
Local Fibrinolytic Therapy for Intraventricular Hemorrhage: A 
Meta-Analysis of Randomized controlled trials

Deren Wang, MD, PhDa,b, Junfeng Liu, MDa, Casey Nortonb, Ming Liu, MD, PhDa, and Magdy 
Selim, MD, PhDb

aCenter of Cerebrovascular diseases, Department of Neurology, West China Hospital, Sichuan 
University, Chengdu, 610041, China

bStroke Division, Department of Neurology, Beth Israel Deaconess Medical Center, Harvard 
Medical School, Boston, MA, 02215, USA

Abstract

Background—The safety and efficacy of intraventricular fibrinolysis (IVF) in intraventricular 

hemorrhage (IVH) patients are unclear. We aimed to determine these issues and to evaluate 

whether there are differences between rt-PA and urokinase according to subgroup analyses.

Methods—Meta-Analysis of randomized controlled trials (RCTs) in IVH patients comparing the 

administration of rt-PA or urokinase through extraventricular drainage (EVD) with normal saline 

through EVD or EVD placement alone.

Results—Six RCTs involving 607 IVH patients were included; 2 trials investigated urokinase 

and 4 rt-PA. IVF reduced death from any cause at the end of follow-up (RR 0.63, 95% CI 0.47 to 

0.83), which was mostly driven by rt-PA (RR 0.65, 95% CI 0.48 to 0.86). Urokinase did not 

reduce mortality (RR 0.30, 95% CI 0.06 to 1.53). However, rt-PA did not reduce the proportion of 

survivors with poor functional outcome (RR 1.36, 95% CI 1.04 to 1.77), or the composite endpoint 

of death and poor functional outcome (RR 0.96, 95% CI 0.83 to 1.11). IVF neither reduced the 

need for shunt placement (RR 1.06, 95% CI 0.75 to 1.49) nor increased ventriculitis (RR 0.57, 

95% CI 0.35 to 0.93) and rebleeding (RR 1.65, 95% CI 0.79 to 3.45).

Conclusions—Although the use of IVF in IVH patients appears generally safe, its benefit is 

limited to a reduction in mortality at the expense of an increased number of survivors with 

moderately severe to severe disability. Subgroup analyses do not suggest an advantage of IVF with 

urokinase over rt-PA.

Keywords

intraventricular hemorrhage; urokinase; recombinant tissue-plasminogen activator; fibrinolytics; 
systematic review

Please address correspondence to: Deren Wang, MD, PhD, West China Hospital, Sichuan University, 37 Guo Xue Xiang, Chengdu, 
610041, China, Tel: +86 (028)85423551; Fax: +86 (028)85423551, wdr0128@qq.com. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
World Neurosurg. Author manuscript; available in PMC 2018 November 01.

Published in final edited form as:
World Neurosurg. 2017 November ; 107: 1016–1024.e1. doi:10.1016/j.wneu.2017.07.135.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Intraventricular hemorrhage (IVH) is seen in approximately 45% of patients presenting with 

non-traumatic spontaneous intracerebral hemorrhage (ICH) 1, 2. It is a significant cause of 

morbidity, mortality, and poor outcome. Without specific treatment, the risk of poor outcome 

is 90% and the risk of death is 78%1. IVH can result in obstructive hydrocephalus and mass 

effect exerted by the blood clot, which can lead to elevated intracranial pressure and brain 

herniation1.

The management of IVH often requires the placement of an external ventricular drainage 

catheter (EVD)3. However, EVD could increase the risk of infection with incidence reported 

from 0% to 22% [3] and EVD may be complicated by catheter occlusion with blood clots4. 

