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Abstract
In bacterial meningitis, many risk scores have been developed, but few have been externally val-

idated. We compared the performance of nine risk scores, identified through a systematic review 

predicting outcome in community-acquired bacterial meningitis. MEDLINE and EMBASE were 

searched for articles published between January 1960 and August 2014. Performance was eval-

uated in 2,108 episodes of adult community-acquired bacterial meningitis from two nationwide 

prospective cohort studies. Performance was estimated by the area under the receiver operating 

characteristic curve (AUC), the calibration curve, calibration slope or Hosmer-Lemeshow test, 

and the distribution of calculated risks. Nine risk scores were identified predicting death, neuro-

logical deficit at discharge or unfavourable outcome (Glasgow Outcome Scale 1-4) in bacterial 

meningitis, pneumococcal meningitis and invasive meningococcal diseases. Most studies had 

shortcomings in design, analyses, and reporting. The evaluation showed AUCs of 0.59 (0.57-0.61) 

and 0.74 (0.71-0.76) in bacterial meningitis, 0.67 (0.64-0.70) in pneumococcal meningitis, and 0.81 

(0.73-0.90), 0.82 (0.74-0.91), 0.84 (0.75-0.93), 0.84 (0.76-0.93), 0.85 (0.75-0.95), and 0.90 (0.83-0.98) 

in meningococcal meningitis. Calibration curves showed adequate agreement between pre-

dicted and observed outcomes for four scores, but statistical tests indicated poor calibration 

of all risk scores. The usefulness for individual patient management was probably limited, for all 

scores, due to low proportions of predictions high or low enough to justify specific counseling 

or treatment options. None of the existing scores performed well enough to recommend use in 

individual patient management. One score could be of value in future trials. 
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Introduction
Bacterial meningitis kills about a fifth of people with the disease and up to half of the survivors 

suffer debilitating sequelae.1,2 In bacterial meningitis, clinical deterioration can occur rapidly and 

is often difficult to predict.3 Identifying patients at high risk of an unfavourable outcome may be 

important for counselling patients and their families, as well as deciding upon optimal patient 

management such as level of care. Accurate prognostic stratification can also be a valuable tool 

in evaluating and correcting for case mix in clinical research and for targeting intervention strat-

egies.4,5 

Risk scores can help physicians estimate the likelihood of a particular outcome, by combining 

multiple predictors from a patient’s history, physical examination, or laboratory tests.4,5 To be use-

ful in clinical practice, the calculated risk has to match observed risk in patients under investiga-

tion. To justify treatment or counselling options that differ from standard practice, the calculated 

risk should differ substantially from baseline risk. A very high (or low) calculated risk should occur 

often enough to recommend calculation of the score in all patients. 

In bacterial meningitis, many risk scores have been developed but few have been externally 

validated in separate datasets, and their applicability to new patients is not guaranteed.4-6 Af-

ter a systematic review of the literature to identify risk scores in community-acquired bacterial 

meningitis we performed an external evaluation of the performance of existing risk scores, using 

data collected in a prospective cohort of 2,108 Dutch adult patients with community-acquired 

bacterial meningitis. 

Methods
Systematic review
We performed a systematic search in MEDLINE and EMBASE to identify scores to predict out-

come in adults with community acquired bacterial meningitis (supplemental appendix 1). The 

search strategy included both MeSH terms and search terms in titles and abstracts. Terms for 

meningitis and common pathogens of community acquired bacterial meningitis were com-

bined with a previously validated filter for risk scores.7 We searched for studies report in full in 

scientific peer-reviewed journals between January first 1960 and August first 2014, without lan-

guage restrictions.

A risk score was defined as a decision-making tool that provides probabilities, or risk categories, 

for particular patient outcomes, based on three or more variables obtained from history, physical 

examination, or simple diagnostic tests.8 Derivation or validation studies predicting mortality or 

neurologic deficit in adult patients (defined as 16 years of age or older), or in patients without age 

restrictions, with community-acquired bacterial meningitis were eligible. We included studies 
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based on cohorts with various pathogens, as well as those on specific pathogens. For invasive 

meningococcal disease, studies were selected if at least a third of patients in the cohort were re-

ported to have meningitis. Studies focusing on tuberculous meningitis were excluded. If several 

risk scores had been developed in a single dataset, we only extracted the score with the highest 

sensitivity and specificity reported in the original publication. 

Two reviewers (MWB and MCB) independently screened abstracts. Papers potentially eligible 

for inclusion bases on the title and abstract were read in full. The risk of bias of included studies 

was assessed with a list of criteria, based on a number of quality systems for prognostic studies 

(supplemental table 1).9 Disagreement between reviewers (MWB, MCB) was resolved by inviting 

a third reviewer (DvdB).

Evaluation of performance
The performance of identified risk scores was evaluated using data from 2,108 episodes of com-

munity-acquired bacterial meningitis collected in two nationwide prospective cohort studies on 

community-acquired bacterial meningitis. The Dutch Meningitis Study was performed between 

1998 and 2002. It included 696 episodes of community-acquired bacterial meningitis.1 The Men-

inGene study is still ongoing.10-13 We used 1,412 episodes included from 2006 to 2014.14 

Both studies have a similar design and methods have been described in detail elsewhere.1,14 

Included patients were older than 16 years, had bacterial meningitis confirmed by cerebrospinal 

fluid (CSF) culture, or the combination of a positive polymerase chain reaction or antigen test in 

cerebrospinal fluid for Streptococcus pneumoniae or Neisseria meningitidis with at least one spe-

cific cerebrospinal fluid finding predictive of bacterial meningitis.15 Patients were prospectively 

identified through continuous surveillance of the Netherlands Reference Laboratory for Bacterial 

Meningitis.

We evaluated risk scores developed for a specific bacterial pathogen and outcome in the sub-

group of patients with that particular pathogen and outcome. Whenever specific predictors or 

outcome data were not available, proxy variables were used. If a reasonable proxy could not be 

identified, the risk score was validated without that particular variable and the suggested cut-off 

for defining high risk was adjusted accordingly. One risk score had been developed in the Dutch 

Meningitis Study cohort; this score was evaluated using data from the MeninGene cohort only.23

Statistical analysis
The performance of the identified risk scores was evaluated by evaluating discrimination and 

calibration.4,16 Discrimination was assessed by building receiver operating characteristic (ROC) 

curves and estimating the area under these ROC-curves (AUC) with 95% confidence intervals. 

