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External Validation of the SEDAN Score for Prediction of
Intracerebral Hemorrhage in Stroke Thrombolysis

Michael V. Mazya, MD; Paolo Bovi, MD, PhD; José Castillo, MD, PhD; Dalius Jatuzis, MD, PhD;
Adam Kobayashi, MD, PhD; Nils Wahlgren, MD, PhD; Niaz Ahmed, MD, PhD

Background and Purpose—The SEDAN score is a prediction rule for assessment of the risk of symptomatic intracerebral
hemorrhage (SICH) per the European Cooperative Acute Stroke Study (ECASS) II definition in patients with acute
ischemic stroke treated with intravenous thrombolysis. We assessed the performance of the score in predicting SICH
per the ECASS II and Safe Implementation of Treatments in Stroke Monitoring Study (SITS-MOST) definitions in the
SITS—International Stroke Thrombolysis Register (SITS-ISTR).

Methods—We calculated the SEDAN score in 34251 patients with complete data, enrolled into the SITS-ISTR. The risk for
SICH by both definitions was calculated per score category. Odds ratios for SICH per point increase of the score were
obtained using logistic regression. The predictive performance was assessed using area under the curve of the receiver

operating characteristic (AUC-ROC).

Results—The predictive capability for SICH per ECASS II was moderate at AUC-ROC=0.66. With rising scores, there
was a moderate increase in risk for SICH per ECASS II (odds ratio, 1.65 per point; 95% confidence interval, 1.59-1.72;
P<0.001), with SICH rates between 1.6% for 0 points and 16.9% for =5 points, average 5.1%. The predictive capability
for SICH per SITS-MOST was weaker, AUC-ROC=0.60, with lower increase per score point (odds ratio, 1.36 per
point; 95% confidence interval, 1.28-1.46; P<0.001), and SICH rates between 0.8% for 0 points and 5.4% for =5 points,

average 1.8%.

Conclusions—In this very large data set, the predictive and discriminatory performances of the SEDAN score were only
moderate for SICH per ECASS II and low for SICH per SITS—-Monitoring Study. (Stroke.2013;44:1595-1600.)
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Symptomatic intracerebral hemorrhage (SICH) remains a
rare but feared complication of thrombolytic therapy for
acute ischemic stroke. Four clinical prediction algorithms have
been published with the specific aim to estimate the risk of
its occurrence in individual patients: the safe implementation
of treatments in stroke (SITS)-SICH score, the SEDAN
score, the hemorrhage after thrombolysis (HAT) score, and
the Multicentre Stroke Survey score.'™ The novel SEDAN
score comprises 5 risk factors for SICH, obtained using
multivariate logistic regression analysis on a single-center
stroke thrombolysis population (n=974). Its total sum ranges
between 0 and 6 points. The components are baseline blood
glucose 8.1 to 12.0 mmol/L (145-216 mg/dL) =1 point
and >12.0 mmol/L (>216 mg/dL) =2 points, early infarct signs
on baseline CT =1 point, hyperdense cerebral artery sign =1
point, age >75 years =1 point, and baseline National Institutes

of Health Stroke Scale (NIHSS) score =10 =1 point. The
SEDAN score is designed to predict SICH per the definition
introduced in the European Cooperative Acute Stroke Study
(ECASS) II trial: “clinical deterioration causing an increase in
the NIHSS score of >4 points and whether the hemorrhage was
likely to be the cause of the clinical deterioration. However, in
case of doubt regarding whether edema or hemorrhage was
the leading pathology, an association of the hemorrhage with
the deterioration was assumed.” The allowed time window
for a hemorrhage to be labeled as SICH was 7 days from
treatment. All variables used in the SEDAN score are available
in the SITS-International Stroke Thrombolysis Register
(ISTR) database. This allowed us to undertake an attempt
to validate the risk score externally in the largest stroke
thrombolysis register worldwide. Our secondary objective
was also to test whether the SEDAN score can predict SICH
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per the SITS-Monitoring Study definition.® It requires, in
addition to a clinical deterioration of >4 NIHSS points, a
parenchymal hemorrhage in excess of 30% of the cerebral
infarct. This requirement eliminates false-positive labeling of
SICH in patients who deteriorate because of infarct edema or
extracerebral causes, which is a possibility with the ECASS
II definition, as it permits SICH labeling even in patients with
purely petechial hemorrhagic transformation of the infarct.

