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IMPORTANCE Optimal blood pressure (BP) control after successful reperfusion with
endovascular thrombectomy (EVT) for patients with acute ischemic stroke is unclear.

OBJECTIVE To determine whether intensive BP management during the first 24 hours after
successful reperfusion leads to better clinical outcomes than conventional BP management in
patients who underwent EVT.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, open-label trial with a blinded
end-point evaluation, conducted across 19 stroke centers in South Korea from June 2020 to
November 2022 (final follow-up, March 8, 2023). It included 306 patients with large vessel
occlusion acute ischemic stroke treated with EVT and with a modified Thrombolysis in
Cerebral Infarction score of 2b or greater.

INTERVENTIONS Participants were randomly assigned to receive intensive BP management
(systolic BP target <140 mm Hg; n = 155) or conventional management (systolic BP target
140-180 mm Hg; n = 150) for 24 hours after enrollment.

MAIN OUTCOMES AND MEASURES The primary outcome was functional independence at 3
months (modified Rankin Scale score of 0-2). The primary safety outcomes were
symptomatic intracerebral hemorrhage within 36 hours and death related to the index stroke
within 3 months.

RESULTS The trial was terminated early based on the recommendation of the data and safety
monitoring board, which noted safety concerns. Among 306 randomized patients, 305 were
confirmed eligible (mean age, 73.1 years; 123 women [40.3%]) and 302 (99.0%) completed
the trial. The intensive management group had a lower proportion achieving functional
independence (39.4%) than the conventional management group (54.4%), with a significant
risk difference (−15.1% [95% CI, −26.2% to −3.9%]) and adjusted odds ratio (0.56 [95% CI,
0.33-0.96]; P = .03). Rates of symptomatic intracerebral hemorrhage were 9.0% in the
intensive group and 8.1% in the conventional group (risk difference, 1.0% [95% CI, −5.3% to
7.3%]; adjusted odds ratio, 1.10 [95% CI, 0.48-2.53]; P = .82). Death related to the index
stroke within 3 months occurred in 7.7% of the intensive group and 5.4% of the conventional
group (risk difference, 2.3% [95% CI, −3.3% to 7.9%]; adjusted odds ratio, 1.73 [95% CI,
0.61-4.92]; P = .31).

CONCLUSIONS AND RELEVANCE Among patients who achieved successful reperfusion with
EVT for acute ischemic stroke with large vessel occlusion, intensive BP management for 24
hours led to a lower likelihood of functional independence at 3 months compared with
conventional BP management. These results suggest that intensive BP management should
be avoided after successful EVT in acute ischemic stroke.
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A lthough endovascular thrombectomy (EVT) is an es-
tablished treatment for patients with acute ischemic
stroke from large vessel occlusion, many patients do

not gain functional independence despite high rates of reper-
fusion achievement.1,2 Sustained high blood pressure (BP) af-
ter EVT may worsen clinical outcomes through increased risks
of intracerebral hemorrhage (ICH) and cerebral edema.3-5 On
the other hand, if the ischemic brain is more susceptible to BP
changes from the loss of microvascular integrity,6,7 then BP-
lowering treatment may alter perfusion pressure and exacer-
bate ischemic injury.

Guideline recommendations to maintain BP at less than
180/105 mm Hg for 24 hours after EVT are based on expert
opinion.8,9 Observational studies have consistently shown that
elevated BP during this period is associated with ICH and worse
clinical outcomes.3,4,10-13 However, 2 multicenter clinical trials
of early intensive BP lowering in this patient group have pro-
duced conflicting results. The Blood Pressure Target in Acute
Stroke to Reduce Hemorrhage After Endovascular Therapy (BP-
TARGET) trial14 showed no effect of early intensive BP lower-
ing in 318 patients with successful EVT, whereas the subse-
quent Enhanced Control of Hypertension and Thrombectomy
Stroke Study (ENCHANTED2/MT)15 was stopped early be-
cause of harm resulting from intensive BP lowering after 347
of 816 patients with EVT were randomized. Thus, the optimal
target for BP control in stroke patients with successful reper-
fusion following EVT is still unclear.

The Outcome in Patients Treated With Intra-Arterial
Thrombectomy–Optimal Blood Pressure Control (OPTIMAL-
BP) trial was undertaken to test the hypothesis that intensive
BP management during the first 24 hours after successful reper-
fusion would result in better clinical outcomes than conven-
tional BP management in patients who have achieved success-
ful reperfusion through EVT.

Methods
Trial Design
The OPTIMAL-BP trial was a multicenter, randomized, open-
label, blinded end-point clinical trial. This trial was per-
formed at 19 centers throughout South Korea. The protocol is
published16 and provided in Supplement 1 along with the sta-
tistical analysis plan in Supplement 2. The trial protocol and
consent forms were approved by the institutional review board
of each participating hospital, and all patients or their legal rep-
resentatives provided written informed consent. The trial was
overseen by an independent data and safety monitoring board
(DSMB).