Higher AUC values were considered to indicate to better discriminatory ability, as follows: “ex-

cellent discrimination” with an AUC of ≥ 0.90; “good discrimination” for 0.80 ≤ AUC < 0.90; “fair 
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discrimination” with 0.70 ≤ AUC < 0.80; and “poor discrimination” whenever AUC < 0.70.17 

Calibration was evaluated by constructing a calibration curve, estimation of the calibration slope, 

and through calculating the difference between the mean observed proportion and mean pre-

dicted proportion of patients with poor outcome (calibration-in-the-large). 

Some risk scores were not based on a multivariable logistic regression model; in other cases 

not all beta-coefficients of the model had been reported in the original publication. For these 

risk scores we used the observed proportion in the respective risk categories, as reported in the 

original publication, as the expected proportion for that risk category in the evaluation data. 

The calibration slope could not be estimated for these risk scores. Instead, we calculated the 

Hosmer-Lemeshow (HL)-test with the ordinal risk categories for which a predicted probability 

was available as groups, and with the number of risk categories minus one degrees of freedom.18

Whenever cut-off values for defining high risk had been provided in the original study report we 

calculated estimates of sensitivity, specificity, and predictive values for the high-risk categories. 

Spread and variability of the calculated risks were also evaluated.

The median number of missing values per imputed variable was 1% (interquartile range 0% to 

5%). Missing values were handled using multiple imputation based on the MICE algorithm.19 We 

used 27 variables from history, physical examination, laboratory and microbiological testing as 

predictors in the R package MICE . We used R packages pROC and predictABEL for evaluating 

discrimination and calibration.19-21 Rubin’s rule was used to estimate proportions and c-statistics 

based on the five imputation sets. All statistical tests were two-tailed, and P values of less than 

0.05 were considered to indicate statistical significance. 

Results
Systematic review
Our literature search retrieved 3,468 potentially eligible publications (supplemental figure 1); 

3,265 had to be excluded based on the title or abstract, 203 articles were read in full. One ad-

ditional relevant study was found through reference checking. We identified 11 reports on out-

come prediction in adult bacterial meningitis. Eight reports described the development of a 

novel risk score,22-29 two studies had evaluated a previously developed risk scores in an external 

dataset,30,31 and one study did both.32 

The evaluation of the risk of bias and completeness of reporting in the included studies is shown 

in supplemental table 1. Common limitations were the use of a historical cohorts, little informa-

tion on inclusion and exclusion criteria, dichotomization of continuous predictors, and insuf-

ficient numbers of subjects per predictor variable. Multivariable models of prognostic factors 

were reported in five studies, and only three reported all regression coefficients of the multivari-

ate regression model. Internal techniques for validation were used in one study.
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Table 1. Description of the derivation cohort and previously reported performance measures of identified risk scores.

Name Description of derivation cohort Previously reported performance measures

Bacterial meningitis (all pathogens) Death or neurologic deficit at discharge

Aronin
(1998)

S. pneumoniae 47%, N. meningitidis 12%
USA, 1970-95. N =176
Age: median 56, range 17-91 years
CSF culture positive 81%
Fatality rate 28%

AUC = 0.73 (0.65-0.81), HL-test: p = 0.08
Sens = 0.43, spec = 0.83
External validation (Aronin 1998):
AUC = 0.81 (0.71-0.92)
Sens = 0.33, spec = 0.81
HL-test: p = 0.2

Bacterial meningitis (all pathogens) Unfavourable outcome

Weisfelt 
(2008)

S. pneumoniae 51 %, N. meningitidis 37%
Netherlands, 1998-02, N =696
Age: mean 50, standard deviation 20 years
CSF culture positive 100%
Fatality rate 21%

AUC = 0.84 (0.80-0.87), HL-test: p = 0.70
External validation:
The Netherlands (Weisfelt 2008): 
AUC =0.81 (0.74-0.87), HL-test: p = 0.89

Vietnam (Schut 2012): 
AUC = 0.70 (0.65-0.75), HL-test: p = 0.005

Malawi (Schut 2012):
AUC = 0.68 (0.63-0.73), HL-test: p < 0.0001

Pneumococcal meningitis Death

Hoen 
(1993)

France, 1975-90, N = 105
Age: mean 43, range 1-87 years
CSF culture or antigen
positive CSF Gram stain 73%
Fatality rate 27%

Sens = 0.39, spec = 0.97

Invasive meningococcal disease Death

Ajayi-Obe
(1998)

Nigeria, 1996, N = 132
Age: mean 9, range 0-60 years
Fever and nuchal rigidity 85%
Mortality 11%

Sens = 0.39, spec = 0.97

Barquet
(1997)

Spain, 1987-90, N =651
Age: median 5, range 0-89 years
Meningeal signs 47%
Fatality rate 5%

AUC = 0.89 (0.83-0.95), HL-test: p=0.73
Sens = 0.47, spec = 0.99
External validation (Barquet 1997)
AUC = 0.91 (0.83-0.99), Sens = 0.47, spec = 0.99

Gardlund
(1986)

Denmark, 1971-83, N = 115
Age: mean 19, range 0-85 years
CSF culture positive 70%
Fatality rate 10%

Sens = 0.67, spec = 0.97

Ged-
de-Dahl 
(1990)

Norway, 1981-1982
N = 113, Age: range 0-76 years
Meningitis 62%
Fatality rate 10%

Sens = 1.00, spec = 0.95

Niklasson 
(1971)

Norway, 1959-68, N = 80
Age: mean 22, range 1-67 years
CSF culture positive 88%
Fatality rate 11%

Sens = 1.00, spec = 0.82
External validation (Andersen 1978)
Sens = 0.73, spec = 0.93

Turini (1979)

Brazil, 1972-76, N = 254
Age: range 0- over 40, 28% over 15 years
Meningitis 100%
Fatality rate 10%

Sens = 0.85, spec = 0.82

Abbreviations: AUC = area under the receiver operating curve, HL-test = Hosmer-Lemeshow test, CSF = cere-
brospinal fluid, N = number, sens = sensitivity, spec = specificity.
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We selected nine risk scores for the current evaluation (supplemental table 2).22-29,32 Two risk 

scores were developed for bacterial meningitis due to any pathogen (table 1).22,23 Predicted out-

comes for these two scores were the combination of death or neurological deficit at discharge 

(Aronin),22 and unfavourable outcome, defined as a score of 1 to 4 on the Glasgow Outcome 

