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Predictive factors for achieving independent walking in
children with Guillain-Barre syndrome
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Alireza Pishgahi?

BACKGROUND: To determine the predictors of achieving
independent walking at 2 and 6 months after onset of
weakness in children with Guillain-Barre syndrome (GBS).
METHODS: Children with GBS admitted to the Tabriz
Children’s Hospital were studied prospectively. All patients
had frequent clinical evaluations until achieving independent
walking. Unaided walking at 2 and 6 months and factors
influencing these outcomes were determined using both
univariate and multiple analyses.

RESULTS: Between 2003 and 2014, 324 children (mean age:
534366 years) were admitted. The mean duration to
independent walking was 297+3.02 months; 90.5% of
patients could walk independently at 6 months. In the
univariate analysis, disability score of >3 (P=0.03), autonomic
nerve involvement (P=0.003), cranial nerve involvement
(P=0.008), and absent compound muscle action potential
(CMAP; P=0.048) were found to be significantly associated
with poor walking outcome at 6 months. In the multivariate
analysis, cranial nerve involvement (P=0.008) and absence of
CMAP (P=0.022) were independently associated with poor
functional outcome.

CONCLUSION: Disability score >3, cranial and autonomic
nerve involvement, and absence of CMAP were predictors of
independent walking in childhood GBS in this study; early
rehabilitation program may prevent further impairments
secondary to immobility in these patients.

G uillain-Barre syndrome (GBS) is an acute, inflammatory
polyneuropathy that presents most commonly with
progressive weakness and reduced or diminished deep tendon
reflexes. Because there has been a significant reduction in
poliomyelitis in the last two decades, GBS is the most
common cause of flaccid paralysis among children (1-3).
Although it is an autoimmune disease, there have been
associations with infections such as Campylobacter jejuni,
Cytomegalovirus, Epstein-Barr virus, Mycoplasma pneumonia,
and swine flu vaccination (4). There have been few studies on
pediatric GBS in Iran; however, one study estimated a GBS
prevalence of 2 per 100,000 children in northwestern Iran (5).

Although motor weakness is the main manifestation of
GBS, sensory symptoms—mostly pain—in children have also
been reported. Other less common manifestations include
cranial nerve and autonomic nervous system involvement
(1,2).

GBS is divided into the following categories based on
clinical and electrodiagnostic (EDX) findings in the literature
(6): (i) acute inflammatory demyelinating polyneuropathy
(AIDP), the most common form of GBS, (ii) acute motor and
sensory axonal neuropathy (AMSAN), (ili) acute motor
axonal neuropathy (AMAN), and (iv) Miller-Fisher.

The frequency of different electrophysiologic subtypes of
GBS varies across regions (7). Moreover, the electrophysio-
logic pattern is one of the outcome predictors in GBS. There
have been few reports of childhood GBS prognosis in previous
studies (8-10). In adult patients older than 40 vyears,
preceding diarrhea and a high disability score were reported
as predictors of poor outcome (2). To our knowledge, there
are limited large prospective studies on long-term outcome in
GBS and predictors of functional outcome among children in
the literature. Thus, we decided to perform a comprehensive
evaluation of long-term outcome and predictors of indepen-
dent walking among affected children in northwestern Iran.

METHODS

In this prospective, observational study, 324 children diagnosed with
GBS who had been admitted to the Tabriz Children’s Hospital from
June 2003 to January 2014 were evaluated. This hospital is the largest
medical center for children in northwestern Iran. Informed consent
was obtained from the parents. This research was approved by the
institutional ethics committee. The diagnosis of GBS was defined
clinically as per the criteria proposed by Asbury and Cornblath (11).
Polio virus infection was excluded after the examination of two stool
samples.

