
Purpose: Guillain-Barré syndrome (GBS) is a group of clinical syndromes involving acute polyneu-
ropathy secondary to an immune-mediated process. Although affected children generally tend to 
have a good prognosis, a small subset of children experience residual symptoms that require 
lengthy and costly rehabilitation. Therefore, we aimed to describe the clinical findings of children 
with GBS and to investigate factors associated with their outcomes.
Methods: A retrospective study was conducted of previously healthy children ≤18 years of age di-
agnosed with GBS and admitted to Pusan National Children’s Hospital between 2009 and 2018.
Results: Of the 38 patients included in the study (23 boys [60.5%]; median age, 4.3 years [inter-
quartile range, 2.8 to 9.7 years]), 28 (73.7%) fully recovered without any residual symptoms, 
while 10 (26.3%) had residual symptoms more than 6 months after the onset of GBS. The pres-
ence of autonomic dysfunction and a ≥50% decrease in compound muscle action potential 
(CMAP) amplitude from the lower limit of normal were associated with functional deficits at 6 
months. Age, sex, type of antecedent illness, cranial nerve involvement, the need for mechanical 
ventilation, and the subtype of GBS were not significantly associated with functional outcomes. 
Post-gadolinium enhancement of nerve roots was seen in 71.1% of patients on initial spine mag-
netic resonance imaging (MRI).
Conclusion: Contrast enhancement of nerve roots on MRI was the most helpful initial finding for 
diagnosing GBS. The presence of autonomic dysfunction and a ≥50% decrease in CMAP from the 
lower limit of normal were poor prognostic factors for functional outcomes.
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Introduction 

Guillain-Barré syndrome (GBS) refers to a group of clinical syn-
dromes with acute polyneuropathy secondary to an immune-me-

diated process, which usually presents with progressive weakness 
that can involve autonomic, bulbar, and respiratory systems, and 
reduced or diminished deep tendon reflexes [1]. Since the eradica-
tion of polio, GBS has become the most frequent cause of acute or 
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subacute flaccid weakness, and reported annual incidence rates of 
GBS in children range from 0.34 to 1.34 per 100,000 [1-10]. 

GBS is a clinical diagnosis that can be made when progressive 
weaknesses in limbs and areflexia or hyporeflexia are present [11]. 
Other supporting features include progression of symptoms lasting 
up to 4 weeks, relative symmetry of weakness and sensory loss, less 
impressive sensory symptoms than weakness if present, pain in 
back and legs, autonomic dysfunction, absence of fever, albumino-
cytologic dissociation in cerebrospinal fluid (CSF) studies, and 
post-gadolinium enhancement of peripheral nerve roots and cauda 
equina in magnetic resonance imaging (MRI) [12]. Acute inflam-
matory demyelinating polyneuropathy (AIDP), which targets seg-
ments of myelin sheath, is the most common clinical subtype of 
GBS, along with less common subtypes such as acute motor axo-
nal neuropathy (AMAN) and acute motor and sensory axonal 
neuropathy (AMSAN) which target neuronal axon, and Mill-
er-Fischer syndrome that presents with ataxia, areflexia, and oph-
thalmoplegia [11,13]. 

The differential diagnosis of the presenting symptoms of GBS—
flaccid paralysis, areflexia, or a combination—is extensive includ-
ing pathology of cerebellum, spinal cord, peripheral nerves, and 
muscles, and often lead to extensive and costly medical investiga-
tions [11]. Children tend to have a better prognosis than adults, 
with about 80% of children showing full recovery without long-
term recurrence [11]. However, a small subset of children experi-
ences residual symptoms that require lengthy and costly rehabilita-
tion. Therefore, in this study, we described clinical characteristics 
of children with GBS with the aim of searching for findings that 
can aid in making the diagnosis, and early predictive factors for 
achieving full recovery. 

Materials and Methods 

Retrograde chart review was done for previously healthy children 
of ≤ 18 years of age diagnosed with GBS and admitted to Pusan 
National Children’s Hospital between 2009 and 2018. Patients 
were included in the study when recorded outcome following 6 
months after onset were available. Patients who showed disease 
progression beyond 4 weeks, who had the previous history of oth-
er neurologic or chronic systemic diseases, or who were trans-
ferred from other hospitals during the course of the disease were 
excluded. 

