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eMethods 

 

Systematic Review and Aggregate Data Meta-Analyses:  

We performed a systematic review 1 of clinical studies investigating patients with cerebellar 

intracerebral hemorrhage (ICH) according to treatment exposure (surgical hematoma 

evacuation vs conservative treatment). We searched the Cochrane Library, Pubmed and 

Scopus databases, as well as international trial registries (ClinicalTrials.gov, European 

Clinical Trials Database, UMIN Clinical Trials Registry, Chinese Clinical Trial Registry) 

without language restrictions. We a priori decided to limit the search on medical articles 

published after January 1, 1980 until June 6, 2019 for adult patients with cerebellar ICH. The 

start date was chosen to only include studies with fully available computed tomography data. 

Search terms consisted of “cerebellar” OR “infratentorial” with “hemorrhage” OR 

“hematoma”.  

 

Pre-specified eligibility criteria for aggregate data meta-analysis comprised: 1) adult patients 

with cerebellar ICH, 2) extractable treatment dichotomy, i.e. surgical hematoma evacuation vs 

conservative treatment, 3) outcome data (mortality and functional outcome) compared 

according to treatment exposure, 4) time-point of follow-up equal or greater one month until 

six months, and 5) total sample size equal to or greater than 20 patients. The search was 

supplemented by screening all reference lists of retrieved full-text articles. Search was 

independently carried out by two investigators (JBK, HBH). Patients with data available on 

external ventricular drainage placement were scored according to the present study design, i.e. 

scored as conservative treatment if no hematoma evacuation was carried out. Functional 

outcome data extracted as Glasgow Outcome Scale or modified Rankin Scale [mRS] was 

scored as appropriate and dichotomized into favorable versus unfavorable (i.e. mRS 0-3 

versus 4-6).  

 

Meta-analytical analyses comprised random-effects modelling (DerSimonian-Laird). Results 

are presented for both fixed and random effects; heterogeneity was evaluated by Cochran-Q 

testing, and calculated I2 values presented with according range.2,3 Heterogeneity was 

considered significant for p-values less than 0.1 and inconsistency of results was determined 

according to the GRADE Handbook (I2 values < 40%, low; 30-60%, moderate; 50-90%, 

substantial; 75-100%, considerable).2-4 Analyses were conducted using RevMan 5.  
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Individual Patient Data Meta-Analysis: 

For IPD meta-analysis, authors screened all registered (ClinicalTrials.gov, European Clinical 

Trials Database) observational studies as well as contacted established investigative teams for 

patients with acute primary ICH in the Western Hemisphere. We identified 7 potentially 

eligible observational studies of experienced investigators with a strong background in Good 

Clinical Practice. Principal investigators were contacted and invited to participate. Three PIs 

did not participate because of (1) institutional data sharing regulations not allowing IPD 

contribution, (2) study design not fulfilling PRISMA-IPD criteria and (3) one center refused 

participation due to conflicting on-going investigations. Eligibility for IPD meta-analysis 

comprised the following to address baseline and treatment confounding: 1) ten or more 

patients treated with surgical hematoma evacuation for cerebellar ICH, 2) no other competing 

treatment intervention, 3) data available on timing of surgery (after symptom onset and/or 

hospital admission), 4) valid ICH-volume assessment (ABC/2 or volumetric measurement), 5) 

scored intraventricular hemorrhage and/or hydrocephalus, 6) standardized scoring of 

neurological status, Glasgow Coma Scale (ranging from 3, comatose, to 15, alert), and 7) 

standardized functional outcome assessed by the modified Rankin Scale (ranging from 0, no 

functional deficit to 6, death) recorded at 3 months and 12 months after the index event. 

 

Statistical analysis plan:  

Objective: The aim was to conduct IPD pooling from large observational studies to 

investigate associations of surgical hematoma evacuation vs conservative treatment with 

clinical outcomes.  

 

Participating cohort studies (eTable2-4, eFigure3-4 in supplement):  

1) Definition of the population: The studies were conducted on 2 continents (North 

America and Europe) with different health care systems (socialized system, private 

payment model). 42 American centers and 22 German centers participated, providing 

patient data from a large variety of clinical settings (tertiary care academic centers, 

community-based academic hospitals, and community institutions). Differences 

potentially existed regarding risk factors (baseline demographic, population-based, 

life-expectancy, lifestyle and prevalence of cerebrovascular), overall improving 

generalizability of findings. 

2) Definition of sampling frame: studies differed as two cohort studies were conducted in 

patients presenting initially with oral anticoagulation-associated ICH, one study 
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included patients with primary spontaneous and oral anticoagulation-associated ICH, 

and one study included patients with primary spontaneous ICH only. 

3) Definition of control and intervention group: no specific differences between groups 

according to treatment exposure were captured. 

 

Primary outcome analysis: The pooled analysis aimed to identify the associations of surgical 

hematoma evacuation vs conservative treatment with the dichotomized functional outcome 

(mRS 0-3) evaluated 3 months after ICH.  

1) Sensitivity analyses regarding risk of baseline confounding 

2) Propensity-score matched analyses of functional outcome 

3) Sensitivity analyses (treatment, error of ICH volume measurements, time-varying 

confounding, withdrawal of care, excluded patients, and missing outcomes) 

4) Unadjusted, severity-adjusted, and adjusted categorized analyses 

5) Graphical linear regression analyses of adjusted predicted probabilities to identify 

cut-off values of hemorrhage volume with outcomes 

6) Validation of predicted with observed cut-off values (incorporating interaction 

analyses for surgical hematoma evacuation). 

 

Secondary outcome analyses: i) survival at 3 months, ii) dichotomized functional outcome 

(mRS 0-3 versus 4-6) at 12 months, and iii) survival at 12 months. Analyses follow 1-6 as for 

primary outcome analysis. 

   

Statistical methodology:  

Statistical tests were two-sided and the significance level was set at α=0.05. All analyses were 

corrected for multiple comparisons using the Holm’s sequential Bonferroni procedure to 

minimize accumulation of type 1 errors. The interaction of surgical hematoma evacuation 

with outcomes was considered significant for p-values <0.05 and interaction was tested using 

the subgroup-defining variable times treatment (variable*intervention). The Kolmogorov-

Smirnov test was used for evaluation of data distribution. Normally distributed data were 

presented as mean (±standard deviation) and compared using the Student's t-test or univariate 

ANOVA. Non-normally distributed data were presented as median (interquartile range) and 

analyzed using the Mann-Whitney U-test. Frequency distribution of categorized variables was 

compared using Pearson’s chi-squared test or Fisher’s exact test.  
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For analyses of primary and secondary outcomes, we decided to perform multiple imputation 

analysis after appropriate evaluation (Little's MCAR test p=0.21).5 Multiple imputation was 

performed by fully conditional specification to account for missing outcome data (mRS at 3 

and 12 months) in the overall cohort. To minimize bias due to missing data in outcome 

analysis, multiple imputations (10 imputed datasets) of outcome at 3 months and 12 months 

were performed separately.5 The following parameters were used for prediction of the 

imputation model by regression: age, sex, GCS, ICH-volume, IVH, prior comorbidities and 

medication exposure, ICH-Score, mRS at discharge, mRS at 3 months, mRS at 12 months.5  

 

For regression modelling of potentially clustered binary outcomes measured at 3 and 12 

months we chose to use a generalized estimating equation (GEE) model accounting for intra-

cluster and intra-individual correlations with an exchangeable working correlation structure 

using a robust estimator.6 This model employed a normal distribution with identity link to 

calculate adjusted odds ratios and adjusted absolute risk differences (conservative treatment as 

reference) derived from predicted proportions of these models. For surgical hematoma 

evacuation vs conservative treatment we investigated: (i) inter-study variance for associations 

with primary and secondary outcomes for the 4 participating studies, (ii) interaction of 

included and excluded patients (interaction term = surgical-hematoma-evacuation*excluded-

patients), and (iii) for the compiled individual-level dataset the model was complemented by 

interaction terms to avoid ecological bias for treatment covariate interactions: 1) to account 

for inter-study variance and clustering effects (study*intervention), 2) increased propensity 

for surgery during “on-hour” admission (on-hour admission*intervention), and for 3) reversal 

treatment due to the presence of patients on oral anticoagulation (reversal 

treatment*intervention) within the IPD-study population.  

