Acta Scientific PAEDIATRICS (ISSN: 2581-883X)
Volume 4 Issue 12 December 2021

Research Article

Peripheral Neuropathies: State of the Art on Modern Use of
Electrodiagnostic Examination in Guillain-Barrè Syndrome
and Rehabilitative Implications in Children
Piero Pavone1, Giuseppe Costanza2, Giovanni Cacciaguerra2*,
Francesco Pizzo2, Maria Grazia Pappalardo2, Silvia Marino3, Rita
Chiaramonte4 and Michele Vecchio4
1

Received: October 08, 2021

Published: November 15, 2021

© All rights are reserved by Giovanni
Cacciaguerra., et al.

Department of Clinical and Experimental Medicine, University Hospital

“Policlinico-San Marco”, Italy
2

Postgraduate Training Program in Pediatrics, Department of Clinical and

Experimental Medicine, University of Catania, Italy
3

Unit of Pediatrics and Pediatric Emergency, AOU “Policlinico”, PO “San Marco”,

University of Catania, Italy
4

Department of Biomedical and Biotechnological Sciences, Section of

Pharmacology, University of Catania, Italy
*Corresponding Author: Giovanni Cacciaguerra, Postgraduate Training Program in

Pediatrics, Department of Clinical and Experimental Medicine, University of Catania,
Italy.

Abstract
Introduction: Guillain-Barré syndrome is an immune-mediated segmentary peripheral polyneuropathy The different variants de-

pend on the physio-pathogenic involved mechanism (predominantly demyelinating, the type of nerve damaged (predominantly motor) the antibody associations (IgM and IgG GM1, GD1a, GD1b, GQ1b, GT1b, LM1) Electrodiagnostic examination (EDX) can distin-

guish the type of involvement of the peripheral nerves, and the secondary compromise of the muscles.

Objective: The purpose of this review is to analyze the literature of the last 10 years about the most current descriptive and diagnostic applications of EDX in children, useful also to project rehabilitative program and to monitor the prognosis in pediatric patients.
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Introduction
Peripheral nerve disorder in children
In childhood, an important category of peripheral nerve disor-

ders is represented by the autoimmune neuropathies. The origi-

nal classification of autoimmune neuropathies includes two main

variants: the acute one of Guillain-Barré syndrome (GBS) and
the chronic inflammatory demyelinating polyradiculoneuropa-

thy (CIPD). Other variants are classified according to the different
clinical, laboratory (autoantibodies) and electrophysiological characteristics [1].

Guillain-Barré syndrome and main variants in children
GBS is an immune-mediated segmentary peripheral polyneu-

ropathy, with an incidence of 0.34 - 1.34 cases/100.000 in children
[2].
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In about two thirds of cases, a cross-reaction mechanism related

to a previous infection of Campylobacter jenuni, Cytomegalovirus,
Epstein-Barr virus, or other bacteria (Haemophilus influenzae, Mycoplasma pneumoniae), within 3 weeks from onset, could cause an
autoimmune reaction. The cerebrospinal fluid is characterized by
the albumino-cytologic dissociation, an elevation of the cephalora-

chidian protein with contextual normal white blood cell count, usually not present at the disease onset [3].

The typical form is the acute inflammatory demyelinating poly-

radiculoneuropathy (AIDP), which represents roughly 85% of
cases in the western world in pediatric population. The symptomatology is characterized by an acute ascending weakness at onset,

sometimes a progressive loss of sensation and areflexia, within a
couple of months [4].

The different variants depend on the physio-pathogenic in-

volved mechanism (predominantly demyelinating), the type of
nerve damaged (predominantly motor), antibody associations

(IgM and IgG GM1, GD1a, GD1b, GQ1b, GT1b, LM1) and the specific
symptomatology.

The most frequent sub-variants are Miller-Fisher syndrome

(MFS) and axonal motor acute neuropathy (AMAN). MFS is charac-

terized by the characteristic triad: ophthalmoplegia, areflexia and
ataxia, in absence of weakness [4]. The pathogenesis of MFS is related to the presence of anti-GQ1b antibodies in up to 85% of cases

[5]. MFS has clinical and laboratory aspects in common with Bickerstaff brainstem encephalitis, which shows also central nervous

Guillain-barré syndrome variants
Variant

Autoantibodies associated

AIDP

Miller Fisher Syndrome
AMAN

AMSAN
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Non-specific Ab

GQ1b (occasionally GT1a)

GM1/GaINac-GD1a complex, GD3
GM1, GD1a, GM1B, Ga1NAc-GD1a

Table 1: Guillain-Barrè Syndrome Variants.

AIDP: Acute Inflammatory Demyelinating
Polyradiculoneuropathy; AMAN: Axonal Motor Acute Neuropathy;
AMSAN: Axonal Motor-Sensitive Acute Neuropathy.

EDX can help physicians to a obtain a specific diagnosis,and fol-

lowed treatment. EDX permits to distinguish the type (axonal or

demyelinating) and the localization of the peripheral nerves’ involvement [8].

