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ABSTRACT

Introduction: Electrodiagnostic evaluation provides an important
extension to the neurological examination for the evaluation of pediatric
neuromuscular disease. Many pediatric neuromuscular diseases are
analogous to those seen in the adult. However, the relative frequency
of these illnesses varies greatly when different age populations are
compared. The purpose of the present study is to provide a retrospective
analysis of children referred to our electromyography (EMG) laboratory
for electrophysiological examinations.

Methods: We retrospectively reviewed electrodiagnostic records of
patients aged between 0-15 years, from January 2004 to June 2013. Patients
were classified as having plexopathy, nerve root lesions, polyneuropathy,
myopathy, mononeuropathy, anterior horn cell disease, neuromuscular
transmission disorder, facial nerve palsy, and other rare disorders.

Results: We reviewed totally 5563 pediatric records, which was on
the average 578 studies per year. It was about 14% of the all EMG
examinations performed in our laboratory. When we looked at all the

procedures, 3271 of the records included needle EMGs, 170 of them
were single fiber EMGs, 100 of them were repetitive nerve stimulations,
and 52 of them were evoked potentials. The results were normal in
55% of the cases. As a result of electrophysiological examinations, the
common diagnoses were: plexopathy (28.6%), polyneuropathy (7.4%),
and myopathy (6.6%) in patients aged 0-5 years (41.2% of all records);
myopathy (9.4%), PNP (8.5%), mononeuropathy (6.4%), and plexopathy
(5.9%) in 6-10 years (28.2% of all records); PNP (11.3%), myopathy (6.6%),
and mononeuropathy (5.6%) in 11-15 years (30.6% of all records).

Conclusion: Infants and toddlers mostly suffered from brachial plexopathy
which can be prevented by proper obstetrical management. Nerve
conduction studies and EMG yielded diagnostic importance for demyelinating
neuropathy and myopathy in patients older than 6 years of age.
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INTRODUCTION

Electrophysiological investigations are a follow-up to anamnesis and
neurologic examination, and the scope of investigation is structured
based on the patient’s complaints and examination findings. While
electrophysiological examination can be performed for each group,
there are certain differences, particularly in pediatric electrophysiological
investigations (1).

Mostly, electromyography laboratories (EMG) have been predominantly
designed for the assessment of adult patients. If your laboratory is not
suitable for assessment of pediatric patients or you are not experienced
in this age group, you may not wish to assess the pediatric patient group,
or may not comment on the results of your investigation. In fact, we can
perform many investigation techniques that we use for adults, including

nerve conduction studies, needle EMG, consecutive stimulation test,
evoked potentials investigations, and even the single-fiber EMG, also in
the pediatric patient group. In addition to technical difficulties, the fact
that the normal values by age group are not known for all investigation
methods also causes trouble in commenting of the results (2). Another
point to consider is the difference in the incidence of these disorders
by age group as well as the similarity of many pediatric neuromuscular
disorders to those observed in adults.

Studies assessing pediatric patients electrophysiologically have
either focused on a specific diagnosis and evaluated the clinical EMG
compliance, or reviewed the compliance and consistency between
the preliminary diagnosis referred to an EMG laboratory and the
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electrophysiological diagnosis (1, 3, 4) while this trial was designed to
retrospectively document electrophysiological investigations performed
in pediatric patients, referred to our laboratory with various preliminary
diagnoses, taking into consideration only the EMG recordings, and asses
their characteristics by age group. The study basically investigated the
diagnoses, established as a result of electrophysiological investigation
and how these diagnoses are distributed by age groups.

METHODS

Electrodiagnostic records of patients within the age range of 0-15 years,
who had been referred to our electromyography laboratory (EMG)
between January 2004 and June 2013 with various preliminary diagnoses
from different departments and centers, were retrospectively assessed.
The patients were classified to have the following disorders: plexopathy,
nerve root lesions, polyneuropathy, myopathy, neuropathy, anterior horn
disease, neuromuscular junction transmission disorder, facial paralysis,
and other rare diseases. This classification was based on the results
obtained from the patients’ investigations and the EMG recordings,
available in our system. In addition, the electrophysiological methods
used for the investigations were also noted.

