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Introduction

While intracerebral hemorrhage (ICH) accounts for 
only 10–15 % of all strokes, it is associated with consid-
erably higher fatality and greater post-stroke disability 
compared to ischemic stroke [1–3]. An early and reliable 
prognosis for potential outcome after stroke is impor-
tant for clinicians as well as for patients and their family. 

In clinical trials, prediction models could also help to 
define individual clinical endpoints, select suitable pa-
tients, or reduce required sample sizes [4–6]. In addition 
to predicting a clinically meaningful endpoint, a prog-
nostic model needs to be validated [7], and easy to im-
plement, i. e., contain only a few variables which are 
readily available in all patients, to be useful and appli-
cable to clinical practice [8]. We have previously devel-
oped and validated a regression model as well as a simple 
additive score for prediction of independent functional 
status after ICH in consecutive patients admitted to Ger-
man neurology departments with acute stroke units [9, 
10]. The purpose of this study was to demonstrate more 
stringently the utility of our models by applying them to 
patients in the data set of the Virtual International Stroke 
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■ Abstract  Background An early 
and reliable prognostic indication 
in stroke patients is potentially 
useful for initiation of individual 
treatment and for informing pa-
tients and relatives. We recently 
 developed a regression model as 
well as a simple 11-point predictive 
score (Essen ICH score) for func-
tional recovery within three 
months after acute intracerebral 
hemorrhage (ICH) based on age 
and the National Institutes of 
Health Stroke Scale (NIH-SS). Here, 
we demonstrate the applicability of 
our models in an independent 
sample of ICH patients from con-
trolled clinical trials. Methods The 
prognostic models were used to 
predict functional recovery in 564 
patients from the Virtual Interna-
tional Stroke Trials Archive 

(VISTA). Furthermore, we tried to 
improve the accuracy by re-calibra-
tion and estimating new model pa-
rameters. Findings The logistic re-
gression model and the Essen ICH 
score were able to correctly classify 
77.5 % and 76.4 % of patients, re-
spectively. Re-calibration and novel 
estimation of parameters yielded 
only a slight improvement of over-
all predictive accuracy. Interpreta-
tion For acute ICH patients in-
cluded in controlled trials, our 
predictive models based on age 
and the NIH-SS correctly predict 
functional recovery after three 
months and could be useful for 
 future trial design.
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Trials Archive (VISTA, www.vista.gla.ac.uk/) [11]. Origi-
nating from diverse clinical trials in various countries, 
the ICH patients in VISTA differ from patients in our 
original German Stroke Study databank in terms of se-
lection, level of stroke care, recruitment, and nationality. 
Based on our prognostic models, we investigated the ad-
equacy of our previous models in this different popula-
tion and analyzed whether the derivation of new model 
parameters could improve the predictive accuracy.

Methods

■ Model development

A description of the development of the prognostic models has been 
previously published [9, 10]. Functional independence was assessed 
on the Barthel Index (BI) as one of the most widely used measures of 
functional independence. To identify patients with recovery as advo-
cated in guidelines for controlled clinical trials [12], a cut-off value of 
BI ≥ 95 versus < 95 was used. Specifically, a logistic regression model 
and an 11-point score were developed to predict functional recovery 
(BI ≥ 95) versus no functional recovery (BI < 95 or death) 3 months 
after index event. For development of the regression model we con-
sidered all variables on previous history, stroke severity and imaging 
information which could be routinely assessed within the first few 
hours after admission. The resulting logistic regression model, shown 
in Table 1, predicted a lower probability for functional recovery in 
patients with higher age and greater overall neurological impair-
ments as measured on the overall score of the National Institutes of 
Health Stroke Scale (NIH-SS), assessed within 6 hours after symptom 
onset [10]. 
 Additionally, we developed the Essen ICH score which included 
level of consciousness as a third variable despite overlapping with the 
NIH-SS total score, to account for the highly adverse prognosis of 
intubated or comatose patients [9]. Multiple models with different 
subscores for each of the three predictive variables were run with dif-
ferent cut-offs for fatality and functional recovery. The best fit in the 
development data set was obtained by summing subscores for age, 
NIH-SS level of consciousness, and NIH-SS total score as presented in 
Table 1. On a range from 0–10, an Essen ICH score of > 7 best pre-
dicted fatality and a score of < 3 best predicted functional recovery. 

