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Absolute risk and predictors of the growth of acute 
spontaneous intracerebral haemorrhage: a systematic 
review and meta-analysis of individual patient data
Rustam Al-Shahi Salman*, Joseph Frantzias*, Robert J Lee*, Patrick D Lyden, Thomas W K Battey, Alison M Ayres, Joshua N Goldstein, 
Stephan A Mayer, Thorsten Steiner, Xia Wang, Hisatomi Arima, Hitoshi Hasegawa, Makoto Oishi, Daniel A Godoy, Luca Masotti, 
Dar Dowlatshahi, David Rodriguez-Luna, Carlos A Molina, Dong-Kyu Jang, Antonio Davalos, José Castillo, Xiaoying Yao, Jan Claassen, 
Bastian Volbers, Seiji Kazui, Yasushi Okada, Shigeru Fujimoto, Kazunori Toyoda, Qi Li, Jane Khoury, Pilar Delgado, José Álvarez Sabín, 
Mar Hernández-Guillamon, Luis Prats-Sánchez, Chunyan Cai, Mahesh P Kate, Rebecca McCourt, Chitra Venkatasubramanian, Michael N Diringer, 
Yukio Ikeda, Hans Worthmann, Wendy C Ziai, Christopher D d’Esterre, Richard I Aviv, Peter Raab, Yasuo Murai, Allyson R Zazulia, 
Kenneth S Butcher, Seyed Mohammad Seyedsaadat, James C Grotta, Joan Martí-Fàbregas, Joan Montaner, Joseph Broderick, Haruko Yamamoto, 
Dimitre Staykov, E Sander Connolly, Magdy Selim, Rogelio Leira, Byung Hoo Moon, Andrew M Demchuk, Mario Di Napoli, Yukihiko Fujii, 
Craig S Anderson, Jonathan Rosand, for the VISTA-ICH Collaboration† and the ICH Growth Individual Patient Data Meta-analysis Collaborators†

Summary
Background Intracerebral haemorrhage growth is associated with poor clinical outcome and is a therapeutic target for 
improving outcome. We aimed to determine the absolute risk and predictors of intracerebral haemorrhage growth, 
develop and validate prediction models, and evaluate the added value of CT angiography.

Methods In a systematic review of OVID MEDLINE—with additional hand-searching of relevant studies’ bibliographies— 
from Jan 1, 1970, to Dec 31, 2015, we identified observational cohorts and randomised trials with repeat scanning 
protocols that included at least ten patients with acute intracerebral haemorrhage. We sought individual patient-level 
data from corresponding authors for patients aged 18 years or older with data available from brain imaging initially 
done 0·5–24 h and repeated fewer than 6 days after symptom onset, who had baseline intracerebral haemorrhage 
volume of less than 150 mL, and did not undergo acute treatment that might reduce intracerebral haemorrhage volume. 
We estimated the absolute risk and predictors of the primary outcome of intracerebral haemorrhage growth (defined as 
>6 mL increase in intracerebral haemorrhage volume on repeat imaging) using multivariable logistic regression models 
in development and validation cohorts in four subgroups of patients, using a hierarchical approach: patients not taking 
anticoagulant therapy at intracerebral haemorrhage onset (who constituted the largest subgroup), patients taking 
anticoagulant therapy at intracerebral haemorrhage onset, patients from cohorts that included at least some patients 
taking anticoagulant therapy at intracerebral haemorrhage onset, and patients for whom both information about 
anticoagulant therapy at intracerebral haemorrhage onset and spot sign on acute CT angiography were known.

Findings Of 4191 studies identified, 77 were eligible for inclusion. Overall, 36 (47%) cohorts provided data on 
5435 eligible patients. 5076 of these patients were not taking anticoagulant therapy at symptom onset (median age 
67 years, IQR 56–76), of whom 1009 (20%) had intracerebral haemorrhage growth. Multivariable models of patients 
with data on antiplatelet therapy use, data on anticoagulant therapy use, and assessment of CT angiography spot sign 
at symptom onset showed that time from symptom onset to baseline imaging (odds ratio 0·50, 95% CI 0·36–0·70; 
p<0!0001), intracerebral haemorrhage volume on baseline imaging (7·18, 4·46–11·60; p<0!0001), antiplatelet use 
(1·68, 1·06–2·66; p=0!026), and anticoagulant use (3·48, 1·96–6·16; p<0!0001) were independent predictors of 
intracerebral haemorrhage growth (C-index 0·78, 95% CI 0·75–0·82). Addition of CT angiography spot sign (odds 
ratio 4·46, 95% CI 2·95–6·75; p<0·0001) to the model increased the C-index by 0·05 (95% CI 0·03–0·07).

Interpretation In this large patient-level meta-analysis, models using four or five predictors had acceptable to good 
discrimination. These models could inform the location and frequency of observations on patients in clinical practice, 
explain treatment e"ects in prior randomised trials, and guide the design of future trials.
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Introduction
Haemorrhagic stroke is responsible for around 11% of 
strokes in high-income countries but 22% of strokes in 
low-income and middle-income countries,1 where 75% of 

deaths due to haemorrhagic stroke occur.2 Spontaneous 
(non-traumatic) intracerebral haemorrhage is the most 
frequent type of haemorrhagic stroke and has the worst 
outcome: almost half of patients die within the first 

n = 5435
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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onset, 3550 patients from cohorts that included at least 
some patients taking anticoagulant therapy at intra-
cerebral haemorrhage onset, and 868 patients for whom 
both information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography were known (table 1; appendix). The 
availability of potential predictors varied between the 
collaborating cohorts such that their overall completeness 
was 86% in the patients not taking anticoagulant therapy 
at intracerebral haemorrhage onset, 88% in the patients 
taking anticoagulant therapy at intracerebral haemor-
rhage onset, 89% in patients from cohorts that included 
at least some patients taking anticoagulant therapy at 
intracerebral haemorrhage onset, and 91% in the 
patients with information about anticoagulant therapy at 
intracerebral haemorrhage onset and spot sign on acute 
CT angiography. More than 80% of patients in all groups 
had repeat imaging done within 48 h of intracerebral 
haemorrhage onset and less than 2% of patients had 
repeat imaging done more than 4 days after intracerebral 
haemorrhage onset (appendix).

When assessing the two variables with non-linear 
associations, we found that in patients not taking 
anticoagulant therapy at intracerebral haemorrhage 
onset, the predicted probability of intracerebral 
haemorrhage growth declined with increasing time from 
intracerebral haemorrhage symptom onset to baseline 
imaging: the rate of decline was steepest 0!5–3 h after 
intracerebral haemorrhage symptom onset (figure 2A). 
The predicted probability of intracerebral haemorrhage 
growth increased with increasing intracerebral 
haemorrhage volume on baseline brain imaging and 
peaked at about 75 mL, above which it declined (figure 2B). 
We aimed to quantify the associations between 
17 additional variables and the occurrence of intracerebral 
haemorrhage growth (appendix). There were too few 
patients with data for six variables (previous intracerebral 
haemorrhage, previous ischaemic stroke, history of liver 
disease, history of excessive alcohol consumption, platelet 
count at presentation, and National Institutes of Health 
Stroke Scale [NIHSS] score at presentation). Therefore, 
we selected 13 of the 19 variables as potential predictors 
for a multivariable model in patients not taking 
anticoagulant therapy, on the basis of maximising the 
number of predictors being considered while also 
maximising the number of patients with complete data 
for all the predictors chosen for the subset: time from 
symptom onset to baseline imaging, intracerebral 
haemorrhage volume on baseline imaging, sex, age, 
previous stroke, history of hypertension, history of 
diabetes, antiplatelet therapy at symptom onset, systolic 
blood pressure at presentation, blood glucose at 
presentation, Glasgow Coma Scale score at presentation, 
intracerebral haemorrhage location on baseline scan, and 
intraventricular haemorrhage on baseline scan. We 
restricted all further analyses to datasets of patients with 
complete data on these 13 potential predictors.

3479 patients who were not taking anticoagulant therapy 
at intracerebral haemorrhage onset had data available for 
the 13 predictors. We developed a prediction model for 
intracerebral haemorrhage growth using a dataset 
of 2534 (73%) of these patients from 18 earlier cohorts (ie, 
1994–2007; appendix). From the 13 potential predictors 
considered, three significant predictors constituted the 
final model (table 2):
where the predictive index (PI) is given by

with time measured in hours, volume measured in mL, 
and antiplatelet an indicator variable for antiplatelet 
therapy at intracerebral haemorrhage onset taking 
values 1 for yes and 0 for no.

This first prediction model had good calibration 
(appendix) and its discrimination was good in both the 
development dataset (C-index 0!75, 95% CI 0!72–0!77) 
and the temporal validation dataset of 945 (27%) patients 

Figure !: Predicted probability of intracerebral haemorrhage growth >6 mL 
Data calculated on 5076 patients who were not taking anticoagulant therapy at 
symptom onset. (A) Predicted probability by time from intracerebral 
haemorrhage symptom onset to baseline imaging, and (B) according to 
intracerebral haemorrhage volume on baseline imaging. The solid line indicates 
predicted probability and the shaded region indicates the 95% CIs.
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signifi cantly associated with the primary outcome in the 
fully adjusted model (table 2). The robustness of these 
data is supported by likelihood ratio tests, which show 
improved fi tting of the variables for model 3 versus 
model 2 (appendix p 13). Similar patterns of association 
for SD of systolic blood pressure in the hyperacute phase 
were evident within each randomised group, although 
the trends were not signifi cant (appendix pp 22–23).

SD of systolic blood pressure during the hyperacute 
phase had a similar linear association with the secondary 
outcome (the highest quintile in model 3 adjusted 
OR 1·43, 95% CI 1·14–1·80; ptrend=0·0014; appendix pp 15, 
16). All other indices of systolic blood pressure variability 
were also signifi cantly associated with the secondary 
outcome in the hyperacute phase (appendix p 16).

For the acute phase, SD of systolic blood pressure was 
signifi cantly associated with the primary outcome for all 
models, although the relationship was much weaker than 
for the hyperacute phase. The association was only 
evident in the highest fi fth of SD of systolic blood pressure 
(model 3 OR 1·57, 95% CI 1·14–2·17; ptrend=0·0124; 

fi gure 4). Similarly, we noted a modest non-linear 
association with the secondary outcome for all models.  
The association was only evident for the highest fi fth of 
SD of systolic blood pressure (model 3 OR 1·46, 95% CI 
1·13–1·88; ptrend=0·0044; appendix p 24). All other 
parameters of systolic blood pressure variability except 
average real variability were signifi cantly associated with 
the primary and secondary outcomes in model 3 (table 2; 
appendix pp 14, 16).

The associations in both the hyperacute and acute 
phases were strong for participants outside of China but 
weak for participants in China; regional di! erences 
showed signifi cant heterogeneity in the acute phase 
(appendix p 15).

Although minimum and maximum systolic blood 
pressures are highly correlated with mean systolic blood 
pressure, minimum systolic blood pressure was only 
signifi cantly associated with outcome when adjusted for 
mean systolic blood pressure in model 3 (table 2). This 
fi nding suggests that assessing the risk of minimum 
systolic blood pressure in patients with high mean 

Figure !: Within-group mean systolic blood pressure and standard deviation of systolic blood pressure over time
Note, the axes are broken.
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systolic blood pressure is complex. Although the ORs 
overlapped for the other parameters of blood pressure 
variability in model 3, results for the relative integrated 
discrimination index and Akaike’s information criterion 
both indicate that the best predictors of outcome were 
maximum systolic blood pressure in the hyperacute 
phase and SD of systolic blood pressure in the acute 
phase (table 3). The associations between maximum 
systolic blood pressure and SD of systolic blood pressure 
in model 3 showed no heterogeneity, and we detected no 
co-linearity across any of the indices (all with variance 
infl ation factor <5).