Patient Selection
Adults (aged ≥20 years) who underwent EVT for acute ische-
mic stroke due to large vessel occlusion were eligible if they
had successful reperfusion of the occluded artery, as deter-
mined by a modified Thrombolysis in Cerebral Infarction score
of 2b or greater,17 and had elevated BP (systolic BP [SBP], ≥140
mm Hg) according to at least 2 measurements within a 2-min-
ute interval within 2 hours of successful reperfusion. Key ex-

clusion criteria were SBP less than 140 mm Hg after EVT, any
contraindication to the use of antihypertensive medications,
symptomatic ICH evident during or immediately after EVT, se-
rious medical or surgical illness, and prestroke disability (modi-
fied Rankin Scale [mRS] score, 3-5). Details about the inclu-
sion and exclusion criteria are provided in eTable 1 in
Supplement 3.

Randomization and Masking
The study participants were randomized in a 1:1 ratio within
2 hours of reperfusion and stratified by hospital and degree of
neurological impairment (National Institutes of Health Stroke
Scale [NIHSS] score at admission, <15 points vs ≥15 points). Pa-
tients were randomized using a computerized random se-
quence generation that was centrally administrated via a pass-
word-protected, web-based program. Permuted block
randomization was implemented with a block size of 4.

Interventions
Patients were randomly allocated to either intensive (SBP tar-
get <140 mm Hg) or conventional (SBP target 140-180 mm Hg)
management. All patients received care in a stroke unit or simi-
lar facility equipped with continuous BP monitoring and best
practice management.8 Blood pressure was continuously moni-
tored using a noninvasive device applied to the nonpara-
lyzed arm or the right arm in cases of coma or tetraparesis. Lo-
cal treatment protocols for the use of intravenous BP-
lowering drugs were available. Nicardipine was the preferred
BP-lowering drug; other drugs were used at physician discre-
tion. In the conventional management group, vasopressor
drugs were not used to achieve the target if a patient’s SBP de-
creased to less than 140 mm Hg. However, at physician dis-
cretion, intravenous fluids and/or inotropes could be admin-
istered to manage any clinically significant hypotension. The
goal for both groups was to reach the target SBP within 1 hour
following their random assignment.

Radiological follow-up using computed tomography (CT)
or magnetic resonance imaging (MRI) was conducted at 24 (±12)
hours, and at any other time when neurological symptoms
worsened. The mRS scores and adverse events were deter-
mined in participants at 1 month and 3 months via telephone

Key Points
Question Does early intensive blood pressure management
improve outcomes after successful reperfusion with endovascular
thrombectomy in acute ischemic stroke?

Findings In this randomized clinical trial that included 306
patients, 39.4% of patients with intensive blood pressure
management (systolic blood pressure target <140 mm Hg) and
54.4% of those with conventional blood pressure management
(systolic blood pressure target 140-180 mm Hg) achieved
functional independence (modified Rankin Scale score �2) at 3
months; this represented a significant difference.

Meaning Intensive blood pressure lowering during the first 24
hours after successful reperfusion may be harmful in patients with
acute ischemic stroke who have undergone endovascular
thrombectomy.
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or in person by local certified medical staff who were blinded
to the treatment allocation. The mRS score was determined by
a structured interview using the Korean version of the mRS
(http://stroke-edu.or.kr). Health-related quality of life was
assessed at 3 months using the 3-level EuroQoL 5-Dimension
Self-Report Questionnaire (EQ-5D-3L).18 Two interventional
neurologists (J.H. and H.L.) and 1 neuroradiologist (N.-Y.S.)
independently performed central adjudication of neuroimaging
without knowledge of the treatment allocation, resolving
discrepancies by consensus.

Outcomes
The primary efficacy outcome was a dichotomized analysis of
the mRS score at 3 months (0-2, indicating functional inde-
pendence, vs 3-6, indicating dependence or death). The pri-
mary safety outcomes were symptomatic ICH within 36 hours
and death related to the index stroke within 3 months. Symp-
tomatic ICH was defined per the European Cooperative Acute
Stroke Study III as any extravascular blood in the brain or within
the cranium that was linked to clinical deterioration, defined
by an increase of 4 points or more in the NIHSS score or death,
and identified as the main c ause of the neurologic
deterioration.19 Secondary outcomes included a shift analy-
sis of the distribution of mRS scores, NIHSS score at 24 hours,
proportion of patients who achieved excellent recovery (an
NIHSS score of 0-1 or an improvement of >8 points at 24 hours),
successful reperfusion at 24 hours, frequency of malignant ce-
rebral edema within 36 hours, functional independence at 1
month (mRS score 0-2), and EQ-5D-3L score at 3 months. Suc-
cessful reperfusion at 24 hours was determined by a modi-
fied Thrombolysis in Cerebral Infarction score of 2b or greater
using magnetic resonance angiography or CT angiography at
24 hours. Malignant cerebral edema refers to a condition char-
acterized by rapid neurological deterioration accompanied by
substantial brain swelling seen on CT or MRI, which often leads
to death or poor functional outcomes.20 The determination of
malignant cerebral edema was made by local investigators.

