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Abstract Context While several
models have been developed to
predict mortality following intra-
cerebral hemorrhage (ICH), the
functional outcome and its predic-
tors in surviving patients have
been poorly investigated so far. Ob-
jectives To identify predictors and
validate a prognostic model for in-
dependent functional outcome in
patients with acute ICH. Design An
inception cohort was assessed on
the National Institutes of Health
Stroke Scale (NIH-SS) at admission
and followed-up after 100 days. Set-
ting 11 neurological departments
with an acute stroke unit. Patients
207 consecutive patients who were

neither comatose nor intubated at
admission within 6 hours after ICH
and with complete follow-up. Re-
sults After 100 days, 40 patients
(19.3%) had died, 78 (37.7 %) had
regained functional independence
(Barthel Index >95) and 89 (43 %)
had survived but not recovered. In
these patients, age and the NIH-SS
total score were identified as inde-
pendent predictors for functional
independence after 100 days. With
the predefined cut-off value, the
prognosis of 79.8 % of all patients
could be predicted accurately upon
validation in an independent data
set of 173 non-comatose patients
with acute ICH. Conclusion Our
study provides a validated prog-
nostic model for prediction of
complete recovery following ICH
which could be very useful for the
design of clinical studies.

Key words intracerebral
hemorrhage - outcome - prediction
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Background

Pooled data from community based studies indicate a 1-
month mortality after primary intracerebral hemor-
rhage of 40-45% [8]. Because of this high fatality and
the relatively low incidence only few patients are avai-
lable for follow-up assessment of functional outcome in
survivors. Moreover, early neurological examination

and cerebral imaging are rarely available in all patients
included in these studies and are often delayed for sev-
eral days by which time secondary worsening may have
already occurred. Hospital-based studies therefore can
provide valuable information on initial stroke severity
and outcome for larger patient numbers. Identification
of prognostic factors for functional outcome in patients
not comatose at admission would be especially useful
for the design of randomized clinical trials to estimate



sample size and define inclusion criteria. In addition,
validated prognostic models enable adjustment for case
mix to compare outcome and quality of care in different
institutions [5]. Finally, this information could also be
helpful as an individual prognostic indication both to
relatives and physicians. We therefore focused our study
on functional outcome in patients admitted within 6
hours after onset of ICH. In a second step, the model was
validated in an independent data set from a previous
study [23].

Methods

The 11 neurological departments listed in the appendix participated
in this study. Enrollment of patients started on 1 July 2000, and was
terminated on 15 March 2002. Details on data collection and man-
agement have been previously described [22]. All patients were
treated according to best current knowledge in clinical routine. Op-
erative evacuation of hematoma or extraventricular drainage was
performed in 12 (4%) patients. Imaging studies were performed to
diagnose patients with primary hemorrhage and identify possible
etiologies. Greatest horizontal diameter of hemorrhage was measured
on site by either a neuroradiologist or the treating neurologist on ax-
ial slices of the first cerebral imaging. Patients or their next of kin were
informed about study participation and written consent was ob-
tained to forward personal data to the coordinating center. The study
was approved by the Ethics Committee of the University of Essen and
aspects of data safety were approved by the responsible data protec-
tion state representative. The admitting physician’s bedside predic-
tion for outcome after 100 days was assessed in one of the following
categories: death, severe dependence (Barthel Index < 70), moderate
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dependence (Barthel Index 70-90), and functional independence
(Barthel Index >95). Only predictions made within the first 24 hours
after admission were considered for analysis.

Severity of stroke was assessed on the National Institutes of
Health Stroke Scale (NIH-SS) at admission as well as 48-72 hours af-
ter admission [16]. Investigators were experienced in the use of the
NIH-SS by video training and other clinical studies. As suggested by
an internationally agreed definition, we investigated worsening in any
one of the following NIH-SS items: level of consciousness, gaze, arm
and leg motor function and speech [4]. A central follow up blinded to
baseline variables was performed via telephone interview by the co-
ordinating center or by the treating hospital itself, if the patient did
not give consent that personal data be forwarded. Patient outcome
was assessed on the Barthel Index (BI) 100 (median 102) days after
the event or by confirmation of death within 120 days after initial
stroke. If no follow-up information could be obtained from either the
patient, relatives or the treating physicians, local death registries were
screened.