In recent years, the administration of fibrinolytic agents, such as recombinant tissue-

plasminogen activator (rt-PA) or urokinase, through the EVD into the ventricles has been 

proposed as an effective way to maintain catheter patency, increase blood clearance and clot 

removal, decrease ventricular enlargement and delayed hydrocephalus, and ameliorate 

inflammation caused by blood and its toxic products5, 6. However, the efficacy of 

intraventricular fibrinolysis (IVF) in IVH has been debatable. A Cochrane review in 2002 

did not find sufficient good quality evidence from randomized trials to determine whether 

IVF does more good than harm7. A subsequent meta-analysis in 2014 including 8 

randomized trials and 16 cohort studies, found that IVF significantly reduces mortality, 

improves functional outcome, and decreases shunt dependence in IVH8. However, the 

included trials were underpowered to support concrete recommendations about the use of 

IVF in IVH. Most recently, the results of the largest randomized trial of intraventricular rt-

PA in IVH (CLEAR-III trial), were published9. Therefore, we undertook the current 

systematic review and meta-analysis to test, if rt-PA or urokinase applied by a ventricular 

catheter improve outcome in comparison to placebo and if the side effects are different in 

these three arms in patients with non-traumatic IVH.

In CLEAR III trial, IVF reduced mortality after IVH but did not improve functional 

outcomes. Preclinical studies suggest that intraventricular rt-PA may have pro-inflammatory 

and neurotoxic effects10–12, and that urokinase, but not rt-PA, significantly improves 

functional outcome after IVH13. This prompted us to perform subgroup analysis of the main 

meta-analysis based on the fibrinolytic agent used to examine any potential differences in 

efficacy and safety of rt-PA vs. urokinase in IVH, although urokinase is no longer available 

for clinical use in the USA and several other countries.

Methods

The methods and reporting of the systematic review followed the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for meta-analyses of 

interventional studies14.

Search methods for identification of studies

We searched the following electronic sources in order to identify published studies: 

MEDLINE (OVID, 1946 to January 20, 2017) and EMBASE (OVID, 1974 to January 20, 
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2017). Appendix 1 lists the search strategies used. We applied the Cochrane sensitivity-

maximizing RCT filter to MEDLINE and adaptations of it to EMBASE15. In an effort to 

identify additional published, unpublished, and ongoing studies, we searched the following 

ongoing trials registers: WHO International Clinical Trial Registry Platform (ICTRP) (http://

apps.who.int/trialsearch/, last accessed on January 20, 2017), and ClinicalTrials.gov (http://

www.clinicaltrial.gov/, last accessed on January 20, 2017). We also searched all reference 

lists from relevant articles and reviews.

Criteria for study selection

We included RCTs in which IVF through EVD was compared with placebo or EVD alone. 

We considered any RCTs with at least one clinical outcome for this review. Eligible RCTs 

included participants with non-traumatic IVH aged 16 years or older. We accepted drug 

treatments and other interventions provided that they were given to both IVF-treated and 

comparator arms. There were no restrictions based on the timing of follow-up, dosing or 

choice of fibrinolytic agent (urokinase or rt-PA), frequency of drug administration, or 

language of publication. We extracted from each trial the number of participants randomly 

allocated to each intervention group to allow an intention-to-treat analysis. In both groups, 

we considered the number of participants who had one of the outcomes listed below during 

the specified follow-up period. We excluded uncontrolled studies, case reports/series, and 

trials that were not truly randomized, such as open-label dose-range-finding studies, and 

studies with only laboratory outcomes.

Outcome measures

The primary outcome measure was the composite end point of death and poor functional 

outcome, defined as moderately severe to severe disability on modified Rankin Scale (mRS) 

or Glasgow Outcome Scale (GOS) at the end of follow-up, as appropriate. The secondary 

outcome measures were: 1. Death at the end of follow-up; 2. Poor functional outcome at the 

end of follow-up; and 3. Adverse events including: shunt dependence, ventriculitis, and 

rebleeding.

Data collection and analysis

We merged the search results using Endnote X3, and removed duplicate records of the same 

report. We independently screened each title and abstract to exclude irrelevant reports, then 

retrieved full text of potentially relevant reports and examined the full texts for eligibility. 