The degree of fall in systolic blood pressure was 
moderately correlated with both maximum systolic blood 
pressure (Spearman’s correlation coe!  cient=0·48) and SD 
of systolic blood pressure (Spearman’s correlation 
coe!  cient=0·45) in the hyperacute phase, but they were 
only weakly correlated in the acute phase (Spearman’s 
correlation coe!  cients 0·18 and 0·21, respectively). The 
correlation between mean systolic blood pressure and each 
of SD of systolic blood pressure, maximum systolic blood 
pressure, and minimum systolic blood pressure was 
moderate-to-strong (Spearman’s correlation coe!  cients 
>0·58) but the other parameters for blood pressure 
variability had only weak-to-moderate correlation in both 

hyperacute and acute phases (appendix pp 17–18). The 
associations between SD of systolic blood pressure during 
the acute phase and both primary and secondary outcomes 
were much the same for blood pressure measurements 
taken in the morning and evening, and when missing 
systolic blood pressure and other values were imputed in 
the models (data not shown). For the separate components 
of the primary outcome (ie, death and major disability), the 
associations between SD of systolic blood pressure and 
death had much the same patterns in the hyperacute and 
acute phases, but these associations were signifi cant in the 
acute phase only; SD of systolic blood pressure was not 
associated with major disability at 90 days in either of the 
phases in the fully adjusted model (appendix pp 25–26). SD 
of systolic blood pressure in the fi rst hour was not 
signifi cantly associated with the primary outcome (data not 
shown). Moreover, SD of systolic blood pressure in the 
hyperacute phase and outcomes were not signifi cantly 
associated when measurements taken in the fi rst hour were 
included in the models (appendix p 27), nor if blood 
pressure data for only days 2–3 were assessed (data not 
shown). We noted signifi cant e" ects of diastolic blood 
pressure and mean arterial pressure on the secondary 
outcome for both phases but not for the primary outcome 
(appendix pp 28–31).
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signifi cantly associated with the primary outcome in the 
fully adjusted model (table 2). The robustness of these 
data is supported by likelihood ratio tests, which show 
improved fi tting of the variables for model 3 versus 
model 2 (appendix p 13). Similar patterns of association 
for SD of systolic blood pressure in the hyperacute phase 
were evident within each randomised group, although 
the trends were not signifi cant (appendix pp 22–23).

SD of systolic blood pressure during the hyperacute 
phase had a similar linear association with the secondary 
outcome (the highest quintile in model 3 adjusted 
OR 1·43, 95% CI 1·14–1·80; ptrend=0·0014; appendix pp 15, 
16). All other indices of systolic blood pressure variability 
were also signifi cantly associated with the secondary 
outcome in the hyperacute phase (appendix p 16).

For the acute phase, SD of systolic blood pressure was 
signifi cantly associated with the primary outcome for all 
models, although the relationship was much weaker than 
for the hyperacute phase. The association was only 
evident in the highest fi fth of SD of systolic blood pressure 
(model 3 OR 1·57, 95% CI 1·14–2·17; ptrend=0·0124; 

fi gure 4). Similarly, we noted a modest non-linear 
association with the secondary outcome for all models.  
The association was only evident for the highest fi fth of 
SD of systolic blood pressure (model 3 OR 1·46, 95% CI 
1·13–1·88; ptrend=0·0044; appendix p 24). All other 
parameters of systolic blood pressure variability except 
average real variability were signifi cantly associated with 
the primary and secondary outcomes in model 3 (table 2; 
appendix pp 14, 16).

The associations in both the hyperacute and acute 
phases were strong for participants outside of China but 
weak for participants in China; regional di! erences 
showed signifi cant heterogeneity in the acute phase 
(appendix p 15).

Although minimum and maximum systolic blood 
pressures are highly correlated with mean systolic blood 
pressure, minimum systolic blood pressure was only 
signifi cantly associated with outcome when adjusted for 
mean systolic blood pressure in model 3 (table 2). This 
fi nding suggests that assessing the risk of minimum 
systolic blood pressure in patients with high mean 

Figure !: Within-group mean systolic blood pressure and standard deviation of systolic blood pressure over time
Note, the axes are broken.
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Intervention
The mean interval between symptom onset and 
randomization was 182.2±57.2 minutes in the 
intensive-treatment group and 184.7±56.7 minutes 
in the standard-treatment group (Table S1 in the 
Supplementary Appendix). The mean values of 
hourly minimum systolic blood pressure for the 
first 24 hours after randomization according to 
treatment group are shown in Fig. 1. The mean 
minimum systolic blood pressure during the first 
2 hours was 128.9±16 mm Hg in the intensive-
treatment group and 141.1±14.8 mm Hg in the 
standard-treatment group.

Primary treatment failure occurred in 61 pa-
tients (12.2%) in the intensive-treatment group 
versus 4 (0.8%) in the standard-treatment group 
(P<0.001); secondary treatment failure occurred 
in 78 patients (15.6%) in the intensive-treatment 
group versus 7 (1.4%) in the standard-treatment 
group (P<0.001). Among patients who died, with-
drawal of care was reported in 61% (20 of 33) of 
those in the intensive-treatment group and in 
76% (26 of 34) in the standard-treatment group.

Outcomes
Among the 961 participants in whom the pri-
mary outcome was ascertained, death or disabil-
ity was observed in 186 participants (38.7%) in 
the intensive-treatment group and in 181 (37.7%) 
in the standard-treatment group (Table 2). In the 
primary analysis that used the multiple-imputa-
tion method for the 39 participants with missing 
outcome data, the relative risk was 1.04 (95% 

confidence interval [CI], 0.85 to 1.27), with ad-
justment for age, initial GCS score, and presence 
or absence of intraventricular hemorrhage. The 
prespecified sensitivity analysis that used the 
worst-case imputation yielded a relative risk of 
1.04 (95% CI, 0.85 to 1.26). There was no signifi-
cant between-group difference in the ordinal 
distribution of the modified Rankin scale score 
at 3 months (Fig. 2). The post hoc proportional-
odds logistic-regression analysis yielded a com-
mon odds ratio of 1.07 (P = 0.56) without viola-
tion of assumption of proportionality of the odds. 
Analysis of the primary outcome according to 
prespecified subgroups showed no significant 
differences (Fig. 3). In addition, neither the EQ-5D 
measures nor the percentages of patients with 
hematoma expansion differed significantly be-
tween the treatment groups (Table 2).

There were no significant between-group dif-
ferences in the rate of death at 3 months or in 
neurologic deterioration at 24 hours after ran-
domization. The percentage of patients with 
treatment-related serious adverse events within 
72 hours after randomization was 1.6% in the 
intensive-treatment group and 1.2% in the stan-
dard-treatment group. However, the percentage 
of patients with any serious adverse event during 
the 3 months after randomization was higher in 
the intensive-treatment group than in the standard-
treatment group (25.6% vs. 20.0%; adjusted rela-
tive risk, 1.30; 95% CI, 1.00 to 1.69; P = 0.05) 
(Table 2). Lists of adverse events and serious ad-
verse events, according to treatment group, are 
provided in Tables S2 and S3, respectively, in the 
Supplementary Appendix.

Table S4 in the Supplementary Appendix lists 
adverse events and serious adverse events that 
were related to renal function, cardiac function, 
brain hemorrhage, and brain infarction after 
randomization. The rate of renal adverse events 
within 7 days after randomization was signifi-
cantly higher in the intensive-treatment group 
than in the standard-treatment group (9.0% vs. 
4.0%, P = 0.002). There was no significant differ-
ence in the rates in any of the other adverse-
event groups.

Discussion

The ATACH-2 trial was discontinued for futility 
before we reached the target enrollment of 1280 
participants. The absolute difference between the 

Figure!1.!Mean!Hourly!Minimum!Systolic!Blood!Pressure!during!the!First!
24!Hours!after!Randomization,!According!to!Treatment!Group.

The dashed vertical line indicates 2 hours, and I bars 95% confidence intervals.
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two groups in the rate of death or disability was 
1 percentage point. The trial was powered to 
identify a difference in risk of 10 percentage 
points or more with intensive treatment as com-
pared with standard treatment, because a small-
er difference in risk was expected to be viewed as 
insufficient for broad acceptance of a new inter-
vention.5 A higher proportion of patients with 
primary treatment failure was observed in the 
intensive-treatment group than in the standard-
treatment group, and perhaps the treatment ef-
fect would have been greater if the treatment 
goals had been met in a higher proportion of 
participants.

In the subgroup analysis (Fig. 3), the relative 
risk of death or disability with intensive treat-
ment as compared with standard treatment was 
1.02 among participants who met the specified 
target within 2 hours after randomization and 
0.61 among those who did not meet the speci-
fied target. However, the test for interaction was 
not significant, and the precision of relative-risk 
estimates is too wide to make any definitive 
conclusions.

The recruitment window was extended dur-

ing the trial on the basis of evidence that an 
intensive reduction in the systolic blood-pressure 
level could benefit participants who were treated 
between 3 and 4.5 hours after symptom onset. 
A time-dependent loss of benefit of intensive 
reduction in the systolic blood-pressure level in 
participants who were recruited between 3 and 
4.5 hours after symptom onset is possible, al-
though it was not observed in the subgroup 
analysis of INTERACT2.5 A relatively high pro-
portion of Asian participants were recruited in 
our trial, although the percentage was lower than 
that in INTERACT2. However, there was no sig-
nificant difference in treatment effect between 
Asian patients and non-Asian patients in our trial 
or between participants recruited in China and 
those recruited in other countries in INTERACT2.5

Our trial incorporated the prerandomization 
use of intravenous antihypertensive agents to en-
sure timely compliance with existing guidelines,16 
but this strategy may have obscured the effec-
tiveness of the trial intervention. The observed 
rate of death or disability at 3 months in the 
standard-treatment group (37.7%) was lower than 
the rate that was anticipated in the trial design 
on the basis of previous literature (60%).6,19,20 
A high percentage of patients with favorable 
characteristics at baseline (e.g., 56% of the pa-
tients had a baseline GCS score of 15) may have 
conferred a predisposition to a favorable out-
come in our trial sample regardless of treatment 
(ceiling effect), making it difficult to discern the 
beneficial effect of an intensive reduction in the 
systolic blood-pressure level in this trial.6 The high 
proportion of favorable outcomes may also have 
resulted from the monitoring and standardizing 
intensity of medical care provided at each site 
and a low rate of withdrawal of care among 
participants recruited in the trial (as compared 
with a 34% rate outside clinical trials).21

There were several key differences between 
INTERACT2 and the ATACH-2 trial. An estimated 
41% of the participants in INTERACT2 under-
went randomization 4 or more hours after symp-
tom onset, whereas all the participants in the 
ATACH-2 trial underwent randomization and 
were treated within 4.5 hours after symptom on-
set. In INTERACT2,5 only 48% of the 2839 par-
ticipants underwent randomization with an initial 
systolic blood pressure of 180 mm Hg or more, 
whereas all the participants in the ATACH-2 
trial had an initial systolic blood pressure of 

Figure!2.!Distribution!of!Scores!on!the!Modified!Rankin!Scale,!According!to!
Treatment!Group.

The data are presented only for participants for whom a score on the modi-
fied Rankin scale score was obtained at 90 days. The percentage of partici-
pants with each score on the modified Rankin scale is shown in or above 
each cell. Scores range from 0 to 6, with 0 indicating no symptoms, 1 no 
clinically significant disability (able to carry out all usual activities, despite 
some symptoms), 2 slight disability (able to look after own affairs without 
assistance but unable to carry out all previous activities), 3 moderate dis-
ability (requires some help but able to walk unassisted), 4 moderately se-
vere disability (unable to attend to bodily needs without assistance and un-
able to walk unassisted), 5 severe disability (requires constant nursing care 
and attention, bedridden, and incontinent), and 6 death. Percentages may 
not sum to exactly 100.0 owing to rounding.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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pressure over 24 h and the various measures of functional 
recovery on the mRS, which seemed to extend beyond 
the less than the 140 mm Hg target that is recommended 
in many guidelines on the basis of the INTERACT2 
results.3 We recognise, however, that we were unable to 
provide a reliable assessment of the balance of benefits 
and harms at very low systolic blood pressure because 
there were few patients (2%) with achieved systolic blood 
pressure of less than 120 mm Hg. Our results also 

confirm earlier analyses18 of an associ ation between 
variability and adverse outcomes, further supporting 
potential beneficial e!ects of smooth control of systolic 
blood pressure. Lower levels of both achieved and 
variability of systolic blood pressure were also associated 
with reductions in haematoma expan sion, early neuro-
logical deterioration, death, and serious adverse events. 
Importantly, we also found that renal serious adverse 
events were infrequent, and without any appreciable 
trends for harm evident across a wide range of systolic 
blood pressure levels.

To provide clinically meaningful results, and to 
determine whether moderate reductions are beneficial 
and extreme reductions cause harm, we explored the 
shape of the association of various measures of systolic 
blood pressure control and outcomes. Compared with 
INTERACT2, ATACH-II included patients with higher 
systolic blood pressure that was allowed to be reduced to 
lower levels before and after randomisation, and almost 
exclusively with intravenous nicardipine. It follows, there-
fore, that these participants were likely to have achieved, 
on average, larger reductions in systolic blood pressure; 
this key di!erence between the trials might partly explain 
their discordant results.25 However, in our primary 
analyses, with magnitude of systolic blood pressure as a 
continuous variable, there was no associ ation with any 
outcome and there was no significant heterogeneity in 
the results with analyses stratified by treatment group. 
Nevertheless, U-shaped curves were apparent for some 
disability outcomes, early neurological deterioration, and 
death, when magnitude of early systolic blood pres-
sure reduction was modelled as a categorical variable. 
These findings suggest that a rapid and large reduction 
("60 mm Hg) within 1 h of the initiation of treatment 
might cause harm, but this finding might have been due 
to chance, because there was no such adverse association 
for the degree of magnitude of reduction over 24 h on 
these or other outcomes.