■ VISTA data set

VISTA (www.vista.gla.ac.uk/) was created with the aim of providing 
access to patient trial data in order to perform exploratory analyses 
and hypothesis testing [11]. All included trials were approved by in-
stitutional review boards. At the time of data extraction (15 March 
2006), VISTA encompassed data of over 15,000 patients from 21 acute 

stroke randomized controlled trials. Most trials in VISTA have been 
targeted at ischemic stroke. For the purpose of this analysis, data on 
564 patients were extracted from VISTA which met the following cri-
teria:
� Documented entry criteria,
� Baseline assessment within 24 hours of stroke onset, including 

recording of neurological deficit by NIH-SS,
� Confirmation of ICH diagnosis by cerebral imaging,
� Outcome assessed three months after stroke onset, including re-

cording of BI or fatality, and
� Monitoring procedures in practice to validate data.

These data comprised a total of 564 patients from treatment and pla-
cebo groups from the GAIN Americas (132 centers) and GAIN Inter-
national trials (173 centers in 21 countries) [13, 14]. VISTA does not 
normally permit the unmasking of the trial source from which data 
were extracted; however in this case, an application was made to the 
principal investigators of the named trials in accordance with VISTA 
regulations. Because both trials had a neutral outcome, we do not be-
lieve that this would impact our results. A total of 16 VISTA patients 
enrolled in Germany between 1998–1999 were included in this analy-
sis. None of these patients was included in the data set for develop-
ment or validation of the prediction models. 

■ Statistical analyses

For all analyses, patients with missing outcome data were excluded to 
allow for an evaluation of the resulting predictions. Patients in the 
original data set and in the VISTA data set are described with regard 
to age, NIH-SS overall score, NIH-SS level of consciousness, and gen-
der. Differences in the data sets are presented as mean differences 
with 95 % confidence intervals (CIs) based on a t-distribution of the 
difference (age and NIH-SS overall score) and as difference in propor-
tion with 95 % CIs as proposed by Newcombe (method 10) [15]. To 
investigate the applicability of our prognostic models, the algorithms 
as described in Table 1 were applied to all patients in the VISTA data 
set for whom complete information on age, the overall NIH-SS and 
level of consciousness (Essen ICH score only) was available. The re-
sulting numbers of correct classifications overall and in each outcome 
group were determined. In addition, a Receiver Operating Character-
istic (ROC) was drawn for both models plotting specificity against 
sensitivity. The ability of the models to discriminate between out-
comes across the entire range of predicted probabilities was deter-
mined from the area under the curve (AUC) varying from 0.5 for a 
model that correctly predicts outcome no better than chance to 1.0 for 
a model that perfectly discriminates between the outcomes. 
 To optimize the fit of the logistic regression model in the VISTA 
data set, we additionally adjusted the original model as previously 
described in detail for a model predicting patients with ischemic 
stroke [16]. Specifically, we aimed at re-calibrating the model, i. e., at 
adjusting the value of the intercept. For this, a logistic regression 
model was developed to predict the observed outcomes in the VISTA 
data from the linear predictor of the original logistic regression 

Table 1  Algorithms for prediction of favorable outcome after 3 months

Original model β̂ Re-calibrated model β̂ Novel model β̂ Essen ICH score point scores

 Age (years) –0.089 –0.089 –0.060 < 60 = 0; 60–69 = 1; 70–79 = 2; ≥ 80 = 3

 NIH-SS (total score) –0.244 –0.244 –0.205 0–5 = 0; 6–10 = 1; 11–15 = 2; 16–20 = 3; > 20 or coma = 4

 NIH-SS (consciousness) – – – alert = 0; drowsy = 1; stupor = 2; coma = 3

 Intercept 7.543 8.156 5.782

 Cut-off to predict independence > 0.42 > 0.59 > 0.59 < 3

β̂ estimated logistic regression coefficients
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model. To keep the slope fixed but estimate the intercept, the linear 
predictor was used as an offset variable, thus fixing the coefficient at 
unity, so that the intercept was the only free parameter. The resulting 
estimate for the intercept indicates the deviation from the original 
one, and this model renders re-calibrated predicted probabilities.
 Finally, a novel logistic regression model was developed based on 
the variables which had been selected for the previous models, namely, 
age and the NIH-SS overall score. The threshold for categorization of 
patients was determined anew based on the outcome frequencies in 
the validation data set in order to compare the resulting numbers of 
correct classifications with those from the previous approaches.
 Because in the different approaches, the outcome of the same pa-
tients is predicted using different prognostic models, we tested differ-
ences in the overall accuracies using McNemar’s test and present the 
estimated differences with 95 % CIs according to Zhou and Qin [17]. 
The analyses were performed using the R software environment, ver-
sion 2.3.1, with the Design package by Harrell.

