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Background and Purpose Several variants of Guillain-Barré syndrome (GBS) and Miller
Fisher syndrome (MES) exist, but their frequencies vary in different populations and do not
always meet the inclusion criteria of the existing diagnostic criteria. However, the GBS classifi-
cation criteria by Wakerley and colleagues recognize and define the clinical characteristics of
each variant. We applied these criteria to a GBS and MFS cohort with the aim of determining
their utility.

Methods Consecutive GBS and MES patients presenting to our center between 2010 and
2020 were analyzed. The clinical characteristics, electrophysiological data, and antiganglioside
antibody profiles of the patients were utilized in determining the clinical classification.
Results This study classified 132 patients with GBS and its related disorders according to the
new classification criteria as follows: 64 (48.5%) as classic GBS, 2 (1.5%) as pharyngeal-cervi-
cal-brachial (PCB) variant, 7 (5.3%) as paraparetic GBS, 29 (22%) as classic MFS, 3 (2.3%) as
acute ophthalmoparesis, 2 (1.5%) as acute ataxic neuropathy; 2 (1.5%) as Bickerstaff brainstem
encephalitis (BBE), 17 (12.9%) as GBS/MES overlap, 4 (3%) as GBS/BBE overlap, 1 (0.8%) as
MES/PCB overlap, and 1 (0.8%) as polyneuritis cranialis. The electrodiagnosis was demyelinat-
ing in 55% of classic GBS patients but unclassified in 79% of classic MFS patients. Anti-GM1,
anti-GDla, anti-GalNAc-GDla, and anti-GD1b IgG ganglioside antibodies were more com-
monly detected in the axonal GBS subtype, whereas the anti-GQ1b and anti-GT1a IgG ganglio-
side antibodies were more common in classic MFS and its subtypes.

Conclusions Most of the patients in the present cohort met the criteria of either classic GBS or
MES, but variants were seen in one-third of patients. These findings support the need to recog-
nize variants of both syndromes in order to achieve a more-complete case ascertainment in GBS.

Key Words Guillain-Barré syndrome, Miller Fisher syndrome,
Bickerstaff brainstem encephalitis, Wakerley classification,
paraparetic Guillain-Barré syndrome, pharyngeal-cervical-brachial variant.

INTRODUCTION

Guillain-Barré syndrome (GBS) is the most common cause of acute flaccid paralysis world-
wide, and is characterized by ascending weakness and generalized areflexia or hyporeflex-
ia, often associated with respiratory muscle weakness and cranial palsies." A well-recognized
variant of GBS is Miller Fisher syndrome (MFS), which is characterized by ophthalmople-
gia, ataxia, and areflexia, and the two syndromes share a history of antecedent illness and
the presence of cerebrospinal fluid (CSF) albumin-cytological dissociation. There have
been increasing reports of other localized forms of GBS such as paraparetic and pharyn-
geal-cervical-brachial (PCB) variants, as well as incomplete forms of MES such as acute
ophthalmoparesis and acute ptosis.>* There have also been reports of central nervous sys-

tem involvement in the spectrum of MFS referred to as Bickerstaff brainstem encephalitis
@©'This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Com-
mercial License (https://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial
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(BBE), which shares similar anti-GQ1b antibodies.*

The GBS and MFS variants and their forme fruste do not
fulfill the current existing diagnostic criteria.> We recently
reported that this limitation resulted in 5% and 24% of GBS
and MFS patients, respectively, not being ranked at the high-
est diagnostic certainty according to the Brighton criteria.”
The more-recent GBS classification system of Wakerley and
colleagues incorporates specific sets of clinical features and the
presence of ganglioside antibodies,* and has been validated
in other patient cohorts.'*"

The current study investigated the utility of the new GBS
classification system in the same GBS and MFS cohort in com-
parison with the Brighton criteria, and described the clinical,
serological, and electrophysiological characteristics of their
related variants.

