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Background and Purpose Although arbitrary blood pressure (BP) thresholds exist for acute 
ischemic stroke (AIS) patients eligible for intravenous thrombolysis (IVT), current international 
recommendations lack clarity on the impact of mean pre- and post-IVT BP levels on clinical 
outcomes. 
Methods Eligible studies involving IVT-treated AIS patients were identified that reported the 
association of mean systolic BP (SBP) or diastolic BP levels before and after IVT with the following 
outcomes: 3-month favorable functional outcome (modified Rankin Scale [mRS] scores of 0–1) and 
3-month functional independence (mRS scores of 0–2), 3-month mortality and symptomatic 
intracranial hemorrhage (sICH). Unadjusted analyses of standardized mean differences and adjusted 
analyses of studies reporting odds ratios (ORadj) per 10 mm Hg BP increment were performed using 
random-effects models. 
Results We identified 26 studies comprising 56,513 patients. Higher pre- (P=0.02) and post-
treatment (P=0.006) SBP levels were observed in patients with sICH. Patients with 3-month 
functional independence had lower post-treatment (P<0.001) SBP whereas trended towards lower 
pre-treatment (P=0.06) SBP. In adjusted analyses, elevated pre- (ORadj, 1.08; 95% confidence 
interval [CI], 1.01 to 1.16) and post-treatment (ORadj, 1.13; 95% CI, 1.01 to 1.25) SBP levels were 
associated with increased likelihood of sICH. Increasing pre- (ORadj, 0.91; 95% CI, 0.84 to 0.98) and 
post-treatment (ORadj, 0.70; 95% CI, 0.57 to 0.87) SBP values were also related to lower odds of 
3-month functional independence. 
Conclusions We found that elevated BP levels adversely impact AIS outcomes in patients receiving 
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Introduction

Intravenous thrombolysis (IVT) is the only approved systemic re-
perfusion therapy for acute ischemic stroke (AIS) patients,1 and 
confers a number needed to treat of eight to improve functional 
outcome in one additional AIS.2 The beneficial effect of tissue 
plasminogen activator (tPA) may be hampered in AIS patients 
with elevated acute blood pressure (BP) levels.3 Current American 
Heart Association/American Stroke Association (AHA/ASA) guide-
lines recommend strict, though arbitrary, thresholds of systolic BP 
(SBP) >185 mm Hg and diastolic BP (DBP) >110 mm Hg before 
tPA-bolus, as well as during and within 24 hours after alteplase 
infusion (SBP >180 mm Hg and DBP >105 mm Hg).4 Observa-
tional data indicate that BP protocol violations increase the risk 
of symptomatic intracranial hemorrhage (sICH),5,6 while elevated 
acute BP levels may reduce the odds of tPA-induced recanaliza-
tion7 and the likelihood of functional independence.8 On the other 
hand, it may be argued that IVT may be delayed or even denied in 
AIS patients with extremely elevated BP levels due to these strin-
gent BP thresholds.3 In addition, aggressive BP reduction during 
the first hours of acute cerebral ischemia may reduce viable pen-
umbral tissue and result in expansion of the infarction and fur-
ther neurological deterioration.9,10 Finally, in the absence of ran-
domized data, clear consensus is lacking for the optimal BP con-
trol before, during and after tPA infusion in AIS patients treated 
with IVT. In view of the former considerations, we conducted a 
systematic review and meta-analysis that sought to evaluate the 
impact of elevated acute BP levels before and after systemic 
thrombolysis on different clinical outcomes in AIS patients.

Methods

Authors declare that all supporting data are available within 
the article and its online supplementary files. We adopted the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines for systematic reviews and meta-
analyses.11 The present manuscript also adheres to the AHA 
Journals’ implementation of the Transparency and Openness 
Promotion (TOP) guidelines.12 The study design (systematic re-
view and meta-analysis) was exempt for approval from the In-
stitutional Review Board of our institution (Universities of Ten-
nessee & West Virginia-Charleston Division).

Data sources and searches
Eligible studies that reported association of mean BP levels and 
clinical outcomes in AIS patients treated with IVT were identi-
fied by systematically searching in Ovid MEDLINE, Ovid Em-
base, and Scopus databases. The combination of search strings 
used to query all the databases included: “blood pressure,” 
“systolic,” “diastolic,” “stroke,” and “cerebral ischemia”. The 
complete search algorithm used in MEDLINE is available in the 
online supplement. We restricted our search to articles in Eng-
lish language, and our search spanned from database inception 
to February 24, 2018. Additional manual search of conference 
abstracts and bibliographies of articles meeting study criteria 
for a comprehensive literature search was conducted.

Study selection and data extraction
We identified studies that investigated the association of acute 
BP levels with clinical outcomes in AIS patients treated with 
IVT. We documented mean SBP and DBP levels reported as 
mean±SD during pre- and post-IVT intervals. For studies that 
did not report mean BP levels before tPA bolus, admission BP 
levels were used for descriptive analyses. During the post-
thrombolysis interval, we recorded mean BP levels documented 
within 2 to 4 hours following tPA infusion. If this data was un-
available, mean BP levels within 24 to 72 hours of IVT adminis-
tration were used. Additional data on BP variability (BPV) in-
cluding successive variation (SV) was collected if available from 
the included studies. In case of missing data, the authors of 
relevant studies were contacted and previously unpublished 
data was occasionally provided according to their discretion. 
We excluded studies that reported (1) outcomes not reported 
as per our inclusion criteria such as parenchymal hematoma or 
asymptomatic intracranial hemorrhage, (2) treatment with in-
tra-arterial thrombolysis, mechanical thrombectomy, or sys-
temic thrombolysis using agents other than alteplase, (3) de-
scriptive data for BP levels reported as median values, (4) stud-
ies reporting mean arterial pressure levels instead of SBP or 
DBP levels, and (5) case reports.

We evaluated the following clinical outcomes: 3-month fa-
vorable functional outcome (defined as modified Rankin Scale 
[mRS] scores 0–1), 3-month functional independence (defined 
as mRS-scores of 0–2), 3-month mortality, sICH according to 
the definitions of included studies (Supplementary Table 1) and 

IVT. Future randomized-controlled clinical trials will provide definitive data on the aforementioned 
association.
Keywords Blood pressure; Stroke; Thrombolytic therapy; Intracranial hemorrhages; Outcome 
assessment 
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tPA-induced recanalization (in AIS patients with proximal in-
tracranial occlusions) according to the definitions of included 
studies. Two authors (K.M. and A.F.) independently reviewed all 
the retrieved articles. In case of disagreements regarding the 
literature search results, the senior author (G.T.) was consulted 
to formulate a mutual consensus. The following information 
was extracted: name of study, first author and year of publica-
tion, mean age, sex distribution, total number of study partici-
pants, and clinical outcomes.