Figure: Associations of categorised systolic blood pressure summary measures 
and clinical outcomes
OR=odds ratio. SBP=systolic blood pressure. OR and 95% CI are comparisons 
between each category and the reference, adjusted for age (<65 years vs 
!65 years), Asian versus non-Asian ethnicity, time from the onset of intracerebral 
haemorrhage to randomisation (<4 h vs !4 h), and degree of neurological 
impairment (National Institutes of Health Stroke scale [NIHSS] score <10 vs !10), 
medical history of diabetes, hypertension, cardiac disease, intracerebral 
haemorrhage volume (<15 vs !15 mL), and presence of intraventricular 
haemorrhage at baseline. *Functional recovery at 90 days post-randomisation, 
defined by functional status (a favourable shift in ordinal scores on the modified 
Rankin Scale for achieved SBP), and functional independence (according to 
scores 0–2 on the mRS for variability and magnitude of SBP). †Increase in 
haematoma volume (>6 mL) from baseline to 24 h on brain imaging. 
‡Neurological deterioration defined as an increase of 4 points or more on the 
NIHSS or a decline of 2 points or more on the Glasgow Coma Scale within 24 h 
post-randomisation. §Death within 90 days post-randomisation. ¶Any serious 
adverse event within 90 days post-randomisation. ||p values for quadratic trend: 
functional recovery p=0·2050; haematoma expansion p=0·8741; neurological 
deterioration p=0·4317; death p=0·8810; and any serious adverse event p=0·4584.
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2020: ATACH-2 revisited (n = 1000)

Qureshi et al. 2020, Jama Neurol

initial >220 mmHg (n = 228)

gestive of ischemia) on magnetic resonance imaging (MRI) in
patients with ICH. Garg et al!" found that patients with re-
stricted diffusion lesions on MRI had higher SBP on emer-
gency department admission. However, no differences were
identified in SBP changes from intensive care unit admission
until MRI completion between patients who did vs did not have
restricted diffusion lesions on MRI. Presence of restricted dif-
fusion lesions on MRI was associated with higher rates of death
or severe disability at # months.

Despite a higher rate of neurological deterioration within
$% hours of randomization in participants with initial SBP of
$$& mm Hg or more, the rate of death or severe disability at
'& days was not higher in those randomized to intensive SBP
reduction. In an analysis of INTERACT$ that limited inclu-
sion to those with SBP less than $$& mm Hg, participants with
higher SBP were at higher risk of early and late neurological
deterioration (via an incremental risk for each !& mm Hg of SBP
greater than !(& mm Hg).!) Both early and late neurological
deteriorations were associated with death or major disability
at '& days. The goal for individuals with initial SBP of $$& mm
Hg or more in ATACH-II was to reduce SBP to less than !*& mm
Hg until randomization was performed, leading to stepwise SBP
reductions. One possible explanation of lack of association of
neurological deterioration with '&-day death or severe dis-
ability rates could be that treating physicians may have re-
sponded to neurological deterioration by adjustment in the rate
of (or avoidance of any further) SBP decline, which could have
prevented irreversible ischemia and long-term adverse out-
comes. There was a higher rate of kidney AEs but not kidney

SAEs in participants randomized to intensive SBP reduction,
which may explain the lack of association with '&-day death
or severe disability. Intensive SBP reduction was associated
with a higher rate of death or severe disability at '& days in
individuals with prerandomization SBP of $$& mm Hg or more,
and a significant modifying interaction of prerandomization
SBP of $$& mm Hg or more was seen on the association with
SBP reduction in an exploratory analysis.

Patients with excessively high initial SBP represent a
unique group of patients with ICH. Earlier studies have sug-
gested that this group of patients are at higher risk of hema-
toma expansion!* and higher mortality.!' The ATACH-II trial
was uniquely poised to study patients with excessively high
SBP on presentation because of a higher proportion of pa-
tients who presented with SBP of $$& mm Hg or more. The
mean SBP at presentation in participants in ATACH-II was $&&
mm Hg, compared with !)& to !*$ mm Hg in INTERACT!,$&

INTERACT$,$ the Recombinant Activated Factor VII trial,$! the
Factor Seven for Acute Hemorrhagic Stroke trial,$$ and the In-
tracerebral Hemorrhage Acutely Decreasing Arterial Pressure
Trial.$# Some previous studies have found a higher rate of
hematoma expansion,!* hospital mortality,!' and $*-day
mortality$% with very high SBP or mean arterial pressure
measured in the initial period of presentation to the hospital.
Contrary to such studies,!*,!' patients with excessively high ini-
tial SBP did not have higher rates of hematoma expansion,
death, or disability compared with those with initial SBP less
than $$& mm Hg in the ATACH-II trial. Some other studies$(,$"

have reported that higher rates of hematomata expansion or

Table 3. Primary, Secondary, and Safety Outcomes in Patients With Initial Systolic Blood Pressures
of 220 mm Hg or More, According to Treatment Groups

Outcome

Patients, No. (%)

Relative risk
(95% CI)

Intensive
treatment
(n = 110)

Standard
treatment
(n = 118)

Primary outcome (death or severe disability), No./total
No. (%)a

41/105 (39.0) 43/112 (38.4) 1.02 (0.73-1.78)

Hematoma expansion, No./total No. (%) 15/109 (13.8) 18/114 (15.8) 0.87 (0.46-1.64)

Neurologic deterioration within 24 h 17 (15.5) 8 (6.8) 2.28 (1.03-5.07)

Treatment-associated serious adverse event within 72 h 3 (2.7) 1 (0.8) 3.22 (0.34-30.48)

Any serious adverse event within 3 mo 30 (27.3) 21 (17.8) 1.53 (0.94-2.51)

Kidney adverse event within 7 d of discharge 15 (13.6) 5 (4.2) 3.22 (1.21-8.56)

Kidney serious adverse event within 7 d of discharge 2 (1.8) 1 (0.8) 2.15 (0.20-23.33)
a Death or disability data at 90 days

were available for 217 patients.

Table 4. Primary, Secondary, and Safety Outcomes in Patients With Initial Systolic Blood Pressure
Less Than 220 mm Hg, According to Treatment Groups

Outcome

Patients, No. (%)

Relative risk
(95% CI)

Intensive
treatment
(n = 390)

Standard
treatment
(n = 381)

Primary outcome (death or disability), No./total No. (%)a 145/376 (38.6) 138/367 (37.6) 1.03 (0.85-1.23)

Hematoma expansion, No./total No. (%) 80/382 (20.9) 108/370 (29.2) 0.72 (0.56-0.92)

Neurologic deterioration within 24 h 38 (9.7) 32 (8.4) 1.16 (0.74-1.82)

Treatment-associated serious adverse event within 72 h 5 (1.3) 5 (1.3) 0.98 (0.29-3.35)

Any serious adverse event within 3 mo 98 (25.1) 78 (20.5) 1.23 (0.94-1.59)

Kidney adverse event within 7 d of discharge 30 (7.7) 15 (3.9) 1.95 (1.07-3.57)

Kidney serious adverse event within 7 d of discharge 2 (0.5) 0 NA

Abbreviation: NA, not available.
a Death or disability data at 90 days

were available for 743 patients.
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order for that participant to be included in the analyses. 
For one participant for whom we did not know if they were 
taking previous antiplatelet therapy before their intra-
cerebral haemorrhage, we assigned the highest risk value, 
which in this case was yes. No other missing values were 
imputed. In case treatment was associated with asymmetric 
e!ects on death and other outcome measures, an extreme 
value was used in participants who had died before day 90 
for outcomes that do not include death as part of their 
scale (0 for EQ-5D health utility status, –1 for EQ visual 
analogue scale, –1 for TICS-M, and 102·5 for ZDS).

The trial was overseen by a trial steering committee, 
and an international advisory committee consisting of 
each national coordinator. A trial management com-
mittee based at the Stroke Trials Unit in Nottingham, 
UK, was responsible for day-to-day conduct of the trial. 
An independent data monitoring committee reviewed 
the unmasked data every 6 months. Study data were 
collected, monitored, and analysed in Nottingham. The 
trial was done in accordance with the principles of good 
clinical practice and the Declaration of Helsinki. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing 
of the report. The corresponding author had full access 
to all the data in the study and had overall responsibility 
for the decision to submit for publication. 

Results
Recruitment started on March 1, 2013, and ended on 
Sept 30, 2017, after a 12-month extension was sought 
and approved to enable the trial to reach its target 
sample size. This slower than planned recruitment was 
due to delays in opening trial sites outside the UK. 
Subsequently, recruitment increased, and the Trial 
Steering Committee agreed that the study should exceed 
the target of 2000 and continue until the end of the 
extension. Therefore, a total of 2325 participants were 
recruited from 124 sites in 12 countries over 55 months. 
1161 participants were randomly assigned to receive 
tranexamic acid and 1164 to receive placebo.

Most participants were recruited in the UK (1910 [82%] of 
2325; appendix). The mean age was 68·9 years (SD 13·8) 
and 1301 (56%) participants were male (table 1). The 
median time from stroke onset to randomisation was 
3·6 h (IQR 2·6–5·0) and 833 (36%) participants were 
recruited within 3 h. Mean baseline systolic blood 
pressure was 173 mm Hg (SD 27·5) and diastolic blood 
pressure was 93 mm Hg (18·4). 1371 (59%) participants 
had a haematoma that was deep and supratentorial, 
whereas 738 (32%) had one that was lobar and 
supratentorial; 745 (32%) participants had intraventricular 
haemorrhage. Mean haematoma volume was 24·0 mL 
(SD 27·2) and median haematoma volume was 14·1 mL 
(IQR 5·9–32·4). Contrast-enhanced imaging in the form 
of CTA was done in 249 (11%) participants. Of these 
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and 32 (25%) of 128 in the placebo group were spot 
positive. Treatment groups were well balanced at baseline 
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Adherence to per protocol treatment for the allocated 
treatment was high: 2207 (95%) of 2325 participants 
received all of their randomised treatment, where as 
only 15 (1%) received no treatment (appendix). Ad-
herence did not di!er between the groups. The median 
time from randomisation to treatment was 21 min 
(IQR 13–33).

The primary outcome of mRS at day 90 was assessed 
in 2307 (99%) of 2325 participants; nine (<1%) were lost 
to follow-up and nine (<1%) withdrew from their 
day 90 follow-up (figure 1). There was no di!erence in 
the distribution (shift) in the mRS at day 90 after 
adjustment for stratification and minimisation criteria, 
with an adjusted odds ratio (aOR) of 0·88 (95% CI 
0·76–1·03, p=0·11; table 2 and figure 2). A formal 
goodness-of-fit test showed no evidence that the 
proportional odds assumption was violated (p=0·97). In 
a sensitivity analysis, we detected no di!erence between 
the groups in the proportion of participants who were 
dead or dependent at day 90 (mRS >3) and the aOR was 
0·82 (95% CI 0·65–1·03, p=0·08; table 2).

When the primary outcome was assessed in pre-
specified subgroups (figure 3), the only significant inter-
action was between mRS and baseline systolic blood 
pressure (interaction p=0·0188), such that partici pants 
with a baseline systolic blood pressure less than or equal 
to 170 mm Hg had a favourable shift in mRS with 
tranexamic acid compared with those with a systolic 
blood pressure greater than 170 mm Hg. There was 
no heterogeneity of treatment e!ect by time of 
administration (figure 3), whether dichotomised as less 
than 3 h versus 3 h or longer (interaction p=0·75) or as 
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p=0·28); similarly, there was no interaction between 
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variable (aOR 0·98, 95% CI 0·90–1·07, p=0·69).