Scale (Weisfelt).23 

The derivation cohort of the Aronin score was assembled between 1970 and 1995. The propor-

tion of pneumococcal meningitis was 47% and the case fatality rate was 28%. Three indepen-

dent predictors of outcome were identified in a logistic regression analysis. A risk score was sub-

sequently derived based on the number of risk factors present at presentation. The derivation 

cohort of the Weisfelt rule (1998-2002) had a case fatality rate of 21%, and 51% of episodes were 

pneumococcal meningitis. The risk score consists of a logistic regression model of six predictor 

variables that are available within one hour after presentation. External validation was reported 

in the original publications, showing adequate calibration and an AUC of 0.81 for both risk scores 

(table 1). A subsequent external evaluation of the Weisfelt score in two developing countries 

showed limited generalizability.31

One risk score had been developed for pneumococcal meningitis (Hoen) with death as pre-

dicted outcome.24 The authors had developed a logistic regression model with four baseline 

variables. The AUC and HL-test statistic were not provided in the original publication. Sensitivity 

of the risk score, at a 0.7 cut-off for defining high risk, was 0.39 at a specificity of 0.97 (table 1). The 

rule has not previously been evaluated in an external dataset. 

The other six risk scores predict death in invasive meningococcal disease.25-29,32 All were devel-

oped in cohorts of both pediatric and adult patients with invasive meningococcal disease (table 

1). Mortality rates ranged from 5% to 11%. Scores are calculated by looking at the presence or 

absence of between three to seven variables. Only one of these risk scores was based on logistic 

regression modelling, the intercept of the model was not reported.26 That model showed good 

to excellent discrimination in the derivation and validation set (table 1). All risk scores provided 

high-risk categories. Reported sensitivities ranged from 33% to 100%, and specificities varied 

between 81% and 97% (table 1). One of these risk scores 28 has previously been evaluated in two 

unrelated patient cohorts.30,32 

External validation
Baseline and outcome characteristics of the 2,108 patients in our evaluation dataset are shown 

in supplemental table 3. A predictor identical to the one used in development, or a proxy, was 

available for all variables of the risk scores for meningitis due to any pathogen or due to pneumo-

coccal meningitis (supplemental table 4). Predictors for poor clinical outcome common in all risk 

scores were altered mental status, decreased systolic blood pressure, other signs of circulatory 
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compromise, signs of disseminated intravascular coagulation, and age. Analysis in our dataset 

showed that each one of these variables was signifi cantly associated with poor outcome even 

when adjusted for the other variables (supplemental table 4).

The discriminative ability of Aronin’s risk score was poor (AUC 0.59; 95% CI: 0.57 to 0.61; Figure 1a). 

Seventy-fi ve percent of episodes fell into the risk category of a 33% chance of death or neurologic 

defi cit at discharge. The observed proportion with that outcome ranged from 21% to 55% in the 

risk categories. The calibration curve showed reasonable agreement between predicted and 

observed proportions of death across risk groups (fi gure 1b). Calibration-in-the-large showed an 

overall underestimation of outcome of 12%, and the HL-test indicated poor fi t (table 2).

The Weisfelt score, developed for all pathogens, had fair discriminative ability (AUC 0.74; 95% CI: 

0.71 to 0.76). Median calculated risk of an unfavourable outcome was 39%, with an interquartile 

range of 22% to 63%. A calculated risk of less than 5%, or more than 95% was seen in 5% of ep-

isodes. The calibration curve showed good calibration (fi gure 1b), but the calibration slope was 

signifi cantly lower than one (0.73; 95% CI: 0.63 to 0.84; p<0.001). The AUC of the Weisfelt score for 

predicting death in the subgroup of pneumococcal episodes from the MeninGene cohort was 

0.73 (95% CI: 0.69 to 0.77). The Weisfelt score showed good to excellent discrimination in the sub-

group of meningococcal episodes, but overestimated the mean risk of death in meningococcal 

episodes from the MeninGene cohort by 26% (95% CI: 18% to 33%; supplemental table 5).

The discriminative ability of the risk score for pneumococcal meningitis proposed by Hoen was 

poor (AUC 0.67; 95% CI: 0.64 to 0.70). Median risk of death was 22% (interquartile range 7% to 

33%). In 10 % of episodes the calculated risk was less than 5%; in only 1% of episodes the cal-

culated risk exceeded 90%. The calibration curve showed overestimation of the probability of 

death (fi gure 1b); the calibration slope was signifi cantly lower than one (0.41; 95% CI: 0.32-0.50; 

p<0.001).

Discrimination of the six risk scores predicting death in meningococcal meningitis was good to 

excellent; AUC’s ranged from 0.81 (Ajayi-Obe) to 0.90 (Niklasson). Inspection of the calibration 

curves (fi gure 1b) and the probability of death in each risk score category (supplemental fi gure 

2) showed good agreement of the predicted and observed proportion of deaths for the scores 

of Gardlund and Gedde-Dahl, and overestimation by the scores of Barquet, Niklasson and Turini. 

The HL-test showed poor calibration of all models (table 2). Specifi city of the high-risk categories 

was greater or equal to 0.9 for fi ve scores, but sensitivity was below 0.9 for all, and below 0.6 for 

four scores (table 3). The risk score of Niklasson had the highest combination of both sensitivity 

and specifi city.

The overall case fatality rate of meningococcal meningitis was 6%. For three scores (Ajayi-Obe, 

Gardlund, Gedde-Dahl) episodes classifi ed as high risk had a mortality rate above 50%, and up to 

90% for one risk score (Ajayi-Obe). However, the number of episodes categorized as high risk de-
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creased for higher calculated risks of death. The scores of Ajayi-Obe, Gardlund and Gedde-Dahl 

classifi ed 0.3%, 2%, and 6% of episodes as high risk. Episodes not classifi ed as high risk had a 

case-fatality rate between 1% and 6%.

Figure 1. ROC curves (a) and calibration curves (b) of identifi ed risk scores in the Dutch Bacterial Meningitis 
Cohorts.

A

B
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Footnote figure 1: Aronin: Dutch Meningitis Study and MeninGene cohorts for outcome death or neu-

rologic deficit, Weisfelt: MeninGene cohort for unfavourable outcome (GOS 1-4), Hoen: pneumococ-

cal meningitis episodes from Dutch Meningitis Study and MeninGene cohorts for outcome death. All 

others: meningococcal meningitis episodes from Dutch Meningitis Study and MeninGene cohorts for 

outcome death. Different lines represent ROC curves of different imputation sets. Histograms depict 

the distribution of patients over the risk categories.

