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Introduction: In the present study, sympathetic skin response (SSR) characteristics
were explored in children with Guillain—Barré syndrome (GBS) and the value
of early diagnosis and prognostic evaluation in GBS complicated by autonomic
dysfunction (AD) was evaluated.

Methods: A total of 25 children with GBS and 30 healthy controls (HCs) were
enrolled in this prospective study. SSR findings for the two groups were compared.
SSR and nerve conduction study (NCS) results were compared among patients
with GBS, and differences in clinical characteristics between the groups with
abnormal and normal SSR were analyzed.

Results: Within the GBS group, six patients (24%) required mechanical ventilation,
17 patients (66.7%) had AD, 18 patients (72%) had an abnormal SSR, and 13
patients (52%) had AD combined with SSR abnormalities. There was a statistically
significant difference in SSR latency in the lower limbs between the GBS group
and HCs (P < 0.05). There was no statistically significant difference between
SSR and NCS results in the acute phase of GBS (P > 0.05), and there was no
significant difference in the rate of AD or in Hughes functional grade at nadir
between the groups with abnormal and normal SSR (P>0.05). However, there
was a statistically significant difference between the results of SSR and NCS tests
during the recovery phase (P = 0.003). Abnormal SSR mainly occurred in cases
of the acute inflammatory demyelinating polyradiculoneuropathy (AIDP) subtype.
In addition, SSR was abnormal in all pediatric GBS patients with poor prognosis 1
month after onset of symptoms.

Conclusion: Two-thirds of the children with GBS have AD. SSR could be used for

early diagnosis and follow-up of GBS and may also be helpful in evaluating disease
severity and short-term prognosis.

KEYWORDS
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1. Introduction

Guillain-Barré syndrome (GBS) is the most common cause of acute flaccid paralysis in
children (1). The incidence of GBS in China is approximately 0.698 per 100,000 person-years,
and the incidence is lower in children than in adults (0.233 in children vs. 0.829 in adults)
(2). Acute inflammatory demyelinating polyradiculoneuropathy (AIDP) and acute motor
axonal neuropathy (AMAN) are the most common subtypes, accounting for ~69-90% and
5-70% of GBS cases, respectively (3). The diagnosis and classification of GBS in children
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is challenging, especially in younger children, where this
is more dependent on auxiliary examinations. Therefore,
electrophysiological examination is of great significance for the
early diagnosis, classification, and prognostic assessment of GBS.

Two-thirds of patients with GBS have autonomic dysfunction
(AD) (4), such as tachycardia, hypertension, or abnormal sweat
secretion. Some studies have shown that AD is an independent risk
factor for poor prognosis in patients with GBS and can even lead
to death (5, 6). Therefore, we should attach greater importance
to early detection of and intervention for AD in patients with
GBS. The sympathetic skin response (SSR) can be used to detect
the function of sympathetic nerve fibers by recording the skin-
sweating response via surface electrodes; this is a relatively objective
electrophysiological marker for analysis of autonomic functions
(7). SSR has been used in the diagnosis, differential diagnosis, and
assessment of prognosis in many neurological diseases, such as
diabetic peripheral neuropathy (8), amyotrophic lateral sclerosis
(9), and multiple sclerosis (10). The present study aimed to explore
the characteristics of the SSR in children with GBS and analyze
the value of early diagnosis and prognostic evaluation in GBS
complicated by AD.

2. Materials and methods

2.1. Participants

We prospectively recruited GBS patients who were admitted
to our neurology department between 2018 and 2022. Inclusion
criteria for the GBS group were as follows: (I) patients aged >4
years and <16 years; (II) those who met level 2 of the Brighton
criteria for GBS (11, 12); and (III) those who underwent at
least two neuroelectrophysiological tests (within 2 weeks of onset,
and between 4 and 8 weeks after onset). Patients with acute
chronic inflammatory demyelinating polyradiculoneuropathy or
other neuropathies (such as genetic, metabolic, or nutritional
neuropathy, or neuropathy with toxic causes) were excluded.
Children diagnosed with Tourette syndrome (aged >5 years and
<16 years) were selected for recruitment as healthy controls (HCs).
All HCs had unremarkable cranial magnetic resonance imaging
findings, were not taking any drugs with anti-cholinergic effects,
and presented without clinical features of nerve system damage
or any other autoimmune or oncological diseases. This study was
approved by the Ethics Committee of the Children’s Hospital of
Hebei Province.