Fewer participants had haematoma expansion at 
day 2 in the tranexamic acid group (265 [25%] of 

Figure !: Shift plot of day 90 mRS
An mRS score of 0 represents no symptoms, 1 represents no disability despite symptoms, 2 represents slight 
disability but able to look after own a!airs, 3 represents moderate disability but able to walk without assistance, 
4 represents moderately severe disability (unable to walk or attend to own bodily needs), 5 represents severely 
disabled (bedridden and requiring constant nursing care), and 6 represents death. mRS=modified Rankin Scale.
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OAC Resumption
Complete 1-year follow-up data were available for 719 pa-
tients discharged alive. We excluded a total of 93 patients (81
patients had missing follow-up data and 12 withdrew con-
sent) and restricted all outcome analyses to patients with com-
plete data at 1-year follow-up (Figure 1). Oral anticoagulation
was restarted in 172 of 719 patients (23.9%), with the highest
rates noted among patients with mechanical heart valves (34/50
[68.0%]); the rate among patients with atrial fibrillation was
19.4% (110/566) (eTable 5 in the Supplement). Median time un-
til OAC resumption was 31 days (IQR, 18-65). Within analysis
of all surviving patients, we observed ischemic complica-
tions significantly more often without OAC resumption as com-
pared with patients who did restart (OAC: 9/172 [5.2%] vs no
OAC: 82/547 [15.0%]; P < .001). In contrast, the rate of hemor-
rhagic complications was not significantly different (OAC: 14/
172 [8.1%] vs no OAC: 36/547 [6.6%]; P = .48) (Figure 4).

Atrial fibrillation is the major indication for anticoagula-
tion, clinically of increasing relevance, and patients with atrial
fibrillation represented the largest subgroup (n = 566) within
our study population. Thus, we based all further analyses of
OAC resumption on patients with atrial fibrillation. Within this
subgroup, patients who restarted OAC showed a significantly
decreased mortality (OAC: 9/110 [8.2%] vs no OAC: 171/456
[37.5%]; P < .001) and a reduced rate of ischemic complica-
tions (OAC: 6/110 [5.5%] vs no OAC: 68/456 [14.9%]; P = .008),
and rates of hemorrhagic complications were not different
(OAC: 8/110 [7.3%] vs no OAC: 26/456 [5.7%]; P = .53) (eFigure
2 in the Supplement). Furthermore, we noticed significant dif-
ferences in baseline characteristics. Specifically, patients who
resumed OAC were significantly younger and less severely af-
fected at time of admission and showed superior functional
status at time of discharge (eTable 6 in the Supplement).

To minimize confounding, we carried out propensity score
matching for factors showing a statistical association with re-
sumption status. The matching resulted in 2 evenly balanced
cohorts of patients with atrial fibrillation (range of standard-

ized mean differences, 0.01-0.07) (eTable 7 in the Supple-
ment). When comparing stroke incidence of the matched co-
hort, we noted a significantly decreased rate of cerebral
infarctions (incidence rate per 100 patient-years) for patients
who restarted OAC within this matched analysis (OAC: 3.9/
100 patient-years [95% CI, 1.9-5.8] vs no OAC: 12.7/100 patient-
years [95% CI, 6.5-19.1]; P = .02) (eTable 8 in the Supple-
ment). Recurrent ICH occurred without a statistical difference
between patients who restarted or did not restart OAC (OAC:
3.9/100 patient-years [95% CI, 1.9-5.8] vs no OAC: 3.9/100 pa-
tient-years [95% CI, 2.2-5.7]; P = .92). Mortality analyses of the
matched cohort at 1 year showed that 9 of 108 restarted pa-
tients (8.3%) vs 47 of 153 patients without OAC (30.7%) had died
(P < .001) (Figure 5). This large difference of more than 22% trig-
gered a multivariable-adjusted Cox regression analysis for long-
term mortality of the matched atrial fibrillation cohort. Among
patients who restarted OAC treatment, there was a signifi-
cantly decreased HR for long-term mortality of 0.258 (95% CI,
0.125-0.534; P < .001) (eTable 9 in the Supplement).

Long-term Functional Outcome
Investigation of long-term functional outcomes used the en-
tire cohort (n = 1176), and mortality was 364 of 1176 (31.0%) at
hospital discharge, 475 of 1102 (43.1%) at 3 months, and 608
of 1083 (56.1%) after 1 year (Figure 6). Of all deceased patients
during follow-up, 224 of 244 patients (91.8%) were dis-
charged with a functional status of 4 or 5 on the mRS, and of
these poor-grade discharged patients, 224 of 511 died (43.8%).
Unfavorable functional outcome (mRS = 4-6) was observed in
928 of 1176 patients (78.9%) at time of discharge and de-
creased to 786 of 1083 patients (72.6%) at 1 year. Hence, the
proportion of patients reaching favorable functional out-
come increased only by 6.3% during follow-up.

To identify factors in poor-grade survivors (mRS = 4-5) as-
sociated with long-term improvement (change to mRS = 0-
3), we performed a multivariable analysis and identified the
following independent parameters associated with lack of im-

Figure 3. Adjusted Graphical Regression Analysis of Combined Associations of INR Reversal, Systolic Blood Pressure, and Timing
With Hematoma Enlargement

P ValueFavors Prevention of
Hematoma Enlargement

Does Not Favor Prevention
of Hematoma Enlargement

101.00.1
OR (95% CI)

No. of
Patients

Patients With Hematoma
Enlargement, No. (%)

INR <1.3

OR
(95% CI)

<.001
432 116 (26.9)Achieved

0.37 (0.26-0.59)
421 191 (45.4)Did not achieve

INR <1.3 within 4 hours
217 43 (19.8)Achieved

0.27 (0.15-0.43)
636 264 (41.5)Did not achieve

INR <1.3 within 4 hours
and systolic BP <160 mm Hg within 4 hours

193 35 (18.1)Achieved
0.17 (0.11-0.33)

498 220 (44.2)Did not achieve

<.001

<.001

Multivariable model for the combined associations, ie, extent and timing of
international normalized ratio (INR) reversal and systolic blood pressure (BP),
with hematoma enlargement. Hematoma enlargement was defined as relative
volume increase of >33% on follow-up imaging. Adjustments consisted of all

nonmodifiable parameters associated with hematoma enlargement, ie, time
from symptom onset to imaging, deep intracerebral hemorrhage location,
National Institutes of Health Stroke Scale score, and comorbidity (eTable 2 in
the Supplement). OR indicates odds ratio.
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OAC Resumption
Complete 1-year follow-up data were available for 719 pa-
tients discharged alive. We excluded a total of 93 patients (81
patients had missing follow-up data and 12 withdrew con-
sent) and restricted all outcome analyses to patients with com-
plete data at 1-year follow-up (Figure 1). Oral anticoagulation
was restarted in 172 of 719 patients (23.9%), with the highest
rates noted among patients with mechanical heart valves (34/50
[68.0%]); the rate among patients with atrial fibrillation was
19.4% (110/566) (eTable 5 in the Supplement). Median time un-
til OAC resumption was 31 days (IQR, 18-65). Within analysis
of all surviving patients, we observed ischemic complica-
tions significantly more often without OAC resumption as com-
pared with patients who did restart (OAC: 9/172 [5.2%] vs no
OAC: 82/547 [15.0%]; P < .001). In contrast, the rate of hemor-
rhagic complications was not significantly different (OAC: 14/
172 [8.1%] vs no OAC: 36/547 [6.6%]; P = .48) (Figure 4).

Atrial fibrillation is the major indication for anticoagula-
tion, clinically of increasing relevance, and patients with atrial
fibrillation represented the largest subgroup (n = 566) within
our study population. Thus, we based all further analyses of
OAC resumption on patients with atrial fibrillation. Within this
subgroup, patients who restarted OAC showed a significantly
decreased mortality (OAC: 9/110 [8.2%] vs no OAC: 171/456
[37.5%]; P < .001) and a reduced rate of ischemic complica-
tions (OAC: 6/110 [5.5%] vs no OAC: 68/456 [14.9%]; P = .008),
and rates of hemorrhagic complications were not different
(OAC: 8/110 [7.3%] vs no OAC: 26/456 [5.7%]; P = .53) (eFigure
2 in the Supplement). Furthermore, we noticed significant dif-
ferences in baseline characteristics. Specifically, patients who
resumed OAC were significantly younger and less severely af-
fected at time of admission and showed superior functional
status at time of discharge (eTable 6 in the Supplement).

To minimize confounding, we carried out propensity score
matching for factors showing a statistical association with re-
sumption status. The matching resulted in 2 evenly balanced
cohorts of patients with atrial fibrillation (range of standard-

ized mean differences, 0.01-0.07) (eTable 7 in the Supple-
ment). When comparing stroke incidence of the matched co-
hort, we noted a significantly decreased rate of cerebral
infarctions (incidence rate per 100 patient-years) for patients
who restarted OAC within this matched analysis (OAC: 3.9/
100 patient-years [95% CI, 1.9-5.8] vs no OAC: 12.7/100 patient-
years [95% CI, 6.5-19.1]; P = .02) (eTable 8 in the Supple-
ment). Recurrent ICH occurred without a statistical difference
between patients who restarted or did not restart OAC (OAC:
3.9/100 patient-years [95% CI, 1.9-5.8] vs no OAC: 3.9/100 pa-
tient-years [95% CI, 2.2-5.7]; P = .92). Mortality analyses of the
matched cohort at 1 year showed that 9 of 108 restarted pa-
tients (8.3%) vs 47 of 153 patients without OAC (30.7%) had died
(P < .001) (Figure 5). This large difference of more than 22% trig-
gered a multivariable-adjusted Cox regression analysis for long-
term mortality of the matched atrial fibrillation cohort. Among
patients who restarted OAC treatment, there was a signifi-
cantly decreased HR for long-term mortality of 0.258 (95% CI,
0.125-0.534; P < .001) (eTable 9 in the Supplement).

Long-term Functional Outcome
Investigation of long-term functional outcomes used the en-
tire cohort (n = 1176), and mortality was 364 of 1176 (31.0%) at
hospital discharge, 475 of 1102 (43.1%) at 3 months, and 608
of 1083 (56.1%) after 1 year (Figure 6). Of all deceased patients
during follow-up, 224 of 244 patients (91.8%) were dis-
charged with a functional status of 4 or 5 on the mRS, and of
these poor-grade discharged patients, 224 of 511 died (43.8%).
Unfavorable functional outcome (mRS = 4-6) was observed in
928 of 1176 patients (78.9%) at time of discharge and de-
creased to 786 of 1083 patients (72.6%) at 1 year. Hence, the
proportion of patients reaching favorable functional out-
come increased only by 6.3% during follow-up.

To identify factors in poor-grade survivors (mRS = 4-5) as-
sociated with long-term improvement (change to mRS = 0-
3), we performed a multivariable analysis and identified the
following independent parameters associated with lack of im-
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nonmodifiable parameters associated with hematoma enlargement, ie, time
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OAC Resumption
Complete 1-year follow-up data were available for 719 pa-
tients discharged alive. We excluded a total of 93 patients (81
patients had missing follow-up data and 12 withdrew con-
sent) and restricted all outcome analyses to patients with com-
plete data at 1-year follow-up (Figure 1). Oral anticoagulation
was restarted in 172 of 719 patients (23.9%), with the highest
rates noted among patients with mechanical heart valves (34/50
[68.0%]); the rate among patients with atrial fibrillation was
19.4% (110/566) (eTable 5 in the Supplement). Median time un-
til OAC resumption was 31 days (IQR, 18-65). Within analysis
of all surviving patients, we observed ischemic complica-
tions significantly more often without OAC resumption as com-
pared with patients who did restart (OAC: 9/172 [5.2%] vs no
OAC: 82/547 [15.0%]; P < .001). In contrast, the rate of hemor-
rhagic complications was not significantly different (OAC: 14/
172 [8.1%] vs no OAC: 36/547 [6.6%]; P = .48) (Figure 4).

Atrial fibrillation is the major indication for anticoagula-
tion, clinically of increasing relevance, and patients with atrial
fibrillation represented the largest subgroup (n = 566) within
our study population. Thus, we based all further analyses of
OAC resumption on patients with atrial fibrillation. Within this
subgroup, patients who restarted OAC showed a significantly
decreased mortality (OAC: 9/110 [8.2%] vs no OAC: 171/456
[37.5%]; P < .001) and a reduced rate of ischemic complica-
tions (OAC: 6/110 [5.5%] vs no OAC: 68/456 [14.9%]; P = .008),
and rates of hemorrhagic complications were not different
(OAC: 8/110 [7.3%] vs no OAC: 26/456 [5.7%]; P = .53) (eFigure
2 in the Supplement). Furthermore, we noticed significant dif-
ferences in baseline characteristics. Specifically, patients who
resumed OAC were significantly younger and less severely af-
fected at time of admission and showed superior functional
status at time of discharge (eTable 6 in the Supplement).