Methods

All patients recorded in the SITS-ISTR between December 25, 2002,
and December 12, 2011, were included in this study, n=45074.
Patients were included if they presented with stroke symptoms
and were treated with intravenous alteplase (Actilyse, Boehringer
Ingelheim, Germany) within or without license criteria. Need for
ethical approval or patient consent for participation in the SITS-ISTR
varied among participating countries. Ethics approval and patient
consent were obtained in countries that required this; other countries
approved the register for conduct as an anonymized audit. The SITS-
MOST data (n=6483)° are embedded within the SITS-ISTR. The
SITS-MOST was approved by the ethics committee of the Karolinska
Institutet, Stockholm, Sweden and by the Swedish Medical Products
Agency. The SITS International Coordination Office monitored the
SITS-ISTR data online and checked individual patient data monthly
to identify errors or inconsistencies. For a sample of patients included
in SITS-MOST, source data were verified onsite by monitors under
the supervision of the national coordinator.

The SITS-ISTR is an ongoing, prospective, Internet-based, aca-
demic-driven, multinational, observational monitoring register for
clinical centers using thrombolysis for the treatment of acute isch-
emic stroke. The methodology of the SITS-ISTR, including proce-
dures for data collection and management, patient identification and
verification of source data, has been described previously.®” We col-
lected baseline and demographic characteristics, stroke severity per
the NIHSS, onset-to-treatment time, medication history, and imaging
data at admission and follow-up. All assessments of imaging stud-
ies and neurological status were done according to clinical routine
at centers participating in the SITS-ISTR. A follow-up computed to-
mography (CT) or MR scan at 22 to 36 hours after intravenous tissue-
type plasminogen activator treatment was strongly recommended for
all patients. All SICH events were adjudicated centrally by the SITS
International Coordination Office based on recorded imaging and
clinical data.

SICH per ECASS II was defined in the database as any type of in-
tracerebral hemorrhage on any post-treatment imaging after the start
of thrombolysis and increase of >4 NIHSS points from baseline, or
from the lowest value within 7 days, or leading to death.

SICH per SITS-MOST was defined as a local or remote type 2
parenchymal hemorrhage on imaging 22 to 36 hours after treatment
or earlier if the imaging scan was performed because of clinical de-
terioration combined with a neurological deterioration of >4 NIHSS
points from baseline, or from the lowest NIHSS score between base-
line and 24 hours, or leading to death within 24 hours. A grading
of type 2 parenchymal hemorrhage for intracranial hemorrhage indi-
cates a bleed >30% of the infarct, with substantial space occupation.

Statistical Analysis
We performed descriptive statistics for baseline, imaging, and demo-
graphic data, comparing patients with and without SICH per ECASS
II (Table 1). For continuous variables, median and interquartile range
values were obtained. For categorical variables, we calculated per-
centage proportions by dividing the number of events by the total
number of patients, excluding missing or unknown cases, as done
in previous SITS publications.®’ For calculation of significance of
difference between medians and proportions, we used the Mann—
Whitney U test and the Pearson %> method, respectively.

Assessment of the total SEDAN score was performed, includ-
ing only patients for whom all necessary variables were available.

Logistic regression was performed to determine the odds ratios for
both SICH definitions per point increase of the score. The absolute
rates of SICH per ECASS 1II and SITS-MOST definitions were calcu-
lated for each point sum category (Table 2). The area under the curve
of the receiver operating characteristic (AUC-ROC or c statistic) was
calculated to assess the overall predictive performance of the score
for both SICH definitions. Multivariate logistic regression coeffi-
cients were obtained for the variables in the SEDAN score model, to
compare their magnitude to the ones reported in the original SEDAN
derivation cohort. The SITS investigators have previously reported a
multivariate analysis of the SITS-MOST study population, showing
independent risk factors for SICH per SITS-MOST and SICH per
National Institute of Neurological Disorders and Stroke.® However,
independent risk factors for SICH per ECASS II have never been
described in the SITS-ISTR material. To better understand the re-
sults from our validation attempt of the SEDAN score, we therefore

