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Abstract

Background:  Guillain—Barré  syndrome  (GBS)  is  an  acute  inflammatory  polyneuropathy  that  can

lead to  respiratory  failure.  In  this  study,  we  evaluate  early  clinical  risk  factors  for  respiratory

failure at  the time  of  hospital  admission.

Methods:  We  studied  a  retrospective  cohort  of  patients  with  GBS  admitted  to  a  tertiary

care center.  The  potential  risk  factors  studied  were  sociodemographic  characteristics,  GBS

symptoms,  overall  and  cervical  muscle  weakness  (Medical  Research  Council  [MRC]  scores),  elec-

tromyography  findings,  and  cerebrospinal  fluid  analysis  findings.  Unadjusted  odds  ratios  (OR)

were calculated  and exact  logistic  regression  analysis  (adjusted  OR)  performed  to  assess  the

association  between  baseline  risk  factors  and  respiratory  failure.

Results:  Overall,  13  of  113  (12%)  patients  included  in the  study  developed  respiratory  fail-

ure. Unadjusted  analyses  showed  that  involvement  of  any  cranial  nerve  (OR:  14.7;  95%  CI,

1.8—117.1),  facial  palsy  (OR:  17.3;  95%  CI,  2.2—138.0),  and  bulbar  weakness  (OR:  10.7;  95%

CI,  2.3—50.0)  were  associated  with  increased  risk  of  respiratory  failure.  Lower  MRC  sum  scores

(for scores  <30,  OR:  14.0;  95%  CI, 1.54—127.2)  and  neck  MRC  scores  (for  scores  ≤3,  OR:  21.0;

95% CI,  3.5—125.2)  were  associated  with  higher  likelihood  of  respiratory  failure.  Adjusted  anal-

yses showed  that  presence  of  bulbar  weakness  (OR:  7.6;  95%  CI, 1.3—43.0)  and  low  neck  MRC

scores (scores  ≤3,  OR:  9.2;  95%  CI, 3.5—125.2,  vs  scores  >3)  were  independently  associated

with respiratory  failure.
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Conclusions:  Bulbar  and  neck  muscle  weakness  at  admission  are clinical  predictors  of  increased

risk of  respiratory  failure  in patients  with  GBS.  These  findings  could  guide  the  adequate  mana-

gement of high-risk  patients.

© 2021  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is an  open

access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Factores  de  riesgo  de  insuficiencia  respiratoria  en  pacientes  hospitalizados  con

síndrome  de Guillain-Barré

Resumen

Introducción:  El síndrome  de  Guillain-Barré  es  una  polineuropatía  inflamatoria  aguda  que

puede causar  insuficiencia  respiratoria.  Evaluamos  los  factores  de  riesgo  clínicos  en  el  momento

de la  hospitalización.

Métodos:  Realizamos  un  estudio  de una  cohorte  retrospectiva  de pacientes  con  síndrome

de Guillain-Barré  hospitalizados  en  un  centro  de tercer  nivel.  Analizamos  las  características

sociodemográficas,  síntomas  de la  enfermedad,  fuerza  muscular  general  y  cervical  (escala  del

Medical Research  Council  [MRC]),  hallazgos  electromiográficos,  y  resultados  del análisis  del

líquido cefalorraquídeo.  Calculamos  el  odds  ratio  (OR)  sin  ajustar  y  realizamos  una regre-

sión logística  exacta  (OR  ajustada)  para  evaluar  la  asociación  entre  los  factores  de  riesgo  y

la insuficiencia  respiratoria.