We included duplicate publication just once. Two authors (DW and JL) independently 

extracted data from each report (including details of the study, number of participants, 

interventions, and outcome results) on electronic data collection forms. We resolved any 

disagreements among the authors by discussion. When the disagreement was due to a 

difference in interpretation, a third author (MS) acted as an arbitrator.

We assessed the risk of bias in all included studies using the recommended tool by The 

Cochrane Collaboration16. We made judgments of ‘low risk’, ‘high risk’, or ‘unclear risk’ of 

bias for the following six domains: 1. Random sequence generation (selection bias); 2. 

Allocation concealment (selection bias); 3. Blinding of participants and personnel 

(performance bias); 4. Blinding of outcome assessment (detection bias); 5. Incomplete 
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outcome data (attrition bias); and 6. Selective outcome reporting (reporting bias). Two 

authors (DW and JL) independently performed the assessment of risk of bias in included 

studies. Any disagreements arising at any stage were resolved through discussion or by 

involving third author (MS) when necessary.

We expressed results for dichotomous outcomes as risk ratios with 95% confidence 

intervals, and expressed results for continuous outcomes as mean difference (if the same 

scale for each trial was available) or standardized mean difference (if different scales were 

used). We used RevMan 5.3 for all data entry and analysis. If data were missing, we 

considered both best-case and worst-case scenarios. We assessed statistical heterogeneity by 

using the I2 statistic16. If the I2 was less than 30%, we considered heterogeneity to be not 

important; 30% to 50% moderate; and more than 50% substantial. In cases where there was 

substantial statistical heterogeneity, we looked for the potential source(s) of the 

heterogeneity (that is clinical or methodological heterogeneity). If I2 statistic was less than 

50%, we used fixed-effect meta-analysis. If heterogeneity was substantial, we undertook 

both fixed-effect and random-effect meta-analysis, and reported the most conservative result.

Results

Study selection

We identified 7196 records upon initial search. However, we only included 6 RCTs 

involving a total of 607 participants in this meta-analysis; 4 involving the use of rt-PA9, 17–19 

and 2 urokinase20, 21. Figure 1 details the results of our literature search. Among excluded 

studies were 4 trials of urokinase22–25. These trials were not truly randomized and used 

biased or alternate allocation strategies. We also excluded 3 articles that used data from 

CLEAR IVH study26–28 and did not report clinical outcomes.

Study characteristics

Table 1 shows the details of the included studies. All are RCTs with parallel-group design. 

All included trials were conducted in non-Asian countries except one21, which was 

conducted in Singapore. Two trials used urokinase and 4 used rt-PA as the intervention(s). 

Of the two urokinase trials, one was a randomized, double-blinded, multicenter trial which 

was terminated early due to the manufacturer withdrawing urokinase from the market20. The 

second was a single-center, double-blinded, randomized trial, which was conducted in 

Singapore21. Of the 4 rt-PA trials, 2 were multicenter, randomized, blinded, placebo-

controlled trials9, 19, whereas the other 2 were single-center17, 18.

The urokinase and 2 multicenter rt-PA trials were limited to IVH patients with obstructive 

hydrocephalus with or without supratentorial ICH ≤ 30 ml. The 2 single-center rt-PA trials 

were limited to patients with aneurysmal SAH with IVH and obstructive hydrocephalus. The 

number of participants across the included studies ranged from 12 to 500. The urokinase 

trials included 14 participants in the urokinase group and 14 participants in the control group 

in total. The rt-PA trials included a total of 292 participants in the rt-PA group and 287 

participants in the control group. Overall, the age between treatment arms across studies was 

similar. The sex distribution was similar between the treatment groups in 3 studies9, 17, 20, 

Wang et al. Page 4

World Neurosurg. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



while the male proportion in rt-PA group was about 2 fold greater than that in control group 

in 2 studies18, 19 and the reverse was true in 1 of the urokinase studies21.

