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Abstract
BackgroundandPurpose Optimal clinical outcome with successful recanalization from endovascular thrombectomy (EVT)
requires optimal blood pressure (BP) management. We aimed to evaluate the efficacy and safety of the intensive BP target
(<140mmHg) versus the standard BP target (<180mmHg) after EVT for acute ischemic stroke.
Methods We conducted a systematic review and meta-analysis synthesizing evidence from randomized controlled trials
(RCTs) obtained from PubMed, Embase Cochrane, Scopus, and WOS until September 7th, 2023. We used the fixed-effect
model to report dichotomous outcomes using risk ratio (RR) and continuous outcomes using mean difference (MD), with
a 95% confidence interval (CI). PROSPERO ID: CRD42023463206.
Results We included four RCTs with 1559 patients. There was no difference between intensive BP and standard BP targets
regarding the National Institutes of Health Stroke Scale (NIHSS) change after 24h [MD: 0.44 with 95% CI (0.0, 0.87),
P= 0.05]. However, the intensive BP target was significantly associated with a decreased risk of excellent neurological
recovery (mRS≤ 1) [RR: 0.87 with 95% CI (0.76, 0.99), P= 0.03], functional independence (mRS≤ 2) [RR: 0.81 with 95%
CI (0.73, 0.90), P= 0.0001] and independent ambulation (mRS≤ 3) [RR: 0.85 with 95% CI (0.79, 0.92), P< 0.0001].
Conclusions An intensive BP target after EVT is associated with worse neurological recovery and significantly decreased
rates of functional independence and independent ambulation compared to the standard BP target. Therefore, the intensive
BP target should be avoided after EVT for acute ischemic stroke.
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Introduction

Stroke is the second-leading cause of death and the third-
leading cause of death and disability combined worldwide
[1]. The most common type is acute ischemic stroke (AIS),
which accounts for 62.4% of new stroke cases and more
than half of stroke deaths [1–3]. Endovascular thrombec-
tomy (EVT) has become the standard of care for AIS pa-
tients with large vessel occlusion because it induces better
functional autonomy than medical care [4–6].

Optimal blood pressure (BP) management after EVT is
crucial to obtain optimal clinical results with successful
recanalization. This is particularly true in the first 24h after
EVT due to the fact that elevated mean SBP in the first
24h following EVT is correlated with an increased risk of
intracranial hemorrhagic (ICH) transformation (i.e., higher
NIH Stroke Scale score), early functional decline, and all-
cause mortality at three months [7, 8].

The current guidelines of The American Heart Asso-
ciation (AHA)/American Stroke Association (ASA) rec-
ommend targeting an SBP value of ≤180mm Hg among
patients who underwent EVT for 24–48h post-EVT [9].
However, these guidelines were based on the results of
prior thrombolysis trials, which may not be valid for EVT,
and they did not indicate which value below 180mmHg is
the most preferred for SBP. Data regarding the SBP cut-
off value, leading to the best efficacy and safety outcomes
after EVT is highly heterogeneous. The BEST multicen-
ter prospective cohort study revealed that the mean SBP
that led to good neurological outcomes within 90 days fol-
lowing EVT was 138mmHg, whereas those who had poor
outcomes displayed a mean SBP of 155mmHg [10]. Simi-
larly, Matusevicius et al. found that SBP< 140mm Hg was
linked to lower odds for symptomatic ICH after unsuccess-
ful recanalization compared to SBP≥ 160mm Hg [11]. By
contrast, the recently published BEST-II Randomized Clin-
ical Trial demonstrated that following endovascular inter-
vention for AIS, SBP less than either 140mmHg or 160mm
Hg did not differ from the recommended target (≤180mm
Hg) in terms of utility score; however, the study suggested
a low probability of benefit in lowering SBP targets [12].

Resolution of the controversy regarding the optimal BP
target after EVT is crucial to provide guidance to clinicians
to obtain optimal outcomes with successful recanalization
after EVT. Therefore, in the present systematic review and
meta-analysis, we reviewed the existing body of evidence to
compare the efficacy and safety outcomes of intensive BP
control (SBP <140mmHg as target) versus the standard BP
control (SBP <140mm Hg as target) after EVT for AIS.

Methodology

Protocol Registration

Our systematic review and meta-analysis strictly adhered to
the guidelines outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [13] and followed the methodology detailed in the
Cochrane Handbook for Systematic Reviews and Meta-
Analyses [14]. The review protocol was registered and is
publicly available on PROSPERO under the following ID:
CRD42023463206.

