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ABSTRACT
Background This study aimed to determine the clinical 
and diagnostic factors associated with mechanical 
ventilation (MV) in Guillain- Barré syndrome (GBS) 
and to simplify the existing Erasmus GBS Respiratory 
Insufficiency Score (EGRIS) for predicting the risk of MV.
Methods Data from the first 1500 patients included in 
the prospective International GBS Outcome Study (IGOS) 
were used. Patients were included across five continents. 
Patients <6 years and patients from Bangladesh were 
excluded. Univariable logistic and multivariable Cox 
regression were used to determine which prespecified 
clinical and diagnostic characteristics were associated 
with MV and to predict the risk of MV at multiple time 
points during disease course.
Results 1133 (76%) patients met the study criteria. 
Independent predictors of MV were a shorter time 
from onset of weakness until admission, the presence 
of bulbar palsy and weakness of neck flexion and hip 
flexion. The modified EGRIS (mEGRIS) was based on 
these factors and accurately predicts the risk of MV with 
an area under the curve (AUC) of 0.84 (0.80–0.88). We 
internally validated the model within the full IGOS cohort 
and within separate regional subgroups, which showed 
AUC values of 0.83 (0.81–0.88) and 0.85 (0.72–0.98), 
respectively.
Conclusions The mEGRIS is a simple and accurate tool 
for predicting the risk of MV in GBS. Compared with the 
original model, the mEGRIS requires less information for 
predictions with equal accuracy, can be used to predict 
MV at multiple time points and is also applicable in 
less severely affected patients and GBS variants. Model 
performance was consistent across different regions.

INTRODUCTION
Guillain- Barré syndrome (GBS) is a rapidly progres-
sive, immune- mediated polyradiculoneuropathy.1 
During the acute phase of the disease 10%–30% of 
patients develop respiratory insufficiency requiring 
mechanical ventilation (MV).2 Early recognition of 
patients at high risk of respiratory failure in GBS is 
crucial for triaging patients who need to be trans-
ferred to wards with stricter monitoring and for 
preventing pulmonary complications. In previous 
studies several features have been reported as 
predictors for the risk of MV,2 3 including facial 

and bulbar palsy,4–6 autonomic dysfunction,4 severe 
muscle weakness at admission,4–7 rapid disease 
progression,5 7 respiratory parameters (eg, vital 
capacity)6 8 and the presence of a conduction block 
in the distal peroneal nerve.8

The Erasmus GBS Respiratory Insufficiency 
Score (EGRIS) has been developed to predict the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The Erasmus Guillain- Barré syndrome (GBS) 
Respiratory Insufficiency Score (EGRIS) predicts 
the risk of respiratory failure in the first week 
of hospital admission in patients with GBS. A 
recent validation study within the International 
GBS Outcome Study (IGOS) showed that the 
EGRIS can be applied to the full spectrum of 
GBS, including mild cases and variants, and to 
patients from different regions. The original 
model, however, requires testing of 12 separate 
muscle groups and only includes clinical factors, 
while several studies have shown that Nerve 
Conduction Study parameters and biomarkers 
may add to the prediction of respiratory failure 
in GBS.

WHAT THIS STUDY ADDS
 ⇒ This study provides an overview of the clinical 
and diagnostic factors associated with 
mechanical ventilation in GBS based on data 
collected in the IGOS- 1500 cohort. Based on 
this analysis, we developed a simplified version 
of the EGRIS (mEGRIS), which can be used to 
predict the risk of respiratory failure in both the 
first week and other time points during follow- 
up with equal accuracy.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The mEGRIS broadens the clinical applicability 
of the model in daily practice, as it only requires 
testing of three instead of 12 bilateral muscle 
groups without losing accuracy; can predict 
the risk of respiratory failure at any given time 
point during the first 2 months from disease 
onset; and also can be applied to GBS variants, 
mild forms and patients from different regions.
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need for MV in the first week of admission based on the pres-
ence of facial/bulbar weakness, time from onset of weakness 
until admission and the Medical Research Council (MRC) sum 
score at admission.5 This model was recently validated in the 
International GBS Outcome Study (IGOS),9 an ongoing prospec-
tive, observational, multicentre cohort study on the disease 
course and outcome of GBS, which showed that the EGRIS 
can be used in the full spectrum of GBS.10 Although the EGRIS 
can be applied early in the disease course, it requires testing of 
strength in 12 separate limb muscle groups. A simplified version 
of the EGRIS that only includes selected muscle groups from the 
MRC sum score, with equal accuracy, would broaden the clinical 
applicability. Furthermore, neck flexion strength is currently not 
included in the EGRIS, but may provide additional prognostic 
information as a recent study from the USA showed that severe 
weakness of neck flexors at time of admission was associated 
with a poor respiratory status.11 In addition, the EGRIS only 
includes clinical factors, while certain electrophysiological char-
acteristics and biomarkers also have been associated with MV in 
GBS,8 12 and may further improve the model in specific clinical 
settings.