To minimize confounding, we carried out propensity score
matching for factors showing a statistical association with re-
sumption status. The matching resulted in 2 evenly balanced
cohorts of patients with atrial fibrillation (range of standard-

ized mean differences, 0.01-0.07) (eTable 7 in the Supple-
ment). When comparing stroke incidence of the matched co-
hort, we noted a significantly decreased rate of cerebral
infarctions (incidence rate per 100 patient-years) for patients
who restarted OAC within this matched analysis (OAC: 3.9/
100 patient-years [95% CI, 1.9-5.8] vs no OAC: 12.7/100 patient-
years [95% CI, 6.5-19.1]; P = .02) (eTable 8 in the Supple-
ment). Recurrent ICH occurred without a statistical difference
between patients who restarted or did not restart OAC (OAC:
3.9/100 patient-years [95% CI, 1.9-5.8] vs no OAC: 3.9/100 pa-
tient-years [95% CI, 2.2-5.7]; P = .92). Mortality analyses of the
matched cohort at 1 year showed that 9 of 108 restarted pa-
tients (8.3%) vs 47 of 153 patients without OAC (30.7%) had died
(P < .001) (Figure 5). This large difference of more than 22% trig-
gered a multivariable-adjusted Cox regression analysis for long-
term mortality of the matched atrial fibrillation cohort. Among
patients who restarted OAC treatment, there was a signifi-
cantly decreased HR for long-term mortality of 0.258 (95% CI,
0.125-0.534; P < .001) (eTable 9 in the Supplement).

Long-term Functional Outcome
Investigation of long-term functional outcomes used the en-
tire cohort (n = 1176), and mortality was 364 of 1176 (31.0%) at
hospital discharge, 475 of 1102 (43.1%) at 3 months, and 608
of 1083 (56.1%) after 1 year (Figure 6). Of all deceased patients
during follow-up, 224 of 244 patients (91.8%) were dis-
charged with a functional status of 4 or 5 on the mRS, and of
these poor-grade discharged patients, 224 of 511 died (43.8%).
Unfavorable functional outcome (mRS = 4-6) was observed in
928 of 1176 patients (78.9%) at time of discharge and de-
creased to 786 of 1083 patients (72.6%) at 1 year. Hence, the
proportion of patients reaching favorable functional out-
come increased only by 6.3% during follow-up.

To identify factors in poor-grade survivors (mRS = 4-5) as-
sociated with long-term improvement (change to mRS = 0-
3), we performed a multivariable analysis and identified the
following independent parameters associated with lack of im-
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investigators; these fi ve deaths occurred within the fi rst 
48 h. No patient in the PCC group had fatal haematoma 
expansion. The remaining three deaths in the FFP group 
were classifi ed as sequelae from initial ICH, but not 
from haematoma expansion. In the PCC group, the fi rst 
death occurred on day 5 and was due to cardiac arrest. At 
90 days, the median mRS score was four (IQR 2–6) in the 
FFP group and four (3–5) in the PCC group. 

43 serious adverse events occurred in 26 patients: 
20 events in the FFP group and 23 in the PCC group 
(table 3). Six serious adverse events were judged to be 
FFP related (four cases of haematoma expansion, one 
anaphylactic reaction, and one ischaemic stroke) and two 
PCC related (ischaemic stroke and pulmonary 
embolism). No case of fl uid overload was reported after 
either treatment. Three of nine thromboembolic events 
occurred within the fi rst 3 days after the start of treatment 
(two ischaemic strokes, one in each group) and one 
pulmonary embolism in the PCC group). All other 
thromboembolic events occurred 12 days or later after 
the start of investigational treatment.

In a post-hoc analysis, 30 min after the start of drug 
infusion, 17 (65%) of 26 patients in the PCC group and 
none of 19 in the FFP group had an INR of 1·2 or lower 
(appendix).

Discussion
Our fi ndings in the INCH trial suggest that PCC is better 
than FFP in normalising the INR within 3 h. Furthermore, 
haematoma expansion at 3 h and 24 h was signifi cantly 
less extensive in patients treated with PCC than with FFP. 
The fi ve deaths within the fi rst 48 h were related to 
haematoma expansion and occurred exclusively in the 
FFP group, and three patients died within 24 h. This 
fi nding suggests that haematoma expansion is an acute 
phenomenon and leads to death if not treated immediately. 
We did not identify a di! erence in clinical endpoints at 
day 90, but the trial was not designed for this endpoint, 
because it involved early rescue treatment with PCC in 
both groups after 3 h.31

Despite the introduction of novel oral anticoagulants, 
which carry a substantially lower risk of ICH,3–6 VKA-ICH 
is likely to remain a great challenge for the foreseeable 
future, because VKAs are still frequently prescribed in 
many countries for stroke prevention in atrial fi brillation 
and remain indispensable for other indications.32 We 
chose FFP as a comparator to PCC because both drugs 
are routinely used in many countries despite a preference 
for PCC in some guidelines.14,15 We defi ned normalisation 
of the INR as the primary endpoint in INCH to achieve a 
feasible sample size in this challenging disorder. The 
primary endpoint was measured at 3 h to allow su"  cient 
time for administration of FFP, which requires 
high-volume infusion, group typing, and FFP thawing. 
Despite choosing the 3 h timepoint and despite 
optimising the organisational delivery of FFP in the trial, 
most patients in the FFP group did not reach INR 

normalisation within 3 h after the start of treatment. 
Moreover, anticoagulation reversal using PCC might be 
further accelerated  in routine clinical practice by using 
serial bedside point-of-care coagulation testing.33

In accordance with fi ndings from another trial of VKA 
reversal in other settings,9 our fi ndings favour PCC over 
FFP in terms of speed of INR normalisation. Most 
patients in the FFP group (83% vs 26% in the PCC group) 
subsequently received PCC because the INR was not 
normalised at 3 h, which is likely to have accelerated 
anticoagulation reversal in the FFP group. Nevertheless, 
haematoma volumes at 24 h were smaller in the PCC 
group than in the FFP group. This fi nding supports the 
importance of an immediate start of treatment with high 

Figure !: Kaplan-Meier survival curve
Crosses represent censored patients.
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p value†

FFP only 
(n=4)‡
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Number of patients with 
at least one SAE

2 8 16 0·65 (0·16–2·49) 0·55

Number of SAEs 5 15 23 N/A N/A

SAE classifi ed as 
haematoma expansion

2 7 7 N/A N/A

SAE classifi ed as 
haematoma expansion 
leading to death

2 4 1 N/A N/A

Thromboembolic events¶

Myocardial infarction 0 ·· 0 N/A N/A

Ischaemic stroke 1 1 2 N/A N/A

Pulmonary embolism 0 0 4 N/A N/A

Deep vein thrombosis 0 0 1 N/A N/A

FFP=fresh frozen plasma. N/A=not applicable. PCC=prothrombin complex concentrate. SAE=serious adverse event. 
*FFP plus PCC vs PCC only. †Fisher’s exact test. ‡Two of 21 patients who did not reach the primary endpoint in the FFP 
did not receive PCC (protocol violation). §According to the protocol, patients in whom the international normalised 
ratio after 3 h was not below or equal to 1·2 received PCC. ¶One stroke in the FFP only group and one stroke and one 
pulmonary embolism in the PCC group occurred within the fi rst 3 days after start of treatment.
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Figure!1.!Key!Measurements!before!and!after!the!Administration!of!Idarucizumab.

The diluted thrombin time in 293 patients who had uncontrolled bleeding and in 195 patients who were about to undergo urgent surgery 
or intervention are shown in Panels A and B, respectively. Panel C shows the plasma concentration of unbound dabigatran in the 485 
patients in groups A and B who could be assessed. Panel D shows the activated partial-thromboplastin time in the 486 patients in 
groups A and B who could be assessed. The arrows show the timing of the two infusions of idarucizumab. Blood samples were obtained 
at baseline, after the first infusion, and between 10 and 30 minutes and at 1, 2, 4, 12, and 24 hours after the second infusion. Data are 
presented as box-and-whisker plots, in which the top and bottom of the rectangles indicate the 75th and 25th percentiles, respectively; 
the horizontal lines within the rectangles indicate the 50th percentile; the lines above and below the rectangles indicate the 90th and 
10th percentiles, respectively; and the dots above and below the lines indicate the 95th and 5th percentiles, respectively. The shaded ar-
eas show the normal ranges for each of the measures, which are based on data from 208 volunteers. The upper limits of the normal 
range for diluted thrombin time and activated partial-thromboplastin time are 35.5 seconds and 39.8 seconds, respectively.
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The diluted thrombin time in 293 patients who had uncontrolled bleeding and in 195 patients who were about to undergo urgent surgery 
or intervention are shown in Panels A and B, respectively. Panel C shows the plasma concentration of unbound dabigatran in the 485 
patients in groups A and B who could be assessed. Panel D shows the activated partial-thromboplastin time in the 486 patients in 
groups A and B who could be assessed. The arrows show the timing of the two infusions of idarucizumab. Blood samples were obtained 
at baseline, after the first infusion, and between 10 and 30 minutes and at 1, 2, 4, 12, and 24 hours after the second infusion. Data are 
presented as box-and-whisker plots, in which the top and bottom of the rectangles indicate the 75th and 25th percentiles, respectively; 
the horizontal lines within the rectangles indicate the 50th percentile; the lines above and below the rectangles indicate the 90th and 
10th percentiles, respectively; and the dots above and below the lines indicate the 95th and 5th percentiles, respectively. The shaded ar-
eas show the normal ranges for each of the measures, which are based on data from 208 volunteers. The upper limits of the normal 
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duction (95% CI, 66 to 79). At 4, 8, and 12 hours 
after andexanet infusion, the median value for 
anti–factor Xa activity was reduced from base-

line by 32%, 34%, and 38%, respectively, for 
apixaban and by 42%, 48%, and 62%, respective-
ly, for rivaroxaban.
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ICB unter DOAK

Andexanet Alfa (ANNEXA-4)

 Dieses Arzneimittel unterliegt einer 
zusätzlichen Überwachung. Dies ermög-
licht eine schnelle Identifizierung neuer Er-
kenntnisse über die Sicherheit. Angehörige 
von Gesundheitsberufen sind aufgefordert, 
jeden Verdachtsfall einer Nebenwirkung zu 
melden. Hinweise zur Meldung von Neben-
wirkungen siehe Abschnitt!4.8.

1. BEZEICHNUNG DES ARZNEIMITTELS

Ondexxya 200! mg Pulver zur Herstellung 
einer Infusionslösung

2. QUALITATIVE UND QUANTITATIVE 
ZUSAMMENSETZUNG

Jede Durchstechflasche enthält 200! mg 
Andexanet alfa*.

Nach der Rekonstitution enthält jeder ml 
Lösung 10!mg Andexanet alfa.

*Andexanet alfa wird durch rekombinante 
DNA-Technologie in Ovarialzellen des 
chinesischen Hamsters (CHO-Zellen) 
hergestellt.

Vollständige Auflistung der sonstigen Be-
standteile siehe Abschnitt!6.1.

3. DARREICHUNGSFORM

Pulver zur Herstellung einer Infusionslösung

Weißes bis fast weißes lyophilisiertes Pulver

4. KLINISCHE ANGABEN

4.1 Anwendungsgebiete

Wird bei erwachsenen Patienten, die 
mit einem direkten Faktor! Xa (FXa)-
Inhibitor (Apixaban oder Rivaroxaban) 
behandelt werden, angewendet, wenn 
aufgrund lebensbedrohlicher oder nicht 
beherrschbarer Blutungen eine Aufhebung 
der Antikoagulation erforderlich ist.

4.2 Dosierung und Art der Anwendung

Nur zur Anwendung im Krankenhaus.

Dosierung
Andexanet alfa wird angewendet als in-
travenöse Bolusgabe (Kurzinfusion) über 
15!Minuten (niedrige Dosis) oder 30!Minuten 
(hohe Dosis) mit einer anzustrebenden Ge-
schwindigkeit von etwa 30!mg/min, gefolgt 
von einer Dauerinfusion über 120! Minuten 
mit einer Geschwindigkeit von 4! mg/min 
(niedrige Dosis) oder 8!mg/min (hohe Dosis) 
(siehe Tabelle!1).

Aufhebung der Apixaban-Wirkung
Das empfohlene Dosierungsschema von 
Ondexxya richtet sich nach der zum Zeit-
punkt der Aufhebung der Antikoagulation 
vom Patienten aktuell eingenommenen 
Apixaban-Dosis sowie nach der seit der 
letzten Einnahme von Apixaban verstriche-
nen Zeit (siehe Tabelle!2).

Aufhebung der Rivaroxaban-Wirkung
Das empfohlene Dosierungsschema von 
Ondexxya richtet sich nach der zum Zeit-
punkt der Aufhebung der Antikoagulation 
vom Patienten aktuell eingenommenen 
Rivaroxaban-Dosis sowie nach der seit 
der letzten Einnahme von Rivaroxaban 
verstrichenen Zeit (siehe Tabelle!3).