RESULTS

We screened the electronic archive of our Electromyography Laboratory
of the Clinical Neurophysiology Department and evaluated the
investigation results obtained between January 2004 and June 2013
(Table 1). We accessed the records of 5563 patients in total, who were
investigated during that period. Considering this number, we calculated
that 578 children had been investigated electrophysiologically on the
average annually. Since the annual number of electrophysiological
investigations was calculated to be 4500 on average, we observed
that 14% of these were from pediatric patients. Of the 5563 patients
investigated, 2987 were males and 2576 were females. Assessing
according to the investigation method applied, all patients were detected
to undergo nerve conduction studies: 3271 patients underwent needle
EMG, 170 patients underwent single-fiber EMG, a method specific for
investigating neuromuscular junction disorders. Consecutive stimulation
tests had been performed in 100 patients to investigate neuromuscular
junction diseases. We noticed that evoked potential investigations had
been performed in 52 patients. We also observed that most of the
patients underwent multiple investigation techniques so as to establish
the accurate diagnosis.

Assessing the total patient population, in whom all electrophysiological
methods were performed individually or as a combination, we detected
that 55% of the patients had normal results.

Even if all the patients were in the pediatric age group, both the
investigation plan and the resulting diagnoses differed between the
subgroups. Classifying patients as being included in the 0-5 age group,
6-10 age group ad 11-15 age group, the primary diagnoses and the
relevant ratios were as follows (Table 2):

Patients in the 0-5 age group represented 41.2% of all investigations, and
the most common three diagnoses obtained in this group were as follows:
28.6% plexopathy, 7.4% polyneuropathy (PNP) and 6.6% myopathy.

As for the patients in the 6-10 age group, they represented 28.2% of all
patients. The most common three electrophysiological diagnoses were as
follows: 9.4% myopathy, 8.5% PNP, 6.4% mononeuropathy.

As for the patients in the 11-15 age group, they represented 30.6% of all
patients. The most common three electrophysiological diagnoses were as
follows: 11.3% myopathy, 6.6% myopathy, 5.6% mononeuropathy.

Kocasoy Orhan et al. Electromyography in Pediatric Population

Number of patien
oo VU ber of patients
700
600 2007 2011
2006 2012
500 2009
400
300 +— 2013 ——
2004
200 +— —
100 +—— —
0 —
Year distribution
Figure 1. Distribution of the investigations by year
35
30 —
:\-; 25 @polyneuropathy
= mmyopathy
T 20 oplexopathy
-;% oneuromuscular junction
g 15 manterior horn
s mperipheral nerve
5 [ facial paralysi
-E mracial paralysis
5 51
z
0 4
0-5 AGE 6-10 AGE 11-15 AGE
Age group
Figure 2. Distribution of the pathological diagnoses by age group

DISCUSSION

While electrophysiological investigations require more patience and
caution in pediatric patients, they can also be a guide for the clinicians in
relation to this age group. Electrophysiological investigations are helpful
not only in establishing the diagnosis but also in monitoring the side
effects and efficacy of treatment, and understanding and monitoring the
progression process (5).

Inability of the patients to cooperate during investigation may occasionally
challenge the investigating physician technically. The principle of
repeatability for ensuring data reliability cannot be fulfilled for certain
patients. Both technical challenges, and the mental status of the patient
and his/her family cause a failure to perform the electrophysiological
assessment in an optimum way (6). Along with the technical challenges,
we can mention certain clues and facilitating factors for accurately
assessing the numeric data obtained.

Some of these include earning the trust of the child and the family,
making explanation on the investigation using a language that is easy for
them to understand, if possible, inviting the family members to the site of
investigation during the assessment and using mother-child cooperation
while choosing and practicing the investigation method (7). What
probably requires the utmost experience is to know which investigation
should be performed in which patients and decide where to stop. These
are actually applicable for all EMG investigations and require more
attention in the pediatric patients.

At our laboratory, up to 4500-5000 electrophysiological investigations
are being performed annually, and one seventh of these investigations
are performed in the pediatric age group. The number of patients, we
obtain by screening a period of approximately 10 years, appears to be
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a quite good value for pediatric population assessments. This study
also demonstrates our experience in pediatric patients, considering
the numeric data from our laboratory, and the characteristics of the
investigations performed.

The most remarkable point to consider during assessment of the results
was the fact that more than half of the patients (55%) had normal
electrophysiological investigation results. These normal results may have
multiple causes. In an attempt to list these causes, we can first mention the
presence of a disease that is not associated with the patient’s peripheral
nervous system (such as central causes-central hypotonia); secondly,
we can consider the fact that the disease may not have yet exhibited
electrophysiologically (such as early-stage polyneuropathy); and as a
third cause, we can consider the fact that the investigation method may
have remained inadequate for the investigated disease (fe.g. there is a
suspicion of myopathy, however no needle EMG was performed in the
patient); fourth, the clinician may have wanted to conduct a situation
determination; and fifth, EMG indication may be unnecessary for that
patient. Taking into consideration that it is a demanding investigation
both for adults and children, determination of the accurate indications,
and the questions asked to the investigating team are very important. The
question of the clinician would also determine the extent to which the
electrophysiological investigation should be extended.