Risk of bias assessment
We used the Newcastle-Ottawa Scale to explore sources of 
bias amongst the included observational studies as previously 
described.13 This scale uses multiple-choice questions to ad-
dress the areas of selection, comparability, and exposure/out-
come assessment. High quality ratings are identified with a 
star and studies can earn a maximum of nine star-points. A 
maximum of one star can be awarded for each item within the 
selection and exposure/outcome categories and maximum of 
two stars for the comparability category. The quality control 
and bias identification were performed independently by two 
reviewers (K.M. and A.F.), and disagreements if any, were re-
solved by a third tie-breaking evaluator (G.T.).

Data synthesis and statistical analysis
In both unadjusted and adjusted for potential confounders 
analyses both pre-treatment and post-treatment SBP/DBP val-
ues were handled as continuous variables, while the outcomes 
of interest were handled as dichotomous variables. Differences 
in mean pre-treatment and post-treatment BP values accord-
ing to the outcomes of interest were reported in the form of 
standardized mean differences (SMDs) in all unadjusted analy-
ses. We also conducted adjusted (for potential confounders) 
analyses evaluating the association of pre- and post-IVT BP 
levels with different clinical outcomes. The adjusted odds ratios 
(ORsadj) of these associations are all presented per 10 mm Hg 
increments in SBP or DBP levels.

SMD estimates were calculated as the mean differences 
divided by the corresponding pooled standard deviations, to 
expresses the size of the intervention effect in each study 
relative to the variability observed in that study.14 In all anal-
yses SMDs and ORs of individual studies were pooled using 
the random-effects model (DerSimonian Laird).15 We used in-
verse variance method to calculate SMD for continuous vari-
ables. SMD were interpreted using a general rule of thumb 
reported by Cohen,16 in which an SMD of 0.2 represents a 
small effect, an SMD of 0.5 represents a medium effect, and 
an SMD of 0.8 or larger represents a large effect. All available 

ORadj on the association of SBP and DBP increments with the 
respective outcomes of interest were rescaled to 10 mm Hg 
BP increments by raising the corresponding ORadj to the ap-
propriate power,17 in studies not providing ORadj for the 10 
mm Hg scale. After the overall analyses using the DerSimoni-
an Laird method we performed additional sensitivity analyses 
for all outcomes of interest using the Hartung-Knapp-Sidik-
Jonkman method.18 We also performed meta-regression anal-
yses, with the use of the random-effects model, to explore 
heterogeneity and further evaluate the potential association 
between the unadjusted outcome provided by the majority of 
included studies and the dichotomous and normally distrib-
uted patients’ baseline characteristics. 

As per the Cochrane Handbook for Systematic Reviews of In-
terventions,19 we assessed for heterogeneity using Cochran Q 
and I2 statistics. For the qualitative interpretation of heteroge-
neity, I2 >50% and I2 >75% indicated substantial and consider-
able heterogeneity, respectively. Publication bias across indi-
vidual studies was graphically evaluated using a funnel plot,19 
while funnel plot asymmetry was assessed using the Egger’s 
linear regression test with P<0.10 significance level. For all 
other outcomes of interest we performed equivalent z test for 
each pooled estimate, and a two-tailed P levels <0.05 was 
considered statistically significant. In case of funnel plot asym-
metry we performed relevant adjustment for potential publica-
tion bias using the Duval-Tweedie “trim and fill” approach.20

All statistical analyses were carried out with Cochrane Col-
laboration’s Review Manager Software Package (RevMan 5.3), 
OpenMetaAnalyst21 and the Comprehensive Meta-analysis ver-
sion 2 software (Biostat, Englewood, NJ, USA; https://www.
meta-analysis.com).

Results

Study selection and study characteristics
Systematic search of all the databases yielded 769 articles. 
After removing the duplicates, the titles and abstracts from 
the remaining 669 studies were screened and 33 potentially 
eligible studies for the meta-analysis were retained. After re-
trieving the full-text version of the aforementioned 33 stud-
ies, seven studies were excluded due to lack of clinical out-
come reporting, articles in language other than English lan-
guage or use of thrombolysis other than alteplase (Supple-
mentary Table 2). After careful evaluation and without dis-
agreements amongst the two reviewers, 26 studies6-8,22-44 were 
included that met the study protocol’s inclusion criteria. The 
detailed flow chart of the current meta-analysis is presented 
in Supplementary Figure 1. 
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The included 26 studies comprising 56,513 patients are 
summarized in Table 1. Three studies were post hoc analysis of 
randomized-controlled clinical trials including 1,443 AIS pa-
tients, while we also evaluated 23 observational studies (eight 
prospective and 15 retrospective) with 55,070 AIS patients. The 
baseline characteristics of the included patients are presented 
in Supplementary Table 3. Three authors of included studies 
responded to our request to provide previously unpublished 
data.7,22,34 Eight studies reported their adjusted analyses using 
10-mm Hg increments in SBP or DBP;6,24,26,30,32,37,39,44 three stud-
ies used 1-mm Hg increments,7,34,35 whereas the remaining 
studies failed to report the exact BP increments in their ad-
justed analyses (Supplementary Table 4). Five studies were 
conducted in China, three in Finland, two in Japan, one each in 
Germany, Norway, Portugal, Italy, Spain, United States, whereas 
the remaining were multicenter, international studies.

Study quality and publication bias 	
We assessed the risk of bias amongst the included studies 
using Newcastle-Ottawa scale (Supplementary Table 5). The 
risk of selection and comparability bias was considered low 
in all the studies. Outcome bias was counted as moderate as 
majority of the studies did not report the data on patients 
lost to follow-up or outcome assessment. The overall score of 
Newcastle-Ottawa scale was 214/234 (91.4%), which is con-
sidered to represent an overall high quality. 

We inspected funnel plot symmetry and Egger’s statistical 
test for outcomes involving ≥10 studies.19 On inspection of 
funnel plots, no evidence of asymmetry was observed in 
studies reporting pre-treatment BP parameters, either unad-
justed for 3-month functional independence (Supplementary 
Figure 2), or adjusted 3-month functional independence 
(Supplementary Figure 3). Similarly, we did not observe pub-
lication bias among studies reporting pre-treatment BP pa-
rameters, either unadjusted for 3-month functional indepen-
dence (Egger’s test P=0.70), or adjusted for 3-month favor-
able functional outcome (P=0.11) and 3-month functional 
independence (P=0.35). However, both graphical inspection 
and the Egger’s test (P=0.030) uncovered the asymmetry of 
the funnel plot of studies reporting adjusted associations of 
pre-treatment SBP with 3-month favorable functional out-
come (Supplementary Figure 4).

