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The absolute risk of acute spontaneous intracerebral haemorrhage growth over time and its determinants: individual 

patient data meta-analysis 

 

Investigators 

 

Dr Joseph Frantzias, Academic foundation doctor, NHS Lothian. 

Mr Robert Lee, Research fellow, Centre for Population Health Sciences, University of Edinburgh. 

Prof Rustam Al-Shahi Salman, MRC senior clinical fellow, University of Edinburgh; Honorary consultant neurologist, 

NHS Lothian. 

 

Background 

 

Spontaneous (non-traumatic) intracerebral haemorrhage (ICH) is responsible for 10-15% of strokes in developed 

countries, almost half of the patients die within the first month, and 80% of the survivors are dependent [1]. Organised 

inpatient care on stroke units improves outcome after ICH [2]. Outcome may also be improved by acute blood pressure 

lowering [3] and neurosurgical evacuation of ICH [4, 5], potentially by limiting ICH growth. 

 

Initial ICH volume and the occurrence of haematoma growth have both been shown to be powerful determinants of 

outcome after ICH [6,7]. A number of studies have shown that any ICH growth (defined as any increase in parenchymal 

volume or intraventricular extension) occurs in >70% of patients scanned within three hours of ICH onset, and up to 

26% of patients have significant (defined as >33%) increase in haematoma volume within 24 hours of ICH onset [8-12], 

which is associated with early neurological deterioration. As a result, the identification of techniques to predict ICH 

growth was set as one of the research priorities by a NINDS Workshop and others [13,14]: this could be most easily 

achieved by developing statistical prediction models of the risk of ICH growth over the entire time course of 

haematoma expansion using simple clinical variables. 

 

Although the risk of ICH growth appears to be highest in patients who are first scanned within three hours of ICH onset, 

the risk of ICH growth is not so well defined in patients who are first scanned later, despite a number of studies 

suggesting that bleeding can occur for several hours after onset [15,16]. Knowing the risk of ICH growth in patients 

who are first scanned later than three hours after ICH onset would also help better define the time window for 

randomized-controlled trials aiming to improve ICH outcome by limiting haematoma growth. 

 

Thus far, the most reliable predictors of ICH growth appear to be time from ICH symptom onset to baseline CT 

[7,8,11], and large baseline ICH volume [12]. Many other predictors of haematoma growth have been sought in other 

observational studies and trials [17-20], but individual predictors have seldom been examined in more than one study, 

studies have not been consistent in their findings as to which of these predictors are significant [20], studies did not 

have sufficient power to study several predictors in their sample [21], and these studies have differed in their definitions 

of haematoma growth, timings of baseline and repeat scans and baseline patient characteristics. 

 

Because these differences between studies preclude meta-analysis, we plan to use the technique of individual patient 

data meta-analysis to generate sufficient power to further explore the absolute risk of ICH growth over time after ICH 

onset, to explore potential predictors of ICH growth, and to develop a simple prediction algorithm for ICH growth [21]. 

 

Hypothesis 

 

Our hypothesis is that haematoma growth continues to occur later than three hours after symptom onset, and that - in 

addition to time from onset - demographics, comorbidities, and drugs also influence its occurrence. 

 

Methods 

  

Research design 

An individual patient meta-analysis will allow full exploration of the magnitude, frequency, and predictors of ICH 

growth (using a consistent definition applied to individual patients' absolute ICH volumes) over time following ICH 

symptom onset [21]. 

 

Identification of studies 

We have used a variety of electronic databases, and hand searching pertinent studies' bibliographies, to identify studies 

potentially eligible for our meta-analysis. Their eligibility based on the inclusion and exclusion criteria below will be 

decided by the three main investigators (RS, JF, RL) on the basis of studies' publications, with further information 

requested from studies' authors if required. Some of these studies are randomised controlled trials whose individual 
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patient data are curated within VISTA-ICH; other trials and observational studies are not within VISTA-ICH (and some 

of these studies' authors have already contributed their datasets to this collaborative project). 

 

Inclusion and exclusion criteria 

 

Inclusion criteria 

 Acute spontaneous (non-traumatic) intracerebral haemorrhage confirmed by brain imaging (CT or MRI). 

 Repeat brain imaging (CT or MRI) performed after the first brain imaging study. 

 

Exclusion criteria 

 Age less than 18 years. 

 Secondary causes of ICH (including trauma, tumour, intracranial aneurysm, arteriovenous malformation, 

arteriovenous fistula, cavernous malformation) 

 Haemorrhagic transformation of ischaemic stoke. 

 Exclusively intraventricular/subarachnoid/subdural/extradural haemorrhage. 

 Studies reporting patients who are included in other publications that reported a larger cohort. 

 Patients in the treatment arm of studies where participants were treated with interventions that have been shown to 

limit ICH growth (i.e. recombinant activated factor VII, acute blood pressure lowering, and surgery including 

stereotactic aspiration). Please note that we are only interested in the placebo arm of these studies. 

 Studies where the decision for repeat imaging was based on clinical parameters only. 

 Patients who could potentially be eligible for inclusion in our meta-analysis, but whose data have not been 

published in the specific study. 

 

Data collected 

The following data will be collected for each patient: sex, age at presentation, whether on anticoagulant/antiplatelet 

therapy at symptom onset, blood pressure and mean arterial pressure, GCS and/or NIHSS at presentation, any history of 

ischaemic stroke or ICH, history of hypertension/diabetes mellitus/excessive alcohol consumption, blood glucose, 

fibrinogen, platelet count and serum cholesterol at presentation, nature of symptom onset (awoke from sleep, last seen 

well, or awake at onset); time from symptom onset to first scan, type of first scan, location of ICH, whether multiple 

bleeds are present, morphology of ICH, ICH volume on first scan, intraventricular extension on first scan, time from 

symptom onset to second scan, ICH volume on second scan, type of second scan, occurrence and time of death.  

