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to investigate how these aspects were approached by neuromuscular EDx experts in
practice and how this was done in previously published EDx criteria for GBS. A com-
pleted questionnaire was returned by 24 (of 49) members of the electrophysiology
expertise group from the International GBS Outcome Study. Six published EDx cri-
teria for GBS subtyping were compared regarding these aspects. The indicated mini-
mal number of motor nerves to study varied among respondents and tended to be
more extensive in equivocal than normal studies. Respondents varied considerably
regarding usage of compression sites for subtyping (median/wrist, ulnar/elbow, pero-
neal/fibular head): 29% used all variables from all sites, 13% excluded all sites, and
58% used only some sites and/or variables. Thirty-eight percent of respondents
required a minimal distal CMAP amplitude to classify distal motor latency as demye-
linating, and 58% did for motor conduction velocity. For proximal/distal CMAP-
amplitude ratio and F-wave latency, a requisite minimal CMAP amplitude was more
often required (79%). Also, the various published criteria sets showed differences on

all items. Practical use of EDx criteria for subtyping GBS vary extensively across

KEYWORDS

variation

1 | INTRODUCTION

Electrodiagnostic (EDx) studies are used in the diagnosis, subtyping
and prediction of outcome in the Guillain-Barré syndrome (GBS). Sev-
eral authors have provided criteria for subtyping the EDx results of
GBS patients into axonal or demyelinating subtypes.}® According to
the Brighton Collaboration GBS Working Group,” EDx findings consis-
tent with GBS are necessary to fulfill the criteria for level 1 diagnostic
certainty. In general, classification sets for subtyping focus on cutoff
values for axonal and demyelinating subtypes, but differ in requisites
to be fulfilled before EDx criteria can be applied.

The four EDx related items of our concern, because of their dif-
ference between criteria sets and their possible impact on EDx sub-
typing, were: (a) Extensiveness of EDx testing, specifically the minimal
number of nerves to be studied and the extensiveness of testing
within the nerve, that is, proximal nerve segments. According to some
authors,®>® detection of axonal or demyelinating features in two
nerves is sufficient to subtype these EDx study results as axonal or
demyelinating forms of GBS. On the other hand, the other EDx
categories (equivocal, inexcitable and normal) were not based on a
specified number of nerves with corresponding EDx features.
(b) Nerve-specific considerations. Classical entrapment neuropathies,
that is, median nerve at the carpal tunnel, ulnar nerve at the elbow
and peroneal nerve at the fibular head, can show EDx features that
might also fulfill GBS EDx criteria. This is relevant, because of the high
prevalence of compression neuropathies in the general population. For

example, carpal tunnel syndrome (CTS) has an estimated prevalence of

respondents, potentially lowering the reproducibility of GBS subtyping.

electrodiagnostic criteria, electromyography, Guillain-Barré syndrome, nerve conduction studies,

up to 5%.2 In EDx subtyping the tibial nerve often received special atten-
tion. Due to phase cancelation and submaximal stimulation, proximal
compound muscle action potential (CMAP)-amplitude reduction in the
tibial nerve might occur,’ a finding fulfilling criteria for conduction block
(CB). (c) Requirements for the distal CMAP amplitude, that is, should the
distal CMAP amplitude be taken into consideration, before conclusions
about demyelinating EDx features can be drawn. A low distal CMAP
amplitude can represent severe axonal loss, which might be accompanied
by selective loss of the fastest motor nerves and a regenerating process
with growth of slowly conducting sprouts.® Therefore, conduction
slowing can happen in an axonal illness, and can mimic a demyelin-
ating process. (d) Criteria for CB and temporal dispersion (TD).
Historically, CB was only considered a demyelinating feature, but
later studies in GBS showed this might also represent axonal
(nodal-paranodal) pathology, that is, reversible conduction failure.'?
CMAP-duration prolongation, that is, abnormal TD, was described
as a key feature to differentiate axonal from demyelinating CB.*!
The duration and desynchronization (ie, number of turns) of the

1,*2 and ref-

CMAP in GBS was extensively studied by Clouston et a
erence values were provided. Others have indicated reference
values for distal CMAP-duration stratified for different low fre-
quency filter settings.'®> Nevertheless, most criteria sets lacked
strict criteria for TD*® and this might induce variation in EDx
subtyping.

