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BACKGROUND: Symptomatic intracranial hemorrhage (sICH) is a severe complication of reperfusion therapy for ischemic 
stroke. Multiple models have been developed to predict sICH or intracranial hemorrhage (ICH) after reperfusion therapy. 
We provide an overview of published models and validate their ability to predict sICH in patients treated with endovascular 
treatment in daily clinical practice.

METHODS: We conducted a systematic search to identify models either developed or validated to predict sICH or ICH after 
reperfusion therapy (intravenous thrombolysis and/or endovascular treatment) for ischemic stroke. Models were externally 
validated in the MR CLEAN Registry (n=3180; Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands). The primary outcome was sICH according to the Heidelberg Bleeding Classification. 
Model performance was evaluated with discrimination (c-statistic, ideally 1; a c-statistic below 0.7 is considered poor in 
discrimination) and calibration (slope, ideally 1, and intercept, ideally 0).

RESULTS: We included 39 studies describing 40 models. The most frequently used predictors were baseline National Institutes 
of Health Stroke Scale (NIHSS; n=35), age (n=22), and glucose level (n=22). In the MR CLEAN Registry, sICH occurred in 
188/3180 (5.9%) patients. Discrimination ranged from 0.51 (SPAN-100 [Stroke Prognostication Using Age and National Institutes 
of Health Stroke Scale]) to 0.61 (SITS-SICH [Safe Implementation of Treatments in Stroke Symptomatic Intracerebral Hemorrhage] 
and STARTING-SICH [STARTING Symptomatic Intracerebral Hemorrhage]). Best calibrated models were IST-3 (intercept, −0.15 
[95% CI, −0.01 to −0.31]; slope, 0.80 [95% CI, 0.50−1.09]), SITS−SICH (intercept, 0.15 [95% CI, −0.01 to 0.30]; slope, 0.62 [95% 
CI, 0.38−0.87]), and STARTING−SICH (intercept, −0.03 [95% CI, −0.19 to 0.12]; slope, 0.56 [95% CI, 0.35−0.76]).

CONCLUSIONS: The investigated models to predict sICH or ICH discriminate poorly between patients with a low and high risk of 
sICH after endovascular treatment in daily clinical practice and are, therefore, not clinically useful for this patient population.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: endovascular treatment ◼ ischemic stroke ◼ symptomatic intracranial hemorrhage

Reperfusion therapy (ie, intravenous thrombolytics 
(IVT), endovascular thrombectomy (EVT), or a com-
bination of both) is an effective treatment for isch-

emic stroke at group level, despite the increased average 

risk of symptomatic intracranial hemorrhage (sICH).1,2 On 
an individual level, the occurrence of sICH after reperfu-
sion therapy increases the likelihood of poor functional 
outcome and death.3 Reliable identification of individual 
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patients with high risk of sICH could be useful to cli-
nicians when therapeutic decisions are made, to inform 
patients and relatives on prognosis, and to personalize 
monitoring protocols.4

Several prediction models that aim to identify patients 
with a high risk of sICH after reperfusion therapy have 
been published.5–11 Before a prediction model can be 
implemented in clinical practice, the model should be 
evaluated thoroughly. External validation is essential in 
this evaluation because it assesses the generalizability 
of the model.12 Only a few models to predict sICH have 
been developed or externally validated in patients receiv-
ing EVT for ischemic stroke.9–11,13

We aimed to provide an overview of currently pub-
lished models to predict sICH or ICH after reperfusion 
therapy and to externally validate their ability to pre-
dict sICH in patients treated with EVT in daily clinical 
practice.

METHODS
Search Strategy and Eligibility of Prediction 
Models
A search strategy was developed in collaboration with a 
biomedical information specialist to systematically search 
PubMed, Embase, Medline, Web of Science, and Cochrane to 
identify studies reporting on the development or validation of 
models based on clinical, radiological and treatment-related 
variables to predict sICH or any ICH after reperfusion therapy 
for ischemic stroke. We included studies that included at least 
2 variables in the model and were published in peer-reviewed 
journals. The search was restricted to studies published in 
English and conference abstracts were excluded. The search 
was conducted in August, 2021. The complete search strat-
egy is listed in Table S1. Two reviewers (NvdE and FK) inde-
pendently screened all titles and abstracts of the retrieved 
references. Subsequently, full-text copies of articles that 
potentially met the criteria were independently reviewed for 
final inclusion in this study. Consensus was reached with a 
third reviewer (DD) when needed.