To account for potential confounding by indication we performed propensity score matching 

using parallel, balanced, ratio (1:1) nearest-neighbor approach at a caliper of 0.2. The 

propensity score was calculated using parameters showing differences for inter-group 

comparisons (standardized mean differences >.15, i.e., age, Glasgow coma scale, hematoma 

volume and intraventricular hemorrhage, prior oral anticoagulation, on-hour admissions 

status, and reversal treatment).7,8  

 

Exploratory sub-group analyses of the propensity score-matched cohort were calculated for 

binary outcomes (primary and secondary outcomes). These models were conducted as 

described. Heterogeneity of treatment effect was tested according to the interaction of 
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treatment with subgroup-defining categorical variables (treatment*categorical variable). 9 

Analyses were graphically displayed as Forest-plots with according interaction p-values for 

treatment effects.  

 

Sub-group categories: 

1) Age (years): tertiles (first: 38-65y, second: 66-75y, third: 76-99y) 

2) ICH-volume: tertiles (first: 0-14ml, second: 14-26ml, third: >26ml) 

3) GCS: tertiles (first: 3-10, second: 11-14, third: 15) 

4) IVH: present or absent 

5) Oral anticoagulation: present or absent on hospital admission 

6) Antiplatelet medication: present or absent on hospital admission 

 

Adjusted predicted probabilities of binary outcomes at 3 months (mRS 0-3 and mRS 0-5) 

were used to identify potential cut-off values for associations of surgical hematoma 

evacuation with ICH-volumes using graphical linear regression analyses. The intersections of 

the 95% confidence intervals of graphical linear regression analyses determined significant 

cut-off values comparing surgical hematoma evacuation vs conservative treatment. To 

validate predicted associations, we calculated adjusted mean odds ratio estimates based on 

existing data, within specific volume frames (frames=sliding windows, using a variable 

volume range, determined by the median of this window sliding upwards at 1ml steps), 

corrected for measurement error by the coefficient of variation, and for overestimation by the 

method of moving averages. To confirm associations of surgical hematoma evacuation with 

the identified ICH-volume thresholds on outcomes adjusted regression models of the 

propensity matched cohort applied an interaction term (surgical hematoma 

evacuation*volume threshold). All tests were 2-sided and analyses conducted using SPSS 

version 21.0 and R software version 3.3.1.  
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eTable 1 Overview of studies eligible for aggregate data meta-analysis 

Studies 
FU 

[months] 

Functional 
outcome 

assessment  

Surgery 
(No.) 

Conservative 
(No.) 

ICH-size 
assessment 

modality 

ICH-size 
surgery 

ICH-size 
conservative 

GCS 
surgery 

GCS 
conservative 

IVH 
surgery 

IVH 
conservative 

Taneda, 1987, 
retrospective10 

6 no scale 36 39 diameter 
83% 

[>3cm] 
26%  

[>3cm] 
- - 72% 51% 

Firsching, 1991, 
retrospective11 

1 no scale 7 19 
not 

reported 
- - - - - - 

van Loon, 1993, 
retrospective12 

1 GOS 6 43 
not 

reported 
- - - - 67% 63% 

Mezzadri, 1993, 
retrospective13 

1 
not 

reported 
16 34 diameter 

88% 
[>3cm] 

62%  
[>3cm] 

- - - - 

Donauer, 1994, 
prospective14 

6 not defined 11 22 diameter 
4  

[mean, cm] 
3  

[mean, cm] 
8/7  

[mean] 
12/10  
[mean] 

- - 

Kumasaka, 1999, 
Retrospective15  

3 GOS 31 50 diameter 
87% 

[>3cm] 
56%  

[>3cm] 
42% 

[GCS<9] 
16% 

[GCS<9] 
42% 20% 

Kirollos, 2001, 
prospective16 

3 GOS 28 22 estimated 
27  

[mean, ml] 
15  

[mean, ml] 
46% 

[GCS<8] 
18% 

[GCS<8] 
100% 60%/50% 

Cohen, 2002, 
retrospective17 

3 GOS 30 7 diameter 
73% 

[>3cm] 
29%  

[>3cm] 
60% 

[GCS<13] 
29% 

[GCS<13] 
- - 

Pong, 2012, 
retrospective18 

6 mRS 29 43 diameter - - - - - - 

Zhang, 2014, 
retrospective19 

6 mRS 47 71 diameter 
4  

[mean, cm] 
4  

[mean, cm] 
40% 

[GCS<9] 
25% 

[GCS<9] 
53% 55% 

Chang, 2015, 
retrospective20 

6 
not 

reported 
31 41 diameter - - - - - - 

Hackenberg, 2017, 
retrospective21 

6 mRS 51 20 ABC/2 
14  

[mean, ml] 
5  

[mean, ml] 
69% 

[GCS<9] 
14% 

[GCS<9] 
- - 

Al Safatli, 2017, 
retrospective22 

1 mRS 19 31 ABC/2 - - - - - - 

Time point of follow-up presented as months after the index event; ICH-size measured as largest axial diameter in cm or using ABC/2 methodology; Glasgow Coma Scale (ranging from 3, comatose, to 15, alert); Abbreviations: FU, follow-

up; No, number, ICH, intracerebral hemorrhage, GCS, Glasgow Coma Scale, IVH, intraventricular hemorrhage, including patients with hydrocephalus. Data are presented according to the methodology of each study, i.e percentage given 

accordingly to applied dichotomization, mean values, or scoring of IVH or hydrocephalus.  
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eTable 2 Baseline characteristics of the four participating studies and the three studies not participating. 

 
Studies 

 

RETRACE I 
(n=1176) 

RETRACE II 
(n=1328) 

UKER-ICH 
(n=1076) 

ERICH 
(n=3000) 

 
1st study not 
participating 

(n=2402) 
 

 
2nd study not 
participating 

(n=374) 
 

 
3rd study not 
participating 

(n=1232) 
 

Age‡, y 75 (70-80) 77 (72-81) 72 (61-80) 61 (51-73) 74 (62-84) 72 (59-83) 73 (SD 12.5) 

Male sex* 690 (58.7%) 731 (55.0%) 576 (53.5%) 1765 (58.8%) 54% 214 (57.2%) 641 (52%) 

        

Admission status        

Glasgow Coma Scale‡ 13 (8-15) 13 (7-15) 13 (7-15) 14 (11-15) 14 (7-15) 14 (7-15) 13 (10-15) 

ICH-Score‡ 1 (0-3) 1 (0-3) 1 (0-3) 1 (0-2)  1 (0-3)  

        

Imaging        

Non-lobar ICH* 569 (48.4%) 698 (52.6%) 521 (48.4%) 1675 (55.8%) 43% 154 (41.2%)  

Lobar ICH* 436 (37.1%) 487 (36.7%) 477 (44.3%) 932 (31.1%) 45% 176 (47.1%)  

