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Abstract

Although intensive blood pressure (BP) lowering after mechanical thrombectomy (MT) may adversely affect outcomes, the
prognostic significance of post-recanalization BP variability remains unclear. This study aimed to evaluate the association
between systolic blood pressure (SBP) variability after successful recanalization and 90-day functional outcomes following
MT. Among 342 consecutive patients who underwent MT between May 2014 and June 2025, 280 patients who achieved
successful recanalization were included in this retrospective analysis. SBP was recorded from immediately after
recanalization up to 72 h thereafter. BP variability indices, including variability independent of the mean (VIM), time rate,
and coefficient of variation, were calculated. The primary outcome was defined as a modified Rankin Scale (mRS) score of
4-6 at 90 days. Associations between SBP variability and outcomes were assessed using multivariable logistic regression
models. Of the 280 patients, 104 (37.1%) experienced poor functional outcomes. Higher SBP variability was significantly
associated with unfavorable outcomes. In time-segmented analyses, only SBP variability during the 24-72-h period
remained significantly associated with poor outcomes (aOR per 10-unit increase in VIM [VIM/10], 1.89; 95% CI, 1.20-3.06,
p =0.005). Sensitivity analyses excluding patients who received antihypertensive therapy during 24—72h and those with
symptomatic intracranial hemorrhage confirmed the robustness of the association between 24—72 h VIM and poor outcomes
(aOR VIM/10, 1.94; 95% CI, 1.26-3.11, p =0.003). In conclusion, these findings highlight the clinical importance of
stabilizing BP beyond the first 24 h after recanalization.
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Introduction

The optimal blood pressure (BP) management strategy
following mechanical thrombectomy (MT) for patients with
acute ischemic stroke remains unclear, especially in those
who achieve successful recanalization. Previous
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observational studies have reported that lower systolic
blood pressure (SBP) is independently associated with
favorable functional outcomes [1, 2]. However, recent
randomized controlled trials (RCTs [3—6]) have suggested
that intensive SBP-lowering strategies within the first 24 h
may have a neutral or even detrimental effect. The reasons
for this discrepancy remain uncertain.

Previous studies mainly focused on BP levels or
blood pressure variability (BPV) within the first 24h
after MT, and showed that higher SBP or greater SBP
variability is associated with unfavorable outcomes [7].
However, cerebral autoregulation remains impaired for
several days after acute ischemic stroke [8], and
microvascular dysfunction, the “no-reflow” phenomenon
[9, 10], reperfusion injury, and brain edema may continue
to evolve during the early subacute phase after recanaliza-
tion [11]. In patients treated with reperfusion therapy,
a lower mean BP during the 24-72-h period was
reportedly associated with better functional outcomes and
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Graphical Abstract

Mid-term Systolic BP Variability Beyond 24 Hours After
Successful Recanalization Predicts Poor Outcomes

Median systolic blood pressure (SBP) over 72-h after successful
recanalization following mechanical thrombectomy (MT)
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Point of view

e C(linical relevance
Mid-phase systolic blood pressure variability
(24-72h after successful recanalization) is indepen-
dently associated with poor functional outcomes, high-
lighting the importance of blood pressure stabilization
beyond the first 24 h after mechanical thrombectomy.
o Future direction
Prospective interventional studies are warranted to
determine whether therapeutic strategies targeting
blood pressure variability during the 24-72h post-
recanalization period can improve neurological
outcomes.
o Consideration for the Asian population
Because blood pressure profiles, vascular stiff-
ness, and stroke characteristics differ across ethni-
cities, validation of post-thrombectomy blood
pressure variability management in Asian popula-
tions is clinically important.

a lower risk of hemorrhagic complications, highlighting
the clinical importance of BP control beyond the first
24h [12]. More recently, MT cohorts with frequent
BP monitoring up to 72h have shown that both BP
levels and BPV over this period are related to functional
outcomes [13].

Based on these clinical and pathophysiological con-
siderations, we hypothesized that BPV in the mid-phase
(defined as 24-72h) after successful recanalization
would be independently associated with poor functional
outcomes. We focused on the first 72h, because this
period corresponds to the acute and early subacute
phases, during which reperfusion-related injury is most
active, and BP is routinely monitored with sufficient fre-
quency to allow accurate assessment of BPV indices. The
aim of this study was to evaluate whether BPV, particularly
variability independent of the mean (VIM), during 24-72 h
after successful recanalization (defined as modified
treatment in cerebral infarction [mTICI] grade 2>2b), is
associated with 90-day functional outcomes in acute
ischemic stroke.
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Subjects and methods
Study population and study protocol

Acute ischemic stroke patients were selected from the
Stroke Database Registry, a prospective registry of acute
stroke patients admitted to our single center in Japan. We
conducted a retrospective analysis of 342 consecutive
patients with large vessel occlusion (LVO) who were trea-
ted with MT and who were hospitalized between May 2014
and June 2025. Inclusion criteria in this study were: (1) age
>18 years; (2) successful reperfusion of the occluded artery,
defined as an mTICI grade of >2b; and (3) availability of
SBP measurements for the 72-h period following successful
reperfusion. Exclusion criteria were: (1) contraindications to
antihypertensive therapy; (2) patients who underwent more
than one MT procedure during hospitalization; (3) pre-
stroke functional disability, defined as a modified Rankin
Scale (mRS) score of 4-5; and (4) patients for whom post-
stroke 3-month mRS scores. could not be obtained. This
study was approved by the Ethics Committee of Kagoshima
Medical Center (approval no. 2024-03). The committee
waived the requirement for patient consent and instead
provided those patients from whom data were collected with
the opportunity to opt out of the study. The study protocol
adhered to the ethical guidelines of the Declaration of
Helsinki, as revised in 1975.