Table 2. External validation of Risk Scores*

Name AUC (95%-CI)
Calibration in the large ¥ 

(95%-CI) Calibration slope (95%-CI) or HL-test

Bacterial meningitis Death or neurologic deficit at discharge

Aronin 0.59 (0.57-0.61) 12% (10 to 15%) HL-test: p<0.001

Bacterial meningitis Unfavourable outcome

Weisfelt 0.74 (0.71-0.76) -5% (-8% to -1%) Slope: 0.73 (0.63-0.84), p<0.001

Pneumococcal meningitis Death

Hoen 0.67 (0.64-0.70) -5% (-8% to -2%) Slope: 0.41 (0.32-0.50), p<0.001

Meningococcal meningitis Death

Ajayi-Obe 0.81 (0.73-0.90) 3% (0% to 6%) HL-test: p<0.001

Barquet 0.84 (0.76-0.93) -9% (-13% to -5%) HL-test: p<0.001

Gardlund 0.82 (0.74-0.91) 2% (-1% to 5%) HL-test: p=0.03

Gedde-Dahl 0.85 (0.75-0.95) 2% (0% to 5%) HL-test: p<0.001

Niklasson 0.90 (0.83-0.98) -5% (-9% to -1%) HL-test: p<0.001

Turini 0.84 (0.75-0.93) -6% (-9% to 2%) HL-test: p<0.001

*Aronin: Dutch Meningitis Study and MeninGene cohorts, Weisfelt: MeninGene cohort, Hoen: pneumococcal 
meningitis episodes from the Dutch Meningitis Study and MeninGene cohorts, All others: meningococcal men-
ingitis episodes from the Dutch Meningitis Study and MeninGene cohorts. ¥ Calibration in the large defined as 
mean observed minus mean predicted outcome
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Discussion
In this external evaluation we compared the performance of nine risk scores predicting out-

come in community-acquired bacterial meningitis in a variety of settings and populations. The 

risk scores were identified through a systematic review. Deficiencies in the design, analyses and 

reporting of studies on the development of risk scores were common. Our analysis in more 

than 2,000 patients with bacterial meningitis showed fair discrimination for one risk score for 

community acquired bacterial meningitis (Weisfelt) and good discrimination for all six risk scores 

in meningococcal meningitis. Inspection of the calibration curves showed adequate agreement 

between predicted and observed proportions with poor outcome for the risk scores of Aronin, 

Weisfelt, Gardlund and Gedde-Dahl. However, statistical tests indicted poor calibration of all risk 

scores. An important limitation of all identified risk scores was the low proportion of cases that 

were assigned a risk high or low enough to justify specific counselling or treatment options that 

differ from standard treatment.

Our analysis has a number of potential limitations. First, and most importantly, the quality of 

reporting of the identified studies did not conform to current standards. Most identified studies, 

gave little information on calibration of the model and multivariable regression analyses were ei-

ther not performed, or regression coefficients were not fully reported. The absence of these data 

limited our evaluation of calibration. Guidelines to improve the quality of reporting of prediction 

model studies have recently been published.33 Adherence to these guidelines would not only 

improve interpretability of study results, but would also facilitate subsequent validation studies. 

The Weisfelt risk score was developed in the Dutch Meningitis Study cohort and validated in 

the MeninGene cohort. Causative pathogens, treatment and outcome differed considerably be-

tween these two cohorts. However, the similar research design may have provided an advantage 

for an evaluation of the Weisfelt score compared to other risk scores. 

Because of the different outcomes predicted by the identified risk scores, the variable predictors 

included in the scores and the heterogeneity of patients, pooling of risk scores or individual pre-

dictors was not performed. Furthermore a few original predictor variables were not available in 

our validation set. Although a reasonable proxy was available for most of these, two risk scores 

could not be validated with all original variables. 

There are many potential pitfalls in the development of prognostic models. Poor generalizability 

of identified risk scores can be explained in part by overfitting, and differences in characteris-

tics between the target population and the development cohort.4 Overfitting occurs when risk 

scores are not only based on associations between predictors and outcome in the population, 

but also on idiosyncrasies and random variations in the development sample.4,34 Such overfitting 

leads to accurate predictions in the development set, but poor performance in new patients. 

The risk of overfitting may be reduced to some extent, for instance by internal validation tech-
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niques and limiting the number of potential predictors in relation to the number of patients. 

However, only one identified risk score was derived from a cohort in which there were more 

than 10 cases per predictor variable and for which performance was evaluated in the develop-

ment set. Another strategy to reduce overfitting is to select potential predictors on the basis of 

previous literature instead of analysis of the development cohort.4 As such, our findings offer an 

overview of possible predictor variables to be used in future risk score development or updating.

Differences between the target population and the development cohort may also lead to poor 

performance of identified risk scores.4 The relatively low mortality rate in pneumococcal menin-

gitis episodes from the MeninGene cohort, for example, compared to the derivation cohort of 

Hoen’s score for pneumococcal meningitis (18% versus 27%) might explain the overestimation 

of death by Hoen’s score. Improved prognosis for patients with pneumococcal meningitis may 

be explained by the introduction of adjunctive dexamethasone therapy.14,35,36 The prognosis of 

meningococcal meningitis has not become much better over the past fifty years.37 Because the 

epidemiology of bacterial meningitis is changing continuously, a framework for continuous im-

provement and updating of prediction models is required.34 

The performance of the Weisfelt score, developed for all pathogens, has now been evaluated in 

four external cohorts. It showed fair to good discrimination and calibration in the present study 

as well as in a previous Dutch cohort.23,31 Discrimination of the Weisfelt score in the subgroups 

of either meningococcal or pneumococcal meningitis episodes was similar to that of risk scores 

developed specifically for these pathogens. However, calibration of the Weisfelt score in menin-

gococcal meningitis was poor, and it performed less well in two developing countries.31 The risk 

score of Niklasson, developed for invasive meningococcal disease, has now been evaluated in 

three external datasets. It showed excellent discrimination in our study, and its high-risk category 

had the highest combination of sensitivity and specificity of all risk scores for meningococcal 

meningitis.

