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INTRODUCTION

Guillain-Barré syndrome (GBS) and its variants are the most com-

monly acquired acute polyneuropathies and the leading cause of

Abstract

Background and purpose: In its initial stages, Guillain-Barré syndrome (GBS) is difficult
to identify, because diagnostic criteria may not always be fulfilled. With this retrospective
study, we wanted to identify the most common electrophysiological abnormalities seen
on neurophysiological examination of GBS patients and its variants in the early phases.
Methods: We reviewed the clinical records of patients admitted to our Neurology Unit
with a confirmed diagnosis of GBS. The study sample was divided in two subgroups ac-
cording to whether the neurophysiological examination was performed: within 7 days
(very early group) or within 7-15 days (early group). H reflex, F waves, and motor and
sensory conduction parameters were judged abnormal if they were outside the normal
range for at least two nerves. We evaluated neurophysiological findings in Miller-Fisher
syndrome (MFS) separately.

Results: The study sample comprised 36 patients. In GBS, the most frequent abnormal
neurophysiological parameter was the bilateral absence of the H reflex, followed by F
wave abnormalities. Motor conduction parameters were altered in less than 50% of pa-
tients, and even less common were sensory nerve action potential reduction and the
"sural-sparing" pattern. In MFS, H reflex was absent bilaterally in 100% of patients, fol-
lowed by a predominant peripheral sensory involvement, whereas motor conduction pa-
rameters were frequently normal.

Conclusions: Bilateral absence of the H reflex is the most sensitive parameter in early

diagnosis of GBS and its variants.

KEYWORDS
early diagnosis, electrodiagnostic criteria, Guillain-Barré syndrome, H reflex bilateral absence,
Miller-Fisher syndrome

acute flaccid paralysis worldwide [1]. GBS more often affects males
and adults between 50 and 70 years of age (incidence = 0.81-
1.89/100,000) [2]. There are several clinical presentations [3] but

the more common features are progressive bilateral weakness of the
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lower limbs often ascending to the arms and bulbar muscles, asso-
ciated with absent or reduced tendon reflexes. Diagnosis is based
on findings from clinical history and neurological examination [4,5].
Electrophysiological and cerebrospinal fluid (CSF) examinations can
corroborate the diagnosis [4]. Abnormal findings in both are neces-
sary to meet Brighton criteria Level 1 (highest level of certainty) or 2
[6]. Early detection and early initiation of treatment can limit disease
severity, obviating the need for mechanical ventilation and improv-
ing the chances of early recovery [7].

Moreover, electrophysiological studies are key to diagnosis,
subtype classification, and prognosis [8]. Serial studies may be
necessary for the diagnosis of subtypes, and a second study is
recommended in patients lacking demyelinating features or with
conduction blocks (CBs) without temporal dispersion [9]. Early
neurophysiological examinations can reveal anomalies that are not
specific for primary demyelinating neuropathy [10] and may not
meet neurophysiological criteria for GBS [11]. With the present
study, we wanted to identify the most common electrophysiolog-
ical abnormalities within 15 days from symptom onset in patients
with GBS.

MATERIALS AND METHODS

We retrospectively reviewed the medical charts of patients admit-
ted to our Neurology Unit with a confirmed diagnosis of GBS from
January 2016 to January 2020. Data were collected from patients
who had undergone a nerve conduction study within 15 days of
symptom onset; patients with chronic radiculopathies, mononeu-
ropathies, or polyneuropathies were excluded. The study sample
was divided into two subgroups according to the interval between
symptom onset and time of neurophysiological examination: within
7 days (very early group) and within 7-15 days (early group). All elec-
trophysiological examinations were performed in the same labora-
tory according to a standardized protocol with skin temperature >
32°C. Motor nerve conduction (MNC) of the upper limbs was per-
formed using pregelled surface electrodes in a belly tendon mon-
tage, stimulating the median and the ulnar nerve at the wrist and the
forearm; the motor response was recorded at the abductor pollicis
brevis and the abductor digiti minimi, respectively; similarly, MNC
of the lower limbs was performed by stimulating the peroneal and
the tibial nerve at the ankle and the knee and recording the motor
response at the extensor digitorum brevis and the abductor hallucis

muscles, respectively.