Cerebellar ICH* 121 (10.3%) 143 (10.8%) 78 (7.2%) 236 (7.9%) 184 (8.0%) 35 (9.4%) infratentorial ICH 
182 (14.8%) Brainstem ICH* 50 (4.3%) 50 (3.8%) 57 (5.3%) 157 (5.2%) 98 (4.1%) 9 (2.4%) 

ICH volume‡,  [cm³] 19.3 (6.9-52.8) 18.7 (6.0-47.8) 10.7 (3.7-28.0) 10.8 (4.0-27.2) 17 (5-48) 15.0 (4.5-41.7) 16.0 (4.6-44.1) 

IVH* 520 (44.2%) 653 (49.2%) 473 (43.9%) 1246 (41.5%) 49% 121 (32.4) 526 (42.7%) 

        

 
Surgical hematoma 
evacuation 
in cerebellar ICH* 
 

42/121 (34.7%) 48/143 (33.6%) 24/78 (30.8%) 60/236 (25.4%) 30% 10/35 (28.6%)  

 

Descriptive baseline characteristics of studies contributing IPD compared to studies not participating. For the 4 participating studies full cohorts of all ICH patients (No. 6,580 patients) were available to identify cerebellar ICH patients. Data 

of studies not participating is presented as extractable from published manuscripts or as provided by principal investigators upon contact. Reasons to not participate were 1) institutional data sharing regulations not allowing IPD contribution, 
2) data quality not fulfilling PRISMA-IPD criteria, and 3) one center refused participation due to conflicting on-going investigations. Non-lobar ICH location included patients with deep ICH (basal ganglia, thalamus), and primary 

intraventricular hemorrhage. Abbreviations/scores: ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale (ranging from 3, comatose, to 15, alert); ICH-Score (ranging from 0 to 6, with higher scores indicating a higher probability of 

fatal outcome after ICH); IVH, intraventricular hemorrhage; *n (%); ‡ median (IQR; 25th-75th percentile).  
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eTable 3 Study description of the four participating studies. 

 
 

RETRACE I 
(n=1176) 

RETRACE II 
(n=1328) 

UKER-ICH 
(n=1076) 

ERICH 
(n=3000) 

Study design      

Study Type observational observational observational observational 

Observational 
Model 

cohort cohort longitudinal case-control 

Time 
perspective 

retrospective retrospective prospective prospective 

Recruitment 
cites 

19 19 1 42 

Recruitment 
period 

2006-2010 2010-2015 2006-2015 2010-2015 

Follow-up 
period  

12 months 12 months 12 months 12 months 

Eligibility 
Criteria 

acute  
spontaneous ICH 
related to OAC, 

age≥ 18 yrs 

acute  
spontaneous ICH 
related to OAC, 

age≥ 18 yrs 

acute primary 
spontaneous ICH, 

age≥ 18 yrs 

acute  
spontaneous ICH, 

age≥ 18 yrs 

Methodology of  
Data 
Acquisition 

    

Baseline data 

chart abstraction, 
PCP contacted, 
Questionnaire, 

prospective registries 

chart abstraction, 
PCP contacted, 
Questionnaire, 

prospective registries 

personal interview,  
chart abstraction, 

questionnaire 

personal interview,  
chart abstraction, 

questionnaire 

Neuroimaging 
core   

University Hospital 
Erlangen 

University Hospital 
Erlangen 

University Hospital 
Erlangen 

Massachusetts 
General Hospital 

Imaging 
assessors 

blinded to clinical  
data 

blinded to clinical  
data 

blinded to clinical  
data 

blinded to clinical 
data 

ICH-volume 
ABC/2&Planimetric 

Leonardo V; Siemens 
ABC/2&Planimetric 

Leonardo V; Siemens 
ABC/2&Planimetric 

Leonardo V; Siemens 

Planimetric 
Alice Software, 

Parexel 

Treatment 
chart abstraction, 

operation logs 
chart abstraction, 

operation logs 
chart abstraction, 

operation logs  
chart abstraction 

 

Outcome 

personal interview,  
questionnaire, 
Rehab-reports, 

PCP contact 

personal interview,  
questionnaire, 
Rehab-reports, 

personal interview,  
questionnaire, 
Rehab-reports, 

PCP contact 

personal interview 

Outcome 
assessors 

blinded to clinical  
data 

blinded to clinical  
data 

blinded to clinical  
data 

blinded to clinical 
data 

Outcome 
Scales 

mRS mRS mRS, BI mRS, BI, EQ-5D 

 
Detailed study description of the four participating studies providing IPD all registered at clinicaltrials.gov; (NCT01829581, NCT03093233, NCT03183167, 

NCT01202864) is provided. Of each study full data-sets were obtained, which were merged for the present study population including 6,580 adult patients with 
spontaneous ICH to identify patients with cerebellar ICH according to predefined eligibility criteria. Abbreviations/scores: ICH, intracerebral hemorrhage; yrs, years; 

PCP, primary care physician; mRS, modified Rankin Scale; BI, Barthel Index; EQ-5D, EuroQol 5D.   
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eTable 4 Risk of bias assessment for the study population across investigated outcomes.  

ROBINS-I tool Study cohort 

Domain 
 

mRS at 3 months 
 

mRS at 12 months 

Bias due to confounding Moderate risk Moderate risk 

Bias in selection of participants into the study Low risk Low risk 

Bias in classification of interventions Low risk Low risk 

Bias due to deviations from intended interventions Low risk Low risk 

Bias due to missing data Low risk moderate risk 

Numbers of missing outcomes 10.4%(60/578) 15.4%(89/578) 

Numbers of missing outcomes  
Across the intervention 

surgery Conservative surgery Conservative 

17/174  
(9.8%) 

43/404 
(10.6%) 

30/174 
(17.2%) 

59/404 
(14.6%) 

Bias in measurement of outcomes Low risk Low risk 

Bias in selection of the reported result Moderate risk Moderate risk 

 
Overall 

 

 
 

Moderate risk 
 
 

 
Moderate risk 

 

 
Risk of bias assessment and details of missing outcome data for the two outcome evaluation time-points at 3 and 12 months of the IPD-study population. 

Interpretation of risk of bias judgement according to the Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool.  

- Low risk of bias: The study is comparable to a well-performed randomized trial.  
- Moderate risk of bias: The study is sound for a non-randomized study but cannot be considered comparable to a well-performed randomized trial.  

- Serious risk of bias: The study has some important problems.  

- Critical risk of bias: The study is too problematic to provide any useful evidence on the effects of intervention.  

- No information: No information on which to base a judgement about risk of bias. 
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eTable 5 Sensitivity analyses of excluded vs included patients.   