None of the scores performed well enough to recommend routine use in individual patient 

management. Either predicted outcomes differed too much from observed outcomes, or cal-

culated risks were too similar to baseline risk, with extreme risk prediction occurring too infre-

quently to justify calculation of the risk score for all patients. In our evaluation the risk scores 

for meningococcal meningitis assigned a risk of death that was close to the overall mortality 

rate in most episodes. Although the few patients classified as high risk had substantially higher 

mortality rates, most of the patients who died were not categorized as high risk. Extreme risk of 

an adverse clinical outcome were infrequently calculated by the risk scores for pneumococcal 

meningitis or meningitis due to all pathogen. 

The risk scores that we identified could be of value in the design and interpretation of future 

clinical trials. The necessary sample size of a trial could be reduced; for example, by only includ-

ing patients with an intermediate risk of adverse outcome. In other cases, a limited number of 
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patients with a very poor prognosis could be selected for a costly or invasive intervention. Dif-

ferences in severity of illness between study populations could be evaluated by comparing the 

mean calculated risk of adverse outcome in the study groups sampled from these populations. 

We would recommend the Weisfelt score for risk stratification in scientific research on commu-

nity acquired bacterial meningitis in developed countries. It has shown adequate performance 

in two evaluations in external cohorts in the Netherlands, and has an even distribution of pa-

tients across the whole range of predicted likelihoods.
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Study design

Inception cohort 1 1 1 1 1 1 1 1 1 1 1

Source population 0 0 1 0 0 1 0 0 1 0 1

Inclusion and exclusion criteria 0 0 1 0 0 0 0 0 1 0 1

Prospective design 0 0 0 1 0 1 0 0 1 0 1

Study attrition

Number of drop-outs ? ? ? 1 ? ? ? ? 1 ? 1

Information given on method 
how they deal with missing data

0 0 0 0 0 0 0 0 0 0 1

Prognostic factors

All prognostic factors described 
used to develop the model

1 1 1 1 1 1 1 1 1 1 1

Standardized or valid measure-
ments

1 1 1 1 1 1 1 1 1 1 1

Linearity assumption studied 0 0 0 0 0 0 0 0 0 0 0

No dichotomization of prognos-
tic variables

0 0 0 0 0 0 0 0 0 0 0

Data presentation all prognostic 
factors

1 1 1 1 1 0 1 1 1 1 1

Outcome measures

Description of outcome mea-
sures 

1 1 1 1 1 1 1 1 1 1 1

Standardized or valid measure-
ments

1 1 0 1 1 1 1 1 1 1 1
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Data presentation of most im-
portant outcome measures

1 1 1 1 1 1 1 1 1 1 1

Analysis

Presentation of univariate crude 
estimates

1 0 1 1 0 0 1 0 1 1 1

Sufficient numbers of subjects 
per variable 

0 0 0 0 0 0 0 0 1 0 1

Selection method of variables 
explained

0 1 0 1 0 0 0 0 1 1 1

Presentation of multivariate 
estimates

0 0 1 1 0 0 1 0 1 0 1

Clinical performance / validity

Clinical performance 0 1 1 1 0 1 1 0 1 1 1

Internal validation 0 0 0 0 0 0 0 0 0 0 1

External validation 0 1 1 1 0 1 0 0 1 0 1

The number 1 indicates high, and the number 0 low quality. A question mark signifies that no relevant informa-
tion was reported. Quality was independently scored by MB and MWB, Cohens kappa was 0.80, DvdB scored 
items without consensus between MB and MWB

*Operationalization of items.

a. Inception cohort: positive when patients were identified at an early uniform point (incep-

tion cohort) in the course of their complaints (e.g. first point at which symptoms were first 

noticed or first consultation at physiotherapy practice). Also positive in case of a heteroge-

neous population (survival cohort) for which subgroups of patients were identified and 

analysed (first episode of complaints or first consultation at physiotherapy practice). Nega-

tive when no inception cohort was used. 

b. Source population: positive when population was described in terms of sampling frame 

(primary care, general population, physiotherapy practice) and recruitment procedure 

(place and time-period of recruitment and type of methods used to identify the sample). 

Negative when not both of these features are given. Also negative when it is likely that the 

recruitment procedure led to selection of participants that are systematically different from 

eligible non-participants. 

c. Inclusion and exclusion criteria: positive when criteria were formulated for at least 4 out of 5 

of the (for the study) most relevant characteristics, mostly:

Supplemental table 1. Quality* of Identified Studies (continued)
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 1. Age

 2. Sex

 3. Relevant co-morbidity

 4. Duration of complaints

 5, Type of complaints

Negative when ≤3 criteria were formulated. Also negative when it is likely that the criteria used 

for inclusion/exclusion led to selection of participants that are systematically different from eli-

gible non-participants. 

a. Prospective design: positive when a prospective design was used. Also positive in case of a 

historical cohort of which the predictor variables (prognostic factors) are measured before 

the outcome was determined. Negative if a historical cohort is used, considering prognostic 

factors at time zero which are not related to the primary research question for which the 

cohort is created or in case of an ambispective design.

b. Drop-outs: positive when total number of drop-outs (loss to follow-up) was ≤20% at 12 

months. Also positive when appropriate procedures were used to deal with missing values 

(e.g. use of multiple imputation). Negative when the total number of drop-outs exceeds the 

20% cut-off point and no appropriate procedures were used to deal with missing values.

c. Positive if method is described. Negative if not. 

d. Clinical relevant potential prognostic factors: positive when the article describes at least one 

of the following factors at baseline:

 1.  Physical/disease factors (e.g. severity of pain, range of motion, duration of complaints, 

localization of complaints)

 2. Psychosocial factors (e.g. live events, anxiety, depression)

 3.  Sociodemographic factors, other than gender and age (e.g. employment status, occupa-

tion, co-morbidity)

Negative when the article does not describe at least one of the factors mentioned above at 

baseline.

a. Standardized or valid measurements: positive if at least one of the factors of g), excluding 

age and gender, are measured in a standardized, valid and reliable way. 

b. Positive if studied (and accounted for if necessary) or not relevant (in case of no continuous 

predictors used), negative if not. 
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c. Positive if prognostic variable isn’t dichotomized (in the univariate or multivariate analysis) 

or dichotomization is sensible to do. Negative if prognostic variable is dichotomized (in the 

univariate or multivariate analysis).

d. Data presentation of most important prognostic factors: positive when frequencies, per-

centages or mean (and standard deviation or CI), or median (and Inter Quartile Range) are 

reported for all prognostic factors in the final model. In all other cases: negative.

e. Clinical relevant outcome measure(s): positive if at least one clinical relevant outcome crite-

ria for recovery is reported. In all other cases: negative.