The aim of this study was to get insight into how neuromuscular
EDx experts in the field of GBS approach these different aspects of

EDx subtyping. This was inventoried by sending a questionnaire to
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TABLE 1  Overview of six different published GBS EDx criteria sets, concerning the different aspects of this study
Albers  Asbury Hadden Ho Rajabally  Uncini
Timing EDx Days NS <21 <15 <14 <21 <24
Subtypes in EDx criteria Yes/no N N Y Y Y Y
Follow-up EDx study in criteria N N N N Y
Extensiveness EDx protocol Minimum number motor nerves NS 3 42 NS 4 3
Sensory conduction advised (yes/no) Y N Y N Y Y
Criteria for sensory conduction (yes/no) N N N N N Y
Minimum number sensory nerves 2 NS NS N 2 3
Proximal NCS Proximal stimulation median nerve advised N N N N N N
Proximal stimulation ulnar nerve (at elbow) N N N N N
advised
Proximal stimulation ulnar nerve (above elbow) N N N N N N
advised
F-wave latency criteria Y Y Y
F-wave absence criteria Y Y Y
F waves—minimal number of trials 10 10 NS NS NS 16
Myography (yes/no) advised Y N N N N N
Nerve-specific considerations Median—carpal tunnel excluded (yes/no) Y N N N N N
Ulnar—sulcus excluded (yes/no) Y Y N N N N
Peroneal—fibular head excluded (yes/no) Y Y N N N N
Tibial—excluded (yes/no/partially) N Y N N Y Y
Distal CMAP amplitude In distal motor latency Y Y Y Y N N
requirements
In motor nerve conduction velocity Y Y Y N N
In proximal/distal CMAP-amplitude/area/ N NA N N
duration ratio
In F wave latency N Y N N Y N
In F wave absence NA N NA NA Y Y
Criterion temporal dispersion Yes/no Y N Y
Criterion conduction block Yes/no Y Y N Y Y
CB criteria based on: area, amplitude or both Am B Am NA NS Am

Abbreviations: Am, amplitude; B, both amplitude and area; CB, conduction block; CMAP, compound muscle action potential; EDx, electrodiagnostics; GBS,
Guillain-Barré syndrome; N, no; NA, not applicable; NCS, nerve conduction studies; NS, not specified; Y, yes.
Intended to study four motor nerves, but mean number tested in cohort was 3.7 (SD 1.4).

the members of the EDx expertise group of the International GBS
Outcome Study (IGOS). Also, an overview will be presented on how
these aspects were addressed in the past, by the authors from previ-
ously published criteria sets.1®

2 | MATERIALS AND METHODS

A questionnaire was sent in June 2021 to the 49 members of the
electrophysiology expertise group from the IGOS. See supplement for
the full questionnaire. This questionnaire was developed by four
authors (S.A., B.C.J,, D.R.C, J.D.) and contained 21 questions about
four topics: (a) requirements for the extensiveness of EDX testing.

Questions were related to minimal number of nerves to be studied

and EDx of proximal nerve segments and roots, (b) nerve-specific cri-
teria. Questions were related to classical compression neuropathies
and the tibial nerve, (c) requirements for the distal CMAP amplitude
and (d) criteria for CB and TD.

For a historical overview of literature on how these four aspects
were approached in the past, the six most commonly used criteria sets

were analyzed.>®

3 | RESULTS
A total of 49 questionnaires were sent and the response rate was
49% (N = 24). Of the respondents, 91% perform or supervise EDx

studies at least every week.
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FIGURE 1
(lower), according to respondents (%). GBS, Guillain-Barré syndrome

3.1 | Extensiveness of EDx in GBS
For an overview of literature’® on the most commonly used criteria

sets, concerning the different aspects of EDx in GBS, see Table 1.

3.1.1 | Number of motor nerves
Regarding the extensiveness of EDx, published criteria sets differed in
indicated minimal number of nerves to be studied. Albers et al* and
Ho et al® did not recommend a specified minimal number of motor
nerves to be studied, Asbury and Cornblath? and Uncini et al® recom-
mended to study at least three motor nerves and Hadden et al* and
Rajabally et al® recommended testing at least four motor nerves.
Figure 1 presents the minimum number of motor nerves to study
in GBS patients according to the respondents, in general and in case
an equivocal or normal study is assumed. According to 58% of respon-
dents, in general an EDx study of four motor nerves was required. If
during the examination the EDx results turned out to be abnormal but
did not fulfill demyelinating or axonal criteria (equivocal), this number
increased to greater than four motor nerves according to 58% of

respondents.