Electrodiagnostic examination
EDX consists of two main parts: nerve conduction studies (NCS)

and needle electromyography.

In NCS, the peripheral nerve is stimulated with a transcutane-

ous electrode for very short duration. It analyzes the following parameters.

Compound muscle action potential (CMAP) is also known as an

M-response. In 1971, McComas., et al. [9] described an attractively

system involvement [6].

simple method for counting motor units. The authors showed that

without sensitivity disorders. It is characterized by a good clini-

potentials and then to summate algebraically [9]. They measured

In the AMAN, there is an exclusive impairment of motor axons,

cal course and a favorable prognosis. There is a strong association
with a previous Campylobacter jejuni infection and the presence of
GD1a, GM1 or GD3 gangliosides autoantibodies, presented in about
50% of cases [7].

Rare forms of GBS include the axonal motor-sensitive acute

neuropathies (AMSAN), associated to anti-GD1a and anti-GM1 an-

tibodies, and the autonomic neuropathies associated to nicotinic

acetylcholine receptor antibodies [1]. The main variants with the
respective specific autoantibodies are summarized in table 1.

was possible to arrange was possible to arrange for the recorded

electrical activity derived from a single muscle and for the evoked
the amplitudes of the muscle action potentials generated, firstly,
by a single motor unit and, secondly, by the whole muscle, then the

number of motor units within the muscle can be determined by a

division [9]. The amplitude of the resultant response was divided

by the number of increments to yield an estimate of the amplitude
of a single unit; this value was divided by the maximum CMAP to
estimate of the number of motor units [9]. More recently a new
examination system was applied in the clinical practice: the in-

cremental motor unit number estimation (MUNE) technique was
first applied to upper extremity muscles supplied by median, ulnar

and radial nerves. MUNE techniques have been used to quantify
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the proportion of surviving lower motor neurons. The results of
multiple studies have confirmed that MUNE, when applied longitudinally, may reflect the rate of disease progression [10].
•
•

Distal motor latency (DML) is the time between stimulus
onset and onset of the negative peak of the CMAP [11]

Motor nerve conduction velocity (motor NCV) is calculated for each nerve segment after distal and proximal

•
•

stimulation by determining the ratio of the distance between the two stimulation points in the conduction time.

Sensory nerve action potential amplitude SNAP is frequently examined for evidence of axonal loss [12]

Late motor response F-wave is recorded from muscle
after maximal stimulation of its nerve. The orthodromic
propagated action potential generates CMAP. On the
other hand, the antidromic propagated action potential

reaches the anterior horn cell body and depolarize the
axon hillock. As a result, a second orthodromic action

potential reaches the muscle. This causes a late muscle
•

•

depolarization that involves only a small portion of the
muscle fibers, referred to as an F-wave [13]

F-wave index considers persistence, chronodispersion,
latency, arm-length, usefulness in the diagnosis of peripheral neuropathy [14].

Conduction block is slow in acquired polyneuropathies,

and inherited polyneuropathies, including some forms of
hereditary motor and sensory neuropathy [15].

In the needle electromyography, a concentric needle electrode

is inserted into the target muscle and its electrical activity is recorded during rest and periods of maximal and minimal voluntary

muscle contraction. Needle electromyography is commonly used to
assess axonal nerve lesions [16].
Parameters analyzed are:
•

Insertional activity: Electrical activity produced by needle movements

•

MUAP: Motor unit action potential

•

tive sharp wave (PSW)

•

Spontaneous activity: Fibrillation or presence of posiVoluntary recruitment: Normal or reduced [13].

According to the electrodiagnostic criteria established by Had-

den., et al. [17], GBS can be classified in primary demyelinating
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GBS, AIDP, GBS with primary axonal damage, and AMAN (Table 2).
Parameters

Normal
-

DML

F-wave latency
NCV

Distal CMAP

≤ 100% ULN
-

≥ 100%
LLN

-

Proximal CMAP

Proximal
CMAP/distal
CMAP ratio

≤ 100%
ULN

≥ 100%
LLN

-

-

≥ 100%
LLN
> 0,5

Primary
Primary
demyelinating axonal
> 100% ULN
> 120% ULN
< 90% LLN

< 80%
≥ 20% LLN in at
LLN least two
nerves

-

< 0,5

Table 2: Hadden criteria.

DML: Distal Motor Latency; NCV: Nerve Conduction Velocity;

CMAP: Compound Muscle Action Potential; LLN: Lower Limit Of
Normal; ULN: Upper Limit of Normal.

However, these criteria have been further developed by Ra-

jabally., et al. [4]. who have shown comparable rates of acute inflammatory AIDP, axonal GBS and other different forms between

single nerve conduction studies compared with electrophysiologic
diagnosis. The classification with the modified criteria proposed by
Rajabally., et al. [4] demonstrated that single electrophysiological

studies could be sufficient to establish the definitive diagnosis of
the different GBS subtypes.
Purpose

The purpose of this narrative review is to analyze literature of

the last 10 years and we about the most current descriptive and
diagnostic applications of EDX in children, useful also to project

the rehabilitative program and monitor the prognosis in pediatric
patients.

