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Abstract Objective The risk factors for respiratory insufficiency in children with Guillain–Barré
syndrome (GBS) are poorly known. This study aimed to investigate the factors
associated with respiratory insufficiency in children with GBS.
Methods This retrospective study included children diagnosed with GBS by pediatric
neurologists and admitted at the Wuhan Children’s Hospital and other hospitals from
January 2013 to October 2022. The patients were divided into the respiratory
insufficiency and nonrespiratory insufficiency groups according to whether they
received assist breathing during treatment.
Results The median (interquartile range) age of onset of 103 patients were 5
(3.1–8.5) years, 69 (67%) were male, and 64 (62.1%) had a history of precursor
infection. Compared with the nonrespiratory insufficiency group, the respiratory
insufficiency group showed more facial and/or bulbar weakness (p¼0.002), a higher
Hughes Functional Grading Scale (HFGS) at admission (p< 0.001), and a shorter onset-
to-admission interval (p¼0.017). Compared with the acute motor axonal neuropathy
(AMAN) subtype, the acute inflammatory demyelinating polyneuropathy (AIDP)
subtype showed longer days from onset to lumbar (p¼0.000), lower HFGS at
admission (p¼0.04), longer onset-to-admission interval (p¼0.001), and more cranial
nerve involvement (p¼0.04). The incidence of respiratory insufficiency between AIDP
and AMAN showed no statistical difference (p>0.05).
Conclusion In conclusion, facial and/or bulbar weakness, HFGS at admission, and
onset-to-admission interval were associated with respiratory insufficiency andmight be
useful prognostic markers in children with GBS.
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Introduction

Guillain–Barré syndrome (GBS) is a rare autoimmune acute
polyradiculoneuropathy with potentially severe symptoms,
usually presenting with bilateral weakness in limbs starting
from distal to proximal.1,2 The annual incidence is 0.8 to 1.9
cases/100,000 persons, increasing with age. The anatomical
distribution of the initial symptomatic involvement in the
peripheral nervoussystemvarieswidelyand typicallydoesnot
follow a distal-to-proximal gradient. GBS is clinically hetero-
geneous: the classic presentation of GBS features progressive
(ascending) limbweakness associated with reduced or absent
reflexes. However, patients can present with localized weak-
ness and these variants include a pharyngeal–cervical–brachi-
al variant and facial diplegia with paraesthesia. Patients can
also present with completely different sets of clinical features
to classic GBS but can share similar serological biomarkers.
These disorders related to GBS includeMiller Fisher syndrome
(MFS) and Bickerstaff brainstem encephalitis. Recognizing the
clinical patterns categorized under the wide umbrella of GBS
allows for more timely and accurate diagnosis, and for treat-
ment to be initiated without delay.3

ThediagnosisofGBSisbasedonclinicalfeaturesandauxiliary
examinations. Nerve conduction study and cerebrospinal fluid
(CSF) examination are essential for diagnosing GBS.1,2 At the
early stages of disease, nerve conduction can be normal, but in
most patients there is evidence of a neuropathy. Some early
studies on nerve conduction changes in GBS include absent
Hoffmann reflexes and F waves, and abundant Awaves.3–5 The
selective rise in CSF total protein (CSF-TP), historically labeled
“albuminocytologic dissociation,” is time-dependent.1,2

GBS is one of the leading causes of acute flaccid paralysis in
children and pain may be the primary symptom leading to a
consultation with the pediatrician.6 Although most children
with GBS have a favorable prognosis, respiratory insufficiency
is one of the most severe complications of GBS.1,2 Respiratory
insufficiency is a potential life-threatening complication of
GBS and it is associated with higher incidence of morbidi-
ty.1,2,7,8 Therefore, predicting respiratory insufficiency is nec-
essary for the proper management of children with GBS. The
validatedpredictors of respiratory insufficiency include serum
albumin, forcedvital capacity (FVC), negative inspiratory force,
and the Erasmus GBS Respiratory Insufficiency Scale (EGRIS),
as well as rapid disease progression, inability to cough, stand,
or raise thehead, bulbar dysfunction, bilateral facialweakness,
insufficient foot flexion (at the end of immunotherapy), and
dystonia.9–13 The prognostic value of CSF-TP for respiratory
insufficiency in GBS remains controversial.14–16

To date, very few studies investigated the predictors of
respiratory insufficiency in childhood. Therefore, the present
study investigated the factors associated with respiratory
insufficiency in childhood GBS. The results could help guide
the management of children with GBS.