Another interesting point in relation to our data which revealed that
more than half were normal electrophysiological assessment results
was the difference in diagnoses, observed upon classification of the
pediatric patients by age group. The group of patients, included in the
0-5 age range (the smallest children) represented the biggest group
among (41.2%) all patients. The most common electrophysiological
diagnosis in this group was plexopathy, as indicated also in the literature.
Unfortunately, congenital brachial plexus damages are not only observed
in our country but also worldwide; while there are different data on its
incidence, it is considered to be 1-2 cases per 1000 live births (8). While
cesarean section decreases the risk of brachial plexopathy, it may occur
also in babies born with this method (9). In addition, maternal diabetes,
multiparity, fetal macrosomia, presence of obstetric brachial plexus stroke
in the previous child, intrauterine torticollis, breech presentation, assisted
delivery, extended delivery period may be included in the other intranatal
risk factors (8). While the timing of EMG for these babies remains to be
controversial in the literature, a majority of these babies are observed to
recover within the first 3 months using conservative methods. EMG is a
helpful method to determine the babies with an approximate sequel of
20-25%, who could or could not improve. We can recommend making
decision in relation to EMG by following the first 3-month period (5).
At our laboratory, we prefer to perform EMG usually for babies with a
preliminary diagnosis of plexopathy when they are 3 month-old.

The patients in the 6-10 age range (the second group) are those, in whom
electrophysiological investigation is performed under the most difficult
conditions. Explaining the investigation to the children in this age group
using a language they can understand, and ensuring cooperation is of vital
importance; otherwise, it is possible that you may not be able to perform
the investigation. Myopathy is the most common electrophysiological
diagnosis in this patient group. In patients presenting to the physician
with symptoms such as difficulty of walking emerging explicitly at
this age, remaining underdeveloped in physical activities relative to
friends, the preliminary diagnosis of myopathy is highly consistent with
electrophysiological diagnosis (1). However, particularly in the small age
group and in case of congenital myopathies, myopathy may occasionally
not be identified by electrophysiological findings. Electrophysiologically,
this false negativity may have multiple causes. Myopathy may not be
diagnosed particularly in small children (smaller than 1-year-old) due to
technical reasons, lack of experience, patch distribution of the pathology
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over the muscle fibers, and findings that appear to be neurogenic (5). One
should also note that electrophysiological assessment is a follow-up to
anamnesis and physical examination. In case of strong clinical suspicion,
other investigation methods should be used to establish diagnosis.

While polyneuropathies are observed at all ages, it ranked firstamong our
patients in the 11-15 age group. Electrophysiological investigation is very
valuable and helpful for diagnosis in patients with suspected “Guillain
Barre Syndrome”, potentially established through albuminocytological
disassociation detected in the cerebrospinal fluid (CSF), who present with
complaints such as acute-onset weakness, numbness extending upward
from the legs, and who fail to show deep tendon reflexes at neurological
examination (10). In patients, who are detected through atypical findings,
nerve conduction studies may be informative starting from the first day.
EMG does not only give information on the involvement pattern (sensory,
motor or both) but it may also elucidate whether PNP is acquired or
hereditary. Thus, it guides the clinician in his/her further investigations
and treatment plan (5, 11).

Mononeuropathies included in our second and third group are actually
among the diagnoses, which are not commonly observed in childhood.
However, grouping effects on the nerves of the upper and lower
extremities (ulnar, median, radial, peroneal, tibial) mostly from trauma,
entrapment neuropathies accompanying certain metabolic disorders,
and facial paresis in this group; we observed that it was the third most
common electrophysiological diagnosis for our patient group, in children
between 5 and 15 years of age.

Assessing by age group, “hypotonic baby” represents a significant patient
population, which requires differential diagnosis electrophysiologically.
The reason why it is not included in the first 3 in our data may be the
fact that hypotonia occurs most commonly due to central causes.
Since electrophysiological investigations would yield normal results in
hypotonicity associated with central causes, it is possible that a portion
of these patients are included in the 55% normal EMG investigations.
On the other hand, a portion of patients with a preliminary diagnosis of
“hypotonic baby” may have been classified as neurogenic or myogenic
involvement. In addition, while EMG still has an important place in
the diagnosis of spinal muscular atrophy that is also significant for
hypotonic baby etiology, accurate and rapid diagnosis can be made by
genetic investigation. Since we performed our trial retrospectively by
considering the electronic report records, we cannot give an opinion
on the consistence between the diagnoses that result in EMG requests.
Reviewing the possibilities, we can only mention these probabilities.