External Validation Cohort
We used data from the MR CLEAN Registry (Multicenter 
Randomized Clinical Trial of Endovascular Treatment for 
Acute Ischemic Stroke in the Netherlands). The MR CLEAN 
Registry is a prospective, observational study of all patients who 

underwent EVT for ischemic stroke in the Netherlands. Details 
on the MR CLEAN Registry were published previously.2 For 
the present study, we selected patients who were registered 
between March 16, 2014 and November 1, 2017 and adhered 
to the following inclusion criteria: age≥18 years; treatment in 
a center that participated in the MR CLEAN trial; presence 
of a proximal intracranial occlusion in the anterior circulation 
confirmed on noninvasive vascular imaging (intracranial carotid 
artery [internal carotid artery (terminus)], middle cerebral artery 
[M1/M2], anterior cerebral artery [A1/A2]); and groin puncture 
within 6.5 hours after symptom onset. The central medical eth-
ics committee of the Erasmus MC University Medical Center 
Rotterdam, the Netherlands, evaluated the study protocol and 
granted permission to carry out the study as a registry (MEC-
2014-235). In compliance with the General Data Protection 
Regulation, source data are not available for other researchers. 
Information about analytic methods, study materials, and scripts 
of the statistical analyses are available from the corresponding 
author on reasonable request. The STROBE statement check-
list of the study can be found in Table S2.

Predicted Outcome
We externally validated the models for their performance to 
predict sICH within 90 days after intervention. An ICH was 
deemed symptomatic if a patient died or deteriorated neuro-
logically and evidence of related ICH on follow-up imaging 
(non-contrast computed tomography or magnetic resonance 
imaging).14 To minimize biased reporting, the imaging core 
laboratory analyzed the follow-up images of patients with 
sICH and the complication committee made the final deci-
sion for reporting a sICH.

Statistical Analysis
Models including predictors that were not included in the MR 
CLEAN Registry database were reconstructed from available 
variables if possible. If this was not possible, these models were 
included in the overview, but excluded for external validation.

Model performance was evaluated with discrimination 
and calibration. Discrimination was quantified with the con-
cordance (c) statistic, which is identical to the area under the 
receiver operating curve for binary outcomes. The c statistic 
varies between 0.5 for a non-informative model and 1 for a 
perfectly discriminating model.15 A c statistic below 0.7 is con-
sidered a poor discriminative ability, a c statistic between 0.7 
and below 0.8 is considered acceptable, a c statistic between 
0.8 and below 0.9 is considered excellent, and a c statistic of 
0.9 and above is considered outstanding.16 Calibration refers to 
the level of agreement between predicted risks and observed 
outcome expressed as a calibration intercept and slope. The 
intercept indicates whether predictions are systematically too 
high or too low, and should ideally be zero. The calibration slope 
describes the effect of the predictors in the validation sample 
and is ideally equal to 1.12 For models developed to predict out-
comes other than sICH or ICH, but that have been evaluated 
for ICH prediction, calibration was only assessed if the regres-
sion model was adapted for ICH prediction.

For models that were presented as a risk score, we used the 
predicted probabilities of each model as published in the origi-
nal development article. If a study expressed a probability of 0 
(0%) for the outcome of interest, this value was adapted to 0.01 

Nonstandard Abbreviations and Acronyms

EVT endovascular thrombectomy
IVT intravenous thrombolytics
MR CLEAN  Multicenter Randomized Clinical Trial 

of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands

sICH symptomatic intracranial hemorrhage
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(1%), because these probabilities were otherwise excluded by 
the val.prob.ci.2 function in R.17 If the predicted probabilities 
were not published, we contacted the corresponding author to 

provide the predicted probability of the model. For regression 
models, authors were contacted to provide the regression for-
mula if this was not reported.

Figure 1. Flow chart of the systematic literature search.
ECASS indicates European Cooperative Acute Stroke Study; HBC, Heidelberg Bleeding Classification; ICH, intracranial hemorrhage; NINDS, 
National Institute of Neurological Disorders and Stroke; SICH, symptomatic intracranial hemorrhage; and SITS-MOST, Safe Implementation of 
Thrombolysis in Stroke-Monitoring Study.
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Missing values were imputed with multiple imputation (n=5) 
using the function aregImpute. Confidence intervals of the 
model performance measures were composed with bootstrap-
ping (200 samples in 5 imputed datasets).