The mRS score ranges from 0 to 6, in which 0 denotes no
symptoms (best outcome) and 6 represents death (worst out-
come). The minimum clinically important difference for the
change in proportion of patients achieving functional inde-
pendence (mRS score 0-2) at 3 months is 1.3%.21 The NIHSS
score varies from 0 to 42, with 0 denoting the absence of symp-
toms (best outcome) and 42 indicating a comatose condition
(worst outcome). The minimum clinically important differ-
ence of the NIHSS score is not well defined. The EQ-5D-3L score
can fall between −0.171 and 1, in which 1 represents a full health
state (best outcome) and −0.171 is equivalent to death (worst
outcome).22 The minimum clinically important difference of
the EQ-5D-3L has been identified as 0.08.23

The mean between-group differences in SBP and dia-
stolic BP were analyzed, and time within the target SBP range
was determined based on individual SBP targets (SBP <140 mm
Hg, SBP 140-180 mm Hg, and SBP <180 mm Hg). An SBP was
considered out of range if it exceeded or fell below any of the
following thresholds: >180 mm Hg, >200 mm Hg, or <100 mm
Hg. The BP-lowering medications administered during the first
24 hours were analyzed. A post hoc imaging analysis in-

cluded the Alberta Stroke Programme Early CT Score
(ASPECTS),24 modified Tan collateral score,25 immediate reper-
fusion, 24-hour reperfusion, any ICH, type 2 parenchymal he-
matoma, and infarction volume. A post hoc exploratory analy-
sis was conducted to reveal the relationship between mean SBP
over the 24-hour period and an outcome of dependence or
death.

Sample Size Calculation
We performed a systematic review to estimate the necessary
sample size.16 A total of 3436 articles were identified, of which
9 met the inclusion criteria. The data showed that a 10–mm
Hg increase in mean SBP within 24 hours of successful reper-
fusion with EVT was associated with worse mRS outcomes at
3 months (odds ratio [OR], 1.45 [95% CI, 1.14-1.83]; P = .002).
The estimated rate of an outcome of dependence or death of
intensive management was 30% and that of conventional man-
agement was 41%, and a single interim analysis was planned.
Using the alpha spending function in conjunction with the
O’Brien-Fleming boundary method, we estimated that a total
of 634 patients (317 per group) would be required.26 Consid-
ering a predicted 5% dropout rate, we adjusted the final par-
ticipant count to 668 patients (334 per group).4

Statistical Analysis
The primary analyses were evaluated in all randomly as-
signed patients who provided consent, except for those who
withdrew informed consent prior to BP control, did not re-
ceive the allocated treatment, or were lost to follow-up be-
fore 3 months. The per-protocol analysis included patients who
underwent the assigned treatment with no major protocol de-
viations. Missing data were excluded from the analyses. Bi-
nary logistic regression analyses were performed for the pri-
mary outcome, and treatment effects were presented as ORs
with 95% CIs. In addition, risk differences with 95% CIs were
calculated. Adjusted OR were calculated using a multivari-
able logistic regression analysis adjusted for age, sex, time from
stroke onset to randomization, and NIHSS score immediately
before EVT. For the secondary outcome, the common OR rep-
resenting a shift in mRS scores was calculated using an ordi-
nal logistic regression analysis. Linear regression analyses were
performed for the NIHSS score at 24 hours and the EQ-5D-3L
score. A post hoc analysis accounted for enrollment site ef-
fects and was carried out using mixed-effects modeling, with
the site treated as a random effect. Detailed statistical analy-
ses are provided in the statistical analysis plan (Supple-
ment 2).

A subgroup analysis of the primary outcome was per-
formed in the prespecified subgroups. In the logistic regres-
sion analysis, we conducted interaction tests between the
groups (intensive or conventional management) and various
subgroups (age, sex, etc) to ascertain if the effect of the group
on the 3-month mRS score differed across subgroups. The ho-
mogeneity of the treatment effect across subgroups was evalu-
ated using a logistic regression model. To show the relation-
ship between mean SBP over the 24-hour period and an
outcome of dependence or death, we performed a post hoc
3-knot restricted cubic spline curve analysis. All P values were
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2-tailed, and differences were considered significant at P < .05.
The results from the analyses of secondary end points were
considered exploratory due to the possibility of type I error aris-
ing from multiple comparisons. Statistical analyses were con-
ducted using SAS version 9.4 (SAS Institute Inc) and R ver-
sion 4.1.3 (R Foundation).

Early Trial Termination
While the trial was ongoing, the results of ENCHANTED2/MT
were released showing a negative impact on 3-month func-
tional outcomes in the intensive BP treatment group.15 This
prompted the OPTIMAL-BP trial’s DSMB to review the accu-
mulated data in a blinded fashion. An interim analysis of data
from 247 patients was undertaken by the DSMB on Novem-
ber 17, 2022. This involved group-sequential tests of 2 propor-
tions, yielding a z statistic of −2.811418 and a P value of
0.004932. These values were higher than the recalculated
lower boundary of the z statistic (−3.40419) and P value
(0.000664). Therefore, according to the interim analysis, the
formal stopping rule was not met. However, the DSMB recom-
mended terminating the trial for 2 reasons. First, there was con-
firmation of safety concerns raised by the ENCHANTED2/MT
results. Second, the probability of rejecting the null hypoth-
esis was 1.22%, which was calculated by conditional power.
In other words, the futility of intensive management was
98.78% (1 − conditional power). Therefore, the steering com-
mittee subsequently accepted the recommendations of the
DSMB and terminated patient recruitment on November 29,
2022.

