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Abstract 

Objective  

This study aimed to validate the Erasmus Guillain-Barré syndrome Respiratory Insufficiency 

Score in the International Guillain-Barré Syndrome Outcome Study cohort, and to improve 

its performance and region-specificity.  

Methods  

We examined data from the first 1500 included patients, aged ≥6 years and not ventilated 

prior to study entry. Patients with a clinical variant or mild symptoms were also included. 

Outcome was mechanical ventilation within the first week from study entry. Model 

performance was assessed regarding the discriminative ability (area under the receiver 

operating characteristic curve) and the calibration (observed versus predicted probability of 

mechanical ventilation), in the full cohort and in Europe/North America and Asia separately. 

We recalibrated the model to improve its performance and region-specificity.  

Results  

In the group of 1023 eligible patients (Europe/North America n=842, Asia n=104, other 

n=77), 104 (10%) required mechanical ventilation within the first week from study entry. 

Area under the curve values were ≥0.80 for all validation subgroups. Mean observed 

proportions of mechanical ventilation were lower than predicted risks: full cohort 10% vs. 

21%, Europe/North America 9% vs. 21% and Asia 17% vs. 23%. After recalibration, predicted 

risks for the full cohort and Europe/North America corresponded to observed proportions. 

Interpretation 

This prospective, international, cohort study validated the Erasmus Guillain-Barré Syndrome 

Respiratory Insufficiency Score, and showed that the model can be used in the full spectrum 

of Guillain-Barré syndrome patients. In addition, a more accurate, region-specific version of 

the model was developed for patients from Europe/North America.  

Key words 

Guillain-Barré syndrome, respiratory insufficiency/mechanical ventilation, prognostic 
modelling  



 
 

Introduction 

Guillain-Barré syndrome (GBS) is a postinfectious inflammatory disease of the peripheral 

nervous system that is frequently complicated by respiratory insufficiency. About 10-30% of 

all patients with GBS require mechanical ventilation during the disease course 1. Respiratory 

failure in GBS often develops insidiously, without traditional signs of respiratory 

compromise. Delayed intubation may lead to aspiration and a subsequent increased risk of 

pneumonia, which is associated with a worse outcome2, 3. Early prediction of respiratory 

insufficiency in GBS patients is important to correctly triage patients to the appropriate level 

of care (i.e. general ward, high or intensive care unit (ICU)) and to prevent complications 

associated with delayed intubation. Previous studies identified various risk factors for 

respiratory insufficiency in GBS, including factors related to the disease progression rate, 

severity of muscle weakness, nerve conduction study parameters, respiratory function tests, 

infection serology, liver enzymes, and anti-ganglioside antibodies2, 4-12. The Erasmus GBS 

Respiratory Insufficiency Score (EGRIS) is a prediction model that estimates the risk of 

respiratory failure – defined by the need for mechanical ventilation within the first week 

from hospital admission – in individual patients with GBS5. EGRIS predictions are based on 

three clinical factors that are determined at hospital admission: the time from onset of 

weakness to admission, presence of facial and/or bulbar weakness and the severity of 

muscle weakness defined by the Medical Research Council (MRC) sum score (Table 1). The 

EGRIS total score ranges from 0 to 7, which corresponds to an estimated risk of respiratory 

failure within the first week ranging from 1% to 90%. Results from previous single country 

studies already showed differences in the clinical presentation, disease course, subtypes and 

outcome of GBS among countries 13-17. This regional variation was recently confirmed by our 

study describing the first 1000 patients included in the International GBS Outcome Study 

(IGOS)18. The EGRIS has been developed with data from a Dutch GBS cohort, but is currently 

used in GBS patients from all around the world5. Until now validation only has been 

performed in two smaller Asian cohorts19, 20. Therefore this study aimed to validate the 

EGRIS in the IGOS cohort to define its performance in an international GBS population. The 

second aim was to further improve model performance by applying region-specific 

adjustments to the EGRIS.  



 
 

Materials and Methods 

Dataset for external validation 

For this external validation study we used data from the first 1500 patients included in IGOS, 

an ongoing prospective multicentre cohort study on GBS, in which all variants and subtypes 

of GBS are represented21. Patients were enrolled between May 2012 and April 2017 in 155 

hospitals from 19 countries: Argentina, Australia, Bangladesh, Belgium, Canada, China, 

Denmark, France, Germany, Greece, Italy, Japan, Malaysia, The Netherlands, South Africa, 

Spain, Taiwan, UK, USA. IGOS was approved by the review board of the Erasmus University 

Medical Centre, Rotterdam, The Netherlands (MEC-2011-477), and the local institutional 

review boards of participating hospitals or universities. Written informed consent was 

obtained from all patients or their legal representatives.  