Table 1. Univariate Analysis of Baseline Variables

SICH ECASS I, No SICH ECASS I,
n=2222, Median  n=41760, Median

Characteristic (IQR) or % (IQR) or % PValue
Age, median y (IQR) 73 (65-79) 70 (60-77) <0.001
Women, % 425 42.8 <0.001
OTT, median min (IQR) 150 (120-176) 148 (118-175) <0.001
OTT >3 hours, % 18.1 16.7 0.08

NIHSS score, median (IQR) 16 (11-20) 11(7-17) <0.001
HCAS, % 30.5 18.7 <0.001
Early infarct signs, % 26.2 19.7 <0.001

Glucose, median mmol/L (IQR) 128 (108—164)
BP, median mmHg (IQR)
BPsys pre-tPA

117 (102-141)  <0.001

158 (140-171) 150 (136-167) <0.001

BPdia pre-tPA 84 (75-93) 81 (73-90) <0.001
BPsys post-tPA 152 (140-170) 145(130-160) <0.001
BPdia post-tPA 80 (72-90) 80 (70-89) <0.001
Weight (median), kg (IQR) 76 (68-87) 76 (67-85) 0.08
Medical history, %
Hypertension 73.6 62 <0.001
Diabetes mellitus 24.8 16.6 <0.001
Hyperlipidemia 34.2 31.3 <0.001
Atrial fibrillation 33.8 23.7 <0.001
Congestive heart failure 12.7 8.3 <0.001
Previous stroke 16.5 13.2 <0.001
Smoker, current 13.2 21.2 <0.001
Smoker, previous 18.1 20.7 <0.001
Prior medication, %
Oral anticoagulation 3.7 2.4 0.002
Aspirin 41.2 31.1 <0.001
Aspirin+dipyridamole 2.9 2.5 0.03
Clopidogrel 52 3.8 <0.001
Oral antihypertensive 57.3 47.8 <0.001
Statin 321 26.8 <0.001

Comparing patients with and without SICH per ECASS II. BPsys/BPdia
indicates systolic/diastolic blood pressure; ECASS I, European Cooperative
Acute Stroke Study; HCAS, hyperdense cerebral artery sign; IQR, interquartile
range; NIHSS, National Institute of Health Stroke Scale; OTT, onset-to-treatment
time; SICH, symptomatic intracerebral hemorrhage; and tPA, tissue-type
plasminogen activator.
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Table 2. Rates of SICH Per ECASS Il and SITS-MOST by SEDAN Score

Percentage of SICH E2 in

SEDAN Score N SICH E2/Total % SICH E2 (95% Cl) N SICH SM/Total % SICH SM (95% Cl) Percentage at Risk SEDAN Cohort, n=974
0 110/6769 1.6 (1.4-2.0) 53/6758 0.8 (0.6-1.0) 19% 1.4
1 382/11476 3.3(3.0-3.7) 169/11474 1.5(1.3-1.7) 32% 2.9
2 563/10491 5.4 (5.0-5.8) 206/10549 2.0(1.7-2.2) 29% 8.5
3 481/5442 8.8 (8.1-9.6) 126/5474 2.3(1.9-2.7) 15% 12.2
4 191/1559 12.3(10.7-14.0) 48/1578 3.0 (2.3-4.0) 4% 21.7
>5 49/290 16.9 (13.0-21.6) 16/294 5.4 (3.4-8.7) 1% 33.3

Comparison of rates of SICH per ECASS Il and SICH per SITS-MOST in the SITS-ISTR and the original SEDAN derivation cohort. Cl indicates confidence interval; E2,
European Cooperative Acute Stroke Study (ECASS) II; ISTR, International Stroke Thrombolysis Register; SICH, symptomatic intracerebral hemorrhage; and SM, safe

implementation of thrombolysis in stroke (SITS)-Monitoring Study (MOST).

performed a denovo backward stepwise logistic regression analysis
for this outcome. Variables were included in the model based on
univariate associations (P<0.10; Table 1), with stepwise removal at
P>0.10. To avoid likely loss of information through stratification of
continuous variables, the unstratified independent risk factors for
SICH per ECASS II were included in a comprehensive prediction
model for this outcome, and its discriminative capacity was calcu-
lated using the AUC-ROC method.