Data Sources & Search Strategy

Two reviewers (B.A. and M.A.) conducted an exten-
sive electronic literature search by utilizing multiple
databases, encompassing PubMed (MEDLINE), Web of
Science, SCOPUS, the Cochrane Central Register of Con-
trolled Trials (CENTRAL), medRXiv, and EMBASE from
the inception to September 7th, 2023, through the fol-
lowing search strategy: “(00mechanical thrombectomy00
OR 00endovascular*00) AND (stroke OR 00cerebrovascular
accident*00 OR 00brain vascular accident*00 OR 00brain
ischemia00 OR 00brain infarction00) AND (00intensive blood
pressure00 OR 00blood pressure control00 OR 00blood pressure
lowering00 OR 00blood pressure management00 OR 00blood
pressure target00)” without using any search limits. Further
search details are outlined (Table S1).

Eligibility Criteria

Randomized controlled trials (RCTs) comparing intensive
BP target (SBP< 140mmHg) versus standard BP control
(SBP< 180mmHg) in patients with AIS undergoing EVT
were included. Our primary outcomes were the National In-
stitutes of Health Stroke Scale (NIHSS) [15] change after
24h and excellent neurological recovery defined as modi-
fied Rankin Scale (mRS≤ 1) after three months [16]. Sec-
ondary outcomes were functional independence (mRS≤ 2),
independent ambulation (mRS≤ 3), poor neurological re-
covery (mRS 4–6), all-cause mortality, any serious adverse
events, any ICH, symptomatic ICH, and recurrent stroke.

Study Selection

Search results from all the databases were imported to Cov-
idence.org, and duplicates were removed automatically. The
remaining records were screened independently by four au-
thors (A.M.A., A.M., I.G., and U.K.), and any conflict be-
tween them was resolved by mutual consensus. The screen-
ing was done OVER two steps: (i) title and abstract screen-
ing to determine the relevance of the study for this meta-
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analysis, and (ii) a comprehensive full-text screening adher-
ing to the predefined eligibility criteria to determine final
eligibility for both qualitative and quantitative analysis.

Data Extraction

Four reviewers (AMA, AM, IG, and UK) employed a pi-
lot-tested Excel extraction sheet to extract the following
data from the included RCTs: summary of included stud-
ies (name of the first author, publication year, study de-
sign, blinding, country of the study, total number of par-
ticipants, BP target, main inclusion criteria, primary out-
come, and follow up duration); baseline information {num-
ber of patients in each group, age, SBP, diastolic blood
pressure (DBP), baseline medication (IV thrombolysis, an-
ticoagulants, antiplatelets, and antihypertensives), and co-
morbidities [atrial fibrillation (AF), hypertension (HTN),
heart failure (HF), diabetes mellitus (DM), coronary artery
disease (CAD), and previous stoke/transient ischemic at-
tack (TIA)]}; and study outcomes [NIHSS score change
after 24h, excellent neurological recovery (mRS 0–1), func-
tional independence (mRS 0–2), independent ambulation
(mRS 0–3), EQ-5D-3L score, poor neurological recovery
(mRS 4–6), all-cause mortality, any serious adverse events,
any ICH, symptomatic ICH, and recurrent stroke]. Conflicts
were resolved by discussion among reviewers to attain con-
sensus scores.

Risk of Bias and Certainty of Evidence

Four reviewers (A.B., A.M.A., I.G., and M.A.E.) assessed
the quality of the studies included in the research indepen-
dently using the Cochrane ROB2 tool [17]. The domains
that were evaluated included the risk of bias resulting from
the randomization process, the risk of bias due to devia-
tion from the intended intervention, the risk of bias due to
missing outcome data, the risk of bias in measuring the out-
come, and the risk of bias in selecting the reported results.
In the event of any disagreements, the reviewers discussed
the issues to attain a consensus score.

To appraise the quality of evidence, two reviewers (M.A.
and B.A.) utilized the Grading of Recommendations As-
sessment, Development, and Evaluation (GRADE) guide-
lines [18, 19]. We considered inconsistency, imprecision,
indirectness, publication bias, and risk of bias. The evalu-
ation was carried out for each outcome, and the decisions
made were justified and documented. Any discrepancies
were settled through discussion between the reviewers.