 

Statistical analysis 

1. For each dataset, we will check the completeness, ranges, and values of the data provided. We will require the same 

dataset that has already been published. 

2. We will standardize the format and coding of the variables across the collaborating studies. 

3. Using the individual patient data from all collaborating studies, we will quantify the absolute risk of ICH growth in 

several time windows corresponding to when the first scan was performed after ICH onset stratified by the timing 

of the patients' second scans), and explore potential predictors of ICH growth in univariate analyses, moving on to 

multivariable analyses if appropriate and there is sufficient power in the dataset.  

4. Using the individual patient data from all collaborating studies, we aim to develop a prediction model for ICH 

growth. 

 

Transfer of data and confidentiality 

The preferred formats for data transfer are the following: Excel spreadsheet, Access database, SAS transport file, SPSS 

portable file, delimited text file, fixed-format text file. Authors are asked to ensure anonymisation of the data before 

transfer by removing all patient-identifiable data, and replacing them with a unique study ID number for each patient. 

All data sent are held securely in the strictest confidence.  

 

Publication policy 

  

We intend to include and order the authors according to (a) their contribution to the design and execution of this study 

and (b) the number of eligible patients they contribute with a complete dataset. The VISTA-ICH collaboration will be 

listed as a group author name. We will share the results of our analyses with participating groups. All authors will have 

the opportunity to review the manuscript and approve the final version for submission to a journal. 
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OVID Medline search strategy 

 

1. exp basal ganglia hemorrhage/ 

2. intracranial hemorrhages/ 

3. cerebral hemorrhage/ 

4. intracranial hemorrhage, hypertensive/ 

5. ((brain$ or cerebr$ or intracerebral or intracran$ or parenchymal or intraventricular or infratentorial or 

supratentorial or basal gangli$ or putaminal or putamen or posterior fossa or neuron$ or nervous) adj10 

(haemorrhage$ or hemorrhage$ or haematoma$ or hematoma$ or bleed)).tw. 

6. Or/1-5 

7. Humans/ 

8. Expansion.tw 

9. Growth.tw 

10. Enlargement.tw 

11. Or/8-10 

12. 6 AND 7 AND 11 
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Variables requested on each patient from studies approached for collaboration 
 

Initial request 

1. Time from symptom onset to first CT scan (specify units/categories, and how wake‐up stroke was handled) 

2. ICH volume on first CT scan (specify units/categories) 

3. Sex of patient (specify codes used for female and male) 

4. Age of patient at presentation (years) 

5. Anticoagulant therapy at symptom onset (specify categories and codes, or whether an exclusion criterion) 

6. Antiplatelet therapy at symptom onset (specify categories and codes, or whether an exclusion criterion) 

7. Systolic blood pressure at presentation (mmHg) 

8. Diastolic blood pressure at presentation (mmHg) 

9. Mean arterial pressure at presentation (mmHg) 

10. Glasgow Coma Scale score at presentation (details, and provide eye/verbal/motor breakdown if possible) 

11. NIHSS score at presentation 

12. Past history of ischaemic stroke (specify categories and codes)* 

13. Past history of intracerebral haemorrhage (specify categories and codes)* 

14. Past history of hypertension (specify how defined, categories and codes) 

15. Past history of diabetes mellitus (specify categories and codes) 

16. Past history of excessive alcohol consumption (specify how defined, categories and codes) 

17. Blood glucose at presentation (specify units/categories) 

18. Fibrinogen at presentation (specify units/categories) 

19. Platelet count at presentation (specify units/categories) 

20. Serum cholesterol at presentation (specify units/categories) 

21. Location of ICH (specify, ideally: lobar, deep, brainstem, cerebellum) 

22. Single or multiple ICH (specify categories and codes) 

23. Morphology of ICH (specify categories and codes) 

24. Intraventricular haemorrhage on first CT scan (specify units/categories) 

25. Time from symptom onset to latest CT scan before any surgery (specify units/categories) 

26. ICH volume on latest CT scan before any surgery (specify units/categories) 

 

* some studies could only provide ‘history of stroke’ (without specifying sub-type), so in studies where stroke sub-

typing was available these two variables were combined into a ‘history of stroke’ variable to maximise the number 

of studies contributing to the analysis 

 

Follow-up request 

27. History of liver disease 

28. Conduct of CT angiography 

29. Presence/absence of ‘spot sign’ on CT angiography 
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Characteristics of included studies 

 