Results

A total of 45079 patients treated with intravenous throm-
bolysis were recorded in the SITS-ISTR between December
25, 2002, and December 12, 2011, with 95% of the patients
coming from European centers. Baseline characteristics
of patients with SICH per ECASS 1I in the SITS-ISTR are
shown in Table 1, compared by univariate analysis to patients
without SICH.

Median age was 70 years (interquartile range 17), and
median baseline blood glucose was 6.6 mmol/L (interquartile
range 2.1), both identical to values reported in the SEDAN
score derivation cohort.> Our median NIHSS score was 12
(interquartile range 10), higher than the 10 (interquartile
range 9) reported by the Helsinki group. The proportion of
patients with a hyperdense cerebral artery sign was similar
in our populations (18.6% versus 19.4%). Early infarct signs
on baseline CT imaging were less common in the SITS-ISTR
(20.1% versus 34.2%). The overall rate of SICH per ECASS
II was 5.1%, and 1.7% for SICH per SITS-MOST. Data for
all SEDAN score variables and outcomes were complete
in 36027 patients (80%) for ECASS II and 36127 patients
(80%) for the SITS-MOST SICH definitions. The radiologi-
cal parameters, dense artery sign and early infarct changes,
contributed the most to the missing data, being unavailable
in 7.1% and 6.7% of cases, respectively, followed by blood
glucose, missing in 5.7%.

Table 2 shows the risk for SICH per both definitions based
on the SEDAN score categories. Patients with a SEDAN score
of 6 points (n=20) comprised only 0.055% of the material and
were included in the =5 points category. They had a SICH per
ECASS Il rate of 20%. The rarity of a maximum score is also
noted in the original SEDAN publication, which reported no
patients with 6 points at all, among 1802 cases.

After logistic regression analysis, the SEDAN score was
associated with SICH per ECASS II (odds ratio, 1.65 per point
increase; 95% confidence interval, 1.59-1.72; P<0.001) and

less so with SICH per SITS-MOST (odds ratio, 1.36 per point
increase; 95% confidence interval, 1.28-1.46; P<0.001). The
AUC-ROC (c statistic) values were 0.66 for SICH per ECASS
II and 0.60 for SICH per SITS-MOST. The regression coef-
ficients of all variables of the SEDAN, including stratified
glucose, age and NIHSS, are shown in Table 3, to allow com-
parison with the coefficients reported in the SEDAN design
cohort.

The independent risk factors for SICH per ECASS II in our
material, obtained by backward stepwise logistic regression,
are shown in Table 4. The discriminating capacity of a prog-
nostic model for SICH per ECASS 1I, using all 10 of these
risk factors, without stratification of continuous variables, was
0.70 using AUC-ROC.

Discussion
The SEDAN score is a well-designed clinical prediction rule
for SICH per ECASS II. Its methodology follows closely the
recommendations outlined by Moons et al>!? and Altman et
al'! in a recent authoritative article series in the British Medical

Table 3. Regression Coefficients for SEDAN Variables

Regression Regression
Coefficient Coefficient SEDAN
Characteristic Category SITS-ISTR Derivation Cohort
Glucose, mmol/L <8 Reference Reference
8.2-12 0.61 0.80
>12 0.90 1.70
Early infarct signs on CT No Reference Reference
Yes 0.35 0.68
Hyperdense artery sign No Reference Reference
Yes 0.47 0.89
Age,y <75 Reference Reference
>75 0.37 0.65
NIHSS at baseline 0-9 Reference Reference
>10 0.81 0.71

SEDAN score variables for symptomatic intracerebral hemorrhage (SICH) per
European Cooperative Acute Stroke Study (ECASS)-II: regression coefficients in
the SITS-ISTR compared with the SEDAN original derivation cohort.