IGOS collects detailed and standardised clinical and diagnostic 
data from a large cohort of GBS patients, providing the oppor-
tunity to search for novel predictors of MV. Our study aimed to: 
(I) provide an overview of the clinical and diagnostic determi-
nants associated with MV in GBS and (II) develop a simplified 
version of the EGRIS for predicting the risk of MV at different 
time points (eg, <1 day, <3 days and <1 week from admission) 
during the disease course in order to facilitate its use in daily 
practice.

METHODS
Study design
Data were used from the first 1500 patients with GBS who were 
prospectively enrolled in IGOS. Patients fulfilled the National 
Institute of Neurological Disorders and Stroke diagnostic 
criteria for GBS (or its clinical variants), and were included 
between May 2012 and May 2017, <2 weeks from the onset 
of weakness, regardless of the disease severity or treatment.13 14 
Patients with alternative diagnoses, protocol violations or insuf-
ficient data were excluded. In addition, we excluded patients <6 
years, because they have a different disease course than adults 
and therefore may have other risk factors for MV, and because 
some neurological tests (eg, the MRC scores) are challenging 
in preschool children.15 Patients from Bangladesh were also 
excluded, because of the limited resources to provide MV and 
treatment, which could underestimate the effect of the studied 
predictors.16

In the first part of the study, we identified factors associated 
with MV. In the second part, to develop a simplified score to 
predict the risk of MV at different time points, we excluded 
patients in whom MV was started prior to study entry and 
patients who developed weakness after admission as ‘time 
between onset weakness and admission’, a predictor in current 
models, could not be determined in these patients. Patients in 
whom MV was started >2 months after the onset of GBS were 
not included in the primary outcome, because respiratory insuf-
ficiency in these patients is more likely to be caused by (pulmo-
nary) complications rather than respiratory weakness caused by 
GBS.

Data collection
Clinical data and biomaterials were prospectively collected 
at standard time points according to the original IGOS study 

protocol, which is elaborately described in previous publica-
tions.9 17 In study part I, we assessed several characteristics, 
including demographics, antecedent events, comorbidities, clin-
ical features and severity of GBS at study entry, cerebrospinal 
fluid (CSF) parameters, forced vital capacity (FVC), electrophys-
iological subtype, positive serology for recent preceding infec-
tions and treatment with intravenous Ig or plasma exchange. 
Muscle strength was expressed using MRC scores.18 Both 
individual muscle MRCs and combined scores were assessed, 
including the MRC sum score (sum of MRCs of bilateral 
shoulder abductors, elbow flexors, wrist extensors, hip flexors, 
knee extensors and foot extensors) as well as separate sum 
scores of proximal arm and leg, distal arm and leg, only arm and 
only leg muscles. Bulbar weakness was assessed clinically and 
defined as problems with speech or swallowing caused by lower 
cranial nerve involvement. Disease severity was indicated by the 
GBS disability scale (GBS- DS).19 The presence of autonomic 
dysfunction was determined by the local clinician and defined 
as disturbances in cardiac, gastroenteric, bladder, pupillary and 
sudomotor functions. For patients whose Nerve Conduction 
Study (NCS) data were available, the Hadden criteria were used 
to determine the electrophysiological subtype.20 In addition, we 
investigated the presence of a conduction block of the peroneal 
nerve between the fibular head and ankle. We used two sepa-
rate definitions for a conduction block: (1) a ≥30%21 and (2) 
≥50%8 decrease (proximal vs distal) in the compound muscle 
action potential amplitude in early NCS, performed in the first 
week after onset of weakness. For 635 patients, blood samples 
were available and tested for preceding infections with Campy-
lobacter jejuni, Mycoplasma pneumoniae, Epstein- Barr virus, 
cytomegalovirus and hepatitis E virus, and interpreted as posi-
tive or negative for a recent infection. A detailed description of 
the test methods and interpretation is described in a previous 
publication.22

In study part II, we only considered variables that were previ-
ously reported in literature as independent predictors of MV in 
GBS,2–8 and for which data were available in the IGOS database. 
In addition, the variables had to be suitable for the early predic-
tion of MV.

