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Background: Central nervous system complications are reported in an
increasing number of patients with Coronavirus Disease 2019 (COVID-
19). COVID-19-related Guillain-Barré syndrome (GBS) is of particular
importance given its association with higher mortality rates and pro-
longed respiratory failure.

Review Summary: We conducted a systematic review of published cases
for COVID-19-related GBS, and provide a summary of clinical man-
agement strategies for these cases. Sixty-three studies, including 86
patients, were included. Seventy-six cases with reported outcome data
were eligible for the outcome analysis. Ninety-nine percent of patients
were diagnosed with COVID-19 before diagnosis of GBS (median: 14 d
prior, interquartile range: 7 to 20). Intravenous immunotherapy (intra-
venous immunoglobulin: 0.4 g/kg/d for 5 d) was the most frequently used
treatment approach. The review indicated that the outcome was not
favorable in 26% of cases (persistent neurological deficits). A mortality
rate of 3.5% was observed in patients with COVID-19-related GBS.

Conclusions: Although evidence to support specific treatments is
lacking, clinicians should consider the benefits of immunotherapy and
plasma exchange in addition to the standard antimicrobial and sup-
portive therapies for patients who meet the diagnostic criteria for acute
sensory and motor polyradiculoneuritis. Intravenous immunoglobulin
treatment alone is not shown to result in improved outcomes or mor-
tality. More extensive studies aimed at exploring the neurological
manifestations and complications of COVID-19 and distinctive treat-
ment options for COVID-19-related GBS are warranted.
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n increasing body of evidence has emerged to establish the
link between Coronavirus Disease 2019 (COVID-19) infec-
tion and major neurological complications such as cerebrovascular
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accidents, acute transverse myelitis, encephalitis, and Guillain-
Barré syndrome (GBS).

Angiotensin-converting enzyme 2 (ACE2) has been identi-
fied as an important severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) receptor, mediating its entry into the cell.!
ACE2 receptors are widely expressed in the lungs, heart, and
brain.> The expression of the ACE2 receptors on the endothelial
cells of the blood-brain barrier facilitates the viral binding and
entry into the central nervous system (CNS).3® ACE2 receptors
are highly expressed in the ventrolateral medulla and the nucleus
of the solitary tract.® In addition to the direct viral binding and cell
entry, activation of inflammatory mediators is thought to result in
a proinflammatory state within the CNS.” In addition, COVID-19
is suggested to trigger a molecular mimicry phenomenon on the
affected endothelial cells, where cross-reactions occur between
antibodies and a large number of proteins present on the plasma
membrane surface due to COVID-19 induced stress.®® As a result
of the above mechanisms various pathways within the CNS can
lead to direct injury to nerve tissue, in addition to a cytokine storm
across the blood-brain barrier, hypoxia from COVID-19-related
lung injury, and an uncontrolled immune response.®'%-13 Figure 1
demonstrates different mechanisms through which SARS-CoV-2
may cause neuronal injuries.

Neurological manifestations are reported in up to 36% of
patients with COVID-19. Among COVID-19-associated CNS
conditions, GBS has emerged in an increasing number of case
reports as an additional hazard with a significant risk of mor-
tality or prolonged respiratory failure.!1:1214-20

We herein present an in-depth systematic review of
COVID-19-related GBS cases with analysis. The purpose of
this systematic review is to recapitulate the available treatments
for COVID-19-related GBS and to provide a summary of
clinical management strategies for this complication. We
explore management obstacles in the intensive care unit (ICU)
for COVID-19-related GBS patients during the pandemic.

METHODS

Search Strategy and Selection Criteria

All articles in English and Spanish languages, including
adult patients, and published in PubMed-indexed scientific
journals were considered eligible. Randomized controlled trials,
prospective and retrospective cohorts, case series, and case
reports, as well as cross-sectional studies involving patients
with COVID-19-related GBS were eligible for inclusion.

We performed a systematic search on databases PubMed,
EMBASE, and Web of Science to identify studies with the
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FIGURE 1. ACE2-binding SARS-CoV-2 causes various complications in different organs that can lead to neurological complications. ACE2
indicates angiotensin-converting enzyme 2; BBB, blood-brain barrier; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

following subject heading terms: “COVID” OR “Coronavirus”
AND “Guillain-Barre.” We extracted the data from reports,
with adherence to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline.?! Details of
the patient population, COVID-19 symptoms and management,
GBS symptoms, management, and outcomes were recorded.
The search occurred from May 19, 2020, through January 31,
2021 which captured a total of 99 studies. Thirteen additional
reports were captured from reference lists of retrieved reports
and Google Scholar searches. At the time of conducting this
study there were no published randomized trials or cross-sec-
tional studies. We identified 3 systematic reviews, 1 cohort, and
1 observational study. All case reports and case series were
included in the analysis. There were also 3 correspondence
letters eligible for inclusion in the qualitative synthesis
(Table 1).

Data Analysis

Descriptive statistics were tabulated for the analytic
cohort. Continuous data were reported as median with inter-
quartile ranges and compared using the Kruskal-Wallis test or
Wilcoxon rank test. Categorical data were expressed as pro-
portions and compared using the x? test. The published out-
come data for each case were classified into 2 categories.
Clinical improvement, defined as neurological or autonomic, or
respiratory symptoms improvement, weaning off the ventilator,

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

or improvement of oxygen requirement and inflammatory
markers. No improvement is defined as no sign of clinical
improvement, worsening of the neurological examination,
hemodynamic instability, and death. All analyses were con-
ducted using R (The R Foundation for Statistical Computing,
Vienna, Austria).2* P-values <0.05 were considered to be
significant.

RESULTS

To graphically summarize the studies’ inclusion proc-
esses, we constructed a PRISMA diagram (Fig. 2) which
demonstrates the selection mechanism of among the total of 99
discovered publications.?! From a total of the final 63 pub-
lications (55 case reports and 8 case series), 86 cases were
included in this study. Most of the cases were reported from
Italy (30%), the United States (19%), and Spain (9%) (Fig. 3).
The reported in-hospital mortality rate among a total of 86
patients were 3.5%. Seventy-six cases reported the outcome of
their management and were included in the final analysis;
among them, 74% reported clinical improvement, while 26%
reported no improvement. Demographic and clinical data
stratified by patients’ outcome are shown in Table 2. Patients
with no improvement were older (P =0.003) and had a higher
incidence of quadriplegia (P =0.02), areflexia (P=0.02) and
respiratory failure (P =0.004) (Table 2).
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TABLE 1. COVID-19-Related GBS Correspondence Letters

References Title Question Conclusion
Gupta et al*? Ts COVID-19-related Guillain- How does COVID-19-related Guillain-Barré ~ Anti-ganglioside antibody was not found in
Barré syndrome different? syndrome compare against other patients with COVID-19- and Zika virus—
presentations of GBS? related GBS. The neuropathy in viral

infections—related GBS could be due to other
autoantibodies that are not detected as yet or the
viruses produced nerve damage due to other
neurotoxic effects

Cappello® COVID-19 and molecular Does molecular mimicry explain both the acute It would be appropriate if this Journal would
mimicry: the Columbus’ pulmonary embolism and the multi-organ stimulate the scientific community on the fact
Egg? microvascular thrombosis that some patients that molecular mimicry phenomena can occur
experience? in SARS-CoV-2

It is also urgent to start the search for human
epitopes that turn into autoantigens, and to
remind this risk to all those who are currently
working on vaccines

Gigli et al*>  Guillain-Barré syndrome in the Compare the frequency of GBS cases during ~ Compared with years 2017-2019, the increase of

COVID-19 era: just an the March-April months of the last 3 y and to GBS cases in 2020 is 5.41-fold

occasional cluster? admissions for GBS during the same months The suspicion that this striking difference could be
of the current year in Friuli Venezia-Giulia, due to the pandemic curve in our region is,
Ttaly therefore, legitimate

COVID-19 indicates Coronavirus Disease 2019; GBS, Guillain-Barré syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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FIGURE 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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FIGURE 3. Geographical distribution of the Coronavirus Disease 2019 (COVID-19)-related Guillain-Barré syndrome cases.

Demographic data of published cases, as well as the
reported clinical data for each COVID-19 case, is demonstrated
in Table 3. Among a total of 86 cases, the most-reported
comorbidity was hypertension (20%) and type 2 diabetes or
prediabetes (9%). Cough (70%), tever (63%), dyspnea (24%),
anosmia or ageusia (17%), diarrhea (16%), pharyngitis or upper
respiratory infection (URI) symptoms (15%), and fatigue,
myalgia, or arthralgia (12%) were the first COVID-19 infection
symptoms reported among the patients, respectively. A majority
of the cases (83%) were diagnosed using the reverse tran-
scription-polymerase chain reaction technique; and 86% of the
specimens were collected through nasopharyngeal (NP) swab.
Forty-five percent of the cases reported cerebrospinal fluid
polymerase chain reaction for COVID-19 results with no pos-
itive report. Seventy-eight percent of the cases reported their
choice of treatment for COVID-19. These treatments included
hydroxychloroquine (45%), antibiotics (34%), lopinavir/rito-
navir (25%), darunavir and antiretroviral therapy (7%), umife-
novir (3%), oseltamivir (3%), tocilizumab (1%), and cortico-
steroids (16%). There was no reported use of remdesivir among
the cases we reviewed. Similarly, the use of Regeneron mon-
oclonal antibodies against SARS-CoV-2 (casirivimab with
imdevimab) has not been reported in any cases with COVID-
19-related GBS; the only reported monoclonal antibody in this
population was tocilizumab, a monoclonal antibody against the
interleukin-6 receptor. One case reported at the Chest annual
meeting reported the use of tocilizumab together with con-
valescent plasma, but the patient did not improve and remained
dependent on ventilatory support. Among 92% of the cases that
reported ventilator support status, 48% reported failure of
weaning trials during the treatment period.