3.1.2 | Proximal nerve conduction

None of the published criteria sets?* advised to study proximal nerve
segments by stimulation at upper arm and/or Erb's point. All sets pro-
vided cutoff values for minimal F-wave latencies, but some lacked cri-
teria for F-wave absence.'®* Prolonged F-wave latency can be
caused by proximal conduction slowing but also by reduced distal
conduction velocity and/or prolonged distal latency. None of the
existing criteria provided ways on how to take distal conduction slow-

ing into account in the interpretation of prolonged F-wave latency.

Minimal number of motor nerves to be studied in a GBS patient in general (upper), if EDx is normal (middle) and if EDx is equivocal

According to 96% of respondents, evaluation of proximal seg-
ments of arm nerve(s) is indicated, either by F waves (58%) or by
nerve stimulation in the upper arm and at Erb's point (38%). In case of
a significant CMAP-amplitude reduction at Erb's point, 64% of
respondents will not use this for EDx classification, because of the risk
of submaximal stimulation. Prolonged F-wave latency was considered
a demyelinating feature irrespective of distal conduction slowing,
according to 50% of respondents. Yet, 17% did not use this as inde-
pendent feature of proximal demyelinating feature because prolonged

F-wave latency could also be attributed to distal demyelination.

3.2 | Nerve-specific considerations
Albers et al* advised to exclude the classical compression sites for the
median nerve (wrist), ulnar nerve (elbow) and peroneal nerve (fibular
head). Asbury and Cornblath? excluded both the ulnar nerve (elbow)
and the peroneal nerve (fibular head) for the criterion of a CB, but did
not mention the carpal tunnel. On the other hand, EDx findings com-
patible with classical compression neuropathies were not excluded by
others.®

The tibial nerve is known for its pronounced proximal CMAP-
amplitude reduction and prolonged duration due to phase cancelation
and submaximal stimulation.!* As this finding could often fulfill EDx
GBS criteria, the tibial nerve was excluded for EDx subtyping in GBS

patients in multiple EDx criteria sets.2>¢

3.21 | Median nerve

Opinions on how a prolonged distal motor latency of the median
nerve should be used in EDx subtyping varied considerably: 25%
excluded this variable from subtyping because of possible confusion
with a CTS, while 71% only used this if they could verify that CTS was
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FIGURE 2 Respondent opinions on whether EDx variables at classical compression sites should be used for EDx subtyping in GBS. GBS,

Guillain-Barré syndrome

not the case, either clinically (signs or diagnosis of CTS before) or by

additional electrophysiological testing (Figure 2).

3.2.2 | Ulnarnerve

Slowing of motor conduction velocity (MCV) and reduction of CMAP
amplitude across the elbow can be found both in ulnar neuropathy at
the elbow and in GBS. In 88% of respondents, both variables were
used in the same manner: in 13% both were used as indicative of
AIDP, in 21% both as supportive of AIDP but only after verifying the
presence of a co-existing ulnar neuropathy (signs or diagnosis of ulnar
neuropathy before) and in 54% both variables were excluded for sub-
typing because of possible confusion with ulnar neuropathy. In the
remaining 12% of respondents, both variables were used in different
ways: CMAP amplitude reduction was used as supportive of AIDP,
but low MCV was not (4%) or vice versa (8%) (Figure 2).

3.2.3 | Peroneal nerve

EDx GBS subtyping could be influenced by co-existing peroneal neu-
ropathy at the fibular head, that is, low MCV and CMAP-amplitude
reduction at fibular head could wrongly be assigned to AIDP. In 83%
of respondents, both variables were used in the same manner: in 17%
both were used as indicative of AIDP, in 20.8% both as supportive of
AIDP but only after verifying the presence of a co-existing peroneal
neuropathy at the fibular head and in 46% both variables were
excluded for subtyping because of possible confusion with a compres-
sion neuropathy at the fibular head. In the remaining 17% of respon-
dents, both variables were used in different ways: CMAP-amplitude
reduction was used as supportive of AIDP, but low MCV was not (8%)

or vice versa (8%) (Figure 2).

3.24 | Tibial nerve

In 29% of the respondents, the tibial nerve was used for subtyping,
but in 4% the tibial nerve was completely excluded. The remaining
majority of 67% used some but not all tibial nerve EDx variables.
A proximal CMAP-amplitude reduction of >50 (ratio <0.5) was used
for subtyping in 35%, and this was increased up to 61% if cutoff ratio
of proximal CMAP-amplitude reduction was >70% (ratio <0.3). If EDx
criteria were used, in which it was advised to exclude the tibial nerve, still
58% of respondents were willing to use this proximal CMAP-amplitude
reduction for subtyping.