All statistical analyses were performed with R statistical 
software (version 4.0.5).

RESULTS
The literature search identified 7038 unique studies. A 
total of 6947 studies were excluded based on title and 
abstract. We assessed the full texts of 91 studies and 
included 39 studies, which described 40 models (Fig-
ure 1). Model development characteristics of the included 
models are shown in Table S3. The number of predic-
tors varied between 2 and 14 predictors. The most fre-
quently used predictors were baseline National Institutes 
of Health Stroke Scale (NIHSS; n=35), age (n=22), and 
baseline blood glucose (n=22; Table 1).

We excluded 14 models for external validation (Fig-
ure 1). For 8 included models, 1 predictor was adapted to 
be able to externally validate the model in the MR CLEAN 
Registry (Table S4). Of the 26/40 models available for 
external validation, 7/26 were developed in patients 
treated with EVT. Calibration of 6 models (GRASPS 
[GWTG-Stroke sICH Risk], Sung, Kidwell, SPAN-100 
[Stroke Prognostication Using Age and National Insti-
tutes of Health Stroke Scale], ASTRAL [Acute Stroke 
Registry and Analysis of Lausanne], DRAGON [dense 
cerebral artery sign/early infarct signs on admission 
CT scan, prestroke modified Rankin Scale, age, glucose 
level at baseline, onset-to-treatment time, and baseline 
National Institutes of Health Stroke Scale score]) could 
not be assessed due to missing data in articles.

The external validation cohort consisted of 3180 
patients. The mean age was 72 years and the median 
baseline NIHSS score was 16. In total, 188/3180 
(5.9%) patients had an sICH (Table 2).

The discriminative ability of the models, expressed 
as c statistic, ranged from 0.51 (SPAN-100) to 0.61 
(SITS-SICH [Safe Implementation of Treatments in 
Stroke Symptomatic Intracerebral Hemorrhage] and 
STARTING-SICH [STARTING Symptomatic Intracere-
bral Hemorrhage]) (Table 3). Model calibration, reported 
as calibration intercept and slope, varied substantially 
between studies (Figure 2, Table S4). The values at the 
extremes of the range for calibration intercept and slope 
were mainly models developed to predict ICH. Models 
with the best calibration characteristics were all models 
developed in a population of patients treated with IVT 
alone: IST-3 (intercept −0.15 [95% CI, −0.01 to −0.31]; 
slope 0.80 [95% CI, 0.50–1.09]), SITS-SICH (intercept 
0.15 [95% CI, −0.01 to 0.30]; slope 0.62 [95% CI, 0.38–
0.87]), and STARTING-SICH (intercept −0.03 [95% CI, 
−0.19 to 0.12]; slope 0.56 [95% CI, 0.35–0.76]) (Table 
S5, Figure S1).

DISCUSSION
We conducted a systematic search to provide an over-
view of published models to predict sICH or ICH after 
reperfusion therapy and externally validated their ability 
to predict sICH in patients treated with EVT in daily clini-
cal practice. Investigated models to predict sICH or ICH 
discriminated poorly between patients with a low and 
high risk of sICH after EVT.

The IST-3, SITS-SICH, and STARTING-SICH showed 
overall the best predictive performance in terms of dis-
crimination and calibration in stroke patients treated with 
EVT in daily clinical practice. The models had reasonable 
calibration characteristics, but the discriminative perfor-
mance was poor. Even if a model would have perfect cali-
bration characteristics (ie, predicted risk of the outcome 
for patients is equal to the observed risk), it is useless if 
it does not discriminate between patients with a low and 
high risk of the outcome.12

The poor discriminative performance of all models can 
be explained by several reasons. We included models 
that were developed to predict sICH or ICH according 
to different definitions, and this may affect strength and 
nature of the predictors. Another explanation is that most 
models were developed in patients treated with IVT alone. 
Although the incidence of sICH in patients treated with 
IVT alone is similar to patients treated with EVT,18 pre-
dictors of sICH or the predictive value of predictors may 
differ. For example, endovascular-procedure–related fac-
tors, such as number of passes or reperfusion at the end 
of the procedure, are important predictors of sICH.19,20 
Moreover, generalizability of the models might be limited 
due to different selection criteria for treatment with IVT 
and/or EVT. Also, the use of antihypertensive medication 
or antithrombotics could influence the risk of sICH.