Statistical analysis
Numeric variables were described as median (IQR) and categor-
ical variables as count (percentage). Comparative statistics were 
performed using a Mann- Whitney U test for numerical and a χ2 
test or Fisher’s exact test for categorical variables.

In study part I, univariable logistic regression was performed 
to calculate ORs and corresponding 95% CIs for the association 
between the specified characteristics and MV. For the prediction 
of MV in study part II we used multivariable Cox regression, 
which also takes into account the time to start of MV. Patients 
not requiring MV were censored at the time point of 2 months 
or, if they were lost to follow- up or deceased before reaching 
the 2 months time point, at the assessment date of the last visit 
before they were lost or at the date of death, respectively. For 
each predictor the proportional hazard and linearity, assump-
tions were graphically inspected and no major violations were 
found. Variables were only included as predictor if <15% of 
values were missing.

In the final model, we included all predictors with a p<0.15. 
Using this higher p value avoids overfitting of the model to the 
IGOS dataset, and provides a model that is more generalisable.23 
The effect of the predictors was expressed using a HR. Based on 
the coefficients of the model, a scoring system was developed, in 
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which each coefficient was multiplied by a factor five to obtain 
rounded numbers that maintained the balance between the coef-
ficients. The score plot shows the predicted probabilities of MV, 
which we provided for MV within 1 day, 3 days and 1 week from 
admission, and is based on the point estimates of the score and 
CIs of the coefficients.

Because the variables FVC and early conduction block of the 
peroneal nerve had too many missing values, these could not 
be included in our prediction model. Instead, we conducted an 
association analysis by using multivariable logistic regression, 
with adjustment for our newly developed prediction score to 
assess their (independent) relation with MV.

Model performance was assessed by the area under the receiver 
operating characteristic curve (AUC), which indicates the ability 
of the model to correctly distinguish a patient who required MV 
and who did not, where an AUC of 0.5 equals flipping a coin 
and a value of 1 indicates perfect discriminative ability. An AUC 
between 0.5 and 0.7 is usually considered as suboptimal, 0.7–0.8 
as good and >0.8 as excellent.24 Bootstrapping was used to 
internally validate the model, and a geographical fourfold cross- 
validation was used for internal–external validation.25 26 Hereto, 
the dataset was divided into four different regions: Asia, Europe, 
North America and other (Argentina, Australia, Africa). Then, 
the model was trained on a subset that consisted of three regions 
and validated in the region left out. This procedure was repeated 
four times, so that each region was used for both training and 
validation. For each region, a separate AUC value and calibra-
tion curve is provided in which the observed probabilities of MV 
within 1 week were compared with the predicted probabilities 
based on the model.

Statistical analyses were performed with R studio (V.4.0.2). 
Two- sided p values <0.05 were considered statistical signifi-
cant. Variables with <15% missing values were imputed using 
multiple imputation.

RESULTS
Study population
From the IGOS- 1500 cohort, patients with alternative diagnoses 
(n=85), protocol violations (n=34), insufficient data (n=11), 
included in Bangladesh (n=203) and age <6 years (n=34) 
were excluded (figure 1). In the remaining cohort (n=1133), 
the median age was 54 years (IQR 39–66, range 6–91) and 
671 (59%) patients were male. Patients were enrolled within a 
median of 1 day (IQR 0–4, range −2–13) from hospital admis-
sion. In 185/1133 (16%) patients, MV was needed and 149/182 
(82%) patients required MV <1 week from admission. The 
median time from onset of weakness until start of MV was 
4 days (IQR 3–8, range 0–44, n=178). Median total duration of 
MV (including 11 patients with a 2nd and two with a 3rd MV 
episode) was 20 days (IQR 10–54, range 1–525, n=170).

Clinical and diagnostic factors associated with mV
In univariable analysis, factors strongly associated with MV were 
older age, a shorter time from onset of weakness until admis-
sion, facial and bulbar palsy, more severe neck flexor weakness, 
both a lower MRC sum score and lower individual muscle MRC 
scores, areflexia, autonomic dysfunction, a lower FVC, a higher 
GBS- DS and treatment (table 1).

