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Abstract

Objective The current study aimed to investigate autonomic dysfunction in Guillain—Barré syndrome (GBS) patients and
describe the results of computational heart rate variability (HRV)/baroreflex sensitivity (BRS) and autonomic challenge tests.
Methods GBS patients were consecutively recruited and the results were compared to age- and gender-matched healthy
controls. A series of autonomic function tests including computation-dependent tests (power spectrum analysis of HRV
and BRS at rest) and challenge maneuvers (deep breathing, eyeball compression, active standing, the Valsalva maneuver,
sustained handgrip, and the cold pressor test) were performed.

Results Ten GBS patients (six men; mean age =40.1 +13.9 years) and ten gender- and age-matched healthy controls were
recruited. The mean GBS functional grading scale at disease plateau was 3.4 + 1.0. No patients required intensive care
unit admission or mechanical ventilation. Low-frequency HRV (p =0.027), high-frequency HRV (p =0.008), and the total
power spectral density of HRV (p=0.015) were significantly reduced in patients compared to controls. The mean up slope
(»=0.034), down slope (p=0.011), and total slope (p =0.024) BRS were significantly lower in GBS patients. The diastolic
rise in blood pressure in the cold pressor test was significantly lower in GBS patients compared to controls (p =0.008).
Interpretation Computation-dependent tests (HRV and BRS) were more useful for detecting autonomic dysfunction in
GBS patients, whereas the cold pressor test was the only reliable challenge test, making it useful as a bedside measure of
autonomic function in GBS patients.

Keywords Guillain—Barré syndrome - Autonomic dysfunction - Autonomic function test - Heart rate variability - Baroreflex
sensitivity

Introduction

Guillain—Barré syndrome (GBS) is an immune-mediated dis-
ease of the peripheral nerves characterized by acute or suba-
cute onset of weakness with areflexia and sensory deficits
[1]. Besides motor and sensory deficits, GBS is often asso-
ciated with autonomic involvement such as cardiovascular,
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vasomotor, sudomotor, or gastrointestinal dysfunction in
both the sympathetic and parasympathetic nervous systems.
Signs of sympathetic and parasympathetic failure may be
present, as well as overactivity of the sympathetic and para-
sympathetic nervous systems. Various studies have reported
the mortality rate in cases of GBS to be 3—13%, usually due
to respiratory, cardiovascular, or autonomic complications
[2-4]. Approximately 50% of the mortality due to GBS can
be attributed to autonomic dysfunction [5, 6]. Serious auto-
nomic complications may present as cardiac arrhythmias,
sustained or episodic hypertension, pronounced blood pres-
sure (BP) fluctuations, or orthostatic hypotension. Advances
in mechanical ventilation and critical care along with immu-
notherapy have led to a reduction in the mortality associated
with GBS to 2.8%, or approximately 3.9% in patients with
extended follow-up at 12 months [4]. Given that half of the
mortality rate associated with GBS is related to autonomic
dysfunction, it is crucial to identify and address symptoms
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such as cardiac arrhythmias earlier. The use of autonomic
function tests (AFT) is crucial to identifying and monitor-
ing autonomic disturbances in GBS patients, as autonomic
dysfunction may occur subclinically [7].

The assessment of autonomic nervous system function
using classical challenge maneuvers is often difficult, as
severely disabled and mechanically ventilated GBS patients
are unable to perform such maneuvers [8]. Up to 30-56%
of patients with GBS require mechanical ventilation in an
intensive care unit [9, 10]. Newer methods of assessment
using computation-dependent methods such as heart rate
variability (HRV) and baroreflex sensitivity (BRS) offer a
solution to this issue, as they require minimal patient coop-
eration. HRV is a measure of the fluctuations in the heart
rate (HR) over time and can be determined at rest. It can be
determined using either time- or frequency-domain analysis.
Time-domain analysis using a simple statistical formula such
as the standard deviation is simpler than frequency-domain
analysis, in which oscillations in HR are measured at differ-
ent frequencies [11]. However, frequency-domain analysis
has the advantage of being able to differentiate sympathetic
and parasympathetic function. HR oscillations at different
frequencies can be measured by different methods, which
can be classified into nonparametric methods (e.g., the fast
Fourier transform) and the parametric autoregressive method
[11]. Oscillations within the high-frequency range are a
measure of parasympathetic function, whereas oscillations
within the low-frequency range are attributed to sympathetic
control, although a parasympathetic influence can also be
observed. Autonomic function can also be determined at rest
by assessing baroreflex sensitivity. The autonomic balance
that maintains the BP is delicately regulated by barorecep-
tors in the carotid sinuses and aortic arch [12]. Defects in
baroreceptor reflex sensitivity occur when these receptors no
longer respond optimally. BRS is typically measured non-
invasively using synchronized continuous BP measurement
and HR measurement [13].