For validation of the EGRIS we included all patients with GBS or its variants, who had been 

enrolled in IGOS within two weeks from the onset of weakness22, 23. Patients in whom the 

diagnosis was altered during the 1-3 years follow up were excluded. We also excluded 

patients under 6 years, because the MRC scores cannot be assessed reliably in young 

children, and patients from Bangladesh as most of these patients do not receive specific 

immunotherapy and facilities for supportive care (including ventilatory support) are limited 

in Bangladesh. Finally, we excluded patients who were admitted to the hospital before the 

onset of weakness and patients who were ventilated prior to study entry. Patients in whom 

mechanical ventilation was started at the same day as the entry assessment were retained in 

the analysis.  

 

Statistical analysis 

 

Predictive performance 

Because study entry is the first data collection time point in IGOS, we used the ‘MRC sum 

score at entry’ and ‘facial and/or bulbar weakness at entry’ to calculate the EGRIS score, and 

defined outcome as ‘the need for mechanical ventilation within the first week from study 

entry’. Some patients were first admitted to another hospital before they were transferred 

to an IGOS-participating centre. For these patients we used the date of the first hospital 

admission to define the time from onset of weakness to admission.  



 
 

We assessed model performance by determining the discrimination and calibration. 

Discrimination is the ability of the model to distinguish between patients who need and do 

not need mechanical ventilation and is quantified by the area under the receiver operating 

characteristic (ROC) curve. The ROC curve provides the sensitivity (i.e. true positive rate) of a 

model at different probability thresholds plotted against (1-specificity) (i.e. false positive 

rate). The area under the ROC curve (AUC) ranges from 0.5 (discriminative ability equal to 

flipping a coin) to 1 (perfect discrimination), and represents the probability that in a random 

pair of patients, one who was ventilated and one who was not ventilated, the EGRIS is higher 

in the patient who was ventilated. We calculated two types of AUC-values: the “external 

validation AUC” and the “refitted AUC”. The external validation AUC defines the 

discriminative ability of the original EGRIS model (with its original regression coefficients) in 

the IGOS cohort. This external validation AUC was compared with the AUC value in the EGRIS 

development cohort. A similar AUC value, or a minimal change as compared to the 

development AUC, would indicate that the original EGRIS model can also be applied to a 

more diverse cohort of GBS patients. The refitted AUC provides the discriminative ability of 

the EGRIS model with re-estimated odds ratios based on the IGOS data. This measure 

provides the optimum discriminative ability that can be obtained with a model with these 

three clinical factors in the IGOS cohort. Calibration defines the accuracy of the model 

predictions by comparing the predicted probabilities with the observed frequencies of 

mechanical ventilation. Calibration curves were generated to graphically delineate the 

correspondence between the observed and predicted risks. In case of perfect calibration, the 

curve would rest on the 45° diagonal, indicating that observed frequencies of mechanical 

ventilation are equal to predicted risks24, 25.   

We determined model performance in the total group and in regional subgroups: 

Europe/North America (including the UK; Eu/NA) and Asia, and compared this with model 

performance in the EGRIS development cohort. The subdivision into different regions was 

based on previously identified differences in the clinical presentation, disease course and 

subtypes of GBS between various regions18. We compared the study design and patient 

characteristics of the development and validation cohort, to explain potential differences in 

model performance. For external validation we used the original regression formulas with 

the EGRIS total score as a single predictor. We also assessed the predictive ability of the 



 
 

individual factors included in the EGRIS model and compared these between the 

development and regional validation cohorts.  

 

Model recalibration 

To improve the accuracy of the model predictions (i.e., the correspondence between the 

predicted values and those observed in the validation cohorts) we recalibrated the EGRIS 

model. With recalibration systematic errors in model predictions can be corrected. For 

example, if predicted probabilities are systematically too low in the validation cohort then 

recalibration increases all predicted probabilities. We used the “closed testing procedure” 

described in the paper by Vergouwe et al26 to define the extent of updating that was 

required for the EGRIS model. This procedure compares four levels of updating, ranging from 

(1) no updating (i.e. keeping the original model) to (4) full model revision (i.e. re-estimating 

all model coefficients), to identify the optimal updating method for the validation sample. 