3.3 | Distal CMAP amplitude

Criteria sets differed for which EDx parameters minimal distal CMAP-
amplitude requisites were provided. All criteria sets provided at least a
minimal distal CMAP amplitude for one of the EDx parameters, but
none required minimal amplitudes for all variables (CMAP ratio, DML,
F wave, MCV).

The use of a criterion for minimal distal CMAP amplitude was
explored, irrespective of the definition of this minimal amplitude. A
minimal CMAP-amplitude criterion was required for CMAP ratio and
F-wave latency according to 79% of respondents, but only in 38% for
DML and 58% for MCV (Figure 3). How the minimal distal CMAP-
amplitude criterion was defined, was not part of this study.

34 | CBandTD

Criteria for CB were present in most criteria sets (Table 1).1246 These
were based on CMAP-amplitude reduction,**¢ both CMAP amplitude
and area reduction? or described as proximal to distal CMAP ratio,
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FIGURE 3 The distal CMAP amplitude as prerequisite before classification of specified EDx variables as demyelinating, according to

respondents. CMAP, compound muscle action potential

without further specification® (amplitude and/or area). In some criteria
sets abnormal TD was strictly defined,>® others used a more general

)2 or did not provide criteria

definition (defined as: unequivocal TD
for TD.*°

Despite the lack of criteria for TD in some criteria sets, 88% of
respondents would use TD as a demyelinating feature. Also, in the
deliberation of a CB to be axonal (reversible conduction failure) or
demyelinating, 77% of respondents would take TD into account if

EDx criteria do not provide clear rules.

4 | DISCUSSION

Classification of EDx study results in GBS patients into axonal and
demyelinating subtypes, according to various published EDx criteria
sets may seem straightforward due to the use of clearly defined cut-
offs. Despite the focus on cutoffs, our study shows that there are dif-
ferences between respondents in the application and interpretation of
various other aspects of the EDx GBS criteria. This diversity might
influence the results of the EDx subtype classification, although this
was not part of our analysis. To our knowledge, this is the first study
studying and reporting variation in the application and interpretation
of the EDx criteria for subtyping in GBS.

The most commonly used criteria sets for subtyping all showed
differences in approaching the various items of concern, that is, the
number of motor nerves to be studied, evaluation of proximal nerve
conduction, evaluation of EDx parameters at sites of compression and
parameters of the tibial nerve, the role of distal CMAP amplitude, TD
and CB.

According to the respondents, the extensiveness of motor nerve
conduction studies was dependent on the findings observed during

the EDx procedure. If during EDx study the results were equivocal,

respondents would proceed to test more motor nerves than typically
recommended. On the other hand, according to EDx criteria for demy-
elinating subtype, testing two motor nerves will suffice in case both
show demyelinating features. A fixed number of motor nerves to
study was impossible to define. Future EDx criteria should define min-
imal number of motor nerves to study, specified for the different EDx
subtypes.

5 respondents agreed on the

In accordance with the literature,®
need for evaluation of proximal nerves and roots. The way to study
this, either by F waves or by nerve stimulation at proximal sites (upper
arm, Erb's point), differed and no recommendations were provided by
the analyzed EDx criteria sets. Both techniques have their shortcom-
ings. Proximal stimulation is a complex technique: 64% of respondents
reported to not use CMAP-amplitude reduction at Erb's point in the
EDx subtyping because of possible technical issues. Also, the roots
(nerve segment proximal to Erb's point) cannot easily be evaluated,
because direct stimulation of roots is complex and not routinely per-
formed. Although F waves are generally performed to evaluate proxi-
mal nerve segments and roots, F wave latencies can also become
abnormally prolonged or F waves can be absent when distal conduc-
tion slowing or blocking is present, mimicking proximal nerve conduc-
tion abnormalities. From the survey, respondents were variable on
whether prolonged F-wave latency should be used in EDx subtyping
in case of clear distal conduction slowing, with 50% of respondents
not taking distal conduction slowing or blocking into account in the
assessment of F waves.

The issue on EDx findings at the typical sites of entrapment is
complex. Entrapment neuropathies, in particular, median nerve
entrapment across the wrist, are common but they also represent
sites that are vulnerable to conduction slowing in GBS.?2 Most EDx
classification sets lack recommendations as to whether or not to use

these compression sites for subtype classification.>® This study



ARENDS ET AL.