METHODS

We retrospectively reviewed patients presenting with GBS
and MFS to University of Malaya Medical Center (UMMC),
Kuala Lumpur from May 2010 to April 2020. At the time of
diagnosis, all patients who fulfilled the contemporaneous
diagnostic criteria for GBS, MFS, or their related vari-
ants.>>>" Patients who did not initially fulfill the criteria but
upon follow-up did not conform to an alternative diagnosis
were also included (corresponding to level 4 of the Brighton
criteria).® Clinical characteristics including the pattern of
limb weakness, bulbar involvement, facial weakness, ocular
manifestation, ataxia, and hypersomnolence were evaluated.
Patients were then classified based on the new GBS classifi-
cation and the Brighton criteria (Supplementary Tables 1-3
in the online-only Data Supplement).** Where applicable,
patients were also classified as having the overlap syndrome.
Other information collected included age, sex, antecedent in-
fections, durations from onset of symptoms to admission and
nadir, Medical Research Council (MRC) sum score' at na-
dir, GBS disability scores (GDSs)" at admission and nadir,
CSF analysis, mode of treatment, and outcome at 6 months.
The MRC sum score is defined as the summation of the
MRC scores for six muscle groups, ranging from 0 (total pa-
ralysis) to 60 (normal strength),"* while the GDS is widely
used in assessing the functional status of patients with GBS,
ranging from 0 (normal) to 6 (death).”

Nerve-conduction studies (NCSs) were performed as de-
scribed previously.'® In brief, at least two limbs were assessed,
including four motor nerves, three sensory nerves, and F-
waves. Motor studies were performed in the median, ulnar,
fibular, and tibial nerves. Sensory studies of the median and
ulnar nerves were performed orthodromically, whereas su-
ral nerve studies were done antidromically. Reference values
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were derived from normal ranges that were established pre-
viously at our laboratory. Two sets of NCSs were performed
whenever possible, with the initial NCS done at admission
and repeat NCS performed between 3 and 8 weeks after dis-
ease onset. NCS data were evaluated to classify patients as
acute inflammatory demyelinating polyneuropathy (AIDP),
axonal GBS, inexcitable, and equivocal according to the cri-
teria of Uncini et al."” Patients with inexcitable, equivocal,
and normal classifications were grouped as unclassified for
comparison analyses. In addition, we applied our AIDP pre-
dictive models™ to the current cohort, where a score >2 in-
dicated 55% and 64% probabilities of AIDP in early and late
NCSs, respectively. The second model was used for patients
who had two sets of NCSs, and either the first or second model
was used for patients who had only one set of NCSs, depend-
ing on the time of the NCS. Patients with a score =2 were con-
sidered to have a higher likelihood of AIDP. Serological analy-
ses of serum IgG against ganglioside anti-GM1, anti-GM1b,
anti-GD1a, anti-GalNAc-GDl1a, anti-GD1b, anti-GT1a, and
anti-GQ1b antibodies were also performed as described pre-
viously."

The study was approved by the UMMC Medical Research
Ethics Committee, and all patients provided written informed
consent.

Statistical analysis

Categorical data are presented as frequencies and percentag-
es, while continuous data are given as meantstandard devia-
tion and range values. Differences in proportion were com-
pared using the chi-square test, and differences in continuous
variables were compared using Student’s t-test. Correlation
analysis was performed with the Pearson correlation coeffi-
cient. A p value of <0.05 was considered statistically signifi-
cant.

RESULTS

Classification of Wakerley and colleagues

There were 132 patients who presented with GBS or one of
its related disorders during the study period. All patients
could be classified into a specific subtype based on the classi-
fication system of Wakerley and colleagues (Table 1). How-
ever, based on the Brighton criteria, 16 (12%) patients only
reached the lowest level of diagnostic certainty. Among the
total cohort, 64 (48.5%) patients had classic GBS, 29 (22%) had
classic MFS, 9 (6.8%) had localized GBS subtypes, 7 (5.3%)
had MFS subtypes, and 22 (16.7%) had an overlap syndrome.
For the localized GBS subtypes, seven (5.3%) patients were
classified as the paraparetic variant and two (1.5%) as PCB.
There were no patients with acute pharyngeal weakness or bi-
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Table 1. Wakerley classification of GBS patients and comparison with the Brighton criteria