Tabelle!1: Dosierungsschemata

Initiale 
intravenöse 
Bolusgabe

Intravenöse 
Dauerinfusion

Gesamtzahl der 
benötigten 200!mg-
Durchstech"aschen

Niedrige Dosis

400!mg mit einer 
anzustrebenden 

Infusionsgeschwindigkeit 
von 30 mg/min

4!mg/min über 
120!Minuten 

(480!mg)
5

Hohe Dosis

800!mg mit einer 
anzustrebenden 

Infusionsgeschwindigkeit 
von 30 mg/min

8!mg/min über 
120!Minuten 

(960!mg)
9

Tabelle!2: Zusammenfassung des Dosierungsschemas zur Aufhebung der 
Apixaban-Wirkung

FXa-Inhibitor Letzte Dosis

Zeitpunkt der letzten Einnahme vor 
Beginn der Ondexxya-Gabe

< 8 Stunden oder 
nicht bekannt # 8 Stunden

Apixaban
" 5 mg Niedrige Dosis

Niedrige Dosis> 5 mg/ 
Nicht bekannt Hohe Dosis

Tabelle!3: Zusammenfassung des Dosierungsschemas zur Aufhebung der 
Rivaroxaban-Wirkung

FXa-Inhibitor Letzte Dosis

Zeitpunkt der letzten Einnahme vor 
Beginn der Ondexxya-Gabe

< 8 Stunden oder 
nicht bekannt # 8 Stunden

Rivaroxaban
" 10 mg Niedrige Dosis

Niedrige Dosis> 10 mg/ 
Nicht bekannt Hohe Dosis

Portola             Ondexxya 200!mg Pulver zur Herstellung einer Infusionslösung

Fachinformation (Zusammenfassung der Merkmale des Arzneimittels/SmPC)

Wiederaufnahme der 
antithrombotischen Therapie
Nach Ondexxya-Gabe und Sistieren der 
schweren Blutung ist zur Vorbeugung throm-
botischer Ereignisse infolge der Grund-
erkrankung des Patienten eine Wiederauf-
nahme der Antikoagulation zu erwägen. Die 
antithrombotische Therapie kann wieder-
aufgenommen werden, sobald dies nach 
der Behandlung ärztlich angezeigt ist und 
sofern der Patient klinisch stabil ist und eine 
ausreichende Hämostase erzielt wurde. Der 
Nutzen der Antikoagulation ist gegen die 
Risiken einer erneuten Blutung ärztlich ab-
zuwägen (siehe Abschnitt!4.4).

Besondere Patientengruppen
Ältere Patienten (ab 65! Jahren): Bei 
älteren Patienten ist keine Dosisanpassung 
erforderlich (siehe Abschnitt!5.2).

Nierenfunktionsstörungen: Der Einfluss 
von Nierenfunktionsstörungen auf die An-
dexanet alfa-Exposition wurde nicht un-
tersucht. Nach den zur Clearance vorlie-
genden Daten wird keine Dosisanpassung 
empfohlen.

Leberfunktionsstörungen: Nach den zur 
Clearance von Andexanet alfa vorliegenden 
Daten wird keine Dosisanpassung empfoh-
len. Die Sicherheit und Wirksamkeit wurden 
bei Patienten mit Leberfunktionsstörungen 
nicht untersucht (siehe Abschnitt!5.2).

Kinder und Jugendliche: Die Sicherheit 
und Wirksamkeit von Andexanet alfa bei 

Kindern und Jugendlichen ist nicht erwie-
sen. Es liegen keine Daten vor.

Art der Anwendung
Intravenöse Anwendung
Zunächst wird die entsprechende Anzahl 
Ondexxya-Durchstechflaschen rekonsti-
tuiert. Anschließend wird die rekonsti-
tuierte Lösung (10! mg/ml) ohne weitere 
Verdünnung in einen geeigneten leeren 
Infusionsbeutel aus Polyolefin (PO) oder 
Polyvinylchlorid (PVC) überführt (siehe 
Abschnitt!6.6). Die i.v. Infusion erfolgt dann 
über einen 0,2- oder 0,22! #m-In-line-Filter 
aus Polyethersulfon (PES) oder einem 
äquivalenten Material mit entsprechend 
geringer Proteinbindung.

Ondexxya wird angewendet als i.v. 
Bolusgabe (Kurzinfusion) über 15 bis 
30! Minuten mit einer anzustrebenden 
Geschwindigkeit von etwa 30! mg/min, 
gefolgt von einer Dauerinfusion über 
120! Minuten mit einer Geschwindigkeit 
von 4! mg/min (niedrige Dosis) oder
8!mg/min (hohe Dosis) (siehe Tabelle!1).

Hinweise zur Rekonstitution des Arznei-
mittels vor der Anwendung siehe 
Abschnitt!6.6.

4.3 Gegenanzeigen

Überempfindlichkeit gegen den Wirkstoff 
oder einen der in Abschnitt!6.1 genannten 
sonstigen Bestandteile.

Bekannte allergische Reaktion gegen 
Hamsterproteine.Ju
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duction (95% CI, 66 to 79). At 4, 8, and 12 hours 
after andexanet infusion, the median value for 
anti–factor Xa activity was reduced from base-

line by 32%, 34%, and 38%, respectively, for 
apixaban and by 42%, 48%, and 62%, respective-
ly, for rivaroxaban.
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 Dieses Arzneimittel unterliegt einer 
zusätzlichen Überwachung. Dies ermög-
licht eine schnelle Identifizierung neuer Er-
kenntnisse über die Sicherheit. Angehörige 
von Gesundheitsberufen sind aufgefordert, 
jeden Verdachtsfall einer Nebenwirkung zu 
melden. Hinweise zur Meldung von Neben-
wirkungen siehe Abschnitt!4.8.

1. BEZEICHNUNG DES ARZNEIMITTELS

Ondexxya 200! mg Pulver zur Herstellung 
einer Infusionslösung

2. QUALITATIVE UND QUANTITATIVE 
ZUSAMMENSETZUNG

Jede Durchstechflasche enthält 200! mg 
Andexanet alfa*.

Nach der Rekonstitution enthält jeder ml 
Lösung 10!mg Andexanet alfa.

*Andexanet alfa wird durch rekombinante 
DNA-Technologie in Ovarialzellen des 
chinesischen Hamsters (CHO-Zellen) 
hergestellt.

Vollständige Auflistung der sonstigen Be-
standteile siehe Abschnitt!6.1.

3. DARREICHUNGSFORM

Pulver zur Herstellung einer Infusionslösung

Weißes bis fast weißes lyophilisiertes Pulver

4. KLINISCHE ANGABEN

4.1 Anwendungsgebiete

Wird bei erwachsenen Patienten, die 
mit einem direkten Faktor! Xa (FXa)-
Inhibitor (Apixaban oder Rivaroxaban) 
behandelt werden, angewendet, wenn 
aufgrund lebensbedrohlicher oder nicht 
beherrschbarer Blutungen eine Aufhebung 
der Antikoagulation erforderlich ist.

4.2 Dosierung und Art der Anwendung

Nur zur Anwendung im Krankenhaus.

Dosierung
Andexanet alfa wird angewendet als in-
travenöse Bolusgabe (Kurzinfusion) über 
15!Minuten (niedrige Dosis) oder 30!Minuten 
(hohe Dosis) mit einer anzustrebenden Ge-
schwindigkeit von etwa 30!mg/min, gefolgt 
von einer Dauerinfusion über 120! Minuten 
mit einer Geschwindigkeit von 4! mg/min 
(niedrige Dosis) oder 8!mg/min (hohe Dosis) 
(siehe Tabelle!1).

Aufhebung der Apixaban-Wirkung
Das empfohlene Dosierungsschema von 
Ondexxya richtet sich nach der zum Zeit-
punkt der Aufhebung der Antikoagulation 
vom Patienten aktuell eingenommenen 
Apixaban-Dosis sowie nach der seit der 
letzten Einnahme von Apixaban verstriche-
nen Zeit (siehe Tabelle!2).

Aufhebung der Rivaroxaban-Wirkung
Das empfohlene Dosierungsschema von 
Ondexxya richtet sich nach der zum Zeit-
punkt der Aufhebung der Antikoagulation 
vom Patienten aktuell eingenommenen 
Rivaroxaban-Dosis sowie nach der seit 
der letzten Einnahme von Rivaroxaban 
verstrichenen Zeit (siehe Tabelle!3).

Tabelle!1: Dosierungsschemata

Initiale 
intravenöse 
Bolusgabe

Intravenöse 
Dauerinfusion

Gesamtzahl der 
benötigten 200!mg-
Durchstech"aschen

Niedrige Dosis

400!mg mit einer 
anzustrebenden 

Infusionsgeschwindigkeit 
von 30 mg/min

4!mg/min über 
120!Minuten 

(480!mg)
5

Hohe Dosis

800!mg mit einer 
anzustrebenden 

Infusionsgeschwindigkeit 
von 30 mg/min

8!mg/min über 
120!Minuten 

(960!mg)
9

Tabelle!2: Zusammenfassung des Dosierungsschemas zur Aufhebung der 
Apixaban-Wirkung

FXa-Inhibitor Letzte Dosis

Zeitpunkt der letzten Einnahme vor 
Beginn der Ondexxya-Gabe

< 8 Stunden oder 
nicht bekannt # 8 Stunden

Apixaban
" 5 mg Niedrige Dosis

Niedrige Dosis> 5 mg/ 
Nicht bekannt Hohe Dosis

Tabelle!3: Zusammenfassung des Dosierungsschemas zur Aufhebung der 
Rivaroxaban-Wirkung

FXa-Inhibitor Letzte Dosis

Zeitpunkt der letzten Einnahme vor 
Beginn der Ondexxya-Gabe

< 8 Stunden oder 
nicht bekannt # 8 Stunden

Rivaroxaban
" 10 mg Niedrige Dosis

Niedrige Dosis> 10 mg/ 
Nicht bekannt Hohe Dosis

Portola             Ondexxya 200!mg Pulver zur Herstellung einer Infusionslösung

Fachinformation (Zusammenfassung der Merkmale des Arzneimittels/SmPC)

Wiederaufnahme der 
antithrombotischen Therapie
Nach Ondexxya-Gabe und Sistieren der 
schweren Blutung ist zur Vorbeugung throm-
botischer Ereignisse infolge der Grund-
erkrankung des Patienten eine Wiederauf-
nahme der Antikoagulation zu erwägen. Die 
antithrombotische Therapie kann wieder-
aufgenommen werden, sobald dies nach 
der Behandlung ärztlich angezeigt ist und 
sofern der Patient klinisch stabil ist und eine 
ausreichende Hämostase erzielt wurde. Der 
Nutzen der Antikoagulation ist gegen die 
Risiken einer erneuten Blutung ärztlich ab-
zuwägen (siehe Abschnitt!4.4).

Besondere Patientengruppen
Ältere Patienten (ab 65! Jahren): Bei 
älteren Patienten ist keine Dosisanpassung 
erforderlich (siehe Abschnitt!5.2).

Nierenfunktionsstörungen: Der Einfluss 
von Nierenfunktionsstörungen auf die An-
dexanet alfa-Exposition wurde nicht un-
tersucht. Nach den zur Clearance vorlie-
genden Daten wird keine Dosisanpassung 
empfohlen.

Leberfunktionsstörungen: Nach den zur 
Clearance von Andexanet alfa vorliegenden 
Daten wird keine Dosisanpassung empfoh-
len. Die Sicherheit und Wirksamkeit wurden 
bei Patienten mit Leberfunktionsstörungen 
nicht untersucht (siehe Abschnitt!5.2).

Kinder und Jugendliche: Die Sicherheit 
und Wirksamkeit von Andexanet alfa bei 

Kindern und Jugendlichen ist nicht erwie-
sen. Es liegen keine Daten vor.

Art der Anwendung
Intravenöse Anwendung
Zunächst wird die entsprechende Anzahl 
Ondexxya-Durchstechflaschen rekonsti-
tuiert. Anschließend wird die rekonsti-
tuierte Lösung (10! mg/ml) ohne weitere 
Verdünnung in einen geeigneten leeren 
Infusionsbeutel aus Polyolefin (PO) oder 
Polyvinylchlorid (PVC) überführt (siehe 
Abschnitt!6.6). Die i.v. Infusion erfolgt dann 
über einen 0,2- oder 0,22! #m-In-line-Filter 
aus Polyethersulfon (PES) oder einem 
äquivalenten Material mit entsprechend 
geringer Proteinbindung.