Statistical Analysis

RevMan v5.3 software was used to carry out statistical anal-
ysis [20]. To pool the results of dichotomous outcomes, we

used the risk ratio (RR) while, for continuous outcomes,
we used the mean difference (MD), both with a 95% confi-
dence interval (CI). To assess heterogeneity, we employed
the Chi-square and I-square tests, where the Chi-square test
assesses the presence of heterogeneity, and the I-square test
assesses its degree. We interpreted the I-square test as fol-
lows: not significant for 0–40%, moderate heterogeneity for
30–60%, and substantial heterogeneity for 50–90%, follow-
ing the Cochrane Handbook (chapter nine) [14]. We con-
sidered an alpha level below 0.1 for the Chi-square test to
denote significant heterogeneity.

Results

Search Results and Study Selection

We recaptured 740 records via searching five databases;
301 records of the 740 were duplicates and were automati-
cally identified and removed via the Covidence online tool,
leaving 439 records to screen. Of those; we eliminated 428
records in the title and abstract screening phase, leaving
11 studies to go through full-text screening. Finally, we
identified studies that fulfilled our inclusion criteria and
were incorporated into the qualitative and quantitative syn-
thesis (Fig. 1).

Characteristics of Included Studies

A total of four RCTs [12, 21–23] with 1559 participants
have been included in the final analysis. All the four RCTs
were open-label with three months of follow-up. In BP-Tar-
get, patients were randomized to BP targets within the first
hour after recanalization, with the goal to reach and main-
tain BP target within one hour [21]; in BEST-II, patients
were randomized to BP targets within 45min after recanal-
ization [12]; in The OPTIMAL BP, patients were random-
ized to BP targets within the two hours after recanalization
[22]; and time from recanalization to randomization was not
reported in ENCHANTED2/MT; however, the goal was to
reach and maintain BP target within one hour after random-
ization [23]. All the included trials used nicardipine as the
first-line antihypertensive agent to maintain the assigned
target within one hour and for 24h after randomization [12,
21, 22], except ENCHANTED2/MT, which mainly used
urapidil [23]. Further details of the summary characteristics
of the included RCTs and the baseline characteristics of the
participants are outlined in (Tables 1 and 2, and S2–4).
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Fig. 1 PRISMA flow chart of the screening process
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Risk of Bias and Certainty of Evidence

All the included RCTs showed a low risk of bias, as detailed
in (Fig. 2, Tables S5–8). Certainty of evidence is outlined
in (Table 3).

Efficacy Outcomes

There was no difference between intensive BP and standard
BP targets regarding NIHSS change after 24h [MD: 0.44
with 95% CI (0.0, 0.87), P= 0.05] (Fig. 3a). However, the
intensive BP target was significantly associated with a de-
creased risk of excellent neurological recovery (mRS≤ 1)
[RR: 0.87 with 95% CI (0.76, 0.99), P= 0.03] (Fig. 3b),
functional independence (mRS≤ 2) [RR: 0.81 with 95% CI
(0.73, 0.90), P= 0.0001] (Fig. 3c) and independent ambu-
lation (mRS≤ 3) [RR: 0.85 with 95% CI (0.79, 0.92), P<
0.0001] (Fig. 3d).

Pooled studies were homogenous in NIHSS change (P=
0.29, I2= 20%), excellent neurological recovery (mRS≤
1) (P= 0.34, I2= 11%), functional independence (mRS≤ 2)
(P= 0.26, I2= 25%), and independent ambulation (mRS≤
3) (P= 0.81, I2= 0%).

Safety Outcomes

Intensive BP target was significantly associated with an in-
creased rate of poor neurological recovery (mRS 4–6) [RR:
1.30 with 95% CI (1.14, 1.48), P< 0.0001] (Fig. 4a). Also,
there was no difference between the two groups regarding
the incidence of all-cause mortality [RR: 1.15 with 95%
CI (0.90, 1.48), P= 0.27] (Fig. 4b), any serious adverse
events [RR: 1.05 with 95% CI (0.85, 1.31), P= 0.63], any
ICH [RR: 1.05 with 95% CI (0.92, 1.20), P= 0.46], symp-
tomatic ICH [RR: 1.12 with 95% CI (0.78, 1.62), P= 0.53],
and recurrent stroke [RR: 1.19 with 95% CI (0.68, 2.08),
P= 0.63] (Fig. 4c).