Data collection and blood pressure measurement

Clinical data were obtained from our institutional stroke
database and electronic medical records. Collected variables
included: sex, age, pre-stroke mRS score, body mass index
(BMI), systolic and diastolic BP on admission, initial
National Institutes of Health Stroke Scale (NIHSS) score,
current smoking status (defined as active smoking within
the past year), heavy alcohol consumption (defined as
>3 servings of sake per day, equivalent to 260 g of pure
alcohol [14]), previous history of any type of stroke
(ischemic stroke, intracerebral hemorrhage, or transient
ischemic attack), use of anticoagulants prior to onset
(including type), use of antiplatelet agents prior to onset,
presence of hypertension (defined as the use of anti-
hypertensive agents before admission, a history of diagnosis
of hypertension but not on any medication, or use of anti-
hypertensive agents at discharge), presence of diabetes
mellitus (defined as the use of oral hypoglycemic agents or
insulin, or performing dietary therapy before admission, a
history of diagnosis of diabetes but not on any medication,
or glycosylated hemoglobin level (National Glycohe-
moglobin Standardization Program) >6.5% on admission),
presence of dyslipidemia (defined as the use of cholesterol-
lowering drugs or performing dietary therapy before
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admission, a history of diagnosis of hypercholesterolemia
but not on any medication, or serum LDL-cholesterol
>140 mg/dL. on admission), presence of atrial fibrillation
(AF) (either known prior to admission or newly diagnosed
during hospitalization), and laboratory values. Neuroima-
ging findings were also obtained, including the time of
magnetic resonance imaging (MRI), time from hospital
arrival to MRI, Alberta Stroke Program Early CT Score
(DWI-ASPECTS) [15], infarct location, presence and site of
major cerebral artery occlusion, and ischemic stroke sub-
type according to the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) classification [16]. Data regarding
thrombolytic therapy included whether or not it was admi-
nistered, and the time from arrival to treatment initiation.
For MT, we recorded: timeline, procedure performed
[combined technique only, a direct aspiration first pass
technique (ADAPT) only, Stent retriever only], number of
catheter passes, and final mTICI grade [17]. Evaluated items
also included the presence of any intracerebral hemorrhage
(ICH), parenchymal hematoma (PH) type 1 or 2 based on
the European Cooperative Acute Stroke Study (ECASS)
classification of hemorrhagic transformation [18], sympto-
matic ICH (sICH) (defined according to ECASS II criteria
as any ICH with a > 4-point increase from baseline NIHSS
score) [18], subarachnoid hemorrhage (SAH), vasospasm
(defined as any degree of vasospasm within the treated
vessel), and embolization in the same or a new/distal ter-
ritory after thrombectomy [19]. Additional assessments
included NIHSS score at 24 h after MT, early neurological
deterioration (END, defined as a worsening of >2 points in
the NIHSS score within 72h after MT) [20, 21], MRI
findings at 24-48 h, presence of a midline cranial shift
(defined as a>5mm deviation on FLAIR imaging at
24-48 h) [22], and Alberta stroke program early CT score
(ASPECTYS). The clinical outcomes assessed included the
mRS score at 90 days and 90-day mortality. MT procedures
were performed using a Siemens ARTIS zee biplane
angiography system (Siemens, Erlangen, Germany) under
conscious sedation. Cerebral digital subtraction angio-
graphy and MT were performed via femoral or brachial
artery puncture. For anterior circulation lesions, an 8-Fr
balloon-guide catheter was used, while for the posterior
circulation, a 5-Fr or 6-Fr Fubuki guide sheath (Asahi Intecc
Co., Ltd., Aichi, Japan) was employed. Thrombectomy was
principally performed using a stent retriever, an aspiration
catheter, or a combination of both. The choice of retrieval
technique was at the discretion of the neurointerventionalist.
Data on pre-hospital use of antithrombotic medications,
smoking status, alcohol consumption, and stroke history
were obtained through patient interviews or from caregivers
when necessary.