Only patients admitted within 6 hours after onset of ICH
(N'=327) and with a prior Rankin grade<2 (N =303) were included
in this study to ensure that patients were functionally independent to
a certain degree. Of 43 patients intubated or comatose at admission,
19 patients died within 72h after admission, overall 28 patients died
within 100 days and only 2 patients had completely recovered with a
Barthel Index >95 after 100 days. Because of this highly adverse prog-
nosis, we included only patients who were neither intubated nor co-
matose at admission to ensure a realistic chance of independent func-
tional outcome. Of the remaining 260 patients, 53 (20.4 %) could not
be reached for a complete follow-up. Patients lost to follow-up were
not significantly different from patients with complete follow-up in-
formation (Table 1). The flow chart of patient inclusion is depicted in
Fig. 1.

Statistical analysis was performed with the program package SPSS
Version 10.0. If a single variable was not available for all patients only
valid cases were reported. If more than 1% of cases were missing, the

Table1 Comorbid conditions and clinical findings

in patients not intubated nor comatose at admission Vqriable (missing cases in patients Died or dependent BI >95 lost to follow-up

with functional dependence or death, functional in- with follow-up) (N=129) (N=78) (N=53)

ﬁ)e\,‘v’el:‘s:;‘ﬁgéBjar;z‘ﬂf'tgfféHB' =95) andmissingfol- 1 age/sp 69.1/9.6* 60.5/120  64.7/152
Women, % 442 35.9 37.7
Prior stroke, % 18.6 17.9 15.1
Prior coronary heart disease, % 19.4% 9.0 9.4
Arterial hypertension, % 775 75.6 755
Diabetes mellitus, % 209 1.5 13.2
Coagulation disorder, % 3.9 26 3.8
Lobar hemorrhage, % 34.1 37.2 32.1
Lenticulostriate hemorrhage, % 349 244 34.0
Thalamic hemorrhage, % 17.8 17.9 18.9
Putaminal hemorrhage, % 8.5 9.0 1.3
Cerebellar hemorrhage, % 3.9 6.4 1.9
Brainstem hemorrhage, % 5.4 7.7 3.8
Axial diameter > 4 cm, % (1) 35.2% 11.5 245
Ventricular bleeding or hydrocephalus, % 21.7% 3.8 20.8
Alert at admission, % 47.3* 87.2 585
Mean NIH-SS at admission/Median 12.6/12% 6.4/6 10.7/11
Neurological worsening within 72 h, % (5) 32.0% 6.5 14.3
Fatal bedside prognosis, % (14) 8.2% 0 0
Favorable bedside prognosis, % (14) 7.4% 31.0 20.8

* significant with p < 0.05 compared to patients with Barthel Index >95
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327 patients
admitted within 6 h after intracerebral

hemorrhage

303 patients
with Rankin Scale <2 prior to event

260 patients
not intubated nor comatose at admission

v

53 patients
not reached for

follow-up

v

207 patients
died within 120 days or with follow-up

after 100 days (regression models)

193

With physician’s bedside prognosis
made within 24h after admission

Fig.1 Patientinclusion chart

number of missing cases was additionally provided. To test for statis-
tical differences, Student’s t-test was used to compare age, the y2-test to
compare categorical variables and the Mann-Whitney U-test to
compare stroke severity on the NIH-SS. We developed a logistic re-
gression model for prediction of independent versus dependent func-
tional outcome (BI <95) or death 100 days after admission. We in-
cluded all significant variables from the univariate analyses which
could be assessed within the first hours after admission. Thus, 7 vari-
ables (age, sex, prior coronary heart disease, initial NTH-SS total score,
initial NIH-SS level of consciousness, axial diameter of bleeding, ven-
tricularbleedingand/or hydrocephalus) were fitted into thelogistic re-
gression model via forward and backward stepwise selection. The
number of events per variable was above 10,as recommended in order
to avoid over fitting the regression model. Nevertheless, variables were
retained only if their resulting p-value was < 0.005 [1,24]. From mod-

elswith all variables that resulted from any of the selection procedures,
any variable with p > 0.005 was eliminated stepwise. To the remaining
set of variables, every previously eliminated variable was again added
and kept in the model if it fulfilled the same criteria. Finally, all two-
way interactions of the resulting variables were investigated and kept
if p <0.005.In the final model,regression coefficients with standard er-
rors,oddsratioand 95 % confidence intervals are reported. The thresh-
old for classification using the logistic distribution function was set so
that the predicted proportion of events was equal to the observed. We
assessed the discrimination of the regression models by calculating the
area under the receiver operating characteristic (ROC) curve, which is
a plot of sensitivity of predictions against 1-specificity of predictions.
Anareaunder the ROC curve (AUC) of 0.5 indicates no discrimination
(i.e., the line follows the 45° diagonal), and an area of 1.0 (i. e., the line
includes the entire area within the horizontal and vertical axes) indi-
cates perfect discrimination.