The closed testing procedure was applied to the first imputation set, and showed that full 

revision of the model with re-estimation of all regression coefficients did not significantly 

improve model performance. For recalibration of the EGRIS in this study, we applied 

correction factors to the original regression formula (intercept and coefficients), which is 

used to calculate the predicted probabilities. We corrected the regression formula that 

contained the EGRIS total score as single predictor. As per the closed testing procedure, we 

did not separately correct the coefficients of the individual factors included in the EGRIS 

total score, so their relative contribution to the score has remained the same. Therefore, this 

recalibration method only corrects the overall predicted probabilities, but does not change 

the discriminative ability. Average correction factors from the 10 imputation sets were used 

to recalibrate the model24, 27. We used bootstrapping (with n=500 bootstrap samples) to 

internally validate the recalibrated EGRIS model, using the validate-function from the rms-

package in R. This bootstrapping procedure re-derives the recalibrated EGRIS in each of the 

bootstrap samples and calculates the AUC-value in the original dataset. The average AUC-

value from the models derived in the n=500 bootstrap samples is compared to the AUC-

value of our recalibrated model to define the level of overfitting.  

 

Missing values 



 
 

We used multiple imputation (n=10) to impute missing values for the EGRIS predictors (R 

function: aregImpute). Calibration curves were based on data from the first imputation set. 

Data were analysed using SPSS Statistics version 24 and R Studio version 3.6.1. (R packages: 

Hmisc, rms, devtools, CalibrationCurves).  

 



 
 

Results 

From the IGOS-1500 cohort we excluded patients with an alternative diagnosis (n=85, 6%; of 

whom 53 had CIDP), a protocol violation (n=34, 2%) and patients for whom no data was 

entered at all (n=7, 0.5%). From the remaining cohort of 1374 patients we excluded the 

Bangladeshi patients (n=203, 15%) and patients aged under 6 years or with missing age 

(n=44, 3%). Of the remaining 1133 patients, 52 patients (5%) were ventilated prior to study 

entry, 52 (5%) patients were admitted to the hospital before the onset of weakness, 7 

patients (0.6%) had missing values for the date of onset of weakness or the date of hospital 

admission, and 5 patients (0.4%) had a missing start date of mechanical ventilation. All of 

these patients were also excluded.  

For validation of the EGRIS 1023 patients remained in the analysis (Fig 1), of whom 121 

(12%) required mechanical ventilation at some point during follow up (Table 2). Patients 

were included in the following countries: Argentina (n=40), Australia (n=9), Belgium (n=19), 

Canada (n=22), China (n=12), Denmark (n=104), France (n=29), Germany (n=50), Greece 

(n=12), Italy (n=114), Japan (n=62), Malaysia (n=25), The Netherlands (n=112), South Africa 

(n=28), Spain (n=96), Taiwan (n=5), United Kingdom (n=139) and United States of America 

(n=145). In total, 0.6% of the data points (126/20610) were missing for the EGRIS predictors, 

which were imputed by multiple imputation.  

 

Characteristics of the EGRIS development cohort and IGOS validation cohorts 

The characteristics of the EGRIS development cohort and the IGOS validation cohorts are 

provided in Table 2 and Supplementary Table 1 and 2. The EGRIS development cohort 

contained data from 5 different studies, including 2 randomized controlled trials (RCT)28, 29, 

two pilot studies30, 31, and one observational study32. Most of the patients in the 

development cohort were included in Dutch centres, although a minority was included in 

Germany or Belgium. Two-thirds of the IGOS patients were admitted to the hospital within 

three days from the onset of weakness, as compared to one-third in the EGRIS development 

cohort. The proportion of severely affected patients (as indicated by the inability to walk 

unaided at study entry) was 94% in the in the EGRIS development cohort and 70% in the 

IGOS validation cohort. The IGOS validation cohort included data on the full spectrum of GBS 

clinical variants, while variants were excluded from the EGRIS development cohort, except 



 
 

for 18 patients with Miller Fisher syndrome (MFS). In the IGOS cohort, 121 (12%) patients 

required mechanical ventilation at some point during follow-up, and the time to start of 

ventilation ranged from 0 to 33 days. Ten percent of the IGOS patients already required 

mechanical ventilation within the first week from study entry, versus 20% in the EGRIS 

development cohort (Table 2, Supplementary Table 1).  