Material and Methods

This retrospective study included children diagnosed with
GBS by pediatric neurologists17 and admitted at the Wuhan

Children’s Hospital, and Pediatric Union unit from Janu-
ary 2013 to October 2022. The inclusion criteria were (1) 1
to 18 years of age and (2) diagnosed with GBS. The exclusion
criteria were (1) diagnosis of acute onset of chronic inflam-
matory demyelinating polyneuropathy, (2) diagnosis of other
autoimmune diseases, (3) diagnosis of central nervous sys-
tem infections, or (4) alternative diagnosis should be exclud-
ed after follow-up. The study was approved by the Wuhan
Children’s Hospital ethics committee (#2021R110-E02) and
was performed in accordance with the Helsinki Declaration.
The patients were divided into the respiratory insufficiency
and nonrespiratory insufficiency groups according towheth-
er they received assisted breathing (mechanical ventilation)
during treatment.

Demographic and disease-specific data, including
electrophysiological subtypes, cranial nerve involvement,
sensory nerve involvement, autonomic nerve involvement,
history of precursor infection, treatments, and CSF-TP, were
collected from the patient charts and pediatric neurology
clinic records. The functional status was graded at onset
according to the Hughes Functional Grading Scale (HFGS):
grade 0¼normal, grade 1¼minor signs and symptoms,
grade 2¼walks 5 m without a walker or support, grade
3¼walks 5 mwith awalker or support, grade 4¼bed rest or
wheelchair required, grade 5¼ assisted ventilation required,
and grade 6¼death.18

The children were classified as acute inflammatory de-
myelinating polyneuropathy (AIDP), axonal subtype (acute
motor axonal neuropathy [AMAN] or acute motor and sen-
sory axonal neuropathy), or equivocal subtype based on the
existing electrodiagnostic criteria.19 If a patient had two
nerve conduction studies during the hospital stay, we based
on the Second one. According to clinical criterion, GBS was
classified into classical GBS and MFS.17

All analyses were performed using SPSS 21.0 (IBM,
Armonk, New York, United States). Continuous data were
tested for normal distribution using the Kolmogorov–Smir-
nov test. The continuous variableswith a normal distribution
were described as means� standard deviations and tested
using Student’s t-test. The continuous variables with a
skewed distributionwere presented asmedian (interquartile
range [IQR]) and compared using the Mann–Whitney U test.
The categorical variables were described as n (%) and com-
pared using the chi-square test or Fisher’s test. Two-sided
p-values of<0.05 were considered statistically significant.

Results

The median (IQR) age of onset of 103 patients were 5
(3.1–8.5) years, 69 (67%) were male, and 64 (62%) had a
history of precursor infection. There were no differences in
median age of onset and sex between the two groups
(all p>0.05) (►Table 1).

Autonomic dysfunction was observed in 16 (15.5%)
patients. All the patients had nerve conduction study, 50
patients had more than two nerve conduction studies. The
interval from onset to first nerve conduction study ranged
from 7 to 30 days and the interval from onset to the second
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nerve conduction study ranged from28 to 60 days. According
to the second nerve conduction result, there were 63 classi-
fied as AIDP, 22 classified as AMAN, 9 classified as equivocal
subtype among classic GBS. 3 MFS had absent Hoffmann
reflexes in nerve conduction study, and 6 MFS had normal
nerve conduction study. Nine patients had mechanical ven-
tilation and 3 of them had tracheotomy. Among all 103
children, 15 (14.6%) showed no increase in CSF protein, while
88 (85.4%) had albumin cytological dissociation in CSF. The
CSF-TP levels of the 103 children were 0.93 (0.65–1.50) g/L.
The interval from onset to lumbar puncture was 11 (7–15)
days. Comparedwith the nonrespiratory insufficiency group,
the
respiratory insufficiency group showed a higher HFGS at
admission (p<0.001), more facial and/or bulbar weakness
(p¼0.002), and shorter onset to admission interval
(p¼0.017) (►Table 1, ►Figs. 1–2). ThecomparisonbetweenAMANsubtypeandAIDPsubtype:

Compared with the AMAN subtype, the AIDP subtype had
longer days from onset to lumbar (p¼0.000), lower HFGS at
admission (p¼0.04), longer onset-to-admission interval
(p¼0.001), and more cranial nerve involvement (p¼0.04)
(►Table 2).

Discussion

The results suggest that facial and/or bulbar weakness, HFGS
at admission, and onset-to-admission interval were associ-
ated with respiratory insufficiency in children with GBS.

The EGRIS is a model based on the time from onset of
weakness to hospital admission, presence of facial or bulbar
weakness, and the Medical Research Council sum score at
admission that was found to predict the possibility of
respiratory failure within the first week of admission in

Fig. 1 HFGS at admission between the two groups. Boxes represent
the medians and the 25th and 75th quartiles. Mann–Whitney U test
was used to analyze the data. HFGS, Hughes Functional Grading Scale.

Table 1 The clinical features between GBS with respiratory insufficiency and without respiratory insufficiency

All, n¼ 103 GBS with respiratory
insufficiency, n¼ 9

GBS without respiratory
insufficiency, n¼94

p

Age of onset (y),median (IQR) 5 (3.1–8.5) 7.3 (3.25–10.4) 4.96 (2.88–8.5) 0.6

Male, n (%) 69 (67.0) 7 (77.8) 62 (66.0) 0.5

History of precursor infection, n (%) 64 (62.1) 6 (66.7) 58 (61.7) 0.8

CSF-TP (g/L),median (IQR) 0.93 (0.65–1.5) 1.8 (0.68–2.60) 0.9 (0.61–1.28) 0.08

Days from onset to lumbar, median (IQR) 11 (7–15) 11 (7.8–12.5) 11 (7–15) 0.5

Autonomic dysfunction, n (%) 16 (15.5) 1 (11.1) 15 (16.0) 0.7

AIDP, n (%) 63 (61.2) 6 (66.7) 57 (60.6)

AMAN, n (%) 22 (21.4) 2 (22.2) 20 (21.3)

Equivocal subtype, n (%) 9 (8.7) 1 (11.1) 8 (8.5)

MFS, n (%) 9 (8.7) 0 9 (9.6) 0.8

HFGS at admission, median (IQR) 2 (2–3) 4 (3.75–4) 2 (2–3) < 0.001

Onset to admission interval, median (IQR) 7 (4–12) 4 (2.8–4) 7 (4–13.5) 0.017

Facial and/or bulbar weakness, n (%) 32 (31.1) 7 (77.8) 25 (26.6) 0.002

Abbreviations: AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; CSF-TP, cerebrospinal fluid-total
protein; GBS, Guillain–Barré syndrome; HFGS, Hughes Functional Grading Scale; IQR, interquartile range; MFS, Miller Fisher syndrome.
Note: Bold indicates statistical significance.

Fig. 2 Interval from onset to admission between the two groups.
Boxes represent the medians and the 25th and 75th quartiles. Mann–
Whitney U test was used to analyze the data.
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patients with GBS.20 In the present study, facial and/or
bulbar weakness associated with respiratory insufficiency,
as supported by the EGRIS model and previous stud-
ies.11,12,20 In addition, the HGFS at admission was also
associatedwith respiratory insufficiency. The HFGS is related
to the severity of GBS.21 The HFGS was included in a predic-
tive score for mechanical ventilation in GBS.22 Therefore,
facial and/or bulbar weakness and HFGS at admission could
be useful and easy-to-assess indicators of respiratory insuf-
ficiency. Sometimes pain may be the chief complain among
pediatric GBS,23,24 it could influence the symptoms that can
be observed at admission. Future studies should quantify and
analyze the progression of the symptoms in time and their
association with the eventual requirement for respiratory
insufficiency during hospitalization.