Ondexxya wird angewendet als i.v. 
Bolusgabe (Kurzinfusion) über 15 bis 
30! Minuten mit einer anzustrebenden 
Geschwindigkeit von etwa 30! mg/min, 
gefolgt von einer Dauerinfusion über 
120! Minuten mit einer Geschwindigkeit 
von 4! mg/min (niedrige Dosis) oder
8!mg/min (hohe Dosis) (siehe Tabelle!1).

Hinweise zur Rekonstitution des Arznei-
mittels vor der Anwendung siehe 
Abschnitt!6.6.

4.3 Gegenanzeigen

Überempfindlichkeit gegen den Wirkstoff 
oder einen der in Abschnitt!6.1 genannten 
sonstigen Bestandteile.

Bekannte allergische Reaktion gegen 
Hamsterproteine.Ju

ni
 2

01
9

1
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Andexanet for Bleeding with Factor Xa Inhibitors

Hemostatic Efficacy
Of the 254 patients in the efficacy analysis, 249 
could be evaluated for hemostatic efficacy, and 
204 (82%) were adjudicated as having excellent 
or good hemostatic efficacy at 12 hours (95% CI, 
77 to 87) (Fig. 2). Of these, 171 were adjudicated 
as having excellent hemostatic efficacy and 33 as 
having good hemostatic efficacy. The percent-
ages of patients with excellent or good efficacy 
were 85% (95% CI, 76 to 94) for gastrointestinal 
bleeding and 80% (95% CI, 74 to 86) for intra-
cranial bleeding. Data for patients with poor or 
no hemostatic efficacy are provided in Tables S3 
and S4 in the Supplementary Appendix. Data for 
outliers with very high baseline anti–factor Xa 
activity are provided in the Supplementary Appen-
dix. Results for thrombin generation are present-
ed in Table S5 in the Supplementary Appendix.

Safety Outcomes
There were 34 patients (10%) with a thrombotic 
event during the 30-day follow-up period (Ta-
ble 2). Of these patients, 11 had an event within 
5 days after andexanet therapy, 11 had an event 
between 6 and 14 days, and 12 had an event be-
tween 15 and 30 days. Myocardial infarction oc-
curred in 7 patients, ischemic stroke in 14, deep-
vein thrombosis in 13, and pulmonary embolus 
in 5. There were 2 patients with infusion reac-
tions, neither of which was severe (as described 
in the Supplementary Appendix). Antibodies to 
factor X or Xa developed in no patients after 
andexanet treatment, and no neutralizing anti-

bodies to andexanet developed. There were 49 
patients (14%) who died within 30 days after en-
rollment, 35 of cardiovascular causes, 12 of non-
cardiovascular causes, and 2 of unknown causes.

Reinitiation of Anticoagulation  
and Thrombotic Events

Factor Xa inhibitor therapy was immediately 
stopped in all patients at the time of enrollment. 
In the 30 days after andexanet treatment, 220 pa-
tients (62%) received at least one dose of either 
parenteral or oral anticoagulant therapy; of these 
patients, 8 (2%) had a thrombotic event after 
restarting anticoagulation. Of the 220 patients, 
100 (28%) were restarted on oral anticoagulation 
during follow-up. No thrombotic events occurred 
after oral anticoagulation had been restarted 
(Table 2).

Figure!2.!Hemostatic!Efficacy.

Shown are the percentages of patients in the efficacy analysis who had 
 excellent or good hemostatic efficacy at 12 hours, as assessed by the inde-
pendent adjudication committee on the basis of prespecified criteria. The 
size of the red squares is proportional to the number of patients included 
in the subgroup analysis. The study hypothesis was that the rate of excel-
lent or good hemostatic efficacy would exceed 50% (indicated by the ver-
tical dashed line). There were five patients in the efficacy population in whom 
hemostatic efficacy could not be adjudicated owing to administrative reasons 
(see Fig. S1 in the Supplementary Appendix for details). The four patients 
in the efficacy population who received edoxaban are not shown for the 
subgroup according to drug.

25 7550 100

Overall
Drug

Rivaroxaban
Apixaban
Enoxaparin

Sex
Male
Female

Site of bleeding
Gastrointestinal
Intracranial
Other

Age
<65 yr
65–75 yr
>75 yr

Andexanet dose
Low
High

Percent!with!Excellent!or!Good
Hemostasis!(95%!CI)

No.!of!Patients/
Total!No.Subgroup

82 (77–87)

80 (72–88)
83 (77–90)
87 (69–100)

80 (73–87)
84 (78–91)

85 (76–94)
80 (74–86)
86 (71–100)

82 (68–96)
86 (78–95)
80 (74–86)

83 (78–88)
78 (65–91)

0

204/249

79/99
109/131
13/15

101/127
103/122

51/60
135/168
18/21

23/28
57/66

124/155

172/208
32/41

Figure!1!(facing!page).!Anti–Factor!Xa!Activity!!
in!the!Efficacy!Population.

The median for each level of anti–factor Xa activity at 
each time point is marked as a horizontal line within 
the box. The top and bottom of the box denote the 75th 
and 25th percentiles, respectively, and the whiskers 
 indicate the 90th and 10th percentiles. Outliers are 
shown as dots. The bolus of andexanet was delivered 
over a period of 15 to 30 minutes, and the drug infusion 
lasted 2 hours. Subsequent time points are measured 
from the end of the infusion. The plots for the 134 pa-
tients who received apixaban, the 100 who received 
 rivaroxaban, and the 16 who received enoxaparin are 
shown in Panels A, B, and C, respectively. (The 4 pa-
tients in the efficacy analysis who received edoxaban 
are not shown.) The numbers below the graphs show 
the median values, the percentage change in median 
values from baseline, and the 95% confidence intervals 
(CI) for this change.
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Biomarker–Efficacy Correlation
The relationship between change in anti–factor 
Xa activity during andexanet therapy and adju-
dicated hemostatic efficacy was evaluated by 
means of ROC curves. Overall, there was no 
significant relationship between hemostatic ef-
ficacy and a reduction in anti–factor Xa activity 
during andexanet treatment (Fig. 3). For pa-
tients with intracranial hemorrhage, the mag-
nitude of the reduction in anti–factor Xa activ-
ity from baseline to nadir during treatment was 
a predictor of hemostatic efficacy, with an area 
under the ROC curve of 0.64 (95% CI, 0.53  
to 0.74).

Discussion

Acute major bleeding that is associated with the 
use of factor Xa inhibitors can be a medical 
emergency with a poor prognosis.12 There are 
limited treatment options for such patients. We 
administered andexanet to patients with acute 
major bleeding associated with factor Xa inhibi-
tors; 64% of the patients had acute intracranial 
hemorrhage. The percentage of patients with ex-
cellent or good hemostatic efficacy at 12 hours, 
adjudicated according to prespecified criteria, was 
82%, with consistent effects across all subgroups.

Rapid specific reversal of factor Xa inhibition 

Variable Safety!Population!(N!=!352)

Total
<6 Days 

after Bolus
6–14 Days 
after Bolus

15–30 Days 
after Bolus

number of patients (percent)

!1 Thrombotic event within 30 days† 34 (10) 11 11 12

Myocardial infarction  7  6  1  0

Ischemic stroke or stroke of uncertain classification 14  5  6  3

Transient ischemic attack  1  0  0  1

Deep-vein thrombosis 13  1  5  7

Pulmonary embolism  5  1  0  4

Death within 30 days‡ 49 (14)  8 21 20

Cardiovascular cause 35  7 15 13

Noncardiovascular cause 12  1  5  6

Uncertain cause  2  0  1  1

Restart of any anticoagulation§ 220 (62) 145 (41) 46 (13) 29 (8)

Thrombotic event before restart¶ 26 (7)

Thrombotic event after restart 8 (2)

Restart of oral anticoagulation" 100 (28) 31 (9) 37 (11) 32 (9)

Thrombotic event before restart¶ 34 (10)

Thrombotic event after restart 0

*  Thrombotic events that occurred on the day of restarting anticoagulation were considered to have occurred before the 
restart.

†  Some patients had more than one thrombotic event.
‡  Two deaths occurred during study follow-up, but after 30 days.
§  Restart of any anticoagulation includes the use of any form of heparin or low-molecular-weight heparin, fondaparinux, 

or argatroban, or any oral anticoagulant, including vitamin K antagonists and non–vitamin K antagonists (at any dose 
and for any duration).

¶  Included are thrombotic events that occurred in patients who never restarted anticoagulation.
"  Restart of oral anticoagulation includes only the use of vitamin K antagonists or non–vitamin K oral anticoagulants (at 

any dose and for any duration).

Table!2.!Timing!of!Thrombotic!Event!and!Restarting!of!Anticoagulation.*
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ICB unter DOAK

PPSB

n = 172

PPSB (im Mittel 40 IE/kg/KG)

27% Nachblutungen
4% thrombotische Ereignisse

Panos et al., 2020, Circulation

n = 103

PPSB (im Mittel 23 IE/kg/KG)

35% Nachblutungen

Gerner et al., 2018, Ann Neurol

DSG- und ESO-Leitlinie: Andexanet möglich, Alternative PPSB
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268 participants in the avoidance group (1·02 [0·65–1·60]; 
p=0·92); and 54 (20%) of 268 participants in the anti-
platelet group had major haemorrhagic or occlusive 
vascular events compared with 61 (23%) of 268 participants 
in the avoidance group (0·86 [0·60–1·24]; p=0·43; table 3, 
appendix). In a sensitivity analysis, antiplatelet therapy 
did not reduce the cumulative incidence of all major 
haemorrhagic or occlusive vascular events (p=1·0). For 
the composite secondary outcome of all major vascular 
events specified in the trial protocol,4,17 antiplatelet therapy 
seemed to reduce the risk of non-fatal myocardial 
infarction, non-fatal stroke (ischaemic, haemorrhagic, or 
uncertain cause), or death from a vascular cause (adjusted 
HR 0·65 [95% CI 0·44–0·95]; p=0·025; table 3, appendix). 
We found no evidence of heterogeneity of the e!ects of 
antiplatelet therapy on these secondary outcomes in 
prespecified exploratory subgroup analyses (appendix) or 
in the distribution of the modified Rankin scale score 
during follow-up (appendix). Few serious adverse events 
occurred (n=11), which were neither outcomes nor 
expected complications of stroke (appendix).

Discussion
In this randomised trial of 537 survivors of an intracerebral 
haemorrhage while on antithrombotic therapy, starting 
antiplatelet therapy might have reduced the risk of 
recurrent symptomatic intracerebral haemorrhage. The 
results exclude all but a very modest increase in the risk 
of recurrent intracerebral haemorrhage with antiplatelet 
therapy, which seems too small to exceed the established 
benefits of antiplatelet therapy for secondary prevention.4 
Therefore, starting antiplatelet therapy seems to be safe 

and might be beneficial in patients who survived a 
median of 76 days after intracerebral haemorrhage, most 
of whom had good functional ability at baseline and a 
higher probability of good functional outcome at 6-month 
follow up (table 1, appendix).19 Our findings, alongside 
published observational studies,9–14 provide reassurance 
about the use of long-term antiplatelet therapy in a range 
of patients after intracerebral haemorrhage associated 
with antithrombotic therapy.

RESTART is the first randomised trial comparing 
starting versus avoiding antiplatelet therapy after 

Start 
antiplatelet 
therapy 
(n=268)

Avoid 
antiplatelet 
therapy 
(n=268)

Log-rank 
test 
p value

Unadjusted analysis Adjusted analysis

HR (95% CI) p value HR (95% CI) p value

Primary outcome

Recurrent symptomatic spontaneous intracerebral haemorrhage 12 23 0·057 0·51 (0·26–1·03) 0·062 0·51 (0·25–1·03) 0·060

Sensitivity analyses of the primary outcome

Recurrent symptomatic spontaneous intracerebral haemorrhage or symptomatic 
stroke of uncertain subtype

12 24 0·041 0·49 (0·25–0·99) 0·046 0·49 (0·24–0·98) 0·044

Recurrent symptomatic spontaneous intracerebral haemorrhage or death of 
undetermined cause

13 25 0·047 0·51 (0·26–1·00) 0·051 0·51 (0·26–0·99) 0·048

Secondary outcomes

All major haemorrhagic events (all types of symptomatic spontaneous or traumatic 
intracranial haemorrhage, or symptomatic major extracranial haemorrhage)

18 25 0·27 0·71 (0·39–1·30) 0·27 0·71 (0·39–1·30) 0·27

All major occlusive vascular events (ischaemic stroke; myocardial infarction; 
mesenteric ischaemia; peripheral arterial occlusion; deep vein thrombosis; pulmonary 
embolism; or carotid, coronary, or peripheral arterial revascularisation procedures)

39 38 0·97 1·01 (0·65–1·58) 0·97 1·02 (0·65–1·60) 0·92

All major haemorrhagic or occlusive vascular events 54 61 0·42 0·86 (0·60–1·24) 0·42 0·86 (0·60–1·24) 0·43

Major occlusive vascular events* 45 52 0·39 0·84 (0·56–1·25) 0·39 0·84 (0·56–1·25) 0·39

Major vascular events (as defined by the Antithrombotic Trialists’ Collaboration) 45 65 0·026 0·65 (0·45–0·95) 0·027 0·65 (0·44–0·95) 0·025

HR=hazard ratio. *As defined in the trial protocol.