 

Discriminative ability 

Validation of the original EGRIS model in the IGOS cohort showed an AUC-value (95% 

confidence interval (CI)) of 0.86 (0.80-0.91) in the full IGOS cohort, 0.86 (0.80-0.93) in the 

Eu/NA subgroup and 0.80 (0.62-0.91) in Asia. The external validation AUC-values were 

comparable to the development AUC of 0.84 (Fig 2). Refitted AUC-values for the full cohort 

and Eu/NA subgroup were similar to the AUC values that were derived upon external 

validation of the original model. For the Asian cohort the refitted AUC value (95% CI) was 

slightly higher than the external validation AUC: 0.86 (0.72-0.93) versus 0.80 (0.62-0.91)(Fig 

2). We also assessed the predictive ability of each of the individual factors included in the 

EGRIS model (Table 3). The predictive ability of the MRC sum score and facial and/or bulbar 

weakness was similar between the EGRIS development and IGOS validation cohorts. Disease 

progression rate (i.e., the time in days between the onset of weakness and hospital 

admission) was a strong predictor in the EGRIS development cohort, but odds ratios were 

not significant for the full IGOS cohort and Eu/NA subgroup (Table 3). Because of the small 

sample size of the Asian cohort (especially the small number of events: only 18 patients 

needed mechanical ventilation within the first week), we could not determine the predictive 

ability of the individual factors in this subgroup.  

 

Calibration 

In all three validation cohorts the observed proportion of patients who needed mechanical 

ventilation within the first week from study entry was lower than the predicted risk based on 

the EGRIS model (Fig 3 and 4). After adjustment of the original regression formula (intercept 

and coefficient) – the updating approach that was most appropriate based on the closed 

testing procedure – the correspondence between the predicted probabilities and observed 



 
 

frequencies improved for the full cohort and Eu/NA subgroup (Fig 4). Due to the small 

sample size and wide 95% confidence interval around the calibration curve for the Asian 

cohort, it was not possible to recalibrate the model for this subgroup. Internal validation of 

the recalibrated EGRIS for European and North American patients (EGRIS-Eu/NA) by 

bootstrapping, showed an AUC of 0.862, indicating that there was no overfitting.   



 
 

Discussion 
 

This study validated the EGRIS in a GBS cohort with patients from 18 countries, including all 

disease severities and GBS clinical variants. The model was able to distinguish between 

patients at high and low risk for mechanical ventilation as indicated by the high AUC-values 

(≥0.8). In all regions, the risk of mechanical ventilation was overestimated by the EGRIS, i.e. 

the predicted probabilities were higher than the observed proportions of mechanical 

ventilation. Recalibration improved the correspondence between the predicted and 

observed risks, and enabled us to develop a more accurate, region-specific version for 

patients from Europe and North America (EGRIS-Eu/NA).  

Our findings are in line with previous studies that validated the EGRIS in Japan and 

Malaysia19, 20. Both studies assessed the discriminative ability of the model by comparing 

EGRIS scores between patients who did and did not require mechanical ventilation within 

the first week of admission. EGRIS scores were significantly higher for patients who required 

mechanical ventilation. The study by Tan et al also provided an AUC-value for the group of 

severely affected (GBS disability score ≥3) GBS patients (without MFS), which was similar to 

the AUC-value in our Asian cohort (0.786)19, 20. Model calibration was not described in these 

studies but could be deduced from the reported results. In both studies the risk of 

mechanical ventilation was underestimated by the EGRIS model (Yamagishi et al: predicted 

probability 13%, observed 17%; Tan et al: predicted probability 23%, observed 44%). These 

results confirm that the EGRIS can be used in Asia to identify GBS patients at high risk for 

developing respiratory failure, as indicated by the high AUC-values. Model calibration in Asia 

varies between studies, which may be explained by differences in the clinical settings and 

selection of patients. Assessment of model performance in a larger Asian cohort may 

provide a better estimate of model calibration in Asian GBS patients, and will enable the 

development of a region-specific version. Until that time, we recommend using the original, 

validated EGRIS in Asia, but want to emphasize that attention should be paid to differences 

between predicted and observed outcomes when the EGRIS is applied in clinical practice, 

especially in situations where specific cut-offs for predicted probabilities are used to guide 

decision making.  