Brighton criteria

Wakerley classification Value
Level 1 Level 2 Level 3 Level 4
Classic GBS 64 (48.5) 38 19 3 4
GBS subtypes
PCB variant 2(1.5) 1 1 0 0
Acute pharyngeal weakness 0
P-GBS 7 (5.3) 4 1 1 1
BFP 0
GBS-MFS interface
Polyneuritis cranialis 1(0.8) 0 0
Classic MFS 29 (22) 5 16 5
MFS subtypes
Acute ophthalmoparesis 3(23) 0 1 2
Acute ataxic neuropathy 2(1.5) 1 0 1
Acute ptosis 0
Acute mydriasis 0
BBE 2(1.5) 0 0 0 2
Acute ataxic hypersomnolence 0
Overlap syndrome 22 (16.7) 13 9 0 0
Overlap subtypes
GBS/MFS overlap 17 (12.9)
GBS/BBE overlap 4(3.0)
MFS/PCB overlap 1(0.8)
Total 132 (100) 62 (47) 47 (36) 7 (5) 16 (12)

Data are nor n (%) values.

BBE: Bickerstaff brainstem encephalitis, BFP: bifacial weakness with paresthesia, GBS: Guillain-Barré syndrome, MFS: Miller Fisher syndrome, PCB:

pharyngeal-cervical-brachial, P-GBS: paraparetic GBS.

facial weakness with paresthesia. For the MFS subtypes, three
(2.3%) patients could be classified as acute ophthalmoparesis,
two (1.5%) as acute ataxic neuropathy, and two (1.5%) as
BBE. There were no patients with acute ptosis, acute mydri-
asis, or acute ataxic hypersomnolence. The patients with an
overlap syndrome comprised 17 (12.9%) with GBS/MEFS over-
lap, 4 (3%) with GBS/BBE overlap, and 1 (0.8%) with MFS/
PCB overlap. One patient (0.8%) had acute pharyngeal weak-
ness, but she also had bilateral ptosis, complete ophthalmo-
plegia, and generalized areflexia without ataxia. Based on the
existing classification, this patient was classified as polyneu-
ritis cranialis.

Demographic and clinical characteristics

The mean age at diagnosis was 47.2+17.9 years (range 15-78
years) for classic GBS, 48.21+17.1 years (range 19-71 years)
for classic MFS, and 46.3119.2 years (range 13-84 years) for
the group of patients with subtypes or an overlap syndrome.
There were more males in the classic GBS (65.6%) and classic
MEFS (51.7%) groups. In total, 71.2% (n=94) of patients had
antecedent infections, of which 17 (18.1%) had diarrhea and
77 (81.9%) had an upper respiratory tract infection. The over-

all time to admission for all patients was 6.6+5.4 days (range
1-33 days), with 60.6% (1n=380) of patients having GDS >3.
The time to nadir for all patients was 8.7£5.7 days (range
2-42 days), and 65.2% (n=86) had GDS >3. Most cases of
significant disability were observed in patients with classic
GBS, BBE, and overlap syndrome. The single patient with
polyneuritis cranialis reached nadir by 4 days with GDS <3.

Antiganglioside antibodies

IgG against ganglioside antibodies were tested in 102 (77.3%)
patients (Table 2), and detected in 26.7% (n=12) of patients
with classic GBS. The majority had anti-GD1a (13.3%), anti-
GalNAc-GD1a (13.3%), anti-GM1 (11.1%), anti-GD1b
(11.1%), and anti-GM1b (8.9%) antibodies (Supplementary
Table 4 in the online-only Data Supplement). Antiganglio-
side antibodies were not detected in the localized GBS sub-
types (PCB and paraparetic variants) or the single case of
polyneuritis cranialis. Antiganglioside antibodies were de-
tected in 50% (n=12) of MFS patients: anti-GQ1b (50%) and
anti-GT1a (37.5%). Anti-GQ1b antibodies were also detect-
ed in both patients with BBE and in one of two patients with
acute ophthalmoparesis. The 18 patients with overlap syn-
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Table 2. Clinical features of GBS patients according to subtypes