The model was validated in an independent cohort of patients
with ICH which have been previously described [23].In short, 586 pa-
tients with ICH were documented consecutively in 30 hospitals dur-
inga one year period between 1998-1999. For model validation we ex-
cluded patients admitted more than 6h after ictus (N=291), prior
Rankin Scale >2 (N =30), comatose level of consciousness at admis-
sion (N=39) and with unknown functional status after 3 months
(N'=53). The predictive model with the previously calibrated thresh-
old was validated in the remaining 173 patients with acute ICH.

Results

260 patients met the baseline inclusion criteria and were
included in this study. Within 72 hours after admission,
15 patients (5.8%) had died, 19 patients (7.3 %) were
newly intubated, 18 patients (6.9 %) had worsening of
consciousness and 9 patients were not reassessed within
72 hours after admission. 52 patients with worsening of
key neurological functions or death after 72 hours were
significantly less often alert at admission, had a higher
NIH-SS total score at admission, greater diameter of
hemorrhage and more often ventricular bleeding (all
significant). After 100 days, 40 patients (19.3%) had
died, 78 (37.7 %) had regained functional independence
(Barthel Index>95), 89 (43%) had survived but not
recovered. In 53 patients a complete follow-up was
missing. Baseline characteristics of these patients were
not significantly different from all patients with com-
plete follow-up. Compared with patients with complete
recovery, patients with unfavorable outcome were sig-
nificantly older, more frequently had a history of prior
coronary heart disease, greater diameter of bleeding,
more often ventricular bleeding and/or hydrocephalus,
a higher NTH-SS total score at admission and were less
often alert at admission (Table 1). The relationship be-
tween age and unfavorable outcome is shown in Fig. 2.
A logistic regression model in 207 patients who were
neither comatose nor intubated at admission and with
complete follow-up after 100 days identified the NTH-SS
total score at admission and age as independent predic-
tors for functional independence (Table 2). The resulting
model had an optimal cut-off at 0.42 and an area under
the ROC curve of 0.861 (Fig.3). While this model cor-
rectly predicted 81.6 % of all patients, the treating physi-
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Fig.2 relationship between age and unfavorable outcome (Barthel Index < 95 or
death) after 100 days of 207 patients in the development cohort

cians within the first 6 hours after admission correctly
predicted only 31 % of patients who regained functional
independence and 92.6 % of patients who died or did not
regain functional independence (overall correct prog-
nosis in 69.9%).

Upon validation in an independent patient cohort
from another hospital-based study, the resulting area
under the ROC curve was 0.876 (Fig.4). Upon use of the
pre-specified threshold, a correct prediction was ob-
tained of 91.9 % of patients who recovered and 63.5 % of
patients who did not fully recover. The calibrated per-
centage of correctly classified patients is presented in
Table 3.

Discussion

Exact outcome estimations from validated prognostic
models can help to define an optimized study popula-
tion for both obtaining sufficient statistical power and
limiting study duration [21,25]. We focused on complete
recovery and mortality 100 days after an acute ischemic
stroke as endpoints of primary interest and selected the
Barthel Index as the most widely used measure of func-
tional independence. Our study had a well defined co-
hort and predominantly central follow-up with external
validation in an independent patient cohort. By exclud-
ing patients with no realistic chance of reaching func-
tional restitution, our model reflects a typical study pop-
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Fig.3 Receiver operating curve of the regression model for functional indepen-
dence (Barthel Index >95) after 100 days in 207 patients not intubated or comatose
at admission (model development)

ulation for acute ICH trials. While not all patients could
be reached for follow-up, no significant differences in
the initial physicians’ prognosis as well as other baseline
variables could be found between patients lost and with
complete follow-up. In addition, death registries were
screened before any patient was considered lost to fol-
low-up. Nevertheless, patients with serious disability
tend to be harder to reach for follow-up and therefore we
cannot completely exclude a follow-up bias. However,
this should not have influenced the validity of our results
which can therefore be considered representative for pa-
tients with ICH treated in German departments of neu-
rology. We were unable to include patients from neuro-
surgery departments which are more likely to receive
patients needing operative evacuation or extraventricu-
lar drainage. Because the STICH trial did not show any
significant benefit of early surgery versus initial conser-
vative treatment [18], it is unlikely that surgical treat-
ment in a greater percentage of patients would have had
a major influence on our results. In addition, neurosur-
gical patients may not constitute a suitable study popu-
lation for medical intervention trials.

