment opportunities may be possible in the
future.
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