Publication Location(s) Hospitals Recruiting location Study period Study design 

Abilleira (2003) Spain 1 Any 12/99 - 03/01 Prospective 

Alvarez-Sabin (2004) Spain 1 Emergency department 09/01 - 05/02 Prospective 

Anderson (2008) Australia, China, South Korea 44 Any 11/05 - 04/07 Prospective 

Anderson (2013) Many countries 121 Any 10/08 - 08/12 Prospective 

Bakhshayesh (2014) Iran 1 Emergency department 02/11 - 07/12 Prospective 

Biffi (2011) USA 1 Emergency department 01/99 - 12/09 Prospective 

Brott (1997) USA 12 Emergency department 02/89 - 04/94 Prospective 

Brouwers (2015) USA 1 Emergency department 04/12 - 05/13 Prospective 

Butcher (2013) Canada 4 Any 01/07 - 02/12 Prospective 

Delgado (2006) Spain 1 Emergency department 03/01 - 03/04 Prospective 

Di Napoli (2014) Argentina, Italy, Romania 3 Any 01/09 - 12/11 Prospective 

d’Esterre (2011) Canada 1 Stroke unit 03/05 - 09/09 Prospective 

Fujii (1998) Japan 1 Neurosurgical unit 01/87 - 12/95 Retrospective 

Kawano-Castillo (2014) USA 1 Emergency department 11/09 - 04/13 Prospective 

Kazui (1997) Japan 1 Stroke unit 01/85 - 12/94 Retrospective 

Leira (2004) Spain 15 Emergency department 05/99 - 04/01 Prospective 

Li (2013) Germany 1 Any 12/09 - 06/12 Prospective 

Li (2015) China 1 Any 05/11 - 01/15 Retrospective 

Marti-Fabregas (2010) Spain 2 Any 05/05 - 05/09 Prospective 

Moon (2014) South Korea 1 Any 01/05 - 09/12 Retrospective 

Murai (1999) Japan 1 Any 11/97 - 12/98 Prospective 

Rodriguez-Luna (2011) Spain 1 Emergency department 04/09 - 06/10 Prospective 

Rodriguez-Luna (2014) Many countries 12 Any 06/06 - 02/12 Prospective 

Toyoda (2005) Japan 1 Stroke unit 01/99 - 02/05 Retrospective 

Venkatasubramanian (2011) USA 1 Any 08/04 - 06/08 Prospective 

Volbers (2015) Germany 1 Any 01/06 - 02/10 Retrospective 

Witsch (2015) USA 1 Neuro-critical care unit 02/09 - 03/14 Prospective 

Yao (2015) USA 1 Any 10/07 - 03/14 Retrospective 

Zazulia (2009) USA 1 Neuro-critical care unit 03/05 - 10/06 Retrospective 

Zazulia (2011) USA 1 Neuro-critical care unit 01/02 - 12/04 Retrospective 

Ziai (2003) USA 1 Neuro-critical care unit 09/96 - 08/99 Retrospective 

VISTA-ICH (5 studies) Many countries Many Any 08/01 - 02/07 Prospective 
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Numbers of patients provided by each study and number included in master dataset 

 

Study 

Patients 

with repeat 

assessment 

of volume 

Not 

included in 

published 

study 

Also included 

in  another 

participating 

study 

Not 

spontaneous  

primary 

intracerebral 

haemorrhage 

Treatment 

affecting 

ICH volume 

Follow-up 

scan(s) done 

after surgery 

Patients 

included in 

master 

dataset 

Abilleira (2003) 42 0 0 0 0 0 42 

Alvarez-Sabin (2004) 19 0 0 0 0 0 19 

Anderson (2008) 172 0 0 0 5 ? 167 

Anderson (2013) 473 0 0 0 7 ? 466 

Bakhshayesh (2014) 52 0 0 0 0 0 52 

Biffi (2011) 843 0 ? 33 ? 0 810 

Brott (1997) 103 0 0 0 0 0 103 

Brouwers (2015) 97 0 0 0 0 0 97 

Butcher (2013) 36 0 0 0 0 0 36 

d'Esterre (2011) 14 0 0 0 ? ? 14 

Delgado (2006) 49 0 15 0 0 0 34 

Di Napoli (2014) 394 0 0 0 0 0 394 

Fujii (1998) 627 0 0 0 0 0 627 

Kawano-Castillo (2014) 58 0 0 1 0 0 57 

Kazui (1997) 191 ? 0 0 0 ? 191 

Leira (2004) 250 0 0 0 0 2 248 

Li (2013) 21 0 0 0 0 0 21 

Li (2015) 172 0 0 0 0 0 172 

Marti-Fabregas (2010) 90 0 ? 0 0 0 90 

Moon (2014) 251 0 0 0 0 ? 251 

Murai (1999) 24 0 0 0 0 ? 24 

Rodriguez-Luna (2011) 94 0 0 0 0 0 94 

Rodriguez-Luna (2014) – PREDICT 318 0 57 0 0 0 261 

Toyoda (2005) 204 14 0 0 0 ? 190 

Venkatasubramanian (2011) 27 0 0 0 0 0 27 

Volbers (2015) 205 0 0 0 0 0 205 

Witsch (2015) 357 132 0 5 0 ? 220 

Yao (2015) 237 0 0 0 0 0 237 

Zazulia (2009) 25 12 3 0 0 0 10 

Zazulia (2011) 16 1 0 0 0 0 15 

Ziai (2003) 21 0 0 0 0 0 21 

VISTA-ICH (5 studies) 946 0 - 19 - 7 920 

Total 6,428 159 75 58 12 9 6,115 
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Epochs of each included cohort 

 

 



Absolute risk and predictors of the growth of acute spontaneous intracerebral haemorrhage 

Page 15 of 32 

Numbers of patients in the master dataset who were included in the analysis dataset 

 