In the current study, we consecutively investigated the
autonomic dysfunction of patients with GBS by adminis-
tering quantitative computational and challenge tests. We
examined the results of HRV/BRS and autonomic challenge
tests and determined bedside measures that best reflect auto-
nomic dysfunction in patients with GBS.

Methods

All consecutive patients who fulfilled the diagnostic cri-
teria for GBS or a variant of it [15] and presented to the
University of Malaya Medical Center from September
2015 to February 2017 were recruited. Subjects with pre-
existing conditions that could involve the autonomic nerv-
ous system were excluded, such as (1) those known to
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have cardiac arrhythmias (other than atrial fibrillation), (2)
those with diabetes mellitus/impaired glucose tolerance
who had shown symptoms of autonomic dysfunction, (3)
those on medications with known effects on autonomic
function. Age- and gender-matched healthy controls were
also recruited for comparison. The study was approved by
the local ethics committee (MECID no: 20158-1544) and
all patients provided written informed consent.

Routine assessments of patients, such as the Medical
Research Council (MRC) sum score [16], the GBS dis-
ability scale [17], lumbar puncture and nerve conduction
studies (NCSs) [18], were performed as per the standard
protocol before subjecting the patients to AFTs. The MRC
sum score is defined as the sum of the MRC scores of six
muscle groups bilaterally, which results in a sum score
ranging from O (paralysis) to 60 (normal strength). The
GBS disability scores (GDS) were: 0, healthy, no signs
or symptoms of GBS; 1, minor symptoms or signs and
able to run; 2, able to walk 5 m without assistance; 3, able
to walk 5 m with assistance; 4, chairbound/bedbound; 5,
requiring assisted ventilation; and 6, dead [17]. NCSs were
performed as described elsewhere [18]. At least two limbs
were assessed, including four motor nerves and three sen-
sory nerves, as well as F-wave latencies. Reference values
were derived from NCSs performed on normal subjects
at our laboratory. An electrodiagnosis of acute inflamma-
tory demyelinating polyneuropathy (AIDP) or axonal GBS
was made based on Ho’s and Hadden’s electrodiagnostic
criteria [19, 20]. According to these criteria, patients were
classified based on the results of their electrophysiology
studies as AIDP, axonal, unclassified, or normal.

Together with the NCS, sympathetic skin response
(SSR) was performed using the same electromyography
machine. SSR was recorded according to a previously
described method using surface electrodes [21]. The active
electrode was attached to the palm or sole, and the refer-
ence electrode to the dorsum of the hand or foot, respec-
tively. Electrical stimulation of intensity 30 mA and dura-
tion 0.2 ms was delivered to the wrist contralateral to the
recording side. An amplification sensitivity of 100 uV/
division and a sweep speed of 500 ms/division were used.
The low-frequency filter setting was 0.2 Hz. The responses
were recorded as either absent or present. SSR was con-
sidered absent if no response was recorded after at least
three attempts to provide unexpected stimuli at irregular
intervals.

Autonomic function tests were performed on all patients
soon after the diagnosis of GBS was made and before the
start of treatment. Prior to the AFTs, patients were assessed
at the bedside for any evidence of clinically overt autonomic
dysfunction based on HR and BP monitoring, a 12-lead elec-
trocardiogram (ECG), sweating abnormalities, or sphincter
disturbances.



Clinical Autonomic Research (2019) 29:339-348

341

Autonomic function tests were performed in the labo-
ratory whenever possible, and at the bedside whenever
patients were medically unstable or unable to transfer to
a wheelchair. Standardized conditions were maintained
as follows. The temperature was maintained at 24-27 °C.
Each subject lay quietly for at least 10 min before testing.
Continuous beat-to-beat BP measurements were obtained
using the vascular unloading method from the index or
ring finger using the Task Force™ Monitor (CNSystems,
Austria). The vascular unloading method involves obtain-
ing the blood pressure using a small pressurized cuff posi-
tioned over a finger in conjunction with a photoplethys-
mograph. A synchronized continuous ECG signal was
obtained with the standard limb leads. Patients were asked
to avoid caffeinated drinks at least 6 h prior to testing.