The predictive performance of models developed in 
patients treated with EVT in terms of both discrimina-
tion (n=7) and calibration (n=5) was poor. This could be 
explained because the population in which the models 
were developed was different from our external valida-
tion cohort. For example, TAG was developed in patients 
treated with EVT within 24 hours and ASIAN was devel-
oped in Chinese patients, who are at increased risk of 
sICH.9 Predictors or the prognostic value of predictors in 
the Asian population may differ from our population. The 
poor predictive performance of all models in our study 
emphasizes the importance of external validation.

External validation studies provide the best insight 
into the performance of a model, indicating how useful 
it might be in other participants, centers, regions, or set-
tings.21 Therefore, it is efficient to evaluate the perfor-
mance and usefulness of published models before a new 
model is developed. Because the predictive performance 
of all models we evaluated was poor, further research 
should focus on identifying predictors of sICH in patients 
treated with EVT, including interaction of predictors, 
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Table 1. Overview of Predictors Included in the Models

 Models developed to predict sICH Models developed to predict ICH
Models developed to predict another outcome than sICH 
or ICH   

 Chung22 GRASPS5 Guo23 IST-36 RICH*24 SEDAN7 SICH25 
SITS-
SICH8 

START-
ING-
SICH26 Sung27 TURN28 Wang29 ASIAN†9 

IER-
‡SICH†10 Lee†30 Peng†31 Qian†13 TAG*11 

Cucchi-
ara32 

El 
Nawar33 HAT34 HTI35 

Genot-
PA36 Kidwell37 Krishnan38 Puig39 

SPAN-
10040 Wu41 Yeo42 Zhou43 

Constant 
Dit Beau-
fils|**|44 Feng†45 Liu†46 Nael†47 Yuan†48 ASTRAL49 DRAGON50 iScore51 

Stroke-
TPI52 THRIVE†*53 Total

Clinical characteristics

  NIHSS  • • • • • • • • • • •  • •  •  • • • • • • • • • • • • • • •  • • • • • • 35

  Age  •  • • •  • • •  •  • •  •  • •     •  •  •    •   • • • • • 22

  SBP  •   •  • • • •     •                  •        8

  Sex  •               •              •  •     • •  6

  Prestroke mRS           •                          • •   3

  Infarct type§          •       •|||                     •   3

  Weight        •  •                               2

  DBP •                      •                  2

  Ethnicity‡  •                                       1

  NIHSS item 1a                                    •     1

  NIHSS item 3                                    •     1

  TOAST                                 •        1

Patient comorbidities

  Atrial fibrillation •  • •        •        •  • •     • • •   •     •  • 13

  Diabetes    •             •    •       •   •         • 6

  Hypertension    •    •  •                  •            • 5

  Smoking                    •             •     •   3

CHF‡ •                                     •   2

   Myocardial 

infarction

                              •       •   2

  Cancer†                                      •   1

  Renal dialysis‡                                      •   1

  Valvular heart 

disease

      •                                  1

  Drinking‡                                 •        1

Medication use

  Antiplatelet|¶|    •   • •|¶| •|¶| •|¶|      •                 •        7

  Antithrombotic         •           •                     2

  Statin     •                            •        2

Laboratory

  Glucose  • • • • •  • • •  • •  • • • • •     •     • •      • • • •  22

  Trombocyte 

count

      •            •     •  •       •        5

  Neutrophil-to-

lymphocyte 

ratio‡

  •                              •        2

  Triglyceride •                                        1

  HDL‡                                 •        1

  LDL‡ •                                        1

  Platelet-to-

lymphocyte 

ratio‡

                               •         1

  Occludin level                                   •      1

  CRP-to-albumin 

ratio

               •                         1

Genetics

  rs1801020‡                       •                  1

  rs669†                       •                  1

Imaging

  Early infarct 

signs or 

ASPECTS

     •   •    •     •   • •         •      •    8

HAS    •  •   •             •               •    5

Collaterals             • •                  •         3

Permeability‡                          •        •       2

Leukoariosis    •                                     1

CBS                         •                1

DWI volume‡                    •                     1

AQ8

(Continued )
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Table 1. Overview of Predictors Included in the Models