Study 

Records 

included 

in master 

dataset 

Time from 

onset to 

baseline 

scan 

not known 

Time from 

onset to 

baseline 

scan 

<0.5 hours 

Time from 

onset to 

baseline 

scan 

>24 hours 

Time from 

onset to 

follow-up 

scan 

not known 

Time from 

onset to 

follow-up 

scan 

>6 days 

ICH 

volume on 

baseline 

scan 

>150 ml 

Records 

included in 

analysis 

dataset 

Abilleira (2003) 42 8 0 0 0 0 0 34 

Alvarez-Sabin (2004) 19 0 0 0 0 1 0 18 

Anderson (2008) 167 1 7 0 0 0 0 159 

Anderson (2013) 466 1 14 0 0 0 0 451 

Bakhshayesh (2014) 52 0 0 0 0 0 0 52 

Biffi (2011) 810 253 0 48 0 2 1 506 

Brott (1997) 103 1 2 0 0 0 0 100 

Brouwers (2015) 97 25 3 2 0 0 1 66 

Butcher (2013) 36 0 0 0 0 0 0 36 

d'Esterre (2011) 14 0 0 0 1 0 0 13 

Delgado (2006) 34 2 0 0 0 6 0 26 

Di Napoli (2014) 394 1 11 0 0 0 3 379 

Fujii (1998) 627 0 30 0 0 0 2 595 

Kawano-Castillo (2014) 57 2 0 0 3 0 1 51 

Kazui (1997) 191 1 1 0 0 0 0 189 

Leira (2004) 248 1 0 0 0 4 2 241 

Li (2013) 21 0 0 0 0 0 0 21 

Li (2015) 172 0 0 0 0 0 0 172 

Marti-Fabregas (2010) 90 3 1 0 21 0 0 65 

Moon (2014) 251 0 14 0 22 38 0 177 

Murai (1999) 24 0 0 0 0 0 0 24 

Rodriguez-Luna (2011) 94 0 0 0 0 2 0 92 

Rodriguez-Luna (2014) – PREDICT  261 0 2 0 6 0 0 253 

Toyoda (2005) 190 2 2 9 0 0 0 177 

Venkatasubramanian (2011) 27 0 0 2 0 0 0 25 

Volbers (2015) 205 0 0 5 0 0 0 200 

Witsch (2015) 220 25 3 9 8 0 0 175 

Yao (2015) 237 0 4 0 0 0 7 226 

Zazulia (2009) 10 0 0 1 0 0 0 9 

Zazulia (2011) 15 0 0 5 0 0 0 10 

Ziai (2003) 21 5 0 2 0 0 0 14 

VISTA-ICH 920 0 37 0 2 2 0 879 

Total 6,115 331 131 83 63 55 17 5,435 
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Number of patients included in datasets used for analyses  

 

Study 

Patients not taking 

anticoagulant therapy 

Patients taking 

anticoagulant therapy 

Patients with use of 

anticoagulant therapy 

specified 

Patients undergoing 

CTA with information 

on spot sign presence 

Abilleira (2003) 34 0 0 0 

Alvarez-Sabin (2004) 18 0 0 0 

Anderson (2008) – INTERACT1 158 1 159 0 

Anderson (2013) – INTERACT2 435 16 451 0 

Bakhshayesh (2014) ¶ 44 0 0 0 

Biffi (2011) 403 103 506 273 

Brott (1997) 100 0 0 0 

Brouwers (2015) 56 10 66 66 

Butcher (2013) – ICH ADAPT 32 4 36 0 

d'Esterre (2011) 12 1 13 13 

Delgado (2006) * 25 1 0 0 

Di Napoli (2014) 351 28 379 0 

Fujii (1998) 595 0 0 0 

Kawano-Castillo (2014) † 50 1 0 0 

Kazui (1997) 189 0 0 0 

Leira (2004) 241 0 0 0 

Li (2013) 20 1 21 0 

Li (2015) 172 0 0 0 

Marti-Fabregas (2010) 65 0 0 0 

Moon (2014) 172 5 177 177 

Murai (1999) 24 0 0 24 

Rodriguez-Luna (2011) 92 0 0 64 

Rodriguez-Luna (2014) – PREDICT  224 29 253 251 

Toyoda (2005) 177 0 0 0 

Venkatasubramanian (2011) 25 0 0 0 

Volbers (2015) 171 29 200 0 

Witsch (2015) 150 25 175 0 

Yao (2015) 173 53 226 0 

Zazulia (2009) 8 1 9 0 

Zazulia (2011) 10 0 0 0 

Ziai (2003) 14 0 0 0 

VISTA-ICH ‡ 836 43 879 0 

Total 5,076 351 3,550 868 

 

¶ Eight patients known to have been taking anticoagulant therapy and/or antiplatelet therapy at symptom onset but not known whether they were 

taking anticoagulant therapy only, antiplatelet therapy only, or both so they have not been included in any of the resulting datasets. 

* Oral anticoagulant intake was an exclusion criterion. The patient with a 'Yes' for anticoagulant therapy at symptom onset was either receiving a non-

oral anticoagulant or should not have been included in the study. 
† Known coagulopathy, including use of anticoagulant therapy, was an exclusion criterion. The patient with a 'Yes' for anticoagulant therapy at 

symptom onset should not have been included in the study. 
‡ Known use of oral anticoagulant therapy was an exclusion criterion in four trials, but not in a fifth trial. 
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Aggregation of studies into separate datasets for analysis 

 

  Not taking 

anticoagulant therapy 

Taking anticoagulant 

therapy 
 

Cohort including patients 

taking anticoagulant 

therapy 

No † 
1,875 patients 

17 cohorts 

2 patients 

2 cohorts 

1,877 patients 

17 cohorts 

Yes ‡ 
3,201 patients 

19 cohorts 

349 patients 

19 cohorts 
3,550 patients 

19 cohorts 

  5,076 patients 

36 cohorts 

351 patients 

21 cohorts 

  5,427 patients * 

36 cohorts 

 

† Cohort in which either taking anticoagulant therapy at symptom onset was an exclusion criterion or none of the 

patients included in the cohort were supposed to be taking anticoagulant therapy at symptom onset. 

‡ Cohort in which taking anticoagulant therapy at symptom onset was not an exclusion criterion and at least one patient 

included in the cohort was taking anticoagulant therapy at symptom onset. 

* There were eight patients in the ‘analysis’ dataset from the Bakhshayesh (2014) cohort known to have been taking 

anticoagulant therapy and/or antiplatelet therapy but it is not known whether this was anticoagulant therapy only, 

antiplatelet therapy only, or both so they have not been included in any of the resulting datasets. 
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Associations between each predictor and ICH growth >6ml in patients who were not taking anticoagulant therapy at symptom onset. 
The adjusted odds ratio for each predictor is adjusted for both time from symptom onset to baseline scan and ICH volume on baseline scan. 