Table !: Risks of first occurrence of primary and secondary outcome events during follow-up

Figure ": Kaplan-Meier plot of the first occurrence of recurrent symptomatic intracerebral haemorrhage
Numbers at risk refer to survivors under follow-up at the start of each year according to treatment allocation. 
Cumulative events indicate the participants in follow-up with a first event. HR=hazard ratio.
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Start vs avoid antiplatelet therapy: 
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p=0·060

TAH nach ICB, RESTART, n = 537

Al Shahi Salman et al. 2019, Lancet
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Blutungsrisiko bei
hohem Alter

unkontrollierter Hypertension
geringer Therapieadhärenz
spontaner Blutung

Lobärblutung
Amyloidangiopathie
Mikrohämorrhagien

Leukencephalopathie
Tumorleiden

Indikation für (doppelte) TAH

OAK nach ICB

Rabinstein et al. 2014, Neurology
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provement during follow-up: age (RR, 0.968; 95% CI, 0.945-
0.993; P = .01), neurological status (NIHSS, RR: 0.956; 95% CI,
0.922-0.992; P = .02), ICH volume (RR: 0.576; 95% CI, 0.334-

0.994; P = .04), and new ischemic stroke (RR: 0.113; 95% CI,
0.016-0.792; P = .03). Only higher hemoglobin levels at time
of admission was significantly associated with functional im-

Figure 4. Crude Incidence Rates of Ischemic and Hemorrhagic Complications During 1-Year Follow-up in
Patients With and Without OAC Resumption
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Figure 5. Kaplan-Meier Survival Rates of Patients With Atrial Fibrillation With and Without OAC Resumption
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Kaplan-Meier survival curves of the
propensity-matched cohort (which
included only patients who were
discharged alive) comparing patients
with atrial fibrillation who restarted
oral anticoagulation (OAC) vs those
who did not restart OAC. Survival is
presented from index intracerebral
hemorrhage (ICH) until 1-year
follow-up and analyzed by log-rank,
Breslow, and Tarone-Ware testing.
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provement during follow-up: age (RR, 0.968; 95% CI, 0.945-
0.993; P = .01), neurological status (NIHSS, RR: 0.956; 95% CI,
0.922-0.992; P = .02), ICH volume (RR: 0.576; 95% CI, 0.334-

0.994; P = .04), and new ischemic stroke (RR: 0.113; 95% CI,
0.016-0.792; P = .03). Only higher hemoglobin levels at time
of admission was significantly associated with functional im-

Figure 4. Crude Incidence Rates of Ischemic and Hemorrhagic Complications During 1-Year Follow-up in
Patients With and Without OAC Resumption

25

20

15

10

5

0
0

In
ci

de
nc

e,
 %

Time, wk
4 8 12 16 20 24 28 32 36 40 44 48 52

Ischemic eventsA

No. of patients
No OAC resumption
OAC resumption

25

20

15

10

5

0

547
172

0

In
ci

de
nc

e,
 %

Time, wk

518
172

4

481
170

8

445
170

12

416
169

16

399
168

20

389
166

24

375
166

28

362
165

32

354
163

36

343
161

40

336
161

44

322
159

48

316
157

52

Hemorrhagic eventsB

!! P <.001

No OAC resumption

OAC resumption

No OAC resumption

OAC resumption

!! P = .48

Incidence rates of (A) new ischemic
and (B) hemorrhagic events
comparing all surviving patients who
restarted oral anticoagulation (OAC)
vs those who did not restart OAC.
Analyses were based on all patients
with complete 1-year follow-up data.

Figure 5. Kaplan-Meier Survival Rates of Patients With Atrial Fibrillation With and Without OAC Resumption
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Kaplan-Meier survival curves of the
propensity-matched cohort (which
included only patients who were
discharged alive) comparing patients
with atrial fibrillation who restarted
oral anticoagulation (OAC) vs those
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0.016-0.792; P = .03). Only higher hemoglobin levels at time
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available practice guidelines, but should not be used to
directly inform treatment decisions. Instead, they provide
a basis for the design of a prospective, randomized,
blinded trial to definitively address this critical therapeu-
tic dilemma.

ICH location (ie, lobar vs nonlobar) represents a
helpful indicator as to the underlying small vessel disease

pathophysiology.26 Nonlobar ICH has been consistently
associated with hypertensive microvascular disease,
whereas lobar ICH is considered a manifestation of
underlying CAA. Recent randomized trial and observa-
tional data findings, however, seem to suggest that hyper-
tension may play a role in recurrence of both lobar and
nonlobar ICH.7,27 Nonetheless, hematoma location has

FIGURE 1: Functional outcome at 1 year, stratified by anticoagulation resumption and intracerebral hemorrhage (ICH) location.
Functional outcome (defined as modified Rankin Scale) at 1 year is shown for lobar (A) and nonlobar (B) ICH. Scale scores
increase from 0 (leftmost box) to 6 (rightmost box). Values ranging from 0 to 3 (solid background boxes) are considered favor-
able functional outcome. Numbers in each box represents counts of participating individuals in each category. OAT 5 oral anti-
coagulation treatment.

TABLE 4. Oral Anticoagulation Resumption and Long-Term Outcomes following Intracerebral Hemorrhage

All ICH Nonlobar ICH Lobar ICH

Outcomea HR 95% CI p HR 95% CI p HR 95% CI p

Mortality 0.32 0.15–0.66 0.002b 0.30 0.10–0.91 0.035b 0.33 0.12–0.87 0.026b

Favorable outcome, mRS 5 0–3 3.99 1.76–9.05 0.001b 4.10 1.24–13.57 0.022b 3.89 1.26–11.98 0.019b

All-cause stroke 0.50 0.32–0.79 0.003b 0.49 0.26–0.93 0.031b 0.51 0.26–0.99 0.047b

Recurrent ICH 1.10 0.96–1.26 0.20 1.10 0.94–1.28 0.23 1.21 0.86–1.70 0.27

Ischemic stroke 0.46 0.28–0.75 0.002b 0.44 0.22–0.90 0.025b 0.48 0.25–0.94 0.032b

aAll analyses were adjusted by means of propensity score matching using the following parameters: Glasgow Coma Scale at presentation, ICH vol-

ume, presence of intraventricular hemorrhage, discharge mRS, CHA2DS2-VASc score, and HAS-BLED score.
bStatistically significant.

CI 5 confidence interval; HR 5 hazard ratio; ICH 5 intracerebral hemorrhage; mRS 5 modified Rankin Scale.

ANNALS of Neurology
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Biffi et al. 2017, Ann Neurol

OAK nach ICB (n = 1012)
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• Rasche Gabe, 30 IE/kg Körpergewicht, Vit K nicht vergessen

Idarucizumab bei ICB unter Dabigatran
• 2 x 2.5g i.v.

Andexanet Alfa oder PPSB bei ICB unter Rivaroxaban / Apixaban
• Bei PPSB >50IE IE/kg Körpergewicht

TAH und OAK nach ICB in Nutzen-Risiko-Relation pro Wiederbeginn
• TAH: wenige Tage nach Ereignis

• OAK: 4-8 Wochen nach Ereignis
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Epileptische Anfälle
Fokal-neurologische Ausfälle
Stauungspapillen
Sehstörungen
Psychomotorische Verlangsamung
Vigilanzminderung
Desorientierung und psychotische Symptome
Fieber (bei septischer Genese)

notfallmäßig 
MRT oder CT mit venöser Angiographie

Labor: D-Dimer
Labor: Liquor

septische Genese?
Druckerhöhung?

Gesicherte Diagnose CVST 

Patient instabil? Hirndruckzeichen? 

ITS

NMH, gewichtsadaptiert
bei septischer Genese zusätzlich Antibiose

ICP-Messung, 
Verlaufsbildgebung: 

operative 
Dekompression 

(bei drohender Herniation und 
drohendem Parenchymschaden)

Stroke Unit 
oder ITS

In Abhängigkeit weiterer Befunde und 
Risikofaktoren im Einzelfall 

Thrombophiliediagnostik und Tumorsuche

Fortführung 
Antikoagulation
(12-24 h post-op)

Nach Akutphase (10-14 Tage) orale 
Antikoagulation mit 

Vit.K-Antagonist (Ziel-INR 2-3) 
für 3-12 Monate

unterstützender Befund unterstützender Befund

neinja

Direkter 
Thrombusnachweis
(KM-Aussparung, 

T2*/SWI+T1)

Indirekte Zeichen 
eines Thrombus 
(empty-triangle
oder cord-sign)

Stauungsblutung/ 
Stauungsinfarkt

unterstützender Befund unterstützender Befund

Abb.!1 Vorgehen beim Verdacht auf eine zerebrale Sinus- oder Venenthrombose (CVST), CT Computertomographie, ICP intrakranieller Druck, INR „inter-
national normalized ratio“, ITS Intensivstation, KM Kontrastmittel, MRT Magnetresonanztomographie, NMH niedermolekulares Heparin, SWI suszeptibili-
tätsgewichtete Bildgebung

SOP/Algorithmus  

Onur & Fink, DGNeurologie 2019

CSVT - Algorithmus
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D-Dimere

Probleme
- Falsch-negative bei isoliertem Kopfschmerz oder prolongierter Klinik (> 1 

Woche)

- Keine cut-offs
- Keine Altersadaption
- Keine ausreichende Evidenz bezüglich Vortestwahrscheinlichkeit

- bei hoher klinischer Wahrscheinlichkeit -> keine D-Dimere 
(negativ-prädiktiver Wert nicht ausreichend)

- ESO vs DGN
- ESO: D-Dimere untersuchen außer bei o.g. isoliertem Kopfschmerz oder 

prolongierter Klinik 
- DGN: Bildgebung nicht abhängig machen von D-Dimeren
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septische Genese?
Druckerhöhung?

Gesicherte Diagnose CVST 

Patient instabil? Hirndruckzeichen? 

ITS

NMH, gewichtsadaptiert
bei septischer Genese zusätzlich Antibiose

ICP-Messung, 
Verlaufsbildgebung: 

operative 
Dekompression 

(bei drohender Herniation und 
drohendem Parenchymschaden)

Stroke Unit 
oder ITS

In Abhängigkeit weiterer Befunde und 
Risikofaktoren im Einzelfall 

Thrombophiliediagnostik und Tumorsuche

Fortführung 
Antikoagulation
(12-24 h post-op)

Nach Akutphase (10-14 Tage) orale 
Antikoagulation mit 

Vit.K-Antagonist (Ziel-INR 2-3) 
für 3-12 Monate

unterstützender Befund unterstützender Befund

neinja

Direkter 
Thrombusnachweis
(KM-Aussparung, 

T2*/SWI+T1)

Indirekte Zeichen 
eines Thrombus 
(empty-triangle
oder cord-sign)

Stauungsblutung/ 
Stauungsinfarkt

unterstützender Befund unterstützender Befund

Abb.!1 Vorgehen beim Verdacht auf eine zerebrale Sinus- oder Venenthrombose (CVST), CT Computertomographie, ICP intrakranieller Druck, INR „inter-
national normalized ratio“, ITS Intensivstation, KM Kontrastmittel, MRT Magnetresonanztomographie, NMH niedermolekulares Heparin, SWI suszeptibili-
tätsgewichtete Bildgebung

SOP/Algorithmus  

Onur & Fink, DGNeurologie 2019

CSVT - Algorithmus
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For follow-up after successful occlusion of the
aneurysm without complications, MR angiography is
preferred rather than digital subtraction angiography
[11]. Repetitive MR angiography to detect de novo aneu-
rysms is not recommended (cumulative 5-year-probablity
of 0,75%) [11].

Patients with symptomatic chronic hydrocephalus require
a ventriculoperitoneal or ventriculoatrial shunt [1, 10, 11].
In case of a familial preponderance (!2 first-degree rel-

atives with SAH or aneurysm), screening with MR angi-
ography can be considered. A general screening for
aneurysms cannot be recommended [10, 11].

Fig. 1 Flow chart for the treatment of aneurysmatic subarachnoid haemorrhage

Onur et al. Neurological Research and Practice            (2019) 1:15 Page 5 of 6

SAB - Algorithmus

Onur et al, NRAP 2020
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