Pooled studies were homogenous in poor neurological
recovery (mRS 4–6) (P= 0.88, I2= 0%), all-cause mortality
(P= 0.69, I2= 0%), any serious adverse events (P= 0.34, I2=
0%), any ICH (P= 0.88, I2= 0%), symptomatic ICH (P=
0.72, I2= 0%), and recurrent stroke (P= 0.43, I2= 0%).

Discussion

In this systematic review and meta-analysis, we found with
a moderate level of certainty that intensive BP control in-
creases the risk of poor neurological outcomes after EVT
for AIS. This manifested as significantly lower rates of ex-
cellent neurological recovery (mRS≤ 1), functional inde-
pendence (mRS≤ 2), and independent ambulation (mRS≤
3), along with a higher risk of severe or fatal neurological
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Fig. 2 Quality assessment of
risk of bias in the included tri-
als. The upper panel presents
a schematic representation of
risks (low= green, unclear= yel-
low, and high= red) for specific
types of biases of each of the
studies in the review. The lower
panel presents risks (low= green,
unclear= yellow, and high= red)
for the subtypes of biases of the
combination of studies included
in this review

disability (mRS 4–6) in the group with intensive BP tar-
get of <140mmHg compared to that with the standard BP
target of <180mmHg. This supports the maintenance of
current guidelines regarding the primary goals of BP after
EVT if further lowering in the cutoff values did not provide
any benefits; rather, it led to increased potential harm.

The examined evidence in this meta-analysis indicates
that a substantial decrease in BP leads to more detrimental
outcomes than a more modest control of the elevated BP
following EVT. This is consistent with the previous results
showing a positive correlation between considerable drops
in BP among AIS patients undergoing EVT and worse neu-
rological outcomes [24–27]. Two main mechanisms seem
to be collectively or separately involved: (i) the loss of com-
pensatory anti-ischemic effects of poststroke BP peak; and
(ii) the increase in the vulnerability to cerebral hypoperfu-
sion.

Thus, AIS is mostly due to a thrombotic or embolic
obstruction of a single brain artery, resulting in a focal
necrotic zone of cerebral infarction in which there is rela-
tively no blood supply. This zone is surrounded by a hypop-
erfused, but still viable area called the “ischemic penum-
bra” in which low perfusion pressure leads to the creation of
a pressure gradient force driving the retrograde movement
of blood into the ischemic penumbral zone [28]. Hence, the
ischemic penumbra is the target for cerebral reperfusion
interventions as it represents a salvageable neuronal tissue
with possible restoration of baseline function [29]. Notably,
intensive control of poststroke BP was found to expand the
cerebral infarction zone, likely by impeding the rise in the

cerebral perfusion pressure [30], which is a key autoregu-
latory process necessary for maintaining adequate cerebral
perfusion to the ischemic penumbra.

Furthermore, during AIS there is a possibility of cere-
bral autoregulation loss due to direct damage to the actin
within the vascular wall or brainstem lesions (i.e., during
vertebrobasilar stroke), producing local vasculo-paralysis,
which ultimately exposes to a greater risk of hypoperfu-
sion and low BP [31, 32]. Moreover, most AIS patients are
elderly, which puts them at risk of aging-related impair-
ment in the CBF regulation capacities [33]. Most AIS pa-
tients also have chronic hypertension, leading to a rightward
shift in the autoregulation curve. This is a phenomenon
that protects the cerebral microcirculation from the delete-
rious effects of chronic hypertension and possible volume
overload through maintaining a constant CBF regardless
of BP changes (i.e., by impairing endothelium-dependent
relaxation, thereby, preventing vasodilatation of brain vas-
culature). However, this exposes to cerebral hypoperfusion
even with modest control of BP [34]. Thereby, most AIS
patients can be at a vulnerable condition to hypoperfusion
during brain ischemic events, and an intensive BP lowering
would increase this vulnerability.