MRC sum scores of both bilateral proximal muscles (shoulder 
abduction and hip flexion) and distal muscles (wrist extension 
and ankle dorsiflexion) were associated with MV (OR 0.77, 
95% CI 0.74 to 0.80 vs OR 0.81, 95% CI 0.79 to 0.84). Also 
sum scores of bilateral muscle groups in the arms (shoulder 

abduction, elbow flexion and wrist extension) and legs (hip 
flexion, knee extension and ankle dorsiflexion) were associated 
with MV (OR 0.84, 95% CI 0.83 to 0.87 vs OR 0.87, 95% CI 
0.85 to 0.88). Subcategories of autonomic dysfunction that were 
associated with MV included cardiac, bladder and pupillary 
dysfunction, whereas gastrointestinal dysfunction and sudo-
motor changes were not. FVC (n=414) was significantly lower 
in patients with facial or bulbar weakness compared with those 
with normal facial and bulbar function: 2.4 L (IQR 1.7–3.2) 
and 3 L (IQR 2.2–3.7), respectively. After adjusting for facial/
bulbar weakness using multivariable logistic regression, a lower 
FVC was still associated with MV (adjusted OR 0.46, 95% CI 
0.33 to 0.63, p=0.008). Patients who required MV were signifi-
cantly more often treated with either intravenous Ig or plasma 
exchange and had a shorter time from onset weakness until start 
of treatment (table 1).

Diagnostic investigations including CSF, NCS and preceding 
infections in relation to MV are shown in table 2.

Apart from a slightly elevated cell count in CSF, which was 
associated with a lower frequency of MV, there was no associ-
ation between MV and CSF parameters, nor between MV and 
positive serology for recent preceding infections. NCS data were 
available for 796/1133 (70%) patients, of whom 358 patients 
underwent an early NCS (<1 week of onset weakness). A demy-
elinating subtype according to the Hadden criteria and a conduc-
tion block in the distal peroneal nerve were both associated with 
a higher risk of MV (table 2).

Figure 1 Study population. 1Part I consisted of univariable logistic 
regression analysis of clinical and diagnostic factors in association with 
MV. 2In part II, a prediction model was developed for the risk of MV using 
multivariable Cox regression analysis. GBS, Guillain- Barré syndrome; IGOS, 
International GBS Outcome Study; MV, mechanical ventilation.
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Table 1 Clinical features in association with MV

MV (n=185) No MV (n=948) OR (95% CI) P value

Demographics

Age (years) 59 (44–70)* 53 (38–65) 1.02 (1.01 to 1.03) <0.001*

Male sex 101 (55%) 570 (60%) 0.80 (0.58 to 1.10) 0.16

Region

  Asia 21 (11%) 88 (9%) 1.25 (0.74 to 2.04) 0.38

  Europe/North- America 153 (83%) 789 (83%) 0.96 (0.64 to 1.48) 0.86

  Other† 11 (6%) 71 (7%) 0.78 (0.38 to 1.44) 0.46

Disease onset in summer‡ 40/184 (22%) 199/943 (21%) 1.04 (0.70 to 1.51) 0.85

Antecedent event

Respiratory tract symptoms 73 (39%) 437/944 (46%) 0.76 (0.55 to 1.04) 0.09

Gastrointestinal symptoms 47 (25%) 246/944 (26%) 0.97 (0.67 to 1.38) 0.85

Neurological features at study entry

Cranial nerve involvement

  Oculomotor 41/182 (23%)* 152/943 (16%) 1.51 (1.02 to 2.22) 0.037*

  Facial 101/182 (55%)* 253/943 (27%) 3.40 (2.46 to 4.72) <0.001*

  Bulbar 96/182 (53%)* 144/943 (15%) 6.19 (4.41 to 8.73) <0.001*

Weakness (MRC score)

  Sum score (0–60)§ 30 (16–44)* n=183 50 (44–56) n=938 0.92 (0.90 to 0.93) <0.001*

  Neck flexion (0–5) 3 (2–4)* n=176 5 (4–5) n=924 0.33 (0.28 to 0.39) <0.001*

  Shoulder abduction (0–10) 4 (2–8)* n=184 8 (8–10) n=940 0.64 (0.60 to 0.68) <0.001*