Distal motor latency (DML), distal compound motor action po-
tential (CMAP) peak-to-peak amplitude, distal CMAP negative peak
duration, motor conduction velocity (MCV), and F wave abnormal-
ities (absence or increased minimum latency) were measured. The
presence of definite partial CBs was evaluated according to American
Association of Electrodiagnostic Medicine criteria [12] only in the
distal segments: across the elbow and in the forearm segment for
the upper limbs and across the knee and in the leg segment for the
lower limbs. Sensory nerve action potentials (SNAPs) were obtained
using an antidromic technique: at the upper limbs by stimulating the
median and the ulnar nerve at the wrist and recording from the third
and fifth finger, respectively; at the lower limbs by stimulating the
sural and the superficial peroneal nerves of both sides according to
Squintani and coworkers' antidromic technique [13]. Peak-to-peak
amplitude and sensory conduction velocity (SCV) were measured
using pregelled surface electrodes applied to the upper limbs and
needle recording at the legs. When the sural nerve SNAP was nor-
mal, we searched for the “sural-sparing” pattern (normal sural nerve
amplitude with a concomitant reduction in ulnar nerve SNAP).

The H reflex was obtained by stimulating the tibial nerve at the
popliteal fossa and recorded from the soleus muscle bilaterally.
Neurophysiological parameters were judged abnormal only if they
were outside our normal reference values in at least two nerves.
Neurophysiological findings were analyzed both including all pa-
tients affected by GBS and its variants, and evaluating Miller-Fisher
syndrome (MFS) separately.

We also evaluated the presence of albuminocytologic dissocia-
tion in CSF (i.e., CSF normal white cell count associated with protein
content > 0.45 g/L).

RESULTS

The study population was 36 patients (12 females and 24 males;
mean age = 47.9 + 17.5 years, range = 3-71). All met the diagnostic
criteria of GBS [4,5]; 18 were categorized in the “very early” group
and the remaining 18 in the “early” group. Based on clinical features
[3], 28 presented GBS (classic subtype in 25, pharyngeal-cervical-
brachial weakness in one, and bifacial weakness with paresthesia in
two), whereas eight presented the variant MFS (Table 1). None of
the patients tested positive to severe acute respiratory syndrome
coronavirus 2 infection.

According to Uncini's electrodiagnostic criteria [8], neurophys-

iological examination results were equivocal in 19 (53%) patients,

TABLE 1 Patient distribution by clinical

et 3 et B O
Classic GBS 12 (66%) 13 (72%) 25 (69%)
Pharyngeal-cervical-brachial weakness 1(6%) 0 (0%) 1 (3%)
Bifacial weakness with paresthesias 2(11%) 0 (0%) 2 (6%)
MFS 3(17%) 5(28%) 8(22%)

Abbreviations: GBS, Guillain-Barré syndrome; MFS, Miller-Fisher syndrome.
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acute inflammatory demyelinating polyradiculoneuropathy (AIDP)
in 11 (31%), acute motor axonal neuropathy (AMAN) in three (8%),
and unexcitable in three (8%; Table 2). By CSF analysis, albuminocy-
tologic dissociation was detected in 55% of the entire population:
44% in the “very early” and 66% in the “early” group. All received
intravenous immunoglobulin therapy, and two were monitored in
the intensive care unit. According to neurophysiological evaluations,
we analyzed GBS and MFS separately; in particular, Table 3 reports
neurophysiological parameters of GBS patients, whereas Table 4 dis-
plays findings obtained from MFS patients.