BP was measured non-invasively using the Nihon Koh-
den CSM-1701 Lite Scope G7 or other automatic BP
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monitors certified by the Association for the Advancement
of Medical Instrumentation (AAMI) and the European
Society of Hypertension (e.g., Omron 3 Series Upper Arm
[BP7150], Omron 5 Series [BP7200]), all of which are
supported by grade A clinical validation. In general, patients
with acute stroke were admitted to the stroke unit after MT,
where BP was recorded every 15 min during the first 2 h,
every 2—4h thereafter up to 24 h, and every 4 h after the
initial 24-h period. During neurological monitoring, BP was
measured using automated bedside monitors under routine
clinical conditions, predominantly in the supine or semi-
recumbent position. BP management was at the discretion
of the attending neurologist. Data on target SBP and anti-
hypertensive use within the first 72h post-recanalization
were extracted from the patients’ clinical records. To avoid
the influence of measurement error, only SBP values
between 30 and 300 mmHg were included in the analysis.
Maximum and minimum SBP values were calculated by
averaging the two highest and two lowest readings from
bilateral upper arm measurements, to minimize bias from
outliers. No strict lower SBP threshold was predefined. BP
management focused on avoiding hypotension while pre-
venting excessive hypertension, with individualized
adjustments based on clinical and neurological status.
Blood pressure management after mechanical throm-
bectomy followed a standardized institutional protocol.
During the first 24 h after successful recanalization, the
target SBP was generally set at <160 mmHg, based on
previously published literature [23, 24]. During the first 24 h
after recanalization, intravenous nicardipine, a calcium
channel blocker, was used as the first-line antihypertensive
agent when needed. Nicardipine was exclusively adminis-
tered as a continuous intravenous infusion; bolus dosing
was not used in any patient. The infusion was initiated when
SBP persistently exceeded 160 mmHg, and was tapered or
discontinued when SBP persistently fell to <120 mmHg, at
the discretion of the treating physician. Among the 280
patients, continuous intravenous nicardipine infusion within
the first 24 h after recanalization was administered in 43
patients (15.3%). Between 24 and 72 h after recanalization,
antihypertensive management included intravenous nicar-
dipine, oral calcium channel blockers (amlodipine), and oral
selective P1-blockers (bisoprolol), depending on the
patient’s clinical condition. During this period, a continuous
intravenous nicardipine infusion was used in 35 patients
(12.5%) under the same regimen as described above. Oral
antihypertensive agents were administered in 34 patients
(12.1%), including amlodipine in all 34 patients and biso-
prolol in five patients, i.e., five patients received both
amlodipine and bisoprolol concomitantly. In patients with
sICH, SBP was strictly controlled with a target of
<140 mmHg, in accordance with guideline-based manage-
ment. The same SBP target (<140 mmHg) was also applied

in patients with minor SAH. In contrast, BP management
was individualized in patients with asymptomatic ICH
classified as hemorrhagic infarction type 1 or 2 (HI1 or HI2
according to the ECASS classification). In these cases, SBP
was generally maintained below 160 mmHg in the absence
of neurological deterioration or radiological evidence of
hematoma expansion. If neurological worsening or hema-
toma enlargement was suspected, stricter BP control was
implemented at the discretion of the treating physician.

SBP was recorded at predefined intervals from 0-72h
after recanalization. BPV was assessed using standard
deviation (SD), coefficient of variation (CV), VIM, and
time rate (TR). VIM reflects BPV independent of mean
SBP, while TR captures the magnitude and speed of suc-
cessive SBP fluctuations over time. The detailed definitions
and calculation methods for all BPV indices are provided in
Supplementary Text 1.

Imaging protocols

At our hospital, patients with suspected stroke basically
undergo MRI at admission. Thereafter, patients with LVO
undergo computed tomography (CT) immediately after MT.
Patients who undergo MT routinely undergo a second MRI
24+12h after admission. The CT and MRI platform
parameters used in this study are described in Supplemen-
tary Text 2.

Statistical analysis

Statistical analyses were performed using JMP version
15 software (SAS Institute, Cary, NC, USA). The primary
outcome of this study was a poor functional outcome at
90 days (mRS score of 4-6). As secondary analyses, we
also examined the association between VIM and sICH,
ADWI-ASPECTS [(DWI-ASPECTS 24h after MT) —
(initial DWI-ASPECTS)], and midline shift. SBP variability
parameters (SD, CV, VIM, and TR) were analyzed as
continuous variables and assessed using univariate and
multivariable logistic regression models.

First, we conducted univariate analyses comparing
patients with poor outcomes to those with favorable out-
comes in terms of baseline characteristics, treatment para-
meters, SBP levels, and SBP variability indices. Categorical
variables were compared using the chi-squared test or
Fisher’s exact test, while continuous variables were ana-
lyzed using the Mann—Whitney U test. Next, to examine
associations between SBP indices and clinical outcomes, we
performed multivariable logistic regression analysis using
poor outcome as the dependent variable. Based on a pre-
vious study [25], we constructed three models: Model 1:
adjusted for age and sex; Model 2: adjusted for age, sex,
NIHSS score at admission, and DWI-ASPECTS 24 h after
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MT; and Model 3: adjusted for age, sex, smoking status,
diabetes, hypertension, hyperlipidemia, baseline NIHSS
score, DWI-ASPECTS at 24 h, presence of sICH, mTICI
grade, and mean SBP from 0-72h. ADWI-ASPECTS,
being a continuous variable, was assessed using multiple
linear regression to evaluate its association with outcomes.
We calculated variance inflation factors (VIFs) to avoid
multicollinearity among explanatory variables. Variables
with high collinearity (VIFs >10) were excluded from the
models. To identify the time windows during which BPV
was most strongly associated with outcomes, we divided the
72-h period into four time segments (0-8h, 8-16Ah,
16-24h, and 24-72h) and evaluated the association
between the SBP indices of each segment and poor out-
comes using the same three logistic regression models. To
account for potential confounding by antihypertensive
treatment and complications, we conducted sensitivity
analyses excluding patients who received antihypertensive
therapy between 24 and 72h after recanalization, and
patients who developed sICH. These analyses also used
multivariable logistic regression models with adjustment for
the same covariates as above. Furthermore, we examined
the association between 24—-72 h VIM and an mRS score of
4-6 at 90 days using a quartile-based approach. Patients
were categorized into four groups according to the dis-
tribution of 24-72 h VIM: Quartile 1 (0 to <25th percentile),
Quartile 2 (25th percentile to <median), Quartile 3 (median
to <75th percentile), and Quartile 4 (275th percentile). To
address potential bias related to the frequency of BP mea-
surement, we performed additional analyses accounting for
the number of SBP measurements obtained during the
24-72-h period after recanalization. The number of BP
measurements during this period was included as an addi-
tional covariate in multivariable logistic regression models.
Furthermore, stratified analyses were conducted according
to the median number of BP measurements during 24-72 h