Patients (n=274) 
Surgery 
(n= 22) 

 No Surgery 
(n= 252) 

p-value0 p-value1 p-value2 

Age [yrs] 
mean (±SD) 
median (IQR) 

 
68.4 ± 13.2 
72 (57-79) 

 
72.2 ± 12.4 
76 (63-81) 

0.17 
 
0.85 
 

0.03§ 

Male sex* 13 (59.1%) 131 (52.0%) 0.52 0.78 0.90 

      

Medical History      

Hypertension* 17 (77.3%) 215 (85.3%) 0.32 0.80 0.52 

Coronary artery disease* 1 (4.5%) 41 (16.3%) 0.14 0.12 0.30 

Prior ischemic Stroke* 2 (24.6%) 62 (24.6%) 1 0.19 0.51 

Atrial fibrillation* 11 (50.0%) 95 (37.7%) 0.26 0.86 0.003 

Antiplatelet use* 4 (18.2%) 69 (27.4%) 0.35 0.98 0.01§ 

Anticoagulant use* 14 (63.6%) 110 (40.5%) 0.07§ 0.78 <0.001 

      

On admission status      

Glasgow Coma scale‡a 10 (3-14) 15 (14-15) <0.001 0.03§ <0.001 

ICH-Score‡b 3 (3-4) 2 (1-2) <0.001 0.001 0.002 

“On-hour” admission*c 16 (72.7%) 145 (57.5%) 0.17 0.52 0.39 

Symptom onset-admission‡ [min] 145 (60-232) 204 (88-315) 0.08 0.01§ 0.92 

Admission-surgery‡ [min]  330 (179-495)   0.45  

      

Imaging      

ICH Volume‡  [ml] 30.0 (25.9-36.6) 4.7 (2.1-8.7) <0.001 <0.001 <0.001 

Intraventricular hemorrhage* 13 (59.1%) 84 (33.3%) 0.02§ 0.36 0.03§ 

IVH volume‡d  [ml] 0.9 (0.0-6.9) 0.0 (0.0-0.4) 0.02§ 0.35 0.03§ 

Graeb Score‡e 1 (0-2) 0 (0-1) 0.20 0.85 0.15 

      

In-hospital measures      

Reversal treatment* 13 (59.1%) 66 (26.2%) 0.001 0.87 <0.001 

Early care limitations* 3 (13.6%) 35 (13.9%) 0.97 <0.001 <0.001 

Withdrawal of Care >24h 2 (9.1%) 14 (5.6%) 0.50 0.99 0.50 

 

 
Variables showing significant 
differences between included 
and excluded patients 
 

1) Comparison of surgically  
treated patients 

2) Comparison of non-surgically  
treated patients 

Included 
(n=152) 

Excluded  
 (n=22) 

Included  
 (n=152) 

Excluded  
 (n=252) 

Glasgow coma scale‡a   14 (7-15) 15 (14-15) 

ICH-Score‡b 2 (1-3) 3 (3-4) 2 (1-4) 2 (1-2) 

ICH Volume‡  [ml] 20.6 (13.4-28.4) 30.0 (25.9-36.6) 18.8 (8.1-28.1) 4.7 (2.1-8.7) 

Atrial fibrillation*   80 (52.6%) 95 (37.7%) 

Anticoagulant use*   97 (63.8%) 110 (43.7%) 

Reversal treatment*   86 (56.6%) 66 (26.2%) 
 

* n (%); ‡ median (IQR; 25th-75th percentile). § Not significant after Holm’s sequential Bonferroni correction. 0p-value for comparison of excluded patients (surgical- 
vs conservative treatment), corrected, (No. of comparisons = 19, adjusted significance thresholds: 1st 0.0026, 2nd 0.0027, 3rd 0.0029, 4th 0.0031, 5th 0.0033); 1p-value 

for comparison of excluded vs included patients treated with surgical hematoma evacuation, corrected, (No. of comparisons = 20, adjusted significance thresholds: 1st 

0.0025, 2nd 0.0026, 3rd 0.0028, 4th 0.0029, 5th 0.0031). 2p-value presented for comparison of excluded vs included conservatively treated patients, corrected, (No. of 
comparisons = 19, adjusted significance thresholds: see above). Abbreviations: SD, standard deviation; IQR, Interquartile range; ICH, intracerebral hemorrhage; IVH, 

intraventricular hemorrhage; IQR, Interquartile range. aGlasgow coma scale range, 3-15, from deep coma to alert. bICH score range, 0-6, from low to high risk of 

short-term mortality. cOn-hour admission were defined as previously described, i.e. weekdays from 7:00 am to 6:00 pm. dIVH-volume measured in patients of the 
ERICH study only; eGraeb Score (extent of intraventricular involvement, 0-12, from no blood to tamponade of all ventricles) measured for patients of all other studies.  
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eTable 6  Interactions of excluded patients with outcomes according to treatment exposure. 

Analyses of investigated outcomes at 3 and 12 months (functional outcome (mRS 0-3 vs 4-6 at 3 and 12 months) and survival (mRS 0-5 vs 6 at 3 and 12 months); 

presented are unadjusted frequency distributions, adjusted odds ratios, and p-values for the interaction of treatment with excluded-patients (treatment* excluded). 
GEE- models were adjusted for age, hematoma volume, Glasgow Coma Scale, intraventricular hemorrhage, prior anticoagulation, and reversal treatment; § Not 

significant after Holm’s sequential Bonferroni correction, p-values corrected: non-adjusted analyses at 3 and 12 months, (No. of comparisons 4 each, adjusted 

significance thresholds: 1st 0.0025, 2nd 0.0167, 3rd 0.0250, 4th 0.0500); adjusted analyses at 3 and 12 months, (No. of comparisons 6 each, adjusted significance 

thresholds: 1st 0.0083, 2nd 0.0100, 3rd 0.0125, 4th 0,0167, 5th 0.0250).    

3 Months 
 

non-adjusted  adjusted  

mRS 0-3 mRS 4-6    p-value odds ratio (95%CI) p-value 

No. surgical  
hematoma evacuation  

     

Excluded 1 (4.5%) 21 (95.5%) 
0.01 0.20 (0.03-1.63) 0.13 

Included 47 (30.9%) 105 (69.1%) 

No. conservative 
treatment  

     

Excluded 166 (65.9%) 86 (34.1%) 
<0.001 1.98 (1.07-3.67) 0.03§ 

Included 54 (35.5%) 98 (64.5%) 

 
Interaction of surgery*excluded-patients on mRS 0-3  
 

 
1.98 (1.12-3.53) 

 

 
0.02§ 

 

3 Months 
 

non-adjusted  adjusted  

mRS 0-5 mRS 6    p-value odds ratio (95%CI) p-value 

No. surgical  
hematoma evacuation 

     

Excluded 17 (77.3%) 5 (22.7%) 
0.91 0.65 (0.21-2.00) 0.46 

Included 119 (78.3%) 33 (21.7%) 

No. conservative 
treatment 

     

Excluded 224 (88.9%) 28 (11.1%) 
<0.001 0.43 (0.20-0.96) 0.04§ 

Included 93 (61.2%) 59 (38.8%) 

 
Interaction of surgery*excluded-patients  on mRS 6 
 

 
0.42 (0.20-0.88) 

 

 
0.02§ 

 

12 Months 
 

non-adjusted  adjusted  

mRS 0-3 mRS 4-6    p-value odds ratio (95%CI) p-value 

No. surgical  
hematoma evacuation 

     

Excluded 1 (4.5%) 21 (95.5%) 
0.01 0.19 (0.02-1.55) 0.12 

Included 47 (30.9%) 105 (69.1%) 

No. conservative 
treatment 

     

Excluded 164 (65.1%) 88 (34.9%) 
<0.001 1.75 (0.93-3.30) 0.08 

Included 53 (34.9%) 99 (65.1%) 

 
Interaction of surgery*excluded-patients  on mRS 0-3 
 

 
1.84 (1.02-3.32) 

 

 
0.04§ 

 

12 Months 
 

non-adjusted  adjusted  

mRS 0-5 mRS 6    p-value odds ratio (95%CI) p-value 

No. surgical  
hematoma evacuation 

     

Excluded 13 (59.1%) 9 (40.9%) 
0.23 1.05 (0.38-2.89) 0.93 

Included 109 (71.7%) 43 (28.3%) 

No. conservative 
treatment 

     

Excluded 215 (85.3%) 37 (14.7%) 
<0.001 0.50 (0.24-1.04) 0.06 

Included 87 (57.2%) 65 (42.8%) 

 
Interaction of surgery*excluded-patients  on mRS 6 
 

 
0.51 (0.26-1.01) 

 

 
0.05 
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eTable 7  Sensitivity analyses for associations of surgical time-windows with outcomes. 