Antecedent
. . Time, days GDS >3 At least one
. . Sex, Age, infection . L
Wakerley classification ~ Value antiganglioside
M:F years . To . At . .
Diarrhea  URTI . To nadir .. Atnadir antibody (+)
admission admission
Classic GBS
4721179 79%6.7 10.5+6.8
Total 64 (48.5) 42:22 12 32 53(82.8) 58(90.6) 12/45(26.7)
(15-78) (2-33) (3-42)
35.2£16.9 6.7+50 8.716.3
Axonal GBS 17 (26.6) 14:3 6 10 14 (219) 16(25.0) 10/15(66.7)
(16-70) (2-21) (3-23)
51.6%16.2 8.717.6 11.2£70
AIDP 35(54.7) 21:14 3 17 30(469) 32(50.0) 0/20 (0)
(15-76) (2-33) (3-42)
GBS subtypes
22.5%12.0 6.0+1.4 6.0+1.4
PCB variant 2(1.5) 2:0 1 1 0 0 0/1(0)
(14-31) (5-7) (5-7)
2991127 8.0+5.2 10.6+5.3
P-GBS 7 (5.3) 3:4 0 5 3(429) 3(429) 0/7 (0)
(13-53) (3-14) (3-16)
GBS-MFS interface
Polyneuritis cranialis 1(0.8) 0:1 61 0 1 2 4 0 0 0/1(0)
48.2%17.1 43%+1.7 53%2.1
Classic MFS 29 (22) 15:14 1 21 5(17.2) 5(17.2) 12/24 (50)
(19-71) (2-9) (2-12)
MFS subtypes
Acute ophthalmoparesis 3 (2.3) 3:0 M.3E7.1 0 1 83167 97%4S 0 0 1/2 (50)
P P ' ' (35-49) (1-14)  (5-14)
Acute ataxic neuropathy 2 (1.5) 1:1 265550 0 2 S5E21  60L14 0 0 0/2 (0)
patiy 24 T (23-30) 47 (5-7)
50.5+16.3 3.51+2.1 5014
BBE 2 (1.5 1:1 0 2 2 (100 2 (100 2/2 (100
(1.5) (39-62) (2-5) (4-6) (100) (100) /2 (100)
Overlap syndrome 22 (16.7) 14:8 558:£17.2 3 12 5634 82148 17 (77.3) 18(81.8) 7/18 (38.9)
Py ' ° (21-84) (0-14)  (2-21) ' ' '
Overlap subtypes
53.2£17.0 54134 7.7%5.0
GBS/MFS overlap 17 10:7 3 9 13(76.5) 14(82.4) 6
(21-72) (2-14) (2-21)
71.318.8 6.514.1 10.3+4.4
GBS/BBE overlap 4 3:1 0 2 4(100)  4(100) 0
(65-84) (2-10) (6-15)
MFS/PCB overlap 1 10 38 0 1 7 10 0 0 1
47.2%18.0 6.6+5.4 8.7+5.7
Total 132 (100)  81:51 17 77 80 (60.6) 86(65.2) 34/102 (33.3)
(13-84) (1-33) (2-42)

Data are n, n (%), or meantstandard deviation (range) values.

AIDP: acute inflammatory demyelinating polyneuropathy, BBE: Bickerstaff brainstem encephalitis, F: female, GBS: Guillain-Barré syndrome, GDS: GBS dis-
ability score, M: male, MFS: Miller Fisher syndrome, PCB: pharyngeal-cervical-brachial, P-GBS: paraparetic GBS, URTI: upper respiratory tract infection.

drome included 4 (22.2%) and 7 (38.9%) with anti-GQ1b and
anti-GT1a antibodies, respectively. For the GBS/MES overlap
syndrome, anti-GT1a and anti-GQ1b antibodies were present
in six (37.5%) and four (25%) patients, respectively. No IgG
antiganglioside antibodies were detected in the GBS/BBE over-
lap syndrome, but anti-GT1a was detected in the patient with
MFS/PCB overlap.
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Electrodiagnostic classification