2.2. Methods

2.2.1. Clinical and laboratory data

The following clinical characteristics were evaluated: presence
of preceding events; time from symptom onset to nadir; occurrence
of facial paralysis, bulbar paralysis, autonomic dysfunction (such as
tachycardia or bradycardia, hypertension or hypotension, urinary
retention, or sudomotor dysfunction); requirement for mechanical
ventilation; and form of treatment. Protein level and white blood
cell count in the cerebrospinal fluid were also analyzed.
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2.2.2. GBS disability score

Each patient’s degree of motor disability was assessed according
to Hughes functional grading (HG: 0 = normal functional state;
1 = minor signs or symptoms, able to run; 2 = able to walk
10 m without assistance, but unable to run; 3 = able to walk with
assistance; 4 = chair- or bed-bound; 5 = requiring mechanical
ventilation; 6 = death) (13) at nadir and at 1 month and 6 months
after onset of symptoms. Patients with HG >3 were classified as
having a poor outcome, and patients with HG <3 were classified as
having a good outcome.

2.2.3. Stratification of GBS patients by disease
course

Patients with GBS were stratified according to the timing of
symptom presentation from disease onset (3): the acute phase was
defined as the first 2 weeks after disease onset, the progressive phase
was usually 2-4 weeks after disease onset, and the recovery phase
was usually between 4 and 8 weeks of disease onset.

2.2.4. Sympathetic skin response recording

We recorded the SSR from both the left and right palmar
and plantar surfaces according to the Technical Standards of
the International Federation of Clinical Neurophysiology (14).
Recording electrodes were placed on the palmar and plantar
regions and reference electrodes were placed on the dorsa of
the hands and feet. An electrical stimulus (intensity: 20-40 mA;
duration: 0.2 ms) was applied to the contralateral median nerve
at the wrist. To overcome habituation and the ensuing variability,
inter-stimulus intervals varied randomly within the range of 40-
60 s, and the intensity of stimulation was increased progressively. At
least five consecutive SSR potentials were recorded, and the mean
value of all recorded SSR potentials was entered into analysis. Onset
latency was measured from the beginning of the stimulus to the first
continuous deflection from the baseline; N latency was measured
from the stimulus to negative deflection; and P latency was
measured from the stimulus to positive deflection. The latencies of
SSR were analyzed rather than aplitudes, as previous studies have
demonstrated that changes in the amplitude of the SSR can easily
occur in response to repeated electrical stimuli during habituation,
unlike latency (15). The results were considered abnormal when
no response was obtained or when latency exceeded the 97.5th
percentile among the HC:s.

2.2.5. Nerve conduction study

All procedures were performed on the upper and lower limbs.
Motor nerve conduction studies (MNCSs) were performed on the
median, ulnar, tibial, and peroneal nerves. F-waves were examined
in the median, ulnar, and tibial nerves. Sensory nerve conduction
studies of the median, ulnar, and sural nerves were performed.
The parameters included distal motor latency, distal and proximal
compound muscle action potentials, motor and sensory conduction
velocity, and minimal F-wave latency. GBS patients were classified
as having AIDP or AMAN based on the criteria described by
Hughes et al. (16).
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2.2.6. Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics
version 24 (IBM Corp., Armonk, N.Y., USA). The distribution
of all continuous variables was tested using the Kolmogorov-
Smirnov normality test. Normally distributed continuous variables
are reported in the form mean + SD and were compared using
the unpaired Student’s t test. Non-normally distributed continuous
variables are reported in the form of the median and interquartile
range (IQR) and were compared using the Mann-Whitney U test.
Categorical variables relating to clinical characteristics are reported
in the form of proportions and were compared using the chi-square
test or Fisher’s exact probability test. Comparisons of SSR and NCS
results obtained at early diagnosis of GBS and at follow-up were
performed using McNemar’s test. A p-value of 0.05 was significant.

3. Results

3.1. Clinical characteristics of pediatric GBS
patients

A total of 27 children with GBS met the inclusion criteria: one
patient with a pharyngeal-cervical-brachial subtype and one with a
paraparetic subtype were excluded, and the remaining 25 children
with GBS (14 male, 11 female) were recruited; of these 21, had AIDP
and 4 had AMAN, and the median age was 6 years (IQR = 5-8).