Resultados:  Trece  de los 113 pacientes  incluidos  (12%)  presentó  insuficiencia  respiratoria.  Los

análisis no  ajustados  mostraron  una  asociación  entre  mayor  riesgo  de insuficiencia  respiratoria

y la  afectación  de cualquier  par  craneal  (OR:  14,7;  IC  95%,  1,8-117,1),  parálisis  facial  (OR:

17,3;  IC  95%,  2,2-138,0)  y  debilidad  bulbar  (OR:  10,7;  IC 95%,  2,3-50,0).  Unas  puntuaciones  más

bajas en  la  MRC-total  (puntuaciones  <30,  OR:  14,0;  IC  95%,  1,54-127,2)  y  en  la  MRC-cervical

(puntuaciones  <3,  OR:  21,0;  IC  95%,  3,5-125,2)  se  asociaron  con  una mayor  probabilidad  de

presentar  insuficiencia  respiratoria.  En  los  análisis  ajustados,  la  presencia  de debilidad  bulbar

(OR: 7,6;  IC  95%,  1,3-43,0)  y  una  puntuación  baja  en  la  MRC-cervical  (puntuaciones  ≤3,  OR:

9,2; IC 95%,  3,5-125,2,  frente  a puntuaciones  >3)  se  asociaron  de forma  independiente  con  la

insuficiencia  respiratoria.

Conclusiones:  La  presencia  de  debilidad  bulbar  y  cervical  en  el  momento  de la  hospitalización

es un  factor  de  riesgo  de insuficiencia  respiratoria  en  pacientes  con  síndrome  de  Guillain-Barré.

Estos hallazgos  pueden  servir  de  guía  para  el  manejo  de los pacientes  con  mayor  riesgo  de

presentar  dicha  complicación.

© 2021  Sociedad  Española  de Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un

art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Guillain—Barré  syndrome  (GBS)  is  an  acute  inflammatory
polyneuropathy  due  to  an autoimmune  response  directed
against  peripheral  nerve  antigens.1 The  incidence  of  GBS
have  found  rates  to  be  between  0.16  and  4.0/100,000/year
in  individuals  of  all  ages, with  the highest  rates been
reported  in  adults,  especially  those  aged  over  75  years.
While  more  than  half  of  cases  are clinically  ‘‘mild,’’  many
patients  develop  complications  which  can  led to  substan-
tial  morbidity  and  mortality.2 Respiratory  failure  remains
the  most  serious  complication  of  GBS  and  occurs  in up
to  one  third  of  the patients.3 Unfortunately,  the  onset
of  respiratory  insufficiency  is  often  insidious  and late  or
urgent  intubations  are  associated  with  increased  risk  of
complications  and prolonged  hospitalization.4 Thus,  early
identification  of  GBS  subjects at high  risk  of  respiratory  fail-
ure  is  important  to  implement  adequate  monitoring  and

rapidly  provide  respiratory  support  when clinically  indi-
cated.

Prior  studies  had  identified  risk  factors  for  invasive
mechanical  ventilation,  such  as  presenting  to the  hospital
<7  days  from  the time  of  onset  of symptoms,  inability  to  lift
the  elbow,  presence  of  bulbar  involvement,  grade  of  disabil-
ity  on  admission,  or  descending  weakness.5—8 However,  these
studies  did  not  included  patients  requiring  non-invasive  sup-
port,  an increasingly  common  ventilatory  mode.  Pulmonary
function  test  findings,  such  as  a  reduction  in the vital  capac-
ity  and  maximal  inspiratory  or  expiratory  pressures  are  also
recognized  risk  factors  for  impending  respiratory  failure.6

Nevertheless,  spirometry,  or  pressure  transducers,  are  not
routinely  available,  the  presence  of facial  weakness  may
influence  the  results,  and the  procedures  may  lead  to delays
in initiating  ventilatory  support.

In  this  study,  we  analyzed  data  from  a  cohort  of subjects
hospitalized  due  to  GBS  to  identify  early  clinical  risk  factors,
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present  at the time  of admission,  for respiratory  failure
requiring  invasive  or  non-invasive  ventilatory  support.

