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Mediation of Time-Related Blood Pressure 
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BACKGROUND: We investigated whether the association between blood pressure (BP) management in patients with successful 
reperfusion following endovascular therapy (EVT) and functional outcomes is mediated by BP variability parameters.

METHODS AND RESULTS: This is a post hoc analysis of the OPTIMAL-BP (Outcome in Patients Treated With Intra-Arterial 
Thrombectomy-Optimal Blood Pressure Control) trial, conducted at 19 centers in South Korea. The primary outcome 
was the 90-day functional outcome, assessed using the modified Rankin Scale. Multivariable logistic regression analysis 
was conducted for the association between BP variability and outcomes including 90-day modified Rankin Scale score, 
symptomatic intracranial hemorrhage, and final infarction volume. Mediation analysis was performed to evaluate the causal 
inference whether the relationship between intensive BP management and the 90-day modified Rankin Scale scoreis mediated 
by 24-hour BP variability parameters (time rate [TR], SD, coefficient of variation, and variability independent of the mean). 
Among various BP variability parameters, higher TR was associated with an unfavorable ordinal shift of the 90-day modified 
Rankin Scale score (adjusted odds ratio [aOR], 1.17 [95% CI, 1.04–1.32], P=0.007) and an increase in final infarction volume 
(� coefficient, 21.24 [95% CI, 3.99–38.48], P=0.016), but did not increase the risk of symptomatic intracranial hemorrhage. TR 
fully mediated the association between intensive BP management and functional outcomes. The proportion of the association 
explained by TR was 40.93%.

CONCLUSIONS: TR mediated the relationship between intensive BP management and poor functional outcome in successfully 
reperfused patients with ischemic stroke by contributing to an increase in infarct volume. Efforts to modulate TR after EVT may 
be helpful in improving clinical outcomes.
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Recent studies have revealed that intensive blood 
pressure (BP) lowering during the first 24 hours 
is associated with an increased risk of functional 

dependence in patients who have achieved successful 
reperfusion with endovascular therapy (EVT) for acute 
ischemic stroke with large vessel occlusion. Lowering 
systolic blood pressure (SBP) to <120 to 140 mm Hg 
resulted in worse clinical outcomes and did not reduce 
the risk of intraparenchymal hemorrhage compared 
with conventional BP management targeting levels 
<180 to 185 mm Hg.1–4 A meta-analysis, including the 
5 recent randomized controlled trials comparing dif-
ferent post-EVT BP targets, also concluded that ag-
gressive BP reduction after successful EVT resulted in 
a decreased probability of achieving function indepen-
dence.5 A potential explanation for the lack of success 
of those randomized controlled clinical trials could be 
the failure to consider BP variability (BPV) during BP 
management.

The association between short-term BPV during 
the first 24 hours and functional outcomes in patients 
with stroke treated with EVT is well established.6–8 As 
the reperfused oligemic brain tissue may be more vul-
nerable to even minor fluctuations in BP, the influence 
of BPV may be more prominent in successfully recan-
alized patients after EVT. Previous studies indicated 
that attempting to reduce mean BP using antihyper-
tensive agents resulted in increased BPV, emphasizing 

the need for delicate protocols to achieve the goal of 
reducing both mean BP and BPV.7,9

However, it remains uncertain whether the rela-
tionship between high BPV and poor outcomes rep-
resents a causal relationship or if high BPV is merely 
a bystander or a consequence of humoral factors 
(renin-angiotensin-aldosterone system, nitric oxide, 
catecholamines, atrial natriuretic peptide), rheological 
factors (blood viscosity, arterial stiffness, endothelial 
dysfunction), and emotional factors (stress, anxiety, 
emotional reactivity, psychological distress) associ-
ated with poor outcomes.10–12 Additionally, whether 
reducing BPV can directly improve clinical outcomes 
has not been adequately evaluated due to various 
reasons.11 We hypothesized that 24-hour BPV medi-
ates the relationship between intensive BP reduction 
following successful reperfusion post EVT and func-
tional outcomes at 3 months. Using post hoc analysis 
of the OPTIMAL-BP (Outcome in Patients Treated With 
Intra-Arterial Thrombectomy-Optimal Blood Pressure 
Control) trial data, we aimed to determine whether BPV 
explains this causal relationship.