NCSs were performed in all patients (Table 3), but data were
not available for two patients. The final electrodiagnosis was
determined based on 2 sets of NCSs in 98 (74.2%) patients
and 1 set of NCSs in 32 (24.3%) patients. The mean time
from symptom onset to NCSs for patients with one set of
NCSs was 15.1+16.3 days (range 2—-79 days). Among pa-
tients with classic GBS, 35 (54.7%) had AIDP, 17 (26.6%) had
axonal GBS, and 1 (1.6%), 9 (14.1%), and 2 (3.1%) were clas-
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Table 3. Neurophysiological features

Criteria of Uncini et al.”” Our predictive model

Wakerley classification

AIDP Axonal Inexcitable Equivocal Normal AIDP probability 255%

Classic GBS 35(54.7) 17 (26.6) 1(1.6) 9(14.1) 2(3.1) 38/64 (59.4)
GBS subtypes

PCB variant 1(50) 0 1(50) 0 1/2 (50)

P-GBS 4(57.1) 1(14.3) 1(14.3) 1(14.3) 417 (57.1)
GBS-MFS interface

Polyneuritis cranialis 1(100) 0 0/1(0)
Classic MFS 2(6.9) 4(13.8) 16 (55.2) 7 (24.1) 1127 (3.7)
MFS subtypes

Acute ophthalmoparesis 0 0 1(33.3) 2 (66.7) 0/3 (0)

Acute ataxic neuropathy 1(50) 1 (50) 0 1/2 (50)

BBE 2 (100) 0 0/2 (0)
Overlap syndrome 9(429) 2 (9.5) 1(4.8) 8(38.1) 1(4.8) 10/21 (47.6)
Overlap subtypes

GBS/MFS overlap 7 1 1

GBS/BBE overlap 2 1 0

MFS/PCB overlap 0 0 1
Total 52(39.7) 24 (18.3) 2(1.5) 40 (30.5) 13 (9.9) 55/129 (42.6)

Data are nor n (%) values.

AIDP: acute inflammatory demyelinating polyneuropathy, BBE: Bickerstaff brainstem encephalitis, GBS: Guillain-Barré syndrome, MFS: Miller Fisher
syndrome, PCB: pharyngeal-cervical-brachial, P-GBS: paraparetic GBS, URTI: upper respiratory tract infection.

sified as inexcitable, equivocal, and normal, respectively. There
were 16 of 29 (55.2%) MEFS patients with abnormal sensory
conduction, but they did not fulfill the electrodiagnostic cri-
teria for AIDP or axonal GBS, and were therefore classified
as equivocal. Among the remaining classic MFS patients, sev-
en (24.1%) had normal NCS findings whereas four (13.8%)
and two (6.9%) patients had axonal GBS and AIDP, respec-
tively. Two patients with PCB had either AIDP or equivocal
NCS findings. The PCB patient with an AIDP electrodiagno-
sis underwent two sets of NCSs, whereas the patient with
equivocal electrodiagnosis underwent only one set of NCS
on day 3 of the illness. Similarly, the two patients with acute
ataxic neuropathy comprised one with AIDP and one who
was equivocal. Both patients with BBE and the single pa-
tient with polyneuritis cranialis had an equivocal electrodi-
agnosis. Among the paraparetic GBS patients, four (57.1%)
were AIDP, one (14.3%) was axonal, one (14.3%) was equiv-
ocal, and one (14.3%) had normal NCS findings. The pa-
tients with acute ophthalmoparesis comprised one (33.3%)
with equivocal findings and two (66.7%) with normal NCS
tindings. Among the overlap subtypes, nine (42.9%) pa-
tients had AIDP, eight (38.1%) were equivocal, two (9.5%)
had axonal GBS, one (4.8%) was inexcitable, and one (4.8%)
had normal NCS findings. Based on our predictive model,
the proportion of patients with AIDP scores =2 and thus with
a probability of at least >55% of having AIDP was 59% in clas-
sic GBS (38 of 64) and 57% in paraparetic GBS (4 of 7). The

proportions were considerably lower in the other subtypes.