f. Standardized or valid measurements: positive if one or more of the main outcome measures 

are measured in a standardized, valid and reliable way. In all other cases: negative.

g. Data presentation of most important outcome measures: positive if frequencies, percent-

ages or mean (and standard deviation/CI), or median (and Inter Quartile Range) are reported 

for one or more of the main outcome measures for the most important follow-up measure-

ments. In all other cases: negative.

h. Univariate crude estimates presented: positive if univariate crude estimates (RR, OR, HRR) 

between prognostic factors separately and outcome are provided. Negative if only p-val-

ues or wrong association values (Spearman, Pearson, sensitivity) are given, or if no tests are 

performed at all.

i. Sufficient numbers of subjects per variable: positive if it is mentioned (or easy derivable) 

that the number of cases (and non-cases) in the study was at least 10 times the number of 

candidate variables. In all other cases: negative.

j. Positive if references are used to explain the selection method of variables. Also positive if 

an appropriate rationale is given. Negative if not. 

k. Multivariate estimates presented: positive if multivariate estimates (with CI or p-values) are 

presented of all prognostic factors that are part of the final risk score. Negative if not.

l. Performance measurement: positive if the study provides information about performance 

measurement (e.g. discrimination, calibration, explained variance). In all other cases: nega-

tive.

m. Internal validation: positive if appropriate techniques are used to assess internal validity of 

the prognostic model (e.g. cross-validation or bootstrapping). In all other cases: negative.

n. External validation: positive if the prognostic model is tested in a different population. Neg-

ative if not. 



Risk scores for outcome in bacterial meningitis | 133

Supplemental table 2. Calculation of identified risk scores and suggested cut-off values for high risk

Name Score calculation* Cut-off for high risk

Bacterial meningitis (all pathogens)
Death or neurologic deficit at 
discharge

Aronin (systolic BP ≤ 90 mmHg or a > 40 mm Hg decrease ) + (altered 
mental status) + (baseline seizures)

high risk ≥ 2

Bacterial meningitis (all pathogens) Unfavourable outcome 

Weisfelt 1/[1 + exp(-lp)], where lp = -1.83 + 0.02*(age in years) + 
1.09*(pulse >120/min) -0.13*(GCS) + 0.91*(cranial nerve palsy) 
+ 1.37*(CSF leucocytes < 1,000/ul) + 0*(gram-negative 
cocci)+1.29*(gram- positive cocci) + +0.19*(no bacteria) + 
0.24*(other gram result)

Not provided

Pneumococcal meningitis Death

Hoen 1/[1 + exp(-lp)], where lp = -2.36*(GCS score ≥ 7) + 1.90*(age > 
45 years) -1.89*(CSF glucose ≥ 0.6 mmol/l) + 1.30*(concomitant 
pneumonia) -0.24

high risk > 0.7

Invasive meningococcal disease Death

Ajayi-Obe 3*(systolic BP ≤ 85 mmHg) + (heart rate ≥ 140/min) + (respi-
ratory rate ≥ 50/min) + (capillary refill time > 3 sec) + 3*(GCS 
score < 8) + 2*(no neck stiffness) + (petechiae or purpura)

high risk ≥ 9

Barquet -1*(preadmission antibiotics) + (age ≥ 60 years ) + (focal neuro-
logic signs) + 2*(haemorrhagic diathesis)

high risk ≥ 2

Gardlund (systolic BP < 100 mmHg) + (thrombocytes < 125 x109/l) + 
(rectal temperature > 39*c)

high risk >2

Gedde-Dahl 100*[(thrombocytes < 100 x 109/l ) + (systolic BP < 100 mmHg) 
+ (ecchymosis) + (blood leucocytes < 10 x 109/l) + (pCO2< 3.7 
kPA) + (no nuchal rigidity)] / number of available predictors

high risk > 45%

Niklasson (CSF leucocytes < 100/ ul) + (systolic BP ≤ 100 mmHg) + 
(petechiae less than 12 hours) + (rectal temperature ≥ 40*c) + 
(blood leucocytes < 15 x 109/l) + (thrombocytes < 100 x 109/l)

high risk ≥ 3

Turini (age > 40 years) + (duration of symptoms < 48 hours) + (coma) 
+ (shock on admission) + (blood leucocytes ≤ 10.000/mm3) 

high risk ≥ 2

* the presence of a dichotomous variable is scored as 1, absence as 0. Abbreviations used BP = blood pressure, 
GCS = Glasgow Coma Score, CSF = cerebrospinal fluid, lp = linear predictor.
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Supplemental table 3. Baseline characteristics of validation cohort

Characteristic – no. /no.evaluated (%)
All pathogens  

(N=2108)

Pneumococcal  
meningitis  
(N=1369)

Meningococcal  
meningitis  

(n=407)

Age – yr 59 (42-69) 62 (50-70) 30 (19-52)

Male sex 1052/2108 (50) 700/1369 (51) 205/407 (50)

Symptoms <24 hr 953/2014 (47) 645/1301 (50) 200/393 (51)

Seizures 130/2019 (6) 107/1297 (8) 8/402 (2)

Predisposing condition * 1126/2108 (58) 954/1369 (70) 64/407 (16)

Heart rate – beats /min 100 (84-112) 100 (87-115) 92 (80-106)

Systolic blood pressure – mmHg 140 (122-160) 147 (130-169) 125 (110-140)

Diastolic blood pressure – mmHg 80 (69-90) 80 (70-90) 70 (60-81)

Body temperature – °C 38.9 (38.0-39.6) 39.0 (38.1-39.7) 38.4 (37.3-39.1)

Rash 292/2108 (14) 42/1369 (3) 175/407 (43)

Score on Glasgow Coma Scale 11 (9-14) 10 (8-13) 14 (10-15)

Neck stiffness 1546/2007 (77) 987/1290 (77) 62/400 (16)

Cranial nerve palsy 192/1807 (11) 139/1144 (12) 24/374 (6)

Aphasia, hemiparesis, or monoparesis 425/1774 (24) 309/1108 (28) 48/366 (13)

White cell count - cells/mm3 2500 (582-7600) 2389 (500-6784) 5478 (1653-12430)

Protein – g/liter 4.0 (2.3-6.2) 4.3 (2.5-6.4) 4.3 (2.2-6.7)

CSF: blood glucose ratio‡ 0.06 (0-0.26) 0.03 (0-0.2) 0.09 (0-0.3)

Positive blood culture 1331/1854 (72%) 951/1198 (79) 193/358 (54)