Both of the urokinase studies compared urokinase (25000 IU of urokinase every 12 hours) 

with normal saline via EVD. Three of the 4 rt-PA studies compared rt-PA with normal saline 

via EVD, while the remaining study compared rt-PA via EVD with only EVD17. As Table 1 

illustrates, the dose and frequency of rt-PA administration varied between the studies; from 1 

mg to 3mg of rt-PA every 8 to 12 hours for a maximum of 5 to 12 doses.

Outcome data were reported at 30 days in 5 studies9, 17–20, 3 months in 2 study9, 17, 6 

months in 3 studies9, 18, 21; and 12 months in 1study17. Although the follow-up in CLEAR 

III trial extended to 12 months, the 1-year follow-up outcome data are yet to be reported.

Risk of bias within studies

The overall risk of bias was more than moderate across studies (Figure 2 A–B). None of the 

urokinase trials reported the details of allocation concealment and only one reported the 

details of random sequence generation21. Although both participants and outcome assessors 

were blinded and these trials reported no loss to follow-up or withdrawal, none of both trials 

included functional outcomes. Therefore, we categorized both trials as ‘high risk’ for 

selective outcome reporting.

All the 4 rt-PA trials were randomized, but one trial didn’t report the details of random 

sequence generation or allocation concealment19. Another trial was not placebo-controlled 

and did not report the details of allocation concealment and blinding17. We categorized it as 

‘high risk’ for allocation concealment and blinding of participants and personnel and as 

‘unclear risk’ for blinding of outcome assessment. The other three trials were categorized as 

‘low risk’ for blinding of participants and personnel, blinding of outcome assessment, 

incomplete outcome data, and selective outcome reporting9, 18, 19.

Death and poor functional outcome (Primary outcome)

Both urokinase trials did not report the details of functional outcomes. Although one trial 

used median mRS at 30 days as one comparator 21, no additional data was provided to 

determine the rates of survivors with poor or good outcomes. The rt-PA trials used different 

scales and different time points to define poor functional outcome. For example, Naff et al19 

used GOS at 30 days, Litrico et al17 used GOS at 3 months, while Kramer et al18 and 

CLEAR III9 used mRS at 6 months. We merged these data and performed a meta-analysis 

using random-effect modeling to minimize heterogeneity. The use of rt-PA was not 

associated with a reduction in the combined endpoint of death and poor functional outcome 

(RR 0.96, 95% CI 0.83 to 1.11; participants = 570; studies = 4; I2 = 0%; Figure 3). Because 

3 patients in rt-PA group and 6 patients in control group were lost to follow up at 6 months 

in CLEAR III trial, we performed ITT meta-analysis according to best-case and worst-case 

scenarios. The results were unchanged; best-case (RR 0.93, 95% CI 0.81 to 1.08; 

participants = 579; studies = 4; I2 = 0%) and worst-case (RR 0.99, 95% CI 0.85 to 1.14; 

participants = 579; studies = 4; I2 = 0%).
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Death at the end of follow-up

All 6 trials reported data on death from any cause. One reported death in hospital18; 3 

reported death at 30 days 17, 19, 20; 1 reported death at 6 months 21; and 1 reported death at 

30 days and 6months9. Meta-analysis performed using fixed-effect modeling showed that 

IVF was associated with a reduction in mortality from any cause at the end of follow-up 

period (RR 0.63, 95% CI 0.47 to 0.83; participants = 598; studies = 6; I2 = 0%; Figure 4). 

Subgroup analysis of different fibrinolytic agents showed that urokinase did not result in 

reduction of death (RR 0.30, 95% CI 0.06 to 1.53; participants = 28; studies = 2; I2 = 0%). 

Use of rt-PA, on the other hand, resulted in significant reduction of death (RR 0.65, 95% CI 

0.48 to 0.86; participants = 570; studies = 4; I2 = 0%).

Survivor with poor functional outcome at the end of follow-up

No data could be extracted from the urokinase trials. We merged the data from the rt-PA 

trials and performed a meta-analysis using random-effect modeling. The use of rt-PA was 

not associated with a reduction in the proportion of survivors with moderately severe or 

severe disability at the end of follow-up (RR 1.36, 95% CI 1.04 to 1.77; participants = 570; 

studies = 4; I2 = 0%; Figure 5).

