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The electrodiagnostic findings in Guillain-Barré syndrome (GBS) play important roles in both 
understanding its pathophysiology and its diagnosis. Only demyelinating neuropathies were 
thought to be present when GBS patients were first diagnosed in Western countries, but the 
concept changed when many axonal GBS patients were reported in Asia. Reversible conduc-
tion failure was subsequently revealed, and it was recognized as a pathophysiologic continu-
um of axonal GBS. Thus, the electrodiagnostic findings in GBS have had a profound effect on 
the history of this disease.
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INTRODUCTION

Guillain-Barré syndrome (GBS) is normally the first condition considered when patients ex-
perience acute-onset progressive motor weakness after an upper respiratory or gastroin-
testinal infection.1 GBS is generally easy to diagnose when it occurs with the typical clinical 
presentation such as ascending paralysis and hyporeflexia. However, this is not always the 
case, which can make the accurate diagnosis of GBS challenging for neurologists who ex-
perience patients in the early stage of the disease. In such cases the presence of albumin-
ocytologic dissociation in cerebrospinal fluid and abnormal findings in nerve conduction 
studies (NCS) can be clues.1 The most-representative NCS findings in GBS include motor 
and/or sensory nerve conduction slowing or block, prolonged distal motor latency (DML), 
and prolonged or absent F-wave, but the findings are usually normal in the early stage (up 
to 13%).2-4 Therefore, serial NCS tests of the upper and lower limbs can be helpful for en-
suring that diagnoses are accurate.3 

The history of GBS has been greatly influenced by the understanding of electrophysio-
logical changes.5 GBS was first diagnosed in Western countries and presented as a demy-
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elinating neuropathy in most patients, which resulted in it 
being accepted as a concept same with acute inflammatory 
demyelinating polyneuropathy (AIDP).3,6 However, axonal 
GBS is now known to cover a spectrum of conditions, in-
cluding reversible conduction failure (RCF). This means that 
electrophysiological findings can be used to understand the 
pathophysiology of GBS.7,8

EARLY ABNORMAL ELECTRODIAGNOS-
TIC FINDINGS IN GBS

In 1985, Albers and colleagues reported notable motor and 
sensory NCS and F-wave abnormalities occurring over time 
at least 3 weeks after symptom onset in GBS patients.4 Their 
report was also the first on the sural sparing phenomenon, 
with a normal sural sensory nerve action potential (SNAP) 

but an abnormal median SNAP, which has been accepted as 
a highly characteristic finding of GBS. 

However, it is still important to understand the abnormal 
NCS findings in the early stage of GBS. The NCS findings are 
generally normal during the first 4 days, but after 1 week 
almost all patients begin to exhibit abnormal findings, and 
50-65% of patients can be diagnosed as demyelinating poly-
neuropathy based on electrodiagnostic criteria.9-11 H-reflex 
abnormality occurs first (in 98-100% of patients), although 
there are differences depending on the studies, with abnor-
mal F-waves, sural sparing, prolonged DML of motor nerves, 
and reduction of conduction velocities (CVs) occurring rela-
tively early.10-12

Typically 10-20% of early-stage GBS patients exhibit nor-
mal peripheral NCS findings but abnormal F-wave and H-re-
flex findings.13,14 This is a good indicator to explain the slow-
ing of the proximal portion of the peripheral nerves due to 

Table 1. Current electrodiagnostic criteria for Guillain-Barré syndrome25

Ho et al.6 (1995) Hadden et al.2 (1998) Rajabally et al.25 (2015)

Criteria for AIDP Must have one of the following 
in two nerves

Must have one of the following 
in two nerves

Must have one of the following in two nerves

CV <90% LLN 
(<85%, if distal amp <50% LLN)

<90% LLN 
<85%, if distal amp <50% LLN)

<70% LLN

DML >110% ULN 
(>120%, if distal amp <LLN)

>110% ULN 
(>120%, if distal amp <LLN)

>150% ULN

TD Unequivocal Not considered

CB Not considered Proximal-to-distal amp ratio <0.5 
and distal amp >20% LLN

Proximal-to-distal amp ratio <0.7 in two nerves (except tibial 
nerve), plus an additional parameter in one other nerve

F-wave latency >120% ULN >120% ULN >120% ULN (>150%, if distal amp <50%) or F-wave absence 
in two nerves with distal amp ≥20% LLN, plus an additional 
parameter in one other nerve

Criteria for AMAN No evidence of demyelination in 
the above nerves

Distal amp <80% in two nerves

None of the above except in 
one nerve if distal amp <10% 
of LLN

Distal amp <80% in two nerves

None of the above except in one nerve
If distal amp <10% of LLN, one demyelinating feature allowed 

in one nerve, and at least one of the following:
(1) ‌�Distal amp <80% in two nerves.
(2) ‌�F-wave absence in two nerves with distal amp ≥20% LLN, 

with no demyelinating feature in any nerve.
(3) ‌�Proximal-to-distal amp ratio <0.7 in two nerves (except 

tibial nerve).
(4) ‌�F-wave absence in one nerve with distal amp ≥20% LLN 

or proximal-to-distal amp ratio <0.7 in one nerve (except 
tibial nerve), with distal amp <80% LLN in one other nerve.