Autonomic nervous system function was assessed using
both computational tests (power spectrum analysis of HRV
and BRS) and challenge maneuvers (deep breathing, eye-
ball compression, active standing, the Valsalva maneuver,
isometric exercise, and the cold pressor test), as described
in further detail in the Electronic supplementary mate-
rial (ESM). Parasympathetic function was represented by
high-frequency (HF) HRYV, heart rate responses to deep
breathing, eyeball compression, the Valsalva maneuver,
and active standing. Sympathetic function was represented
by low-frequency (LF) HRYV, blood pressure responses to
active standing, the Valsalva maneuver, sustained hand-
grip, and the cold pressor test through hand immersion
in ice water.

The challenge maneuver tests were abandoned if the
patients were unable to perform them because of facial
weakness (the Valsalva maneuver), lower-limb weakness
(active standing), or distal hand weakness (handgrip).

Statistical analysis

The statistical package SPSS was used for statistical analysis.
The distributions of all continuous variables were checked
using the Kolmogorov—Smirnov normality test. Continuous
variables with normal distributions were expressed as the
mean + standard deviation (SD) and were compared using
the Student ¢ test. Continuous variables with non-normal dis-
tributions were expressed as the median and the interquartile
range and were compared using the Mann—Whitney U test.
For categorical variables, the chi-square test was used. A p
value of <0.05 was considered statistically significant.

Results
Clinical characteristics of the patients

Ten GBS patients (six men) and ten gender- and age-
matched healthy controls were recruited. Nine patients
had GBS and one had a variant of GBS, Miller Fisher syn-
drome (MFS). The mean age was 40.1 + 13.9 years (range
21-66 years). None of the patients had a prior history of
cardiac arrhythmias, diabetes mellitus/impaired glucose tol-
erance, or were on any adrenergic medications that would
affect the autonomic nervous system. Table 1 describes the
baseline clinical characteristics and laboratory features of
the GBS patients. The mean MRC and disability scores at
the time of assessment were 51.04+7.3 and 3.1+ 1.2, respec-
tively. No patients required intensive care unit admission or
mechanical ventilation at presentation or nadir. At disease
nadir, the mean MRC and disability scores were 49.6 +7.2
and 3.4 + 1.0, respectively. Electrodiagnosis of the GBS

Table 1 Demographic clinical characteristics and laboratory features of the ten patients with GBS

Patient no. Age (years) Sex RR®*(bpm) MRC sum score® Disability score® CSF protein SSR Clinical ~ Onset to AFTs (days)
(0.15-0.45 mg/ diagnosis
dl)

1 21 M 14 52 3 0.32 + GBS 21

2 30 M 20 58 1 0.23 - GBS 7

3 66 F 16 52 4 2.04 - GBS 11

4 37 M 16 48 4 ND + GBS

5 45 M 20 60 1 0.37 + MFS

6 27 M 16 40 3 0.15 - GBS 25

7 53 F 18 38 4 0.23 - GBS 22

8 34 F 16 56 4 0.26 + GBS 8

9 53 F 14 50 4 0.87 - GBS 32

10 35 M 18 56 3 0.44 + GBS 6

Mean+SD 40.1+13.9 16.8+22 51.0+7.3 31x12 0.55+0.60 142+9.9

M male, F female, RR respiratory rate, CSF cerebrospinal fluid, ND not done, AFT autonomic function test, SSR sympathetic skin response, MFS
Miller Fisher syndrome, GBS Guillain-Barré syndrome, + present, — absent

2At the time of AFT assessment

@ Springer



342

Clinical Autonomic Research (2019) 29:339-348

patients indicated that four were axonal, one was AIDP, two
were unclassified, and three were normal (Table 2). SSR
were absent in five patients (three axonal, one AIDP, and one
unclassified patient), and three of those five were older than
50 years old (Table 1). Based on routine bedside monitor-
ing, including ECG recording and BP/HR measurements, no
patients displayed overt clinical autonomic dysfunction (i.e.,
BP fluctuations, sustained tachycardia, tachy—brady arrhyth-
mias, or gastrointestinal or urinary symptoms). All patients
were either still in the progressive phase or had reached the
neurological nadir (mean=14.2 +9.9 days) when the AFTs
were performed. Three cases (patients 4, 5, and 10) pre-
sented early with a confirmed diagnosis, so the AFTs were
also performed early in these patients (within 5-6 days after
onset). The tests were performed promptly after the diagno-
sis was made and before the initiation of treatment. There
was no delay in providing treatment (intravenous immuno-
globulin/plasma exchange) to patients.