Results

Characteristics of the 564 patients in the VISTA data set 
meeting the specified inclusion criteria are presented in 
Table 2. The BI after 3 months was recorded in 449 pa-
tients, and in 115 patients without recorded BI, informa-
tion on fatality within this time frame was available, so 
that these were additionally classified as not function-
ally recovered. Therefore, data from 564 patients were 
available, of whom 171 had recovered and 393 had not 
recovered or died after 3 months. As shown in Table 2, 
age was slightly higher than in the original data sets 
(mean difference = 2.24 years, 95 % CI = –0.34; 4.15); 
similarly, neurological impairment was less severe in the 
original sample (mean difference = 3.76, 95 % CI = 2.82; 
4.70). The proportion of women was similar in both data 
sets (difference in proportions = 0.8 %, 95 % CI = –6.9 %; 
8.7 %). 

The original regression model and the Essen ICH 
score were applied to predict the patients’ outcome, and 
the ROCs are shown in Fig. 1. Using the Essen ICH score 
with the predefined cut-off for functional recovery, 430 
patients (76.4 %) were classified correctly overall, with a 
more correct prediction of not recovered patients than 
recovered patients (88.3 % and 48.8 %, respectively). The 

AUC was 0.786 (standard error (S.E.) = 0.021). Using the 
original parameter estimates and threshold for the re-
gression model, 437 patients (77.5 %) were classified 
correctly overall, again with a more correct prediction of 
not recovered patients than recovered patients (92.1 % 
and 43.9 %, respectively). The AUC was 0.805 (S.E. = 0.020). 
Thus, the accuracy of the regression model was negligi-
bly higher than that of the Essen ICH score (differ-
ence = 1.2 %, CI = –1.3 %; 3.7 %, two-sided p = 0.40). 
When re-calibrating the original regression model by 
using an adapted intercept, the deviation of the original 
and the new intercepts were estimated to be 0.63 (95 % 
CI = 0.39; 0.83), showing that the predicted probabilities 
for functional independence were systematically too low 
(see Fig. 2 a). Using the re-calibrated models (see Table 1 
for estimated regression coefficients and Fig. 2 b for the 
calibration plot) led to slightly altered classifications 
with overall 77.3 % being classified correctly (83.0 % of 
not recovered and 64.3 % of recovered patients, respec-
tively). Thus, the accuracy overall was comparable to 
that in the original model (difference = 0.2 %, 95 % 
CI = –2.8 %; 3.1 %, two-sided p = 1.00). However, the re-
calibrated model predicted recovered patients better 
than the original model (difference = 20.5 %, 95 % 
CI = 14.5 %; 26.6 %, two-sided p < 0.01) but not recov-
ered patients worse (difference = 9.2 %, 95 % CI = 6.3 %; 
12.0 %, two-sided p < 0.01).

A novel logistic regression model was developed by 
estimating new regression coefficients of the previously 

Table 2  Patients’ characteristics in original and VISTA data sets

Original data
(N = 207)

VISTA data
(N = 564)

 Gender (n, %) female
male

 85 (41.1 %)
122 (58.9 %)

227 (40.2 %)
337 (59.8 %)

 Age (years) M (SD)  65.9 (11.3)  68.1 (12.2)

 National Institutes of Health 
 Stroke Scale (NIH-SS) at baseline

M (SD)  10.2 (6.2)  14.0 (5.8)

 NIH-SS level of consciousness 
 at baseline

alert
not alert

129 (62.3 %)
78 (37.7 %)

383 (68.0 %)
180 (31.6 %)

 Barthel Index at 3 months (n, %) ≥ 95
< 95
died

 78 (37.7 %)
89 (43.0 %)
40 (19.3 %)