Diagnosis of GBS was made clinically in patients showing pro-
gressive weakness of more than one limb and areflexia/hyporeflex-
ia, according to criteria suggested by Asbury and Cornblath [14]. 
Detailed neurologic examination findings in a standardized man-
ner, hematological findings, CSF findings, electrophysiological 

findings, and spine MRI findings were available in all patients. 
Antecedent febrile illnesses were all recorded. If the predomi-

nant associating symptoms were respiratory symptoms including 
cough, sputum, and rhinorrhea, it was classified as respiratory an-
tecedent illness. If the predominant accompanying symptoms were 
gastrointestinal symptoms including vomiting or diarrhea, it was 
classified as gastrointestinal illness. Details on history of antecedent 
vaccinations were not complete and therefore were not included. 

Hematologic and CSF investigations were all done on the 1st 
day of admission. Data of neutrophil, lymphocyte, and platelet 
counts, sodium, albumin, erythrocyte sedimentation rate, C-reac-
tive protein (CRP), creatine kinase, free thyroxine, and thyroid 
stimulating hormone (TSH) on blood tests, and CSF protein were 
available in all patients. Neutrophil/lymphocyte ratio (NLR) and 
platelet/lymphocyte ratio (PLR) were calculated by dividing neu-
trophil or platelet counts by lymphocyte counts, respectively.  

Electrophysiological and MRI investigations were all done with-
in 48 hours since admission except for two patients whose spine 
MRIs were taken 10 and 13 days after admission respectively, due 
to unstable conditions requiring intensive care unit care. When the 
above investigations were repeated, initial findings were collected 
for analysis. However, for classification of subtypes, subsequent 
electrophysiological abnormal findings were used. 

Sub-classifications of AIDP, AMAN, and AMSAN were made 
based on electrophysiological criteria: (1) AIDP when evidence of 
demyelination (prolongation of distal latency, slow nerve conduc-
tion velocity, f-wave prolongation, conduction block, and temporal 
dispersion) was observed; (2) AMAN when compound muscle 
action potential (CMAP) was reduced without evidence of demy-
elination; and (3) AMSAN when reduced CMAP and sensory 
nerve action potential amplitudes were observed [15]. Patients 
were classified as having Miller-Fisher syndrome when they 
showed low-amplitude sensory nerve action potentials together 
with the clinical triad of ataxia, areflexia, and ophthalmoplegia 
[15]. Patients whose electrophysiological results were repeatedly 
normal were classified as unclassifiable. 

Patients were divided into two groups according to their out-
come at 6 months—those who achieved full recovery and those 
with residual motor deficits. Other residual functional deficits 
present at 6 months were also collected, including bladder dys-
function. Subjective symptoms that are not retractable from re-
cords of physical examinations during follow-up visits were not in-
cluded due to incompleteness of data. 

Statistical analysis was performed using SPSS version Subscrip-
tion 2019 (IBM Co., Armonk, NY, USA). Data from statistical 
analyses are expressed as medians and interquartile ranges (IQRs) 
for continuous and ordinal variables and as counts and percentages 
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for categorical variables. Univariate analysis for factors affecting 
functional outcome was done using binary logistic regression. A P 
value of < 0.05 was considered significant. 

This study was approved by the Institutional Review Board of 
Pusan National University Yangsan Hospital (IRB no. 05-2019-
176). Written informed consents from patients were waived due to 
a retrospective nature of the study.

Results 

A total of 38 children who had been previously healthy and subse-
quently diagnosed with GBS were subject to this study. The clini-
cal characteristics of the patients are summarized in Table 1. The 
median age of onset was 4.3 years (IQR, 2.8 to 9.7), and more 
than half (55.3%) of patients had onset before 5 years of age. 
Twenty-three (60.5%) were boys, and seasonal distribution 
showed peak prevalence during winter (42.1%), and least preva-
lence during autumn (7.9%). Sensory change or pain was accom-
panied in 19 (50.0%) of patients, whereas autonomic dysfunction 
was seen in six (15.8%) patients (five with urinary dysfunction 
and one with both urinary and cardiovascular dysfunctions), and 
cranial nerve involvements were seen in four patients (10.5%). 
Three patients (7.9%) were admitted to the pediatric intensive 
care unit and were supported with mechanical ventilation. Albu-
minocytologic dissociations in CSF were present in 14 patients 
(36.8%) on the first day of admission. Eleven of the 24 patients 
whose previous CSF findings were negative repeated the CSF 
exam after 7 to 18 days, which revealed albuminocytologic disso-
ciations in eight patients. 