CT indicates baseline computed tomography; ISTR, International Stroke
Thrombolysis Register; NIHSS, National Institute of Health Stroke Scale; and
SITS, safe implementation of thrombolysis in stroke.
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Table 4. Independent Risk Factors for SICH per ECASS Il in
the SITS-ISTR

Characteristic Regression Coefficient PValue
Dense artery sign 0.390 <0.001
Hypertension 0.344 <0.001
Baseline clopidogrel 0.328 0.003
Early infarct signs 0.321 <0.001
Baseline aspirin 0.280 <0.001
Atrial fibrillation 0.180 0.001
NIHSS score 0.064 <0.001
Age 0.014 <0.001
Systolic BP 0.011 <0.001
Blood glucose 0.001 <0.001

Final model of the backward stepwise multiple logistic regression analysis.
For continuous variables, regression coefficients are given per unit of the
variable.

BP indicates blood pressure; ECASS Il, European Cooperative Acute Stroke
Study; ISTR, International Stroke Thrombolysis Register; NIHSS, National
Institute of Health Stroke Scale; SICH, symptomatic intracerebral hemorrhage;
and SITS, safe implementation of thrombolysis in stroke.

Journal, covering the design, validation, and use of prediction
scores.'? In our material, the SEDAN score showed a moderate
ability to predict SICH per ECASS II. Its discriminatory
capacity was lower than in its original derivation cohort, as
well as in a Swiss external validation cohort (¢ statistic 0.66
versus 0.77).2 The absolute rates of SICH were lower in score
categories 2 to =5 in our material, whereas more patients
predicted to have the lowest risk (0—1 points) actually had
SICH, compared with the original publication, as shown in
Table 2. The predictive capability for SICH per SITS-MOST
was weaker, with a ¢ statistic of 0.60 and a smaller increase in
risk per score level at odds ratio of 1.36.

Thus, the performance of the SEDAN score was not as
strong in the SITS-ISTR as in its original derivation cohort and
the external Swiss validation population.” To elucidate why
this was the case, we searched for independent risk factors for
SICH per ECASS II in our own population, asking whether
any factor of the original score lacked association with the
outcome in our data, or whether any additional variables could
have improved the model. All 5 parameters of the SEDAN
were confirmed to be independent predictors of SICH per
ECASS 1II. However, their regression coefficients, and hence
adjusted odds ratios for SICH, were much lower than those
reported in the original SEDAN publication (Table 3). Using
logistic regression, we found 5 additional independent risk
factors for SICH per ECASS 1II in our population: treatment
with aspirin or clopidogrel at baseline, known hypertension,
atrial fibrillation, and pre-thrombolysis systolic blood
pressure (Table 4). Nevertheless, even when all 10 predictors
(5 original SEDAN parameters plus 5 new ones) were put into
a multivariate prediction model, its discriminative capability
did not exceed a c statistic (AUC-ROC) of 0.70, that is, still
lower than the ¢ statistic of 0.77 reported in the original
SEDAN publication.? We consider the 2 main reasons for the
weaker performance of the SEDAN score in our material to
be as follows: (1) in the SITS-ISTR, individual risk factors
for SICH are weaker predictors of this complication than

suggested by results from smaller materials; therefore, their
combinations also show less predictive capability; and (2)
the SEDAN model could potentially have benefitted from the
inclusion of additional risk factors (eg, antiplatelet therapy,
baseline blood pressure, etc).

The ECASS II definition allows any type of hemorrhage,
including petechial, for the diagnosis of SICH if the prereq-
uisite clinical deterioration of >4 points on the NIHSS has
occurred within 7 days from treatment. In our material, 31%
of all patients classified as having SICH per ECASS 1II had
only petechial bleeds, whereas 69% had parenchymal hem-
orrhages. Contrary to parenchymal hemorrhages of sufficient
size, hemorrhagic petechiae are hard to conceptualize as true
SICH. We think that the SEDAN score, attributable to the
nature of the ECASS II definition, thus, predicts neurological
deterioration of >4 NIHSS points, however, not exclusively
attributable to hemorrhage but in at least 31% of cases rather
attributable to cerebral edema and extracerebral complica-
tions. This conclusion is supported by recent publications
reporting that the ECASS II definition of SICH is less strongly
associated with poor outcome and death (modified Rankin
scale, 5-6) than the SITS-MOST definition."*"