Comparison of severity, laboratory features,
treatments, and outcomes

Comparison analysis was performed between classic GBS,
localized GBS subtypes, classic MFS, MFS subtypes, and the
overlap syndromes (Table 4). The MRC sum score at nadir
was significantly lower in classic GBS (37.1+14.5) than in
localized GBS subtypes (54.8+4.0, p<0.001), classic MFS
(59.7£1.0, p<0.001), and the MFES subtypes (59.4£1.5, p<
0.001), but not when compared with the overlap subtypes
(30.4120.7, p=0.173). Similarly, the GDS at nadir was signifi-
cantly higher in classic GBS (4.1+0.7) than in the localized
GBS subtypes (2.8%1.2, p=0.012) and classic MFS (2.520.9,
p<0.001).

Mechanical ventilation was required significantly more of-
ten in patients with classic GBS (21.9%) than in classic MFS
patients (0%, p=0.006), but significantly less often than in the
overlap subtypes (63.6%, p<0.001). Lumbar puncture was
performed in 115 of 130 (88.5%) patients with a mean time
from symptom onset of 8.7£5.8 days (range 1-34 days). Clas-
sic GBS patients had a higher CSF protein level (1.63+1.94 vs.
0.4910.29 g/L, p<0.001) and cell count (4.619.2 vs. 0.7£2.0
cells/uL, p=0.004) compared with classic MES patients, but
not with the other groups. CSF albumin—cytological dissoci-
ation was significantly more frequent in classic GBS than clas-
sic MES (73.2% vs. 41.7%, p=0.007). In the total cohort (n=
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113), the CSF protein concentration was significantly corre-
lated with the MRC sum score (=-0.339, p<0.001) and GDS
(r=0.238, p=0.011) at nadir. In comparison with classic GBS,
patients with classic MFS and the MFS subtypes more fre-
quently had anti-GQ1b (both: 50% vs. 4.4%, p<0.001) and
anti-GT1a (classic MFS: 37.5% vs. 6.7%, p=0.001; MES sub-
types: 33.3% vs. 6.7%, p=0.039) antibodies. Anti-GQ1b and
anti-GT1a antibodies were also significantly more common
in the overlap subtypes than in classic GBS (anti-GQ1b: 22.2%
vs 4.4%, p=0.030; anti-GT1a: 38.9% vs. 6.7%, p=0.002). An
electrodiagnosis of AIDP was significantly more common in
classic GBS patients (54.7%) than in classic MFS (6.9%, p<
0.001) and the MFS subtypes (14.3%, p=0.042). In contrast,
an unclassified electrodiagnosis was significantly less common
in classic GBS (18.8%) than in classic MFS (79.3%, p<0.001),
MES subtypes (85.7%, p<0.001), and the overlap subtypes
(47.6%, p=0.009).

Immunotherapy was initiated in 100 of 130 (76.9%) pa-
tients. Treatment was more frequent in classic GBS patients
(93.5%) than in patients with classic MFES (37.9%, p<0.001)
and the MEFS subtypes (42.9%, p<0.001). Classic MFES pa-
tients achieved a good outcome (GDS <3) at 6 months more
frequently than did classic GBS patients (100% vs 79.3%, p=
0.009) irrespective of treatment. The remaining GBS sub-
types (n=25) had similar outcomes to classic GBS patients,
and 84.7% of the entire cohort had GDS <3 at 6 months.

DISCUSSION

This study applied the new GBS classification system to a co-
hort of patients diagnosed with GBS and its related disorders.
Each patient could be classified based on their clinical char-
acteristics into a specific subtype, in contrast to 12% of the to-
tal cohort not reaching the higher levels of diagnostic certainty
when applying the Brighton criteria. Patients with classic GBS
and its variants were more likely to have AIDP and were neg-
ative for antiganglioside antibodies. In contrast, the majority
of patients with MFS and its variants had a lower probability
of AIDP but were positive for antiganglioside antibodies.
Close to half of the patients in which GBS overlapped with one
of the variants had a high probability of having AIDP, and there
were also positive serological findings in more than one-third
of them.