 

 Unadjusted Adjusted 

Predictor Number of patients (cohorts) Comparison 

Odds ratio 

(95% CI) p-value 

Odds ratio 

(95% CI) p-value 

Sex 4,884  (35) Male versus Female 1∙23  (1∙06 to 1∙42) 0∙007 1∙26  (1∙08 to 1∙48) 0∙004 

Age (years) 5,074  (36) 76 versus 56 1∙07  (0∙96 to 1∙20) 0∙23 1∙12  (0∙99 to 1∙26) 0∙068 

Previous stroke 4,471  (29) Yes versus No 1∙10  (0∙89 to 1∙37) 0∙38 1∙25  (0∙98 to 1∙58) 0∙069 

Previous ICH 2,542  (16) Yes versus No 1∙33  (0∙91 to 1∙93) 0∙14 1∙39  (0∙92 to 2∙12) 0∙12 

Previous ischaemic stroke 2,666  (21) Yes versus No 1∙10  (0∙78 to 1∙54) 0∙58 1∙30  (0∙89 to 1∙90) 0∙18 

History of hypertension 5,050  (36) Yes versus No 0∙77  (0∙65 to 0∙90) 0∙001 0∙85  (0∙72 to 1∙01) 0∙071 

History of diabetes mellitus 4,197  (31) Yes versus No 0∙98  (0∙80 to 1∙19) 0∙81 1∙01  (0∙81 to 1∙25) 0∙96 

History of liver disease 3,248  (19) Yes versus No 1∙75  (1∙29 to 2∙39) 0∙0004 1∙68  (1∙21 to 2∙34) 0∙002 

History of excessive alcohol consumption 3,029  (23) Yes versus No 1∙37  (1∙08 to 1∙72) 0∙008 1∙30  (1∙02 to 1∙66) 0∙036 

Antiplatelet therapy at symptom onset 4,170  (31) Yes versus No 1∙30  (1∙07 to 1∙57) 0∙007 1∙47  (1∙20 to 1∙81) 0∙0003 

Systolic blood pressure at presentation (mmHg) 4,882  (36) 198 versus 158 1∙06  (0∙96 to 1∙16) 0∙24 1∙04  (0∙94 to 1∙15) 0∙43 

Blood glucose at presentation (mmol/l) 4,265  (36) 8∙7 versus 5∙9 1∙14  (1∙06 to 1∙22) 0∙0004 1∙01  (0∙93 to 1∙09) 0∙79 

Platelet count at presentation (x109/l) 3,857  (36) 266 versus 181 0∙79  (0∙71 to 0∙88) <0∙0001 0∙79  (0∙71 to 0∙89) <0∙0001 

Glasgow Coma Scale score at presentation 4,564  (32) 3 - 6 versus 15 3∙25  (2∙35 to 4∙48) <0∙0001 1∙32  (0∙93 to 1∙88) 0∙055 

 7 - 12 versus 15 2∙83  (2∙34 to 3∙43)  1∙29  (1∙05 to 1∙60)  

 13 - 14 versus 15 1∙99  (1∙64 to 2∙40)  1∙27  (1∙03 to 1∙56)  

NIHSS score at presentation 2,661  (35) 18 versus 7 3∙33  (2∙77 to 3∙99) <0∙0001 1∙72  (1∙41 to 2∙10) <0∙0001 

Location of ICH on baseline scan 4,920  (35) Lobar versus Non-lobar 1∙69  (1∙43 to 2∙00) <0∙0001 1∙08  (0∙89 to 1∙30) 0∙46 

IVH present on baseline scan 4,980  (36) Yes versus No 1∙13  (0∙98 to 1∙32) 0∙096 0∙82  (0∙70 to 0∙97) 0∙019 
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Characteristics of patients who were not taking anticoagulant therapy at ICH onset, who were included in the 

development and validation of the model predicting ICH growth >6ml 

 

Characteristic Category or values 

Development 

(n = 2,534) 

Validation 

(n = 945) 

Sex Total 2,533 945 

Male 1,512  (60%) 560  (59%) 

Age (years) Total 2,534 945 

Median (lower & upper quartile) 68  (58, 77) 64  (54, 76) 

Previous stroke Total 2,520 926 

Yes 341  (14%) 114  (12%) 

Previous ICH Total 1,332 926 

Yes 75  ( 6%) 51  ( 6%) 

Previous ischaemic stroke Total 1,334 926 

Yes 121  ( 9%) 70  ( 8%) 

History of hypertension Total 2,532 943 

Yes 1,954  (77%) 651  (69%) 

History of diabetes mellitus Total 2,530 926 

Yes 429  (17%) 146  (16%) 

History of liver disease Total 1,493 548 

Yes 74  ( 5%) 34  ( 6%) 

History of excessive alcohol consumption Total 685 916 

Yes 143  (21%) 172  (19%) 

Antiplatelet therapy at symptom onset Total 2,534 945 

Yes 545  (22%) 223  (24%) 

Systolic blood pressure at presentation 

(mmHg) 

Total 2,520 942 

Median (lower & upper quartile) 178  (160, 197) 172  (150, 197) 

Blood glucose at presentation (mmol/l) Total 2,443 909 

Median (lower & upper quartile) 6∙9  (5∙9, 8∙5) 7∙0  (5∙9, 8∙8) 

Platelet count at presentation (x109/l) Total 1,532 939 

Median (lower & upper quartile) 224  (189, 271) 214  (170, 259) 

Glasgow Coma Scale score at presentation Total 2,523 925 

3 - 6   119  ( 5%)  81  ( 9%) 

7 - 12   572  (23%) 264  (29%) 

13 - 14   640  (25%) 180  (19%) 

15 1,192  (47%) 400  (43%) 

NIHSS score at presentation Total 1,726 394 

Median (lower & upper quartile) 13  ( 8, 17) 12  ( 6, 18) 

Time from symptom onset to baseline scan 

(hours) 

Total 2,534 945 

Median (lower & upper quartile) 2∙0  (1∙2, 3∙4) 2∙5  (1∙2, 4∙9) 