Fig. 1 Median systolic blood
pressure (SBP) over 72 h after
successful recanalization in
patients with good outcomes
(mRS score 0-3, red line) and
poor outcomes (mRS score 4-6,
blue line). Shaded areas
represent interquartile

ranges (IQR)
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130

120

110

post-MT to evaluate the robustness of the association
between BPV and clinical outcomes across different mon-
itoring intensities. Finally, to explore the relationship
between overall SBP variability and directional SBP chan-
ges, we calculated the Spearman correlation coefficient
between VIM and TR. A negative correlation suggested the
presence of intermittent sharp fluctuations (spikes) despite
an overall declining trend in SBP. A p-value of <0.05 was
considered statistically significant in all analyses.

Results

Supplementary Figure 1 shows the study flowchart. Of the
342 patients screened, 297 met the inclusion criteria. After
excluding three patients who underwent MT more than
once, 13 patients with pre-stroke mRS scores of 4-5, and
one patient with missing mRS data at 3 months, a total of
280 patients were included in the final analysis. Their
baseline characteristics, procedural results, and outcomes
stratified by 90-day outcome status (good vs poor) are
presented in Supplementary Table 1. Thrombectomy tech-
niques were not significantly associated with 90-day func-
tional outcomes (Supplementary Table 1). The proportion
of patients with poor versus good outcomes did not differ
significantly across techniques (combined technique: 68.9%
vs. 60.3%, p=0.216; ADAPT only: 26.7% vs. 33.3%,
p = 0.317; stent retriever only: 4.4% vs. 6.4%, p = 0.583).
SBP and BPV indices are summarized in Supplementary
Table 2, and the time-course of SBP medians is shown in
Fig. 1.

At 3 months, poor functional outcomes (mRS score 4-6)
were observed in 104 patients (37.1%), and good outcomes
(mRS score 0-3) in 176 patients (62.9%). Among BPV
indices, VIM and SD were significantly higher in the poor
outcome group, whereas CV and TR did not differ

—e— mRS 0-3 Median
—e— mRS 4-6 Median

0 4 8
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Table 1 Correlation between VIM and mRS scores of 4-6 at 90 days

Model 1 [(aOR, (95% CI)] P value  Model 2 [(aOR, (95%CI)] P value  Model 3 [(aOR, (95% CD)] P value
0-8h VIM/10 2.56 (0.91-7.29) 0.073 2.01 (0.60-6.73) 0.255 2.62 (0.70-10.0) 0.152
8-16 h VIM/10 1.12 (0.59-2.12) 0.719 1.01 (0.49-2.06) 0.973 1.06 (0.48-2.27) 0.891
16-24h VIM/10  0.66 (0.36-1.18) 0.165 0.56 (0.27-1.10) 0.096 0.63 (0.29-1.29) 0.207
24-72h VIM/10 1.72 (1.23-2.45) 0.001 1.97 (1.30-3.08) 0.001 1.89 (1.20-3.06) 0.005

Model 1: age, sex. Model 2: age, sex, NIHSS score, DWI-ASPECT 24 h after MT. Model 3: age, sex, smoking, diabetes, hypertension,

hyperlipidemia, initial NIHSS score,

DWI-ASPECT 24 h after MT, sICH, mTICI, 0-72 h mean SBP

aOR adjusted odds ratio, ASPECTS Alberta Stroke Program Early Computed Tomographic Score, CI confidence interval, DWI diffusion-weighted
imaging, MT mechanical thrombectomy, mRS modified Rankin Scale, mTICI modified Thrombolysis in Cerebral Infarction, NIHSS National
Institutes of Health Stroke Scale, SBP systolic blood pressure, s/CH symptomatic intracranial hemorrhage, VIM variability independent of the
mean, VIM/10 VIM per 10-unit increase

Table 2 Correlation between
VIM and mRS scores of 4-6 at
90 days, excluding patients with
antihypertensive therapy within
24-72 h after recanalization and
sICH patients

Model 1 [(aOR, P value Model 2 [(aOR, P value Model 3 [(aOR, P value
(95% CI)] (95% CI)] (95% CI)]
24 to 72- 1.69 (1.20-2.45) 0.002  1.83 (1.20-2.90) 0.008 1.94 (1.26-3.11) 0.003
h VIM/
10