Methods

Study  design  and  setting

This  study  used  data  from  a  retrospective  cohort  of sub-
jects  with  GBS  admitted  between  March  31st,  2008  and
December  24th,  2017  to  a  tertiary  neurological  care  cen-
ter.  Eligible  subjects  were  >18  years  of  age  with  diagnosis
of  GBS  based on  Asbury  and  Cornblath’s  criteria.9 Patients
having  a  diagnosis  of  chronic  inflammatory  demyelinating
polyradiculoneuropathy  or  critical  illness  polyneuropathy
were  non-eligible.

The  study  outcome  was  the  development  of  acute
respiratory  failure,  defined  as  the need of  invasive  or  non-
invasive  mechanical  ventilation  within  the first  week  of
admission.

Data  collection

Data  were  collected  within  24 h  of  admission  to  the  hospital.
Demographic  and  clinical  variables  included  age,  gender,
and  presence  of comorbidities.  GBS-related  data  included
information  about  the preceding  triggering  event  (upper  res-
piratory  infection,  diarrhea,  mononucleosis  like  syndrome,
or  vaccination)  and  time  from  onset  of  muscular  weakness
to  hospital  admission.

All  participants  underwent  a  standardized  neurologi-
cal  examination  conducted  by  the treating  physician  to
obtain  information  on  muscular  weakness,  pattern  of  motor
involvement  (proximal,  distal,  cranial  or  general),  sensory
abnormalities,  distal  reflexes,  or  presence  of  pain.  Over-
all  muscular  strength  (abduction  of  the arm,  flexion  of  the
forearm,  extension  of  the  wrist,  flexion  of  the leg,  exten-
sion  of  the  knee,  dorsal  flexion  of  the  foot)  was  assessed
using  the  Medical  Research  Council  (MRC)  scale.  The  MRC
is  a  validated  tool  where  6 muscles  are tested  bilaterally
(individual  score  from  0  to  5),  with  a MRC  sum score  ranging
from  0 (tetraparalytic)  to  60  (normal  strength)10; based  on
preestablished  cut-offs,  patients  were  categorized  into  the
following  groups:  scores  >50,  50—41,  40—31,  ≤30.  The  MRC
scale  was  also  applied  to  evaluate  neck  muscular  strength
and  subjects  were  classified  into  3  groups:  score 5, 4, ≤3.
We  also  collected  data  on  any  cranial  nerve  involvement,
oculomotor  or  facial  palsy,  and  bulbar  weakness  (impaired
gag  reflex,  dysarthria,  or  dysphagia).

Cerebrospinal  fluid (CSF)  was  collected  and  analyzed  for
cell  count,  glucose  and protein  concentration.  Cytoalbu-
minological  dissociation  was  defined  as  a CSF  cell  count
<5  cells/ml  combined  with  a  CSF  protein  level  >0.45  g/L. GBS
electrophysiological  subtype  (acute  inflammatory  demyeli-
nating  polyneuropathy,  acute  motor  axonal  neuropathy,  or
acute  motor-sensory  axonal  polyneuropathy)  was  deter-
mined  using  data  from  the first  nerve  conduction  study  (NCS)
and  classified  according  to  the Hadden  criteria.11

Statistical  analysis

The baseline  characteristics  of  the study  population  were
summarized  using  descriptive  statistics.  The  Kaplan—Meier
method  was  used to  estimate  mean  time  to  respiratory  fail-
ure;  patients  who  did not  developed  respiratory  failure  were
censored  at 7 days  of  admission.  We  used  a T-test,  chi-
square  test,  or  Fisher’s  exact  test  to  compare  the  baseline
characteristics  of  GBS  patients  that  developed  vs.  did  not
develop  respiratory  failure.  Two-sided  tests  were  used and
p  values  <0.05  were considered  statistically  significant.  We
calculated  unadjusted  odds  ratios  (OR)  with  95%  confidence
intervals  (CI)  to assess  the  association  between  potential
risk  factors  at the time  of  admission  and  risk  of respiratory
failure.