Neurological examinations were performed by a pediatric
neurologist. History of pre-existing illness, clinical and diagnostic
details including weakness, pain, cranial and autonomic nerve
involvement, CSF analysis, electrophysiologic findings, duration of
mechanical ventilation, and motor recovery were recorded. Disability
score was evaluated based on the criteria by Hughes et al. (12). In this
classification scheme, 0 represents normal, 1 means mild weakness, 2
means ability to walk 5 m independently but unable to run, 3 means
walking with assistance, 4 means chair- or bed-bound, 5 means
mechanical ventilation, and finally 6 is equal to death. Evaluation of
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sensory symptoms was not reliable because of the patients’ young
ages. Autonomic dysfunction was evaluated by bedside clinical
examination. Patients who developed fluctuation in blood pressure
and heart rate, arrhythmia, pupillary abnormality, abnormal
sweating, and gastrointestinal and urinary dysfunction were
considered to have autonomic dysfunction.

Classification of patients as per an EDX study was based on the
criteria introduced by Cornblath (13). On the basis of EDX findings,
patients were categorized into AIDP, AMSAN, AMAN, Miller-
Fisher, and unclassified subgroups.

Patients were classified as having AIDP if the following changes
were observed in at least two nerves: prolongation of distal latency
(>125% of normal upper limit), slowed nerve conduction velocity
(<80% of normal lower limit), f-wave prolongation (>120% of
normal upper limit), conduction block (>20% reduction in peak-to-
peak amplitude), and temporal dispersion (>15% increase in a
negative phase duration). When CMAP amplitudes were reduced
without evidence of demyelination based on the above-cited criteria,
the patients were considered as AMAN. When there were reduced
CMAP and sensory nerve action potential amplitudes, the patient
was classified as AMSAN. Those with low-amplitude sensory nerve
action potentials and the clinical triad of ataxia, ophthalmoplegia,
and areflexia were classified as the Miller-Fisher variant (13).

A pediatric electromyographer was responsible for EDX studies. A
Medelec Synergy electromyography device was used to study nerve
conduction. Sensory nerve conduction of the sural and median
nerves in addition to the tibial, peroneal, median, and ulnar motor
nerves was studied for all admitted patients with GBS. The amplitude
of the negative phase was measured for CMAP and sensory nerve
action potential. F-wave distal latency and nerve conduction velocity
were also obtained. We compared the obtained data with normal
values reported by Parano et al. (14).

All patients had at least one EDX evaluation, CSF analysis, and
frequent clinical evaluations during hospital admission. Patients were
followed up after discharge by outpatient visits until they achieved
independent walking (up to 18 months).

Patients were treated with intravenous immunoglobin at a dose of
400 mg/kg/day for 5 consecutive days during their hospitalization.

Data Analysis

In an initial descriptive analysis, data were presented as central
tendency and dispersion measurements for qualitative variables and
simple and relative frequencies (percentages) for quantitative
variables. The mean time to independent walking was compared in
categories of some of the dependent variables using independent
samples t-test and ANOVAs.

Unaided walking at 2 and 6 months was considered as outcomes of
GBS, and factors influencing these outcomes were determined using
both univariate and multivariate analyses. In the univariate analysis,
to explore the association between dichotomous outcomes (walking
after 2 and 6 months) and predictive variables, Pearson’s i -test (or
exact test) was used and simple logistic regression analysis was
conducted to report odds ratios for outcome risk factors.

In a multiple analysis, the variables that were significantly asso-
ciated with GBS outcome in a univariate analysis were considered in
the multiple logistic regression model to see the impact of factors
influencing the outcome. Bayes adjustment was performed to
estimate the odds when there was a zero-cell frequency.

The Kaplan-Meier method was used to estimate the probability of
walking after 2 and 6 months for those important risk factors in
multivariate analyses. Statistical analyses were performed using the
SPSS 16.0 software, and results were considered significant at
P<0.05.

RESULTS
From 2003 to 2014, 324 patients (175 male and 149 female
patients) admitted to the Tabriz Children Hospital with GBS
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diagnosis were recruited into this study. The mean age was
5.13 +3.66 years (6 months to 16 years of age). Well over half
(63.9%) of our patients were under 5 years of age (Table 1). In
all, 184 (56.8%) patients had a previous history of infection 1-
3 weeks before weakness manifestation, of which 134 (41.3%)
had upper respiratory tract infection and 50 (15.5%) were
reported to suffer from gastrointestinal infection. For rare
causes, such as vaccination, trauma, hepatitis, and mumps,
there were just 11 cases in this study. Other patients had no
history of previous illness (Table 1).