Association between BP levels and outcomes
Tables 2 and 3 present an overview on the overall unadjusted 
and adjusted analyses investigating the association of BP 
levels with various clinical outcomes.
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Unadjusted analyses
Lower post-treatment SBP levels were observed in patients 
with 3-month favorable functional outcome (Supplementary 
Figure 5A), while the two groups did not differ in terms of DBP 
levels (Supplementary Figure 5B). Pre-treatment SBP (Supple-
mentary Figure 6A) and DBP (Supplementary Figure 6B) did not 
differ between patients with and without 3-month favorable 
functional outcome. Patients with 3-month functional inde-
pendence demonstrated a lower trend towards pre-IVT SBP 
levels (Supplementary Figure 7A), whereas had a significantly 
lower SBP levels after alteplase infusion (Supplementary Figure 
7B). No difference in mean pre-treatment (Supplementary Fig-
ure 8A) and post-treatment (Supplementary Figure 8B) DBP 
levels was noted in patients with and without 3-month func-
tional independence. 

Higher pre-treatment (Supplementary Figure 9A) and post-
treatment SBP levels (Supplementary Figure 9B) were observed 
in patients with sICH. No difference was documented in both 
pre-treatment (Supplementary Figure 10A) and post-treatment 
(Supplementary Figure 10B) DBP levels in patients with and 
without sICH. No difference in mean pre-treatment SBP (Sup-
plementary Figure 11A) and DBP levels were noted in patients 
who were dead or alive at 3 months (Supplementary Figure 
11B). No data was available to compare post-treatment BP lev-
els and mortality.

Lower mean pre-treatment SBP levels were recorded in AIS 
patients with proximal intracranial occlusion who achieved 
tPA-induced recanalization (Supplementary Figure 12A), 
whereas no difference was observed for pre-treatment DBP 
levels (Supplementary Figure 12B). No data was available to 
evaluate the association of post-treatment BP levels with arte-
rial recanalization.

We conducted additional analyses to assess the available as-
sociations of BPV quantified by SV in BP levels with various clini-
cal outcomes. Elevated post-treatment SV-SBP levels were ob-
served in patients with sICH (two studies: SMD, 0.82; 95% con-
fidence interval [CI], 0.35 to 1.30; P=0.0007; P for Cochran Q 
statistic=0.26; I2=20%) (Supplementary Figure 13). No additional 
data was available to evaluate the difference in mean pre- and 
post-treatment SV-BP levels with other clinical outcomes. 

Adjusted analyses
After adjusting for potential confounders, we evaluated the as-
sociations of mean BP levels before and after tPA infusion with 
various outcomes.

Increasing mean pre-treatment SBP levels were independently 
associated with reduced odds of 3-month favorable functional 
outcome (ORadj, 0.91; 95% CI, 0.87 to 0.95) (Figure 1A) and 

3-month functional independence (ORadj, 0.91; 95% CI, 0.84 to 
0.98) (Figure 1B). Due to the emerging funnel plot asymmetry for 
the outcome of 3-month favorable functional outcome we per-
formed additional analysis to account for the possibility of publi-
cation bias and after imputing two missing studies with the trim 
and fill method (ORadj, 0.93; 95% CI, 0.84 to 1.03) (Supplemen-
tary Figure 14). Also, higher pre-treatment SBP levels indepen-
dently increased the likelihood of sICH (ORadj, 1.08; 95% CI, 1.01 
to 1.16) (Figure 1C). No associations were noted between mean 
pre-treatment SBP levels and 3-month mortality (P=0.14) (Fig-
ure 1D) and arterial recanalization (P=0.28) (Supplementary Fig-
ure 15). Similarly, no associations were observed between mean 
pre-treatment DBP levels and 3-month favorable functional 
outcome (P=0.95) (Supplementary Figure 16), 3-month func-
tional independence (P=0.23) (Supplementary Figure 17), sICH 
(P=0.95) (Supplementary Figure 18), 3-month mortality (P=0.28) 
(Supplementary Figure 19), and arterial recanalization (P=0.70) 
(Supplementary Figure 20).

Higher mean post-treatment SBP levels were independently 
associated with reduced odds of 3-month favorable functional 
outcome (ORadj, 0.83; 95% CI, 0.78 to 0.88) (Figure 2A) and 
3-month functional independence (ORadj, 0.70; 95% CI, 0.57 to 
0.87) (Figure 2B). Increasing mean post-treatment SBP were in-
dependently related to higher likelihood of sICH (ORadj, 1.13; 
95% CI, 1.01 to 1.25) (Figure 2C). No association was noted be-
tween mean post-treatment SBP levels and 3-month mortality 
(P=0.07) (Figure 2D). Similarly, no associations were observed 
between mean post-treatment DBP levels and 3-month favor-
able functional outcome (P=0.68) (Supplementary Figure 21), 
3-month functional independence (P=0.21) (Supplementary 
Figure 22), sICH (P=0.38) (Supplementary Figure 23), and 
3-month mortality (P=0.57) (Supplementary Figure 24).

Additionally, higher mean post-treatment SV-SBP levels 
were independently associated with reduced odds of 3-month 
favorable functional outcome (ORadj, 0.50; 95% CI, 0.27 to 
0.91) (Supplementary Figure 25) and increased likelihood of 
3-month mortality (ORadj, 1.86; 95% CI, 1.25 to 2.77)  (Supple-
mentary Figure 26). Increasing mean post-treatment SV-SBP 
levels tended to be associated with increased risk of sICH 
(P=0.06) (Supplementary Figure 27). Similarly, higher mean 
post-treatment SV-DBP levels were independently related to 
higher odds of 3-month mortality (P=0.003) (Supplementary 
Figure 28) and sICH (P=0.004) (Supplementary Figure 29). Fi-
nally, no association was detected between SV-DBP and favor-
able functional outcome (P=0.39) (Supplementary Figure 30).

Sensitivity and meta-regression analyses
In the sensitivity analyses using the Hartung-Knapp-Sidik-
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Jonkman method we found no significant disparities with the 
DerSimonian Laird method for the vast majority of associa-
tions, except for the unadjusted associations of post-treatment 

SBP with sICH and 3-month functional independence, which 
were found to be marginally non-significant after introducing 
the Hartung-Knapp-Sidik-Jonkman method (Supplementary 

A

B

Figure 1. Forest plot presenting the adjusted for potential confounders associations of pre-treatment systolic blood pressure levels with (A) favorable func-
tional outcome, (B) functional independence, (C) symptomatic intracranial hemorrhage (sICH), and (D) mortality. SE, standard error; IV, intravenous; CI, confi-
dence interval; mRS, modified Rankin Scale.
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Tables 6 and 7). 
In the meta-regression analyses only the prevalence of dia-

betes was found to be inversely related to the likelihood of 
3-month functional independence (coefficient, –0.013; 95% 
CI, –0.024 to –0.003; P=0.014) (Supplementary Table 8).