Results
Patients
From June 18, 2020, to November 29, 2022, 306 participants
were enrolled and randomized to the intensive management
(n = 155) and conventional management (n = 151) groups. Four
patient in the conventional management group were ex-
cluded from the primary analysis because of immediate with-
drawal of consent after randomization (n = 1), transfer within
24 hours (n = 2), and loss to follow-up after 1 month (n = 1). The
per-protocol analysis included 288 patients after excluding 18
patients for reasons shown in Figure 1.

Baseline Characteristics
Baseline demographic, clinical, and imaging characteristics of
patients were similar between the groups (primary efficacy
analysis in Table 1 and intention-to-treat analysis in eTable 2
in Supplement 3). The mean age was 73.0 (SD, 11.5) years, and
40.4% were women. The mean NIHSS score prior to EVT was
13 (SD, 6). Ninety-eight patients (32.5%) received an intrave-
nous tissue plasminogen activator before EVT. The median time
from symptom onset to reperfusion was 418.5 minutes (IQR,
254-764 minutes) and median time from onset to randomiza-
tion was 480 minutes (IQR, 315-820 minutes). Intracranial stent
or angioplasty was performed in 25.2% of the intensive man-
agement group and 21.1% of the conventional management

group. All patients underwent EVT under conscious seda-
tion.

Primary Efficacy Outcome
The proportion of patients who achieved functional indepen-
dence at 3 months was significantly lower in the intensive man-
agement group (39.4%) than in the conventional manage-
ment group (54.4%), with a significant risk difference of −15.1%
(95% CI, −26.2% to −3.9%) and an adjusted OR of 0.56 (95%
CI, 0.33-0.96; P = .03) (Table 2 and Figure 2).

Primary Safety Outcomes
The incidence of symptomatic ICH was not significantly dif-
ferent between the intensive management group (9.0%) and
the conventional management group (8.1%), with no signifi-
cant risk difference (1.0% [95% CI, −5.3% to 7.3%]; adjusted
OR, 1.10 [95% CI, 0.48-2.53]; P = .82). Similarly, rates of death
related to the index stroke within 3 months were 7.7% in the
intensive management group and 5.4% in the conventional
management group, which did not show a significant risk dif-
ference (2.3% [95% CI, −3.3% to 7.9%]; adjusted OR, 1.73 [95%
CI, 0.61-4.92]; P = .31) (Table 2).

Secondary Outcomes
The mRS shift analysis also showed that the intensive man-
agement group had significantly worse scores than the con-
ventional management group. The adjusted OR for a favor-
able shift in mRS score was 0.65 (95% CI, 0.43-0.97; P = .04).
The intensive management group had a significantly higher
rate of malignant cerebral edema (adjusted OR, 7.88 [95% CI,
1.57-39.39]; P = .01). However, no significant differences were
found in NIHSS score at 24 hours, rate of excellent recovery
at 24 hours, successful reperfusion rate at 24 hours, func-
tional independence at 1 month, or EQ-5D-3L score at 3 months
(Table 2).

BP Measurements
At enrollment, the mean SBP was 155.2 mm Hg (SD, 13.4 mm
Hg) in the intensive management group and 154.8 mm Hg (SD,
14.4 mm Hg) in the conventional management group. The in-
tensive management group had a significantly lower 24-hour-
mean SBP (129.2 mm Hg [SD, 7.7 mm Hg] vs 138.0 mm Hg [SD,
13.6 mm Hg]; P < .001) and 24-hour-mean diastolic BP (72.0
mm Hg [SD, 8.1 mm Hg] vs 77.0 mm Hg [SD, 9.9 mm Hg];
P < .001) than the conventional management group. The mean
between-group difference in SBP over 24 hours was −9.6 mm
Hg (95% CI, −12.2 to −6.9 mm Hg; P < .001), while the mean
between-group difference in DBP over 24 hours was −5.5 mm
Hg (95% CI, −7.6 to −3.3 mm Hg; P < .001) (Figure 3; eTable 3
in Supplement 3).

The rates of time spent in the target SBP range were 83.0%
in the intensive management group (SBP <140 mm Hg) and
42.1% in the conventional management group (SBP 140-180
mm Hg). The rate of time spent with an SBP below 180 mm Hg
was 99.6% in the intensive management group and 99.1% in
the conventional management group. Blood pressure drop
events (any episode with an SBP <100 mm Hg) occurred more
frequently in the intensive management group than in the con-
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ventional management group (29.7% vs 17.3%; P = .02). How-
ever, the rate of BP overshooting events (any episode with an
SBP >180 mm Hg) was not significantly different between
groups (3.9% vs 9.3%; P = .09). Intravenous BP-lowering drugs
were more frequently used in the intensive management group
than in the conventional management group (74.2% vs 18.7%;
P < .001). Among 26 patients in the conventional manage-
ment group who experienced hypotensive events (SBP <100
mm Hg), 2 patients (7.7%) received intravenous BP-lowering
drugs. On the other hand, in the intensive management group,
35 (76.1%) of 46 patients received intravenous BP-lowering
drugs (eTable 3 in Supplement 3).