Adverse events

Shunt Dependence—Naff et al did not report on the need for ventriculoperitoneal (VP) 

shunt placement19. Instead, they reported that 4 patients underwent craniotomy for 

uncontrolled intracranial hypertension. The other 5 trials reported on the requirement for VP 

shunt. Meta-analysis using fixed-effect modeling found no association between IVF and 

shunt placement (RR 1.06, 95% CI 0.75 to 1.49; participants = 607; studies = 6; I2 = 0%; 

Figure 6). Subgroup analysis showed no difference between the urokinase (RR 0.45, 95% CI 

0.08 to 2.53; participants = 28; studies = 2; I2 = 0%) and rt-PA subgroups (RR 1.10, 95% CI 

0.78 to 1.56; participants = 579; studies = 4; I2 = 0%).

Ventriculitis—One of the urokinase trials reported only one event of ventriculitis without 

reference to the treatment group20. All other trials reported the rates of ventriculitis during 

the treatment and follow-up period. Meta-analysis using fixed-effect modeling showed that 

the likelihood of ventriculitis in the IVF group is low compared with control group (RR 

0.57, 95% CI 0.35 to 0.93; participants = 595; studies = 5; I2 = 0%; Figure 7). Subgroup 

analysis showed no difference in the incidence of ventriculitis between urokinase and 

control groups (RR 0.32, 95% CI 0.05 to 2.27; participants = 16; studies = 1; I2 = 0%), while 

the likelihood of ventriculitis was much lower in the rt-PA group compared with controls 

(RR 0.59, 95% CI 0.36 to 0.98; participants = 579; studies = 4; I2 = 0%).

Rebleeding—No rebleeding occurred in one of the urokinase trials20. The second 

urokinase trial did not report the incidence or rate of rebleeding during the trial21. All of the 

rt-PA trials reported the rates of rebleeding. However, CLEAR III trial only reported the 

symptomatic rebleeding rate without specifying its definition9. Meta-analysis of rt-PA trials 

using fixed-effect modeling showed no difference in rebleeding between rt-PA and the 

control groups (RR 1.65, 95% CI 0.79 to 3.45; participants = 579; studies = 4; I2 = 0%; 

Figure 8).
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Other Serious Adverse Events—Two trials9, 19 reported other serious adverse events 

(SAE). Naff et al reported SAE in 61.5% of patients who received rt-PA vs. 36.4% in 

controls. However, this difference was not statistically significant (p=0.147)19. In CLEAR 

III, the rates of SAE were less in the rt-PA group than in the control group (46% vs. 60%; 

RR 0.76 [95% CI 0.64–0.90]; p=0.002)9. Meta-analysis using random-effect modeling found 

no association between rt-PA and SAE (RR 1.07, 95% CI 0.49 to 2.32; participants = 548; 

studies = 2; I2 = 83%).

Discussion

Our meta-analysis confirms that the currently used regimens of IVF in patients with IVH 

result in a reduction in mortality. However, the reduction in mortality is accompanied by an 

increase in the number of patients living with moderately severe and severe disability, and 

IVF does not increase the proportion of survivors with long-term good recovery and 

functional outcome. Furthermore, the use of IVF does not result in a decrease in the need for 

VP shunt placement in IVH patients who require an extraventricular drain. Overall, the use 

of IVF in IVH appears safe. It does not increase the risks of infection, ventriculitis, 

rebleeding, or serious adverse events. In subgroup analysis based on the use of rt-PA vs. 

urokinase for IVF, both agents have similar safety profile. However, unlike rt-PA, urokinase 

does not seem to reduce mortality.