The most common abnormal neurophysiological parameter in
both variants was bilateral absence of the H reflex; it was absent
in 73% of the “very early” and 92% of the “early” group (overall fre-
quency = 82%) in GBS patients, whereas it reached 100% in MFS
patients.

All motor conduction parameters were more commonly abnor-
mal in GBS patients than in the MFS subtype. In particular, F wave
abnormalities were noted in 67% in the “very early” and 61% in
the “early” group, respectively, with an overall frequency of 64%.
Reduced CMAP amplitude was observed in 46% of patients and
was more frequent in the “very early” group (60%). Moreover, it was
present in all patients fulfilling the diagnostic criteria for AMAN at
further electrodiagnostic examinations. Demyelinating features
involving MNC were noted in 25 patients (three had no evocable
CMAPs); DML was increased in 46% of the entire population; re-
duced MCV, increased duration of CMAP, and CBs were even less
frequent (see Table 3 for details). All motor conduction parameters
anomalies were rare in MFS; in particular, two patients presented
F wave anomalies, CMAP amplitude reduction, or MCV reduction.
Increased CMAP duration was present in only one patient. None of
MFS patients presented motor CBs or increased DML.

As for MCV, SCV was evaluated only in patients with evocable
SNAP in at least two different nerves (n = 31, 25 in the GBS group
and six in MFS), and sural-sparing pattern frequency was calculated
only in patients with normal sural conduction (n = 30, 23 in the GBS
group and seven in MFS). In GBS patients, sensory conduction was
normal in more than half of patients in both subgroups and sural-
sparing was found in 21% of all cases with prevalence in the “very
early” group (25%). MFS electrophysiological examinations dis-
played more common sensory conduction anomalies; reduced SNAP
amplitude was present in 80% of all “early” patients (one patient
had nonevocable SNAPs, and another presented only sural nerve

TABLE 2 Patient distribution by electrodiagnostic criteria [8]

Very early, Early, Overall,
Criterion n (%) n (%) n (%)
AIDP 6 (33%) 5(28%) 11 (31%)
AMAN 3(17%) 0 (0%) 3(8%)
Equivocal 7 (39%) 12 (66%) 19 (53%)
Unexcitable 2 (11%) 1(6%) 3(8%)

Abbreviations: AIDP, acute inflammatory demyelinating
polyradiculoneuropathy; AMAN, acute motor axonal neuropathy.

SNAPs) and in 33% of the “very early” subgroup, with an overall fre-
quency of 63%. SCV reduction was present in three patients of the
“early” subgroup, whereas sural-sparing pattern was seen in 57% of
patients with normal sural SNAP amplitude (one in the “very early”
group and three in the “early” group).

DISCUSSION

Neurophysiological examination is key to establishing a diagnosis of
GBS, but indications for appropriate timing after symptom onset are
less clear-cut. MNC findings may be normal in the early phases and
even beyond in atypical variants such as MFS [14-16]. Depending on
the diagnostic criteria utilized [8,17,18], neurophysiology performed
during the first 7 days after symptom onset has low sensitivity in
most cases [11,19,20]. Our data confirm that electromyography is
usually insufficient to make a definite diagnosis in the first weeks;
our results were equivocal in 53% of this cohort.

As described elsewhere [10,11,19,21,22], we noted that an ab-
sent H reflex was more frequent than other neurophysiological pa-
rameters, and more frequent than CSF hyperproteinorrachia as well.
Although a usual finding in S1 radiculopathy [23], the absence of bi-
lateral H reflex could be a meaningful electrophysiological finding in
the diagnosis of GBS in its early stages. An absent H reflex may be
a very sensitive parameter, but it is not included among diagnostic
criteria [8,17,18] and it does not necessarily infer demyelination or
axonal damage [11,16]. The high sensitivity we noted is probably due
to the H reflex exploring sensory and motor fibers in both their distal
and proximal segments, as demonstrated by its high sensitivity in the
diagnosis of atypical GBS variants and MFS, which affects motor and
sensory neurons predominantly across proximal segments [23-25]
Although it is the most common finding in early GBS and its variants,
an increased H/M ratio has been reported in atypical AMAN presen-
tation [26-28], characterized by hyperreflexia and reflex spread, and
it could be seen in up to 26% of cases [28].