  Elbow flexion (0–10) 6 (4–8)* 9 (8–10) n=944 0.64 (0.59 to 0.68) <0.001*

  Wrist extension (0–10) 6 (3–8)* 8 (8–10) n=941 0.69 (0.64 to 0.73) <0.001*

  Hip flexion (0–10) 4 (1–6)* n=184 8 (6–10) n=944 0.64 (0.60 to 0.68) <0.001*

  Knee extension (0–10) 5 (2–8)* n=184 9 (8–10) n=943 0.70 (0.66 to 0.74) <0.001*

  Foot extension (0–10) 4 (2–8)* n=184 8 (6–10) n=944 0.74 (0.71 to 0.78) <0.001*

Days from onset weakness—admission 1 (0–2)* n=184 3 (1–5) n=942 0.91 (0.87 to 0.94) <0.001*

Sensory deficits 111/163 (68%) 615/938 (66%) 1.12 (0.79 to 1.61) 0.53

Pain 82/183 (45%) 496/941 (53%) 0.73 (0.53 to 1.00) 0.05

Areflexia 137/181 (76%)* 439/942 (47%) 3.57 (2.50 to 5.18) <0.001*

Ataxia 22/40 (55%) 315/672 (47%) 1.39 (0.73 to 2.66) 0.32

Autonomic dysfunction¶ 84/184 (46%) 195/941 (21%) 3.21 (2.31 to 4.47) <0.001*

GBS disability score

  1 0/183 (0%) 48/939 (5%) –

  2 8/183 (4%) 258/939 (28%) 0.12 (0.05 to 0.23) <0.001

  3 6/183 (3%) 234/939 (25%) 0.10 (0.04 to 0.21) <0.001

  4 95/183 (52%) 398/939 (42%) 1.47 (1.07 to 2.02) 0.018*

Clinical GBS variant

  Sensorimotor 134/176 (76%)* 581/898 (65%) 1.74 (1.21 to 2.55) 0.004*

  Pure motor 20/176 (11%) 137/898 (15%) 0.71 (0.42 to 1.15) 0.18

  Miller Fisher syndrome 1/176 (0.6%)* 82/898 (9%) 0.07 (0.01 to 0.26) 0.004*

  Miller Fisher overlap syndrome 13/176 (7%) 54/898 (6%) 1.25 (0.64 to 2.27) 0.49

  Other** 8/176 (5%) 44/898 (5%) 0.92 (0.40 to 1.90) 0.84

Respiratory features at study entry

Respiratory comorbidity 19/183 (10%) 84/943 (9%) 1.18 (0.68 to 1.96) 0.53

Forced vital capacity at entry (litre) 2.0 (1.2–2.8)* n=55 2.8 (2.1–3.5) n=359 0.42 (0.30 to 0.58) <0.001*

Treatment

Intravenous Ig or plasma exchange 183 (99%) 848 (89%) 10.79 (3.38 to 65.81) <0.001*

Days from onset weakness—treatment 3 (2–5) n=182 5 (3–7) n=852 0.83 (0.78 to 0.88) <0.001*

This table provides an overview of the unadjusted ORs for the association of clinical factors with MV. Numerical variables are expressed as median (IQR) and categorical variables 
as number (percentage). Comparative statistics are performed between the MV and no MV group.
*Significant values p<0.05.
†Including South Africa, Argentina and Australia.
‡Defined as the meteorological summer of 1 June–31 August for the Northern Hemisphere and 1 December–28 February for the Southern Hemisphere.
§Sum of the MRC scores of bilateral shoulder abduction, elbow flexion, wrist extension, hip flexion, knee extension and foot extension.
¶Disturbances in cardiac, gastroenteric, bladder, sudomotor and pupillary functions.
**Including pharyngeal- cervical- brachial weakness, pure sensory and ataxic.
GBS, Guillain- Barré syndrome; MRC, medical research council; MV, mechanical ventilation.
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Prediction of MV
After excluding patients in whom MV was started prior to study 
entry (n=52) and who developed muscle weakness after admis-
sion (n=47), 1034 patients were eligible for multivariable predic-
tion analysis (figure 1). From these patients, 126 (12%) needed 
MV, within a time range of 0 to 33 days from hospital admission 
(figure 2). The majority of patients required MV within the first 
week (98/126, 78%). The following predictors were assessed in 
multivariable analysis: age, facial and bulbar palsy, time from 
onset weakness until admission, autonomic dysfunction and 
MRC scores of neck flexion, bilateral hip flexion and bilateral 
elbow flexion. In online supplemental table 1, a more detailed 
overview of the selection procedure is provided. The included 
predictors in the final and simplified model are indicated in 
table 3.