 Models developed to predict sICH Models developed to predict ICH
Models developed to predict another outcome than sICH 
or ICH   

 Chung22 GRASPS5 Guo23 IST-36 RICH*24 SEDAN7 SICH25 
SITS-
SICH8 

START-
ING-
SICH26 Sung27 TURN28 Wang29 ASIAN†9 

IER-
‡SICH†10 Lee†30 Peng†31 Qian†13 TAG*11 

Cucchi-
ara32 

El 
Nawar33 HAT34 HTI35 

Genot-
PA36 Kidwell37 Krishnan38 Puig39 

SPAN-
10040 Wu41 Yeo42 Zhou43 

Constant 
Dit Beau-
fils|**|44 Feng†45 Liu†46 Nael†47 Yuan†48 ASTRAL49 DRAGON50 iScore51 

Stroke-
TPI52 THRIVE†*53 Total

Clinical characteristics

  NIHSS  • • • • • • • • • • •  • •  •  • • • • • • • • • • • • • • •  • • • • • • 35

  Age  •  • • •  • • •  •  • •  •  • •     •  •  •    •   • • • • • 22

  SBP  •   •  • • • •     •                  •        8

  Sex  •               •              •  •     • •  6

  Prestroke mRS           •                          • •   3

  Infarct type§          •       •|||                     •   3

  Weight        •  •                               2

  DBP •                      •                  2

  Ethnicity‡  •                                       1

  NIHSS item 1a                                    •     1

  NIHSS item 3                                    •     1

  TOAST                                 •        1

Patient comorbidities

  Atrial fibrillation •  • •        •        •  • •     • • •   •     •  • 13

  Diabetes    •             •    •       •   •         • 6

  Hypertension    •    •  •                  •            • 5

  Smoking                    •             •     •   3

CHF‡ •                                     •   2

   Myocardial 

infarction

                              •       •   2

  Cancer†                                      •   1

  Renal dialysis‡                                      •   1

  Valvular heart 

disease

      •                                  1

  Drinking‡                                 •        1

Medication use

  Antiplatelet|¶|    •   • •|¶| •|¶| •|¶|      •                 •        7

  Antithrombotic         •           •                     2

  Statin     •                            •        2

Laboratory

  Glucose  • • • • •  • • •  • •  • • • • •     •     • •      • • • •  22

  Trombocyte 

count

      •            •     •  •       •        5

  Neutrophil-to-

lymphocyte 

ratio‡

  •                              •        2

  Triglyceride •                                        1

  HDL‡                                 •        1

  LDL‡ •                                        1

  Platelet-to-

lymphocyte 

ratio‡

                               •         1

  Occludin level                                   •      1

  CRP-to-albumin 

ratio

               •                         1

Genetics

  rs1801020‡                       •                  1

  rs669†                       •                  1

Imaging

  Early infarct 

signs or 

ASPECTS

     •   •    •     •   • •         •      •    8

HAS    •  •   •             •               •    5

Collaterals             • •                  •         3

Permeability‡                          •        •       2

Leukoariosis    •                                     1

CBS                         •                1

DWI volume‡                    •                     1

AQ8

Table 1. Continued

(Continued )
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before a new model should be developed and externally 
validated.12

Our study has several limitations. First, we evalu-
ated the external validity of models to predict sICH in 
patients treated with EVT within 6.5 hours of symp-
tom onset. Therefore, we cannot draw any conclusions 
about the usefulness of these models to predict sICH 
in patients treated after 6.5 hours of symptom onset or 
treated with IVT alone. Secondly, some variables were 
not available in our dataset. Therefore, we were not able 
to evaluate the external validity of all models: for exam-
ple, models that included magnetic resonance imaging 
parameters. For some models, we imputed a missing 
variable with a value of 0, which might underestimate 
the performance of a model. For example, GRASPS 
included Asian ethnicity as predictor, which was not 
available in our dataset. We assigned all patients a 
score of 0 (ie, non-Asian ethnicity), because the num-
ber of people with Asian ethnicity in the Netherlands 
is relatively low and we believe this variable could not 
be imputed based on other variables. However, this 
might have influenced the predictive performance of 
GRASPS. Lastly, the predicted outcome in this study 
was sICH according to the Heidelberg Bleeding 
Classification. Therefore, the performance of models 
developed for other outcome measures or other sICH 
definitions, might be underestimated. However, being 
able to predict sICH accurately is more relevant than all 
ICH, because it is more strongly associated with poor 
functional outcome.