Dissimilar to our findings, a previous meta-analysis of 24 studies reported that IVF increases 

the likelihood of good functional outcome after IVH and decreases the need for VP shunt 

dependence8. There are several reasons for these disparate results. While the meta-analysis 

by Khan et al. included randomized trials, and prospective and retrospective case cohort 

studies8, we only limited the current meta-analysis to randomized, controlled trials to 

minimize bias. We excluded 4 urokinase trials that were included in their meta-analysis, 

because they were not truly randomized due to biased or alternate allocation22–25. In 

addition, we included the results from CLEAR III9, the largest IVF trial, in our pooled 

analysis.

Contrary to preclinical studies showing that rt-PA may have pro-inflammatory and 

neurotoxic effects10–12, our meta-analysis shows that the likelihood of ventriculitis is lower 

in IVF (particularly rt-PA)-treated patients compared with controls. Kramer et al.29 reported 

that IVF with rt-PA in patients with ruptured brain aneurysms and IVH produces a transient 

local inflammatory response, the severity of which is associated with the degree of 

fibrinolysis, suggesting it may be induced by release of hemoglobin degradation products, 

rather than rt-PA itself. This suggests that accelerated removal of IVH by IVF might 

decrease the incidence of ventriculitis by decreasing the accumulation of blood degradation 

products in the cerebrospinal fluid, and raises an intriguing question as to whether 

intraventricular co-administration of drugs which activate Heme Oxygenase-1 (which 

catalyzes the degradation of heme), such as deferoxamine mesylate could enhance the 

efficacy of IVF in IVH30–32.

Gaberelet al13 reported that urokinase resulted in a better functional outcome than rt-PA in a 

rodent model of IVH, and attributed this to the potential pro-inflammatory and toxic effects 
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of rt-PA. This prompted us to perform a subgroup analysis based on the fibrinolytic agent 

used to examine any potential differences in efficacy and safety between IVF with rt-PA vs. 

urokinase in IVH patients. The findings from our meta-analysis are not concordant with pre-

clinical results. Compared to controls, IVF with urokinase had no effect on mortality or the 

incidence of ventriculitis, while rt-PA was associated with a reduction in mortality and 

ventriculitis after IVH.

Post-hoc analyses of CLEAR III trial suggest that patients with initial IVH volume ≥20 ml 

achieved better functional outcomes with rt-PA and that the probability of good functional 

recovery increased when IVH clearance was >80%9. Our meta-analysis could not explore 

these subgroups of IVF treated patients.

This meta-analysis provides the most up-to-date review of IVF in IVH following the 

completion of CLEAR III trial. We included only truly randomized trials with at least one 

clinical outcome to enhance the evidence quality of our study. However, our restrictive 

selection criteria led to the inclusion of a relatively small number of subjects and trials in 

this pooled analysis, especially for IVF with urokinase trials. Only 2 urokinase trials with 28 

participants were included; their overall risk of bias was moderate; and none reported 

functional outcomes. As a result of these limitations, subgroup analyses were not adequately 

powered to evaluate the differences between IVF with urokinase vs. rt-PA and no firm 

conclusions can be made. Another limitation is that although all of the included rt-PA trials 

reported functional outcomes, they used different scales and cut-off values to define good 

outcome. Lastly, our results were likely influenced by the high number of subjects included 

from one trial, CLEAR III.

In summary, the use of IVF, particularly with rt-PA, in most patients with IVH is unlikely to 

benefit their functional recovery. While IVF appears to be safe, its benefit is limited to a 

reduction in mortality at the expense of increased number of survivors with moderately 

severe to severe disability. These results are in concordance with those from CLEAR III, and 

suggest that: 1) the decision to use IVF in IVH patients should not be routinely 

recommended in clinical practice and if used should be based on the patients’/family’s 

attributes towards survival & dependency, or preferably in the setting of future clinical trials; 

and 2) future trials investigating IVF, in particular rt-PA, should have a strong rationale as to 

why the results are likely to differ from the currently available evidence, and should consider 

innovative pharmacological approaches such as local co-induction of Heme Oxygenase-1 

transcription.
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Abbreviations