Ninety-nine percent of the patients were diagnosed with
COVID-19 before GBS symptoms were recorded, with 1
patient who had GBS symptoms 7 days before the COVID-19
diagnosis. The median interval between COVID-19 diagnosis
and the first recorded neurological symptoms was 14 (inter-
quartile range=7 to 20) days. Paresthesia (41%), quadripa-
resis (28%), areflexia (27%), paraparesis (26%), dysphagia
(15%), facial paresis (14%), ataxia (12%), asthenia (12%),

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

hypoesthesia (10%), respiratory failure (7%), facial diplegia
(6%), paraplegia (3%), and quadriplegia (3%) were the GBS
symptoms reported among the patients respectively. Forty-four
percent of the cases reported performing biological tests for
other viral infections. Among these patients, human immuno-
deficiency virus (68%), followed by influenza viruses (21%)
were the most common tested viruses. Nineteen percent of the
cases reported performing magnetic resonance imaging. Twelve
percent of these cases did not detect any GBS-related findings.
However, 31% reported enhancement of caudal nerve roots,
and 12% reported abnormal enhancement of facial nerve. A
motor nerve conduction study was performed in 76% of the
cases. Among these cases, the most frequently examined nerves
for velocity assessment were tibial nerve (54%), common per-
oneal nerve (37%), and the median nerve (37%). For those
cases in which the tibial nerve was tested, 49% showed bilateral
absent or decreased velocity, 26% showed unilateral decreased
velocity, and 17% showed normal velocity at the tibial nerve.
Among cases who reported common peroneal nerve testing,
71% had bilateral absent or decreased velocity, 21% had normal
velocity, and 8% had unilateral decreased velocity at the
common peroneal nerve. For cases with reported median nerve
testing, 50% had bilateral absent or decreased velocity, 25%
had normal velocity, and 25% had unilateral absent or
decreased velocity at the median nerve. Sixty-five percent of the
cases reported the type of GBS; among them, 54% were acute
inflammatory demyelinating polyneuropathy (AIDP), 32%
were acute motor-sensory axonal neuropathy (AMSAN), 11%
were MFS and 4% had isolated facial diplegia. Almost all of the
cases (98%) reported their choice of GBS management. Intra-
venous immunoglobulin (IVIG) (87%) was the most used
treatment approach followed by plasma exchange (8%). Four
percent of patients who received IVIG also underwent plas-
mapheresis; 2% received low molecular weight heparin
(LMWH) or enoxaparin, and 1% Gabapentin. Two percent of
patients were treated only with prednisone, and 5% received no
specific GBS treatments. Detailed GBS clinical and manage-
ment data are demonstrated in Table 4 and diagnostic data in
Table 5.
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TABLE 2. Demographic and Clinical Features of the Cases With
Reported Outcome (N =76)

Clinical No
Improvement  Improvement
(N=57) (N=21) P
Age (y) 55 (49-64) 66.5 (55-72) 0.003
Sex*
Female 17 (30) 8 (40) 0.6
Male 39 (70) 12 (60)
Comorbiditiest
Yes 20 (61) 9 (82) 0.3
No 13 (39) 2 (18)
COVID-19 symptoms
Fever 35 (61) 15 (71) 0.4
Cough 35 (61) 17 (81) 0.2
Dyspnea 13 (22) 4 (20) 0.5
Anosmia/ageusia 14 (24) 14) 0.05
GBS subtypet
AIDP 20 (54) 5@31) 0.5
AMSAN 9 (24) 6 (35)
FDP 1(3) 1(6)
MES 4(11) 1(6)
GBS symptoms
Tetraparesis 15 (27) 8 (40) 0.4
Paresthesia 23 (41) 11 (55) 0.4
Hypoesthesia 7 (12) 2 (10) 1
Ataxia 8 (14) 15 04
Areflexia 11 (20) 10 (50) 0.02
Quadriplegia 0 3(15) 0.02
Paraplegia 1) 2 (10) 0.3
Paraparesis 17 (30) 4 (20) 0.8
Facial paresis 8 (14) 3(15) 1
Facial diplegia 4 (7) 1(5) 1
Respiratory failure 1Q2) 5(23) 0.004
Time from onset of 14 (10-20) 10 (6-14) 0.1
COVID-19 diagnosis
to GBS (d)§
Time from neurological 3 (24 1 (1-3) 0.2
symptoms to hospital
admission (d)||
Ventilator support 22 (39) 16 (80) 0.004
Time from hospital 3 (2-3) 2 (1.5-3.5) 0.6
admission to ICU
admission (d){
COVID-19 treatment#
Hydroxychloroquine 20 (43) 8 (47) 1
Lopinavit/ritonavir 9 (20) 7 (41) 0.1
Remdesivir 0 0 1
Antiviral agents 15 (32) 7 (41) 1
Antibiotics 14 (30) 7 (41) 0.7
Corticosteroids 8 (17) 3 (18) 1
Convalescent plasma 0 0 1
Tocilizumab (the 4 (8) 0 0.4
only reported
monoclonal
antibody)
GBS treatment**
IVIG 49 (87) 13 (65) 0.6
Plasmapheresis 3(5) 1(5) 1
Plasmapheresis and 1) 2 (10) 0.3
IVIG
Prednisone 0 2 (10) 0.1
No treatment 2 (4) 1(5) 1
In-hospital mortality 0 3 (15) 0.02
Time from neurological 4 (2-7) 3 (3-4) 0.6
symptoms to start of
IVIG treatment (d)f+
IVIG daysii 5 (5-5) 5 (5-5) 0.4
IVIG dose§§
0.40 g/kg/d for 5d 34 (81) 10 (83) 1

200 | www.theneurologist.org

TABLE 2. (continued)

Clinical No
Improvement  Improvement
(N=57) (N=21) P
2 g/kg for 5d 6 (14) 2(17) 1
30 g for 5 cycles 2 (5) 0 1
Hospital length of stay 12.5 (9-23.7) 7 (4-31) 0.6
(@
ICU length of stay (d){l 0 (0-5) 4 (1-14) 0.02

Bold values are indicates statistically significant.

Data are presented as median (interquartile range), or n (%), and compared
using Kruskal-Wallis test, or Wilcoxon signed-rank test and x> test, respectively.

*76 cases reported patients’ sex.

44 cases reported comorbidities.

154 cases reported the GBS subtype.

§70 cases reported time from onset of COVID-19 diagnosis to GBS.

||47 cases reported time from neurological symptoms to hospital admission.

423 cases reported time from hospital admission to ICU admission.

#064 cases reported their COVID-19 managements.

**75 cases reported their GBS treatments.

132 cases reported time from neurological symptoms to start of IVIG treatment.

£%56 cases reported IVIG days.

§§54 cases reported exact used IVIG dose.

|1137 cases reported hospital length of stay.

qq41 cases reported ICU length of stay.

AIDP indicates acute inflammatory demyelinating polyneuropathy; AMSAN,
acute motor and sensory axonal neuropathy; COVID-19, Coronavirus Disease 19;
FDP, facial diplegia; GBS, Guillain-Barré syndrome; ICU, intensive care unit;
IVIG, intravenous immunoglobulin; MFS, Miller-Fisher syndrome.

DISCUSSION

In this systematic review of reported COVID-19 cases, we
did not identify a consensus on the diagnostic approach and
treatment of patients with superimposed GBS. The most com-
monly reported treatment was IVIG, in addition to therapies
aimed at the COVID-19 infection such as antibiotics and antiviral
agents. Our findings confirm that quadriplegia, areflexia, and
respiratory failure are associated with poor outcome among
COVID-19-related GBS patients (P=0.02, 0.02, and 0.004,
respectively), but GBS subtypes and treatment strategies includ-
ing IVIG and systemic steroids are not. Moreover, this review
indicated a mortality rate of 3.5% in patients with COVID-19-
related GBS, which is more than twice the WHO reported mor-
tality rate of 2.2% among general COVID-19 cases.?® We also
found a significantly higher rate of acute respiratory failure
requiring mechanical ventilation in this population (47% vs. 16%
in the general COVID-19 cases®') and persistent neurological
deficits (26% vs. 18.3%%%). Although available case reports do
not provide evidence of causation, the poor outcome and high
mortality rate in COVID-19-related GBS patients underscores the
importance of early diagnosis and effective treatment of neuro-
logical complications in this population.

GBS Diagnosis in COVID-19 Patients

Clinical diagnosis of GBS can be particularly challenging in
patients with severe COVID-19 symptoms.>*® A considerable
variety of early neurological symptoms have been reported after
the onset of COVID-19 symptoms. The interval between the first
reported signs of viral infection and the onset of neurological
symptoms ranged from 0 to 60 days, with 1 case reporting GBS
symptoms 7 days before COVID-19 symptoms occurred.?’

Types of GBS in COVID-19 Patients

The geographical distribution of reported COVID-19-related
GBS resembles the worldwide distribution®® of COVID-19
infections at the time of this report (Fig. 3). The most commonly

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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diagnosed type of GBS in this population is reported to be AIDP,
as is typical in dengue or Zika virus—related GBS. However, one
study reported that COVID-19-related GBS patients were mainly
diagnosed with acute motor axonal neuropathy (AMAN) and
AMSAN. The authors further stated that patients with AIDP had
better outcomes than those diagnosed with AMAN or AMSAN.??
We could not corroborate these findings, nevertheless, and failed
to validate an association between GBS types and patient out-
comes in this review. Gupta and colleagues also speculated that
COVID-19-related GBS may have a different pathogenetic
mechanism compared with other types of GBS. However, the
findings reported in this review indicate a common clinical and
pathogenetic characteristics between COVID-19-related GBS and
other types of GBS.?

General Treatments for COVID-19

Management of the COVID-19 infection is overshadowed
by many epidemiological, clinical and social factors and a lack of
effective therapies and accepted treatment protocols. While sev-
eral experimental strategies have been used to treat patients with
significant symptoms, current management of COVID-19 pri-
marily focuses on providing supportive therapies including
mechanical ventilation.? Recent experimental therapies have
shown some promise, including antiviral agents such as the
adenosine analogue remdesivir and the protease inhibitors lopi-
navir and ritonavir.343% Chloroquine and hydroxychloroquine
have been shown to inhibit COVID-19 in vitro and were widely
used in patients with COVID-19 until newer studies proved their
lack of clinical efficiency.8*3° While hydroxychloroquine has
largely fallen out of favor as a primary therapeutic option for
COVID-19,%0 a significant percentage of existing case studies in
our review have documented its use in treatment. In the COVID-
19-GBS cases included in this review, 25% were treated with
lopinavir or ritonavir, and 43% were treated with
hydroxychloroquine,'4-15-17-2025.27.29 Eyrther, antibiotics such as
azithromycin and amoxicillin were also used in 33% of the cases
we analyzed.!+19-20.26.28.29 The body of evidence is increasing in
support of the use of monoclonal antibodies (tocilizumab, casir-
ivimab, and imdevimab) in general COVID-19 patients,”2 but
given the limited data available in patients with COVID-19—
related GBS, it is impossible to determine their clinical impor-
tance and outcome effects in this population.

Steroids for COVID-19-Related GBS

Steroids were administered to 12% of the cases that were
included in our analysis.?>**3 Recent guidelines on the man-
agement of critically ill adults with COVID-19 recommends
against routine use of steroids in mechanically ventilated adults
without acute respiratory distress syndrome; however, they can
be used in the presence of acute respiratory distress syndrome
and in patients experiencing a refractory shock.”® Studies sug-
gest that corticosteroids may lead to prolonged viral shedding,
hence the need to limit their routine use.'>** Available liter-
ature argues, nevertheless, that steroids could mitigate the fatal
immune system activation seen in COVID-19,%3 based on their
positive effects during the Ebola epidemic and as the first-line
therapy for the postviral autoimmune response to herpes virus
encephalitis. 397 A recent study showed that intravenous
dexamethasone therapy for 10 days was associated with
decreased 28-day mortality in COVID-19 patients receiving
respiratory support but no benefit in those who did not require
respiratory support. These findings suggest that the benefits of
diminished immunopathologic activation may outweigh possi-
ble prolonged viral shedding in the subset of COVID-19
patients requiring ventilatory support.”®

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

The effects of steroid use during the management of
typical GBS patients has also been widely studied.”® Consistent
with earlier reports from GBS in general population,” our
review indicates that systemic steroids does not affect the out-
come, defined as mortality or ICU admission, in patients with
COVID-19-related GBS.