In the current study, only 10% of the patients required mechanical ventilation within the first 

week (and 12% during overall follow up), which is lower than reported in most previous 



 
 

studies. This low frequency is in part explained by the selection of a specific subgroup of GBS 

patients for this validation study, as in the cohort including the Bangladeshi patients and 

patients ventilated prior to study entry (n=1034) the proportion requiring ventilation was 

16% within the first week (and 18% overall). Another possible explanation is the study design 

of IGOS which allowed the inclusion of all patients with GBS, including milder or variant 

forms, in contrast to previous studies investigating cohorts from trials or admitted to the 

ICU. This also was illustrated by a recent meta-analysis of 34 studies on respiratory 

insufficiency in GBS, which included data from both observational studies and trials in 

severely affected patients, and showed that the prevalence of mechanical ventilation varied 

from 7% to 65%.1. In addition, when we focused on the IGOS patients who were admitted to 

the ICU (n=222, 22%), we found that 101 (45%) of these patients required ventilation within 

the first week. 

The EGRIS model systematically overestimated the risk of respiratory insufficiency, which 

may be explained by various factors. First, the EGRIS was developed in a cohort of patients 

with mostly severe forms of GBS and high risks of respiratory failure as compared to the 

validation cohort. The original EGRIS was probably influenced by this higher a priori risk of 

respiratory failure in the development cohort, even though the model includes predictors 

related to disease severity. Second, most patients in the EGRIS development cohort 

participated in trials and probably have been monitored and treated more strictly than the 

patients in the validation cohort, which was based on observational data. In addition, the 

guidelines for monitoring and start of ventilation may differ between countries. These 

difference in monitoring and treatment protocols also may have influenced the decision to 

start ventilation. Third, there is a marked regional variation of GBS. Several factors 

previously have been associated with the risk of respiratory failure in GBS, and their 

occurrence may differ between the development and validation cohort. Examples include 

the type of preceding infection, NCS subtype and the target of the immune response8, 10-12. 

Because these factors were not tested in both the development and validation cohort, their 

prognostic value will need to be defined in future studies.  

When we assessed the effect of the individual predictors included in the EGRIS model, we 

found that the time from onset of weakness to hospital admission was not significantly 

associated with the risk of mechanical ventilation in the IGOS cohort. This finding is 

explained by the categories that were used for this variable (≤3 days, 4-7 days, >7 days), 



 
 

because when we included time to admission as a continuous variable (instead of a 

categorical variable), in a regression model with the same three predictors, we did find a 

significant effect in the IGOS cohort. Nonetheless, the discriminative ability of the model in 

the IGOS cohort did not change by either including time to admission as a continuous or a 

categorical variable, and therefore we kept the categories as originally specified for the 

EGRIS model.  

How can these results be applied in clinical practice? The validated EGRIS can be applied in 

all adult patients with GBS, including mild cases and clinical variants. At hospital admission, 

the EGRIS scoring system (Table 1) can be used to calculate the EGRIS based on the time 

from onset of weakness to hospital admission, the presence of facial and/or bulbar 

weakness and the severity of limb weakness as defined by the MRC sum score. The 

predicted probability of mechanical ventilation for an individual patient with GBS can be 

determined based on the calculated EGRIS and Fig 5. To predict the risk of respiratory 

insufficiency for GBS patients from Europe and North America we recommend using the 

recalibrated EGRIS (EGRIS-Eu/NA). For patients from other regions (including Asia) we 

recommend using the original EGRIS that was validated in the current study. The EGRIS is 

also available as an online tool that can be accessed via: 

https://gbstools.erasmusmc.nl/prognosis-tool/0/0. The predicted probabilities of respiratory 

failure that are provided by this online tool are now based on the original EGRIS, but we will 

update this tool based on the results of this study. In practice, clinicians can use the EGRIS to 

early identify GBS patients at highest risk of developing respiratory insufficiency within the 

first week of admission, to provide them with the appropriate level of care and prevent 

complications from delayed or emergency intubation. Without the EGRIS model, clinicians 

only would be able to provide general information on the risk of respiratory insufficiency 

based on reported prevalences from large population studies. In contrast, by using the EGRIS 

the risk of respiratory insufficiency can be further stratified for individual patients based on 

clinical information that can be easily obtained at hospital admission. 