Among the GBS group, 17 patients (66.7%) had AD, including
nine with tachycardia, two with hypertension, four with urinary
retention, and six with sudomotor dysfunction. Additionally, 18
patients (72%) exhibited an abnormal SSR, among whom 13 (52%)
had autonomic dysfunction along with abnormal SSR findings,
while five (20%) had SSR abnormalities only. In addition, six
patients (24%) required mechanical ventilation, including five
patients with AD and an abnormal SSR.

3.2. SSR findings in pediatric GBS patients
and healthy controls

The HCs consisted of 30 patients (14 male and 16 female) with
a median age of 11 years (IQR = 8-12). SSR could be elicited in all
HCs, and the median onset latency of the SSR was 1.21s (IQR =
1.15-1.24) in the upper limbs and 1.69 s (IQR = 1.65-1.77) in the
lower limbs.

All GBS patients underwent neuroelectrophysiological tests
in the acute phase (median time since disease onset: 9 days),
and these showed absence of the SSR or prolonged latency. In
these tests, eight patients (32%) had an absent SSR in the upper
and lower limbs simultaneously, three patients (12%) exhibited
prolonged latency in the upper and lower limbs, and seven patients
(28%) exhibited prolonged latency in the lower limbs only. SSR
latencies (including onset and N latency) in the lower limbs were
significantly longer in the GBS group than in the HCs (P <
0.05). Overall, SSR abnormalities were more frequent in the GBS
group than in the HCs (y? = 32.108, P < 0.001). Twenty-three
patients also underwent neuroelectrophysiological examinations in
the progressive phase (median time since disease onset: 20 days).
In this phase, the SSR changed from the absence of a waveform
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to a response with a prolonged latency, or the prolonged latency
was gradually shortened. Finally, all GBS patients underwent
neuroelectrophysiological tests in the recovery phase (median time
since disease onset: 50 days); in this phase, the latency of the SSR
was further shortened until it returned to baseline (Figures 1, 2,
Table 1).

In the acute phase, 18 patients (72%) had an abnormal SSR and
16 patients (64%) had NCS abnormalities; the SSR abnormalities
did not differ statistically from the NCS abnormalities among the
GBS patients (P = 0.727). In addition, there were six patients (24%)
with abnormal SSR and 17 patients (68%) with abnormal NCS
findings in the recovery phase, and recovery of SSR occurred earlier
than that of NCS during the follow-up period in GBS (P = 0.003)
(Table 2).

3.3. Comparison of clinical data between
the abnormal and normal SSR groups

No significant differences were noted between the abnormal
and normal SSR groups in terms of neurological symptoms,
autonomic dysfunction, requirement for mechanical ventilation, or
Hughes grade at nadir, 1 month, or 6 months after symptom onset
(P > 0.05). Neither CSF counts (proteins and white blood cells)
nor duration of hospitalization differed significantly between these
two groups (P > 0.05). The abnormal SSRs mainly in patients with
AIDP subtype, although the difference between the two groups in
electrophysiological subtype (AIDP vs. AMAN) was not statistically
significant (P = 0.548), but abnormal SSRs occurred mainly in
patients with the AIDP subtype. Seven GBS patients (28%) had a
poor prognosis 1 month after symptom onset, and the SSR of all
these patients was abnormal. All children with GBS had a good
prognosis 6 months after onset (Table 3).

4. Discussion

GBS is an autoimmune acute inflammatory peripheral
spectrum disease typically characterized by limb weakness with
or without sensory disturbance. AIDP and AMAN are the most
common subtypes of GBS (17). The long-term prognosis of most
patients is considered to be good. However, approximately one-
fifth of patients with GBS remain unable to walk independently
(18). In this study, 6 (28%) and 18 (72%) of the 25 patients had
poor and good short-term prognoses, respectively, while all patients
(100%) were able to walk independently at 6-month follow-up,
indicating that the long-term prognosis in children with GBS is
better than that observed in adults; this can be attributed to the
stronger capacity for repair of the peripheral nerves in children.

The sympathetic skin response can be measured via the skin-
sweating response to detect the function of post-sympathetic
ganglionic C fibers as a reflection of autonomic dysfunction (19).
Several studies of SSR in GBS patients have shown that the main
findings are the absence of SSR and increased latency or decreased
amplitude of the response (7, 20). Most of the previous studies
attempted to examine the SSR changes in adult GBS patients
rather than pediatric GBS patients. In the present study, pediatric
GBS patients showed an absence of SSR and increased latency of
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FIGURE 1

Follow-up recordings of sympathetic skin response (SSR) in the upper (A) and lower (B) limbs from a 11-year-old boy with GBS. SSR characteristics
changed from the absence of a waveform on the fifth day since the onset to a prolonged latency on the 23th day, then returned to baseline on the

50th day.
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FIGURE 2

Follow-up recordings of sympathetic skin response (SSR) in the upper (A) and lower (B) limbs from a 8-year-old girl with GBS. The latency of the SSR
was shortened at days 10 and 23 until it returned to baseline on the 60th day.