IVIG Treatment for COVID-19-Related GBS

IVIG was used in 87% of the GBS cases included in our
review. When treating the parainfectious form of GBS that co-
occurs with COVID-19, IVIG, or plasma exchange may not
only mitigate the neuroinflammatory response but may also
prove beneficial in controlling the associated systemic inflam-
mation and sepsis.!>19:101 In this setting, however, a clinical
concern is related to the association between IVIG and the risk
of thromboembolism.'®> COVID-19 is commonly associated
with a prothrombotic state, as evident from an increase in the
D-dimer levels'?® and reported cases of venous thromboemb-
olism and embolic strokes.'%* Current guidelines support the
use of thromboprophylaxis with low molecular weight heparin,
in COVID-19 patients without contraindications. Those with
clinical evidence of a venous thromboembolism should be
treated with therapeutic doses of anticoagulation.!%3

The most common dose for IVIG was 0.4 g/kg/d for
5 days. 11141820 Qyerall, outcomes with these medications were
greatly variable and unpredictable. In patients treated with IVIG
and some combination of hydroxychloroquine, antivirals, and
antibiotics, outcomes ranged from complete recovery* to persistent
lower extremity weakness?? to death from progressive respiratory
failure.!” Despite uncertainty regarding COVID-19 and GBS
management, one report recommended antiviral agents and IVIG
as a reasonable therapeutic strategy at this point.'*

Convalescent Plasma and Plasma Exchange
Therapy

Only 7 reported cases of COVID-19-associated GBS have
been treated with plasmapheresis alone or in addition to IVIG.2847
A randomized controlled trial in 2014 suggested that IVIG and
plasmapheresis are equally effective in treating GBS.'% Some
experts, however, believe that plasmapheresis may be a better
therapeutic approach and should be considered before IVIG in
GBS. Historically, IVIG has been more widely used because of its
availability and simplicity; it requires no specialized equipment and
has a relatively low risk of adverse events.!% There is also no
evidence at this time that a combination therapy with IVIG and
plasmapheresis is associated with better long-term or short-term
outcomes compared with standard therapy in GBS patients.!00-109
Although the Surviving Sepsis Campaign panel of experts rec-
ommend against routine use of IVIG in COVID-19 patients, it may
be reasonable to consider these treatment options in the subgroup
of COVID-19 patients with a suspected or confirmed GBS.

Out of the cases we reviewed, none reported the use of con-
valescent plasma therapy in the treatment of COVID-19-related
GBS. However, the use of convalescent serum therapy for COVID-
19 is a rapidly emerging but controversial area of research. Plasma is
collected from previously infected individuals to passively transfer
antibodies to an infected patient, with the goal to improve clinical
symptoms and mortality.!'0 Plasma exchange with convalescent
serum could be an innovative approach to the management of
COVID-19-associated GBS. While current randomized controlled
trials have not shown a significantly beneficial or detrimental effect
of convalescent plasma on mortality in COVID-19 patients, lower
mortality rates have been associated with those who receive plasma
containing higher concentrations of neutralizing antibodies. Some
studies suggest convalescent exchange may have the greatest benefit
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TABLE 3. Characteristic and COVID-19-Related Data Among COVID-19-Related GBS Cases

Age COVID-19 COVID-19 Dx ICU Ventilation
References (y) Sex Medical History/Comorbidities Symptoms Method COVID-19 Management Required Required Time
Alberti et al!” 71 M HTN Fever RT-PCR Lopinavir/ritonavir Yes Yes <24h
AAA (T) Dyspnea NP swab Hydroxychloroquine
Lung cancer (T)
Camdessanche 64 M Rotator cuff tear at admission Fever RT-PCR Paracetamol Yes Yes 12d
et al'® Cough NP swab Lopinavir/ritonavir
El Otmani 70 F RA Cough RT-PCR Hydroxychloroquine No No NA
et al'® OP swab Azithromycin
Juliao et al® 61 M NR Fever RT-PCR Lopinavir/ritonavir No No NA
Cough NP swab Hydroxychloroquine
Marta-Enguita 76 F None Fever RT-PCR Amoxicillin/clavulanate Yes Yes 4h
et al?® Cough Site NR Azithromycin
Ottaviani et al'> 66 F HTN Fever RT-PCR Lopinavir/ritonavir Yes Yes NR
Cough NP swab Hydroxychloroquine
Dorsal rash
Padroni et al'® 70 F NR Fever RT-PCR Supportive Yes Yes 4d
Cough NP swab
Scheidl et al* 54 F None Hypogeusia RT-PCR None No No NA
Hyposmia OP swab
Sedaghat and 65 M DM2 Fever RT-PCR Lopinavir/ritonavir No No NA
Karimi'4 Cough OP swab Hydroxychloroquine
Dyspnea Azithromycin
Zhao et al*’ 61 F NR Fever RT-PCR Umifenovir No No NA
Cough OP swab Lopinavir/ritonavir
Toscano et al®® 77 F NR Fever RT-PCR Acetaminophen Yes Yes NR
Cough NP swab
Ageusia
Toscano et al”® 23 M NR Fever RT-PCR Amoxicillin No No NA
Pharyngitis NP swab
Toscano et al®® 55 M NR Fever RT-PCR Azithromycin Yes Yes 2d
Cough NP swab
Toscano et al®® 76 M NR Cough RT-PCR NR No No NA
Hyposmia NP swab
Toscano et al®® 61 M NR Cough Serum IgG NA Yes Yes 5d
Ageusia
Anosmia
Gigli et al® 53 M NR Fever IgM/IgG NR NR NR NR
Diarrhea Serum and CSF
Galan et al® 43 NR URTI RT-PCR Lopinavir/ritonavir No No NA
Diarrhea Site NR Hydroxychloroquine
Amoxicillin
Corticosteroids
Virani et al? 54 M Clostridium difficile colitis Fever RT-PCR Amoxicillin Yes Yes NR
Cough NP swab Corticosteroids
Dyspnea Hydroxychloroquine
Coen et al** 70 M None Cough RT-PCR NR No No NA
Fatigue NP swab
Myalgia
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Rana et al?!

Arnaud et al’?

Chan et al’?

Molina et al**

Farzi et al®

Helbok et al3¢

Hutchins et al*’

Lantos et al®

Lascano et al

Lascano et al

8

39

39

Lascano et al®

54

64

41

68

36

63

61

Clostridium difficile colitis
HLD
RLS

NR

None

Dyslipidemia, active smoking

DM2

None

HTN, prediabetes, class I obesity

left eye strabismus (asymptomatic for 30y)

None

DM2

None

Fever
Rhinorrhea
Odynophagia

Cough
Dyspnea
Diarrhea

Fever
None

Fever
Nonproductive cough
Dyspnea
Cough
Dyspnea
Fever
Dry cough
Headache
Fatigue
Myalgia
Fever
Anosmia
Ageusia
Fever
Cough
Dyspnea
Diarrhea
Nausea
Headache
Sinonasal congestion
Fever
Chills
Myalgia
Dry cough
Fever
Odynophagia
Arthralgia
Diarrhea
Dry cough
Shivering
Odynophagia
Breathing difficulties
Chest pain
Productive cough
Fever
Myalgia
Vasovagal syncope
Diarrhea
Nausea
Vomiting

RT-PCR
Site NR

RT-PCR
NP swab

RT-PCR
OP swab
RT-PCR
NP swab

RT-PCR
NP swab

Antibody testing

RT-PCR
NP/OP swab

RT-PCR
NP swab

1gM/IgG, followed
by RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab

Amoxicillin
Corticosteroids
Hydroxychloroquine
Azithromycin
Cefotaxime
Azithromycin
Hydroxychloroquine

Ceftriaxone
Azithromycin
Hydroxychloroquine
Ceftriaxone
Azithromycin
Lopinavir/Ritonavir
Hydroxychloroquine

Oral methylprednisolone
C-reactive protein
Elevated erythrocyte sedimentation
Plasma exchange

Plasma exchange

Hydroxychloroquine

None

None

None

No

No

No

Yes

No

No

No

Yes

No

Yes

<24h

NA

NA

2d

NA

36h

NA

NA

NA

NA

NA
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TABLE 3. (continued)

Age COVID-19 COVID-19 Dx ICU Ventilation
References (y) Sex Medical History/Comorbidities Symptoms Method COVID-19 Management Required Required Time
Reyes-Bueno 51 F None Diarrhea 1eG Gabapentin No No NA
et al*? Odynophagia
Cough
Su et al*! 72 M  Coronary artery disease, HTN, alcohol abuse Mild diarrhea RT-PCR Sulfamethoxazole-trimethoprim Yes Yes 3d
Anorexia NP swab
Chills
Webb et al*? 57 M HTN and psoriasis Cough RT-PCR Co-amoxiclav Yes Yes 3d
Headache NP swab
Myalgia
Malaise
Fever
Diarrhea
Bigautet al® 48 M NR Cough RT-PCR None No No NA
Asthenia NP swab
Myalgia in legs
Anosmia
Ageusia
Diarrhea
Bigaut et al*? 70 F NR Anosmia RT-PCR None Yes Yes 3d
Ageusia NP swab
Diarrhea
Asthenia
Myalgia
Assini et al** 55 M NR Anosmia RT-PCR Idrossichlorochine Yes Yes 3d
Ageusia OP swab Arbidol
Fever Ritonavir
Cough Lopinavir
Assini et al** 60 M NR Fever RT-PCR Hydroxychloroquine No Yes NA
Cough NP swab Antiretroviral therapy
Tocilizumab
Bracagliaetal®> 66 F None None RT-PCR Ritonavir No No NA
NP swab Darunavir
Hydroxychloroquine
Ebrahimzadeh 46 M NR Fever RT-PCR Hydroxychloroquine No No NA
et al* Sore throat NP swab
Dry cough
Dyspnea
Ebrahimzadeh 65 NR NR RT-PCR NR No No NA
et al* NP swab
Chan et al*’ 68 NR Fever RT-PCR Plasmapheresis No No NA
Upper NP swab
respiratory symptoms
Chan et al*’ 84 M NR Fever RT-PCR Plasmapheresis No Yes NA
NP swab
Sancho-Saldafia 56 F NR Fever RT-PCR NR Yes No 5d
et al* Dry cough NP swab

Shortness of breath
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Kilinc et al*®

Oguz-Akarsu®”
Pfefferkorn

et al!