Model 1: age, sex. Model 2: age, sex, NIHSS score, DWI-ASPECTS 24 h after MT. Model 3: age, sex,
smoking, diabetes, hypertension, hyperlipidemia, initial NIHSS score, DWI-ASPECTS 24 h after MT,
mTICI, and 24-72 h mean SBP

aOR adjusted odds ratio, ASPECTS Alberta Stroke Program Early Computed Tomographic Score, CI
confidence interval, DWI diffusion-weighted imaging, MT mechanical thrombectomy, mRS modified Rankin
Scale, mTICI modified Thrombolysis in Cerebral Infarction, NIHSS National Institutes of Health Stroke
Scale, SBP systolic blood pressure, s/CH symptomatic intracranial hemorrhage, VIM variability independent

of the mean, VIM/10 VIM per 10-unit increase

significantly. In group-wise comparisons, SBP remained
significantly higher in the poor outcome group during the
mid-phase after recanalization (16-52h) (Fig. 1, Supple-
mentary Table 2). In multivariable logistic regression ana-
lyses (Supplementary Table 3), 0-72h VIM per 10-unit
increase (VIM/10) was independently associated with a
poor outcome (Model 3: adjusted OR [aOR] 2.07, 95% CI
1.08-4.11, p =0.029). Additional analyses also showed that
0-72h VIM /10 was significantly associated with sICH
(Model 3: aOR 0.26, 95% CI 0.10-0.56, p =0.001) and
midline shift, but not with ADWI-ASPECTS.

When VIM was stratified into time epochs (0-8h,
8-16h, 16-24 h, and 24-72 h), only 24-72h VIM/10 was
significantly associated with poor outcomes (Model 3: aOR
1.89, 95% CI 1.20-3.06, p =0.005) (Table 1). Similarly,
24-72h VIM/10 was also significantly associated with
sICH in a separate model (Model 3: aOR 0.31, 95% CI
0.15-0.55, p =0.001) (Supplementary Table 4). Sensitivity
analysis excluding 35 patients who received anti-
hypertensive therapy during the 24-72-h period and 22
patients with sICH still demonstrated a significant associa-
tion between 24—72 h VIM/10 and poor outcomes (Model 3:
aOR 1.94, 95% CI 1.26-3.11, p =0.003) (Table 2), con-
firming the robustness of the findings. The results were
consistent after additional adjustment for pre-stroke mRS
(Supplementary Table 5). In the quartile-based approach

(Supplementary Table 6), in multivariable logistic regres-
sion analyses, patients in the highest VIM quartile (Quartile
4) had a significantly higher risk of poor functional out-
comes (aOR 5.05, 95% CI 1.92-18.8, p =0.001). Receiver
operating characteristic (ROC) analysis, performed to
explore the potential clinical threshold of 24-72h VIM for
predicting poor functional outcomes, indicated an area
under the ROC curve (AUC) of 0.803, suggesting good
discriminative performance. The optimal cut-off value of
0.55, identified using the Youden index, yielded a sensi-
tivity of 70.4% and specificity of 84.6%. At this threshold,
the positive predictive value for poor outcomes was 91.5%,
and the negative predictive value was 55.0% (Supplemen-
tary Fig. 2).

Stratified analyses performed according to baseline DWI-
ASPECTS categories, to evaluate the impact of baseline
infarct burden, showed a weak association between 24—-72 h
VIM and poor functional outcomes in patients with DWI-
ASPECTS <6. In contrast, among patients with DWI-
ASPECTS 2 6—particularly those with DWI-ASPECTS >9
or 10—higher 24-72 h VIM/10 was significantly associated
with poor functional outcomes (aOR 2.66, 95% CI
1.07-7.83, p =0.034) (Supplementary Tables 7 and Sup-
plementary Fig. 3). No significant interaction between VIM
and baseline DWI-ASPECTS was detected (Supplementary
Table 8).
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Fig. 2 Relationship between variability independent of the mean
(VIM) and time rate (TR) of systolic blood pressure (SBP) between 24
and 72 h after recanalization. A significant negative correlation was
observed between VIM and TR (Spearman’s rho=-0.162,
p =0.013), indicating a tendency to greater SBP variability in patients
with an overall declining SBP trajectory

In continuous outcome analyses using the ordinal mRS
score at 90 days, higher BPV remained independently
associated with worse outcomes. When VIM was scaled per
IQR increase, each IQR increase in VIM was associated
with an average worsening of 0.44 points in the mRS score
(partial regression coefficient [B] 0.44, 95% CI 0.17-0.71,
p =0.002) (Supplementary Table 9).

We also conducted an additional analysis to evaluate the
potential influence of BP measurement frequency on
the results. In this cohort, the median number of BP
measurements was 33 (IQR 30-38) during 0-72h and 17
(IQR 15-20) during 24-72h post-MT. After additional
adjustment for the number of BP measurements
during 24-72h, higher 24-72h VIM/10 remained inde-
pendently associated with poor functional outcomes
at 90 days (adjusted OR 1.84; 95% CI 1.23-2.88;
p=0.002) (Supplementary Table 10). Moreover, in
stratified  nalyses based on the median number of
BP measurements (=17 vs. <17), the association between
higher 24-72 h VIM/10 and poor outcome was consistently
observed in both strata, with no evidence of effect
modification by monitoring frequency (Supplementary
Table 11).