In GBS patients, F wave abnormalities were the second most com-
mon alteration, demonstrating an early involvement of the proximal
tract of the peripheral nerve system. Furthermore, the frequency of
F wave abnormal findings was comparable to those reported pre-
viously [10,11,20,21,29-31]. In our series, F wave anomalies seem
to be slightly more frequent in the “very early” group; this finding
could be explained by AMAN patients being included in this group.
Conversely, in MFS the F waves were abnormal in a low percentage,
and the finding was in line with literature data [16,25,32].

Although CBs and slowed conduction velocity are typical elec-
trophysiological hallmarks of peripheral demyelination damage
[33], they were not as frequently observed as late responses and
reflex anomalies; increased CMAP duration, increased DML, and
reduced MCV were present in less than 50% of our GBS patients.
This supports the hypothesis that damage to the more proximal
segment of the nerves (e.g., the nerve roots) occurs before the pe-
ripheral nerves, probably because of their less efficient blood-nerve
interface [34,35]. In this regard, Griffin and collaborators found in
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TABLE 3 Electrodiagnostic findings in Guillain-Barré syndrome
patients: percentage of patients with abnormal results in at least
two nerves

Very early, Early, Overall,
Finding % (n) % (n) % (n)
H reflex absence 73% 92% 82%
F wave anomalies 67% 61% 64%
Reduced CMAP A 60% 31% 46%
Reduced MCV 23% (13) 33% (12) 28% (25)
Increased DML 46% (13) 50% (12) 48% (25)
Increased CMAP Dur 31% (13) 33%(12) 32% (25)
Conduction blocks 15% (13) 33% (12) 24% (25)
Reduced SNAP A 40% 31% 36%
Reduced SCV 0% (13) 16% (12) 8% (25)
Sural-sparing pattern 25% (11) 18% (12) 21% (23)

Note: When patients were excluded due to the lack of CMAPs, SNAPs,
or normal sural nerve SNAPs, frequencies are calculated based on the
number of patients reported in parentheses.

Abbreviations: CMAP A, compound motor action potential amplitude;
CMAP Dur, compound motor action potential duration; DML, distal
motor latency; MCV, motor conduction velocity; SCV, sensory
conduction velocity; SNAP A, sensory nerve action potential amplitude.

TABLE 4 Electrodiagnostic findings in Miller-Fisher syndrome
patients: percentage of patients with abnormal results in at least
two nerves

Very early, Early, Overall,
Finding % (n) % (n) % (n)
H reflex absence 100% 100% 100%
F wave anomalies 33% 20% 25%
Reduced CMAP A 33% 20% 25%
Reduced MCV 0% 40% 25%
Increased DML 0% 0% 0%
Increased CMAP Dur 0% 20% 12%
Conduction blocks 0% 0% 0%
Reduced SNAP A 33% 80% 63%
Reduced SCV 0% 33% (3) 17% (6)
Sural-sparing pattern 33% 75% (4) 57% (7)

Note: When patients were excluded due to the lack of CMAPs, SNAPs,
or normal sural nerve SNAPs, frequencies are calculated based on the
number of patients reported in parentheses.

Abbreviations: CMAP A, compound motor action potential amplitude;
CMAP Dur, compound motor action potential duration; DML, distal
motor latency; MCV, motor conduction velocity; SCV, sensory
conduction velocity; SNAP A, sensory nerve action potential amplitude.

autopsy samples inflammatory demyelination or Wallerian-like de-
generation in the intrathecal spinal nerve roots and the ventral rami
of spinal nerves [36]. Such prominent proximal involvement has been
reported in magnetic resonance imaging and ultrasonography stud-
ies showing contrast enhancement of the cauda equina or root en-
largement, respectively [37,38].