Clinical signs and symptoms of all patients and disability
score based on the Hughes scale are provided in Table 1. One
hundred twenty-seven patients (39.4%) had cranial nerve
involvement during hospital stay. Autonomic dysfunction,
including abnormalities in heart rate, rhythm, and blood
pressure; constipation; abnormal sweating; and urinary
dysfunction, was noted in 53 patients (16.4%).

Cerebrospinal fluid (CSF) analysis was performed in the
first week after admission; protein levels >40 mg/dl were
noted in 75.2% of patients, normal studies performed in the
first week of disease progression (Table 1).

EDX evaluation was performed during the hospital stay
period between 3 and 21 days after onset of weakness
(5.85+12.71 days on average). Table 1 illustrates
electrophysiologic patterns in detail. All normal studies were
performed in the first week of disease progression.

Patients received intravenous immunoglobin treatment, and 36
patients had methyl prednisolone as an adjunct therapy. Twenty-
six individuals (8.3%) with disability grades 1 and 2 received no
treatment at all. The reported outcomes are depicted in Table 2.

Outcomes

Thirty-one (9.6%) patients were eventually mechanically
ventilated, the mean duration of which was 20.75 + 21.25 days,
and five (1.5%) patients expired. Relapse occurred in six
(1.8%) patients (Table 2).

The mean time to achieve independent walking was
2.97 +3.02 months, and 96% of patients could walk without
assistance within 1 year (Table 2).

For evaluation of clinical and electrophysiologic factors
associated with outcome, patients were assessed into two
groups based on walking ability at 2 and 6 months.

The mean time analysis revealed that the average time for
independent walking differed significantly based on disability
score, autonomic and cranial nerve involvement, electro-
physiologic pattern, and compound muscle action potential
(CMAP) amplitude (Table 3).

Walking Ability at 2 Months

Patients <5 years were more likely than older patients to
need a recovery time of >2 months to walk independently
(P=0.005; Table 4).

Although there was no significant difference in the mean
walking time between groups based on pre-illness (Table 3),
walking outcome at 2 months showed a significant difference
between the groups (P=0.001; Table 4).

Copyright © 2017 International Pediatric Research Foundation, Inc.
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Table 2. Outcome of patients (n=324)