C-reactive protein - mg/l 200 (94-311) 205 (97-323) 228 (153-308)

Thrombocyte count - /mm3 194 (147-250) 200 (154-255) 175 (137-226)

Any adjunctive dexamethasone 1352/2080 (65) 972/1348 (72) 178 (44)

Unfavourable outcome (GOS<5) 768/2108 (36) 590/1369 (43) 49/407 (12)

Death 387/2108 (18) 286/1369 (21) 24/407 (6)

Data are number/number assessed (%) or median (25th–75th percentile). * defined as otitis or sinusitis, pneumo-
nia, endocarditis, CSF leak, use of immunosuppressive medication, history of splenectomy or cancer, HIV, diabetes 
mellitus, alcoholism noted in case record form. 
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Supplemental table 4. Outcome predictors in bacterial meningitis

 Risk Score Predictors and outcome Proxy
no./no. evaluated 

(%)*

Multivariable 
odds ratio 
(95% CI)† P-value

All pathogens Death or neurologic deficit at discharge

Aronin Systolic BP ≤ 90 mmHg or a 
> 40 mm Hg decrease

Systolic BP  
≤ 90 mmHg

62/2051 (3) 2.83 (1.62-4.94) <0.001

Altered mental status GCS ≤ 14 1709/2099 (81) 3.17 (2.43-4.13) <0.001

Seizures at presentation 130/2019 (6) 1.17 (0.82-1.68) 0.39

Bacterial meningitis Unfavourable outcome

Weisfelt Age, years 61 (47-69) ¥ 1.03 (1.02-1.04) <0.001

Heart rate >120/minute 198/1363 (15) 1.90 (1.33-2.72) <0.001

Glasgow Coma Scale score, 
per point increase

11 (9-14) ¥ 0.89 (0.86-0.93) <0.001

Cranial nerve palsy 103/1239 (8) 2.62 (1.68-4.09) <0.001

CSF white-cell count < 
1,000/ul

465 /1352 (34) 2.55 (1.95-3.33) <0.001

Gram stain 
  Gram positive 
  Gram negative 
  other 
  no bacteria

887/1245 (71)
112/1245 (9)
188/1245 (15)
58/1245 (5)

2.18 (1.16-4.26)
Ref
1.76 (0.76-4.20)
1.35 (0.66-2.85)

0.02

0.18
0.41

Pneumococcal meningitis Death

Hoen GCS < 7 140/1363 (10) 3.15 (2.12-4.68) <0.001

Age > 45 years 1102/1363 (81) 1.58 (1.06-2.36) 0.02

CSF glucose < 0.6 mmol/l 426/967 (44) 2.39 (1.75- 3.27) <0.001

Concomitant pneumonia 166/1315 (13) 1.61 (1.10-2.36) 0.01

Meningococcal meningitis Death

Ajayi-Obe Systolic BP ≤ 85 mmHg 10/392 (3) 8.47 (2.01-35.79) <0.001

Heart rate ≥ 140/minute 9/384 (2) 17.70 (3.14-99.79) 0.001

Respiratory rate ≥ 50/minute NA

Cap. refill time > 3 seconds NA

GCS score < 8 28/404 (7) 2.47 (0.54-11.33) 0.24

No nuchal rigidity 62/400 (16) 3.64 (1.33-9.96) 0.01

Petechiae or purpura 227/407 (56) 7.37 (1.62-33.49) 0.01

Barquet Preadmission antibiotics 12/402 (3) 0.00 (0-inf) 0.99

Age 
  0-14 years 
  15-59 years
  ≥ 60 years

Age ≥  
  60 years

61/407 (15) 7.23 (2.28-22.98) <0.001

Focal neurologic signs 34/366 (9) 1.06 (0.21-5.27) 0.95
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Haemorrhagic diathesis
Thrombo-

cytes 
< 100*10e9/l

36/388 (9) 19.57 (6.42-59.67) <0.001

Gardlund Systolic BP < 100 mmHg 31/392 (8) 5.74 (2.06-15.98) <0.001

Thrombocytes < 125 x109/l 81/388 (21) 7.79 (2.93-20.68) <0.001

Rectal temperature > 39*c 104/399 (26) 2.33 (0.92-5.92) 0.07

Gedde-Dahl Thrombocytes < 100 x109/l 36/388 (9) 10.76 (3.31-34.94) <0.001

Systolic BP < 100 mmHg 31/392 (8) 2.55 (0.75-8.72) 0.13

Ecchymosis Purpura 60/407 (15) 0.79 (0.22-2.82) 0.72

Blood leucocytes < 10 x109/l 44/404 (11)
10.95 (3.50-

34.27)
<0.001

pCO2 < 3.7 kPa NA

No nuchal rigidity 62/400 (16) 4.21 (1.32-13.42) 0.02

Niklasson CSF leucocytes < 100/ ul 30/377 (8) 4.02 (1.16-13.88) 0.03

Systolic BP ≤ 100 mmHg 41/382 (11) 3.29 (1.06-10.25) 0.04

Petechiae less than 12 hours
Petechiae at 
presentation

230/399 (58) 3.77 (0.77-18.44) 0.10

Temperature ≥ 40*c 25/390 (6) 3.91 (0.93-16.51) 0.06

Blood leucocytes < 15 x109/l 98/396 (25) 3.17 (0.96-10.48) 0.06

Thrombocytes < 100 x109/l 37/380 (10) 4.63 (1.44-14.85) 0.01

Turini Age > 40 years 163/407 (40) 3.07 (1.05-8.95) 0.04

Duration of symptoms < 48 
hours

Duration of 
symptoms < 

24 hours
193/393 (49) 1.85 (0.71-4.87) 0.21

Coma
GCS score 

≤ 8
49/404 (12) 3.21 (0.97-10.60) 0.06

Shock on admission
Systolic BP < 

90 mmHg
12/392 (3) 4.79 (1.01-22.71) 0.05

Blood leucocytes ≤ 10 x109/l 44/404 (11) 10.69 (3.72-30.74) <0.001

Aronin: Dutch Meningitis Study and MeninGene cohorts, Weisfelt: MeninGene cohort, Hoen: pneumococcal 
meningitis episodes from the Dutch Meningitis Study and MeninGene cohorts, All others: meningococcal men-
ingitis episodes from the Dutch Meningitis Study and MeninGene cohorts. Abbreviations used BP = blood pres-
sure, GCS = Glasgow Coma Score, CSF = cerebrospinal fluid, NA=not available. *non imputed data. †imputed data, 
ORs were derived in a multivariate analysis with the other variables in the risk score. ¥median (interquartile range)

Supplemental table 4. Outcome predictors in bacterial meningitis (continued)

 Risk Score Predictors and outcome Proxy
no./no. evaluated 

(%)*

Multivariable 
odds ratio 
(95% CI)† P-value
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Supplemental table 5. Performance of the Weisfelt score in pneumococcal and meningococcal meningitis ep-
isodes from the Dutch Meningitis Study and MeninGene cohorts.