Analyses for the 

influence of surgical time 

windows (admission to 

surgery & symptom onset 

to surgery) with 

outcomes at 3months; 

presented are unadjusted 

frequency distributions, 

adjusted odds ratios. 

*GEE models were 

adjusted for age, 

hematoma volume, 

Glasgow Coma Scale, 

intraventricular 

hemorrhage, coefficient 

of variation of ICH-

volume measurements, 

and interaction terms 

(SHE*studies, 

SHE*reversal treatment, 

SHE*on-hour admission) 

to calculate adjusted odds 

ratios (aOR). Time-

windows are presented as 

quartiles (min): 

admission to surgery = 1st 

quartile (36-188), 2nd 

quartile (188-338), 3rd 

quartile (338-701), 4th 

quartile (701-5640); 

symptom onset to surgery 

= 1st quartile (120-420), 

2nd quartile (420-605), 3rd 

quartile (605-1035), 4th 

quartile (1035-6060); 

Time from 
Admission to surgery  
 

non-adjusted  adjusted  

mRS 0-3 mRS 4-6 p-value odds ratio (95%CI) p-value 

1st  quartile  10 (23.3%) 33 (76.7%) 

0.34 1.02 (0.72-1.47) 0.90 
2nd quartile 9 (20.5%) 35 (79.5%) 

3rd  quartile 16 (36.4%) 28 (63.6%) 

4th  quartile 13 (30.2%) 30 (69.8%) 

1st  quartile versus 10 (23.3%) 33 (76.7%) 
0.46 1.22 (0.35-4.29) 0.76 

4th  quartile 13 (30.2%) 30 (69.8%) 

2nd quartile versus 9 (20.5%) 35 (79.5%) 
0.10 0.47 (0.13-1.72) 0.25 

3rd quartile 16 (36.4%) 28 (63.6%) 

1st & 2nd  quartile versus 19 (21.8%) 68 (78.2%) 
0.09 0.84 (0.38-1.86) 0.66 

3rd & 4th quartile 29 (33.3%) 58 (66.7%) 

 

Time from 
Admission to surgery  
 

non-adjusted  adjusted  

mRS 0-5 mRS 6 p-value odds ratio (95%CI) p-value 

1st  quartile  34 (79.1%) 9 (20.9%) 

0.99 0.76 (0.50-1.16) 0.20 
2nd quartile 35 (79.5%) 9 (20.5%) 

3rd  quartile 34 (77.3%) 10 (22.7%) 

4th  quartile 33 (76.7%) 10 (23.3%) 

1st  quartile versus 34 (79.1%) 9 (20.9%) 
0.80 0.49 (0.12-1.99) 0.32 

4th  quartile 33 (76.7%) 10 (23.3%) 

2nd quartile versus 35 (79.5%) 9 (20.5%) 
0.80 0.75 (0.21-2.64) 0.65 

3rd quartile 34 (77.3%) 10 (22.7%) 

1st & 2nd  quartile versus 69 (79.3%) 18 (20.7%) 
0.71 0.59 (0.25-1.38) 0.22 

3rd & 4th quartile 67 (77.0%) 20 (23.0%) 

 

Time from 
Symptom-onset  to 
surgery  
 

non-adjusted  adjusted  

mRS 0-3 mRS 4-6 p-value odds ratio (95%CI) p-value 

1st  quartile  8 (18.6%) 35 (81.4%) 

0.30 0.95 (0.66-1.35) 0.76 
2nd quartile 11 (24.4%) 34 (75.6%) 

3rd  quartile 15 (34.9%) 28 (65.1%) 

4th  quartile 14 (32.6%) 29 (67.4%) 

 

Time from 
Symptom-onset  to 
surgery  
 

non-adjusted  adjusted  

mRS 0-5 mRS 6 p-value odds ratio (95%CI) p-value 

1st  quartile  31 (72.1%) 12 (27.9%) 

0.64 1.01 (0.68-1.48) 0.98 
2nd quartile 37 (82.2%) 8 (17.8%) 

3rd  quartile 33 (76.7%) 10 (23.3%) 

4th  quartile 35 (81.4%) 8 (18.6%) 
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eTable 8 Unadjusted and adjusted associations of surgical hematoma evacuation vs conservative treatment with mRS 0-3 at 3 months. 

3 Months 
(surgery/total) 

mRS 0-3 (non-adjusted)  mRS 0-3 (adjusted*) mRS 0-3 (adjusted*) interaction 

surgery conservative p-value odds ratio (95%CI) p-value absolute risk difference, %  p-value 

 
Age, [y] 

       

1st tertile[38-65]: 51/102 23/51 (45.1%) 27/51 (52.9%) 0.43 0.90 (0.62-1.31) 0.58 -5.0 (-13.9 to 3.8) 

0.08 2ndtertile[66-76]: 56/101 17/56 (30.4%) 14/45 (31.1%) 0.94 0.98 (0.75-1.27) 0.86 -5.3 (-14.6 to 4.1) 

3rd tertile[77-99]: 45/101 7/45 (15.6%) 13/56 (23.2%) 0.34 1.10 (0.92-1.32) 0.29 2.8 (-7.4 to 13.0) 

 
ICH-Volume, [cm3] 

       

1st tertile[0.1-14.0]:43/102 15/43 (34.9%) 36/59 (61.0%) 0.01§ 0.72 (0.56-0.94) 0.01§ -29.1 (-34.7 to -23.4) 

0.006 2ndtertile[14.1-26.2]:59/101 24/59 (40.7%) 12/42 (28.6%) 0.21 1.22 (0.91-1.63) 0.19 10.9 (-1.2 to 22.6) 

3rd tertile[≥26.3]: 50/101 8/50 (16.0%) 6/51 (11.8%) 0.54 1.06 (0.85-1.32) 0.59 2.9 (-2.3 to 8.2) 

 
GCS, [Scale value] 

       

1st tertile[3-10]: 53/102 9/53(17.0%) 5/49 (10.2%) 0.32 1.20 (0.91-1.58) 0.10 6.3 (-1.5 to 13.6)   

0.57 2ndtertile[11-14]: 54/100 20/54 (37.0%) 15/46 (32.6%) 0.64 0.90 (0.73-1.13) 0.37 -2.5 (-12.1 to 7.1) 

3rd tertile[15]: 45/102 18/45 (40.0%) 34/57(59.6%) 0.05 0.94 (0.70-1.27) 0.70 -14.6 (-29.6 to 1.6) 

 
IVH 

       

Present: 74/141 18/74 (24.3%) 9/67 (13.4%) 0.10 1.03 (0.85-1.25) 0.80 5.1 (-2.5 to 13.5) 
0.20 

Absent: 78/163 29/78 (39.8%) 45/85 (52.8%) 0.04§ 0.93 (0.74-1.17) 0.54 -8.1 (-22.5 to 6.4) 

 
Oral Anticoagulation 

       

Present: 92/189 20/92 (21.7%) 33/97 (34.0%) 0.06 0.94 (0.79-1.11) 0.45 -3.9 (-9.2 to 1.7) 
0.22 

Absent: 60/115 27/60 (45.0%) 21/55 (38.2%) 0.46 1.39 (0.83-2.34) 0.54 6.4 (-3.5 to 16.4) 

 
Antiplatelet Medication 

       