IVF intraventricular fibrinolysis

IVH intraventricular hemorrhage

RCTs randomized controlled trials

EVD extraventricular drainage

ICH intracerebral hemorrhage

rt-PA recombinant tissue-plasminogen activator

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

ICTRP WHO International Clinical Trial Registry Platform

mRS modified Rankin Scale

GOS Glasgow Outcome Scale

RR relative risk

CI confidence interverval

VP ventriculoperitoneal

SAE serious adverse events

NR not reported

ICU intensive care unit

SD standard deviation

IQR interquartile range

NIHSS National Institutes of Health Stroke Scale

SAH Subarachnoid hemorrhage
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Appendix 1

MEDLINE (OVID) search strategy

1. exp cerebral hemorrhage/

2. Intracranial hemorrhage, hypertensive/or Intracranial hemorrhages/

3. Exp Cerebral ventricles/bs or exp *cerebral ventricles/or IVH.tw.

4. ((brain or cerebral or intraventricular or intracranial or intracerebral) adj10 

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

5. 1 or 2 or 3 or 4

6. Thrombolytic therapy/

7. Exp Fibrinolytic agents

8. Fibrinolysis/

9. (thrombolys$ or fibrinolys$ or clot lysis).tw.
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10. (plasminogen or plasmin or t-PA or rt-PA or rtPA).tw.

11. (urokinase or plasminogen activator or pro?urokinase or streptokinase or 

alteplase or anistreplase or saruplase or rt-pa or r-tpa or rtpa or tpa or t-pa).tw.

12. or/6–11

13. 5 and 12

14. randomized controlled trial.pt.

15. controlled clinical trial.pt.

16. randomized.ab.

17. placebo.ab.

18. drug therapy.fs.

19. randomly.ab.

20. trial.ab.

21. groups.ab.

22. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21

23. exp animals/not humans.sh.

24. 22 not 23

25. 13 and 24

EMBASE (OVID) search strategy

1. exp brain hemorrhage/

2. exp brain ventricle/

3. bleeding/

4. 2 and 3

5. (ivh or pivh).tw.

6. (intraventricular or ventricle$ or intracerebral or periventricular or brain or 

intracranial).tw.

7. (hemorrhag$ or haemorrhag$ or bleed$).tw.

8. 6 and 7

9. brain ventricle dilatation/

10. 1 or 4 or 5 or 8 or 9

11. exp fibrinolytic agent/

12. fibrinolytic therapy/

13. fibrinolysis/

Wang et al. Page 12

World Neurosurg. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. blood clot lysis/

15. fibrinogenolysis/

16. (thromboly$ or fibrinoly$ or antithromb$).tw.

17. (urokinase or plasminogen activator or pro?urokinase or Streptokinase or 

alteplase or anistreplase or saruplase or rt-pa or r-tpa orrtpa or tpa or t-pa).tw.

18. intracerebroventricular drug administration/

19. clot lys$.tw.

20. 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19

21. 10 and 20

22. random$.tw.

23. factorial$.tw.

24. crossover$.tw.

25. cross over$.tw.

26. cross-over$.tw.

27. placebo$.tw.

28. (doubl$ adj blind$).tw.

29. (singl$ adj blind$).tw.

30. assign$.tw.

31. allocat$.tw.

32. volunteer$.tw.

33. crossover procedure/

34. double blind procedure/

35. randomized controlled trial/

36. single blind procedure/

37. 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 

36

38. (animal/or nonhuman/) not human/

39. 37 not 38

40. 21 and 39
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Figure 1. 
Study flow diagram

Wang et al. Page 14

World Neurosurg. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Figure 2 A. Risk of bias graph

Figure 2 B. Risk of bias summary

Wang et al. Page 15

World Neurosurg. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Forest plot of death and poor functional outcome at the end of follow up
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Figure 4. 
Forest plot of death at the end of follow up
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Figure 5. 
Forest plot of poor functional outcome at the end of follow-up
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Figure 6. 
Forest plot of craniotomy or shunt dependency
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Figure 7. 
Forest plot of ventriculitis during treatment and follow-up period
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Figure 8. 
Forest plot of rebleeding
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