AIDP, acute inflammatory demyelinating polyneuropathy; CV, conduction velocity; LLN, lower limit of normal; DML, distal motor latency; ULN, upper limit 
of normal; TD, temporal dispersion; CB, conduction block; AMAN, acute motor axonal neuropathy. 
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destruction or malfunction of the blood-brain barrier around 
their roots, which is considered to be the initial process in 
GBS.15,16 

In 2000, Kuwabara and colleagues reported on the find-
ings of follow-up NCS and anti-ganglioside-antibody tests–
which is a well-known pathogen of axonal GBS–in 12 pa-
tients with isolated abnormal F-waves in the initial NCS.17 In 
follow-up NCS, six patients had returned to normal, four had 
progressed to acute motor axonal neuropathy (AMAN), and 
two were lost to follow-up. Anti-ganglioside antibodies were 

present in 11 of these patients (92%). Those authors sug-
gested that an isolated abnormal F-wave is indicative of an 
antibody-mediated proximal motor conduction block (CB). 

HISTORY OF THE ELECTRODIAGNOSTIC 
CRITERIA OF GBS 

The electrophysiological characteristics of GBS were summa-
rized for the first time in 1978, and clear cutoff values were 

Fig. 1. Types of reversible conduction failure (RCF). (A) Distal RCF in the median nerve. On day 6, distal and proximal compound muscle action poten-
tial (CMAP) amplitudes were reduced without prolonged distal motor latencies. On day 25, the distal CMAP amplitude was greatly increased without 
the development of temporal dispersion (TD). (B) RCF in an intermediate nerve segment of the ulnar nerve. On day 10, a prominent conduction block 
(CB) was seen after stimulation above and below the elbow without TD. On day 20, after the proximal CMAP amplitude had increased, the CB had dis-
appeared. (C) RCF in intermediate and distal nerve segments of the ulnar nerve. The CB across the elbow had resolved rapidly and the proximal CMAP 
amplitude was greatly increased on day 11. (D) Improvement of RCF in the distal segment of the median nerves reveals abnormal amplitude reduction 
in the intermediate segment on day 25 (reproduced from Uncini et al.27 with the permission of Elsevier). 
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first proposed in 1985.4,15 According to the Albers criteria, 
AIDP can be diagnosed if at least one of the following fea-
tures is present in two or more nerves: 1) CV of less than 95% 
of the lower limit of normal if the amplitude exceeds 50% 
of the lower limit of normal, or of less than 85% of the lower 
limit of normal if the amplitude is less than 50% of the lower 
limit of normal. 2) DML exceeding 110% of the upper limit of 
normal if the amplitude normal, or exceeding 120% of the 
upper limit of normal if the amplitude is less than the lower 
limit of normal. 3) Evidence of unequivocal temporal disper-
sion (TD) or a proximal-to-distal amplitude ratio less than 0.7. 
4) F-response latency exceeding 120% of the upper limit of 
normal. 

At the time there was no definition of the compound 
muscle action potential (CMAP) duration, and so CB was 
defined based on the CMAP amplitude ratio, while the defi-
nition of TD was not clear.4,18 Cornblath and colleagues sub-
sequently proposed new research criteria that modified the 
diagnostic criteria of chronic inflammatory demyelinating 
polyneuropathy. At least three parameters must be present 
in two or more nerves for a diagnosis, and the cutoff values 
are more strict than Albers criteria, which meant that these 

criteria showed the lowest sensitivity among the GBS diag-
nostic criteria (21-39%).12,19,20 

Dozens of acute-onset patients with flaccid paralysis ap-
pear every summer in north China. At first glance they have 
symptoms and signs similar to those of AIDP, but these pa-
tients show completely different electrophysiological find-
ings from AIDP, with only reduced CMAP amplitudes and 
without prolonged DML or decreased CV.2,6,21 Therefore, Ho 
criteria as well as Hadden criteria were proposed to diagnose 
these axonal GBS cases, both of which were modified from 
the Albers criteria. The Ho criteria introduced TD instead of 
CB, and the Hadden criteria introduced the concept of CB 
instead of TD (Table 1). Both criteria are still the most widely 
used for the electrophysiological classification of GBS.2,4,6 

RCF AND ACUTE MOTOR CB NEUROPA-
THY 

Capasso et al.22 reported two very interesting patients who 
exhibited flaccid paralysis after Campylobacter jejuni infec-
tion. The initial NCS revealed motor CB with normal or mild 

Table 2. Uncini criteria reflecting the second electrodiagnostic NCS26,27

Criteria for AIDP Criteria for AMAN

In first or second NCS, at least one 
of the following in at least two 
nerves: 

√	 Motor CV <70% LLN.
√	 DML >130% ULN.
√	 Distal CMAP duration >120% ULN.
√	 Proximal-to-distal CMAP duration 

ratio >130%. 
√	 F-wave latency >120% ULN.