This study has several limitations. First, part of the IGOS-1500 cohort had to be excluded for 

this validation study because we could not calculate the EGRIS (i.e. children <6 years, 

patients admitted before the onset of weakness or patients with missing data for the EGRIS 

predictors) or because patients were already ventilated before study entry. As MRC scores 

are difficult to determine in young children additional studies should be performed to 

https://gbstools.erasmusmc.nl/prognosis-tool/0/0


 
 

identify alternative predictors that can be used instead of the MRC sum score to predict the 

risk of respiratory failure in children with GBS. Furthermore, in clinical practice routine 

examination does not always include assessment of all individual muscles included in the 

MRC sum score. Several previous studies have shown an association between weakness in 

selected proximal muscles and respiratory failure in GBS4, 6, 33, and further studies should be 

performed to determine if the EGRIS could be simplified by the inclusion of individual 

muscles scores instead of the MRC sum score. Second, when the EGRIS model is applied in 

practice it is important to realize that neither the original model nor the recalibrated EGRIS-

Eu/NA provide the “gold standard” for the prediction of respiratory failure in GBS, but model 

performance may differ depending on the clinical setting and patient population. Therefore, 

especially in settings where specific cut-off values for predicted probabilities are used to 

drive decision making, it will remain important to pay attention to differences between 

predicted and observed risks. Validation is a continuous process, and additional studies 

should be performed to validate the original, but also the recalibrated EGRIS-Eu/NA in new 

GBS cohorts.  

In conclusion, this study validated the EGRIS in an international GBS cohort, and showed that 

the model can be applied to the full spectrum of GBS patients. In addition, a region-specific 

version was developed for patients from European and North American countries.  
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Figure 1. Study population 

Eu/NA = Europe/North America;  
The sum of the exclusions in the second and third box is higher than the total number of exclusions at the corresponding 
step because of overlap in patient characteristics, i.e. 6 patients with age <6 years were included in Bangladesh, 5 patients 
who were ventilated prior to study entry were also admitted before the onset of weakness, and 1 patient with missing start 
date of mechanical ventilation was also admitted before the onset of weakness.  

 

Figure 2. Discrimination upon external validation 

The AUC value is a measure for the discriminative ability of a prediction model, ranging from 0.5 (flipping a coin) to 1.0 (perfect 
discrimination). For the EGRIS this represents the ability of the model to distinguish patients who need and do not need 
mechanical ventilation. The external validation AUC = the discriminative ability of the original EGRIS model in the IGOS cohort. 
Refitted AUC = the discriminative ability of the model after refitting, e.g. re-estimation of the odds ratio based on the IGOS 
data. The refitted AUC provides the optimum discriminative ability that can be obtained with these three clinical factors in 
the IGOS dataset. The dotted line represents the AUC value in the EGRIS development cohort. Ext. = External; AUC = area 
under the receiver operating characteristic curve; Eu/NA = Europe/North America; 95% CI = 95% confidence interval.  

 

Figure 3. Observed probabilities versus predicted risks  

Mean observed proportions of mechanical ventilation within 1 week in the IGOS validation cohorts versus predicted risks 
based on the EGRIS model.  

 

Figure 4. Calibration curves: original and after recalibration 

This figure provides the calibration curves for the original (left) and recalibrated (right) EGRIS model, for the full IGOS 
cohort, Europe/North America and Asia. Observed probabilities of mechanical ventilation (y-axis) are plotted against 
predicted risks based on the EGRIS model (x-axis). The dotted line represents perfect calibration (i.e. predicted risks are 
equal to observed frequencies). The grey-shaded areas are 95% confidence intervals around the calibration curves.  
Eu/NA = Europe/North America; NA = not applicable.  

 

Figure 5. Predicted probabilities of mechanical ventilation within one week according to the 
recalibrated EGRIS-Eu/NA model 

This figure provides the predicted probabilities of the need for mechanical ventilation within the first week 
from hospital admission based on the EGRIS (scores 0-7). Probability graphs are based on the original EGRIS 
model (red line) and the recalibrated model for the Europe/North America subgroup (EGRIS-Eu/NA; green line). 
Dashed and grey areas around the curves represent the 95% confidence intervals. The EGRIS model can be 
applied to all patients with GBS, including mild cases (GBS disability score ≤2) and GBS variants. The EGRIS total 
score can be calculated based on the scoring system provided in Table 1. With the EGRIS total score and the 
probability graphs provided above, one can deduce the predicted probability of the need for mechanical 
ventilation for an individual patient with GBS. To predict the need for mechanical ventilation within the first 
week in European and North American GBS patients the probability graph based on the recalibrated model can 
be used: EGRIS-Eu/NA (green line). For predictions in GBS patients from countries outside Europe and North 



 
 

America the probability graph based on the original validated EGRIS model can be used (red line). EGRIS = 
Erasmus GBS Respiratory Insufficiency Score; MV = mechanical ventilation.  