We  used exact logistic  regression  to  assess  the  adjusted
association  between  clinical  predictors  at admission  and  res-
piratory  failure.  The  decision  to  include  predictors  in the
adjusted  model  were  based  on  prior  knowledge,  simplic-
ity  of  assessment  (i.e.,  we  gave  preference  to  risk  factors
that  could  be easily  ascertained  in  clinical  practice),  and
strength  of  the  association  on  univariate  analysis.  Given  the
relatively  low number  of  events,  we  favored  parsimonious
models  with  a limited  number  of  covariates  (e.g.,  we  com-
bined  levels  of  covariates  that  showed  a similar  strength  of
association  with  respiratory  failure  on  univariate  analysis).
All  analyses  were  done  in SPSS  statistical  software  version
23.0.0.0  (IBM, Chicago,  USA).  The  study  was  exempt  by  the
Institutional  Review  Board.

Results

During  the study  period,  113  potentially  eligible  participants
were  admitted  to  the  neurological  center. No  patient  met
any  of  the exclusion  criteria.  The  mean  (range)  age of  the
study  population  was  47 (25—76)  years  and 55%  were  male.  A
trigger  event  was  reported  by  76  (67%) subjects,  most  com-
monly  upper  respiratory  tract infections  (35%)  and diarrhea
(25%).  The  median  (range)  time  from  onset  of  weakness  to
hospital  admission  was  8 (0—31)  days. (Table  1).

Overall,  12%  (13/113)  subjects  developed  respiratory
failure  (69%  required  invasive  ventilation),  at  a mean  (range)
time  of 21—7 days  from  hospital  admission  (Fig.  1). No  other
patient  developed  respiratory  failure  in the first  month.  In
unadjusted  analyses,  there  were no  differences  between  the
groups  in the distribution  of  age,  sex,  presence  of  comor-
bidities,  sensory  abnormalities,  or  complementary  studies
(p  > 0.05  for  all comparisons;  Table 1). Presence  of  any  cra-
nial  nerve  involvement  (OR:  14.7,  95%  CI:  1.8—117.1),  facial
palsy  (OR:  17.3,  95%  CI:  2.2—138.0),  and  bulbar  weakness
(OR:  10.7,  95% CI: 2.3—50.0)  were  significantly  associated
with  increased  risk  of respiratory  failure.  Lower  MRC  sum
scores  (41—50  score  OR:  2.12,  95%  CI:  0.53—8.46;  31—40
score  OR:  3.11,  95%  CI: 0.49—19.54;  and  <30  score  OR: 14.0,
95%  CI: 1.54—127.2  compare  with  a score  >50)  were  also
associated  with  increased  risk  of  respiratory  failure.  Simi-
larly,  subjects  with  lower  neck  MRC  scores  (4 score  OR: 2.8,
95%  CI:  0.5—15.1  and  <3  score  OR:  21.0,  95%  CI: 3.5—125.2
compare  to a score  of 5) had  higher  odds  of  respiratory
failure  (Table  2).
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Table  1  Baseline  characteristics  of study  subjects  according  to  the  presence  or  absence  of  respiratory  failure.

Characteristics  All  patients

(n  =  113)

Respiratory

failure  (n  = 13)

No  respiratory

failure  (n  =  100)

p-value

Age,  years,  mean  (SD) 47  (21—83) 45  (25—83)  47  (21—76)  .61

Female, No. (%)  51  (45.1)  7 (53.8)  44  (44.0)  .50

Comorbidities,  no.  (%)

Diabetes  8  (7.1) 2 (15.4)  6  (6.0)  .22

Pre-existing  neuropathy  7 (6.2) 1 (7.7)  6  (6.0)  .81

Pre-existing  facial  paralysis  8 (7.1) 0 8  (8.0)  .29

Cancer 8 (7.1) 1 (7.7)  7  (7.0)  .93

HIV 3 (2.7) 0 3  (3.0)  .53

Autoimmune  disease 22  (19.5) 4  (30.8) 18  (18.0)  .27

GBS medical  risk  factors,  no.  (%)  .42

Onco-hematological  disease  2 (1.8) 1 (7.7)  1  (1.0)

