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Abstract

Introduction—Electrodiagnostic features of demyelination are essential for establishing the 

diagnosis in demyelinating subtypes of Guillain-Barré syndrome (GBS), but they may also occur 

in disorders that mimic GBS clinically. Information about their frequency in GBS mimics is 

sparse.

Methods—Evaluation of electrodiagnostic features from 38 patients with suspected GBS in 

whom the diagnosis was later refuted (GBS mimics). Their diagnostic accuracy was analyzed by 

comparison with NCS from 73 confirmed GBS patients.

Results—Disorders that mimicked GBS clinically at the time of hospital admission included 

other inflammatory, metabolic, toxic, or infectious neuropathies and spinal cord disorders. The 

sural sparing pattern was the most specific electrodiagnostic feature for demyelinating GBS.

Discussion—Common electrodiagnostic abnormalities in early demyelinating GBS do not 

usually exclude other rare differential diagnoses. An exception to this is the sural sparing pattern 

described here, which strongly supports the diagnosis of demyelinating GBS.
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INTRODUCTION

Guillain-Barré syndrome (GBS) is one of the most common causes of acute flaccid paralysis 

worldwide.1 GBS subtypes that can be distinguished by electrodiagnostic and pathological 

criteria include acute inflammatory demyelinating polyradiculoneuropathy (AIDP) and 

axonal variants, such as acute axonal motor neuropathy (AMAN) and acute motor sensory 

axonal neuropathy (AMSAN). AIDP is by far the most common of all GBS variants in 

Europe and North America accounting for 90–95% of all cases.1

The diagnosis of GBS is usually based on the history and typical clinical symptoms; it is 

confirmed by characteristic abnormalities in the cerebrospinal fluid (CSF) 

(albuminocytologic dissociation) and nerve conduction studies (NCS). Discrimination from 

other causes of flaccid paralysis can be sometimes challenging, and differential diagnoses 

that may be confused with GBS in the acute stage include spinal cord lesions, metabolic or 

toxic neuropathies, or an underlying chronic neuropathy.2 Moreover, findings in NCS 

suggestive of demyelination in early AIDP are nonspecific and may even occur in disorders 

that mimic GBS in the acute stage. For example, abnormal late responses are well known to 

occur in patients with acute myelopathy and might be therefore insufficient to confirm or 

refute the diagnosis of GBS.3 In this study we explored the accuracy of common 

electrophysiological criteria of demyelination as a discriminator for AIDP and its clinical 

mimics. We reviewed electrophysiological data from patients suspected to have GBS on 

hospital admission but in whom the diagnosis was subsequently ruled out. We assessed 

sensitivity and specificity by comparing the electrodiagnostic findings with those from 

confirmed demyelinating GBS cases.

METHODS

GBS mimics were identified by retrospective review of clinical and electrophysiological 

charts from a total of 130 patients with suspected GBS who were referred to 3 different 

neuromuscular centers. The 3 centers were the Department of Neurology, Heinrich-Heine 

University, Düsseldorf (center A, time period 2004–2011), the Department of Neurology, 

University Hospital of Cologne (center B, time period 2008–2012), and the Department of 

Neurology, University of Texas Medical School at Houston, Houston, TX, USA (center C, 

time period 2010–2011). In centers A and B, patients were identified by use of the 

International Statistical Classification of Diseases and Related Health Problems Version 10 

(ICD10) code for GBS (G61.0). The suspected diagnoses in those 2 centers were 

documented at referral in all patients and were coded by ICD10. Patients whose initial 

diagnosis “GBS” (G61.0) was rejected subsequently, were identified by discordant ICD10 

diagnose codes at admission and discharge. In center A we also included 2 patients with 

acute flaccid paralysis in whom GBS was considered, but no clear diagnosis was made at the 

initial evaluation. The clinical and electrophysiological data were compared to those from 73 

confirmed AIDP cases from the 3 centers (center A, n=39; center B, n=28; center C, n=6).

The confirmation of the diagnosis of AIDP was based on 2 criteria: first, patients must fulfill 

criteria for GBS developed by the Brighton Collaborative GBS working group (diagnostic 

certainty levels 1 and 2).4 This case definition requires the presence of bilateral flaccid 
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weakness of the limbs, decreased or absent deep tendon reflexes in weak limbs, a 

monophasic illness pattern with an interval between onset and nadir of weakness between 12 

h and 28 days with subsequent clinical plateau. Electrophysiological findings that are 

consistent with GBS must be present along with albuminocytologic dissociation (elevation 

of CSF protein level above laboratory normal value and CSF total white cell count <50 cells/ 

l) to fulfill level one of diagnostic certainty. If 1 of these 2 criteria was not fulfilled the level 

of diagnostic certainty is 2. In any patient an identified alternative diagnosis for weakness 

must not be present. In addition, the electrophysiological studies must be consistent with 