171 (30.3 %)
278 (49.3 %)
115 (20.4 %)
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Fig. 1  Receiver Operating Characteristic for the original regression model (black) 
and the Essen ICH score (grey) predicting complete functional recovery (Barthel 
Index, BI ≥ 95) versus no functional recovery (BI < 95) or fatality
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identified parameters (Table 1). The novel model pre-
dicted 430 patients (76.2 %) correctly overall (83.0 % of 
not recovered and 60.8 % of recovered patients). The 
AUC was 0.805 (S.E. = 0.020). Compared with the origi-
nal model, the overall accuracy was almost identical 
(difference = 1.2 %, 95 % CI = –1.6 %; 4.0 %, two-sided 
p = 0.46). As for the re-calibrated model, the novel model 
predicted recovered patients better (difference = 17.0 %, 
95 % CI = 11.4 %; 22.7 %, two-sided p < 0.01) but not re-
covered patients worse (difference = 9.2 %, 95 % 
CI = 6.3 %; 12.0 %, two-sided p < 0.01).

Discussion

Our prediction models including age, NIH-SS total score 
and level of consciousness (Essen ICH score only) are 
valid in predicting functional recovery three months af-
ter ICH, with the classical regression model performing 
slightly better than the Essen ICH score. This prediction 
is highly clinically relevant to patients, clinicians and 
clinical researchers. To detect a possible treatment effect 
in acute stroke studies, patients included should have a 
high chance of incomplete recovery. Our models may 
therefore be helpful to exclude patients with high a 
chance of spontaneous recovery, because they are un-
likely to contribute to a measurable treatment effect. An 
additional use of such a model to increase statistical 
power could be a sliding scale, i. e., if those predicted to 
be dependent actually are independent this is a good 
outcome, if those predicted to be independent who are 
not independent this is a bad outcome. 

In contrast to previously developed ICH scores [18–
25], our models are based on clinical variables only and 
have been externally validated for prediction of func-
tional recovery in consecutively admitted ICH patients 
[9, 10]. By relying on the NIH-SS instead of the Glasgow 
Coma Scale as a clinical indicator of prognosis, we did 
not retain hematoma volume as an independent predic-

tor which might be even easier to apply in clinical rou-
tine. Like in ischemic stroke [26], imaging parameters 
therefore may not add any relevant improvement to the 
prediction in addition to clinical stroke severity.

Although do-not-resuscitate orders in ICH patients 
may lead to self-fulfilling prophecies [27–29], this seems 
unlikely to have affected our population from clinical 
trials. Conversely, patients with pre-existing disability or 
highly adverse prognosis are usually excluded from clin-
ical trials and therefore are likely to be underrepresented 
in the VISTA dataset. As a consequence, the Essen ICH 
score did not show any meaningful prediction of death 
in the VISTA data set (data not shown). Similar to pa-
tients with ischemic stroke [16], ICH patients from con-
trolled studies in VISTA were systematically predicted 
too pessimistically by the original model. Interestingly, 
estimating the coefficients anew only marginally im-
proves the overall prediction over the pre-specified lo-
gistic model, indicating a good discrimination of the 
original model. The same holds true for the re-calibrated 
model.

This study has some limitations. First, the predictive 
accuracies may not seem to justify relying on the given 
prediction over clinical judgement. However, we have 
previously shown that clinical judgement by the admit-
ting neurology resident is inferior to our models and 
correctly predicted less than 70 % of all patients [10]. In 
contrast, the pre-specified models correctly predicted 
76.4 and 77.5 %, respectively. Furthermore, the only 
other validated score has shown contradictory results 
concerning the predictive accuracy for favorable out-
come [23, 30–32]. Second, imaging data in VISTA were 
not (yet) available to calculate and compare the perfor-
mance of other ICH scores [18–24]. Third, we have now 
shown the external validity of our models in two differ-
ent populations of ICH patients, namely, patients admit-
ted to German neurology departments with an acute 
stroke unit and patients included in controlled clinical 
trials. This by no means represents the entire universe of 
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ICH patients, and subsequent studies are required to in-
vestigate the validity in further hemorrhagic stroke 
populations. 

In summary, we have demonstrated and validated a 
strong predictive relation between our pre-specified 
prognostic models and the three month functional out-
come even in different patient populations. These mod-
els have the potential to guide both clinical and research 
decisions.
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