Per-Protocol Analysis
The per-protocol analysis results were consistent with those
of the primary analysis except for EQ-5D-3L scores. The inten-
sive management group had lower odds of functional inde-

pendence at 3 months than the conventional management
group, with an adjusted OR of 0.52 (95% CI, 0.30-0.90; P = .02).
The incidence of symptomatic ICH was not significantly dif-
ferent between the intensive management group (8.1%) and
the conventional management group (7.9%) (P = .93). Simi-
larly, rates of death related to the index stroke within 3 months
were not significantly different (8.1% in the intensive man-
agement group and 5.0% in the conventional management
group; P = .36). The mRS shift analysis showed worse scores
in the intensive management group (adjusted OR, 0.62 [95%
CI, 0.41-0.95]; P = .03). The mean EQ-5D-3L score in the in-
tensive management group was 0.51 (SD, 0.43), significantly
lower than in the conventional management group (0.64 [SD,
0.39]; P = .04). Malignant cerebral edema was more frequent
in the intensive management group (adjusted OR, 6.01 [95%
CI, 1.19-30.27]; P = .03) (eTable 4 in Supplement 3).

Figure 1. Participant Flow

1606 Patients with acute ischemic stroke treated
with endovascular thrombectomy

1300 Excluded
705 Systolic blood pressure <140 mm Hg

after successful recanalization
119 Declined to participate
119 Study recruitment deemed difficult

by investigators
104 Recanalization failure (mTICI score ≤2a)
77 Participating in a study that did not

allow duplicate participation
49 Impaired prestroke neurological function

(mRS score ≥3)
48 Symptomatic intracerebral hemorrhage

before participating in the trial
46 Serious medical or surgical illnessa

3 Aged <20 y
30 Other reasonsb

306 Randomized

147 Included in primary analysis
4 Excluded
2 Transferred within 24 hc

1 Withdrew consent immediately
after randomization

1  Lost to follow-up after 1 mo

140 Included in per-protocol analysis
11 Excludedd

6 Prestroke mRS score of 3-5c

2 Crossover treatment
2 Transferred within 24 hc

1 Lost to follow-up after 1 mo
1 Withdrew consent immediately

after randomization

1 Lost to follow-up after 1 mo

155 Included in primary analysis

148 Included in per-protocol analysis
7 Excluded (prestroke mRS score of 3-5)

151 Randomized to receive conventional
blood pressure management
148 Received conventional management

as randomized
3 Did not receive conventional

management
2 Crossover treatment
1 Withdrew consent immediately

after randomization

155 Randomized to receive intensive blood
pressure management
155 Received intensive management

as randomized

mRS indicates modified Rankin Scale;
mTICI, modified Thrombolysis in
Cerebral Infarction score.
a Fifteen patients were excluded for

terminal cancer, 14 with cardiac or
aortic disease, 4 with severe anemia
and hematologic disease, 4 with
chronic kidney disease, 4 with
pneumonia, 2 with sepsis, 1 with
cholecystitis, 1 with hemothorax,
and 1 with radius fracture.

b Eleven patients were excluded for
COVID-19 infection, 5 due to
investigator error, 2 due to
non-Korean citizenship, 2 due to
immediate transfer to other
hospitals, 2 due to no guardian, 2 for
advanced dementia, and 6 for
unknown reasons.

c One patient had prestroke disability
(mRS score of 3-5) and also
transferred within 24 hours.

d One patient had prestroke disability
(mRS score of 3-5) and also
transferred within 24 hours, so
numbers below do not add to 11.
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Subgroup Analysis and Sensitivity Analyses
No statistically significant interactions were observed in any
predetermined subgroup with respect to the outcome of func-
tional independence. Moreover, the point estimates across all
strata favored conventional management (eFigure 1 in Supple-
ment 3).

In the post hoc imaging analysis, there were no signifi-
cant differences in occlusion site, ASPECTS analysis, modi-
fied Tan collateral score, immediate reperfusion, and 24-
hour reperfusion rates. Any ICH was found in 53.5% of the
intensive management group and 52.3% of the conventional
management group (P = .93) on MRI (n = 283) or CT (n = 17).
Type 2 parenchymal hematomas occurred with similar fre-
quency in the intensive management group (11.0%) and the
conventional management group (11.3%; P = .90). The me-
dian infarction volumes were not significantly different be-
tween the groups (18.6 mL [IQR, 6.7-62.6 mL] in the intensive
management group vs 17.1 mL [IQR, 5.4-40.9 mL] in the con-
ventional management group; P = .11) (eTable 5 in Supple-
ment 3).

The post hoc analysis taking into account enrollment site
effects largely matched the primary analysis. However, it
showed statistically significant differences in functional in-
dependence at 1 month and in the EQ-5D-3L score. The inten-
sive management group exhibited less functional indepen-
dence at 1 month (adjusted OR, 0.65 [95% CI, 0.49-0.87];
P = .003) and inferior EQ-5D-3L scores (adjusted β, −0.08 [95%
CI, −0.16 to −0.01]; P = .04) compared with the conventional
management group (eTable 6 in Supplement 3).