Variables, general findings Frequency Percent Variables Frequency Percent
Age (year), mean+SD 5.13+3.66 Relapsing episode 6 1.8
Age (year) <5 Years 252 62.5 Death 5 1.5
6-10 Years 82 25.2
>11 40 12.3 Outcome
Gender Male 175 54.0 Time to walking (months), mean +SD 297 +3.02
Female 149 46.0 Time to walking (months)
Season Spring 72 222 <2 189 594
Summer 104 321 2-6 99 31.1
Fall 75 23.1 6-12 23 7.1
Winter 73 225 >12 8 24
Pre-illness UARI 134 413 Mechanical ventilation duration (days), mean +SD 20.75+21.25
GE 50 15.5 Mechanical ventilation
Other 1 34 No 293 90.4
None 129 39.8 Yes 31 9.6
Pain No 175 54.1
Yes 149 45.9 Furthermore, those with a history of pre-illness needed
Autonomic nerve No 271 83.6 more time to start unaided walking than those without pre-
involvement existing illness (Table 3).
ves 53 164 Children with autonomic nervous system involvement (OR:
Cranial nerve involvement No 197 606 3.07, 95% CI. 1.42-6.64, P=0.003) and cranial nerve
Yes 127 394 involvement (OR: 2.69, 95% CI: 1.52-4.74, P=0.001) needed
Involved cranial nerve 3 10 38 more time to start walking without assistance. In general,
6 17 65 51.6% of patients with an axonal EMG pattern required
7 54 208 >2 months to walk independently compared with 33.0% of
9 89 344 patients with a demyelinating pattern (OR: 2.5, 95% CI: 1.01-
10 83 321 7.06, P=0.048). In addition, disability grade >3 (OR: 20.65,
1" 6 23 95% CI: 6.19-68.95, P<0.001) and absence of CMAP (OR:
CSF pro (mg/dl), mean 5D 95,594 100.1 18.0, 95% CI: 3.40-95.20, P<0.001) emerged as important
risk factors for delayed walking (Table 4).
CSF pro (mg/dl) <40 73 248 X . Lo R .
S 40 1 Jos Applying multiple loglst.lc regression to assess the s?mu.lta—
o neous effects of the significant variables in the univariate
5_:122:2?;;?5 ' ? 09 analysis revealed pre-existing gastroenteritis (OR: 3.61, 95%
0 33 102 CIL: 1.23-10.50, P=0.019), disability score >3 (OR: 11.63,
" 45 139 95% CI: 2.19-61.84, P=0.004), cranial nerve involvement
v 207 638 (OR: 3.67, 95% CI: 1.42-9.46, P=0.007), and absence of
CMAP (OR: 68.38, 95% CI: 2.17-215.67, P=0.016) as the
v 3 o6 factors that associated independently with poor outcome at
v > 15 2 months.
Electrophysiologic pattern AIDP 148 456 The Kaplan-Meier curve in Figure 1 illustrates the
AMAN nzo 36a probability of independent walking among groups based on
AMSAN 7 2.16 CMAP amplitude. The estimated mean time for unaided
Miller-Fisher 5 15 walking was 5.27 months in patients with low-amplitude
Pharyngo—cervico— 1 03 CMAP and 6.11 months in patients with absence of CMAP.
brachial The average time for unaided walking was 4.00 and
Unclassified 10 32 5.62 months for disability scores <3 and >3, respectively
Normal 36 1.1 (Figure 2)
CMAP amplitude >50% LLN 119 37
<50% LLN 177 54 Walking Ability at 6 Months
Absent 28 9 For children with GBS, having a disability score of >3 (OR:

AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axo-
nal neuropathy; AMSAN, acute motor and sensory axonal neuropathy; CMAP, com-

pound muscle action potential; LLN, lower limit of normal.
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23.28, 95% CI: 1.24-431.77, P=0.03), having autonomic
nerve involvement (OR: 4.45, 95% CI: 1.66-11.97, P=0.003),
cranial nerve involvement (OR: 3.89, 95% CI: 1.43-10.57,
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Table 3. Factors associated with walking time in patients with GBS

Variables Walking time (months), P-value
mean + SD

Age (year)
<5 Years 3.17+£0.24 0.132%
>6 Years 2.52+0.38

Gender
Male 296+0.27 0.972%
Female 2.98+0.32

Pre-illness
GE 352+034 0.10°
UARI 248+0.28
Other 4.89+234
None 240+0.30

Disability score
<3 1.14+0.13 <0.001°
>3 3.66+0.26

Sensory/pain
No 3.03+£0.28 0.785%
Yes 292+0.31

Autonomic involvement
No 2.72+0.20 <0.001°
Yes 3.85+0.67

Cranial involvement
No 246+0.25 0.003°
Yes 3.71+£0.34

Electrophysiological pattern
Normal 251£0.72 0.011°
Unclassified 2.07£047
AIDP 252+0.29
Axonal 3.62+0.21

CMAP amplitude
>50% LLN 1.82+0.36 <0.001°
<50% LLN 240+0.23
Absent 5.52+0.68

AIDP, acute inflammatory demyelinating polyneuropathy; CMAP, compound muscle
action potential; GBS, Guillain-Barre syndrome; LLN, lower limit of normal.
“Independent-samples t-test.

®One-way ANOVA test.

P=0.008), and absence of CMAP (OR: 8.67, 95% CI: 1.09—
76.86, P=0.048) were found to be significantly associated
with poor walking outcome at 6 months (Table 4). In multi-
variate analyses, cranial nerve involvement (OR: 1.87, 95% CI:
1.07-2.61, P=10.008) and absence of CMAP (OR: 2.04, 95%
CL: 1.09-2.28, P=0.022) were found to be important and
independent poor predictors of unaided walking.
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The Kaplan-Meier curve indicates that patients with cranial
nerve involvement were more likely to experience delayed
walking. The estimated mean time to walk unaided was
12.17 months for children with cranial nerve involvement and
9.50 months for those without cranial nerve involvement.
Children with absence of CMAP amplitude could walk
independently in 10 months on average, if they could not
walk in 6 months.