Autonomic function tests

The results of formal autonomic function testing are shown
in Table 3. Ten healthy controls—six men and four women—
aged 39.9 + 14.5 years (range 21-66 years) were studied for
comparison. There were no significant differences between
the patient and control groups in age and gender distribu-
tion. Because some of the patients had motor disability and
facial weakness, the complete battery of AFTs could not be
effectively applied to every patient. Active standing could
not be performed by five patients, the Valsalva maneuver by
three patients, and sustained handgrip by one patient.

Resting heart rate variability

All patients had a normal respiratory rate at rest before the
test (range: 14-20 breaths per minute) (Table 1). In the time-
domain analysis of HRV, AVNN (p =0.003) and SDNN
(»p=0.019) were reduced in GBS patients when compared
with controls. In the frequency-domain analysis, low-fre-
quency HRV (p=0.027), high-frequency HRV (p =0.008),
and the total power spectral density of HRV (p =0.015) were
significantly reduced in GBS patients compared to controls.
The three patients who presented early showed a signifi-
cantly lower AVNN (p=0.003) and HF-RRI (p=0.011)
when compared with the controls in a subgroup analysis.

Resting baroreflex sensitivity

Up slope (p=0.034), down slope (p=0.011), and total slope
(p=0.024) BRS were significantly lower in the GBS group
compared with controls. The three patients who presented
early also showed a significantly lower down slope (p=0.011)
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and total slope (p =0.025) BRS when compared to controls in
a subgroup analysis.

The HRV and BRS of each patient were analyzed (Table 4)
and compared to published normal ranges [26—28]. Nine
patients were found to have abnormal HRV and seven patients
had abnormal BRS. The up slope BRS for patient 7 was unde-
tectable because there were no effective upward ramps.

Challenge tests

Among the challenge AFTs, only the cold pressor test showed
statistically significant differences between the groups, with a
lower rise in diastolic BP in the GBS group compared to the
controls (p=0.008). Other challenge AFTs (deep breathing,
eyeball compression, active standing, the Valsalva maneuver,
and sustained handgrip) did not show any significant differ-
ences between the groups. However, when individual cases
were compared to published normal values, all of the GBS
patients (regardless of the electrodiagnosis) showed abnor-
mal responses in some or all of the tests. The CPT was fur-
ther analyzed in comparison to HRV and BRS using a 2 X2
“paired contingency” table to evaluate the sensitivity of each
test. Generally, the sensitivity of the CPT ranged between 71.4
and 85.7% across all parameters (HRV, BRS) when detecting
autonomic dysfunction in GBS (Table 5).

Of the five patients who were able to perform active
standing, four had orthostatic hypotension based on the con-
sensus [24]. All four patients showed significant drops in
diastolic BP, while one patient presented a significant drop in
systolic BP. However, there was no significant difference in
mean systolic or diastolic BP drop when compared to control
subjects (AS-dSBP: p=0.717; AS-dDBP: p=0.996). The
difference was marginally significant for heart rate response
to active standing (AS-30:15 ratio: p=0.055) when com-
pared to control subjects. Studies involving a larger sample
are warranted to reveal more significant differences.

One patient showed abnormal sensitivity to eyeball pres-
sure compression, with a RRI of 1700 ms and a minimum
HR response of 35 bpm (data not shown). However, the HR
normalized spontaneously within 1.7 s. No patient devel-
oped serious bradyarrhythmias or required administration of
atropine or cardiopulmonary resuscitation during the eyeball
pressure compression procedure. None of the GBS patients
and control subjects developed complications from eyeball
compression following the procedure or during subsequent
follow-up.