  



 
 

Table 1. EGRIS scoring system 5 

EGRIS = Erasmus GBS Respiratory Insufficiency Score; MRC = Medical Research Council. 

 

Table 2. Characteristics of the patients in the EGRIS development and IGOS validation cohort   

This table provides an overview of the characteristics of the patients in the EGRIS development cohort and the IGOS 
validation dataset. Numbers are provided as median (IQR) or n (%), unless stated otherwise. MRC = Medical Research 
Council. GBS = Guillain-Barré syndrome. NA = not applicable/available. MFS = Miller Fisher syndrome. MV = mechanical 
ventilation. 
a The EGRIS development cohort contained data from 5 different studies. The median age of the patients was derived from 
the separate manuscripts describing these studies: (1) study 1-3, median age (IQR) in years: 52 (33-66)28, 29, 31, (2) study 4: 
median age (95% CI) in years: 46 (23-76)30, (3) study 5: median age (IQR) in years: 50 (35-63)32.  
b For the IGOS validation cohort we used GBS variants at visit week 2 as classified by the local treating neurologist. If the 
week 2 variant was missing we used the variant at week 1 or study entry. Other GBS variants include the pharyngeal-
cervical-brachial variant, pure sensory GBS, ataxic variant, Bickerstaff Brainstem encephalitis. 
c This proportion was deduced from the separate manuscripts describing the 5 studies that were included in the EGRIS 
development cohort. This number provides an approximation of the proportion of patients who were treated in the 
development cohort, as the exact numbers could not be retrieved. 

 

Table 3. Effects of the individual predictors included in the EGRIS model 

* Values at study entry in the IGOS validation cohorts. Eu/NA = Europe/North America. 

  



 
 

Supplementary Table 1. Characteristics of the patients in the EGRIS development cohort and 
regional validation cohorts of IGOS 

This table provides an overview of the characteristics of the patients in the EGRIS development cohort and the IGOS 
validation datasets from Europe/North America and Asia. Numbers are provided as median (IQR) or n (%), unless stated 
otherwise. Eu/NA = Europe/North America. MRC = Medical Research Council. GBS = Guillain-Barré syndrome. NA = not 
applicable/available. MFS = Miller Fisher syndrome. MV = mechanical ventilation. 
a The EGRIS development cohort contained data from 5 different studies. The median age of the patients was derived from 
the separate manuscripts describing these studies: (1) combined cohort of 3 studies, median age (IQR) in years: 52 (33-
66)28, 29, 31, (2) median age (95% CI) in years: 46 (23-76)30, (3) median age (IQR) in years: 50 (35-63)32. 

b For the IGOS validation cohort we used GBS variants at visit week 2 as classified by the local treating neurologist. If the 
week 2 variant was missing we used the variant at week 1 or study entry. Other GBS variants include pharyngeal-cervical-
brachial variant, pure sensory GBS, ataxic variant, Bickerstaff Brainstem encephalitis, etc. 
c This proportion was deduced from the separate manuscripts describing the 5 studies that were included in the EGRIS 
development cohort. This number provides an approximation of the proportion of patients who were treated in the 
development cohort, as the exact numbers could not be retrieved. 

 

Supplementary Table 2. Study design, in- and exclusion criteria of the studies included in the EGRIS 
development cohort and IGOS validation cohort  

 
* The EGRIS development cohort included data from 5 studies. Four of these five studies had similar in- and exclusion 
criteria, and are therefore reported in one column. From studies (1), (2) and (3), 20 patients were excluded because they 
were ventilated prior to referral to one of the participating hospitals. From studies (4) and (5), 3 patients were excluded 
because ventilation was started before referral to a trial hospital. The full EGRIS development cohort included 565 patients.  

 

Supplementary Table 3. The IGOS Consortium 
* All co-authors mentioned for this paper are also part of the IGOS Consortium, but fulfil 
additional criteria that justify authorship.  

 



Table 1. EGRIS scoring system 5 

Predictor Categories Score 
Time from onset of weakness to  >7 days 0 
hospital admission (days) 4-7 days 1 
 ≤3 days 2 
Facial and/or bulbar weakness at  Absent 0 
hospital admission Present 1 
MRC sum score at hospital admission 51-60 0 
 41-50 1 
 31-40 2 
 21-30 3 
 ≤20 4 
EGRIS total score  0-7 

EGRIS = Erasmus GBS Respiratory Insufficiency Score; MRC = Medical Research Council. 