To conclude, the investigated models to predict sICH 
or ICH discriminate poorly between patients with a low 
and high risk of sICH after EVT in daily clinical practice. 

Therefore, these models are not clinically useful for this 
patient population.
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fils|**|44 Feng†45 Liu†46 Nael†47 Yuan†48 ASTRAL49 DRAGON50 iScore51 

Stroke-
TPI52 THRIVE†*53 Total

Cerebral blood 

volume‡

                                 •       1

CSVD burden 

score‡

                           •             1

Time (min) from symptom onset to

  IVT        • • •  •#   •        •     •         •    8

  EVT             •                  •          2

  Recanalization              •          •                 2

  First hospital                                    •     1

Treatment characteristics

  Number of 

passes

            •    •              •          3

  Post EVT eTICI 

score

             •    •                       2

  Treatment 

with IVT

              •                          1

  Treatment with 

antihypertenisve 

drugs

      •                                  1

  Treatment with 

EVT

                                •        1

Total 5 6 4 9 5 5 6 9 10 10 2 5 5 5 6 3 7 3 4 6 3 4 6 4 3 3 2 10 4 3 7 3 14 2 2 6 7 12 3 5  

ASIAN indicates Alberta Stroke Program Early CT Score, Baseline Glucose, Poor Collateral Circulation, Passes With Retriever, and Onset-to-Groin Puncture Time; 
ASPECTS, Alberta Stroke Program Early CT Score; ASTRAL, Acute Stroke Registry and Analysis of Lausanne; CBS, clot burden score; CHF, congestive heart failure; 
CRP, C-reactive protein; CT, computed tomography; CSVD burden score, cerebral small vessel disease burden score (includes white matter hyperintensities, perivascular 
spaces, cerebral microbleeds, lacunar infarction and brain atrophy); DBP, diastolic blood pressure; DRAGON, dense cerebral artery sign/early infarct signs on admission 
CT scan, prestroke modified Rankin Scale, age, glucose level at baseline, onset-to-treatment time, and baseline National Institutes of Health Stroke Scale score; DWI, 
diffusion weighted imaging; eTICI, expanded Thrombolysis in Cerebral Infarction; EVT, endovascular treatment; GRASPS, GWTG-Stroke sICH Risk; HAS, hyperdense 
artery sign; HAT, hemorrhage after thrombolysis; HDL, high-density lipoprotein; HTI, hemorrhagic transformation index; and IER-SICH, Italian Registry of Endovascular 
Stroke Treatment in Acute Stroke Symptomatic.

*For this model, there is a regression model and risk score available. They are both externally validated, but included as one in this table.
†Indicates models that are developed in a cohort of patients treated with EVT.
‡Indicates variables that are not included in our dataset.
§Infarct type classified as total anterior circulation infarcts, partial anterior circulation infarcts, posterior circulation infarcts, or lacunar infarct based on their maximal 

neurological deficits before initiation of thrombolytic therapy according to the Oxfordshire Community Stroke Project classification.
|Infarct type was classified as anterior circulation or posterior circulation.13

¶Different scores were assigned to patients with aspirin monotherapy and combined use of aspirin and clopidogrel.
#Time (min) from door to treatment with IVT.

AQ9AQ10

Table 1. Continued

Table 2. Patient Characteristics in the Validation Cohort According to the Occurrence of Symptomatic 
Intracranial Hemorrhage

 sICH (n=188) No sICH (n=2992) 
Number of patients 
with missing data 

Age (y), median (IQR) 72 (64–81) 72 (61–80) 0

Men, n (%) 87 (46.3) 1567 (52.4) 0

Weight (kg), median (IQR) 80 (70–90) 78 (68–88) 1049

Systolic blood pressure in mmHg, mean (SD) 155 (25) 150 (25) 88

Baseline NIHSS, median (IQR) 17 (13–20) 16 (11–19) 52

NIHSS item 1a: level of consciousness, n (%)   0

  0–Alert 136 (72.3) 2373 (79.3)