Bulbar palsy, a shorter time from onset of weakness to admis-
sion, and lower MRC scores of neck flexion and bilateral hip 
flexion significantly increased the hazard of MV. This model 
showed excellent discriminative ability (AUC 0.84, 95% CI 0.80 
to 0.88). Internal validation by bootstrapping showed an AUC 
of 0.83 (95% CI 0.81 to 0.88). Geographical fourfolded cross- 
validation showed a mean AUC of 0.85 (95% CI 0.72 to 0.98) 
with no significant miscalibration and no extreme variability 
across settings (online supplemental figure 1).

The modified EGRIS (mEGRIS) ranges from 0 to 32 (table 4). 
The predicted probabilities for a patient to be mechanically 
ventilated within 1 day (yellow), 3 days (blue) and 1 week (light 
blue) from admission for each score are indicated in figure 3. 
For example, a patient with bulbar weakness (5 points), admitted 
to the hospital 1 day after onset weakness (6 points), with neck 

flexion weakness MRC 4 (2 points) and bilateral symmetrical 
hip flexion weakness MRC 3/5 (4 points), has a total score of 
17, corresponding to a predicted risk of 17% to be mechanically 
ventilated <1 day, 26% <3 days and 35% <1 week.

Table 2 Diagnostic features in association with MV

MV (n=185) No MV (n=948) OR (95% CI) P value

Cerebrospinal fluid examination

Leucocytes count (cells/µL)

  <5 135/162 (83%) 670/857 (78%) 1.40 (0.91 to 2.21) 0.14

  5–10 9/162 (6%)* 115/857 (13%) 0.40 (0.18 to 0.72) 0.007*

  11–50 14/162 (9%) 63/857 (7%) 1.19 (0.63 to 2.12) 0.57

  >50 4/162 (2%) 9/857 (1%) 2.39 (0.64 to 7.42) 0.15

Protein level (g/L) 0.6 (0.4–1.1) n=167 0.6 (0.4–1.1) n=863 1.02 (0.86 to 1.17) 0.73

Nerve Conduction Study (NCS)

Electrophysiological subtype

  Demyelinating 85/131 (65%)* 363/665 (55%) 1.54 (1.05 to 2.28) 0.031*

  Axonal 11/131 (8%) 39/665 (6%) 1.47 (0.70 to 2.86) 0.28

  Normal 0/131 (0%)* 49/665 (7%) – –

  Equivocal/inexcitable 35/131 (26%) 214/665 (32%) 0.77 (0.50 to 1.16) 0.22

Early NCS parameters (<1 week)†

  Conduction block peroneal nerve ≥50% 26/64 (41%) 53/294 (18%) 3.11 (1.73 to 5.55) <0.001*

  Conduction block peroneal nerve ≥30% 37/64 (58%) 104/294 (35%) 2.50 (1.45 to 4.38) 0.001*

Positive infection serology‡

Campylobacter jejuni 24/117 (21%) 150/518 (29%) 0.63 (0.35 to 1.02) 0.07

Mycoplasma pneumonia 11/117 (9%) 50/518 (10%) 0.97 (0.47 to 1.86) 0.93

Epstein- Barr virus 1/117 (1%) 5/518 (1%) 0.88 (0.05 to 5.55) 0.91

Cytomegalovirus 8/117 (7%) 22/518 (4%) 1.65 (0.68 to 3.68) 0.24

Hepatitis E virus 3/117 (3%) 12/518 (2%) 1.11 (0.24 to 3.56) 0.87

This table provides an overview of the unadjusted ORs for the association of diagnostic factors with MV. Numerical variables are expressed as median (IQR) and categorical 
variables as number (percentage). Comparative statistics are performed between the MV and no MV group.
*Significant values p<0.05.
†For patients whose raw NCS data were available and underwent NCS <1 week from onset of weakness. Both a decrease of ≥50% and ≥30% in compound muscle action 
potential amplitude between the fibular head and ankle of the distal peroneal nerve were assessed.
‡Infection serology was only tested for the first 1000 patients included in IGOS.
IGOS, International GBS Outcome Study.