Discussion

To the best of our knowledge, this is the first systematic re-
view and meta-analysis to evaluate the association between 

acute BP levels and clinical outcomes of AIS patients treated 
with IVT. Among 56,513 tPA-treated AIS patients, increasing 
mean BP levels before and after tPA infusion reduced the 
likelihood of 3-month favorable functional outcome as well 
as 3-month functional independence. This association per-
sisted in our subgroup and adjusted analyses. Although asso-
ciations between increasing BP values and higher odds of 
functional dependence and sICH risk were documented in 
unadjusted and adjusted for potential confounders analyses 
(Tables 2 and 3), they were succinctly greater for functional 

Figure 2. Forest plot presenting the adjusted for potential confounders associations of post-treatment systolic blood pressure levels with (A) favorable func-
tional outcome, (B) functional independence, (C) symptomatic intracranial hemorrhage (sICH), and (D) mortality. SE, standard error; IV, intravenous; CI, confi-
dence interval; mRS, modified Rankin Scale.
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outcomes, possibly reflecting that the association of elevated 
BP with worse functional outcome is not solely explained by 
the increase in sICH risk. The association of increasing pre-
treatment BP levels with lower odds of recanalization in large 
vessel occlusion patients treated with IVT and endovascular 
reperfusion therapies may represent another potential mech-
anism that may account for the relationship of increasing BP 
levels with worse functional outcomes in AIS patients treated 
with systemic thrombolysis.7,45 This hypothesis is also sup-
ported by the findings of the present meta-analysis, since AIS 
patients with tPA-induced successful recanalization had low-
er pre-treatment SBP levels compared to patients with per-
sisting occlusion. The inverse relationship between increased 
pretreatment SBP levels and vessel patency might be attrib-
uted to the potential association of elevated pretreatment 
SBP with both increased baseline thrombus burden and im-
paired endogenous capacity for fibrinolysis.7 No studies in-
vestigated the relationship of post-treatment BP levels with 
arterial recanalization and we were unable to assess this as-
sociation in the present meta-analysis. Additionally, increas-
ing BPV after tPA infusion appeared to be related to higher 
likelihood of sICH, mortality and poor post-stroke recovery.

Our findings are in line with various individual and pooled 
analyses of European Cooperative Acute Stroke Study (ECASS),43 
ECASS 2,44 and Safe Implementation of Thrombolysis in Stroke-
International Stroke Thrombolysis Register (SITS-ISTR)22 trials 
documenting poor outcomes in AIS patients with elevated pre- 
and post-IVT SBP levels. Notably, both linear22 and U-shaped22,46 
associations have been reported between post-tPA SBP levels 
and sICH as well as 3-month mortality respectively. 

Optimization of BP during AIS requires determination of var-
ious hemodynamic factors including presence of ischemic pen-
umbra, large vessel occlusion, collateral and recanalization 
status, and underlying etiopathogenic mechanisms.47 Approxi-
mately three-fourths of AIS patients present with elevated SBP 
and/or DBP levels.48 The underlying mechanisms remain poorly 
understood; however, early activation of sympathetic adreno-
medullary pathway and altered cerebral autoregulation within 
ischemic penumbra are plausible explanations.49 Wider BP 
fluctuations in IVT-treated patients can exacerbate reperfusion 
injury of blood-brain barrier and lead to hemorrhage and cere-
bral edema complications. Additionally, ischemic penumbra 
surrounding the large infarct core is more susceptible to 
changes in systemic BP and reperfusion injury.50 Due to im-
paired cerebral autoregulation during AIS, systemically elevated 
BP levels and increased BPV are associated with compromised 
cerebral perfusion, that likely predispose to poor functional 
outcomes in AIS patients treated with IVT.34,35 The positive as-

sociation that we documented between increasing BPV after 
tPA infusion with higher odds of mortality, poor functional 
outcomes and sICH lends support to the former considerations. 

Our findings are in line with the recent AHA/ASA guidelines 
for BP control in AIS patients treated with IVT.4 However, an 
optimal BP level that renders a negligible risk of sICH while 
avoiding the impairment of cerebral perfusion remains un-
known (Class I; Level of Evidence B). The recently presented 
randomized-controlled clinical trials51,52 attempting to evaluate 
the impact of BP reduction on early outcomes of AIS patients 
were not specifically designed to address the role of very early 
(within a few hours), rapid and intensive BP lowering, in AIS 
patients treated with tPA. The second arm of ENhanced Control 
of Hypertension ANd Thrombolysis strokE stuDy (ENCHANTED) 
trial may provide more definitive data on whether early inten-
sive BP lowering is superior to standard guideline-recommend-
ed BP management for the clinical outcome of death or dis-
ability at 90 days in AIS patients treated with IVT.53

Certain limitations of the present report need to be acknowl-
edged. First, substantial heterogeneity was documented in our 
adjusted analyses since only few studies reported associations 
on the increments of BP levels adjusted for different confound-
ing variables. Additionally, variability was noted in the use of 
adjudicated definitions for sICH amongst the included studies. 
This likely renders a major source of bias that needs to be 
weighed while carefully interpreting the results of our meta-
analysis. Moreover, it should be noted that adjusted analyses 
for the outcomes of interest were not available in a substantial 
proportion of included studies (Supplementary Table 4). Sec-
ond, it should be acknowledged that despite the vast number 
of different analyses that were conducted we performed no 
correction for multiple comparisons. This decision was made a 
priori during the preparation of our manuscript protocol and 
after taking into account that the associations that were tested 
were both discrete and pre-specified. Nevertheless, it should be 
noted that many of the correlations were highly significant 
(P<0.001) and reproducible in both adjusted and unadjusted 
analyses (Tables 2 and 3). Thus statistical significance would 
have been achieved even after correcting for multiple compari-
sons and using a stricter threshold for independent associa-
tions on multivariable logistic regression models (e.g., P<0.005). 
Third, our study did not evaluate separately the association of 
BP variables with outcomes according to stroke subtype, in-
farct size, location or vascular status of the corresponding ar-
teries and perfusion status of the corresponding vascular terri-
tories. It might be postulated that significant disparities could 
be present on the association of pre-treatment BP with out-
comes between patients with hypoperfusion due to major ce-
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rebral artery occlusion and patients with small vessel disease. 
Therefore, the reported associations and effect estimates by 10 
mm Hg BP increments should be interpreted with caution as 
they represent an oversimplification of a more complex situa-
tion not accounting for many other parameters, including the 
vascular and perfusion status. Fourth, not all the studies re-
ported mean BP levels during pre- or post-IVT time intervals. 
Accordingly, wherever mean BP levels were unavailable, we re-
corded admission BP levels, and selected BP levels following 
IVT that were closer to the termination of alteplase infusion. 
This decision was made a priori during our meta-analysis pro-
tocol to avoid the possibility of reporting bias.54 Fifth, there are 
different indices of BPV, but we only assessed SV using limited 
available data from the scarce studies that assessed the rela-
tionship of BPV (quantified by SV) with clinical outcomes in 
AIS patients treated with IVT. Sixth, it should be acknowledged 
that in the present meta-analysis we were unable to test the 
hypothesis of a U-shaped relationship between BP parameters 
and clinical outcomes of AIS patients treated with IVT, despite 
occasional reports supporting that both acute low and high BP 
levels may adversely affect outcomes in the settings of AIS.16,26 
Last and most important, our analyses were based on observa-
tional studies or post hoc analyses from randomized controlled 
trials that were not designed to evaluate the association of dif-
ferent BP levels with outcomes in a randomized fashion. Thus, 
apart from inherent biases related to the design of the included 
studies, various disparities in the monitoring BP levels (meth-
odology and frequency of serial BP measurements) and the an-
tihypertensive medications used to treat excessive BP levels 
may have also contributed to the documented heterogeneity 
across included studies.