  1–Not alert, but arousable by minor stimulation 38 (20.2) 472 (15.8)

  2–Not alert, requires repeated stimulation to attend 11 (5.9) 116 (3.9)

  3–Comatose 3 (1.6) 30 (1.0)

NIHSS item 3: visual fields, n (%)   0

  0–No visual loss 82 (43.6) 1376 (46.0)

  1–Partial hemianopia 26 (13.8) 502 (16.8)

  2–Complete hemianopia 76 (40.4) 1091 (36.5)

  3–Bilateral hemianopia 4 (2.1) 23 (0.8)

Continued
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 sICH (n=188) No sICH (n=2992) 
Number of patients 
with missing data 

Prestroke mRS score, n (%)   72

  0 113 (61.4) 1994 (68.2)

  1 29 (15.8) 379 (13.0)

  2 13 (7.1) 218 (7.5)

 �≥3 29 (15.7) 333 (11.3)

Patient comorbidities

  Hypertension, n (%) 111 (61.0) 1522 (51.9) 66

  Diabetes, n (%) 34 (18.5) 476 (16.0) 24

Atrial fibrillation, n (%) 40 (22.0) 716 (24.2) 42

Myocardial infarction, n (%) 39 (21.7) 402 (13.7) 64

Smoking, n (%) 37 (27.4) 640 (27.8) 740

Medication use

Coumarine, n (%) 23 (12.4) 386 (13.0) 24

Antiplatelet, n (%) 78 (42.4) 904 (30.6) 41

  Acetylsalicylic acid 35 (22.9) 420 (15.9) 386

  Clopidogrel 11 (7.2) 148 (5.6) 386

Statin, n (%) 71 (39.2) 1028 (35.1) 73

Laboratory

Glucose in mmol/L, median (IQR) 7.6 (6.4–9.3) 6.7 (5.9–8.0) 367

Trombocyte count ×109, median (IQR) 243 (197–297) 233 (193–288) 440

Imaging

Baseline ASPECTS, median (IQR) 9 (7–10) 9 (7–10) 105

Hyperdense artery sign, n (%) 101 (57.7) 1554 (54.0) 127

Leukoariosis, n (%) 75 (42.1) 1134 (39.4) 125

Clot burden score, median (IQR) 6 (4–8) 6 (4–8) 665

Collateral grade, n (%)   202

  0 18 (10.3) 168 (6.0)

  1 77 (44.0) 995 (35.5)

  2 43 (24.6) 1111 (39.6)

  3 37 (21.1) 529 (18.9)

Time (min) from symptom onset to

Door of first hospital, median (IQR) 55 (35–98) 55 (38–95) 629

CT in first hospital, median (IQR) 73 (51–120) 71 (52–113) 933

IVT, median (IQR)
EVT (groin puncture), median (IQR)

90 (64–128)
206 (157–249)

82 (61–120)
194 (150–250)

949
15

Recanalization, median (IQR) 265 (222–322) 250 (197–311) 204

Treatment characteristics

Treatment with IVT, n (%) 145 (77.1) 2282 (76.6) 11

Number of passes, median (IQR) 2 (1–3) 1 (1–3) 357

Post-EVT eTICI score, n (%)   84

  0 40 (21.9) 479 (16.4)

  1 11 (6.0) 80 (2.7)

  2A 44 (24.0) 529 (18.2)

  2B 34 (18.6) 661 (22.7)

  2C 16 (8.7) 316 (10.8)

  3 38 (20.8) 848 (29.1)

ASPECTS indicates Alberta Stroke Program Early CT Score; range 0 to 10, higher scores indicate less early ischemic changes; eTICI, 
expanded Thrombolysis in Cerebral Infarction; range 0 (no reperfusion) to 3 (complete reperfusion); EVT, endovascular treatment; IQR, inter-
quartile range presented as the 25th and 75th percentile; IVT, intravenous thrombolysis; mRS, modified Rankin Scale, range 0 (no symptoms) 
to 6 (death); NIHSS, National Institutes of Health Stroke Scale; range 0 to 42, higher scores indicate more severe neurological deficits; and 
SD, standard deviation.

Table 2. Continued
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