Correlation analyses demonstrated a significant inverse
relationship between 24—72 h VIM and TR during the same
period (Spearman’s p = —0.162, p =0.013) (Fig. 2). This
association was further confirmed in multivariable regres-
sion analysis (Model 3: standardized partial regression
coefficient —0.15; g —0.25; 95% CI —0.24 to —0.07,
p<0.001) (Supplementary Table 12). Collectively, these
findings suggest that despite an overall declining trend in
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SBP, intermittent sharp fluctuations (spikes) in SBP were
present during the 24—72-h period after recanalization.

Regarding END, even in analyses that included END as
a covariate for poor functional outcomes at 90 days (mRS
score 4-6) as the dependent variable, 24-72h VIM/10
remained independently associated with unfavorable out-
comes, although the effect size was modestly attenuated
(Supplementary Table 13). In multivariable logistic
regression analyses with END as the outcome, higher VIM/
10 during the 24—72-h period was independently associated
with the occurrence of END (aOR 1.79; 95% CI 1.13-3.07,
p =0.013) (Supplementary Fig. 4). In contrast, VIM during
earlier time windows (0-8 h, 8-16h, and 16-24 h) showed
weak or non-significant associations with END. In addi-
tional outcome analyses, higher VIM during the 24-72-h
period was significantly associated with worse neurological
severity at discharge and on day 7, as well as with mortality
(Supplementary Tables 14—16).

Detailed etiological and anatomical characteristics of
patients with large artery atherosclerosis are shown in
Supplementary Table 17. In additional multivariable ana-
lyses adjusted for post-treatment stenosis rate and proce-
dural factors reflecting residual vascular pathology,
including percutaneous transluminal angioplasty, emer-
gency carotid artery stenting, and emergency intracranial
stenting, higher 24-72h VIM/10 remained independently
associated with poor functional outcomes (aOR 1.72, 95%
CI 1.13-2.73; p=10.009), whereas post-treatment stenosis
rate itself was not significantly associated with outcomes
(Supplementary Table 18).

When poor functional outcome was alternatively defined
as an mRS score of 3—6 at 90 days, higher VIM/10 during
the 24-72-h period showed a borderline significant asso-
ciation with unfavorable outcomes in the fully adjusted
model (Supplementary Table 19). Furthermore, in sensi-
tivity analyses excluding patients who received anti-
hypertensive therapy during the 24-72-h period and those
with sICH, the direction of the association remained con-
sistent, although statistical significance was not reached
(Supplementary Table 20).

Discussion

This study demonstrated that BPV—specifically VIM dur-
ing the 24-72-h period after successful recanalization—is
independently associated with poor functional outcomes
following MT for ischemic stroke. This association
remained significant in sensitivity analyses excluding
patients who received antihypertensive therapy during the
first 24-72 h post-MT and those with sICH, supporting the
robustness of our findings. Importantly, the prognostic
impact of 24-72h VIM was not materially modified by
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baseline infarct burden in DWI-ASPECTS-stratified and
interaction analyses, and it was also evident in continuous
outcome analyses: each IQR increase in VIM was asso-
ciated with an average 0.44-point worsening in the ordinal
90-day mRS score. Collectively, these results highlight the
clinical importance of BP profiles beyond the initial 24 h
post-recanalization.

A major strength of this study is the identification of
BPV during a relatively delayed phase (24-72 h post-reca-
nalization), rather than the early post-treatment period, as an
independent predictor of unfavorable outcomes. By using
VIM, the study captured true fluctuations in SBP unaffected
by average levels, providing a more robust indicator of
hemodynamic instability. This finding suggests that not
merely absolute BP values—such as mean or maximum
SBP—but “BP stability” itself may influence prognosis.
Previous studies have also demonstrated that BPV indices,
such as TR and CV, contribute to infarct progression and
poor outcomes [12, 13, 25, 26]. On the other hand, recent
randomized controlled trials (e.g., BP-TARGET [3],
OPTIMAL-BP [6]) have shown that intensive BP reduction
within the first 24 h post-recanalization does not sig-
nificantly affect outcomes. Moreover, Samuels et al.
reported that higher peak SBP within 6h post-MT was
associated with an increased risk of sICH and poor out-
comes, while excessively low SBP followed a non-linear
risk pattern [27]. Additionally, Sakamoto et al. reported that
low SBP and high CV within the first 24 h were associated
with infarct growth [26]. However, the importance of BP
control beyond this window remains underexplored.