Or one of the above in one nerve 
plus either or the following:

√	 Absent F-waves in two nerves 
with distal CMAP >20% LLN.

√	 Abnormal ulnar SNAP amplitude 
and normal sural SNAP amplitude.  

In first and second NCS, none of the AIDP features in any nerve (demyelinating features allowed in one nerve if 
distal CMAP <20% LLN) 

In first NCS, at least one of the following in each of two nerves: 
√	 Distal CMAP <80% LLN.
√	 Proximal-to-distal CMAP amplitude ratio <0.7 (excluding tibial nerve). 
√	 Isolated F-wave absence (or <20% persistence). 

In second NCS, at least one of the following in two nerves is evidence of axonal degeneration:
√	 Persistent or further reduction of distal CMAP amplitude.
√	 Proximal-to-distal CMAP amplitude ratio <0.7 in first test, which recovers because of a decrease in distal 

CMAP without increased TD (distal CMAP duration <130% and proximal-to-distal CMAP duration ratio <130%). 
In second NCS, at least one of the following in two nerves is evidence of reversible conduction failure:
√	 >150% increase in distal CMAP amplitude without increased distal CMAP duration (<130% ULN). 
√	 Proximal-to-distal CMAP amplitude ratio <0.7 in first test, which improves by >0.2 because of increased proxi-

mal CMAP without TD (proximal-to-distal CMAP ratio <130%).
√	 Isolated F-wave absence (or <20% persistence) that recovers without increased minimal latency (<120% of 

ULN). 

NCS, nerve conduction study; AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; CMAP, compound mus-
cle action potential; LLN, lower limit of normal; CV, conduction velocity; DML, distal motor latency; ULN, upper limit of normal; TD, temporal dispersion; 
SNAP, sensory nerve action potential.
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reduced distal CMAP amplitudes, but the CB disappeared 
within 2-5 weeks due to the proximal CMAP amplitudes 
recovering rapidly. However, TD and polyphasic patterns, 
which are characteristics of demyelinating neuropathy, were 
not seen, and the clinical symptoms recovered rapidly and 
the patients showed a good prognosis. This condition was 
called acute motor CB neuropathy (AMCBN) and described 
as ‘arrested AMAN’ or ‘partial AMAN.’ This transient CB (now 
called RCF) occurred mainly in patients carrying anti-gangli-
oside antibodies (Fig. 1).23 

Gangliosides are major target antigens of axonal GBS. The 
complement system is activated when immunoglobulin-G 
antibodies bind to gangliosides located in a node of Ranvier. 
Axonal degeneration proceeds by forming a membrane 
attack complex on the axolemma of motor fibers.24 Because 
AMCBN shares the same pathophysiology as AMAN, a rapid 
recovery of disrupted nodes in the above process is consid-
ered to be AMCBN.8

These AMCBN patients could be misclassified as demye-
linating neuropathy by applying Hadden criteria at the initial 
NCS. Various new electrophysiological criteria have been 
proposed in attempts to overcome this limitation.

NEWLY SUGGESTED ELECTRODIAGNOS-
TIC CRITERIA 

Rajabally and colleagues applied stricter values of DML, 
motor CV, and F-wave latencies in their diagnostic criteria 
of AIDP (Table 1).25 If there were no demyelinating features, 
the absence of F-waves and a proximal-to-distal CMAP am-
plitude ratio of <0.7 were considered the axonal features of 
GBS. 

While the Rajabally criteria are highly sensitive for diag-
nosing axonal GBS, it remains difficult to diagnose AIDP.26,27 
Uncini and colleagues proposed taking the findings of the 
second NCS into consideration (Table 2).26,27 Patients with 
continuously low CMAP amplitudes were categorized into 
an axonal degeneration group, and the following criteria 
were applied to the follow-up study: the distal CMAP ampli-
tudes increasing by more than 150% without an increased 
distal CMAP duration (distal RCF), or the RCF recovering due 
to the proximal CMAP amplitude increasing (Fig. 1). Apply-
ing these revised criteria significantly reduced the overall er-

ror rate to 30.0% compared to those for the Hadden criteria 
(48.0%) and the Rajabally criteria (45.0%).27,28 

CONCLUSION 

Electrophysiological findings in GBS play an important 
role not only in its diagnosis but also in understanding the 
pathophysiology via the discovery of CB. It is necessary to 
conduct serial NCS studies because the results change mark-
edly during the time course of the disease. If only one study 
is to be performed, an accurate diagnosis will require the 
application of as many criteria as possible.
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