Hepatitis 6 (5.3) 1 (7.7)  5  (5.0)

Previous HSV-CMV  6 (5.3) 1 (7.7)  5  (5.0)

Previous GBS  4 (3.5) 2 (15.4)  2  (2.0)

GBS trigger,  no.  (%) .02

Upper  airway  infection 40  (35.4) 1  (7.7)  39  (39.0)

Diarrhea 28  (24.8) 5  (38.5) 23  (23.0)

Mononucleosis  like 5  (4.4) 2  (15.4)  3  (3.0)

Vaccination 3 (2.7) 0  (0) 3  (3.0)

None 37  (32.7) 4  (30.8)  33  (33.0)

Time weakness-admission,  days,  mean  (SD)  8 (0—31)  7 (1—21)  8  (0—31)  .07

>7 48  (42.5)  5 (38.6)  43  (43.0)

4—7 32  (28.3)  1 (7.7)  31  (31.0)

<3  33  (29.2)  7 (53.7)  26  (26.0)

Motor weakness  distribution,  no  (%)  .92

No weakness  22  (19.5)  2 (15.4)  20  (20.0)

Proximal  20  (17.7)  2 (15.4)  18  (18.0)

Distal 67  (59.3)  9 (69.3)  58  (58.0)

General  3 (2.7) 0 3  (3.0)

Isolated cranial  nerve  1 (0.9) 0 1  (1.0)

Symptoms,  no.  (%)

Pain  68  (60.2)  10  (76.9)  58  (58.0)  .19

Any cranial  nerve  involvement  57  (50.4)  12  (92.3)  45  (45.0)  .002

Involvement of  cranial  nerve  VII  53  (46.9)  12  (92.3)  41  (41.0)  .001

Bulbar involvement  8 (7.1)  4  (30.8)  4 (4.0)  <.001

Ocular movement  involvement  10  (8.8)  1  (7.7)  9 (9.0)  .88

Paresthesia 87  (77.0)  10  (76.9)  77  (77.0)  .99

Sensitive deficit 100  (88.5)  13  (100)  87  (87.0)  .18

Normal reflexes  9 (8.0)  1  (7.7)  8 (8.0)  .10

Local areflexia  38  (33.6)  1  (7.7)  37  (37.0)

General areflexia  66  (58.4)  11  (84.6)  55  (55.0)

Ataxia 20  (17.7)  2  (15.4)  18  (18.0)  .82

MRC sum  score,  no.  (%)  .05

51—60 60  (53.1)  4  (30.8)  56  (56.0)

41—50 38  (33.6)  5  (38.6)  33  (33.0)

31—40 11  (9.7)  2  (15.4)  9 (9.0)

<30  4 (3.5)  2  (15.4)  2 (2.0)

Neck MRC  score,  no.  (%)  <.001

5 51  (45.1)  2  (15.4)  49  (49.0)

4 49  (43.4)  5  (38.5)  40  (40.0)

<3  13  (11.5)  6  (46.1)  7 (7.0)
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Table  1  (Continued)

Characteristics  All  patients

(n  =  113)

Respiratory

failure  (n  =  13)

No  respiratory

failure  (n  =  100)

p-value

CSF  results,  mean  (SD)

Proteins  (mg%)  95  (12—605)  139 (17—428)  89  (12—605)  .06

CA dissociation  78  (69.0)  10  (76.9)  68  (68)  .75

GBS classification,  no.  (%)  .07

AMAN 4 (3.5)  2 (15.4)  2 (2.0)

AMSAN 10  (8.8)  2 (15.4)  8 (8.0)