Discussion

There were significant differences in autonomic function
between the GBS patients and the control group when using
the cold pressor test and in HRV and BRS. No significant
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Table 2 Electrophysiological Patient 1 ) 3 4 5 6 7 3 9 10
data for the ten GBS patients Neurophysiologi- UC ~ AMSAN UC AMSAN Normal AMAN AMSAN Normal AIDP Normal
cal diagnosis
Motor studies
Median
DML (ms) 3.1 34 75 3.1 32 34 6.1 32 9.8 4.2
CMAP (mV)
Wrist 12.1 122 6.6 12.1 11.1 2.5 0.2 14.6 54 13.0
Elbow 11.5 120 6.4 11.1 11.2 2.1 NR 13.7 4.2 12.6
CV (m/s) 56.6 57.0 452 56.3 58.8 56.7 NR 60.5 24.1 59.5
F wave (ms) 248 249 38.2 283 25.6 27.8 NR 23.8 46.1 26.3
Ulnar
DML (ms) 26 33 23 23 2.2 2.6 2.5 2.5 5.2 2.8
CMAP (mV)
Wrist 12.0 8.7 8.7 13.1 11.1 4.2 0.9 9.2 4.6 11.0
BE 11.6 42 8.1 12.7 11.2 4.1 0.6 9.0 4.3 11.0
AE 114 26 7.6 11.0 10.7 3.1 0.6 8.4 3.7 10.4
CV (m/s)
Wrist-BE 57.6 504 58.5 60.3 64.9 57.6 57.3 56.5 48.0 56.0
BE-AE 65.8 334 64.0 55.6 51.5 46.9 52.4 68.1 ND 68.6
F wave (ms) 272 NR 273 28.7 26.6 29.3 NR 25.2 42.7 26.7
Tibial
DML (ms) 44 59 3.8 6.2 3.9 4.2 NR 4.6 19.2 5.5
CMAP (mV)
Ankle 8.1 4.8 6.1 24 15.0 2.6 NR 15.6 1.4 15.8
PF 79 49 48 2.1 10.0 2.6 NR 13.9 0.8 13.3
CV (m/s) 49.2 427 43.8 445 50.2 46.1 NR 44.5 30.7 47.4
F wave (ms) 453 619 47.8 55.0 45.1 51.8 NR 44.3 36.1 459
Peroneal
DML (ms) 8.1 NR 38 48 4.5 6.3 NR 4.3 NR 3.8
CMAP (mV)
Ankle 0.3 NR 28 0.1 34 0.2 NR 8.7 NR 6.9
FH 0.3 NR 24 0.1 34 NR NR 8.6 NR 6.6
Knee 0.2 NR ND ND 3.1 NR NR ND NR 6.1
CV (m/s)
FH-ankle 442 NR 493 403 49.5 51.2 NR 46.5 NR 49.2
Knee-FH 432 NR ND ND 40.7 NR NR ND NR 53.8
F wave (ms) 53.5 NR 38.4 NR 489 NR NR 422 NR 41.4
Sensory studies
Median
SNAP (uv) 8.8 3.8 NR 53 11.4 18.5 NR 56.2 NR 12.7
CV (m/s) 472 543 NR 48.8 51.7 58.4 NR 56.7 NR 42.8
Ulnar
SNAP (uv) 30 3.1 10.0 33 16.1 13.8 3.7 322 NR 6.0
CV (m/s) 433 427 513 427 52.4 51.2 50.3 51.9 NR 41.7
Radial
SNAP (uv) 23.0 ND ND ND 21.0 ND 15.3 79.5 NR 18.7
CV (m/s) 469 ND ND ND 50.3 ND 56.5 62.9 NR 48.0
Sural
SNAP (uv) NR 62 59 NR 31.1 7.6 NR 20.1 12.0 16.8
CV (m/s) NR 39.6 542 NR 43.6 52.8 NR 46.9 34.8 40.9

UC unclassified, AMSAN acute motor sensory axonal neuropathy, AMAN acute motor axonal neuropathy,
AIDP acute inflammatory demyelinating polyneuropathy, CMAP compound muscle action potential, SNAP
sensory nerve action potential, DML distal motor latency, CV conduction velocity, BE below elbow, AE
above elbow, FH fibular head, NR not recordable, ND not done

@ Springer



344

Clinical Autonomic Research (2019) 29:339-348

Table 3 Comparison of the
results of computational and
challenge autonomic function
tests between GBS patients and
healthy controls