Implications for Future Practice & Research

Careful management of BP after EVT is crucial to reduce
the risk of undesired neurological outcomes. Given the fact
that current guidelines recommend a drop in the SBP of
<180mmHg for 24 to 48h post-EVT [9] and that this drop
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Fig. 3 Forest plot of the efficacy outcomes, MD: mean difference, RR: risk ratio, CI: confidence interval

should not lead to values <140mmHg as shown in our
study, it makes the BP control in the context of EVT a real
multifaceted challenge. Therefore, future research should
investigate effective strategies to be used to help accom-
plish the targeted BP control in EVT patients. Thus, this
can mainly be achieved by strict monitoring of BP and ade-
quate anti-hypertensive therapy (not too aggressive, not too
permissive). BP fluctuations are a common phenomenon in
the poststroke acute phase likely due to autonomic dysreg-
ulation, and are associated with unfavorable outcomes [35,

36]. Consequently, this should be considered to optimize
the quality of monitoring among the frequently hemody-
namically unstable AIS patients.

Regarding the anti-hypertensive agent of choice, previ-
ous reports suggested short and rapidly acting intravenous
drugs to be preferred, parsticularly labetalol, hydralazine,
esmolol, nicardipine, enalapril, nitroglycerin, and nitroprus-
side, which have been recommended in AIS patients in
the United States. Additionally, intravenous urapidil is also
used in Europe [37]. Nonetheless, data regarding the pro-
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Fig. 4 Forest plot of the safety outcomes, RR: risk ratio, CI: confidence interval
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tocol of anti-hypertensive therapy (agent, dose, modality)
that would provide the best BP control in the acute phase
following EVT is lacking and requires investigations.

Another promising approach that should be investigated
is personalized BP control, which may offer more patient-
centered management. Thus, continuous measuring of the
autoregulatory function of stroke patients who have un-
dergone EVT was previously achieved by recording mod-
ifications of the near-infrared spectroscopy-derived tissue
oxygenation (a CBF surrogate) in response to changes in
mean BP [38]. Interestingly, this enabled the non-invasive
determination of personalized BP thresholds, which when
exceeded, had led to an increased risk of further brain in-
jury and poor functional outcome. Recently, individualized
BP management among EVT patients was found to induce
similar rates of favorable functional status at three months
compared with the standard BP management [39].

Finally, for AIS patients treated with IV thrombolysis,
the pioneer ENCHANTED trial revealed that intensive
BP control displays no superiority over the standard BP
lowering regarding improving clinical recovery, despite
the reduction in ICH risk [40]. Moreover, Wang et al. did
not identify any beneficial interaction between low-dose
alteplase and intensive BP-lowering therapy in reducing
ICH [41]. However, a post hoc secondary analysis of the
ENCHANTED trial’s data suggested a�20% reduction
in the odds of unfavorable functional outcomes for every
10mmHg decrease in the SBP below 110 to 120mm Hg
early after symptom onset [42]. Therefore, further studies
are still required to provide conclusions on this issue.

Strengths & Limitations

To the best of our knowledge, this meta-analysis is the first
to evaluate the efficacy and safety of intensive BP control
versus the standard BP control among AIS patients who un-
derwent EVT. After an extensive search, we covered data
from all published RCTs which included records of 1599
patients. The examined pooled studies were homogenous,
and the findings were insightful and of important clinical
implications and acceptable certainty of evidence. Never-
theless, our work was prone to some limitations. First, the
intensive SBP target varied among the included trials from
<120 to <140mmHg, which can affect our findings, and
subgroup analysis based on the SBP target was not feasi-
ble due to the paucity of the available data. Second, a lack
of long-term data as the follow-up of the included trials
did not exceed three months. Third, the open-label design
of all the included RCTs would considerably underpow-
ered their findings despite the low risk of performance bias.
Fourth, the generalizability concerns due to the recruited
clinical trial population being exclusively from developed
countries (USA, China, France, South Korea) where cere-

bral atherosclerosis and hypertension are highly prevalent.
Since patients were either from Western or Eastern coun-
tries, there is a potential for ethnic differences that would
also compromise the generalizability of the trial results.
Fifth, this is an aggregate-based, not an individual patient
data-based meta-analysis, which would have enabled us to
assess some confounding variables such as reperfusion rates
and time in BP target. Finally, the issue of not addressing
the SBP management before the EVT.

Conclusion

Intensive BP control after EVT for AIS led to an increased
risk of unfavorable post-interventional outcomes. There-
fore, intensive BP lowering should be avoided after EVT.
Instead, management of BP should aim to maintain SBP
values less than 180mmHg and higher than 140mmHg,
which seems so far the optimal BP target after EVT. How-
ever, since achieving this interval in the acute setting of
AIS is challenging, future studies should investigate how to
improve BP control and monitoring after EVT.
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