ICH volume on baseline scan (mL) Total 2,534 945 

Median (lower & upper quartile) 13  ( 7, 28) 14  ( 6, 31) 

Location of ICH on baseline scan Total 2,432 942 

Lobar 513  (21%) 275  (29%) 

IVH present on baseline scan Total 2,439 945 

Yes 849  (35%) 353  (37%) 

    

ICH growth >6ml Total 2,534 945 

Yes 560  (22%) 211  (22%) 
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Calibration of the prediction model in the validation dataset of patients who were not taking anticoagulant 

therapy at ICH onset 
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Calibration of the prediction model (derived patients who were not taking anticoagulant therapy at ICH onset) 

in patients who were taking anticoagulant therapy at ICH onset 
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Characteristics of patients whose use of anticoagulant therapy at ICH onset was known, who were included in 

the development and validation of the second model predicting ICH growth >6ml 

 

Characteristic Category or values 

Development 

(n = 2,381) 

Validation 

(n = 895) 

Sex Total 2,381 895 

Male 1,422  (60%) 519  (58%) 

Age (years) Total 2,381 895 

Median (lower & upper quartile) 69  (58, 78) 68  (55, 79) 

Previous stroke Total 2,377 873 

Yes 356  (15%) 122  (14%) 

Previous ICH Total 1,120 873 

Yes 62  ( 6%) 50  ( 6%) 

Previous ischaemic stroke Total 1,120 873 

Yes 132  (12%) 79  ( 9%) 

History of hypertension Total 2,380 893 

Yes 1,868  (78%) 632  (71%) 

History of diabetes mellitus Total 2,378 873 

Yes 415  (17%) 154  (18%) 

History of liver disease Total 1,458 464 

Yes 74  ( 5%) 22  ( 5%) 

History of excessive alcohol consumption Total 373 861 

Yes 92  (25%) 101  (12%) 

Anticoagulant therapy at symptom onset Total 2,381 895 

Yes 192  ( 8%) 122  (14%) 

Antiplatelet therapy at symptom onset Total 2,381 895 

Yes 535  (22%) 253  (28%) 

Systolic blood pressure at presentation 

(mmHg) 

Total 2,368 892 

Median (lower & upper quartile) 177  (160, 196) 173  (150, 200) 

Blood glucose at presentation (mmol/l) Total 2,291 892 

Median (lower & upper quartile) 6∙9  (5∙9, 8∙6) 7∙1  (6∙0, 9∙1) 

Platelet count at presentation (x109/l) Total 1,357 889 

Median (lower & upper quartile) 223  (188, 268) 219  (178, 268) 

Glasgow Coma Scale score at presentation Total 2,369 872 

3 - 6   121  ( 5%)  88  (10%) 

7 - 12   530  (22%) 241  (28%) 

13 - 14   613  (26%) 150  (17%) 

15 1,105  (47%) 393  (45%) 

NIHSS score at presentation Total 1,494 250 

Median (lower & upper quartile) 12  ( 8, 17) 13  ( 6, 18) 

Time from symptom onset to baseline scan 

(hours) 

Total 2,381 895 

Median (lower & upper quartile) 2∙0  (1∙2, 3∙5) 2∙6  (1∙4, 5∙2) 

ICH volume on baseline scan (ml) Total 2,381 895 

Median (lower & upper quartile) 13  ( 7, 29) 14  ( 6, 35) 

Location of ICH on baseline scan Total 2,273 892 

Lobar 496  (22%) 303  (34%) 

IVH present on baseline scan Total 2,283 895 

Yes 790  (35%) 350  (39%) 

    

ICH growth >6ml Total 2,381 895 

Yes 526  (22%) 209  (23%) 
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Calibration of the second prediction model in the validation dataset of patients whose use of anticoagulant 

therapy at ICH onset was known 
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Characteristics of patients who underwent CT angiography to assess the presence of the spot sign, with data 

available to assess performance of a multivariable model also including use of anticoagulant therapy at ICH 

onset 

 

Characteristic Category or values Prediction (n = 837) 

Sex Total 837 

Male 470  (56%) 

Age (years) Total 837 

Median (lower & upper quartile) 70  (57, 79) 

Previous stroke Total 804 

Yes 94  (12%) 

Previous ICH Total 804 

Yes 29  ( 4%) 

Previous ischaemic stroke Total 804 

Yes 70  ( 9%) 

History of hypertension Total 835 

Yes 601  (72%) 

History of diabetes mellitus Total 804 

Yes 137  (17%) 

History of liver disease Total 333 

Yes 7  ( 2%) 

History of excessive alcohol consumption Total 531 

Yes 69  (13%) 

Anticoagulant therapy at symptom onset Total 837 

Yes 87  (10%) 

Antiplatelet therapy at symptom onset Total 837 

Yes 225  (27%) 

Systolic blood pressure at presentation (mmHg) Total 829 

Median (lower & upper quartile) 174  (150, 198) 

Blood glucose at presentation (mmol/l) Total 833 

Median (lower & upper quartile) 7∙2  (6∙1, 8∙9) 

Platelet count at presentation (x109/l) Total 831 

Median (lower & upper quartile) 228  (182, 275) 

Glasgow Coma Scale score at presentation Total 803 

3 - 6  62  ( 8%) 

7 - 12 182  (23%) 

13 - 14 148  (18%) 

15 411  (51%) 

NIHSS score at presentation Total 322 

Median (lower & upper quartile) 14  ( 7, 18) 

Time from symptom onset to baseline scan (hours) Total 837 

Median (lower & upper quartile) 2∙9  (1∙5, 5∙1) 

ICH volume on baseline scan (ml) Total 837 

Median (lower & upper quartile) 15  ( 6, 33) 