Present: 28/48 14/28 (50.0%) 5/20 (25.0%) 0.08 1.47 (0.84-2.55) 0.17 21.4 (-2.4 to 44.6) 
0.12 

Absent: 124/256 33/124 (26.6%) 49/132 (37.1%) 0.07 0.89 (0.77-1.05) 0.16 -7.4 (-16.6 to 2.1) 

        

Total: 304 47/152 (30.9%) 54/152 (35.5%) 0.39 0.94 (0.81-1.09) 0.43 -3.7 (-8.7 to 1.2)  
Analyses of dichotomized functional outcome (mRS 0-3 vs 4-6) at 3 months comparing surgical hematoma evacuation vs conservative treatment (reference); presented are unadjusted frequency distributions, adjusted odds ratios with p-values, 

adjusted absolute risk-differences (negative values indicate lower absolute rate with surgery compared to conservative treatment, positive values indicate an increased rate), and p-values for the interaction of treatment with subgroup-defining 
categorical variables (treatment*categorical variable). § Not significant after Holm’s sequential Bonferroni correction (No. of comparisons = 15, for each: i) unadjusted frequency distributions and ii) adjusted odds ratios, corrected significance 

thresholds: 1st 0.0033, 2nd 0.0036, 3rd 0.0038, 4th 0.0042, 5th 0.0045);  * GEE models were adjusted for age, hematoma volume, Glasgow Coma Scale, intraventricular hemorrhage, coefficient of variation of ICH-volume measurements, and 

interaction terms (SHE*studies, SHE*reversal treatment, SHE*on-hour admission) to calculate adjusted odds ratios and absolute risk differences. Abbreviations/scores: ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale (ranging 
from 3, comatose, to 15, alert); IVH, intraventricular hemorrhage;  Medication exposure at presentation for the index event; anticoagulation, including patients with present intake of vitamin-K-antagonists (INR>1.5), Factor-Xa inhibitors or 

thrombininhibitors on admission; antiplatelet medication, including all available platelet inhibitors on admission (sample size of patients on antiplatelet inhibitors did not allow for specific adjustments (e.g. desmopressin or platelet transfusion) 

beyond reversal treatment. 
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eTable 9  Unadjusted and adjusted associations of surgical hematoma evacuation vs conservative treatment with survival at 3 months. 

3 Months 
(surgery/total) 

mRS 0-5 (non-adjusted)  mRS 0-5 (adjusted*) mRS 0-5 (adjusted*) interaction 

surgery conservative p-value odds ratio (95%CI) p-value absolute risk difference, %  p-value 

Age, [y]        

1st tertile[38-65]: 51/102 42/51 (82.4%) 41/51 (80.4%) 0.80 1.03 (0.74-1.44) 0.85 0.6 (-6.3 to 7.5) 

0.74 2ndtertile[66-76]: 56/101 43/56 (76.8%) 26/45 (57.8%) 0.04 1.18 (0.92-1.52) 0.19 13.2 (-2.6 to 28.8) 

3rd tertile[77-99]: 45/101 34/45 (75.6%) 26/56 (46.4%) 0.003 1.28 (0.92-1.65) 0.13 19.5 (-2.0 to 40.0) 

 
ICH-Volume, [cm3] 

       

1st tertile[0.1-14.0]:43/102 36/43 (83.7%) 52/59 (88.1%) 0.52 0.98 (0.79-1.26) 0.96 -3.6 (-7.4 to 0.7) 

0.02 2ndtertile[14.1-26.2]:59/101 50/59 (84.7%) 26/42 (61.9%) 0.009§ 1.36 (1.02-1.82) 0.04§ 17.3 (8.4 to 26.2) 

3rd tertile[≥26.3]: 50/101 33/50 (66.0%) 15/51 (29.4%) <0.001 1.46 (1.09-1.97) 0.02§ 31.4 (25.9 to 36.8) 

 
GCS, [Scale value] 

       

1st tertile[3-10]: 53/102 37/53 (69.8%) 13/49 (26.5%) <0.001 1.49 (1.12-2.00) 0.007§ 32.9 (24.7 to 41.0)   

0.57 2ndtertile[11-14]: 54/100 45/54 (83.3%) 32/46 (69.6%) 0.10 1.18 (0.90-1.54) 0.25 10.3 (-2.2 to 22.4) 

3rd tertile[15]: 45/102 37/45 (82.2%) 48/57 (84.2%) 0.79 1.02 (0.78-1.33) 0.86 2.0 (-3.5 to 7.5 ) 

 
IVH 

       

Present: 74/141 57/74 (77.0%) 27/67 (40.3%) <0.001 1.32 (1.05-1.66) 0.02§ 27.8 (21.1 to 34.5) 
0.80 

Absent: 78/163 62/78 (79.5%) 66/85 (77.6%) 0.78 1.15 (0.94-1.40) 0.17 2.6 (-2.7 to 7.9) 

 
Oral Anticoagulation 

       

Present: 92/189 71/92 (77.2%) 59/97 (60.8%) 0.02§ 1.20 (1.01-1.42) 0.04§ 12.9 (6.6 to 19.1) 
0.13 

Absent: 60/115 48/60 (80.0%) 34/55 (35.1%) 0.03§ 1.27 (0.92-1.74) 0.14 16.3 (-1.7 to 34.1) 

 
Antiplatelet Medication 

       

Present: 28/48 23/28 (82.1%) 12/20 (60.0%) 0.08 0.93 (0.58-1.51) 0.21 -8.2 (-24.5 to 8.1) 
0.52 

Absent: 124/256 96/124 (77.4%) 81/132 (61.4%) 0.005§ 1.24 (1.05-1.47) 0.01§ 14.2 (9.1 to 19.3) 

        

Total: 304 119/152 (78.3%) 93/152 (61.2%) 0.001 1.25 (1.07-1.45) 0.005 18.5 (13.8 to 23.2)  
Analyses of survival (mRS 0-5 vs 6) at 3 months comparing surgical hematoma evacuation vs conservative treatment (reference); presented are unadjusted frequency distributions, adjusted odds ratios with p-values, adjusted absolute risk-

differences (negative values indicate lower absolute rate with surgery compared to conservative treatment, positive values indicate an increased rate), and p-values for the interaction of treatment with subgroup-defining categorical variables 

(treatment*categorical variable). § Not significant after Holm’s sequential Bonferroni correction (No. of comparisons = 15, for each: i) unadjusted frequency distributions and ii) adjusted odds ratios, corrected significance thresholds: 1st 

0.0033, 2nd 0.0036, 3rd 0.0038, 4th 0.0042, 5th 0.0045); * GEE models were adjusted for age, hematoma volume, Glasgow Coma Scale, intraventricular hemorrhage, coefficient of variation of ICH-volume measurements, and interaction terms 