In our series, CBs were evaluated only on the distal segments,
so their detection was less frequent. We believe that performing
more proximal motor stimulation (at Erb's point or needle electric
root stimulation) could reveal more CBs, as reported elsewhere
[21,39,40]. Distal CMAP amplitude reduction could be due to distal
demyelination, distal conduction failure, or axonal degeneration,
and it was more frequent in the “very early” group probably be-
cause AMAN and two of three unexcitable variants were included
in the group. Regarding distal segment motor conduction in GBS
patients, our finding was similar to previous studies [10,11,20,29-
31]. SNAP amplitude reduction was noted in less than half of GBS
patients, and SCV reduction was occasional, as reported previ-
ously [10,11,29-31]. Whereas motor conduction abnormalities
were rarer in MFS than GBS, distal sensory anomalies were more
common in MFS. In line with other reports [16,25,32], our results
confirmed that SNAP amplitude reduction is the most common
abnormal distal conduction parameter, even more frequent than
motor conduction anomalies. Reduced SNAP amplitude in MFS is
mainly determined by a nodal-paranodal dysfunction of the ax-
olemma, as demonstrated by the presence of reversible sensory
CBs [14,15,32,41], whereas in chronic inflammatory demyelinat-
ing polyneuropathy (CIDP) and some cases of acute inflammatory
demyelinating polyradiculoneuropathy, reduced SNAP amplitude
is frequently associated with increased SNAP duration and other
signs of demyelination [42,43].

A typical feature of sensory nerve conduction abnormalities in
demyelinating and axonal forms of GBS, as well as MFS and CIDP,
is reduced SNAP amplitude higher in the median, ulnar, or radial
nerve compared to the sural nerve: the so-called sural-sparing pat-
tern [16,44]. Median, ulnar, and radial sensory nerve conduction
studies test the most distal part of the sensory axons, whereas the
intermediate nerve segment is examined in sural nerve conduction
studies.

The sural-sparing pattern happens because the distal nerve ter-
minals are preferentially affected by demyelination or nodal immune
attack [45-47] compared to the intermediate nerve segments, prob-
ably because the blood-nerve barrier in distal nerve terminals and
nerve roots is anatomically less efficient [48]. In our patients, the
sural-sparing pattern was observed more frequently in MFS than
GBS. According to the literature, its frequency is reported to vary
between 17.8% [21] and 73% [22].

There are multiple reasons for such a wide range. First, defi-
nitions of sural-sparing differ [11,19,29,44,49]. Second, the vari-
ability may also depend on stimulation technique; some authors
[10,21,29] used antidromic stimulation for both upper limb and
sural nerve and reported a lower percentage of sural-sparing com-
pared to others. This is probably because the SNAP amplitude
obtained with the orthodromic technique is generally lower than
that obtained with the antidromic method. Third, site of stimula-
tion (proximal/distal stimulation at forearm/wrist for radial nerve)
may also influence the amount of sural-sparing [49]. Finally, an-
other factor is the timing of the neurophysiological examination;
a sural-sparing pattern was reported in 81.8% of patients with an
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electrodiagnosis performed within 4 days after symptom onset
and in 60% of those with a nerve conduction study done beyond

10 days after symptom onset [31].

CONCLUSIONS

The diagnosis of GBS within 15 days of symptom onset can be
challenging, especially in clinical atypical subtypes. Although neu-
rophysiological findings do not usually fulfill diagnostic criteria,
certain findings could be suggestive of acute inflammatory poly-
neuropathy. Bilateral absence of the H reflex is the most sensi-
tive parameter, especially in MFS, although it is not suggestive of
demyelination by itself. Our findings show that proximal segments
are most frequently affected in the early stages of the disease. A
thorough nerve neurophysiological evaluation, including H reflex
and F wave abnormalities, is key to early diagnosis of GBS and its
variants.
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