Another noteworthy finding of this study is that the
significant association between VIM and poor outcomes
persisted even in the analysis excluding patients who
underwent antihypertensive therapy and those who devel-
oped sICH. This differs from previous reports, such as the
individual patient data meta-analysis by Katanos et al.,
which suggested that both high and low SBP were asso-
ciated with an increased risk of poor outcomes [1], as well
as the multicenter study by Anadani et al., which showed
that higher mean SBP was associated with worse outcomes
[2]. In contrast, our findings suggest that the magnitude of
BPV may have a more significant impact on clinical out-
comes as compared to absolute blood pressure value. Fur-
thermore, given the weak association between VIM and
ADWI-ASPECTS, together with the consistent prognostic
impact of VIM across different baseline DWI-ASPECTS
strata, VIM is unlikely to be merely a surrogate marker of
infarct expansion. While Woods et al. reported that acute-
phase BPV was significantly associated with infarct
expansion [28], our study did not find a clear correlation
with infarct growth indicators. This suggests that VIM may
reflect broader neurological deterioration, including cerebral
edema and metabolic disturbances. These findings are

consistent with those of Tudor et al., who indicated that
microcirculatory disturbances and blood-brain barrier dis-
ruption may progress over several dozen hours after stroke
onset and contribute to poor outcomes [9]. Moreover, as
shown by Horie et al. and Mujanovic et al., the no-reflow
phenomenon and microvascular dysfunction can persist
even after successful recanalization [10, 29]. Abrupt fluc-
tuations in blood pressure in such vulnerable cerebral per-
fusion states may pose a risk of further secondary injury.

We also observed a significant inverse correlation
between VIM and TR during the 24—72-h period post MT,
suggesting that even when SBP showed an overall gradual
decline, many patients experienced intermittent spike-like
fluctuations. This aligns with Chang et al.’s assertion that
SBP variability itself may act as a key mediator of poor
outcomes [25]. In other words, an SBP trajectory char-
acterized by gradual decline with intermittent sharp fluc-
tuations may lead to hemodynamic instability and worsen
outcomes. From a clinical perspective, BP management
during the 24-72 h post-recanalization should not only aim
to achieve target BP levels, but also minimize fluctuations.
Practical strategies may include avoiding rapid bolus anti-
hypertensive drug administration, selecting antihypertensive
agents with stable pharmacokinetics, and addressing
potential triggers of BPV, such as positional changes, pain,
or agitation. Furthermore, the negative association observed
between VIM and sICH indicates that our findings likely do
not merely reflect hemorrhagic complications. Instead, they
may represent a non-hemorrhagic mechanism of outcome
deterioration, such as perfusion instability, cerebral edema,
or secondary neuronal injury. This interpretation is sup-
ported by findings from Kellert et al., who reported that
BPV after MT was associated with poor functional out-
comes independent of sICH [30], which is consistent with
our results.

An important methodological consideration in the pre-
sent study is the definition of poor functional outcomes.
Unlike recent BP management trials after MT [3-6]), which
were primarily designed to enroll patients with small to
moderate infarct cores, our cohort included a substantial
proportion of patients with large infarct cores. In fact,
approximately 32% of patients had DWI-ASPECTS <6, a
subgroup in which achieving functional independence
(mRS 0-2) is often unrealistic even after successful reca-
nalization. In this clinical context, dichotomization of out-
comes into mRS scores of 0-3 versus 4-6 has been
commonly adopted in recent MT studies [31] focusing on
large-core infarction, since even avoidance of severe dis-
ability or death represents a clinically meaningful ther-
apeutic goal in these patients. Accordingly, in order to
better reflect real-world clinical practice, we defined poor
outcomes as mRS scores of 4-6, which represents a unique
strength of this study compared with previous investigations
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of BPV. Importantly, sensitivity analyses using the more
conventional definition of poor outcomes of mRS scores of
3—6 demonstrated a consistent trend toward an association
between 24—72 h BPV and unfavorable outcomes, although
statistical significance was borderline.

Our additional analyses provided important insights into
the potential relationship between mid-phase BPV and
END. In the present cohort, higher BPV during the 24-72-h
period after recanalization was independently associated
with the occurrence of END, whereas BPV during earlier
time windows showed weaker or no significant associations.
Importantly, when END was incorporated as an additional
covariate in the multivariable model for poor functional
outcomes at 90 days post-MT, higher 24-72h BPV
remained independently associated with unfavorable out-
comes, although the magnitude of the association was
modestly attenuated. This finding suggests that END may
partially mediate, but does not fully explain, the relationship
between mid-phase BPV and long-term functional out-
comes. In other words, BPV beyond 24 h after MT may
contribute to a poor prognosis, both, through early neuro-
logical worsening and through other mechanisms affecting
subacute and chronic recovery.

Taken together, these results suggest that for patients
who achieve successful recanalization after MT, it is not
sufficient to merely lower SBP; rather, suppressing SBP
variability may be an important management strategy for
improving outcomes. In particular, BP monitoring and sta-
bilization beyond 24h after recanalization should be
emphasized. Further, in addition to intrinsic hemodynamic
instability, several aspects of routine clinical management
during the 24-72-h period may act as triggers of BPV. In
our cohort, intravenous nicardipine was administered in
19.6% of patients, and its titration or discontinuation was at
the discretion of the treating neurologist. Withdrawal of
continuous intravenous antihypertensive therapy may
induce transient “rebound-like” fluctuations in BP, while
simultaneously allowing SBP values to reflect more natural,
unmasked hemodynamic behavior. Furthermore, early
mobilization and rehabilitation are typically initiated during
this period in patients without residual LVO. Transitions
from bed rest to sitting, standing, and ambulation are known
to influence systemic BP and cerebral perfusion, particularly
in the context of impaired autoregulation after stroke.
Although the timing and intensity of rehabilitation could not
be systematically quantified in this retrospective study, such
management-related factors may partly contribute to
increased SBP variability during the mid-phase after MT.
Notably, randomized trials such as HeadPoST [32] and
AVERT [33] have demonstrated that early head-position
changes or very early mobilization can significantly affect
cerebral perfusion dynamics and clinical outcomes, under-
scoring the importance of patient handling when
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interpreting BP variability in the post-recanalization period.
In clinical practice, these findings also highlight the need to
select and adjust antihypertensive agents in a manner that
avoids abrupt BP fluctuations during early recovery.