Figure 2 Cumulative incidence function for the time to start of 
mechanical ventilation (MV).
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Additional analysis
In multivariable logistic regression analysis with correction for 
the mEGRIS, a lower FVC was no longer associated to MV 
(adjusted OR 1.37, 95% CI 0.76 to 2.49, p=0.30). A ≥50% 
conduction block of the peroneal nerve remained significantly 
associated (adjusted OR 3.67, 95% CI 1.66 to 8.21, p=0.001) 
with MV, whereas a ≥30% conduction block was not (adjusted 
OR 1.96, 95% CI 0.95 to 4.11, p=0.07).

DISCUSSION
In this study, we developed a simplified and broadly applicable 
model for predicting the risk of MV in GBS based on a large 
dataset from the IGOS study, including all clinical variants and 
patients from various regions. The mEGRIS is based on four 
clinical features available at admission: time from weakness 
onset until admission, bulbar palsy, neck flexion weakness and 
bilateral hip flexion weakness. Advantages compared with the 
original model are that the mEGRIS: (1) requires testing of 
only three muscle groups, while model accuracy is similar,5 
(2) accurately predicts the risk of MV at multiple time points 
(eg, <1 day, <3 days, <1 week) and (3) is also applicable in 
GBS variants and mildly affected patients. Adding more clin-
ical predictors, previously identified in the literature as risk 
factors for respiratory failure, did not improve the predictive 
ability of the model.

We found a strong independent association of MV with 
bulbar weakness, rapid disease progression and severe limb 
muscle weakness at admission, consistent with previous publi-
cations.2 4–7 In addition, our study demonstrated that weakness 
of individual limb muscle groups was strongly associated as 
well, especially weakness of neck flexion. A previous case series, 
describing ultrasonographic changes in GBS, showed more 
profound involvement of cervical spinal roots compared with 
peripheral nerves in patients requiring MV.27 This may suggest 
that GBS patients with involvement of the cervical spinal roots 
are more prone to develop respiratory failure.

In line with prior studies,6 8 we found an association 
between a lower FVC at admission and MV, which persisted 
after adjusting for facial/bulbar weakness. However, FVC is 
less attractive to use as a predictor because it is not always 
available in clinic and may not be accurate in patients with 
facial/bulbar weakness. After adjusting for the mEGRIS, a 
lower FVC was no longer significant, which means that FVC 
is less contributory than other clinical variables for the predic-
tion of MV.

NCS is often used to support the clinical diagnosis of GBS. 
Although early NCS is not routinely performed, this may have 
prognostic value, as our study indicated a strong association 
of MV with an early ≥50% conduction block of the distal 
peroneal nerve, even after correcting for the mEGRIS. The 
prognostic value of this variable also has been previously 
demonstrated by Durand et al.8 They proposed a model based 
on conduction block of the distal peroneal motor nerve and 
FVC.8 Although the predictive value of this model is good 
(AUC 0.79),8 it is less applicable in settings where no NCS is 
available.

A previous study reported a high rate of respiratory insuffi-
ciency in CMV- related GBS.28 Our study did not find an asso-
ciation between positive infection serology for C. jejuni, M. 
pneumoniae, Epstein -Barr virus, cytomegalovirus or hepatitis 
E virus and MV. Since only a small subgroup of patients tested 
positive for these recent preceding infections, we suppose that 
the added value of this predictor for clinical practice is small.

The proportion of patients requiring MV (16%) was lower 
compared with prior studies, which were mainly based on 
trial cohorts (patients with GBS- DS >2 only), while IGOS also 
included patients with mild forms of GBS and GBS variants. 
Since the mEGRIS was developed based on this more repre-
sentative cohort, it has a broader applicability and can also be 
used in mildly affected patients and GBS variants. Although, the 
need for MV in MFS patients is exceptional, it is not fully ruled 
out when these patients develop severe bulbar palsy or transit 

Table 3 Multivariable Cox regression for prediction of the risk of MV

Predictor Coefficient (SE) HR (95% CI) P value

Bulbar weakness 1.07 (0.18) 2.92 (2.04 to 4.19) <0.001*

Time from weakness—
admission (per day)

−0.19 (0.05) 0.83 (0.76 to 0.91) <0.001*

Neck flexion strength (per 
MRC score)

−0.43 (0.09) 0.65 (0.56 to 0.78) <0.001*

Bilateral hip flexion strength 
(per MRC score)

−0.20 (0.04) 0.82 (0.76 to 0.88) <0.001*

The coefficients of the final model were corrected for overfitting by multiplying with 
a heuristic shrinkage factor (a penalty for the complexity of the model) calculated 
with the formula: s = (model χ2- df)/model χ2.
Reference: Steyerberg EW. Clinical prediction models—a practical approach to 
development, validation and updating: Springer 2009.
*Significant values p<0.05.
MRC, Medical Research Council; MV, mechanical ventilation.