The largest proportion of patients (49%) in our cohort had
classic GBS, although this was lower than previously reported
frequencies of up to 71%.''> However, the frequency of classic
MES (22%) was similar to those in other Asian cohorts*?**!
but higher than those in Western cohorts.”>* Subtypes of GBS
and MFS were rare, accounting for up to 12% of patients,
which is consistent with previous reports of 4-15% of local-
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ized GBS subtypes and 2-5% of MFS subtypes.'" The fre-
quencies of PCB (2%) and paraparetic GBS (5%) in the pres-
ent study were similar to those in other studies.>'*'**** Isolated
BBE was found in 2% of our GBS patients, consistent with a
previous report of 3% in Japan'® but lower than a report of
7% in children.”® Other variants such as the bifacial weak-
ness with paresthesia, acute ptosis, and acute ataxic hyper-
somnolence were not seen in our cohort, although the pos-
sibility of these variants being underrecognized cannot be
excluded.

A particularly interesting finding in the present cohort was
of a high frequency of overlap syndromes (17%), most of
which were the GBS/MFS overlap subtype (17 of 22, 77%),
which on its own accounted for 13% of the entire GBS popu-
lation. This was higher than previous reported frequencies of
3-5%.'""2 The frequencies of GBS/BBE overlap (3%) and
MFS/PCB overlap (1%) were similar to those found in other
studies.’*” We also had a single case of polyneuritis cranialis
with clinical characteristics of bulbar palsy, ophthalmople-
gia, ptosis, and areflexia. Wakerley and Yuki considered this
variant a separate entity that represents an interface between
GBS and MFS.’ However, it could be argued that its features
are within the MFS spectrum, especially given the presence
of ophthalmoplegia and areflexia. Other previous authors
have suggested the term “acute bulbar palsy-plus syndrome,”
which has close associations with the anti-GT1a antibodies.?®
The latter classification is worth considering as a separate
entity to “polyneuritis cranialis,” which is nondescript.

There have been conflicting reports of neurophysiological
subtypes of the GBS variants. PCB has been reported as pre-
dominantly axonal,* but one of our two cases was highly
likely to have had AIDP and the other was equivocal. We found
that most cases of paraparetic GBS had AIDP on electrodiag-
nosis. Previous reports have varied with the electrodiagnos-
tic criteria used.'”"? A study of a French cohort found that 6
of 12 (50%) patients had demyelinating subtypes' when the
Hadden criteria were used, but this changed to axonal in 8
(67%) of the patients when the Rajabally criteria were used.
Other studies have also predominantly found the axonal elec-
trodiagnostic subtype irrespective of the criteria used.” It is
unclear as to why our cohort differed from those in other
studies. One possibility is the infective profiles differing be-
tween countries; for example, Campylobacter jejuni infection

S3334 else-

as reported in cases of PCB** and paraparetic GB
where is rarely associated with GBS in Malaysia.” In the cur-
rent study, 56% of the classic MFS patients and its variants
presented only sensory abnormalities, and thus were classified
as equivocal similar to previous reports.”****” We also found
that the probability of AIDP was lower in the MFS spectrum