Autonomic function test GBS (n=10) Control (n=10) P value”
Age (years), mean =+ SD 40.1+13.9 399+14.5 0.975
Male, n (%) 6 (60%) 6 (60%) 1.000
Respiratory rate, bpm 17+2 15+1 0.061
Sympathetic skin response, n (%) Absent response in 5 (50%) N/A N/A
HRYV, mean+ SD
AVNN (ms) 652.6+112.9 817.6+104.2 0.003
SDNN (ms) 28.7+7.4 44.0+17.3 0.019
LF-RRI (ms?) 89.5+85.9 227.0+158.2 0.027
HF-RRI (ms?) 17.5 (5.1-65.0)* 78.5 (59.7-297.7)* 0.008
PSD-RRI (ms?) 188.0+121.6 532.7+359.6 0.015
BRS, mean+SD
Up slope (ms/mmHg) 6.25 (4.37-9.22)*, n=9 9.55 (8.02-15.7)* 0.034
Down slope (ms/mmHg) 7.32+4.53 13.41+5.07 0.011
Total slope (ms/mmHg) 7.32+4.37 12.65+5.24 0.024
Parasympathetic, mean +SD
DB (bpm) 11+6 17+6 0.063
EBC-MaxRR (ms) 839 (725-1016)* 968 (930-1026)* 0.112
VR 1.31 (1.14-1.75)* n="1 1.53 (1.34-1.63)* 0.380
AS-30:15 1.05+0.02; n=5 1.31+0.28 0.055
Sympathetic, mean+SD
VS-II (mmHg) 12+9;n=7 13+14 0.932
VS-IV (mmHg) 20+15;n="7 20+12 0.175
AS-dSBP (mmHg) 15+12; n=5 13+7 0.717
AS-dDBP (mmHg) 12+7;n=5 12+7 0.996
IE-dDBP (mmHg) 15+19;n=9 15+21 0.997
CPT-dDBP (mmHg) 2 (0-5)* 12 (6-26)* 0.008

Significant comparisons are highlighted in bold

HRYV heart rate variability, RRI R-R interval, LF low frequency, HF high frequency, PSD power spectral
density, BRS baroreflex sensitivity, DB deep breathing, EBC eyeball compression, MaxRR maximum R-R
interval, VR Valsalva ratio, AS active standing, /E isometric exercise, CPT cold pressor test, dSBP/dDBP
difference in systolic or diastolic blood pressure, AVNN average of all RRI, SDNN standard deviation of all
RRI, VS-II decrease in SBP during phase II of Valsalva maneuver, VS-IV overshoot of SBP during phase
IV of Valsalva maneuver, N/A not applicable

“Data are expressed as median (interquartile range)

*Significant at p <0.05

Table 4 HRV and BRS of each patient

Patient 1 Patient2 Patient 3 Patient4 Patient5 Patient6 Patient”7 Patient8 Patient9 Patient 10

Age (year)/sex 21/M 30/M 66/F 37/M 45/M 27/M 53/F 34/F 53/F 35/M
HRV

SDNN (ms) 333 29.5 37.2 20.5 35.8 33.1 333 22.5 14.3 27.7

LF (ms?) 205.0 39.9 90.1 64.6 12.1 260.5 6.2 93.8 54 117.0

HF (ms?) 106.4 8.0 60.0 14.8 6.0 80.0 1.2 52.0 24 20.2

Total PSD (ms?) 345.8 79.7 198.9 201.2 35.0 392.6 31.3 192.0 256.1 147.7
BRS

Total BRS (ms/mmHg) 17.67 5.01 7.86 5.85 3.98 10.89 7.70 7.61 2.84 3.77

Up slope (ms/mmHg) 17.28 6.25 6.79 6.24 4.28 11.27 - 7.16 2.73 4.46

Down slope (ms/mmHg) 18.06 4.44 8.52 5.42 3.61 10.66 7.70 8.02 3.66 3.17

Abnormal results are highlighted in bold

HRYV heart rate variability, LF low frequency, HF high frequency, PSD power spectral density, BRS baroreflex sensitivity, SDNN standard devia-

tion of all RRI
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Table 5 Sensit.ivity of the . HRV BRS
CPT for detecting autonomic
dysfunction as compared to AVNN SDNN LF HF Total power  Total slope ~ Upslope  Down slope
HRV/BRS

CPT  71.4% 80.0% 71.4%  71.4%  75.0% 75.0% 85.7% 75.0%

HRYV heart rate variability, LF low frequency, HF high frequency, BRS baroreflex sensitivity, SDNN stand-
ard deviation of all RRI, AVNN average of all RRI, CPT cold pressor test

differences between the two groups were detected when
the other autonomic challenge maneuvers were used. Both
parasympathetic and sympathetic function were found to be
impaired in our GBS patients based on HRV assessment.
We have therefore demonstrated that subclinical autonomic
dysfunction can be detected using the cold pressor test, spec-
tral analysis of HRV, and BRS using the sequence method.
The HRV and BRS differences were evident even when we
performed a subgroup analysis of the patients that presented
early (within a week). This implies that subclinical auto-
nomic dysfunction is present at the early stage of the disease,
not just at nadir.