Spine MRIs with T1-weighted, T2-weighted, and post-gadolini-
um images of the whole spine were done in all patients, and con-
trast enhancement of spinal nerve roots was present in 27 patients 
(71.1%). Two patients were evaluated with spine MRI after 48 
hours since admission due to their unstable conditions. Of the 36 
patients who were evaluated with spine MRI within 48 hours since 
admission, 25 patients (69.4%) showed contrast enhancement. 
Subgroup classification showed 23 patients (60.5%) with ADIP, 
10 (26.3%) with AMAN, one (2.6%) with AMSAN, and two 
(5.3%) with Miller-Fisher syndrome. The rest two patients whose 
initial and follow-up electrophysiological studies were all normal 
remained as unclassifiable. 

When outcomes of 6 months after the onset were assessed, 28 
patients (73.7%) were fully recovered without any motor residual 
symptoms, while 10 patients (26.3%) still had motor residual 
symptoms. No patient died during 6 months after the onset. 
Among 10 patients with residual motor weakness, six patients had 
not achieved independent walking while four patients had weak-

ness in limbs or truncal instability but could walk independently. 
Three of six patients (7.9% of total) who did not achieve indepen-
dent gait also showed bladder dysfunction necessitating clean in-
termittent catheterizations. One of four patients (2.6% of total) 
with milder weakness who achieved independent gait also showed 
concomitant facial palsy. 

Intravenous immunoglobulin (IVIG) of 2 mg/kg over 3 to 5 

Table 1. Clinical characteristics of 38 children with Guillain-Barré 
syndrome
Clinical variable No. of patients (%)
Age (yr)
 <1 0
 1–4.9 21 (55.3)
 5–9.9 9 (23.7)
 10–18 8 (21.1)
Sex
 Boys 23 (60.5)
 Girls 15 (39.5)
Season
 Spring (March–May) 10 (26.3)
 Summer (June–August) 9 (23.7)
 Autumn (September–November) 3 (7.9)
 Winter (December–February) 16 (42.1)
Antecedent illness
 Respiratory 21 (55.3)
 Gastrointestinal 4 (10.5)
 Other febrile illnesses 10 (26.3)
 None 3 (7.9)
Sensory change/Pain 19 (50.0)
Autonomic dysfunction 6 (15.8)
Cranial nerve involvement 4 (10.5)
Mechanical ventilation 3 (7.9)
Albuminocytologic dissociation in CSF 14 (36.8)
Contrast enhancement in spine MRI 27 (71.1)
Subtypes
 AIDP 23 (60.5)
 AMAN 10 (26.3)
 AMSAN 1 (2.6)
 Miller-Fisher 2 (5.3)
 Unclassifiable 2 (5.3)
Outcome after 6 months
 Full recovery 28 (73.7)
 Residual symptoms 10 (26.3)
  Incomplete independent gait 6 (15.8)
  Motor weakness with ability to walk inde-

pendently
4 (10.5)

 Death 0

CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; AIDP, acute 
inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal 
neuropathy; AMSAN, acute motor and sensory axonal neuropathy.
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days was given to all patients during admission. In patients who did 
not show initial response to IVIG with progressing symptoms, 
plasma exchange was tried in two patients and intravenous methyl-
prednisolone of 30 mg/kg for 3 days was tried in three patients. 
The two of the three patients who received intravenous methyl-
prednisolone achieved full recovery later, while the rest one patient 
and two patients who underwent plasma exchange showed residu-

al symptoms after 6 months. 
After dividing patients into two groups—one group with 28 pa-

tients who achieved the full recovery and another group with 10 
patients with residual motor deficits—clinical characteristics were 
compared between the two groups in search for clinical factors af-
fecting the clinical outcome (Table 2). Among clinical factors listed 
in Table 2, presence of autonomic dysfunction (odds ratio [OR], 