Location of ICH on baseline scan Total 835 

Lobar 259  (31%) 

IVH present on baseline scan Total 837 

Yes 330  (39%) 

CTA spot sign Total 837 

Present 197  (24%) 

   

ICH growth >6ml Total 837 

Yes 172  (21%) 
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Performance of a model to predict ICH growth >6ml including time from symptom onset to baseline imaging, 

ICH volume on baseline imaging, antiplatelet therapy at symptom onset, and anticoagulant therapy at symptom 

onset with or without CT angiography 

 

Model 

Cut point 

for 

predicted 

probability 

of ICH 

growth Sensitivity Specificity 

Positive 

predictive 

value 

Negative 

predictive 

value 

Time from symptom onset to 

baseline imaging, ICH volume on 

baseline imaging, antiplatelet 

therapy at symptom onset, and 

anticoagulant therapy at symptom 

onset 

0∙1 93∙6  (88∙9 to 96∙4) 45∙1  (41∙4 to 48∙9) 30∙6  (26∙8 to 34∙7) 96∙5  (93∙8 to 98∙0) 

0∙2 76∙2  (69∙3 to 81∙9) 66∙0  (62∙3 to 69∙5) 36∙7  (31∙9 to 41∙8) 91∙5  (88∙6 to 93∙6) 

0∙3 57∙0  (49∙5 to 64∙1) 80∙9  (77∙7 to 83∙7) 43∙6  (37∙2 to 50∙1) 87∙9  (85∙1 to 90∙3) 

0∙4 31∙4  (24∙9 to 38∙7) 90∙1  (87∙6 to 92∙1) 45∙0  (36∙4 to 53∙9) 83∙5  (80∙7 to 86∙1) 

0∙5 14∙0  ( 9∙6 to 19∙9) 95∙8  (94∙0 to 97∙1) 46∙2  (33∙3 to 59∙5) 81∙2  (78∙3 to 83∙7) 

      

Time from symptom onset to 

baseline imaging, ICH volume on 

baseline imaging, antiplatelet 

therapy at symptom onset, 

anticoagulant therapy at symptom 

onset, and assessment of spot sign 

on CT angiography 

0∙1 92∙4  (87∙5 to 95∙5) 53∙7  (49∙9 to 57∙4) 34∙1  (29∙9 to 38∙5) 96∙5  (94∙1 to 97∙9) 

0∙2 80∙2  (73∙6 to 85∙5) 74∙3  (70∙8 to 77∙5) 44∙7  (39∙2 to 50∙2) 93∙6  (91∙1 to 95∙4) 

0∙3 57∙0  (49∙5 to 64∙1) 85∙7  (82∙8 to 88∙2) 50∙8  (43∙8 to 57∙7) 88∙5  (85∙8 to 90∙7) 

0∙4 47∙1  (39∙8 to 54∙5) 88∙9  (86∙3 to 91∙0) 52∙3  (44∙4 to 60∙0) 86∙7  (83∙9 to 89∙0) 

0∙5 35∙5  (28∙7 to 42∙9) 91∙9  (89∙6 to 93∙7) 53∙0  (44∙0 to 61∙9) 84∙6  (81∙8 to 87∙1) 
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Associations between each predictor and ICH growth >6ml or relative increase >33% in patients who were not taking anticoagulant therapy at symptom onset. 
The adjusted odds ratio for each predictor is adjusted for both time from symptom onset to baseline scan and ICH volume on baseline scan. 

 

 Unadjusted Adjusted 

Predictor Number of patients (cohorts) Comparison 

Odds ratio 

(95% CI) p-value 

Odds ratio 

(95% CI) p-value 

Sex 4,884  (35) Male versus Female 1∙16  (1∙01 to 1∙32) 0∙035 1∙18  (1∙02 to 1∙35) 0∙021 

Age (years) 5,074  (36) 76 versus 56 1∙04  (0∙94 to 1∙15) 0∙44 1∙06  (0∙96 to 1∙18) 0∙26 

Previous stroke 4,471  (29) Yes versus No 1∙14  (0∙94 to 1∙39) 0∙19 1∙22  (0∙99 to 1∙50) 0∙060 

Previous ICH 2,542  (16) Yes versus No 1∙12  (0∙79 to 1∙59) 0∙54 1∙09  (0∙75 to 1∙57) 0∙66 

Previous ischaemic stroke 2,666  (21) Yes versus No 1∙27  (0∙94 to 1∙71) 0∙11 1∙36  (1∙00 to 1∙86) 0∙053 

History of hypertension 5,050  (36) Yes versus No 0∙88  (0∙75 to 1∙02) 0∙082 0∙91  (0∙78 to 1∙07) 0∙26 

History of diabetes mellitus 4,197  (31) Yes versus No 1∙07  (0∙89 to 1∙28) 0∙49 1∙07  (0∙89 to 1∙30) 0∙46 

History of liver disease 3,248  (19) Yes versus No 1∙80  (1∙34 to 2∙40) <0∙0001 1∙80  (1∙34 to 2∙43) 0∙0001 

History of excessive alcohol consumption 3,029  (23) Yes versus No 1∙24  (1∙00 to 1∙54) 0∙050 1∙21  (0∙97 to 1∙52) 0∙090 

Antiplatelet therapy at symptom onset 4,170  (31) Yes versus No 1∙34  (1∙13 to 1∙60) 0∙0009 1∙47  (1∙23 to 1∙76) <0∙0001 

Systolic blood pressure at presentation (mmHg) 4,882  (36) 198 versus 158 1∙05  (0∙97 to 1∙15) 0∙22 1∙02  (0∙93 to 1∙12) 0∙64 

Blood glucose at presentation (mmol/l) 4,265  (36) 8∙7 versus 5∙9 1∙08  (1∙01 to 1∙15) 0∙021 1∙01  (0∙95 to 1∙09) 0∙70 