WILEY_| 23

showed differences among respondents in excluding variables from
sites of entrapment in GBS EDx subtyping, underlining the need for
uniformity. One way to partially overcome this issue, might be to
check whether patient had clinical signs of pre-existing entrapment
neuropathies, that is, before start of GBS symptomes.

Reduction of conduction velocity in case of severe axonal loss
has been described, for example in patients with amyotrophic lateral
sclerosis.” In the literature, a required minimal distal CMAP amplitude
is often used, and supposed to prevent erroneously classification of
low MCV as demyelinating feature in case of severe axonal loss.
Respondents required a minimal distal CMAP amplitude for CMAP
ratio and F-wave latency in 79%, whereas only in 20% of EDx criteria
sets (for CMAP ratio) and 33% (for F-wave latency) a minimal distal
CMAP amplitude was defined. On the other hand, only 38% of
respondents use a minimal distal CMAP amplitude for DML, while
EDx criteria require these in 67% of sets. This underlines that there is
a gap between the EDx criteria and their application in practice.

We showed that CB was defined in multiple ways by the different
EDx criteria, with differences in cutoffs but also in definition (area vs
amplitude). Asbury and Cornblath? and Uncini et al® provided cutoffs
for abnormal TD, while others did not or these were not clearly
defined.>* In both mentioned EDx criteria sets CMAP amplitude and
duration were combined,? into criteria for CB and TD. Uncini et al
introduced criteria for axonal CB. Most respondents (88%) were using
abnormal TD as a demyelinating feature and 77% used TD to classify
CB as axonal or demyelinating, although this was not in accordance to
the published EDx criteria used. This suggests that the interpretation
of TD as an axonal or demyelinating feature was left to the individual's
discretion.

This study has several limitations. First, although we showed
extensive variation between respondents in how EDx aspects of this
study were handled in practice, we did not investigate to what extent
this variation will influence the result of EDx subtyping in practice.
A prospective study in a mixed population of patients with GBS would
be required to define the effect of this variation. Second, the results
presented in this paper represent opinions of neuromuscular special-
ists mostly from specialized academic centers, which may differ from
the practice in other hospitals. Third, our survey did not state the tim-
ing of the EDx study in their questions. The timing might especially be
relevant for the assessment of the CMAP-amplitude reduction, as

reversible conduction failure is dependent on the timing of the study.

5 | CONCLUSION

The EDx classification of patients with GBS has been used extensively
in previous research, including research that relates to the type of pre-
ceding infection, anti-ganglioside antibodies, geographic variation and
evaluation of subgroups in therapeutic trials. These studies may have
been influenced by the application and interpretation of clinical neu-
rophysiologists who have conducted the EDx in their patients. Yet we
expect that in most if not all of these studies, this diversity as studied

in this paper was not reported as a possible confounding factor. At

present it is unknown to what extent this diversity may have influ-
enced the interpretation of the EDx findings in these studies.

Various sets of EDx criteria to classify EDx into demyelinating
and axonal subtypes of GBS have been proposed. In addition, some
studies have indicated the importance of conducting a second EDx as
EDx subtyping might not be possible in the very early dynamic state
of GBS and the classifications may change.® Others showed no effect
of serial EDx on GBS subtyping.l” None of these criteria or recom-
mendations have specified how to deal with all four issues investi-
gated in the current study, probably contributing to the reported
diversity. In an attempt to reach uniformity in clinical practice, there is
a need to reach consensus among experts on the application and
interpretation of GBS EDx criteria. Therefore, we recommend that
future GBS studies using EDx subtyping should specify EDx criteria

used and include the additional issues raised here:

1. The minimum number of nerves to be studied for each EDx sub-
type separately, that is, axonal, equivocal, demyelinating, inexcita-
ble and normal.

2. The way proximal nerve and root segments are evaluated: by F
waves, direct proximal stimulation or both.

3. Classification of F-wave abnormalities, if there is distal conduction
slowing, blocking or axonal loss.

4. Inclusion/exclusion criteria of the typical sites of entrapment.

5. Requirements for the distal CMAP amplitude for all evaluated EDx
variables.

6. Clear cutoffs for CB and TD and how abnormalities are interpreted
(axonal or demyelinating) if not specified in the applied EDx
criteria.
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