AIDP 82  (72.6) 9  (69.2) 73  (73.0)

Unclassified  11  (9.8) 0  (0) 11  (11.0)

Miller—Fisher 6  (5.3) 0  (0) 6  (6.0)

Abbreviations: AIDP: acute inflammatory demyelinating polyneuropathy, AMAN: acute motor axonal neuropathy, AMSAN: acute motor-

sensory axonal neuropathy, CA: cytoalbuminological, CSF: cerebrospinal fluid, CMV: citomegalovirus, GBS: Guillain—Barre syndrome, HIV:

human immunodeficiency virus, HSV: herpes simplex virus, MRC: Medical Research Council.

Table  2  Early  clinical  risk  factors  for  acute  respiratory  failure  in  patients  with  Guillain—Barre  syndrome.

Characteristic  OR  (95%  CI) Adjusted  OR  (95%  CI)

Non-respiratory  trigger  7.4  (0.9—58.9)  —

Any cranial  nerve  involvement  14.7  (1.8—117.1)  —

Facial palsy  17.3  (2.2—138.0)  —

Bulbar weakness  10.7  (2.3—50.0)  7.6  (1.3—43.0)

MRC sum  score

51—60  Reference  —

41—50 2.12  (0.53—8.46)  —

31—40 3.11  (0.49—19.54)  —

<30  14.00  (1.54—127.22)  —

Neck MRC  score

5  Reference Reference

4 2.8  (0.5—15.1)  Reference

<3 21.0  (3.5—125.2) 9.2  (2.2—37.9)

Abbreviations: GBS: Guillain—Barre syndrome, MRC: Medical Research Council, OR: odds ratio.

Adjusted  analyses  showed  that  presence  of  bulbar  weak-
ness  (OR:  7.6,  95%  CI:  1.3—43.0)  and  low-neck  MRC  scores
(<3 score  OR:  9.2, 95%  CI: 3.5—125.2  vs.  score  >3)  were
independently  associated  with  increased  risk  of  respiratory
failure.

Figure  1  Cumulative  risk  of  respiratory  failure  in

Guillain—Barre  patients  at 28  days  of  admission.

Discussion

Our study  shows  that,  in patients  with  GBS,  respiratory  fail-
ure  may  be predicted  by  simple  clinical  markers.  In our
patients,  bulbar  or  neck  weakness  at  admission,  two  clinical
predictors  that  are evaluated  as  part  of the routine  physical
exam,  were  independently  and strongly  associated  with  sub-
sequent  need  for  ventilatory  support.  These  physical  exam
findings  could  be  used  to  guide  decisions  about  early  ICU
admission  and/or  respiratory  monitoring.

Assessment  of  ventilatory  status  and  making  decisions
regarding  the  need  for ventilatory  support  are  major  aspects
of  the management  of  hospitalized  GBS  patients.  Prior  stud-
ies  have  evaluated  potential  risk  factors  for  respiratory
failure  in this population.  Muscular  strength,  including  head,
elbow,  and  foot  is  a  frequently  identified  risk  for  the  need
of  ventilatory  support.5,8,12 These  strength  test  support  ours
results,  and  we  provide  a numerical  cutoff  (MRC  scale)  to
be  as  objective  as  possible.  Similarly,  Lawn et  al.,  in a  study
including  114 patients  with  GBS,  showed  that  involvement
of  cranial  nerves,  particularly  the facial  nerve,  is  more  com-
mon  among  patients  who  later  develop  respiratory  failure.6

In  our  study  cranial  nerve  involvement  was  associated  with
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increased  risk  of respiratory  failure.  However,  when  it was
adjusted  for  cofounders,  it was  not an independent  risk.
Other  studies  reported  that  a  shorter  time  between  onset  of
weakness  to  hospitalization  was  associated  with  respiratory
failure,13 particularly  among  patients  with  more  extensive
muscular  weakness.12,14,15 We  did not find  any  association
with the  time  of  weakness.