Materials and Methods
A literature review was performed on three the following medi-

cal electronic databases PubMed, Cochrane Library, Scopus, and
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Web of Science by three authors (G.C, G.C, F.P), evaluating the stud-

ies published in the period between January 2010 and January
2020. In the search bar, we first introduced the term “electrodiag-

nosis” OR “electrodiagnostic” OR “nerve conduction” OR “electromyography” AND “neuropathies” OR “Guillain-Barrè” AND “children”, and a number of 30 elegibles manuscripts were collected.
Selection criteria and data extraction

Qualified studies for the present review were performed search-

ing in databases selecting with a screening of the titles and abstracts through the following inclusion criteria: publications within

the last 10 years, written in English language, studies published in

peer-reviewed journals reporting clinical or pre-clinical outcomes.
Exclusion criteria were articles without EDX as a primary outcome

or systematic review involving a similar subject. In addition, we ignored studies with no obtainable data or without an accessible full
text. We also excluded all the remaining duplicates.

The study selection and the data extraction were performed

independently by two authors (G.C.; A.S.), and any conflicts were
resolved by discussion amongst the authors. The senior investiga-

tors (P.P., M.V., R.C.) were consulted to re-examine the full process.
We followed the rules of the Declaration of Helsinki and the Prisma
flow diagram of the literature selection and review process checklist from Moher, D., et al. (2009) [Figure 1].

Discussion
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The review described the diagnostic applications of EDX in chil-

dren with GBS, useful to propose the rehabilitative program, and
monitor the prognosis in pediatric patients.

Ashrafi., et al. [14] used electrophysiological analysis, to clas-

sify GBS in primary demyelinating, AIDP, GBS with primary axonal
damage, and AMAN). based on Hadden’s research [17].

Most AIDP patients exhibited the following electrophysiological

characteristics: a pattern of prolonged F wave latency with low per-

sistency, absence of SNAP, reduced CMAP, prolonged DML, reduced
NCV, and abnormal temporal dispersion or conduction block.

On the other hand, most AMAN patients showed reduced CMAP

amplitude, F wave with normal latency and reduced persistency,

normal SNAP amplitude, normal distal latency, normal sensory
NCV, and conduction block or temporal dispersion [17].

Roodbol., et al. [18]. used NCS to evaluate 67 children in a ret-

rospective cohort to describe the diagnostic features of pediatric

GBS and validate the Brighton criteria [19]. The NCS showed the

classical signs of GBS: a polyradiculoneuropathy in 48 patients,

The NCS were normal in five cases. The predominant subtype was
AIDP, present in 53 patients, followed by AMAN in 2 children. One

child showed AMSAN-features. In 12 children the NCS was unclassifiable. In 2 children with persistent paraparesis, NCS indicated a
demyelinating polyneuropathy of both arms and legs [18].

Karalok., et al. [20] used EMG to identify the subtype of GBS.

Motor nerve conduction (MNC) studies were performed on the
median, ulnar, posterior tibialis, and common peroneal nerves.

On the posterior tibial nerves were studies H responses. Sensory

nerve conduction (SNC) was analyzed in the median, ulnar, and sural nerves. F-wave response studies were performed on the tibial

nerves [20]. All parameters were compared with age-related normal values.

In children of 1-2 years, nerve conduction parameters only ap-

proach 80-90% of the adult values, so normal limits were set at
Figure 1: Flow diagram of literature selection and review process.

80% of the values for NCV (CMAP amplitudes, and 120% of the

values for distal latencies). For children younger than 1-year old,
normal limits were set at half the values for NCV and CMAP am-

plitudes, and twice the values for distal latencies. Needle electro-

myography (EMG) was performed in all patients for at least two
proximal and two distal limb muscles [20].
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Karalok., et al. [20] evaluated 54 patients, classified into five

groups:
•
•
•
•
•

AIDP with a number of 27 (50%) patients. This is the
most frequent group
AMAN with a number of 14 (25.9%) patients.
AMSAN with a number of 4 (7.4%) patients
MFS subtype with 4 (7.4%) patients

Unclassified group, which includes 5 (9.5%) patients. In

this group of patients electrophysiologic studies were not
available.

Estrade., et al. [21] performed a multicenter study at the Mont-

pellier and Toulouse University Hospitals. They conducted a ret-
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0.003), cranial nerve involvement (P = 0.008), and absent CMAP (P
= 0.048). The multivariate analysis highlighted that low functional

outcome was independently associated with cranial nerve involvement (P = 0.008) and absence of CMAP (P = 0.022) [23].

Conclusions

The electrodiagnostic studies are always more important,

thanks to a better knowledge of the pathology. Electromyography

helps to make a correct and rapid classification, diagnosis, risk

stratification of ascending and worsening evolution and to propose
a specific rehabilitation program process tailored to the patient’s
needs. Other studies on the application of EDX are needed to pro-

pose diagnostic and therapeutic protocols to guide physicians to
better follow children with GBS.

rospective investigation on one hundred-ten children with GBS
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