Conclusions

Our systematic review and meta-analysis indicated that elevated 
BP levels before and after tPA infusion are associated with re-
duced likelihood of good functional outcomes and increased 
odds of sICH. These associations persisted even after adjustment 
for potential confounders, while substantial heterogeneity was 
documented in the majority of the reported associations. Given 
that the association of higher BP levels with worse clinical out-
comes that we detected in the current meta-analysis cannot 
yield direct evidence of causality with certainty, future random-
ized clinical trials are required to provide definitive data regard-
ing the potential association of BP control with improved clinical 
outcomes of AIS patients treated with IVT and to identify the 
optimal BP range in this high-risk for sICH population.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2018.02369. 
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Supplementary Table 1. Definitions of symptomatic intracranial hemorrhage utilized by included studies 

Adjudicating study Definition

NINDS1 Any ICH that had not been seen on a previous CT scan but there was subsequently either a suspicion of hemorrhage or any 
decline in neurologic status. To detect intracranial hemorrhage, CT scans were required at 24 hours and 7 to 10 days af-
ter the onset of stroke and when clinical findings suggested hemorrhage.

ECASS 22 Any ICH with neurological deterioration (≥4 points increase on the NIHSS) from baseline or death within 22 to 36 hours. 
Establishment of a causal relationship between the hemorrhage and clinical deterioration or death was not a require-
ment.

ECASS 3 In addition to definition of ECASS 2, the hemorrhage must have been identified as the predominant cause of the neurolog-
ic deterioration.

SITS-MOST Large or remote parenchymal ICH (type 2, defined as greater than 30% of the infarct area affected by hemorrhage with 
mass effect or extension outside the infarct) combined with neurological deterioration (≥4 points increase on the NIHSS) 
from baseline or death within 22 to 36 hours.

NINDS, National Institute of Neurological Disorders and Stroke; ICH, intracranial hemorrhage; CT, computed tomography; ECASS, European Cooperative Acute 
Stroke Study; NIHSS, National Institutes of Health Stroke Scale; SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study.
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Supplementary Table 2. Excluded studies with reasons for exclusion

Study Reason for exclusion

Gill et al. (2016)3 No intended outcomes compared or reported

Liu et al. (2015)4 Non-English article

Perini et al. (2010)5 No intended outcomes compared or reported

Gilligan et al. (2002)6 Patients not treated with alteplase

Nathanson et al. (2014)7 No intended outcomes compared or reported

Darger et al. (2015)8 No intended outcomes compared or reported

Bentsen et al. (2013)9 No intended outcomes compared or reported
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Supplementary Table 5. Quality assessment of included studies with the Newcastle-Ottawa Scale

Study Selection Comparability Outcome Overall score

Ahmed et al. (2009)10 4* 2* 2* 8/9

Delgado-Mederos et al. (2008)11 4* 2* 2* 8/9

Endo et al. (2013)12 4* 2* 2* 8/9

Huang et al. (2013)13 4* 2* 2* 8/9

Idicula et al. (2008)14 4* 2* 2* 8/9

Kellert et al. (2012)15 4* 2* 2* 8/9

Kellert et al. (2017)16 4* 2* 2* 8/9

Lindsberg et al. (2003)17 4* 2* 3* 9/9

Liu et al. (2016)18 4* 2* 2* 8/9

Martins et al. (2016)19 4* 2* 2* 8/9

Menon et al. (2012)20 4* 2* 2* 8/9

Molina et al. (2004)21 4* 2* 3* 9/9

Molina et al. (2009)22 4* 2* 3* 9/9

Rusanen et al. (2015)23 4* 2* 2* 8/9

Saqqur et al. (2008)24 4* 2* 3* 9/9

Tomii et al. (2011)25 4* 2* 2* 8/9

Toni et al. (2012)26 4* 2* 2* 8/9

Tsivgoulis et al. (2007)27 4* 2* 3* 9/9

Tsivgoulis et al. (2009)28 4* 2* 2* 8/9

Wahlgren et al. (2008)29 4* 2* 2* 8/9

Waltimo et al. (2016)30 4* 2* 3* 9/9

Wu et al. (2017)31 4* 2* 2* 8/9

Wu et al. (2016)32 4* 2* 2* 8/9

Yan et al. (2015)33 4* 2* 2* 8/9

Yong et al. (2005)34 4* 2* 2* 8/9

Yong et al. (2008)35 4* 2* 2* 8/9

Overall score 104/104 52/52 58/78 214/234
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Supplementary Table 8. Meta-regression analyses on the association of baseline characteristics with the likelihood of functional independence at 3 months

Variable No. of studies Coefficient (95% CI) P

Female sex 7 –0.003 (–0.024 to 0.018) 0.764

Hypertension 5 0.005 (–0.034 to 0.045) 0.794

Dyslipidemia 4 –0.018 (–0.077 to 0.042) 0.559

Diabetes mellitus 6 –0.013 (–0.024 to –0.003) 0.014

Atrial fibrillation 4 –0.012 (–0.037 to 0.012) 0.321

Prior stroke or transient ischemic attack 3 –0.002 (–0.018 to 0.013) 0.759

CI, confidence interval.
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Supplementary Figure 1. Flow-chart diagram presenting the selection of 
eligible studies.