Hirayama
et al%?
Korem et al%

Tiet and
AlShaikh>*

Defabio et al®

Curtis et al>°

Gale et al®’

Ameer et al®3

Manganotti
et al®

Manganotti
et al®

Manganotti
et al®

Manganotti
et al®

Manganotti
et al®

51

54

30s

72

72

49

94

76

None
None

NR

Asthma

Cervical spondylosis and disk herniation

Sinusitis

Reflex sympathetic dystrophy
Fibromyalgia
GERD
Hiatal hernia
Asthma
None

HTN
Hypercholesterolemia
Myocardial infarction

None

NR

NR

NR

NR

NR

Dry cough
Fever

Fever
Flu-like symptoms
Fatigue
Dry cough
Cough
Fever
Fever
Cough
Back pain
Dyspnea
Headache
Cough
Fever
Dyspnea
Cough

Dyspnea
Cough
Coryzal symptoms

Fever
Cough
Fever
Dyspnea
Hyposmia
Ageusia

Fever
Cough Dyspnea
Hyposmia
Ageusia
Fever
Cough Dyspnea
Hyposmia
Ageusia
Fever
Cough
GI symptoms
Fever
Cough
Dysuria
Hyposmia
Ageusia

Fecal PCR, serum
1gM, IgG
RT-PCR
NP swab
RT-PCR
NP swab

RT-PCR
OP swab
NR

RT-PCR
OP swab

NR

NR

RT-PCR
Tracheal aspirate

RT-PCR
NP, OP swabs
RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab

None

Hydroxychloroquine
Azithromycin
Plasma exchange

Betamethasone

Azithromycin

None

NR

None

Dexamethasone

None

Hydroxychloroquine
Oseltamivir
Darunavir
Methylprednisolone
Tocilizumab
Hydroxychloroquine
Lopinavir-ritonavir
Methylprednisolone

Hydroxychloroquine
Lopinavir-ritonavir
Methylprednisolone

Methylprednisolone

Hydroxychloroquine
Oseltamivir
Darunavir
Methylprednisolone
Tocilizumab
Meropenam
Linezolid

Clarithromycin, doxycycline

Fluconazole

NR

NR

No

No

Yes

Yes

No

Yes

Yes

Yes

NA

NA

NA

NA

NA

NR

NA

NR

NA

NR

NR

NR

NR

NR
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TABLE 3. (continued)

Age COVID-19 COVID-19 Dx ICU Ventilation
References (y) Sex Medical History/Comorbidities Symptoms Method COVID-19 Management Required Required Time
McDonnell 54 M DM2 Fever NP swab RT-PCR Hydroxychloroquine 400 mg for 4 d Yes No 0
et al® Herniated nucleus pulposus at C6-C7, L2-L3, Ageusia
L3-L4, L4-L5 with disk bulges
Diez-Porras 54 M HTN Febrile syndrome RT-PCR Azithromycin, hydroxychloroquine, Yes Yes NR
et al®! Obesity Cough NP swab lopinavit/ritonavir
Myalgia
Manji et al®? 12 M NR Fever RT-PCR Empiric antibiotic coverage and other Yes Yes NR
Cough NP swab treatment modalities as required
Respiratory distress
Hypoxia
Tachycardia
Bueso et al®? 60 F Migraines Fever RT-PCR Azithromycin No No N/A
Cough NP swab Hydroxychloroquine
Myalgia
Dysgeusia
Dyspnea
Zito et al®* 57 M NR Dysgeusia Positive serum NR No No NA
Cough SARS-CoV-2 IgG
Fever
Garnero et al® 65 M NR Pneumonia NR NR NR NR NR
Gamero etal® 73 M NR Pneumonia NR NR NR NR NR
Garnero etal® 55 M NR Pneumonia NR NR NR NR NR
Garnero et al® 46 F NR Diarrhea NR NR NR NR NR
Gamero et al® 60 M NR Pneumonia NR NR NR NR NR
Garnero et al®® 63 F NR Pneumonia NR NR NR NR NR
Lowery et al®® 45 M Dyslipidemia Sinus congestion RT-PCR 200 mg hydroxychloroquine bid for 5d Yes Yes 2
HTN Cough NP swab
Crohn disease on adalimumab Dyspnea
Hutchins et al®’ 21 M HTN Fever RT-PCR Supplemental O, No No NA
Prediabetes Cough Dyspnea NP and OP swab
Obesity Diarrhea
Nausea, Headache
Sinonasal congestion
Dizziness
Tachycardia
Atakla et al®’ 41 M NR Influenza syndrome RT-PCR Azithromycin Yes Yes NR
Digestive disorder NP swab
Anosmia Ageusia
Abrams et al®8 67 F Breast cancer (T) Cough RT-PCR NR Yes Yes NR
Nausea NP swab
Agha Abbaslou 55 F Unknown chronic lung disease Cough RT-PCR Hydroxychloroquine (lopinavir/ritonavir) Yes Yes 2
et al® Fever NP swab
Chills
Dyspnea
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Assini et al’® 60

Assini et al” 55
Chakraborty 75
and Kumar”!
Garcia- 77
manzanedo
et al’?

Liberatoret al’> 49

Tard et al’* 76

Dufour et al’® 36

Nanda et al’® 55

Nanda et al’® 72

Nanda et al’® 55

Nanda et al’® 49

Raahimi et al”’ 46

M

M

NR

NR

NR

HTN
HLD
COPD
HTN
Testicular seminoma (T)

Isquemic cardiomyopathy

HTN
HLD
Obesity

DM2
HTN
CLT
HTN

DM2
HTN
CKD
HTN

HTN

Cough
Fever

Cough
Fever
Anosmia
Ageusia
Dyspnea

NR

Cough
Fever

Cough
Asthenia

Dyspnea
Anosmia
Fever
Abdominal pain

Cough

Fever

Cough
Sore throat

Fever

NR

RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab
RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab

RT-PCR
NP swab
RT-PCR
NP swab

RT-PCR
NP swab
RT-PCR
NP swab

RT-PCR
NP swab
RT-PCR
NP swab

Hydroxychloroquine
Antiretroviral therapy
Tocilizumab
Hydroxychloroquine
Umifenovir
Ritonavir
Lopinavir
Culture-based antibiotics

Hydroxychloroquine lopinavir/ritonavir
Piperacillin/tazobactam

Hydroxychloroquine
Lopinavir/ritonavir
Ceftriaxone
NR

Supportive

NR

Supportive

NR

NR

Supportive

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

<1

NR

NA

NA

NR

NA

NA

NR

AAA indicates abdominal aortic aneurysm; CKD, chronic kidney disease; CLT, chronic lymphocytic thyroiditis; COPD, chronic obstructive pulmonary disease; COVID-19, Coronavirus Disease 19; CSF, cerebrospinal fluid;
DM2, type 2 diabetes mellitus; Dx, diagnostic; F, female; GBS, Guillain-Barré syndrome; GERD, gastroesophageal reflux disease; GI, gastrointestinal; HLD, hyperlipidemia; HTN, hypertension; ICU, intensive care unit; M, male;
MRI, magnetic resonance imaging; NA, not applicable; NE, not evocable; NP, nasopharyngeal; NR, not reported; OP, oropharyngeal; RA, rheumatoid arthritis; RLS, restless leg syndrome; RT-PCR, reverse transcription-polymerase
chain reaction; T, treated; Time, time between hospital admission and ICU admission; URTI, upper respiratory tract infection.
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TABLE 4. GBS-related Data Among COVID-19-Related GBS Cases

CN AD MRC and GBS GBS IVIG-
References GBS Symptoms ND Involvement Symptoms Time DTR CSF Subtype Management D Outcome
17 Paresthesia 3 No No 4 3/5 UE P: 54mg/dL NR IVIG (0.40 g/kg/d 3 Deceased (severe respiratory
Tetraparesis 2/5 LE L: 9cells/pL for 5d) failure)
Hypesthesia DTR absent
Areflexia global (S)
18 Paresthesia 9 Dysphagia No 11 2/5 PUE P: 166 mgl/dL AIDP IVIG (0.40 g/kg/d 3 ICU admission and mechanically
Tetraparesis @ 4/5 DUE L: NR for 5d); LMWH ventilated (respiratory
Areflexia 2/5 LE insufficiency)
DTR absent
global (S)
19 Paresthesia 10 No No 3 NR P: 100 mg/dL  AMSAN IVIG (2 g/kgfor5d) 10  No significant neurological
Quadriplegia L: NR improvement after 1 wk of
Areflexia treatment
25 FDP 1 FDP No 10 NR P: 44mg/dL.  FDP Prednisone NA  Small improvement of symptoms
Absent blink ~ L: absent bilaterally after 2 wk
reflex
bilaterally (S)
26 Lumbago 10 Dysphagia No 8 0/5 PUE P: NR NR None NA  Deceased (severe respiratory
Paresthesia 4/5 DUE L: NR failure)
Tetraparesis 0/5 PLE
Areflexia 2-3/5 DLE
DTR absent
global (S)
15 Paraparesis 3 Unilateral FNP  No 10 Initial 4/5 P: 108 mg/dL NR IVIG (0.4 g/kg for 3 Did not improve with treatment,
Paraplegia DUE(S) L: absent 5d) progressively developed
Areflexia proximal weakness in all
extremities, dysesthesia, and
unilateral facial palsy
16 Paresthesia 1 No No 24 4/5 DUE P: 48 mg/dL.  NR IVIG (400 mg/die 3 Worsening of muscle weakness
Tetraparesis 4/5 DLE L: L cell/L for 5d) causing respiratory failure
Areflexia DTR absent
global (S)
4 Paresthesia 10 Dysphagia No 21 3/5 PLE P: 140 g/ AIDP IVIG (0.40 g/kg/d 12 Almost complete recovery of
Paraparesis 4/5 DLE L: normal for 5d) neurological symptoms after the
Areflexia DTR absent treatment
LE(S)
14 Tetraparesis 5 FDP No 9 2/5 PUE Not performed AMSAN IVIG (0.40 g/kg/d 14 NR
FDP 3/5 DUE for 5d)
Areflexia 1/5 PLE
2/5 DLE
Grade 3 HB
DTR absent
global (S)
27 Tetraparesis 1 No No 7(I) 4/5 PUE P: 124 mg/dL  AIDP IVIG (dose NR) 4 Normal muscle strength in both UE
Areflexia 4/5 DUE L: 5cells/dL and LE and return of DTR in LE
3/5 PLE
3/5 DLE
DTR absent

LE(S)
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27

27

27

27

27

28

23

29

20

30

31

Paresthesia
Tetraplegia
Facial paresis
Areflexia
Paresthesia
FDP
Ataxia
Areflexia
Tetraparesis
Facial paresis
Respiratory
failure
Areflexia
Tetraparesis
Ataxia
Areflexia

Facial paresis

Paraplegia

Respiratory
failure

Paresthesia
Ataxia

Tetraparesis
Hypoesthesia
Facial paresis
Dysphagia
Areflexia

Tetraparesis
Areflexia

Paraparesis
Allodynia
Areflexia

Tetraparesis
Areflexia
FDP

Areflexia

Paraparesis

Decreased
proprioception

<1

NR

NR

NR

Dysphagia
Tongue
weakness

FDP

FDP

No

Facial paresis
Dysphagia

No

Facial paresis
Dysphagia

FDP

No

No

No

No

No

UR

UR
Constipation

UR
Resting
tachycardia

No

10

NR

10

14

21

NR

NR

NR

NR

NR

NR

3/5 PUE
3/5 PLE
4/5 DUE
4/5 DLE
DTR absent
global (S)

3/5 UE

2/5 LE

DTR absent
global (S)

MRC NR

DTR absent
global (S)

3/5 PUE

4/5 DLE
0-1/5 PLE
0-1/5 DLE(S)

NR

P: 101 mg/dL
L: 4 cells/mm?

P: 123 mg/dL
L: absent

P: 193 mg/dL
L: absent

P: normal
L: absent

P: 40 mg/dL
L: 3 cells/mm?