DISCUSSION

This study reports outcomes and predictors of independent
walking in children suffering fromGBS in Iran. The strengths
of this study are the inclusion of a large number of patients
and the prospective nature of the data collection. The
reported mortality rate varied among different studies (5-
10%; ref. (15)). Approximately 10-30% of patients with GBS
may require mechanical ventilation (2,8,16). In this study,
9.6% of patients were eventually ventilated mechanically
during the hospital stay period, and the mortality rate was
1.5%. Differences in the mortality rate and use of mechanical
ventilation could be due to differences in the disease
spectrum, study population, supportive care, monitoring,
and decision to start artificial ventilation (8).

Long-term functional recovery in children has been better
than that in adults; this may be due to adults sustaining more
severe injuries or the shorter nerve length or better nerve
regeneration in the pediatric population (17). In a prospective
study in adults, independent walking occurred in 75% of
patients at 3-year follow-up (18). Although the results of the
current study showed a significant correlation between age
and time to walking, 96% of patients were eventually able to
walk independently over a period of 1 year. In this study,
patients of a younger age had poor outcomes for walking at
2 months; this may be due to immature nerve fibers in young
children. Less myelinated fibers are more vulnerable to nerve
injury in GBS (10). In a cross-sectional study by Vajsar et al.
(10), younger age and rapid disease progression were reported
to be poor predictors for walking in childhood GBS.

There is a paucity of prospective studies addressing long-
term recovery in childhood GBS. In a study by Korinthenberg
et al. (19), 95 children were evaluated prospectively, and 96%
of their patients recovered well within 12 months with
minimal functional deficit. The results of this study are
comparable to those of the current study.

There is a clinical prognostic scoring system for GBS in
adults; in this system, the following three factors are reported
as poor outcome predictors at 6 months: age >40 years,
history of diarrhea, and high disability score (2,20). In the
current study, in univariate analysis, patients with poor
outcome at 2 months were those with the age of <5 years,
history of gastroenteritis (GE), disability score > 3, autonomic
and cranial nerve involvement, axonal electrophysiologic
pattern, and absence of CMAP; however, at 6 months,
disability score >3, dysautonomia, cranial nerve involvement,
and absence of CMAP were poor outcome predictors.
However, in multivariate analysis, there was a significant

Copyright © 2017 International Pediatric Research Foundation, Inc.



Table 4. Factors affecting walking outcome at two and six months in patients with GBS.
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Variables Walking disability at 2 months Walking disability at 6 months
(%) P-value QOdds ratio (95% Cl) (%) P-value QOdds ratio (95% Cl)

Age (year)

<5 Years 47.4% 0.005% 2.39 (1.29-4.42)° 10.2% 04187 1.55 (0.53-4.48)

>6 Years 27.4% Reference group 6.8% Reference group
Gender

Male 40.9% 0.922° 1.03 (0.59-1.78) 7.8% 0.382° Reference group

Female 40.2% Reference group 11.3% 1.51 (0.60-3.80)
Pre-illness

UARI 47.7% 0.001° 2.37 (1.00-5.62) 0.0% 0.249° Reference group?

GE 58% 3.40 (1.77-6.53)° 18.0% 4.10 (0.75-23.23)

Other 54.5% 4.06 (0.84-19.74) 18.1% 3.96 (0.34-48.35)