In another post hoc exploratory analysis, the restricted cu-
bic spline curve revealed a reverse J-shaped association be-
tween the mean 24-hour SBP and an outcome of dependence
or death (mRS score of 3-6) in the intensive management group,
which was consistent with a relationship between lower mean
24-hour SBP and an outcome of dependence or death. How-
ever, in the conventional management group, there was a lin-
ear association between the mean 24-hour SBP and an out-
come of dependence or death, indicating that a higher mean
24-hour SBP was correlated with worse outcomes (eFigure 2
in Supplement 3).

Table 1. Baseline Characteristics

Characteristics
Intensive management
(n = 155)

Conventional management
(n = 147)

Demographics

Age, mean (SD), y 73.2 (12.1) 72.9 (10.8)

Sex, No. (%)

Female 63 (40.6) 59 (40.1)

Male 92 (59.4) 88 (59.9)

Medical history, No. (%)

Hypertension 121 (78.1) 110 (74.8)

Atrial fibrillation 77 (49.7) 69 (46.9)

Diabetes 65 (41.9) 62 (42.2)

Hyperlipidemia 61 (39.4) 54 (36.7)

Smoking 39 (25.2) 29 (19.7)

Previous stroke 36 (23.2) 30 (20.4)

Coronary artery obstructive disease 18 (11.6) 16 (10.9)

Active cancer 9 (5.8) 5 (3.4)

Congestive heart failure 7 (4.5) 7 (4.8)

Peripheral artery occlusive disease 2 (1.3) 6 (4.1)

NIHSS score immediately prior to endovascular
thrombectomya

13 (6) 12 (7)

0-5 14 (9.0) 18 (12.2)

6-15 83 (53.5) 79 (53.7)

≥16 58 (37.4) 50 (34.0)

Intravenous tissue plasminogen activator use 44 (28.4) 54 (36.7)

TOAST classification, No. (%)b

Cardioembolism 76 (49.0) 76 (51.7)

Large vessel atherosclerosis 41 (26.5) 43 (29.3)

Stroke of other determined etiology 4 (2.6) 1 (0.7)

Undetermined, negative evaluation 21 (13.5) 22 (15.0)

Undetermined, ≥2 causes identified 13 (8.4) 5 (3.4)

Time parameters, median (IQR), min

Onset to puncture 388.0 (223.5-692.5) 357.0 (209.0-725.0)

Puncture to reperfusion 30.0 (22.0-47.0) 31.0 (20.0-48.0)

Onset to reperfusion 421.0 (265.5-772.0) 399.0 (250.0-757.5)

Onset to randomization 495.0 (327.5-825.0) 480.0 (312.5-815.0)

a The National Institutes of Health
Stroke Scale (NIHSS) score ranges
between 0 and 42; a score of 0
signifies no symptoms (best
outcome) and a score of 42
represents a state of coma (worst
outcome).

b The Trial of ORG 10172 in Acute
Stroke Treatment (TOAST)
classifications were determined
based on a consensus of stroke
neurologists in each participating
hospital.
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Discussion

This trial showed that intensive BP management was associ-
ated with worse functional outcomes than conventional BP
management in patients with acute ischemic stroke who
achieved successful reperfusion after EVT. Rates of sympto-
matic ICH and death related to the index stroke were similar
between groups, whereas rates of malignant cerebral edema
were higher in patients in the intensive BP management group.

The main findings are consistent with those of EN-
CHANTED2/MT, which showed that death or disability at 3
months occurred more frequently in the more intensive treat-
ment group than in the less intensive treatment group.15 In pre-
vious observational studies and meta-analyses, elevated BP
was associated with increased risks of ICH and worse out-
comes in patients with successful reperfusion after EVT. This
evidence suggesting that lowering BP could be beneficial
prompted the hypothesis for this trial.3,4,10-13 However, our
findings suggest that actively lowering SBP to levels less than

Table 2. Primary and Secondary Outcomes

Outcomes

Intensive
management
(n = 155)

Conventional
management
(n = 150)

Risk difference, %
(95% CI)

Odds ratio (95% CI)

P valueUnadjusted Adjusteda

Primary efficacy outcome

Functional independence at 3 mo (mRS
score 0-2), No./total (%)

61/155 (39.4) 80/147 (54.4) −15.1 (−26.2 to
−3.9)

0.54 (0.34 to
0.86)

0.56 (0.33 to
0.96)

.03

Primary safety outcomes

Symptomatic intracerebral hemorrhage,
No./total (%)

14/155 (9.0) 12/149 (8.1) 1.0 (−5.3 to 7.3) 1.13 (0.51 to
2.54)

1.10 (0.48 to
2.53)

.82

Death related to index stroke within 3
mo, No./total (%)

12/155 (7.7) 8/147 (5.4) 2.3 (−3.3 to 7.9) 1.46 (0.58 to
3.68)

1.73 (0.61 to
4.92)