Table 2. Univariate analysis of clinical factors and functional outcome at 6 months
Clinical variable Full recovery (n=28) Functional deficit (n=10) OR (95% CI) P value
Age (yr) 3.5 (2.6–8.0) 8.1 (3.0–13.4) 1.125 (0.969–1.306) 0.122
Sex (boys) 18 (64.3) 5 (50.0) 0.556 (0.129–2.394) 0.430
Seasons 0.518
 Spring 8 (28.6) 2 (20.0) Reference group
 Summer 7 (25.0) 2 (20.0) 1.143 (0.126–10.386)
 Autumn 1 (3.6) 2 (20.0) 8.000 (0.45–139.290)
 Winter 12 (42.9) 4 (40.0) 1.333 (0.196–9.083)
Antecedent illness 0.457
 Respiratory 14 (50.0) 7 (70.0) Reference group
 Others 12 (42.9) 2 (20.0) 0.333 (0.058–1.919)
 None 2 (7.1) 1 (10.0) 1.000 (0.077–13.016)
Symptom onset to admission (day) 3.0 (1.0–6.0) 3.5 (2.0–14.0) 1.064 (0.946–1.196) 0.301
Sensory change/Pain 13 (46.4) 6 (60.0) 1.731 (0.399–7.505) 0.464
Autonomic dysfunction 1 (3.6) 5 (50.0) 27.000 (2.576–282.979) 0.006
Cranial nerve involvement 3 (10.7) 1 (10.0) 0.926 (0.085–10.085) 0.950
Mechanical ventilation 1 (3.6) 2 (20.0) 6.750 (0.539–84.464) 0.139
Contrast enhancement in spine MRI 18 (64.3) 9 (90.0) 5.000 (0.551–45.391) 0.153
CSF protein (mg/dL) 32.8 (15.0–90.0) 73.0 (19.3–154.4) 1.001 (0.995–1.006) 0.790
Neutrophil (/µL) 5,503 (2,539–8,240) 6,323 (3,097–9,072) 1.000 (1.000–1.000) 0.640
Lymphocyte (/µL) 3,547 (2,165–4,383) 2,787 (1,294–4,637) 1.000 (0.999–1.000) 0.260
Platelet (109/L) 400 (302–473) 369 (308–513) 1.002 (0.995–1.008) 0.597
NLR 1.38 (0.47–3.03) 2.43 (0.64–5.27) 1.072 (0.850–1.351) 0.558
PLR 112.7 (78.5–149.1) 129 (84–256) 1.001 (0.997–1.005) 0.472
CK (U/L) 74.0 (58.0–121.0) 87.0 (46.5–126.5) 1.004 (0.996–1.013) 0.304
Sodium (mmol/L) 137.0 (134.3–138.0) 137.3 (137.5–142.3) 1.269 (0.979–1.645) 0.072
Albumin (g/dL) 4.55 (4.18–4.70) 4.40 (4.13–4.63) 0.866 (0.346–2.167) 0.759
ESR (mm/hr) 9.0 (4.0–14.0) 11.5 (4.5–46.8) 1.055 (0.948–1.174) 0.324
CRP (mg/dL) 0.09 (0.01–0.20) 0.12 (0.02–0.48) 14.702 (0.315–685.420) 0.170
Free T4 (ng/dL) 1.32 (1.14–1.37) 1.25 (1.00–1.42) 0.042 (0.002–23.569) 0.327
TSH (mIU/L) 1.37 (0.66–2.43) 1.96 (1.09–2.76) 1.406 (0.643–3.073) 0.393
Subtypes
 AIDP 15 (53.6) 8 (80.0) Reference group
 Others 13 (46.4) 2 (20.0) 0.288 (0.052–1.608) 0.156
CMAP amplitude 0.010
 Normal or ≥50 LLN 22 (78.6) 3 (30.0) Reference group
 <50 LLN or absent 6 (21.4) 7 (70.0) 8.556 (1.683–43.495)

Values are presented as median (interquartile range) or number (%).
OR, odds ratio; CI, confidence interval; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; NLR, neutrophil/lymphocyte ratio; PLR, platelet/
lymphocyte ratio; CK, creatin kinase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; T4, thyroxine; TSH, thyroid stimulating hormone; AIDP, 
acute inflammatory demyelinating polyneuropathy; CMAP, compound muscle action potential; LLN, lower limit of normal.
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27.000; 95% confidence interval [CI], 2.576 to 282.979; P=0.006) 
and absent or decrease in CMAP amplitude to <50% of lower limit 
of normal (LLN) (OR, 8.556; 95% CI, 1.683 to 43.495; P=0.010) 
were only factors that were significantly associated with increased 
risk of poor clinical outcome after 6 months. 

Multivariate analysis was performed with the parameters that 
demonstrated P values of < 0.020—age, presence of autonomic 
dysfunction, use of mechanical ventilation, presence of contrast 
enhancement on spine MRI, plasma sodium level, plasma CRP 
level, and CMAP amplitude. Absent or decreased CMAP ampli-
tude was the only clinical factor significantly associated with poor 
outcome on multivariate analysis (OR, 273.879; 95% CI, 0.417 to 
179,920.480; P = 0.039). 

Discussion 

In this study, apart from findings obtained from detailed history 
taking and physical examinations, contrast enhancement of periph-
eral nerve roots and cauda equina on MRI was the most helpful 
initial finding for making the diagnosis of GBS. Contrast enhance-
ments were seen in 71.1% (27/38) of total patients on their initial 
spine MRIs, and in 69.4% (25/36) of patients whose MRIs were 
taken within 48 hours of admission. After 6 months of admission, 
26.3% of patients had residual symptoms. When looking at predic-
tive factors of this functional outcome after 6 months, presence of 
autonomic dysfunction and ≥ 50% decrease in CMAP amplitude 
from LLN were related to the presence of functional deficit. 