of disease and the overlap syndromes.
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The current study detected the antiganglioside antibodies
anti-GM1, anti-GM1b, anti-GD1a, anti-GalNAc-GD1a, and
anti-GD1b IgG in classic GBS patients with an axonal form of
GBS, similar to previous studies."®'°** In axonal GBS, an-
tiganglioside antibodies have been shown to target ganglio-
sides such as GM1 and GD1a, which are strongly expressed at
the nodes of Ranvier.*** Binding of the antibodies to the
nodal axolemma activates the complement cascades, lead-
ing to the disappearance of voltage-gated sodium-channel
clusters and focal disruption of axoglial junctions, resulting
in a continuum of nerve dysfunction ranging from temporary
conduction failure to axonal degeneration.*** Anti-GQ1b
and anti-GT1a IgG antibodies were detected in the patients
with classic MES, MEFS subtypes (acute ophthalmoparesis and
BBE), and overlap subtypes (GBS/MEFS overlap and GBS/BBE
overlap), which is consistent with previous reports.'®*%*>*
MEFS patients typically display IgG antibodies against gan-
glioside GQ1b, which are strongly expressed in human ocu-
lomotor, trochlear, and abducens nerves and muscle spin-
dles, and can explain the manifestations of ophthalmoplegia
and ataxia.* Previous studies have also found an association
between anti-GT1a antibodies and PCB.***"** An immuno-
chemical study showed that GT1a was strongly expressed
in the human glossopharyngeal and vagal nerves, account-
ing for oropharyngeal and cervicobrachial weakness.*” We
did not detect anti-GT1a antibodies in our PCB patients, but
did find this antibody in a patient with MES/PCB overlap. A
study of 100 PCB patients found anti-GT1a antibody in 81%
of the patients with MFS/PCB overlap.* The association of
antiganglioside antibody profiles with paraparetic GBS is less
clearly defined, although anti-GD1a, anti-GM1, and anti-
GQIb antibodies have been reported.”** None of our para-
paretic GBS patients were positive for antiganglioside anti-
bodies. Anti-GD1b and anti-GQ1b IgG antibodies are typically
associated with acute ataxic neuropathy,” but they were not
present in our two patients. A study has shown that GD1b
is expressed on human dorsal root ganglion neurons, which
would result in sensory ataxia clinically.*®

As expected, our classic GBS patients had the lowest MRC
sum score and highest GDS at nadir and need for ventilatory
support compared with localized GBS, classic MFS, and the
MES subtypes. Another particularly interesting observation
was that the need for mechanical ventilation was greater in
the overlap subtypes than in classic GBS. This might be ex-
plained by the BBE/GBS patients also having altered levels of
consciousness and the PCB/MFS patients having bulbar in-
volvement. There is a need for airway protection in both of
these clinical presentations.

This study also showed that the severity of GBS (as indicat-
ed by the MRC sum score and GDS at nadir) was correlated
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with the concentration of CSF protein. This was significant in
our classic GBS patients, who had higher levels of CSF protein
and mild pleocytosis compared with classic MFS, consistent
with previous reports.”*® Most (94%) of the classic GBS pa-
tients were treated with immunotherapy, either intravenous
immunoglobulin or plasma exchange, but 20% of these pa-
tients remained disabled with GDS >3 at 6 months. This is
consistent with the rate of disability reported in the litera-
ture."** In contrast, MFS patients had good outcomes with
GDS <3 at 6 months irrespective of treatment.*"*

The current study found that 12% of the included patients
had variants of GBS that were either localized forms of GBS
or MFS subtypes. This is significant given that this group of
patients would be overlooked when applying the two most
widely used GBS diagnostic criteria.>® This problem is fur-
ther highlighted by our recent validation study of the Brigh-
ton criteria finding that one-quarter of the MES patients did
not reach the highest diagnostic certainty, which required the
presence of the complete triad of ophthalmoplegia, ataxia,
and areflexia.” The Brighton Collaboration GBS Working
Group acknowledged this limitation, but considered the sub-
types of GBS and MEFS to be rare (<1%).° Other criteria also
do not consider these variants,’ further limiting their poten-
tial to capture the full GBS spectrum.

One of the limitations of the study was that the localized
forms of GBS and MFS subtypes such as acute pharyngeal
weakness, acute ptosis, or acute mydriasis may not have pre-
sented to clinicians and therefore were not captured.

In conclusion, we found the new GBS classification of Wak-
erley and colleagues to be helpful in further classifying the
specific subtype of GBS including its forme fruste and variants.
Recognizing the full spectrum of clinical presentations in GBS
will allow more-complete case ascertainment, leading to a
better understanding of the disease as well as facilitating treat-
ment decisions and prognoses .
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