Due to the disabilities of the GBS patients, active chal-
lenge maneuvers could not always be performed. Eyeball
compression and cold pressor tests were included in the
study as they are easily administered and do not rely on
patient effort. No significant differences were found in HR
response with the eyeball compression test between the
GBS patients and control group. This contrasts with the
results of the study performed by Flachenecker et al. [23],
in which 30% (4/13) of the patients with GBS had vagal
overreactivity. One possible reason for this discrepancy
is the lower disability score in our cohort. This may sug-
gest that muscle power is a potential surrogate for overt
autonomic dysfunction in GBS patients. In contrast, the
results of the cold pressor test were significantly abnormal
in our cohort. This may suggest that the peripheral sensory
nerves were preferentially affected at the time of disease
presentation compared to the trigeminal nerves. Studies to
investigate this further which also incorporate an assess-
ment of trigeminal nerves and peripheral sensory nerves
are warranted.

We also detected a higher proportion of GBS patients
(50%) with abnormalities in SSR compared to previous
studies (17.0-37.5%) [21, 29, 30]. SSR can be absent in
individuals over the age of 60 years [31]; however, only one
patient was over the age of 60 years in the current series,
suggesting that the abnormal SSRs were likely related to
disease. All five patients with abnormal SSRs showed abnor-
mal responses to the cold pressor test. Three patients with
normal NCS also showed normal SSRs. However, these
patients had autonomic dysfunction according to cardiovas-
cular autonomic function tests. This suggests that the SSR
may be insensitive to subclinical autonomic dysfunction in
GBS. Our study also showed that all the subtypes of GBS

were equally affected in terms of sympathetic and parasym-
pathetic function. This contrasts with a report by Asahina
et al. in which they state that AIDP patients show hyper-
activity of the cardiosympathetic system and acute motor
axonal neuropathy (AMAN) patients have normal cardio-
vascular autonomic function [32]. However, autopsy reports
have provided evidence of inflammatory demyelination of
myelinated fibers and degeneration of axons and unmyeli-
nated fibers in the efferent and afferent fibers of the sympa-
thetic and parasympathetic nervous systems [33].

Autonomic dysfunction may present in various ways in
GBS patients, including as cardiac arrhythmias, BP fluctua-
tions, sweating disturbances, or genitourinary/gastrointesti-
nal dysfunction [33, 34]. In a GBS patient, both sympathetic
and parasympathetic failure can occur along with sympa-
thetic or parasympathetic overactivity [35]. Anandan et al.
found that diarrhea and constipation are the most common
autonomic symptoms in GBS patients, affecting 15% of the
patient population. Urinary retention and bradycardia were
found in less than 5% of patients [36].

Bedside clinical signs of autonomic dysfunction such
as sustained tachycardia/bradycardia and fluctuating BP
are crude and likely to underestimate autonomic dysfunc-
tion compared to a quantitative autonomic function exam-
ination, especially in cases of mild GBS. Pfeiffer et al.
reported that fluctuations in BP can be a sensitive marker
of dysautonomia in GBS [37]. However, the authors stud-
ied a cohort of patients with severe GBS, as all the patients
were mechanically ventilated in the ICU. The traditional
clinical autonomic laboratory evaluation of autonomic
function involves the assessment of BP and HR changes in
response to a series of physical maneuvers, such as active
standing, the Valsalva maneuver, and sustained handgrip
[8]. This battery of tests requires patient cooperation and
thus has poor reproducibility and may be insensitive to
small but important changes in autonomic function. As a
result, they have limited utility among special patient pop-
ulations such as young children, the elderly, and those with
neurological weakness and cognitive impairment. Fagius
et al. subsequently described the cold pressor test, which
is a passive assessment of sympathetic function requiring
minimal patient cooperation [25]. Newer, more sensitive
measures of autonomic function based on spontaneous
variations in HR and BP (computation-dependent tests,
i.e., HRV and BRS) are now available but remain primarily

@ Springer



346

Clinical Autonomic Research (2019) 29:339-348

research tools [11, 14]. HRV and BRS analyses are non-
invasive and easily applicable, requiring no active motor
tasks, and are therefore feasible, even in severely affected
patients. By using quantitative tests of autonomic function,
a considerably higher proportion of patients with subclini-
cal involvement of both parasympathetic and sympathetic
nervous system disorders can be detected [38].