.31

Secondary outcomes

mRS score reduction (shift analysis) 0.59 (0.40 to
0.88)

0.65 (0.43 to
0.97)

.04

NIHSS score at 24 h, mean (SD) 11.56 (7.48) 9.59 (7.45) 1.97 (0.27 to
3.66)

1.05 (−0.20 to
2.30)b

.10

Excellent recovery in NIHSS score at 24
h, No./total (%)c

25/153 (16.3) 37/148 (25.0) −8.7 (−17.8 to
0.5)

0.59 (0.33 to
1.03)

0.62 (0.34 to
1.11)

.11

Successful reperfusion at 24 h, No./total
(%)d

132/146 (90.4) 132/141 (93.6) −3.2 (−9.5 to 3.1) 0.64 (0.27 to
1.54)

0.66 (0.26 to
1.65)

.37

Functional independence at 1 mo (mRS
score 0-2), No./total (%)

56/150 (37.3) 72/144 (50.0) −12.7 (−23.9 to
−1.4)

0.60 (0.37 to
0.95)

0.65 (0.38 to
1.11)

.12

EQ-5D-3L score, mean (SD) 0.50 (0.43) 0.61 (0.40) −0.12 (−0.21 to
−0.02)

−0.08 (−0.16 to
−0.01)b

.05

Malignant cerebral edema, No./total (%)e 12/155 (7.7) 2/149 (1.3) 6.4 (1.8-11.0) 6.17 (1.36 to
28.05)

7.88 (1.57 to
39.39)

.01

Abbreviations: EQ-5D-3L, 3-level EuroQoL 5-Dimension Self-Report
Questionnaire; mRS, modified Rankin Scale; NIHSS, National Institutes of Health
Stroke Scale.
a Adjusted for age, sex, onset to randomization time, and NIHSS score

immediately prior to endovascular thrombectomy.
b Analyzed with linear regression adjusted for age, sex, onset to randomization

time, and NIHSS score immediately prior to endovascular thrombectomy.
c Indicated by an NIHSS score of 0 to 1 or improvement of more than 8 points.

d Successful reperfusion at 24 hours was defined as a modified Thrombolysis in
Cerebral Infarction score of 2b or greater by magnetic resonance angiography
or computed tomography angiography at 24 hours.

e Malignant cerebral edema is a condition characterized by rapid neurological
deterioration accompanied by substantial brain swelling seen on computed
tomography or magnetic resonance imaging, which often leads to death or
poor functional outcomes.

Figure 2. Distribution of mRS Score at 3 Months by Treatment Group

8060 1004020

Modified Rankin Scale scores at 3 mo

0 1 2 3 4 5 6

0

Patients, %

Intensive management
(n = 155)

Conventional management
(n = 147)

19.410.3 23.2 12.35.8

23.817.7

14.8

12.9 10.2

14.2

10.214.310.9

The modified Rankin Scale (mRS) score measures degree of disability (score
range, 0 [symptom free] to 6 [death]). The proportion of patients who achieved
functional independence at 3 months was lower in the intensive management
group (39.4%) than in the conventional management group (54.4%) (adjusted

odds ratio, 0.56 [95% CI, 0.33-0.96]; P = .03). The mRS shift analysis also
showed that the intensive management group had worse scores than the
conventional management group (adjusted odds ratio, 0.65 [95% CI,
0.43-0.97]; P = .04).
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140 mm Hg in patients with a baseline SBP of 140 mm Hg or
greater is harmful. The restricted cubic spline curve showed
a sharp increase in the likelihood of an outcome of depen-
dence or death as BP decreased in the intensive management
group. Although the occluded artery was recanalized, some
areas in the ischemic brain may have already been damaged
or were in an oligemic state within an ischemic penumbra zone.
Cerebral vessels in these areas may not have a sufficient au-
toregulatory function to compensate for sudden decreases in
BP. We found that median infarction volumes did not differ be-
tween the 2 treatment groups, but malignant cerebral edema
occurred more often in the intensive management group. In-
tensive BP lowering might have further decreased blood flow
to the oligemic area and exacerbated ischemic injury.

In our trial, the rates of symptomatic ICH, parenchymal he-
matoma, and any ICH were similar between the groups. Simi-

larly, no significant differences in symptomatic ICH between
randomized groups were observed in the ENCHANTED2/MT
and BP-TARGET trials. As undertaken in these trials, investi-
gators were required to manage SBP to below 180 mm Hg ac-
cording to current guidelines,8,9 and this was well achieved in
the current trial (the rate of time spent with SBP <180 mm Hg
was >99%). The findings of this trial and those of recent trials
suggest that the risk of ICH may be small and not signifi-
cantly different across groups as long as BP is managed below
180 mm Hg based on the current guidelines.