None 24.0% Reference group 15.5% 4.15 (0.77-23.98)
Disability score

<3 5.4% <0.001° Reference group 0.0% 0.005° Reference group®

>3 53.9% 20.65 (6.19-68.95)° 13.0% 23.28 (1.24-431.77)*
Sensory/pain

No 40.5% 0.9412 0.98 (0.56—-1.70) 7.8% 0.346 Reference group

Yes 41.1% 1.02 (0.58-1.77) 11.6% 1.56 (0.617-3.93)
Autonomic nerve involvement

No 36.3% 0.003° Reference group 6.7% 0.005¢ Reference group

Yes 63.3% 3.07 (1.42-6.64)° 24.2% 4.45 (166-11.97)°
Cranial involvement

No 31.0% 0.001° Reference group 4.8% 0.005° Reference group

Yes 54.7% 2,69 (1.52-4.74)° 16.3% 3.89 (1.43-10.57)°
Electrophysiological pattern

Normal 30.0% 0.048° Reference group 5.0% 0.177¢ 1.12 (0.11-11.52)

Unclassified 33.3% 1.17 (0.22-6.28) 0.0% Reference groupd

AIDP 33.0% 1.15 (0.40-3.28) 6.6% 1.42 (0.20-9.95)

Axonal 51.6% 2.50 (1.01-7.06)° 14.3% 3.56 (0.51-24.58)
CMAP amplitude

>50% LLN 25.0% <0.001° Reference group 0.0% 0.014¢ Reference group®

<50% LLN 30.2% 1.30 (0.39-4.30) 6.0% 1.93 (0.24-15.67)

Absent 85.7% 18.0 (3.40-95.20)° 23.8% 8.67 (1.09-76.86)°

AIDP, acute inflammatory demyelinating polyneuropathy; Cl, confidence interval; CMAP, compound muscle action potential; LLN, lower limit of normal.

®Pearson x*-test.
PSignificant at 0.05 level.
Exact test.

%To overcome zero cell problem, Bayesian model for generalized linear modeling was applied.

association between poor functional outcome at 6 months
with cranial nerve involvement and absence of CMAP.

In a retrospective study, Varkal et al. (21) evaluated 40
children with GBS. Similar to the current study, they
suggested axonal motor involvement and acute gastrointest-
inal infection as predictors of a longer recovery period.

Clinical manifestations of GBS in children are different from
those in adults: pain and bulbar dysfunction are more frequent in
these patients (22). In our study, 39.4% had cranial nerve

Copyright © 2017 International Pediatric Research Foundation, Inc.

involvement, 45.9% had pain, and 164% had autonomic
dystfunction. Autonomic dysfunction can be seen in 23-66% of
GBS cases (2,19,23); lower rate of dysautonomia in this study
may be because of methods of evaluation. Autonomic dysfunc-
tion was evaluated based on bedside clinical examination without
any particular testing. In this study, patients with autonomic
dysfunction and cranial nerve involvement had significant
correlation with time to achieve independent walking; this is
comparable to the results of studies conducted in adults (23).
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Figure 1. Kaplan—-Meier curve, probability of independent walking
based on compound muscle action potential (CMAP) amplitude.
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Figure 2. Kaplan—Meier curve, probability of independent walking
based on disability score.

Axonal pattern and absence of or unobtainable CMAP in
electrophysiologic study, which that could be due to axonal
degeneration or conduction block, is one of the predictors of
poor outcome in this and other studies (23-25). Incidence of the
AIDP and AMAN forms of GBS varies in different regions,
which may be due to genetic background and inciting pathogens.
The frequency of AMAN in our region is higher than that in
Western countries (7). In a cross-sectional study on 37 children
followed up for up to 11 years, there was no significant
association between electrophysiologic pattern and outcome (9).
There is a significant correlation between axonal electrophysio-
logic pattern and CMAP amplitude with outcome at 2 months;
however, at 6 months, only CMAP amplitude had a significant
association with functional outcome in this study. The analysis of
long-term recovery in children with GBS is an under-investigated
area in Iran. Recently, Salehiomran et al. (26) have studied 17
children diagnosed with GBS in Iran, and have suggested a good
clinical outcome with no long-term disability.

On the basis of the findings of this study, children with a
disability score >3, autonomic and cranial nerve involve-
ment, and absence of CMAP had poor outcomes with respect
to achieving independent walking at 6 months. Therefore, in
patients who had these predictors, -early-rehabilitation
program has a role in preventing further side effects and
deconditioning secondary to immobility.
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