Baseline  spirometry  (at  time  of  admission)  may  also  help
identify  high  risk  patients  with  serial  measures  used to  mon-
itor  progression  and  make  decisions  regarding  the  need  for
invasive  or non-invasive  ventilation.6 However,  these  studies
defined  respiratory  failure  as  the  need  for  invasive  ven-
tilation.  Our  study  extends  these  results  by  showing  that
two  clinical  parameters  (bulbar  and  neck  weakness)  easily
obtained  during  baseline  examination  are strongly  associ-
ated  with  the  risk  of  respiratory  failure,  including  both
invasive  and  non-invasive  ventilatory  support.  Moreover,  we
used  a  validated  measure  with  clearly  pre-established  cut-
offs,  which  could  facilitate  implementation  of these findings
into  clinical  practice.

Several  mechanisms  may  explain  the association  between
bulbar  weakness  and  respiratory  failure  in hospitalized
patients  with  GBS.  First,  bulbar  weakness  leads  to  inability
of  protecting  the  airway  and difficulties  clearing  secretions.
Second,  muscular  bulbar  involvement  induces  upper  airway
collapse,  rising  airway  resistance,  work  of breathing  and
respiratory  muscle  load,  promoting  fatigue,  and  ultimately
respiratory  failure.  A functional  and  undamaged  cervical
plexus  is needed  to  counterbalance  gravity  and  maintain  the
head  upright.  Neck  muscles  are controlled  by  nerves  arising
from  the  deep  cervical  plexus  (C2—C5)  while  the  phrenic
nerve  supplying  the  diaphragm  originates  from  the deep cer-
vical  roots  C3—C5.  Thus,  neck  weakness  is  likely  a  marker
for  diaphragmatic  muscle  compromise  providing  physiologic
plausibility  to  our  observed  associations.  Additionally,  neck
weakness  may  also  contribute  to  swallowing  impairment  and
increased  risk  of aspiration  because  proper  neck  posture
promotes  successful  swallowing.

The  study  has strengths  and  limitations  that  are  worth
discussing.  Unlike  previous  studies  that  focused  on  more
severe  patients,  this study  uses  a  broader  study  popu-
lation  (regardless  of  their  severity),  that  allowed  us to
identify  a  more  conservative  12%  incidence  of  respira-
tory  failure,  compared  to  the 30—50%  reported  in  other
series,  that  were  limited  to  patients  with  more  severe  dis-
ease.  This  may  better  represent  the overall  population  of
GBS  patients.

Our  study  has  clear  limitations,  which  are linked  mainly
to  its  retrospective  and  monocentric  design,  consequently
the  results  may  not  be  generalizable  to  other  settings.  We
retrospectively  analyzed  data  collected  as  part of a  GBS  reg-
istry.  However,  predictors  were  captured  at admission  and
thus,  reviewers  were  not  aware  of  the  study  outcomes  (i.e.,
subsequent  respiratory  failure).  Moreover,  data  capture  was
standardized  to  avoid  biases  in  the assessment  of risk  fac-
tors  for  respiratory  failure.  Our  study  had a  relatively  small
sample  size which  limited  the number  of  predictors  that we
were  able  to  evaluate  in adjusted  analyses  and generated
relatively  high  uncertainty  (i.e.,  large  CI)  in the estimation
of  the  ORs.  However,  GBS is  a relatively  rare  disease  and our
sample  size  is  amongst  the largest  reported  in  studies  of  this
condition.

In summary,  our  study  showed  that  bulbar  and  neck  weak-
ness  at the  time  of admission  can  be used to  identify  GBS
subjects  at  high  risk  of  respiratory  failure.  These  are  rel-
atively  easy  to  measure  clinical  variables  that  could  guide
decisions  about  the  level  of monitoring  and/or  placement  of
GBS  patients  into  the ICU  or  similar  settings.
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