Records identi�ed 
through: 256 Scopus, 
504 Embase/MEDLINE

636 Records excluded

Full text articles excluded:
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synthesis (meta-analysis)

669 Records screened
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Supplementary Figure 2. Funnel plot of the included studies evaluating 
the unadjusted associations of pre-treatment blood pressure variables with 
functional independence. SE, standard error; SMD, standardized mean dif-
ference; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Supplementary Figure 3. Funnel plot of the included studies evaluating 
the adjusted association of pre-treatment blood pressure variables with 
functional independence. SE, standard error; OR, odds ratio; SBP, systolic 
blood pressure; DBP, diastolic blood pressure.
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Supplementary Figure 4. Funnel plot of the included studies evaluating 
the adjusted association of pre-treatment blood pressure variables with fa-
vorable functional outcome. SE, standard error; OR, odds ratio; SBP, systolic 
blood pressure; DBP, diastolic blood pressure.
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Supplementary Figure 5. Forest plots evaluating the associations of post-treatment (A) systolic blood pressure levels and (B) diastolic blood pressure levels 
with favorable functional outcome. mRS, modified Rankin Scale; SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence 
interval.
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Supplementary Figure 6. Forest plots evaluating the association of pre-treatment (A) systolic blood pressure levels and (B) diastolic blood pressure levels 
with favorable functional outcome. mRS, modified Rankin Scale; SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence 
interval.
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Supplementary Figure 7. Forest plots evaluating the association of (A) pre-treatment and (B) post-treatment systolic blood pressure levels with functional 
independence. mRS, modified Rankin Scale; SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval.
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Supplementary Figure 8. Forest plots evaluating the association of (A) pre-treatment and (B) post-treatment diastolic blood pressure levels with functional 
independence. mRS, modified Rankin Scale; SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval.
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Supplementary Figure 9. Forest plot evaluating the associations of (A) pre-treatment and (B) post-treatment systolic blood pressure levels with symptomatic 
intracranial hemorrhage (sICH). SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval.
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 156 27 26 157 22 323 15.9% -0.04 [-0.44, 0.36]
 157 27 28 158 22 323 16.6% -0.04 [-0.43, 0.34]
 159 29 31 156 24 479 17.9% 0.53 [0.17, 0.90]
  
   279   12,083 100.0% 0.24 [0.40, 0.43] 

Ahmed et al., 2009
Kellert et al., 2017
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.04; Chi2=2.98, df=2 (P=0.23); I2=33%
Test for overall effect: Z=2.75 (P=0.006)

SMD
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

No sICHsICH
MeanStudy or subgroup SD Total Mean SD Total Weight

SMD
IV, random, 95% CI

 158 23 169 146 22 9,951 69.2% 0.54 [0.39, 0.70]
 182.68 20.87 10 179.97 21.99 376 23.1% 0.12 [-0.50, 0.75]
 176 20 3 148 22 32 7.7% 1.25 [0.03, 2.47]
  
   182   10,359 100.0% 0.50 [0.14, 0.86] 

-0.5 -0.25 0 0.25 0.5
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Supplementary Figure 10. Forest Plots evaluating the association of (A) pre-treatment and (B) post-treatment diastolic blood pressure levels with symptom-
atic intracranial hemorrhage (sICH). SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval. 

Ahmed et al., 2009
Liu et al., 2016
Molina et al., 2009
Tsivgoulis et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.90, df=3 (P=0.83); I2=0%
Test for overall effect: Z=1.57 (P=0.12)

SMD
IV, random, 95% CI

Favours [sICH]  Favours [no sICH]

No sICHsICH
MeanStudy or subgroup SD Total Mean SD Total Weight

SMD
IV, random, 95% CI

 84 13 178 83 13 10,463 80.1%  0.08 [-0.07, 0.23]
 90 13 12 85.5 14.7 449 5.3%  0.31 [-0.27, 0.88]
 82 29 3 77 15 32 1.3% 0.30 [-0.88, 1.49]
 85 21 31 82 16 479 13.3% 0.18 [-0.18, 0.55]
  
   224   11,423 100.0% 0.11 [-0.03, 0.24] 

Ahmed et al., 2009
Kellert et al., 2017
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.11; Chi2=4.68, df=2 (P=0.10); I2=57%
Test for overall effect: Z=0.76 (P=0.45)

SMD
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

No sICHsICH
MeanStudy or subgroup SD Total Mean SD Total Weight

SMD
IV, random, 95% CI

 83 15 169 79 14 9,943 55.6% 0.29 [0.13, 0.44] 
 94.9 12.45 10 99.39 14.5 376 30.9% -0.31 [-0.94, 0.32] 
 92 9 3 79 13 32 13.6% 0.99 [-0.22, 2.20]
  
   182   10,351 100.0% 0.20 [-0.31, 0.71] 
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Supplementary Figure 11. Forest plots evaluating the association of pre-treatment (A) systolic blood pressure levels and (B) diastolic blood pressure levels 
with mortality. SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval.

Ahmed et al., 2009
Molina et al., 2009
Tsivgoulis et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.03; Chi2=4.94, df=2 (P=0.08); I2=60%
Test for overall effect: Z=1.27 (P=0.20)

SMD
IV, random, 95% CI

Favours [no mortality]  Favours [mortality]

No mortalityMortality
MeanStudy or subgroup SD Total Mean SD Total Weight

SMD
IV, random, 95% CI

 152 22 1,379 151 21 8,096 59.4% 0.05 [-0.01, 0.10]
 176 19 3 153 21 32 4.5% 1.08 [-0.14, 2.29]
 162 27 61 156 21 231 36.2% 0.27 [-0.02, 0.55]
  
   1,443   8,359 100.0% 0.17 [-0.09, 0.44]

Ahmed et al., 2009
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.05, df=1 (P=0.83); I2=0%
Test for overall effect: Z=0.01 (P=0.99)

SMD
IV, random, 95% CI

Favours [no mortality]  Favours [mortality]

No mortalityMortality
MeanStudy or subgroup SD Total Mean SD Total Weight

SMD
IV, random, 95% CI

 83 15 1,375 83 13 8,086 99.8% 0.00 [-0.06, 0.06]
 77 25 3 79 14 32 0.2% -0.13 [-1.32, 1.05]
  
   1,378   8,118 100.0% -0.00 [-0.06, 0.06]

-1 -0.5 0 0.5 1

-1 -0.5 0 0.5 1
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Supplementary Figure 12. Forest plots evaluating the association of pre-treatment (A) systolic blood pressure levels and (B) diastolic blood pressure levels 
with recanalization. SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval.