In the frequency-domain analysis of HRV, the decreases
in LF-RRI and HF-RRI as well as total PSD found in this
study indicate the involvement of both the parasympathetic
and sympathetic nervous systems in GBS. The spectral
analysis of HRV in GBS patients has been studied pre-
viously. Similar to the current study, Flachenecker et al.
[39] found a reduction in HF-RRI, whereas Yerdelen et al.
[40] detected reductions in LF-RRI, HF-RRI, and total
PSD. They concluded that autonomic dysfunction in GBS
involves both the sympathetic and parasympathetic nerv-
ous systems. Consistent with this finding, there was also a
reduction in BRS in GBS patients, as demonstrated by the
significantly lower up slope, down slope, and total slope
BRS at rest in this study. One other study has investigated
the BRS in GBS patients [41]. The authors found abnormal
BRS in four of the seven patients tested. Variation in BP
is transmitted by arterial baroreceptors that cause reflex
changes in HR and vascular resistance which maintain
the BP within the normal range. In GBS, disruption of
the sympathetic and parasympathetic nerve fibers along
the reflex arc may result in a reduction in BRS. Hence,
reduced baroreceptor reflex sensitivity is a marker of auto-
nomic dysfunction in GBS.

In the current study, we found that only one challenge test
gave significantly different results in GBS patients compared
to healthy controls. GBS patients have motor weakness, so
there are a limited number of challenge tests that can be reli-
ably performed [34, 38]. This includes BP and HR changes
upon the sustained handgrip and Valsalva maneuver. How-
ever, the BP response to the cold pressor test, which assesses
sympathetic activity, was significantly lower in GBS patients
when compared to controls. The sensitivity of the cold pres-
sor test in detecting autonomic dysfunction ranged between
70 and 85%. Although the HR responses to deep breathing
(I-E difference), Valsalva maneuver (Valsalva ratio), and
active standing (30:15 ratio) were also decreased in GBS
patients in comparison to healthy controls, the differences
were not statistically significant. This might be explained,
at least in part, by the limited sensitivity and reproducibility
of these tests [42].

The main limitation of this study is the small number
of patients recruited, as this was a pilot study. As such, we
acknowledge that the small sample does not allow solid con-
clusions to be drawn based on the statistics. The severity
of GBS in our cohort was relatively mild, as none of the
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patients required intensive care admission or mechanical
ventilation. This may have impacted our results, as typically
between 25% and 44% of GBS patients have been reported
to require mechanical ventilation [43]. Although no patients
were ventilated, seven of the ten patients were significantly
disabled and could not ambulate independently. One of the
key findings of this study is the fact that we were able to
demonstrate the presence of autonomic dysfunction even
in patients who did not have respiratory failure. Some chal-
lenge AFTs were limited by the motor deficit of the GBS
patients, thus reducing the number of patients available for
comparison. Nevertheless, we were still able to demonstrate
significant differences in autonomic function between the
GBS patients and the healthy controls. The results of this
study are consistent with the findings of Flachenecker et al.
[44]. Those authors state that serious bradyarrhythmias
have long been thought to occur only in severely disabled
patients—mainly in those who need mechanical ventila-
tion. These complications may also develop in less severely
affected patients who have never needed artificial ventila-
tion, and even in those who were still able to walk more than
5 m [44]. A prospective study evaluating functional out-
comes based on autonomic dysfunction detected at baseline
is underway. While it is possible that the reductions in HRV
and BRS could have occurred due to physical decondition-
ing, our baseline assessments were conducted as close to the
time of diagnosis as possible to avoid this.

In conclusion, our study demonstrated that there is sub-
clinical cardiovascular autonomic dysfunction in GBS
patients which would otherwise be undetected on routine
bedside testing. Our findings suggest that both computa-
tion-dependent tests (HRV and BRS) detected autonomic
dysfunction in GBS patients, including patients with mild
disease. In contrast, the cold pressor test was the only reli-
able challenge test, making it potentially useful as a bed-
side measure of autonomic function in GBS patients. Early
recognition of patients with autonomic dysfunction would
improve risk stratification to prevent early complications.
Future studies utilizing larger cohorts with different GBS
subtypes will help to identify the extent of autonomic
involvement and its relationship with the underlying GBS
pathophysiology.
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