Our study has several limitations. Data were collected via
a prospective clinical register; hence, the study holds all the
drawbacks of observational design. CT and MRI scans were
read by local radiologists, according to clinical routine; there-
fore, they were not blinded to clinical information; however,
this was also the case in the original SEDAN derivation and
validation cohorts. The proportion of patients with missing
data for =1 variable or the main outcome in our material was
20%, which may have influenced the outcome. This can be
compared with 12.7% patients with missing data in the Swiss
external validation cohort in the original SEDAN publication.?
The rate of SICH per ECASS II was lower in our material,
at 5.1% versus 7.0% in the SEDAN derivation cohort. The
reason for this is not clear because important SICH risk fac-
tors, such as median age and blood glucose, were identical
between ours and the Helsinki cohort, whereas stroke severity
per NIHSS was higher in the SITS-ISTR. The SEDAN deriva-
tion cohort excluded 10.8% patients (119/1104) with basilar
artery occlusion.” These patients have a higher risk for SICH
per ECASS 1II at 15.7%, according to previously reported
data from the Helsinki group.'® During the study period, the
SITS-ISTR lacked the possibility to register specific arterial
occlusion sites. We were thus unable to exclude basilar artery
occlusion patients, which may have influenced the risk factor
profile for SICH per ECASS 1II compared with the Helsinki
material, potentially affecting the predictive capability of the
score in our material.

The past few years have seen a proliferation of prognostic
scores in the field of stroke.!” They reflect our need for more
precise instruments for prediction of complications, as well
as prognostication of long-term functional outcome. The
hemorrhage after thrombolysis and the multicenter stroke
survey were the first SICH scores to be published.** They
both have undergone an independent validation attempt in the
Stroke Acute Ischemic NXY-059 Trial I and II study cohorts,
unable to confirm the performance of the scores, reporting
¢ statistic values of 0.59 for both scores.'® The SEDAN has
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clinical advantages compared with these scores, in addition
to the somewhat higher c statistic value of 0.66 in our exter-
nal validation. It does not require waiting for a blood platelet
count (needed in the multicentre stroke survey score) and
does not include visible infarction of >33% of the middle
cerebral artery territory on baseline CT as a risk factor (as in
the HAT score), which is reasonable, because patients with
such large manifest infarcts are frequently excluded from IV
tPA treatment. One potential difficulty built into the SEDAN
score is the need for including the hyperdense cerebral artery
sign on baseline CT. The ability to detect this sign may vary
with CT image slice thickness used, as well as the level of
training and experience of the physician interpreting the
baseline scan, which may lead to difficulty in calculating the
SEDAN score.

The SITS-ISTR lacks data on platelet count and manifests
infarct size at baseline. For this reason, we have been unable
to perform a validation attempt for the HAT and multicen-
tre stroke survey scores using our material. The SITS-SICH
score designed by our group remains yet to be externally vali-
dated.' We believe that an advantage of the SITS score over
the SEDAN is that it is designed for the SICH per the SITS-
MOST definition, which consistently shows a stronger asso-
ciation with mortality and poor functional outcome than the
ECASS 1II and National Institute of Neurological Disorders
and Stroke definitions.

We emphasize the need for prospective studies evaluating
whether the use of SICH scores alters the risk versus benefit
profile of IV tPA treatment, as well as external validation
studies of existing and future scores. Until prospective
studies are available to confirm their clinical use, none of
the available scores should be regarded as ready for use
as the basis for a decision to withhold treatment with IV
thrombolysis in otherwise eligible patients. At present,
although the scores may provide us with valuable information,
clinical judgment remains the basis for treatment decisions
in acute stroke care.

Conclusions

In this large database material of >36 000 patients, the SEDAN
score predicts SICH per ECASS II less convincingly than
previously reported. The predictive capability for SICH per
SITS-MOST is lower still. The search for optimal predicting
factors and algorithms for truly SICH continues. We believe
that studies combining multimodal imaging and clinical fac-
tors to improve the predictability of SICH are warranted.
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