P: 1928 mg/
dL

L: 2.6 cells/pL

NR

Not performed

Albumin-
cytologic
dissocia-
tion. Levels
not reported

Not performed

P: 1.65¢g/L
L: absent

AMSAN

AMSAN

AMAN

AIDP

AIDP

AIDP

NR

NR

AIDP

AIDP

IVIG (2 cycles; dose
NR)

IVIG (1 cycle; dose
NR)

IVIG (2 cycles; dose
NR)

IVIG (1 cycle; dose
NR)

IVIG (1 cycle; dose
NR);
plasmapheresis

NR

IVIG (dose NR)

IVIG (0.40 g/kg/d
for 5d)

IVIG (0.40 g/kg/d
for 5.d)

IVIG (0.40 g/kg/d
for 5d)

IVIG for 5d (dose
NR)

NA

NR

NR

Persistence of severe UL weakness,
LL paraplegia and dysphagia

Decreased ataxia, disappearance of
limb paresthesia, and mild
decrease of facial weakness

Neuromuscular respiratory failure,
progression to flaccid tetraplegia.
His condition remained critical
after 1 mo of neurological onset

Mild motor improvement after
treatment, more evident in UE.
However, patient unable to stand
1 mo after symptoms onset

Neuromuscular respiratory failure
with concomitant Acinetobacter
pneumonia during IVIG
treatment. Patient still tetraplegic
and ventilation dependent 4 wk
after neurological onset

NR

Worsening of motor function
during the first 2d of
hospitalization, adding facial
paresis and dysphagia to the
previous symptoms. Slight
improvement of neurologic and
respiratory symptoms afterwards

Improvement of respiratory
symptoms and UE weakness. LE
weakness persisted after
treatment

Rapid improvement of neurological
symptoms after treatment

Improvement of respiratory
symptoms. Worsening of
neurological symptoms at follow
up progressing to tetraparesis
and FDP

NR
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TABLE 4. (continued)

CN AD MRC and GBS GBS IVIG-
References GBS Symptoms ND Involvement Symptoms Time DTR CSF Subtype Management D Outcome
32 Areflexia NR Yes No No NR P: 1.00 g/L AIDP IVIG (0.40 g/kg/d 2 The patient was discharged from
FDP COVID-19 L: 4x10° cells/ for 5d) hospital 2 d after completing
Dysarthria symptoms at L IVIG. At that time, he had slight
onset of movements of his facial muscles,
neurological and the distal paresthesias of his
symptoms lower extremities were unchanged
33 Paresthesias 1 Yes No 14 2/5 left UE P: 0.86 g/L AMSAN IVIG (0.40 g/kg/d NR  After 5 d of ICU admission, she
Quadriparesis 3/5 right UE  L: 3 cells/mm3 for 5d) was discharged to the neurology
FDP 4/5 LE ward for clinical improvement
Dysphagia DTR absent with a motor balance of 5/5
global (S) (right arm), 3/5 (left arm), and 4/
5 (both legs), with paresthesias
persisting
34 Hyporeflexia 7 No No 10 4/5 UE NR AIDP IVIG (0.40 g/kg/d 7 On discharge patient could ambulate
Hypoesthesia 3/5 LE for 5d) but with some residual weakness
Decreased DTR absent in lower extremities, so was
proprioception LE(S) referred for rehabilitation clinic
35 Hypoesthesia 2 No No 14 2/5 PUE P: 64 mg/dL  AIDP IVIG 30g total dose 3 The patient improved gradually and
Dysesthesia 4/5 DUE L: 2 cells/mm? for 1d, followed was transferred to a
Ataxia 2/5 PLE by 4 cycles of neurorehabilitation facility 4 wk
Paraparesis 4/5 DLE plasma exchange after symptom onset, where he
DTR absent regained mobility without
global (S) significant help another 4 wk later
36 Dysarthria 1 Yes No 16 4/5 PUE P: 46 mg/dL  Bifacial 5 cycles plasma NR Tolerated plasma exchange well
Hypogeusia 4/5 PLE L: absent weakness exchange with slight improvement in facial
Facial paresis DTR absent with weakness and paresthesia.
Hypoesthesia global (S) paresthe- Discharged to inpatient
Paraparesis sias rehabilitation
(BFP)
37 Ophthalmoparesis NR Yes No 2 NR NR MFS IVIG (dose and NR  Subsequent improvement of
Ataxia duration NR) neurological symptoms after
Hyporeflexia IVIG treatment. Patient was
Hypoesthesia discharged after 4 d of
hospitalization
38 Quadriparesis NR No Yes 15 NR P: 60mg/dL  AIDP IVIG (0.40 g/kg/d 2 At 5 d, improvement of tetraparesis.
Ataxia L: 3 cells/mm? for 5d) Able to stand up with assistance
Paresthesia
Dysgeusia
Cacosmia
38 Tetraparesis NR No No 7 NR P: 40mg/dL  AIDP IVIG (0.40 g/kg/d 10 At 5d, dismissal with full motor
Paresthesia L: 2 cells/mm? for 5d) recovery. Persistence of lower
Areflexia limb areflexia and distal
paresthesia
38 Facial diplegia NR Yes Yes 22 NR P: 140 mg/dL.  AIDP IVIG (0.40 g/kg/d 2 At5d, improvement of tetraparesis
Paresthesia L: 4 cells/mm? for 5d) and ability to walk with
Paraparesis assistance. Persistence of
Dysphagia neuropathic pain and distal
Areflexia paresthesia
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39

40

41

42

4

43

44

45

46

46

Diplopia 12
Paraparesis

Facial paresis
Areflexia

Paresthesia 1
Quadriplegia
Areflexia

Quadriparesis 1
Hypoesthesia

Paresthesia 4
Ataxia
FNP

Tetraparesis 3
Dyspnea
FNP

Dysphagia NR
Facial paresis

Paraparesis NR

Hyposthenia NR
Paresthesia

Dysphagia

Dysarthria

FDP

Paraparesis 2
Paresthesia
FNP

Paraparesis 4
Paresthesia

Yes

No

Yes

NR

Yes

No

NR

NR

NR

Paralytic ileus
Loss of blood
pressure
control,

NR

NR

NR

15

21

20

23

3/5 PLE

2/5 DLE

DTR absent
global (S)

3/5 PUE

3/5 PLE

DTR absent
global (S)

4/5 UE

3/5 PLE

2/5 DLE

DTR absent
global (S)

4/5 UE
3/5 DLE
DTR absent
global (S)
2/5 PLE
4/5 DLE
DTR absent
LE(S)
NR

NR

4/5 PUE

3/5 DUE

2/5 PLE

1/5 DLE

DTR absent
global (S)

4/5 UE

4/5 PLE

3/5 DLE

DTR absent
global (S)

4/5 UE

2/5 PLE

3/5 DLE

DTR absent at
LE,
decreased at
UE(S)

P: 70 mg/dL.  MFS
L: 5 cells/mm?

P: 313 mg/dL  AIDP
L: 1 cell/mm?

P: 51mg/dL.  AIDP
L: normal cell
counts

P: 0.94 g/L NR
L: normal cell
count

P: 1.06 g/L NR
6x10%L

P: normal GBS/MFS
L: NR overlap
syndrome

P: normal ASMAN
L: NR

P: 245 mg/dL NR
L: 13/mm?

P: 78 mg/dL.  NR
L: 4/mm?

NR NR

IVIG (0.40 g/kg/d
for 5 d);
gabapentin
900 mg/d

IVIG (2 g/kg divided
over 3d)

IVIG (0.40 g/kg/d
for 5d)

IVIG started on day
5 (2gkg)

IVIG (2 g/kg) started
day 4 of
neurological
symptoms

IVIG (0.4 g/kg/d for
5d)

IVIG (0.4 g/kg/d for
5d)

IVIG for 5d

Did not receive
treatment

IVIG (dose NR)

13

(98]

NR

NR

NA

NR

Progressive improvement in facial
and limb paresis, diplopia and
pain. Patient still on neurological
rehabilitation

Transferred to ICU and intubated.
Developed ventilator-associated
pneumonia (Stenotrophomonas
maltophilia). Remains in the
ICU with severe weakness

Intubated and ventilated in the ICU.
Treated for aspiration
pneumonia. Oxygen
requirements and inflammatory
markers have improved; patient
currently being weaned-off
ventilation

Discharged home with progressive
improvement

Condition improved slowly with
physiotherapy, needing transfer
to rehabilitation center

Very rapid clinical response in
swallowing, speech, tongue
mobility and strength, and eyelid
ptosis

Autonomic symptomatology
significantly improved—
remission of gastroplegia and
recovery of intestinal functions.
Persistent osteotendinous
hyporeflexia but slight
improvement in foot drop

Immediately after IVIG, improved
to MRC scale of 4/5 in distal
upper limbs and 3/5 in both
proximal and distal lower limbs,
FDP developed, ultimately
transferred to rehabilitaiton care

After 16 d of close monitoring, his
muscle forces improved to near
normal

Discharged after 14 d, muscle
forces were 4/5 in all extremities
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TABLE 4. (continued)

CN AD MRC and GBS GBS IVIG-
References GBS Symptoms ND Involvement Symptoms Time DTR CSF Subtype Management D QOutcome
47 Paraparesis 5 Yes NR 18 4/5 PLE P: 226 mg/dL NR Plasmapheresis NA  dysphagia has resolved and 28 d
Paresthesia DTR absent at L: 3 cells/mm? after GBS symptom onset, he
Facial paresis LE(S) can now ambulate with minimal
Dysphagia assistance
Dysarthria
47 Paraparesis 7 Yes NR 23 3/5 PUE P: 67mg/dL  NR IVIG (dose NR); NR  Underwent tracheostomy and 25 d
Paresthesia 4/5 PLE L: 1 cell/mm? plasmapheresis after GBS symptom onset, he
Facial paresis DTR absent at remains quadriparetic with
Respiratory LE(S) intermittent autonomic
failure dysfunction, but is slowly being
weaned from the ventilator
48 Tetraparesis 2 Yes NR 15 2/5 all P: 0.86 g/L NR IVIG (2 g/kg/5 d) NR  Started recovering by day 7 after
Paresthesia €8} extremities  L: 3 cells/mm? the onset of weakness
FNP DTR absent
Dysphagia global (S)
49 FDP 4 Yes NR 28 MRC NR P: normal AMSAN IVIG (2 g/kg/5 d) 7 Recovery started within days of
Paraparesis DTR absent L: normal treatment. On day 14 the patient
global (S) was discharged with a mild
proximal weakness in the lower
extremities and FDP
78 Dysarthria 3 Yes NR (D# NR  4/SLE P: 32.6 mg/dL NR Plasmapheresis NA Two weeks after the onset of
Paraparesis DTR absent at L: normal symptoms, the neurological
LE(S) findings had improved markedly
and she was able to walk without
assistance
51 Tetraparesis 2 Yes NR 14 2-4/5 all P: normal AIPD IVIG (30 g daily for <1 Thirty-one days after admission
Paresthesia extremities  L: 9 cell/uL 5d) signs of motor improvement
FDP DTR absent with regressive facial and
global (S) hypoglossal paresis but still
needed mechanical ventilation
52 Paresthesia NR No NR 20 4/4 PLE NR NR Did not receive NA  Symptoms improved with
Asthenia 5/5 DLE treatment discharge home on day 18
4/4 UE
53 Paresthesia NR No No 14 3/SLE P: 117mg/dL. NR 2 mg/kg IVIG for NR Symptoms improved significantly,
Asthenia 4/5 UE L: 2 cumm 4d discharged to acute rehabilitation
Lumbago facility
Ascending
quadriparesis
54 Paresthesia NR Facial diplegia  None 21 1/5S LE P: >1.25¢g/LL AIDP IVIG 0.4 g/kg for NR  Gradually improved, able to
Facial diplegia 3/5 PUE L: 5d mobilize unassisted with
Asthenia 2/5 DUE 1x106 cells/ neurorehabilitation and 15 wk
DTR absent L after IVIG treatment
global (S)
55 Paresthesia NR No UR 3 mo 4/5 LE P: 127mg/dL  NR IVIG NR  Motor and sensation largely
Dysautonomia DTR absent ~ L: 8/cmm returned at discharge
LE (S)
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56