AIDP according to previously published criteria.5 Patient data which were incomplete or 

which did not fulfill these 2 criteria were excluded from further analysis. IgG antibodies 

against the gangliosides GD1a, GM1, GD1b, and GQ1b were tested as described 

previously.6

Nerve conduction studies

In each patient, electrophysiological studies were carried out within 48h after hospital 

admission by trained neurologists, as described previously.7 Compound muscle action 

potentials (CMAP), distal motor latency (DML), motor conduction velocity (MCV), and F-

waves were obtained from at least 3 motor (tibial, fibular, median, and /or ulnar) nerves, 

although the selection of nerves varied in each center. Sensory nerve action potentials 

(SNAP) were recorded from median and ulnar nerves using orthodromic technique (center 

A) and antidromically from the sural nerve. In centers B and C the ulnar and median sensory 

nerves were assessed antidromically. H-reflex, facial neurography, and blink reflex were not 

included in the analysis, since these tests were not examined regularly in each patient.

Statistical methods

Sensitivity, specificity, and positive and negative likelihood ratios (PLR and NLR, 

respectively) were analyzed for electrophysiological changes for demyelination in GBS 

mimics and in GBS cases that were validated by diagnostic criteria of the Brighton GBS 

Working Group.4 The statistical estimates were calculated for the postulates that the 

presence of common electrophysiological changes for demyelination [prolonged DML, 

reduced MCV, F-wave abnormality (absent F-waves or prolonged F-wave latencies)] at 

presentation indicated the diagnosis of GBS. Sensitivity, specificity, PLR, and NLR were 

also calculated for albuminocytologic dissociation in the CSF.

RESULTS

Spectrum of disorders mimicking GBS

We identified 38 patients (24 men and 14 women) who presented with symptoms consistent 

with GBS, but in whom the initial diagnosis was subsequently refuted (table 1). Of those, 20 

patients were identified in center A, 12 patients in center B, and 6 patients in center C. The 

mean time from symptom onset to first electrodiagnostic examination was 15 days (range 2–

20 days). The age ranged from 21 to 81 years, with a median of 55 years. The most frequent 

diagnosis among GBS mimics was chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP, 24%) followed by chronic axonal neuropathy (13%) and 

somatoform disorder (13%).
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Clinical characteristics of the GBS cohort

Study GBS patients included a total number of 73 patients consisting of 42 men and 31 

women. All patients fulfilled diagnostic criteria of the Brighton Collaboration GBS working 

group. 52% of the patients were categorized as level 1 patients, 48% of the patients were 

classified as level 2. The age ranged from 22 to 80 years, with a median of 56 years. Anti-

ganglioside antibody testing was performed in 37% of patients. Of those one patient was 

tested positive for anti-GM1 antibodies, one patient was positive for antibodies against 

GD1a and five patients were positive for antibodies against GQ1b.

Electrophysiological findings at referral and their predictive value for diagnosis

Electrophysiological features that suggest demyelination could also be detected in varying 

frequency in patients with a non-GBS diagnosis. The most common abnormality that was 

observed in about 40% of the patients was abnormal late responses. Other abnormal findings 

that were noted frequently were reduced NCV (34%) and prolonged DML (26%), mostly in 

patients with a final diagnosis of chronic neuropathy. The most specific finding suggestive 

of early demyelinating GBS was the presence of a “spared” normal sural SNAP with 

abnormal ulnar SNAP (measured orthodromically), which had a specificity of 0.95, a 

sensitivity of 0.41, and a positive likelihood ratio of 8.20 (Table 2). When the ulnar nerve 

was measured antidromically, the specificity of the sural sparing pattern was still high 

(0.83), though the positive likelihood ratio was considerably lower (2.00). Although the 

presence of conduction block was only occasionally noted in patients in whom the final 

diagnosis was not GBS, its specificity was low, since it was present only in the minority of 

confirmed GBS patients.

Sural sparing pattern in GBS and non-GBS patients

In 41% of the GBS patients the sural nerve was normal, but the SNAP of the ulnar nerve 

was pathologic (44% compared to an abnormal sensory median nerve). The sural sparing 

pattern was not present either because of normal sural and ulnar/median sensory NCS (21%) 

or because of an abnormalc SNAP in the sural nerve and upper limb sensory NCS (38%). 

GBS patients with the sural sparing pattern did not differ in terms of other clinical or 

electrophysiological features from GBS patients without this pattern. In the majority of those 

patients (81%), the sural sparing pattern was already present in the initial 

electrophysiological evaluation and persisted in subsequent NCS. Occasionally, the sural 

sparing pattern developed during subsequent measurements (Figure 1A). In some GBS 

patients (21%) with the sural sparing pattern we noted that the abnormal ulnar SNAP 

preceded a further decline of the sural SNAP, which also became abnormal later (Figure 

1B). In the non-GBS group only 1 patient with a final diagnosis of chronic axonal peripheral 

neuropathy presented with a normal sural SNAP but abnormal ulnar SNAP.