In conclusion, this study we performed by taking into consideration
the electrodiagnostic records irrespective of what has been requested
showed that certain diagnoses could come to the forefront, based on
age in the pediatric age group. Also, this study is significant in that it
includes the largest number of patients for which electrophysiological
investigations were assessed in the pediatric population.

This study was presented as a poster report at the 30th International Clinical
Neurophysiology Congress (ICNN) held in Berlin (Germany) between 20 and 23 March,
2014. Poster no: 420

Ethics Committee Approval: Data in this study are written according to the Declaration
of Helsinki. Ethical committee approval was not obtained because our study was a
retrospective evaluation with an electronic database.

Informed Consent: Before the review was made, parents were informed that the data
could be used for scientific purposes.

Peer-review: Externally peer-reviewed.



Arch Neuropsychiatry 2018;55:36-39

Author Contributions: Concept - EKO, MBB; Design - EKO, LBK, PYD, ME; Supervision
- EKO, LBK, MBB, AEQ; Resource - ZM, ME, AEO, FD, JY; Materials - ZM, ME, AEO, FD, JY,
PYD, LMK, EKO; Data Collection and/ or Processing - EKO, LBK, PYD, MBB; Analysis and/
or Interpretation - EKO, LBK, MBB; Literature Search - PYD, LBK, ZM; Writing - EKO, MBB,
LBK, ZM; Critical Reviews - FD, AEO, JY, ME.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: This presentation was supported by the Scientific Research
Projects (BAP-UDP-project no: 40638).

REFERENCES

1. Hellmann M, von Kleist-Retzow JC, Haupt WF, Herkenrath P, Schauseil-Zipf
U. Diagnostic value of electromyography in children and adolescents. ] Clin
Neurophysiol 2005;22:43-48.

2. ButlerkB.Thetechnologist'srolein pediatricEMG.Am]J Electroneurodiagnostic
Technol 2000;40:185-195.

3. Savrun FK, Uzun N, Kiziltan M. Hipotonik bebeklerin elektrofizyolojik
degerlendirilmesi. Yeni Symposium 2001;39:70-73.

10.

11.

Kocasoy Orhan et al. Electromyography in Pediatric Population

. Yaga i, Ofluoglu D, Gunduiz H, Karadayi-Saygi E, Guven Z, Berker N, Akyuiz G.

Pediatrik Olgularda Klinik On Tani ve Elektrofizyolojik Tanilarin Uyumu. Ttirk
Fiz Tip Rehab Derg 2008;54:92-95.

. Kang PB. Pediatric Nerve Conduction Studies and EMG. In: Blum AS, Rutkove

SB, editors. The Clinical Neurophysiology, Primer. Totowa, NJ: Humana Press
Inc.; 2007. pp.369-389.

. Hays RM, Hackworth SR, Speltz ML, Weinstein P. Physicians’ practice patterns

in pediatric electrodiagnosis. Arch Phys Med Rehabil 1993;74:494-496.

. Pitt M. Neurophysiological strategies for the diagnosis of disorders of the

neuromuscular junction in children. Dev Med Child Neurol 2008;50:328-
333. [CrossRef]

. Abzug JM, Kozin SH, "Current concepts: Neonatal brachial plexus pals”.

Department of Orthopaedic Surgery Faculty Papers 2010. Paper 25. Erisim:
http://jdcjefferson.edu/orthofp/25

. Sibinski M, Synder M. Obstetric brachial plexus palsy -risk factors and

predictors. Ortop Traumatol Rehabil 2007;9:569-576.

Ryan MM. Pediatric Guillain-Barré syndrome. Curr Opin Pediatr 2013;25:689-
693. [CrossRef]

Sladky JT. What is the best initial treatment for childhood chronic
inflammatory demyelinating polyneuropathy: corticosteroids or intravenous
immunoglobulin? Muscle Nerve 2008;38:1638-1643. [CrossRef]



https://doi.org/10.1111/j.1469-8749.2008.02038.x
https://doi.org/10.1097/MOP.0b013e328365ad3f
https://doi.org/10.1002/mus.21058