In this study, as shown in Supplementary Table 1, cur-
rent smoking showed a seemingly paradoxical association
with prognosis, with a lower prevalence of current smokers
in the poor-outcome group despite the well-established
adverse vascular effects of smoking. This counterintuitive
pattern is likely attributable to residual confounding and
selection bias rather than any protective effect of smoking.
In our cohort, the absolute number of current smokers was
small, and smokers tended to have a more favorable base-
line risk profile, including younger age and less pre-stroke
disability, which may have contributed to better crude
outcomes. Importantly, smoking status was included as an
adjustment covariate in all multivariable analyses, and the
independent association between 24-72h SBP VIM and
poor functional outcome remained robust. Therefore, this
univariate finding does not alter the interpretation of our
main results.

This study has several limitations. First, it was a retro-
spective analysis conducted at a single center and included
only East Asian patients. Second, SBP measurements
obtained during the 24-72-h period represented a combi-
nation of “natural” hemodynamic values and values influ-
enced by medical intervention. Antihypertensive agents,
either intravenous or oral, were administered in 19.6% of
patients during the observation window, indicating that
approximately one-fifth of SBP measurements may have
been affected by active BP-lowering therapy. Nevertheless,
even this proportion of therapeutic modulation may intro-
duce confounding in the interpretation of BPV. Addition-
ally, most of the study period preceded the publication of
recent RCTs on BP control after successful recanalization
[3—6]. Therefore, the SBP management strategies employed
in this study may differ from current real-world clinical
practice. Third, there was some variability in the timing and
frequency of BP measurements, which may have affected
the calculation of VIM. The median frequency of SBP
monitoring was approximately once every 2—4 h. Moreover,
a clinically relevant cutoff value for absolute VIM remains
to be established, and further investigation is needed before
its practical implementation. Fourth, AF was present in
nearly 70% of our cohort, and a substantial proportion of
patients likely had systemic atherosclerosis based on their
vascular risk profile. Both conditions may contribute to
increased BPV. AF is characterized by beat-to-beat irregu-
larity and impaired cardiac output regulation, which can
translate into greater short-term BP fluctuations. Likewise,
systemic atherosclerosis and arterial stiffness may impair
baroreflex sensitivity and reduce the vascular system’s
ability to buffer BP changes, thereby amplifying BPV.
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Although the present study was not designed to quantify the
specific contributions of AF or atherosclerotic burden to
BPV, these comorbidities may partly account for inter-
individual differences in BP dynamics and should be con-
sidered in future mechanistic and interventional studies.
Lastly, our imaging protocol was primarily MRI-first, and
the lack of perfusion imaging at occlusion or collateral flow
assessments might have led to underestimation of the initial
ischemic burden. Future studies should include sensitivity
analyses using standardized measurement frequencies, high-
resolution data from continuous arterial pressure monitor-
ing, and interventional trials targeting BPV suppression—
specifically VIM during the 24—72-h period—as a primary
outcome or therapeutic target, to clarify causal relationships
and assess feasibility in clinical practice.

Perspective of Asia

Post-thrombectomy blood pressure management varies
across regions, and recent evidence suggests that deviations
from individualized autoregulatory blood pressure limits
may worsen neurological outcomes [34]. Asian populations,
in whom intracranial atherosclerosis and hypertension-
related vascular changes are more prevalent, may have a
different susceptibility to blood pressure fluctuations com-
pared with Western cohorts. In addition, regional differ-
ences exist in post-thrombectomy practice, including
preferred antihypertensive agents, thresholds for blood
pressure lowering, and the intensity of early hemodynamic
control. Variations in anesthetic strategy, such as the use of
general anesthesia versus conscious sedation, may further
influence peri-procedural blood pressure stability. These
differences suggest that blood pressure targets derived from
Western studies may not be universally applicable. Further
multicenter studies including Asian populations are war-
ranted to establish region-specific and physiology-guided
blood pressure management strategies after thrombectomy.

Conclusion

In conclusion, this study demonstrated that greater VIM of
SBP during 24-72h after successful recanalization is
associated with poor functional outcomes of acute ischemic
stroke, independent of SICH and the use of antihypertensive
therapy. These findings highlight the importance of incor-
porating BPV suppression—and not just the determination
of BP targets—into post-MT management strategies. Future
interventional studies targeting BPV beyond 24 h after
recanalization are warranted to explore the potential for
improving clinical outcomes following MT for ischemic
stroke.
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