DISCUSSISON

We identified 38 patients in whom the initial suspected diagnosis of GBS was subsequently 

refuted. Regarding the large number of reviewed GBS cases and the long time frame of the 

study, GBS mimics are still rare, and our case review approach probably overestimated their 

absolute frequency. However, the cohort of GBS mimics is instructive, because it represents 
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a fairly complete range of disorders that are often referred to as relevant differential 

diagnoses for GBS.1,2

We compared the pattern and frequency of electrodiagnostic changes in this cohort of 

patients with those from confirmed GBS patients with the goal of providing statistical 

estimates that may be helpful in the clinical setting in which a patient is referred to a 

neuromuscular unit because of symptoms suggestive of GBS. To minimize a technical bias 

that may arise because technique and interpretation of electrodiagnostic testing varies 

between EMG laboratories, we analyzed NCS from 3 different neuromuscular centers in 2 

countries. We focused on electrodiagnostic changes that support the diagnosis of AIDP, the 

most common GBS subtype in Europe and North America.1 These abnormal NCS findings 

reflect the underlying multifocal demyelinating process in AIDP and include abnormal F-

waves, presence of A-waves, prolonged DML, reduced MCV, and the combination of 

abnormal upper limb SNAP and normal “spared” sural nerve SNAPs (“sural sparing 

pattern”).8–14

None of these abnormalities are known to be specific for GBS,3,15–18 and in the early stages 

these electrodiagnostic findings are often incompletely developed or even entirely 

absent.13,14 Thus, serial NCS during the course of the disease are usually recommended to 

ascertain the diagnosis and to improve proper subtype classification.19,20

We found that electrodiagnostic features for demyelination were also present in the cohort of 

GBS mimics, although their frequency was generally lower as compared to patients with 

confirmed demyelinating GBS. The most specific discriminating electrodiagnostic feature 

was the sural sparing pattern, which is recognized widely to be a common abnormality that 

occurs early in 39 – 67% of GBS patients.13,14,21–23 Compared to patients with a non-GBS 

diagnosis, the sural sparing pattern had modest sensitivity (0.35) but high specificity (0.93 

for a normal ulnar nerve SNAP and 0.91 for normal median nerve SNAP). Specificities do 

not differ substantially when orthodromic (center A) or antidromic (centers B and C) upper 

limb sensory nerve conduction measurements were used. Thus we conclude that this finding 

is relatively robust for these different recording techniques. Our results are in line with a 

previous report that found a high specificity (0.96) for the sural sparing pattern in GBS 

patients compared to patients with critical illness polyneuropathy.22

A clear limitation of our study is that electrodiagnostic features of GBS mimics could only 

be compared to AIDP cases but not to axonal subtypes of GBS. As recently pointed out24, 

findings of reversible nerve conduction abnormalities in distal nerve segments in addition to 

CMAP reductions in AMAN merit reconsideration and further validation of the current 

electrodiagnostic criteria for GBS subtypes.

The clinical implications of this study are that electrodiagnostic features of demyelination 

such as prolonged DML and abnormal F-waves are less helpful in excluding relevant 

differentials to demyelinating GBS. In contrast, the occurrence of a sural sparing pattern is 

highly suggestive of AIDP, and special attention should be paid to this combination during 

the initial electrophysiological evaluation of patients with suspected GBS.
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ABBREVIATIONS

AIDP acute inflammatory demyelinating polyneuropathy

AMAN acute axonal motor neuropathy

CIDP chronic inflammatory demyelinating polyradiculoneuropathy

CMAP compound muscle action potential

CSF cerebrospinal fluid

DML distal motor latency

GBS Guillain-Barré syndrome

MCV motor conduction velocity

NLR negative likelihood ratio

SNAP Sensory nerve action potentials

PLR positive likelihood ratio
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Figure 1. 
Serial sensory nerve action potentials (SNAP) recordings from ulnar and sural nerves in two 

patients with Guillain-Barré syndrome (GBS). Figure 1A: Patient 1 has normal ulnar and 

sural sensory recordings at day 3 after symptom onset. Serial nerve conduction studies at 

day 6 and day 14 revealed a developing “sural nerve sparing pattern” with decreased ulnar 

SNAP but normal sural SNAP. Figure 1B: Patient 2 had already “sural nerve sparing 

pattern” with inexcitable ulnar sensory nerve fibers on admittance (day 4 after symptom 

onset). Repeated electrophysiological testing shows decreasing sural nerve SNAP which 

became abnormal low at day 10 (dotted line = normal levels).
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Table 1

Spectrum of differential diagnosis of Guillain-Barré syndrome

Other neurological disease diagnosis No of patients

CIDP 9

Chronic axonal polyneuropathy 5

Somatoform disorder 5

Spinal cord infarction 4

Spinal cord compression 2

Chronic axonal-demyelinating polyneuropathy 2

Alcoholic neuropathy 2

Infectious neuritis 2

Ganglionitis 1

Parainfectious myositis 1

Nerve pressure palsy 1

Neuroborreliosis 1

Vasculitic neuropathy 1

Hypokalemia 1

Tetrodotoxin poisoning 1

Total 38
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