(SHE*studies, SHE*reversal treatment, SHE*on-hour admission) to calculate adjusted odds ratios and absolute risk differences. Abbreviations/scores: ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale (ranging from 3, comatose, 

to 15, alert); IVH, intraventricular hemorrhage;  Medication exposure at presentation for the index event; anticoagulation, including patients with present intake of vitamin-K-antagonists (INR>1.5), Factor-Xa inhibitors or thrombininhibitors 

on admission; antiplatelet medication, including all available platelet inhibitors on admission (sample size of patients on antiplatelet inhibitors did not allow for specific adjustments (e.g. desmopressin or platelet transfusion) beyond reversal 

treatment.    
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eTable 10 Unadjusted and adjusted associations of surgical hematoma evacuation vs conservative treatment with mRS 0-3 at 12 months. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analyses of dichotomized functional outcome (mRS 0-3 vs 4-6) at 12 months comparing surgical hematoma evacuation vs conservative treatment (reference); presented are unadjusted frequency distributions, adjusted odds ratios with p-values, 

adjusted absolute risk-differences (negative values indicate lower absolute rate with surgery compared to conservative treatment, positive values indicate an increased rate), and p-values for the interaction of treatment with subgroup-defining 

categorical variables (treatment*categorical variable). § Not significant after Holm’s sequential Bonferroni correction (No. of comparisons = 15, for each: i) unadjusted frequency distributions and ii) adjusted odds ratios, corrected significance 

thresholds: 1st 0.0033, 2nd 0.0036, 3rd 0.0038, 4th 0.0042, 5th 0.0045); * GEE models were adjusted for age, hematoma volume, Glasgow Coma Scale, intraventricular hemorrhage, coefficient of variation of ICH-volume measurements, and interaction 

terms (SHE*studies, SHE*reversal treatment, SHE*on-hour admission) to calculate adjusted odds ratios and absolute risk differences. Abbreviations/scores: ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale (ranging from 3, comatose, 

to 15, alert); IVH, intraventricular hemorrhage; Medication exposure at presentation for the index event; anticoagulation, including patients with present intake of vitamin-K-antagonists (INR>1.5), Factor-Xa inhibitors or thrombininhibitors on 

admission; antiplatelet medication, including all available platelet inhibitors on admission (sample size of patients on antiplatelet inhibitors did not allow for specific adjustments (e.g. desmopressin or platelet transfusion) beyond reversal treatment. 

12 Months 
(surgery/total) 

mRS 0-3 (non-adjusted)  mRS 0-3 (adjusted*) mRS 0-3 (adjusted*) interaction 

surgery conservative p-value odds ratio (95%CI) p-value absolute risk difference, % p-value 

 
Age, [y] 

       

1st tertile[38-65]: 51/102 25/51 (49.0%) 29/51 (56.9%) 0.43 0.92 (0.66-1.27) 0.61 -8.7 (-18.6 to 1.2) 
0.12 

 
2ndtertile[66-76]: 56/101 15/56 (26.8%) 14/45 (31.1%) 0.63 0.90 (0.71-1.15) 0.40 -5.5 (-15.4 to 4.4) 

3rd tertile[77-99]: 45/101 7/45 (15.6%) 10/56 (17.9%) 0.76 1.08 (0.91-1.28) 0.38 2.6 (-5.8 to 11.0) 

 
ICH-Volume, [cm3] 

       

1st tertile[0.1-14.0]:43/102 17/43 (39.5%) 35/59 (59.3%) 0.05 0.69 (0.54-0.88) 0.003 -21.6 (-29.6 to -13.6) 

0.005 2ndtertile[14.1-26.2]:59/101 23/59 (39.0%) 12/42 (28.6%) 0.28 1.23 (0.98-1.52) 0.07 12.1 (-0.2 to 24.3) 

3rd tertile[≥26.3]: 50/101 7/50 (14.0%) 6/51 (11.8%) 0.74 1.06 (0.92-1.21) 0.44 1.6 (-3.8 to 7.0) 

 
GCS, [Scale value] 

       

1st tertile[3-10]: 53/102 8/53(15.1%) 3/49(6.1%) 0.14 1.06 (0.97-1.13) 0.13 6.4 (-1.3 to 14.1) 

0.29 2ndtertile[11-14]: 54/100 20/54 (37.0%) 16/46 (34.8%) 0.82 0.82 (0.67-1.02) 0.07 -4.7 (-15.5 to 6.1) 

3rd tertile[15]: 45/102 19/45 (42.2%) 34/57 (59.6%) 0.08 0.96 (0.71-1.29) 0.77 -11.9 (-25.9 to 2.2) 

 
IVH 

       

Present: 74/141 18/74 (24.3%) 8/67 (11.9%) 0.06 0.97 (0.83-1.13) 0.70 -5.7 (-15.3 to 3.9) 
0.23 

Absent: 78/163 29/78 (37.2%) 45/85 (52.9%) 0.04§ 0.90 (0.73-1.11) 0.34 -7.5 (-19.2 to -4.3) 

 
Oral Anticoagulation 

       

Present: 92/189 18/92 (19.6%) 29/97 (29.9%) 0.10 0.93 (0.81-1.07) 0.31 -6.2 (-15.6 to 3.2) 
0.80 

Absent: 60/115 29/60 (48.3%) 24/55 (43.6%) 0.61 1.38 (0.82-2.31) 0.23 5.3 (-4.1 to 14.7) 

 
Antiplatelet Medication 

       

Present: 28/48 14/28 (50.0%) 6/20 (30.0%) 0.17 1.16 (0.66-2.05) 0.61 11.1 (-5.2 to 27.5) 
0.24 

Absent: 124/256 33/124 (26.6%) 47/132 (35.6%) 0.12 0.90 (0.78-1.03) 0.11 -5.8 (-12.9 to 1.4) 

        

Total: 304 47/152 (30.9%) 53/152 (34.9%) 0.46 0.93 (0.82-1.07) 0.30 -4.2 (-9.6 to 1.3)  
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eTable 11  Unadjusted and adjusted associations of surgical hematoma evacuation vs conservative treatment with survival at 12 months. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analyses of survival (mRS 0-5 vs 6) at 12 months comparing surgical hematoma evacuation vs conservative treatment (reference); presented are unadjusted frequency distributions, adjusted odds ratios with p-values, adjusted absolute risk-

differences (negative values indicate lower absolute rate with surgery compared to conservative treatment, positive values indicate an increased rate), and p-values for the interaction of treatment with subgroup-defining categorical variables 

(treatment*categorical variable). § Not significant after Holm’s sequential Bonferroni correction (No. of comparisons = 15, for each: i) unadjusted frequency distributions and ii) adjusted odds ratios, corrected significance thresholds: 1st 0.0033, 

2nd 0.0036, 3rd 0.0038, 4th 0.0042, 5th 0.0045); * GEE models were adjusted for age, hematoma volume, Glasgow Coma Scale, intraventricular hemorrhage, coefficient of variation of ICH-volume measurements, and interaction terms (SHE*studies, 

SHE*reversal treatment, SHE*on-hour admission) to calculate adjusted odds ratios and absolute risk differences. Abbreviations/scores: ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale (ranging from 3, comatose, to 15, alert); IVH, 

intraventricular hemorrhage; Medication exposure at presentation for the index event; anticoagulation, including patients with present intake of vitamin-K-antagonists (INR>1.5), Factor-Xa inhibitors or thrombininhibitors on admission; antiplatelet 

medication, including all available platelet inhibitors on admission (sample size of patients on antiplatelet inhibitors did not allow for specific adjustments (e.g. desmopressin or platelet transfusion) beyond reversal treatment.