 



Table 2. Characteristics of the patients in the EGRIS development and IGOS validation cohort   

 

 

 

 

 

 

 

 

 

 
 

 
 
 

This table provides an overview of the characteristics of the patients in the EGRIS development cohort and the IGOS 
validation dataset. Numbers are provided as median (IQR) or n (%), unless stated otherwise. MRC = Medical Research 
Council. GBS = Guillain-Barré syndrome. NA = not applicable/available. MFS = Miller Fisher syndrome. MV = mechanical 
ventilation. 
a The EGRIS development cohort contained data from 5 different studies. The median age of the patients was derived from 
the separate manuscripts describing these studies: (1) study 1-3, median age (IQR) in years: 52 (33-66)27, 28, 30, (2) study 4: 
median age (95% CI) in years: 46 (23-76)29, (3) study 5: median age (IQR) in years: 50 (35-63)31.  
b For the IGOS validation cohort we used GBS variants at visit week 2 as classified by the local treating neurologist. If the 
week 2 variant was missing we used the variant at week 1 or study entry. Other GBS variants include the pharyngeal-
cervical-brachial variant, pure sensory GBS, ataxic variant, Bickerstaff Brainstem encephalitis. 
c This proportion was deduced from the separate manuscripts describing the 5 studies that were included in the EGRIS 
development cohort. This number provides an approximation of the proportion of patients who were treated in the 
development cohort, as the exact numbers could not be retrieved.  

 

Predictors and outcome IGOS validation 
Full (n = 1023) 

 Development 
cohort5 
(n = 565) 

Age, years  53 (39-66)  NAa 
Time onset weakness                            > 7 days 107 (11%)  157 (28%) 

to hospital admission                            4-7 days 280 (27%)  219 (39%) 

≤ 3 days 636 (62%)  189 (34%) 

MRC sum score at entry                            51-60 454/1017 (45%)  127 (23%) 
41-50 329/1017 (32%)  250 (44%) 
31-40 126/1017 (12%)  106 (19%) 
21-30 57/1017 (6%)  53 (9%) 
≤ 20 51/1017 (5%)  29 (5%) 

Facial and/or bulbar weakness at entry 379/1022 (37%)  170 (30%) 
GBS disability score at entry                           ≤2 301/1016 (30%)  33 (6%) 

>2 715/1016 (70%)  532 (94%) 
GBS variant                                    Sensorimotor    641/973 (66%)b  NA 

Pure motor 146/973 (15%)b  NA 
MFS 81/973 (8%)b  18 (3%) 

MFS-GBS overlap 57/973 (6%)b  NA 
Other 48/973 (5%)b  NA 

MV during follow up 121 (12%)  128 (23%) 
MV within the first week of admission 104 (10%)  110 (20%) 
IVIg/PE 931 (91%)  95%c 



Table 3. Effects of the individual predictors included in the EGRIS model 

 Validation  Development 
 Full cohort Eu/NA   
Predictors OR (95% CI) OR (95% CI)  OR (95% CI) 
Time from onset of weakness                        >7 Ref Ref  Ref 
to hospital admission (days)                         4-7 0.5 (0.1; 1.9) 0.3 (0.1; 1.6)  2.6 (1.2; 5.7) 

≤3 2.8 (0.9; 8.1) 2.3 (0.7; 8.0)  7.6 (3.5; 16.6) 
Facial and/or bulbar weakness              Absent 
at admission*                                           Present 

Ref 
4.6 (2.8; 7.4) 

Ref 
3.5 (2.0; 6.0) 

 Ref 
3.5 (2.1; 6.0) 

MRC sum score at admission*                 51-60 Ref Ref  Ref 
41-50 3.9 (1.9; 8.4) 5.0 (2.0; 12.7)  3.8 (1.4; 10.4) 
31-40 9.1 (4.0; 20.8) 12.7 (4.6; 34.7)  8.0 (2.8; 22.6) 
21-30 22.3 (9.4; 53.0) 32.7 (11.5; 93.1)  27.1 (9.0; 81.6) 
≤20 30.9 (12.8; 74.4) 35.9 (12.5; 102.8)  40.5 (11.7; 139.4) 

* Values at study entry in the IGOS validation cohorts. Eu/NA = Europe/North America.  
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