High BP in patients with acute stroke can increase the risk
of ICH. However, it may not be completely causal but rather a
response to acute stress. Activation of the sympathetic ner-
vous system and the renin-angiotensin axis has been impli-
cated in the increase in BP in acute stroke.27 Brain swelling may
compress the blood vessels, leading to subsequent cerebral is-

Figure 3. Changes in Mean Systolic and Diastolic Blood Pressure From Randomization to 24 Hours After Randomization
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Compared with conventional management, intensive management significantly
lowered mean systolic blood pressure (SBP; panel A) over 24 hours (129.2 mm
Hg [SD, 7.7 mm Hg] vs 138.0 mm Hg [SD, 13.6 mm Hg]; P < .001) and mean
diastolic blood pressure (DBP; panel B) over 24 hours (72.0 mm Hg [SD, 8.1 mm
Hg] vs 77.0 mm Hg [SD, 9.9 mm Hg]; P < .001). The mean between-group
difference in SBP over 24 hours was −9.6 mm Hg (95% CI, −12.2 to −6.9 mm Hg;

P < .001), while the mean between-group difference in DBP over 24 hours was
−5.5 mm Hg (95% CI, −7.6 to −3.3 mm Hg; P < .001). The black line within each
box is the median blood pressure value at each respective time point; the upper
and lower boundaries of the boxes represent the IQRs. Data points outside the
boxes either surpass 1.5 times the value of the upper quartile or are less than 1.5
times the value of the lower quartile.
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chemia. This triggers a compensatory mechanism to increase
BP to maintain cerebral perfusion pressure.28 The finding that
malignant cerebral edema was more frequent in the intensive
management group provides an indication that more inten-
sive BP control c an c ause harm to the cerebral
microcirculation.15 Interestingly, in the conventional manage-
ment group, in which BP was not actively lowered, the lower
the mean 24-hour BP, the better the outcome. This may ex-
plain, in part, the discrepancies between our results and the
findings of observational studies. Although high BP could in-
crease the risk of ICH, the poor outcomes observed in some
patients with high BP during previous observational studies
could possibly be explained by their appropriate physiologi-
cal response to severe stroke.

In the group of patients with hypotensive events (SBP <100
mm Hg), 7.7% in the conventional management group re-
ceived intravenous BP-lowering drugs, whereas in the inten-
sive management group, 76.1% were administered the same
drugs. Our findings suggest that intervention to prevent or
manage hypotensive episodes may be necessary. However, the
effect of such intervention and optimal BP targets in cases of
hypotensive episodes remain unknown. Further studies of this
issue are necessary.

The OPTIMAL-BP trial was not designed to test the effect
of a specific drug and allowed any available BP-lowering drug.
However, nicardipine, a calcium channel blocker, was pre-
ferred, and most patients received nicardipine. Similarly, most
patients received calcium channel blockers in the BP-
TARGET trial, whereas most patients received urapidil, an
α-blocker, in ENCHANTED2/MT. Considering different re-
sults among trials, the class of BP drug may not be as impor-
tant as BP lowering itself.

During this trial, most patients were treated according to
the current guidelines, and patients with low ASPECTS rarely
underwent EVT. Therefore, the role of intensive BP lowering
in patients with low ASPECTS could not be determined by our
study. Further trials targeting patients with large cores may elu-
cidate the benefits of intensive BP lowering.

In contrast to findings in this trial and ENCHANTED2/
MT, the proportion of patients with functional independence
was not significantly different between the intensive and con-
ventional management groups in the secondary outcome
analysis of the BP-TARGET trial. None of this work has clearly
defined an optimal threshold or SBP range, but it may be a nar-

row window for some patients. Completion and reporting of
other trials such as BEST-II (NCT04116112), DETECT
(NCT04484350), CRISIS I (NCT04775147), and HOPE
(NCT04892511), reactivation of ENCHANTED2/MT with a
revised protocol, and pooling of individual patient data meta-
analysis results may help define an optimal level of BP control
for patients who achieve successful reperfusion after EVT.

Limitations
This study had several limitations. First, the study was termi-
nated early, which may have reduced its statistical power and
increased the likelihood of random and significantly large treat-
ment effects. Second, because the study population repre-
sented 19.1% of all screened patients, there may be concerns
of selection bias in the clinical trial population. Furthermore,
nearly half of the patients were excluded due to having an SBP
of less than 140 mm Hg. Our study cannot be generalized to
all patients with EVT. Third, the rate of time spent in the tar-
get SBP range (140-180 mm Hg) was only 42.1% in the conven-
tional management group because of spontaneous BP de-
cline below 140 mm Hg. This might be a natural response after
reperfusion.29 However, the low rate of time spent in the tar-
get BP range in the conventional management group may have
underpowered the trial. Fourth, the adjusted analysis re-
vealed a large OR and a wide 95% CI associated with malig-
nant cerebral edema. This result may be due to the small num-
ber of event occurrences, potentially leading to issues with
model stability. Fifth, the results should be interpreted while
considering potential ethnic differences in the pattern of stroke
in South Korea compared with those in other regions. Sixth,
the mRS primary end point was ascertained using a patient-
reported rather than clinician-rated algorithm.

Conclusions
Among patients who achieved successful reperfusion with EVT
for acute ischemic stroke with large vessel occlusion, inten-
sive BP management for 24 hours led to a lower likelihood of
functional independence at 3 months compared with conven-
tional BP management. These results suggest that intensive BP
management should be avoided after successful EVT in acute
ischemic stroke.
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