57

58

59

59

59

59

59

60

61

62

Paraplegia NR

Urinary retention

Asthenia 2
Paresthesia

Asthenia 1
Areflexia

Paresthesia
Tetraparesis NR
Tetraparesis NR

Ophthalmoplegia NR

Ataxia

Lower extremity NR

Asthenia

Asthenia NR

Facial paresis
Diplopia

Dysphagia 2

Asthenia
Paresthesias
Facial diplegia
Dysphagia
Dysarthria

Hypoesthesia 1
Paraparesis

Quadriparesis 5

Facial paresis
Asthenia

Esotropia,
dysconjugate
gaze

Weak cough
Dysphagia
Dysarthria
NR

Facial paresis

None

Ophthalmoplegia
Facial

hypoesthesia
None

Facial paresis
Diplopia

Facial diplegia
and
paresthesias

Dysphagia
Dysarthria

None

NR

UR

Labile blood

pressure
Fecal retention
NR

NR

NR

NR

NR

NR

NR

NR

NR

13

18

30

14

33

22

3/5 UE

2/5 LE

DTR absent
global (S)

5/5 UE

4/5 LE

3/5 PUE
2/5 DUE
3/5 LE
DTR absent
global (S)
MRC: NR
DTR absent
global (S)
MRC: NR
DTR absent
global (S)
MRC: NR
DTR absent
global (S)
MRC: NR
DTR
diminished
global (S)
MRC: NR
DTR absent
global (S)
4/5 UE
3/5 PLE
DTR: +1
throughout

2/5 left UE

3/5 right DUE

DTR absent
global (S)

1/5LE

2/5 UE

DTR absent
global (S)

P: 620 mg/dL
L: 1cell/
cumm

1.5g/L
absent

oae

P: 114 g/L
L: <1/mm?

P: 52 mg/dL.
L: 1 cell/mm?

P: 40 mg/dL
L: 1 cell/mm?

P: 72 mg/dL
L: 5 cell/
mm3

Not performed

P: 53 mg/dL
L: 2 cell/mm3

P: 74 mg/dL
L: absent

P: 52 mg/dL
L: absent

NR

AIDP

AIDP

AMSAN

NR

NR

NR

NR

Recurrent
GBS
secondary
to
COVID-
19
infection
or CIDP

ADP

NR

IVIG 2 g/kg over
48h

IVIG 0.4 g/kg

IVIG 0.4 g/kg/d for
5d

IVIG cycle (0.4 g/kg
for 5d)

IVIG cycle (0.4 g/kg
for 5d)

IVIG cycle (0.4 g/kg
for 5d)

Methylprednisolone
60 mg for 5d

IVIG cycle (0.4 g/kg
for 5d)

IVIG cycle (0.4 g/kg
for 5d)

IVIG cycle (0.4 g/kg
for 5d)

IVIG cycle (0.4 g/kg
for 5d)

NR

NR

NR

NR

NR

NR

NR

NR

Extubated on hospital day 5,
transferred to inpatient
rehabilitation 3 wk after IVIG
completion

Extubated on hospital day 18,
discharged to community
rehabilitation unit, then to home

Discharged on hospital day 12,
significant improvement with
residual weakness in hands and
feet

Progressive improvement of
tetraparesis after initiating IVIG
therapy

Progressive improvement of
asthenia after initiating IVIG
therapy

Progressive improvement of
neurological symptoms after
initiating IVIG therapy

Stationary; no significant
improvement of neurological
symptoms after initiating IVIG
therapy

Progressive improvement of
neurological symptoms after
initiating IVIG therapy

Residual asthenia and hypoxia
resolved weeks after discharge;
regained full muscle strength but
severe persistent paresthesias of
the medial left knee up to the
medial thigh

Discharged from ICU 14 d after
intubation with residual severe
flaccid tetraparesis, bilateral
facial palsy, and dysphagia;
underwent 7 wk of rehabilitation
and now able to walk
independently with support

Respiratory and neurological status
improved 5 d after admission
after course of IVIG; planned for
weaning and extubation on day 6
but patient unintentionally self-
extubated and expired from
cardiac arrest
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TABLE 4. (continued)

CN AD MRC and GBS GBS IVIG-
References GBS Symptoms ND Involvement Symptoms Time DTR CSF Subtype Management D Outcome
63 Paresthesias NR NR Loss of blood 22 2/5 LE P: 197 mg/dL  NR IVIG cycle (0.4 g/kg NR  Improvement in respiratory and
Asthenia pressure and 3/5 UE L: absent for 5d), neurological function; ambulating
Respiratory heart rate 3/5 neck enoxaparin 30 mg with assistance 2 mo after
failure control Fecal flexion and bid admission; persistent neuropathic
incontinence extension pain in lower extremities
Urinary retention DTR: absent in
LE,
diminished
in UE
64 Paresthesias 13 No No 18 3/5 right DLE  P: normal AMSAN IVIG cycle (0.4 g/kg 16 After IVIG, significant improvement
Asthenia 4/5 left DLE  L: normal for 5d) in asthenia but persistent gait
Gait disturbance 4/5 DUE disturbance; patient transferred to
DTR: rehabilitation and slowly regained
diminished ability to walk unassisted after
global (S) 1 mo at discharge
65 NR NR NR NR NR NR NR AIDP IVIG NR NR
65 NR NR NR NR 0 NR P: 0.6 g/L Classical IVIG NR NR
L: NR GBS
65 NR NR Yes NR 20 NR P: 0.3 ¢g/L NFS-GBS  IVIG NR NR
L: NR Overlap
65 NR NR NR NR 3 NR P: 1g/L Classical IVIG NR NR
L: NR GBS
65 NR NR NR NR 20 NR P: 0.2 g/L AMSAN IVIG NR NR
L: NR
65 NR NR NR NR 15 NR P: 0.9 g/L AMSAN IVIG NR NR
L: NR
66 Ataxia NR Bilateral ptosis, NR 14 2/5 right UE,  P: normal MFS-GBS  1IVIG cycle (0.4 g/kg 4 5 wk after admission, transferred to
Asthenia CN 34,6 LE 0/5 left L: normal overlap for 5d) LTAC for vent weaning and PT,
Paresthesias deficits UE now 5.5 postdiagnosis and
Dysphagia Dysphagia DTR absent tolerating few hours per day of
Quadriparesis global (S) pressure support; patient able to
Respiratory control head, some distal
failure extremity, extraocular, and
tongue movements
79 NR NR NR NR NR NR NR NR NR NR
67 FDP 4 FDP Urinary S5to 10 2/5 PLE P: 64 mg/dL  AIDP IVIG cycle (0.4 g/kg NR  Marked neurological improvement
Pharyngeal Pharyngeal incontinence 1/5 DLE L: normal for 5d) on hospital day 16 with residual
paralysis paralysis 3/5 UE urinary incontinence; patient
Dysphagia Dysphagia DTR transferred to physiotherapy unit
Quadriparesis diminished for rehabilitation
global (S)
68 Paresthesia 1 No UR 5 3/5 UE P: 222 mg/dL. NR 5 cycles plasma NA  Hospitalization subsequently
Tetraparesis 3/5 LE L: Ocells/uL exchange complicated by streptococcal
DTR absent bacteremia requiring antibiotics.
global (S) Discharged at day 30 with

improved neurological condition
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69

70

70

71

72

73

74

75

76

Paraparesis

Paraparesis

Ptosis

Dysphagia
Dysphonia

Tetraparesis

FDP
Dysarthria
Dysphagia
Paraparesis

Tetraplegia
Paresthesis
FDP

Paraparesis

Tetraparesis

26
()

NR

20
@

<1

27
@

<1

NR

NR

Yes

NR

Yes

Yes

Yes

No

UR

Loss of blood
pressure
control

No

No

No

Hypertensive
crisis

Tachyarrhythmia-
bradyarrythmia

31

20

20

<1

36

10

21

10

3/5 LE
DTR absent
LE (S)

MRC NR
DTR absent
global (S)

5/5 both UE
and LE

DTR
decreased

(S)

2/5 both UE
and LE

DTR
decreased
global (S)

5/5 both UE
and LE

3/5 UE

4/5 LE

DTR
decreased
global (S)

Initial MRC
NR

DTR absent
global (S)

5/5 UE

3/5 LE

DTR absent at
LE (S)

4/5 UE

2/5 LE

DTR absent
global (S)

L:

48 mg/dL
0 cells/pL

normal

range
NR

normal
NR

39 mg/dL
1 cell/pL

77 mg/dL
NR

48 mg/dL

: 0 cells/uL

1 g/dL
0 cells/pL

20 mg/dL
0 cells/pL

54 mg/dL
5 cells/pL

AMSAN

AMSAN

MFS

AIPD

AIPD

AIPD

NR

NR

AMAN

IVIG (dose NR)

IVIG (0.4 g/kg/d)

IVIG (0.4 g/kg/d)
5d

IVIG (0.4 g/kg/d)
5d

IVIG (0.4 g/kg/d)
5d

Supportive

IVIG (0.4 g/kg/d)
5d Plasma
exchange (4
cycles)

IVIG (0.4 g/kg/d)

5d

IVIG (0.4 g/kg/d)
5d

NR

NR

NR

NR

NA

NR

NR

NR

Deceased due to ARDS

After 5d, the vegetative
symptomatology significantly
improved, with the remission of
gastroplegia and recovery of
intestinal functions

The first clinical improvements
occurred during the fifth day of
treatment, with progressively
improving trend and complete
remission on swallowing and
feeding

Patient was extubated on the 17th
day of illness. Subsequently, he
was discharged from the hospital
24th day of illness with no
residual muscle weakness

Progressive clinical improvement
was observed after 2nd dose of
IVIG, leading to discharge

Forty days from fever the patient
showed a spontaneous
improvement of the clinical
picture, at day 56 after admission
only mild weakness of the
deltoid bilaterally and left biceps
was evident

Following IVIG and steroids, a
partial clinical improvement was
seen. Two months after onset,
FDP was still severe but
improvements in muscle strength
continued in axial, proximal and
distal segments