Delgado-Mederos et al., 2008
Molina et al., 2009
Tsivgoulis et al., 2007

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.13, df=2 (P=0.94); I2=0%
Test for overall effect: Z=2.07 (P=0.04)

SMD
IV, random, 95% CI

Favours no recanalization  Favours recanalization

No recanalizationRecanalization
Study or subgroup Mean SD TotalMean SD Total Weight

SMD
IV, random, 95% CI

 146.9 24.3 44 151.1 31.9 36 20.4% -0.15 [-0.59, 0.29]
 150 27 17 157 21 18 8.9% -0.28 [-0.95, 0.38]
 152 27 94 157 21 257 70.7% -0.22 [-0.46, 0.02]
  
   155   311 100.0% -0.21 [-0.41, -0.01]

Delgado-Mederos et al., 2008
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.05, df=1 (P=0.82); I2=0%
Test for overall effect: Z=1.62 (P=0.11)

SMD
IV, random, 95% CI

Favours no recanalization  Favours recanalization

No recanalizationRecanalization
Study or subgroup Weight

SMD
IV, random, 95% CI

 79.5 12.2 44 84.8 19.3 36 69.2% -0.33 [-0.78, 0.11]
 76 14 17 80 18 18 30.8% -0.24 [-0.91, 0.42]
  
   61   54 100.0% -0.30 [-0.67, 0.06]

Mean SD TotalMean SD Total

-1 -0.5 0 0.5 1

-0.5 -0.25 0 0.25 0.5
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Supplementary Figure 13. Forest plot evaluating the association of post-treatment successive variation of systolic blood pressure levels and symptomatic 
intracranial hemorrhage (sICH). SMD, standardized mean difference; SD, standard deviation; IV, intravenous; CI, confidence interval.

Kellert et al., 2007
Liu et al., 2016

Total (95% CI)
Heterogeneity: Tau2=0.02; Chi2=1.25, df=1 (P=0.26); I2=20%
Test for overall effect: Z=3.38 (P=0.0007)

SMD
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

No sICHsICH
MeanStudy or subgroup SD Total Mean SD Total Weight

SMD
IV, random, 95% CI

 16.14 7.94 10 13.47 4.63 376 46.6% 0.56 [-0.07, 1.19]
 19.4 4.84 12 14.9 4.26 449 53.4% 1.05 [0.47, 1.63]
  
   22   825 100.0% 0.82 [0.35, 1.30]
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Supplementary Figure 14. Funnel plot of the included (blue circles) and 
imputed (red circles) by the Duval and Tweedie’s trim and fill method stud-
ies evaluating the adjusted association of pre-treatment blood pressure 
variables with favorable functional outcome.
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Supplementary Figure 15. Forest plot evaluating the adjusted association of pre-treatment systolic blood pressure levels and recanalization. SE, standard er-
ror; IV, intravenous; CI, confidence interval.

Molina et al., 2009
Tsivgoulis et al., 2007

Total (95% CI)
Heterogeneity: Tau2=0.74; Chi2=3.71, df=1 (P=0.05); I2=73%
Test for overall effect: Z=1.09 (P=0.28)

Odds ratio
IV, random, 95% CI

Favours no recanalization  Favours recanalization

log[odds ratio]Study or subgroup SE Weight
Odds ratio

IV, random, 95% CI
   -0.202  0.213  61.2% 0.82 [0.54, 1.24]
   -1.625  0.707  38.8% 0.20 [0.05, 0.79]
  
       100.0% 0.47 [0.12, 1.83]
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SE Weight
Endo et al., 2013
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.10, df=1 (P=0.75); I2=0%
Test for overall effect: Z=0.07 (P=0.95)

Odds ratio
IV, random, 95% CI

Favours [mRS 2-6]  Favours [mRS 0-1]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   0  0.0652  95.8% 1.00 [0.88, 1.14]
   0.1  0.312  4.2% 1.11 [0.60, 2.04]
  
       100.0% 1.00 [0.89, 1.14]

0.05 0.7 1 1.5 2

Supplementary Figure 16. Forest plot evaluating the adjusted association of pre-treatment diastolic blood pressure levels and favorable functional outcome. 
SE, standard error; IV, intravenous; CI, confidence interval; mRS, modified Rankin Scale.
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SE Weight
Idicula et al., 2008
Lindsberg et al., 2003
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.13; Chi2=5.60, df=2 (P=0.06); I2=64%
Test for overall effect: Z=1.20 (P=0.23)

Odds ratio
IV, random, 95% CI

Favours [mRS 3-6]  Favours [mRS 0-2]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
          -0.0305  0.1381  45.8% 0.97 [0.74, 1.27]
   0.677  0.294  31.3% 1.97 [1.11, 3.50]
   0.488  0.404  23.0% 1.63 [0.74, 3.60]
  
       100.0% 1.36 [0.82, 2.26]

0.5 0.7 1 1.5 2

Supplementary Figure 17. Forest plot evaluating the adjusted association of pre-treatment diastolic blood pressure levels and functional independence. SE, 
standard error; IV, intravenous; CI, confidence interval; mRS, modified Rankin Scale.
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SE Weight
Endo et al., 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=0.06 (P=0.95)

Odds ratio
IV, random, 95% CI

Favours [sICH]  Favours [no sICH]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   -0.0101  0.1554  100.0% 0.99 [0.73, 1.34]
  
       100.0% 0.99 [0.73, 1.34]

0.5 0.7 1 1.5 2

Supplementary Figure 18. Forest plot evaluating the adjusted association of pre-treatment diastolic blood pressure levels and symptomatic intracranial 
hemorrhage (sICH). SE, standard error; IV, intravenous; CI, confidence interval.
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Supplementary Figure 19. Forest plot evaluating the adjusted association of pre-treatment diastolic blood pressure levels and mortality. SE, standard error; 
IV, intravenous; CI, confidence interval.

SE Weight
Endo et al., 2013
Molina et al., 2009

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.07, df=1 (P=0.79); I2=0%
Test for overall effect: Z=1.07 (P=0.28)

Odds ratio
IV, random, 95% CI

Favours [no mortality]  Favours [mortality]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   -0.1393  0.1409  95.0% 0.87 [0.66, 1.15]
   -0.305  0.614  5.0% 0.74 [0.22, 2.46]
  
       100.0% 0.86 [0.66, 1.13]

0.2 0.5 1 2 5
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SE Weight
Molina et al., 2009

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=0.38 (P=0.70)

Odds ratio
IV, random, 95% CI

Favours no recanalization  Favours recanalization

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   -0.101  0.264  100.0% 0.90 [0.54, 1.52]
  
       100.0% 0.90 [0.54, 1.52]

0.5 0.7 1 1.5 2

Supplementary Figure 20. Forest plot evaluating the adjusted association of pre-treatment diastolic blood pressure levels and recanalization. SE, standard 
error; IV, intravenous; CI, confidence interval.
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SE Weight
Endo et al., 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=0.42 (P=0.68)

Odds ratio
IV, random, 95% CI

Favours [mRS 2-6]  Favours [mRS 0-1]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   -0.0305  0.0734  100.0% 0.97 [0.84, 1.12]
  