Table 4 The modified EGRIS score

Predictor Category Score

Bulbar weakness Yes 5

No 0

Time from weakness—admission (days) 0 7

1 6

2 5

3 4

4 3

5 2

6 1

≥ 7 0

Neck flexion MRC score (0–5) 0 10

1 8

2 6

3 4

4 2

5 0

Bilateral hip flexion MRC score (0–10) 0 10

1 9

2 8

3 7

4 6

5 5

6 4

7 3

8 2

9 1

10 0

Total 0–32

EGRIS, Erasmus GBS Respiratory Insufficiency Score.
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to MFS- GBS overlap (limb weakness),29 which are both repre-
sented in the mEGRIS.

The mEGRIS is based on only four clinical characteristics 
available at admission, and is easily applicable in daily prac-
tice, especially in the emergency setting or in hospitals without 
specialised neurological care. No additional diagnostic tests 
are necessary. The score ranges from 0 to 32 and corresponds 
with a predicted risk of respiratory failure between 0 and 
100%. The model is able to accurately predict the risk of MV 
in individual GBS patients and provides consistent predictions 
across different settings, as is shown by the internally–exter-
nally fourfold cross- validation procedure. However, we cannot 
draw conclusions regarding model performance in some 
specific regions (Australia, South Africa and South America) 
as patients numbers were small.26 Model predictions remained 
good in subgroups enrolled in IGOS ≤1 day and >1 day after 
hospital admission. In daily practice, the mEGRIS can be used 
as a simple bedside tool that assists in triaging patients who 
need to be transferred to wards with stricter monitoring. The 
score can be calculated via the scoring system in table 4 and 
corresponding probability plots provided in figure 3, and in 

future also via de QxMD app or online (https://gbstools.eras-
musmc.nl). The mEGRIS and the recalibrated version of the 
original EGRIS for Europe and North America have equal 
performance and are both recommended, but for practical 
purposes we prefer the use of the mEGRIS.

Our study has several limitations. First, our model was not 
externally validated. However, recent literature showed that 
internal–external validation by geographical cross- validation 
can be alternatively used and has the advantage of validating 
the model across different settings.25 26 Second, we were 
unable to include NCS and biological factors in our model, 
because in only a limited number of patients an early NCS was 
conducted (consistent with clinical practice), and assessment 
of novel biological factors in IGOS patients is still ongoing. 
Future research is needed to establish the potential predictive 
value of these determinants in addition to clinical predictors, 
although such models might be less applicable in settings 
where no NCS or biological testing is available. Furthermore, 
it would be interesting to define cut- offs for mEGRIS that 
could enhance the clinical impact and guide the decision to 
admit a patient to a hospital ward, monitored telemetry bed 

Figure 3 Predicted probabilities for MV within 1 day, 3 days and 1 week per mEGRIS score. A shows the predicted probabilities of MV within 1 day 
(yellow), 3 days (blue) and 1 week (light blue) from hospital admission for each mEGRIS score. The mEGRIS score can be calculated based on the scoring 
system (table 4). The corresponding 95% CIs for each time point are shown in (B) (<1 day), (C) (<3 days) and (D) (<1 week). For example, a patient with an 
mEGRIS score of 17 has a predicted probability to be mechanically ventilated of 17% (20%–28%) within 1 day, 26% (17%–29%) within 3 days and 32% 
(22%–45%) within 1 week. mEGRIS, modified Erasmus GBS Respiratory Insufficiency Score; MV, mechanical ventilation.
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or intensive care unit, based on the calculated risk for MV. 
This can be assessed by decision curve analysis, which will 
define the net benefit of the model while incorporating factors 
specific to the hospital and the country, such as resource avail-
ability and cost- effectiveness issues. Lastly, separate models 
need to be developed for children <6 years and patients from 
Bangladesh.

In conclusion, the mEGRIS is a simple and broadly appli-
cable clinical score that can predict the risk of MV for indi-
vidual GBS patients at different time points during disease 
course. Future studies are needed to establish the net benefit 
of this score in clinical practice and whether early NCS and 
biological factors can further improve the model predictions.
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