12 Months 
(surgery/total) 

mRS 0-5 (non-adjusted)  mRS 0-5 (adjusted*) mRS 0-5 (adjusted*) interaction 

surgery conservative p-value odds ratio (95%CI) p-value absolute risk difference, %  p-value 

 
Age, [y] 

       

1st tertile[38-65]: 51/102 40/51 (78.4%) 41/51 (80.4%) 0.81 1.14 (0.83-1.57) 0.43 1.7 (-6.4 to 9.8)  
0.69 

 
2ndtertile[66-76]: 56/101 39/56 (69.6%) 23/45 (51.1%) 0.06 1.21(0.94-1.56) 0.14 10.9 (-1,3 to 23.2) 

3rd tertile[77-99]: 45/101 30/45 (66.7%) 23/56 (41.1%) 0.01§ 1.26 (0.88-1.69) 0.09 15.8 (-5.2 to 36.7) 

 
ICH-Volume, [cm3] 

       

1st tertile[0.1-14.0]:43/102 35/43 (81.4%) 48/59 (81.4%) 0.99 1.04 (0.080-1.34) 0.78 0.3 (-4.9 to 5.4) 

0.05 2ndtertile[14.1-26.2]:59/101 45/59 (76.3%) 26/42 (61.9%) 0.12 1.16 (0.86-1.57) 0.32 3.6 (-7.6 to 14.7) 

3rd tertile[≥26.3]: 50/101 29/50 (58.0%) 13/51 (25.5%) 0.001 1.43 (1.07-1.92) 0.02§ 30.7 (23.8 to 37.7) 

 
GCS, [Scale value] 

       

1st tertile[3-10]: 53/102 28/53 (52.8%) 11/49 (22.4%) 0.002 1.26 (0.92-1.73) 0.15 19.1 (-2.6 to 40.7) 

0.17 2ndtertile[11-14]: 54/100 44/54 (81.5%) 29/46 (63.0%) 0.04§ 1.20 (0.90-1.59) 0.21 14.8 (-3.8 to 33.4) 

3rd tertile[15]: 45/102 37/45 (82.2%) 47/57 (82.5%) 0.98 1.09 (0.84-1.42) 0.52 0.2 (-6.0 to 6.3) 

 
IVH 

       

Present: 74/141 49/74 (66.2%) 23/67 (34.3%) <0.001 1.22 (0.96-1.54) 0.10 17.1 (-3.2 to 37.4) 
0.39 

Absent: 78/163 60/78 (76.9%) 64/85 (75.3%) 0.81 1.14 (0.93-1.40) 0.20 0.7 (-5.2 to 6.7) 

 
Oral Anticoagulation 

       

Present: 92/189 62/92 (67.4%) 53/97 (54.6%) 0.07 1.19 (0.99-1.42) 0.06 7.1 (-0.5 to 14.6) 
0.51 

Absent: 60/115 47/60 (78.3%) 34/55 (61.8%) 0.05 1.11 (0.72-1.72) 0.64 5.8 (-5.6 to 17.3) 

 
Antiplatelet Medication 

       

Present: 28/48 22/28 (78.6%) 12/20 (60.0%) 0.16 0.94 (0.59-1.51) 0.78 -9.9 (-26.1 to 6.2) 
0.68 

Absent: 124/256 87/124 (70.2%) 75/132 (56.8%) 0.03§ 1.20 (1.02-1.42) 0.03§ 15.6 (9.5 to 21.7) 

        

Total: 304 109/152 (71.7%) 87/152 (57.2%) 0.008 1.21 (1.03-1.42) 0.02 17.0 (11.5 to 22.6)  
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eFigure 1 Aggregate data meta-analyses and bias assessment of existing studies. 

 

 

1.1 Aggregate data meta-analyses of 9 available Studies for the association of surgery with functional outcome; studies were included 
according to pre-defined eligibility criteria with available data on functional outcome (data extracted as Glasgow Outcome Scale, modified 
Rankin Scale, or Karnofsky-Outcome Scale), which was evaluated as reported by each individual study or extracted as mRS 0-3 representing 
favorable outcome; time-interval of outcome assessment: 1-6 months after index event. 1.2 Aggregate data meta-analyses of 12 available 
Studies for the association of surgery with mortality; studies were included according to pre-defined eligibility criteria with available data on 
mortality; time-interval of outcome assessment: 1-6 months after index event. 

Risk of bias assessment for studies included into aggregate data meta-analyses using the Cochrane Collaboration domains  
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eFigure 2 Agreement of volume measurement for the central imaging cores (Bland-Altman). 

 

Bland-Altman analysis comparing methodologies of ICH volume assessment (ABC/2 versus semiautomatic volumetric algorithm) used at the University Hospital 

Erlangen (central imaging core, Germany). Evaluation of bias provided a mean difference of -1.03, (SD 3.6) ml (semiautomatic volumetric algorithm – ABC/2). 
23 ABC/2 measurements provided accurate volume estimation compared to volumetric measurement using an accuracy threshold of ± 5ml. Agreement with 

semiautomatic volumetric algorithm was, 97% for ICH volumes between 0-5ml, 95% for ICH volumes between 5-10ml, 84% for ICH volumes between 10-15ml, 

77% for ICH volumes between 15-20ml, 64% for ICH volumes >20ml  measured by ABC/2.  

 

Bland-Altman analysis comparing methodologies of ICH volume assessment (ABC/2 versus semiautomatic volumetric algorithm) used at the Massachusetts 

General Hospital (central imaging core, for the ERICH-study). Evaluation of bias provided a mean difference of 0.75 ml (SD: ±2.55 ml) (semiautomatic volumetric 

algorithm – ABC/2). ABC/2 measurements provided accurate volume estimation compared to volumetric measurement using limits of agreement -4.75 ml, +5.75ml 

(grey.shading). 23 Agreement with semiautomatic volumetric algorithm was, 97% for ICH volumes between 0-5ml, 94% for ICH volumes between 5-10ml, 86% 

for ICH volumes between 10-15ml, 76% for ICH volumes between 15-20ml, 71% for ICH volumes >20ml  measured by ABC/2. 
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eFigure 3 Risk of bias assessment across participating studies using Cochrane Collaboration 

domains and ROBINS-I tool. 

 

 

Domain-level and overall risk of bias for primary outcome analyses among included studies 

ROBINS-I tool Study cohort 

Domain RETRACE I RETRACE II UKER ERICH 

Bias due to confounding Moderate risk Moderate risk Moderate risk Moderate risk 

Bias in selection of participants into the 
study 

Low risk Low risk Low risk Low risk 

Bias in classification of interventions Low risk Low risk Low risk Low risk 

Bias due to deviations from intended 
interventions 

Low risk Low risk Low risk Low risk 

Bias due to missing data Low risk Low risk Low risk Low risk 

Bias in measurement of outcomes Low risk Low risk Low risk Low risk 

Percentage of missing outcomes at 3 
months 

9 % 15 % 0 % 11 % 

Percentage of missing outcomes at 12 
months 

11 % 22 % 8 % 16 % 

Bias in selection of the reported result Moderate risk Moderate risk Moderate risk Moderate risk 

 
Overall 

 

Moderate 
risk 

 

Moderate 
risk 

 

Moderate 
risk 

 

Moderate 
risk 
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eFigure 4 Inter-study variance of treatment effects across participating studies. 

 

 

 

 

 

Meta-analysis of the 4 contributing studies for the influence of SHE with outcomes, including all patients available (n=578); for further details 

please see table 1 and figure 1 of the main manuscript. Results of random-effects models are presented, with calculated I2 values.  
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eFigure 5  Crude distribution of functional outcome at 3 and 12 months.  

 

Crude mRS distributions for the entire cohort of cICH patients. Dichotomized outcome analyses at 3 and 12 months (mRS 0-3 versus 4-6 and mRS 0-5 versus 

6) compared between patients with surgical hematoma evacuation (n=174) vs conservative treatment (n=404) are presented as thick bold line with 

corresponding significance level (chi2-model).  
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eFigure 6         Details before and after propensity score matching procedure. 

Results are given for a) the distribution of propensity scores between matched and unmatched patients treatment- (surgical hematoma evacuation) 

and control-units (conservative treatment), b) standardized differences of the propensity score before and after the matching procedure, c) standardized 

mean differences given for parameters used for the matching procedure.  
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