       100.0% 0.97 [0.84, 1.12]

0.5 0.7 1 1.5 2

Supplementary Figure 21. Forest plot evaluating the adjusted association of post-treatment diastolic blood pressure levels and favorable functional out-
come. SE, standard error; IV, intravenous; CI, confidence interval; mRS, modified Rankin Scale.
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SE Weight
Idicula et al., 2008

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=1.26 (P=0.21)

Odds ratio
IV, random, 95% CI

Favours [mRS 3-6]  Favours [mRS 0-2]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   -0.1508  0.1198  100.0% 0.86 [0.68, 1.09]
  
       100.0% 0.86 [0.68, 1.09]

0.2 0.5 1 2 5

Supplementary Figure 22. Forest plot evaluating the adjusted association of post-treatment diastolic blood pressure levels and functional independence. SE, 
standard error; IV, intravenous; CI, confidence interval; mRS, modified Rankin Scale.
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Supplementary Figure 23. Forest plot evaluating the adjusted association of post-treatment diastolic blood pressure levels and symptomatic intracranial 
hemorrhage (sICH). SE, standard error; IV, intravenous; CI, confidence interval.

SE Weight
Endo et al., 2013
Martins et al., 2016

Total (95% CI)
Heterogeneity: Tau2=0.01; Chi2=1.57, df=1 (P=0.21); I2=36%
Test for overall effect: Z=0.88 (P=0.38)

Odds ratio
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   0.239  0.1645  18.5% 1.27 [0.92, 1.75]
   0.0325  0.0135  81.5% 1.03 [1.01, 1.06]
  
       100.0% 1.07 [0.92, 1.26]

0.5 0.7 1 1.5 2
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Odds ratio
IV, random, 95% CISE Weight

Endo et al., 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=0.57 (P=0.57)

Odds ratio
IV, random, 95% CI

Favours [no mortality]  Favours [mortality]

log[odds ratio]Study or subgroup
   0.0862  0.1515  100.0% 1.09 [0.81, 1.47]
  
       100.0% 1.09 [0.81, 1.47]

0.50.20.1 1 52 10

Supplementary Figure 24. Forest plot evaluating the adjusted association of post-treatment diastolic blood pressure levels and mortality. SE, standard error; 
IV, intravenous; CI, confidence interval.
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Odds ratio
IV, random, 95% CISE Weight

Endo et al., 2013
Liu et al., 2016
Yong et al., 2008

Total (95% CI)
Heterogeneity: Tau2=0.23; Chi2=10.84, df=2 (P=0.004); I2=82%
Test for overall effect: Z=2.25 (P=0.02)

Odds ratio
IV, random, 95% CI

Favours [mRS 2-6]  Favours [mRS 0-1]

log[odds ratio]Study or subgroup
   -0.2744  0.1558  37.5% 0.76 [0.56, 1.03]
   -1.3984  0.3045  29.7% 0.25 [0.14, 0.45]
   -0.5621  0.2488  32.8% 0.57 [0.35, 0.93]
  
       100.0% 0.50 [0.27, 0.91]

0.20.05 1 5 10

Supplementary Figure 25. Forest plot evaluating the adjusted associations of post-treatment successive variation of systolic blood pressure levels and favor-
able functional outcome. SE, standard error; IV, intravenous; CI, confidence interval; mRS, modified Rankin Scale.
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SE Weight
Endo et al., 2013
Yong et al., 2008

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.18, df=1 (P=0.67); I2=0%
Test for overall effect: Z=3.06 (P=0.002)

Odds ratio
IV, random, 95% CI

Favours [no mortality]  Favours [mortality]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   0.6881  0.2581  61.6% 1.99 [1.20, 3.30]
   0.5128  0.3269  38.4% 1.67 [0.88, 3.17]
  
       100.0% 1.86 [1.25, 2.77]

0.05 0.2 1 5 20

Supplementary Figure 26. Forest plot evaluating the adjusted associations of post-treatment successive variation of systolic blood pressure levels and mor-
tality. SE, standard error; IV, intravenous; CI, confidence interval.
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Supplementary Figure 27. Forest plot evaluating the adjusted associations of post-treatment successive variation of systolic blood pressure levels and symp-
tomatic intracranial hemorrhage (sICH). SE, standard error; IV, intravenous; CI, confidence interval.

SE Weight
Endo et al., 2013
Liu et al., 2016

Total (95% CI)
Heterogeneity: Tau2=0.53; Chi2=3.61, df=1 (P=0.06); I2=72%
Test for overall effect: Z=1.85 (P=0.06)

Odds ratio
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

log[odds ratio]Study or subgroup
Odds ratio

IV, random, 95% CI
   0.5988  0.2855  58.3% 1.82 [1.04, 3.18]
   1.8111  0.5704  41.7% 6.12 [2.00, 18.71]
  
       100.0% 3.02 [0.94, 9.74]

0.05 0.2 1 5 20
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Odds ratio
IV, random, 95% CISE Weight

Endo et al., 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=3.01 (P=0.003)

Odds ratio
IV, random, 95% CI

Favours [no mortality]  Favours [mortality]

log[odds ratio]Study or subgroup
   0.8629  0.2871  100.0% 2.37 [1.35, 4.16]
  
       100.0% 2.37 [1.35, 4.16]

0.10.01 1 10 100

Supplementary Figure 28. Forest plot evaluating the adjusted associations of post-treatment successive variation of diastolic blood pressure levels and mor-
tality. SE, standard error; IV, intravenous; CI, confidence interval.
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Odds ratio
IV, random, 95% CISE Weight

Endo et al., 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=2.87 (P=0.004)

Odds ratio
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

log[odds ratio]Study or subgroup
   0.8755  0.305  100.0% 2.40 [1.32, 4.36]
  
       100.0% 2.40 [1.32, 4.36]

0.10.01 1 10 100

Supplementary Figure 29. Forest plot evaluating the adjusted associations of post-treatment successive variation of diastolic blood pressure levels and 
symptomatic intracranial hemorrhage (sICH). SE, standard error; IV, intravenous; CI, confidence interval.
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Odds ratio
IV, random, 95% CISE Weight

Endo et al., 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=0.86 (P=0.39)

Odds ratio
IV, random, 95% CI

Favours [no sICH]  Favours [sICH]

log[odds ratio]Study or subgroup
   -0.1508  0.1752  100.0% 0.86 [0.61, 1.21]
  
       100.0% 0.86 [0.61, 1.21]

0.20.05 1 5 20

Supplementary Figure 30. Forest plot evaluating the adjusted associations of post-treatment successive variation of diastolic blood pressure levels and fa-
vorable functional outcome. SE, standard error; IV, intravenous; CI, confidence interval; sICH, symptomatic intracranial hemorrhage.
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