SSR, and SSR abnormalities were observed in a higher proportion
of patients (72%) compared to the abovementioned studies. In
addition, SSR latency in the upper limbs was similar in patients with
GBS and in HCs, which could be explained by the fact that eight of
the 25 patients with GBS did not elicit waveforms; three of the 17
patients whose data were entered into the statistical analysis showed
prolonged onset latency of SSR in the upper limbs, and the sample
size for data collected from the upper limbs was relatively small.
The diagnosis of pediatric GBS can be challenging and is highly
dependent on electrophysiological studies and cerebrospinal fluid
examinations. However, ancillary examinations might produce
normal findings in the acute phase of GBS; therefore, there
is an urgent need to identify a sensitive and specific marker
that can be used not only to identify GBS in the acute phase
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but also to predict short- and long-term prognosis in clinical
practice. A nerve conduction study can be used to assess large
myelinated peripheral nerve fibers and is a useful tool for the
early diagnosis of GBS in children (21). In this study, there was
no difference between SSR and NCS findings in the acute phase
of GBS, suggesting that SSR could also be used for the early
diagnosis of GBS, especially when NCS is normal in the early
phase of GBS. Furthermore, the change in SSR occurred earlier
than the change in NCS during the recovery phase, indicating
that recovery of autonomic nerve fibers occurred earlier than
recovery of peripheral nerve fibers; we speculate that this is related
to the neural microstructure. The autonomic nerve is made up
of small, thin myelinated nerve fibers, whereas the peripheral
nerve is made up of large, myelinated efferent and afferent nerve
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TABLE 1 Comparison of SSR characteristics between GBS patients in the acute phase and healthy controls.

Variable GBS patients HCs Comparative test statistic P ‘
Number of participants 25 30

Age (years), median (IQR) 6 (5-8) 11 (8-12) Z=1.261 0.207
Male, n (%) 14 (56) 14 (46.7) X% =475 0.491
Body mass index (kg/m?), mean & SD 174£23 185+24 T = 0.555 0.584
SSR (palm)

Onset latency (s), median (IQR) 1.26 (1.17-1.31) 1.21 (1.15-1.24) Z =194 0.052
N latency (s), median (IQR) 1.85 (1.77-1.86) 1.85 (1.78-1.92) 7 = 0401 0.688
P latency (s), median (IQR) 2.78 (2.65-2.9) 2.88 (2.73-2.96) Z=10.768 0.433
SSR (sole)

Onset latency (s), median (IQR) 1.86 (1.69-2.11) 1.69 (1.65-1.77) 7 =2915 0.004
N latency (s), median (IQR) 2.7 (2.55-2.9) 2.4 (2.38-2.58) Z=3411 0.001
P latency (s), median (IQR) 3.5 (2.85-3.6) 3.17 (2.93-3.41) Z=1376 0.169

SSR, sympathetic skin response; HCs, healthy controls; Z, rank sum test statistic.

TABLE 2 Comparison of NCS and SSR findings in children with GBS.

Acute phase SSR Recovery phase SSR
Positive Negative Positive Negative
NCS Positive 13 3 5 12
Negative 5 4 1 7
McNemar test P-value 0.727 0.003

SSR, sympathetic skin response; NCS, nerve conduction study.

fibers. Peripheral nerve remyelination and axonal regeneration
are natural repair processes, and large nerve fibers need more
time to recover. Therefore, SSR could be used as an objective
electrophysiological marker for the early diagnosis and follow-up
of GBS.

It has been reported that the incidence of AD in children
with GBS is approximately 66.7%, and this is mainly characterized
by cardiovascular dysfunction (e.g., cardiac arrhythmia or blood
pressure instability), gastrointestinal dysfunction (e.g., ileus or
constipation), and excessive sweating (4). Consistent with previous
studies, 68% of the children with GBS in the present study had GBS
complicated by AD, with a higher incidence of hypertension or
tachycardia. Given the high clinical risk of autonomic morbidity,
identifying AD early in the course of GBS may be important (22,
23). Our study showed that 52% of patients had GBS complicated
by AD combined with an abnormal SSR, suggesting that an
abnormal SSR response indicates a high risk of AD. Therefore,
SSR could be used as a reflection of AD and could constitute an
objective electrophysiological marker for the early identification
of GBS complicated by AD in children. However, there were four
patients with autonomic dysfunction in the absence of an altered
SSR response; this could be explained by the fact that only a
few autonomic fibers were affected, and the duration of AD was
temporary and recovery was spontaneous.