Although GBS is the cause for the majority of patients present-
ing with acute or subacute flaccid paralysis, the incidence is rare as 
stated before and even rarer in children. The age group known to 
be most commonly affected in children is 1 to 4 years of age [16]. 
Around 70% of patients have identified previous infections includ-
ing cytomegalovirus, Mycoplasma pneumoniae, Epstein-Barr virus, 
influenza A, Haemophilus influenzae, enterovirus, and Campylo-
bacter jejuni, and the most commonly associated organism identi-
fied is Campylobacter jejuni whose antibodies are found in about 
40% of patients [3,12,17,18]. Previous studies have shown the 
high occurrence of GBS winter and summer regarding seasonal 
distribution which is possibly due to the higher occurrence of asso-
ciated infections in these seasons, especially gastrointestinal infec-
tions during summer [19-22]. In this study, age group of 1 to 4.9 
years was most commonly affected (55.3%), as in previous studies. 
Winter season showed peak incidence (42.1%) in accordance with 
existing studies, but summer did not show a distinct peak. Also, 
while higher proportions of patients had the history of antecedent 
illness (92.1%) than in previous reports, a much smaller subset of 
patients had gastrointestinal infections (10.5%). Retrospective na-

ture of this study may be attributable to this discrepancy. As labora-
tory investigations for associated organisms were only done in a 
small subset of patients included in this study, history from parents 
or caregivers were analyzed and most parents reported their chil-
dren to have had “common cold” for previous infections that were 
mostly of benign nature. 

The prognosis of children is known to be better than adults pos-
sibly due to shorter nerve length or better nerve regeneration in 
children, but there is a great paucity of studies regarding the prog-
nosis of GBS in the pediatric population [23]. In a prospective 
study of 95 children with GBS including two patients later diag-
nosed with chronic inflammatory demyelinating polyneuropathy, 
75% of the children were symptom-free at last follow-up without 
any mortality (follow-up duration of 10 to 604 days, median 288 
days) [24]. In another prospective study with 324 patients, the 
prognosis was better with 96% of patients achieving independent 
gait, but also showed 1.5% of mortality [25]. The proportion of 
patients who achieved independent gait but showed minor func-
tional disability was not mentioned [25]. In this study, 73.7% of 
patients showed full recovery after 6 months, 15.8% did not 
achieve independent walking, and 10.5% achieved independent 
gait but showed minor functional disabilities after 6 months. After 
1 year, one patient who could not walk independently achieved in-
dependent gait, and two patients with minor motor weakness be-
came symptom-free, resulting in 78.9% of patients with full recov-
ery, and 13.2% of patients without the ability to walk independent-
ly after 1 year. 

Numerous factors have been suggested as prognostic factors of 
GBS in studies mostly subjecting adults, and severe deficits at on-
set, cranial nerve involvement, autonomic nerve involvement, re-
quiring mechanical ventilation, preceding diarrhea, short interval 
between symptom onset and admission, absent/low amplitude 
CMAP or axonal lesion patterns in electrophysiological studies are 
examples of suggested poor prognostic factors [26-28]. Higher age 
was also a poor prognostic factor in adults [26,27]. However, in 
children, younger age was associated with poor outcome regarding 
the achievement of independent gait [25]. In a study which com-
pared the outcome of demyelinating and axonal forms of GBS in 
children, there was no difference among different subtypes [29]. 
In an effort for earlier prediction of outcome, biomarkers that asso-
ciate with the outcome have been searched, and several acute phase 
markers such as low albumin, low sodium, high NLR, high PLR, 
and high CRP levels have been shown to be related to poor prog-
nosis of GBS in adults [30-33]. Also, patients with GBS showed 
lower levels of TSH correlating with disease severity in adults [34]. 
In this study, autonomic dysfunction and absent or low CMAP of 
≥ 50% of LLN were factors associated with poor functional out-
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come. None of the acute phase markers such as high NLR, high 
PLR, high CRP, hyponatremia, low albumin, or low TSH were as-
sociated with clinical outcome in this study, suggesting that these 
markers are not readily applicable prognostic factors in children. 

This study has significance as it contributes to the scarce vol-
ume of literature describing possible prognostic factors of GBS in 
children, and also investigated implications for acute phase bio-
markers in children. However, it has several limitations including 
the retrospective nature of this study and the small number of in-
cluded patients. 
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