Cohort AUC (95%-CI)
Calibration in the large 

(95%-CI)

Unfavourable outcome

Pneumococcal meningitis, both cohorts 0.73 (0.70-0.76) 2% (-1% to 6%)

Pneumococcal meningitis, MeninGene only 0.72 (0.69-0.75) -1% (-5% to 4%)

Meningococcal meningitis, both cohorts 0.80 (0.73-0.87) -16% (-22% to -11%)

Meningococcal meningitis, MeninGene only 0.78 (0.67-0.89) -16% (-25% to -7%)

Death

Pneumococcal meningitis, both cohorts 0.73 (0.70-0.76) -20% (-23% to -17%)

Pneumococcal meningitis, MeninGene only 0.73 (0.69-0.77) -24% (-27% to -20%)

Meningococcal meningitis, both cohorts 0.89 (0.83-0.95) -22% (-27% to -18%)

Meningococcal meningitis, MeninGene only 0.95 (0.88-1) -26% (-33% to -18%)

Supplemental figure 1. Inclusion process.
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Supplemental figure 2. Patient outcome per risk category in the in Dutch Bacterial Meningitis Cohorts.

Aronin: Dutch Meningitis Study and MeninGene cohorts for outcome death or neurologic deficit, Weisfelt: Men-
inGene cohort for unfavourable outcome (GOS 1-4), Hoen: pneumococcal meningitis episodes from Dutch Men-
ingitis Study and MeninGene cohorts for outcome death. All others: meningococcal meningitis episodes from 
Dutch Meningitis Study and MeninGene cohorts for outcome death. Histograms depict the distribution of pa-
tients over the risk categories.

Supplemental appendix 1. Search strategy in Medline (OVID 2)

(exp Meningitis, Bacterial/
OR
Bacterial Meningiti*.ti,ab.
OR
((bacterial or meningococcal or pneumococcal or Neisseria or meningitidis or Streptococcus or pneumoniae or 
Haemophilus or Hib or influenzae or Listeria or monocytogenes or Escherichia or coli or agalactiae or pyogenes 
or Staphylococcus or aureus or Cryptococcus or neoformans) adj5 meningiti*).ti,ab.)
AND
(exp models, statistical/
OR
(((History or Variable* or Criteria or Scor* or Characteristic* or Finding* or Factor*) and (Predict* or Model* or 
Decision* or Identif* or Prognos*)) or (Decision* and (Model* or Clinical* or Logistic Model*)) or (Prognostic and 
(History or Variable* or Criteria or Scor* or Characteristic* or Finding* or Factor* or Model*))).ti,ab.)

Supplemental appendix 2. Local investigators (participating hospitals)

P. Admiraal (Gemini Ziekenhuis), J.C. Baart (Ziekenhuisgroep twente), R.J. Beukers (Medisch Cen-

trum Alkmaar), H.P. Bienfait (Gelre Ziekenhuizen), H.J. Bökkerink (Zkh Nij Smellinghe), A.E. Bollen 

(Wilhelmina Ziekenhuis Assen), H.M. Bos (St. Anna Ziekenhuis), D. Broere (Westfries Gasthuis), M.H. 

Christiaans (Diakonessenhuis Utrecht), S.F.T.M. de Bruijn (Haga Ziekenhuis), K. de Gans (Groene 

Hart Ziekenhuis), R.J. de Graaf (Amphia Ziekenhuis), L. de Lau (Slotervaart Ziekenhuis), M.C. de 

Rijk (Catharina Ziekenhuis), P. de Roos (Ziekenhuis Rivierenland), J.P. de Ruiter (Streekziekenhuis 

Koningin Beatrix), R.F. Duyff (Zkh de Tjongerschans), J.L.A. Eekhof (Diaconessenhuis Leiden), J. 

Engelsman (Spaarne Ziekenhuis), R.H. Enting (UMC Groningen), B. Feenstra (Zkh. Lievensberg), 

E. Geiger (Beatrix ziekenhuis Gorinchem), P. Groot (St. Jansdal Ziekenhuis Harderwijk), W.J.H.M. 

Grosveld (Reinier de Graaf Gasthuis), G. Hageman (Medisch Spectrum Twente), S.G.B. Heckenberg 

(Kennemer Gasthuis), D. Herderscheê (Tergooi ziekenhuizen), W. Hoefnagels (Zorgsaam Zieken-

huis), R.S. Holscher (Antonius Ziekenhuis Sneek), E.M. Hoogerwaard (Rijnstate Ziekenhuis), U.W. 

Huisman (Van Wheel Bethesda), B.C. Jacobs (Erasmus Medisch Centrum), C. Jansen (Gelderse 

Vallei Ziekenhuis), K Jellema (Medisch centrum Haaglanden), H. Kerkhoff (Albert Schweizer Zkh), 

E.J.W. Keuter (Diaconessenhuis Meppel), J.G.M. Knibbeler (Ropke-Zweers ziekenhuis), A.J.M. Kok 

(Elkerliek Ziekenhuis), N.D. Kruyt (LUMC), M.J.H. Langedijk (Refaja ziekenhuis), M. Liedorp (Haven-

ziekenhuis), H.J.M.M. Lohmann (Deventer ziekenhuis), H. Lövenich (St Jans Gasthuis Weert), N.K. 

Maliepaard (Waterland Ziekenhuis), D.S.M. Molenaar (Ziekenhuis Amstelland), W.G.H. Oerlemans 

(Meander Medisch Centrum), E.W. Peters (Admiraal de Ruyter ziekenhuis), P.H.M. Pop (Viecurie 

Ziekenhuis), P. Portegies (OLVG), B. Post (UMC St Radboud), F.M. Reesink (Ommelander Ziekenhuis 

Groep), J.C. Reijneveld (Vumc), A.M.G. Sas (Vlietland ziekenhuis), R. Saxena (Maasstad Ziekenhuis), 