After 1 wk of hospitalization, her
strength began to improve. She
was eventually discharged home
after 10 d in the hospital. A
follow-up phone call after 3 wk,
found that that patient was
already ambulating short
distances with minor help

Patient was discharged after 10 d of
hospital stay with grade 4/5
power in both lower limbs and
grade 4+/5 power in both upper
limbs
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TABLE 4. (continued)

CN AD MRC and GBS GBS IVIG-
References GBS Symptoms ND Involvement Symptoms Time DTR CSF Subtype Management D QOutcome
76 Tetraparesis 3 No No 6 3/5 UE P: 74mg/dL  AMSAN IVIG (0.4 g/kg/d) NR  Worsening respiratory distress,
2/5 LE L: O cells/uL 5d patient expired after 7 d of
DTR absent hospitalization
global (S)
76 Tetraparesis 3 No No 7 4/5 UE P: 84 mg/dL AMSAN IVIG (0.4 g/kg/d) NR  Good improvement (able to walk
3/5LE L: Scells/dL. 5d independently at discharge)
DTR absent at
LE (S)
76 FNP 4 Yes No 10 5/5 UE P: 52mg/dL.  AMAN IVIG (0.4 g/kg/d) NR  Good improvement (able to walk
Paraparesis 3/SLE L: 5 cells/dL 5d independently at discharge)
DTR absent at
LE
77 Paraparesis 7 No No 53 5/5 UE P: 127mg/dL. AIDP IVIG (0.4 g/kg/d) NR  Three months after his hospital
Parestesis 3/5 LE L: <2 cells/dL 5d discharge, he has been able to
DTR absent at walk independently,
LE occasionally using a stick for

longer distances

AAA indicates abdominal aortic aneurysm; AD, autonomic dysregulation; AIDP, acute inflammatory demyelinating polyradiculoneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute motor-sensory axonal neuropathy; ARDS,
acute respiratory distress syndrome; CN, cranial nerve; COVID-19, Coronavirus Disease 19; CSF, cerebrospinal fluid; DLE, distal lower extremities; DTR, deep tendon reflexes; DUE, distal upper extremities; FDP, facial diplegia; FNP, facial nerve
palsy; GBS, Guillain-Barré syndrome; HB, House-Brackmann Facial Paralysis Scale; (I), symptoms started inversely; ICU, intensive care unit; IVIG, intravenous immunoglobulin; IVIG-D, days between neurological symptom’s onset and the start
of IVIG treatment; L, leukocytes; LE, lower extremities; LMWH, low—molecular-weight heparin; LTAC, Long-term acute care; MFS, Miller-Fisher syndrome; MRC, Medical Research Council Scale for Muscle Strength; NA, not applicable; ND,
days between neurological symptoms and hospital admission; NR, not reported; P, protein; PLE, proximal lower extremities; PT, physical therapy; PUE, proximal upper extremities; (S), symmetric; Time, days between the onset of COVID-19
symptoms and onset of neurological symptoms; UE, upper extremities; UR, urinary retention.
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COVID-19 Guillain-Barré Syndrome Treatments

TABLE 5. GBS Diagnostic Data Among COVID-19-Related GBS Cases

Antigangliosides  CSF PCR Motor nerve
Antibodies in  Analysis for Conduction Study Biological Test for Infections MRI Findings
References Serum COVID-19 (V, F Waves) Other Than COVID-19 Related to GBS
17 NR Negative V=decreased at CPN, RN NR Not performed
Absent at TN
F waves =not performed
at UE and LE
18 Negative NR V=decreased at right MN, Negative for Campylobacter Not performed
as well as bilateral UN, Jejuni, Mycoplasma
CPN, and TN pneumoniae, Salmonella
F waves = absent at CPN, enterica, CMV, EBV, HSV1,
TN bilaterally and 2, VZV, influenza virus A
and B, HIV, and hepatitis E
19 NR Negative V=normal in all NR Not performed
extremities
F waves =NR
Marked reduction or
absence of EP in both
motor and sensory
nerves
25 NR Negative Not performed NR None
26 NR NR Not performed NR Not performed
15 Negative Negative V=decreased at left TN  NR Not performed
and left CPN
F waves = absent at left
TN, CPN and right MN
16 NR NR V=decreased at MN, UN Negative for Mycoplasma Not performed
and TN bilaterally, NE pneumoniae, Legionella
at CPN bilaterally pneumophila, Streptococcus
F waves = absent at MN, pneumoniae, HSV, VZV, EBV,
UN, TN, and CPN CMV, HIV-1, Borrelia
bilaterally burgdorferi
4 NR NR V=normal at TN, MN, Negative for Lyme disease, None
UN bilaterally Campylobacter jejuni, HIV
F waves =normal at TN
with pathologic
intermediate latency
responses (complex
A-waves) bilaterally
14 NR NR V=No response at MN, = NR None
UN and CPN
F waves =no response at
N
27 NR NR V=normal in UE and LE NR Not performed
F waves = absent at left
UN, and TN bilaterally
28 Negative NR V=normal at UN and TN NR Enhancement of caudal nerve
F waves = absent at UN roots
and TN
28 NR NR V=decreased at TN NR Enhancement of FN bilaterally
F waves = absent at TN
28 Negative NR V=normal at UN and TN NR Enhancement of caudal nerve
F waves = absent at UN roots
and TN
28 NR NR V=decreased at TN NR None
F waves = =normal at UN
and TN
28 Negative NR V=decreased at TN Negative for Campylobacter None
F waves = absent at TN Jjejuni, EBV, CMV, HSV,
VZV, influenza, HIV
Patient developed Acinetobacter
pneumonia during ICU stay
23 Negative Negative NR Negative for influenza virus A and NR
B, Borrelia and TBE
29 NR NR V=decreased, nerves NR NR Not performed

F waves =increased
minimal latency at right
L5 and S1 roots

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. (continued)

Antigangliosides  CSF PCR Motor nerve
Antibodies in  Analysis for Conduction Study Biological Test for Infections MRI Findings
References Serum COVID-19 (V, F Waves) Other Than COVID-19 Related to GBS
20 NR NR Not performed Positive for Rhinovirus (NP swab) None
30 Negative Negative V=NR NR None
F waves = decreased
persistence or absence
in tested nerves
Nerves NR
31 NR NR V=decreased Negative for Influenza None

Nerves NR virus A and B

F waves = absent

Nerves NR

32 Negative Negative V=decreased in bilateral Negative for Campylobacter Not performed
MN, UN, TN, CPN Jejuni, HIV, syphilis, CMV,
F waves = Absent in all 4 and EBV
limbs
33 NR Negative V=NR NR Bilateral facial nerve
F waves = Absent in the enhancement involving the
left TN labyrinthine segment,
tympanic segment, mastoid
segment, and extracranial
facial nerve
34 NR Negative V=NR NR Slight leptomeningeal
F waves = Absent in the enhancement at the brainstem
bilateral TN and UN and cervical cord
35 NR NR V=Decreased at left TN, NR NR
bilateral MN and UN
F waves = Absent in the
bilateral TN and CPN
36 Negative Negative V=Normal at right MN,  Negative for CMV, EBV, None
(positive for UN, CPN, TN influenza virus A/B, respiratory
anti-SARS-  F waves = Absent in right syncytial virus, Chlamydia
CoV- CPN and right TN pneumonia, Mycoplasma
2-antibodies) pneumonia
37 Negative NR V=Decreased at left MN, Positive for HSV Abnormal enhancement of the
CPN Negative for adenovirus, influenza  facial (CNVII) and abducens
F waves =NR a/b, parainfluenza 1/2/3/4, (CNVI) nerves bilaterally, as
Chlamydia pneumonia, well as the right oculomotor
Mycoplasma pneumonia, nerve (CNIII)
bocavirus, coronavirus,
respiratory syncytial virus A/B,
metapneumovirus, rhinovirus/
enterovirus
38 Negative NR V=NR NR Striking enlargement,

F waves = NR prominent enhancement with
gadolinium, and T2
hyperintense signal of the left
cranial nerve (CN) III

39 Negative Negative V=Decreased at MN, UN, NR Spinal cord: no nerve root
TN, CPN gadolinium enhancement
F waves = Absent
39 NR NR V=Decreased at TN NR Not performed
F waves = Absent
39 NR Negative V=Decreased at MN, UN, NR None
TN, CPN
F waves = Absent
40 Negative NR V=NR NR NR
F waves = Anomalies in
lower limbs
41 Negative Negative V=Decreased at TN, Negative for JSV, VZV, NR
CPN, right UN and CMV
F waves = Absent
42 Negative Negative V=Decreased at TN, Negative for syphilis, HIV, NR
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CPN, right UN and MN  HBV, and HCV

F waves = Absent TN,
CPN right MN
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TABLE 5. (continued)

Antigangliosides  CSF PCR Motor nerve
Antibodies in  Analysis for Conduction Study Biological Test for Infections MRI Findings
References Serum COVID-19 (V, F Waves) Other Than COVID-19 Related to GBS
43 Negative Negative V=decreased at PN and  Negative for HIV, Lyme disease, Report shows multiple cranial
TN bilaterally syphilis neuritis, radiculitis, plexitis
F =increased latency of both brachial and lumbar
plexus
43 Negative Negative V=decreased at left MN NR Not performed
F waves =NR
44 Negative Negative V=NR NR None
F waves =NR
44 Negative Negative V=normal NR NR
NR not reported
F waves =NR
45 Negative NR V=decreased at left UN  Negative for HSV 1-2, EBV, NR
and bilateral PN VZV, CMV, HIV, Mycoplasma
F waves = absent at TN pneumoniae, Borrelia
and PN bilaterally
46 Negative NR V=decreased at UN Negative for Campylobacter None
bilaterally and right TN  jejuni, HIV, EBV, CMV,
F waves = absent at MN, influenza virus (type A and B),
UN and TN bilaterally and HCV
46 Negative NR V=decreased at TN Negative for Campylobacter Not performed
bilaterally Jjejuni, HIV, EBV, CMV,
F waves = absent at MN, influenza virus (type A and B),
UN and TN bilaterally and HCV
47 Negative NR Not performed Not performed None
47 Positive NR Not performed NR NR
48 Negative Negative V=NR NR Brainstem and cervical
F waves = absent meningeal enhancement
bilaterally
49 Negative Negative V=NR Negative for Borrelia burgdorferi, None
F waves =NR syphilis, Campylobacter jejuni,
CMV, hepatitis E, Mycoplasma
pneumonia, and EBV
50 NR Negative V=decreased at right UN Negative for HIV Asymmetrical thickening and
and right PN hyperintensity of
F waves = normal minimal postganglionic roots
latencies with decreased supplying the brachial and
persistence lumbar plexuses
51 Negative Negative V=decreased at left MN, NR Symmetrical contrast
left TN enhancement of the spinal
F waves = absent at UE nerve roots at all levels of the
and LE spine including the cauda
equina
52 Negative NR V=normal at left MN, NR Not performed
UN, RN, CPN
F waves =normal at left
MN, UN
53 NR NR Not performed NR Moderate bilateral and moderate
left-sided neural foraminal
narrowing at L.2-3 and L3-4
54 NR Negative V=Decreased at right NR NR
MN, UN, TN
F waves =NR
55 NR NR NR Negative for meningitis, HSV, NR
VZV, Lyme, VDRL, West
Nile, Enterovirus, CMV, HIV
56 NR Negative V=Decreased at left MN, Negative CSF Gram stain/culture, Abnormal enhancement of
CPN rapid meningitis-encephalitis posterior nerve roots from
F waves =NR multiplex panel; negative T11 through cauda equina
respiratory viral PCR and
culture
Negative blood, urine, stool
cultures
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TABLE 5. (continued)