Frontiersin Neurology

One cohort study of pediatric GBS complicated by AD has
shown that AD is significantly associated with increased severity
and poor prognosis of GBS (24). In the present study, there was
a trend toward correlation between SSR findings and poor clinical
motor function, as well as short-term prognosis of GBS. There were
13 (52%) patients with both AD and abnormal SSR findings, among
whom five patients underwent mechanical ventilation. Meanwhile,
the SSR findings of all patients with a poor short-term prognosis
were abnormal. These patients with both AD and abnormal
SSR findings had a greater need for mechanical ventilation and
more severe motor weakness, as well as experiencing slower
overall recovery. Findings on the correlation between SSR and
electrophysiological subtype of GBS have been inconsistent across
different studies. One study found that an absent SSR indicated
demyelinating neuropathy (20), while another has pointed out that
SSR abnormalities are associated with axonopathies (25). In our
study, SSR abnormalities mainly occurred in cases of the AIDP
subtype, and the test was also slightly helpful for differentiating
between electrophysiological phenotypes.

The limitations of our study are as follows. First, we mainly
analyzed latency of SSR, without considering amplitude. In future
studies, our team will analyze the amplitude of SSR and improve
the study of SSR in GBS. Second, the sample size was small. Thus,
we will enroll more children in the future to better investigate

05 frontiersin.org


https://doi.org/10.3389/fneur.2023.1177394
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Jin et al.

TABLE 3 Comparison of clinical data by SSR findings in GBS patients.

10.3389/fneur.2023.1177394

Variable GBS patients with GBS patients with Comparative
abnormal SSR normal SSR test statistic

Number of patients 18 7
Age (years), median (IQR) 6 (4-8) 6 (5-8) Z=10.031 0.976
Male, n (%) 9 (50) 5(71.4) — 0.407°
Preceding event, n (%) 14 (77.8) 5(71.4) 1.000*
Time from onset to nadir (days), median (IQR) 4(3-10) 10 (4-12) Z=1.739 0.082
Hughes grade at nadir, median (IQR) 4(2-5) 4(2-4) Z =1.052 0.293
Neurological symptoms, n (%)
Facial paralysis 4(22.2) 2 (28.6) — 1.000
Bulbar paralysis 6(33.3) 1(14.3) x> =0.208 0.648
Neuropathic pain 12 (66.7) 7 (100) — 0.137
Autonomic dysfunction, n (%) 13 (72.2) 4(57.1) — 0.640
Mechanical ventilation, 1 (%) 6(33.3) 0 — 0.137
Subtype, n (%) — 0.548

AIDP 16 (88.9) 5(71.4)

AMAN 2(11.1) 2(28.6)
Protein in CSF (g-L~!), median (IQR) 0.92 (0.69-1.69) 0.94 (0.77-1.74) Z=0.121 0.904
White blood cells in CSF (10°/L), 6 (2.75-11) 4(2-7) Z=0373 0.389
edian (IQR)
Treatment, n (%)

Vg 18 (100) 7 (100) — -

Plasmapheresis 3(16.7) 0 — 0.534*
Hughes grade at 1 month after onset, median (IQR) 2(1-4) 1(1-2) Z =1.600 0.110
Hughes grade at 6 months after onset, median (IQR) 0(0-1) 0 Z=0.732 0.464
Short-term prognosis, 7 (%) X2 =2.098 0.148

Good 11(61.1) 7 (100)

Poor 7(38.9) 0
Duration of hospitalization (days), median (IQR) 23.5(18-39.3) 24 (18-27) Z=0.759 0.449

GBS, Guillain-Barré syndrome; AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; Z, rank sum test.

2Fisher’s exact test.

the association between SSR and short- or long-term prognosis in

children with GBS.

In conclusion, children with GBS have a higher incidence of

AD. Sympathetic skin response is a useful electrophysiological tool
for assessment of AD and could be used for the early diagnosis
and follow-up of GBS; it may also be slightly helpful in evaluating
disease severity and short-term prognosis.
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