Table2 Regression model for functional indepen-
dence (Barthel Index >95) after 100 days in 207 pa-

tients not intubated nor comatose at admission

Variable B S.E. 0dds ratio 95% Cl p-value
Age (1 year increase) -0.089 0.020 0.915 0.880-0.951 < 0.001
NIH-SS total score -0.244 0.041 0.783 0.722-0.849 < 0.001
Intercept 7.543 1.444

[3 regression coefficient; S. E. standard error; Cf confidence interval
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Fig.4 Receiver operating curve of the regression model for functional indepen-
dence (Barthel Index >95) after 100 days in 173 patients with ICH (validation co-
hort)

Numerous predictors for outcome following ICH
have been proposed. Among the most consistently iden-
tified are extent of hemorrhage, initial Glasgow Coma
Scale (GCS), presence of ventricular bleeding, age, loca-
tion of hemorrhage, sex, global clinical impression,
midline shift, hydrocephalus, history of arterial hyper-
tension, and glucose level during the first days (review
by Ariesen etal. [2]). Numerous ICH scoring systems
have been proposed, only some of which were designed
to predict functional outcome [6, 7, 11, 15, 19, 20]. Only
one score has been externally validated with contradic-
tory results concerning the accuracy of favorable out-
come following ICH [7, 9, 13, 14]. In contrast to previ-
ous findings, only age and the initial NIH-SS could be
identified as independent predictors of independent
functional outcome. As shown in a previous study, the
NIH-SS had a higher predictive value for three month
outcome than any other indicator of stroke severity [7].
This scale is widely accepted in clinical studies of acute
stroke and enables a more discriminative assessment of
neurological deficits than the GCS. In addition, the GCS

is biased towards aphasic patients who score conside-
rably worse than non-aphasic patients. The NIH-SS
therefore could be more useful for clinical studies than
a score that focuses on severely affected patients but has
only minor prognostic value in the rest. Interestingly,
the imaging parameters included in model develop-
ment were of lower significance than age and initial
NIH-SS as a clinical measure of stroke severity and were
not retained in the final model. While hematoma vol-
ume and location of hematoma have been previously
suggested as independent predictors of good outcome,
the respective models did not exclude patients with
highly adverse prognosis (i. e. intubated or comatose at
admission) and used less rigorous levels of significance
[6, 7,11, 15, 19, 20]. Although imaging variables would
probably have been retained in a larger development co-
hort, their inclusion would have added little diagnostic
accuracy but instead would have increased complexity
and rendered the model less stable. Likewise, the pre-
diction could probably be improved by including vari-
ables that are assessed at a later stage of treatment or
rehabilitation but the practical value would be limited
as the prediction cannot be given as early. We therefore
decided to base our model on variables which could be
obtained within the first hours after admission follow-
ing ICH.

Physicians in our study tended to be overly pes-
simistic regarding the outcome of patients with ICH.
Other studies have suggested that do-not-resuscitate
(DNR) orders may lead to self-fulfilling prophecies [3,
12]. Although we had no information on DNR orders or
withdrawal of support, this seems unlikely to have af-
fected our population after exclusion of comatose or in-
tubated patients. Few studies have investigated the im-
pact of early neurological worsening upon outcome
after ICH [10, 17]. Inclusion of a variable to account for
neurological worsening after 72 hours yielded an addi-
tional independent predictor of adverse functional out-
come when added to the identified models (data not
shown).

In conclusion, neurologists tend to be overly pes-
simistic regarding the chance of functional restitution
after ICH. Our validated model for recovery after 100
days therefore could assist in providing quantitative
prognosis to patients and their families. The results
could also provide valuable information for the design
of future clinical trials by excluding patients with a high

Table3 Classification of 173 patients in the valida-

tion cohort using the previously calibrated threshold Observed frequency (%)

Predicted frequency (%)

of 0.42 Barthel Index >95 Adverse outcome Total
Bl >95 91(52.6) 8(4.6) 99 (57.2)
Adverse outcome 27 (15.6) 47(27.2) 74 (42.8)
Total 118 (68.2) 55(31.8) 173




chance of spontaneous recovery who are thus unlikely to

show a treatment effect.
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