Albumin cytological dissociation in CSF is an important
parameter for diagnosing GBS. The association between
CSF-TP and the requirement for respiratory insufficiency in
patients with GBS is controversial.14,25 In the present study,
CSF-TP was not associated with respiratory insufficiency.
Various reasons could be responsible for the discrepancies,
including the patients’ condition, age, and interval to lumbar
puncture. Especially, this interval is controlled in a retro-
spective study and relies on the original clinical decisions,
possibly attenuating the association.

AMANandAIDPwere themain subtype inGBS. In contrast
to AIDP, AMAN have been described to have a more rapid
progression with less frequent cranial nerve and autonomic
involvement than AIDP.26 Our findings are slightly different
from the results of previous reports in adults.26 This may be
partially explained by autonomic involvement such as blood
pressure are not routine examination item among pediatric
GBS. Electrophysiological subtype as a prognostic factor in
respiratory insufficiency has been controversial. Pediatric
GBS-indicated axonal type is associated with increased risk
for mechanical ventilation in children with GBS.20 No differ-
encewas found in the requirement of mechanical ventilation
between children with acute inflammatory demyelinating

polyradiculoneuropathy and AMAN in a study conducted in
childhood GBS of India.27 These inconsistencies between
studies indicate that the value of electrophysiological char-
acteristics in predicting the need for mechanical ventilation
in patients with GBS is yet to be validated. This may be
partially explained by regional differences in electrophysio-
logical subtypes of GBS: the demyelinating subtype is
reported to be the predominant subtype in Europe and South
America, while the axonal type is more common in Asian
countries.28

There are several limitations in the present study. It was
conducted with a limited number of patients. As a retrospec-
tive study, these results cannot be used to determine clinical
practice. Multicenter prospective studies with large number
of patients are needed to develop a model to predict respira-
tory insufficiency in children with GBS. Unable to get neces-
sary equipment and poor cooperation in young children, the
observation of autonomic dysfunction was difficult to be
found during disease, respiratory function such as negative
respiratory force and FVC were not available in this investi-
gation. Unable to get serial conduction studies in all patients
may lead to incorrect subtype in some patients. Unable to get
antibody at admission is also our limitation, since the
correlation between severity of GBS and antibody status
could teach us a lot about the pathogenesis.

Conclusion

In conclusion, facial and/or bulbar weakness, HFGS at admis-
sion, andonset-to-admission intervalwereassociatedwith the
need for respiratory insufficiency and might be useful prog-
nostic markers in children with GBS. Once confirmed, these
results couldhelp guide themanagementofchildrenwithGBS.

Ethical Statement
We confirm that we have read the Journal’s position on
issues involved in ethical publication and affirm that this
report is consistent with those guidelines.

Table 2 The comparison between axonal subtype and AIDP

AMAN (n¼ 22) AIDP (n¼ 63) p

Age of onset (y), median (IQR) 5 (2.6–7.9) 5.4 (3.3–10) 0.43

Male, n (%) 13 (59) 46 (73) 0.22

History of precursor infection, n (%) 17 (77) 36 (57) 0.09

CSF-TP (g/L), median (IQR) 0.87 (0.59–1.32) 1.1 (0.77–1.99) 0.06

Days from onset to lumbar, median (IQR) 8 (5–10.3) 12 (8–17) 0.000

Autonomic dysfunction, n (%) 4 (18) 11 (17) 0.9

HFGS at admission, median (IQR) 3 (2–4) 2 (2–3) 0.04

Onset to admission interval, median (IQR) 4 (3–7) 7 (4–14) 0.001

Cranial nerve involvement, n (%) 5 (22.7) 30 (47.6) 0.04

Respiratory insufficiency 2 (9) 6 (10) 0.9

Abbreviations: AIDP acute inflammatory demyelinating polyneuropathy; AMAN acute motor axonal neuropathy; CSF-TP cerebrospinal fluid-total
protein; HFGS, Hughes Functional Grading Scale; IQR, interquartile range.
Note: Bold indicates statistical significance.
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