Antigangliosides  CSF PCR Motor nerve
Antibodies in  Analysis for Conduction Study Biological Test for Infections MRI Findings
References Serum COVID-19 (V, F Waves) Other Than COVID-19 Related to GBS
57 NR NR V=Decreased at MN, UN Positive IgG and IgM to None
F waves =NR Campylobacter jejuni
Negative CSF PCR analysis
of fungal, viral, bacterial
pathogens, negative HBV
58 Negative Negative V=Decreased right TN Negative HSV1, HSV2, VZV, Not performed
F waves =NR enterovirus in CSF, negative
serum HBV, HCV, HIV,
syphilis, CMV, EBV,
Mycoplasma, Lyme,
Legionella, pneumococcus
59 Negative Negative V=decreased at both MN Negative for HIV, HCV, HBV  Not performed
and CPN bilaterally
F waves =normal
59 Negative Negative V=decreased at both MN Negative for HIV, HCV, HBV  Negative
and CPN bilaterally
F waves = absent at CPN
bilaterally
59 Negative Negative V=normal at both UE and Negative for HIV, HCV, HBV  Negative
LE bilaterally
F waves =normal
59 Not performed Not performed V=NR Negative for HIV, HCV, HBV ~ Not performed
F waves = Absent at CPN
bilaterally
59 Negative Negative V=normal at CPN Negative for HIV, HCV, HBV  Not performed
bilaterally
F waves = decreased at
CPN bilaterally
60 Negative NR NR Negative for Lyme, HIV, viral NR
hepatitis, ANA, RF
61 Positive IgM for ~ NR conduction blocks, NR NR
GM2 and GD3, absence of F waves in
weak IgG band right ulnar and axon
for GT1b potentials in the F
response of the right
tibial nerve
62 NR NR NR NR NR
63 NR NR NR NR NR
64 Negative anti- NR V=not evocable at TN Positive anti-EBV, anti-CMV, NR
GM1, anti- bilaterally and CPN and anti-Mycoplasma
GD1b, anti- F waves = absent at LE pneumoniae 1gG
GQ1b IgG and bilaterally Negative HIV, syphilis, CMV,
IgM EBV, Mycoplasma pneumoniae
65 Negative NR NR NR NR
65 Negative Negative NR NR NR
65 Negative Negative NR NR NR
65 Negative Negative NR NR NR
65 Negative Negative NR NR NR
65 Negative NR NR NR NR
66 Positive anti- Not performed NR Tracheal aspirate grew beta- Intrathecal caudal-equina
GQIB lactamase resistant enhancement consistent with
antibodies Haemophilus influenzae GBS
79 NR NR NR NR
67 NR Negative V=normal at MN, UN and Patient treated amoxicillin and MRI C-spine showed no
TN ciprofloxacin for a GI disorder pathologic findings
F waves =TN F-wave related to salmonellosis around
latencies with 2 wk before admission
pathologic intermediate
latency responses of
complex A-wave
bilaterally
68 Negative Negative Not performed Negative antibodies for Lyme, None
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TABLE 5. (continued)

Antigangliosides  CSF PCR Motor nerve
Antibodies in  Analysis for Conduction Study Biological Test for Infections MRI Findings
References Serum COVID-19 (V, F Waves) Other Than COVID-19 Related to GBS
69 NR Not performed V=absent at TN and CPN NR NR
bilaterally
F waves =NR
70 Negative Negative V=decreased in both UE NR NR
and LE bilaterally
F waves =NR
70 Negative Negative V=NR NR None
F waves =NR
71 NR NR V=decreased at UN and NR NR
MN, TN, and CPN
unexcitable bilaterally
F waves = absent at UN,
MN, TN, and CPN
bilaterally
72 NR NR V=NR NR None
F waves =NR
73 Negative Negative V=normal at both Negative for herpesviruses None
UE and LE
F waves =normal at both
UN and TN
74 Negative Negative V=decreased at both UE NR None
and LE
F waves =NR
75 Positive NR NR NR None
76 NR NR V=NR Negative for HIV, HBV, HCV None
F waves =NR
76 NR NR V=NR Negative for HIV, HBV, HCV None
F waves =NR
76 NR NR V=NR Negative for HIV, HBV, HCV None
F waves =NR
76 NR NR V=NR Negative for HIV, HBV, HCV None
F waves =NR
77 NR Negative V=decrease at TN and Negative for HIV, syphilis and ~ None

CPN bilaterally
F waves =NR

Lyme disease

ANA indicates antinuclear antibody; CMV, cytomegalovirus; COVID-19, Coronavirus Disease 19; CPN, common peroneal nerve; CSF, cerebrospinal fluid; EBV, Epstein-
Barr virus; EMG, electromyography; EP, electrical potential; FN, facial nerve; GBS, Guillain-Barré syndrome; GI, gastrointestinal; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; HSV, herpes simplex virus; HTN, hypertension; ICU, intensive care unit; Ig, immunoglobulin; LE, lower extremities; MN, median
nerve; MRI, magnetic resonance imaging; NE, not evocable; NR, not reportable; PCR, polymerase chain reaction; RF, rheumatoid factor; RN, radial nerve; SN, sural nerve;
TBE, tick-borne encephalitis; TN, tibial nerve; UE, upper extremities; UN, ulnar nerve; V, conduction velocity (m/s); VZV, varicella zoster virus.

when initiated early in the disease course before complications of the
infection occur.'! A study of patients with severe COVID-19
pneumonia showed no difference in 30-day mortality or clinical
status between those assigned to convalescent plasma versus
placebo.1? In regard to possible adverse effects, the largest safety
study to date has noted transfusion reactions occurring in <1% of
patients and causing death in 0.3%. Possible reactions include
transfusion-associated circulatory overload, transfusion-related acute
lung injury, and severe allergic reaction.!'

While the use of convalescent plasma has not demonstrated
significant effects on mortality in general COVID-19 patients,
further research is needed to assess its impact on COVID-19-
related GBS.'!'* One case report has documented the use of
convalescent plasma in a patient COVID-19-related GBS; how-
ever, its efficacy is unclear as the patient developed worsening
respiratory failure and was unable to be weaned from ventilatory
support at time of publication.!’> In addition, addressing the use
of convalescent plasma in COVID-19-related GBS presents
unique challenges apart from its use in general COVID-19
patients. One study reported deferring the use of convalescent
plasma out of concern for potential parainfectious antibody-

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

mediated peripheral nerve damage from donor plasma.®® Due to
the ambiguity of current evidence in this subset of COVID-19
patients, further research is needed to assess its efficacy in this
population. It should be noted, however, that the most recent
guidelines suggest using convalescent plasma in the management
of COVID-19 patients only in the setting of a clinical trial.'!3

Critical Care in COVID-19 Patients With GBS

In our study, patients with poor outcomes or who showed no
clinical improvement were associated with longer ICU stays
(P=0.02, Table 2). The ICU management of COVID-19-related
GBS presents a unique set of challenges and obstacles. Poorer
outcomes and longer ICU admissions highlight the increased
mortality risk in this population and the potential burden on hos-
pital resources. As mentioned above and presented in Table 1, there
is a highly variable temporal relationship between the development
of neurological and respiratory symptoms of GBS and COVID-19.
In particular, evidence from several case reports suggests that
possible symptom overlap portends more considerable obstacles in
its management.!”?® As both diagnoses may be complicated by
severe respiratory failure and the need for early respiratory support,
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ICU admission is often indicated but may not be feasible in some
centers given the scarcity of resources during a pandemic.'”

It is unclear if the development of ventilator-dependent
respiratory failure in reported patients is caused by the sequelae
of GBS-related neuromuscular dysfunction or COVID-19 res-
piratory symptoms. Out of the cases we analyzed, 47% required
mechanical ventilation and ICU admission, highlighting the
need for critical care resources in these patients.!3-18.20.26,28,31
A retrospective study in Wuhan, China reported that 71% of 52
COVID-19 patients with unspecified GBS status admitted to the
ICU required mechanical ventilation.!'® Similarly, a retro-
spective study of 76 GBS patients admitted to the ICU showed
that 78% required mechanical ventilation.'!” Although the
precise pathophysiology of respiratory failure in COVID-19
patients with GBS remains unclear, the increased prevalence of
ventilator dependency among cases we reviewed suggests a
possible synergistic response associated with a worst outcome
(P=0.004), which warrants further investigation. Indeed,
recent literature does support this hypothesis and suggest that
the presence of significant respiratory symptoms in the acute
phase of COVID-19 may be associated with more severe forms
of GBS.* As such, respiratory complications in COVID-19
patients with GBS, including prolonged ventilator dependence
and bacterial superinfection, pose a significant obstacle to
patient recovery, particularly in areas with limited ICU
resources. Current guidelines advise managing mechanically
ventilated adults with COVID-19 similar to patients with other
causes of acute respiratory failure. These ventilation strategies
include low tidal volume ventilation at 4 to 8 mL/kg of pre-
dicted body weight, titrated positive end-expiratory pressure
and reduction of barotrauma by restricting the peak and plateau
inspiratory pressures.®* However, the efficacy of other mech-
anical ventilation strategies in COVID-19 patients, as well as
COVID-19-related GBS patients, has not yet been extensively
investigated. The documented association between mechanical
ventilation and no clinical improvement in this review
(P=0.007) underscores the need for carefully designed studies
of ventilation strategies among this group of patients.

Study Limitations

The main limitation of the current systematic review of the
literature is the low number of available cases worldwide and an
even lower number of cases with the reported outcome. To facil-
itate further studies, we suggest that while reporting cases, authors
report the outcome of the case as well. Despite the limitations, this
systematic review and analysis is the first systematic study that
rigorously assesses the effect of treatment outcomes and discusses
the ICU challenges and management of COVID-19—related GBS
patients during the COVID-19 pandemic.

CONCLUSIONS

To conclude, GBS should be considered as a potential high-
risk complication in critically ill COVID-19 patients with early-onset
weakness and pulmonary findings that are inconsistent with the
severity of their respiratory status. Although evidence to support
specific treatments are lacking, clinicians should consider the benefits
of immunotherapy and plasma exchange, in addition to standard
antimicrobial and supportive therapies, if the diagnostic criteria for an
acute sensory and motor polyradiculoneuritis are met. This review
indicated that IVIG treatment alone did not result in improved out-
comes or mortality. Hence, the effects of more aggressive treatment
options including plasmapheresis and convalescent plasma exchange
should be examined further for this group of high-risk patients. More
extensive studies aimed at exploring neurological manifestations and
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complications of COVID-19, together with distinctive treatment
options for COVID-19—related GBS are warranted.
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