Platelet count at presentation (x109/l) 3,857  (36) 266 versus 181 0∙84  (0∙79 to 0∙89) <0∙0001 0∙83  (0∙78 to 0∙89) <0∙0001 

Glasgow Coma Scale score at presentation 4,564  (32) 3 - 6 versus 15 2∙25  (1∙65 to 3∙07) <0∙0001 1∙40  (0∙99 to 1∙98) 0∙086 

 7 - 12 versus 15 1∙86  (1∙54 to 2∙26)  1∙29  (1∙03 to 1∙62)  

 13 - 14 versus 15 1∙42  (1∙17 to 1∙73)  1∙19  (0∙96 to 1∙48)  

NIHSS score at presentation 2,661  (35) 18 versus 7 1∙98  (1∙72 to 2∙27) <0∙0001 1∙56  (1∙33 to 1∙82) <0∙0001 

Location of ICH on baseline scan 4,920  (35) Lobar versus Non-lobar 1∙31  (1∙12 to 1∙54) 0∙0008 1∙11  (0∙93 to 1∙33) 0∙23 

IVH present on baseline scan 4,980  (36) Yes versus No 1∙01  (0∙88 to 1∙17) 0∙85 0∙86  (0∙74 to 1∙00) 0∙053 
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Receiver operating characteristic (ROC) curves for the predicted probability of ICH growth >6ml or relative 

increase >33% using four predictors (solid line) and four predictors plus CT angiography spot sign (dashed line) 
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Predicted probability of ICH growth >6ml according to time from symptom onset to baseline imaging in patients 

who were not taking anticoagulant therapy at symptom onset by volumetric method used to calculate ICH 

volumes (2,547 patients from 15 cohorts which used planimetric methods versus 2,529 patients from 21 cohorts 

which used ABC/2 or mostly ABC/2 method) 

 

 
Although the predicted probability of ICH growth was slightly higher in the subgroup of patients from cohorts which 

used the ABC/2 or mostly ABC/2 method compared to the subgroup of patients from cohorts which used the 

planimetric method to calculate ICH volumes, there is no evidence that the risk of ICH growth differs with volumetric 

method and/or the shape of the relationship between time from onset to baseline scan and ICH growth is modified by 

the volumetric method used. The best fitting fractional polynomial for modelling the relationship between time from 

onset to baseline scan and ICH growth is identical in the two subgroups of patients and when terms for volumetric 

method (p=0.088), interaction between volumetric method and time from onset to baseline scan (p=0.13), or both 

(p=0.16) are added to the logistic regression model for ICH growth none of these give a statistically significant 

improvement to the model. 
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Predicted probability of ICH growth >6ml according to ICH volume on baseline imaging in patients who were 

not taking anticoagulant therapy at symptom onset by volumetric method used to calculate ICH volumes (2,547 

patients from 15 cohorts which used planimetric methods versus 2,529 patients from 21 cohorts which used 

ABC/2 or mostly ABC/2 method) 

 

 
Although the predicted probability of ICH growth was higher in the subgroup of patients from cohorts which used the 

ABC/2 or mostly ABC/2 method compared to the subgroup of patients from cohorts which used the planimetric method 

to calculate ICH volumes, there is no evidence that the risk of ICH growth differs with volumetric method and/or the 

shape of the relationship between ICH volume on baseline scan and ICH growth is modified by the volumetric method 

used. The best fitting fractional polynomial for modelling the relationship between ICH volume on baseline scan and 

ICH growth is identical in the two subgroups of patients and when terms for volumetric method (p=0.42), interaction 

between volumetric method and ICH volume on baseline scan (p=0.24), or both (p=0.33) are added to the logistic 

regression model for ICH growth none of these give a statistically significant improvement to the model. 
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Predicted probability of ICH growth >6ml according to time from symptom onset to baseline imaging in patients 

who were not taking anticoagulant therapy at symptom onset by cohort epoch (2,429 patients from 18 cohorts in 

the first epoch [1994-2007] versus 2,647 patients from 18 cohorts in the second epoch [2008-2015]) 

 

 
The predicted probability of ICH growth was very similar in the subgroups of patients from cohorts in the first epoch 

(1994-2007) and the second epoch (2008-2015). There is no evidence that the risk of ICH growth differs with epoch 

and/or the shape of the relationship between time from onset to baseline scan and ICH growth is modified by the epoch 

based on end date of recruitment to each cohort. The best fitting fractional polynomial for modelling the relationship 

between time from onset to baseline scan and ICH growth is identical in the two subgroups of patients and when terms 

for epoch (p=0.75), interaction between epoch and time from onset to baseline scan (p=0.86), or both (p=0.95) are 

added to the logistic regression model for ICH growth none of these give a statistically significant improvement to the 

model. 
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Predicted probability of ICH growth >6ml according to ICH volume on baseline imaging in patients who were 

not taking anticoagulant therapy at symptom onset by cohort epoch (2,429 patients from 18 cohorts in the first 

epoch [1994-2007] versus 2,647 patients from 18 cohorts in the second epoch [2008-2015]) 

 

 
The predicted probability of ICH growth was reasonably similar in the subgroups of patients from cohorts in the first 

epoch (1994-2007) and the second epoch (2008-2015). There is no evidence that the risk of ICH growth differs with 

epoch and/or the shape of the relationship between ICH volume on baseline scan and ICH growth is modified by the 

epoch based on end date of recruitment to each cohort. The best fitting fractional polynomial for modelling the 

relationship between ICH volume on baseline scan and ICH growth is identical in the two subgroups of patients and 

when terms for epoch (p=0.86), interaction between epoch and time from onset to baseline scan (p=0.65), or both 

(p=0.42) are added to the logistic regression model for ICH growth none of these give a statistically significant 

improvement to the model. 
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