METHODS
This is a post hoc analysis of OPTIMAL-BP, a pro-
spective multicenter, randomized, open label, blinded 
end point clinical trial. The data that support the find-
ings of this study are available from the corresponding 
author upon reasonable request. The OPTIMAL-BP 
trial was conducted at 19 centers in South Korea 
from June 18, 2020, to November 29, 2022, com-
paring intensive (SBP <140 mm Hg) and conventional 
(SBP 140–180 mm Hg) BP management for func-
tional outcomes in patients with successful reperfu-
sion post EVT. Detailed methods and protocol of the 
study are described in the previous publication.1,13 
The OPTIMAL-BP trial included patients with acute 
large vessel occlusive stroke who underwent EVT 
and achieved successful reperfusion of the occluded 
artery, as determined by a modified Thrombolysis in 
Cerebral Infarction score of 2b or greater, and had el-
evated BP (SBP ≥140 mm Hg) confirmed by at least 2 
measurements within a 2-minute interval within 2 hours 
of successful reperfusion. BP data were recorded for 
the first 24 hours from randomization. BP was initially 
measured at 15-minute intervals during the first hour 
and then hourly for the subsequent 23 hours. In cases 
where intravenous antihypertensive medication was  
used, BP was measured every 15 minutes for the 
first hour, every 30 minutes for the following 2 hours, 
and then hourly for the remaining hours. At each 
participating center, BP was measured using either 
the automated BP device (Omron HEM 7130) or an 
equivalent noninvasive automatic BP monitor certified 

CLINICAL PERSPECTIVE

What Is New?
•	 Time rate acted as a mediator between blood 

pressure management strategy and functional 
outcomes in successfully reperfused patients 
with ischemic stroke by influencing infarct vol-
ume growth.

What Are the Clinical Implications?
•	 This study is the first to investigate the causal 

relationship between blood pressure variability 
and clinical outcomes, highlighting the need to 
consider time-related blood pressure variability 
modulation strategies in future blood pressure 
management research.

Nonstandard Abbreviations and Acronyms

BPV	 blood pressure variability
EVT	 endovascular therapy
TR	 time rate
VIM	 variation independent of the mean
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by the American Medical Device Association and 
the European Society of Hypertension, supported 
by grade A clinical study evidence. Local treatment 
protocols allowed the use of intravenous BP lower-
ing medications to achieve and maintain the target 
SBP. Although nicardipine was the preferred choice, 
other drugs such as labetalol and hydralazine could 
be used at the discretion of the treating physician.  
The final infarct volume was measured using MRIcro 
software by an independent neuroradiologist, using 
diffusion-weighted images from brain magnetic reso-
nance imaginbg (n=295) or computed tomography 
scans (n=5) conducted at 24 (±12) hours post EVT.

All participating hospitals in the OPTIMAL-BP trial re-
ceived ethical approval from their respective institutional 
review boards, and the trial adhered to the principles of 
the Declaration of Helsinki. Informed consent was ob-
tained from each participant or their legal representative 
before any study-related procedures. To ensure con-
sistency across centers, a standardized informed con-
sent protocol was implemented, outlining clear steps 
for explaining the study’s purpose, risks, and benefits. 
The protocol was monitored for compliance, and any 
site-specific adaptations were approved by the coordi-
nating IRB. For the post hoc analysis, we adhered to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology guidelines, ensuring rigorous standards in 
the reporting of observational research.

BPV Parameters
Currently evaluated BPV parameters for SBP included 
time rate (TR), SD, coefficient of variation (calculated 
as SD divided by mean SBP), and variability independ-
ent of the mean (VIM) during the first 24 hours after 
randomization.

TR is defined as the first derivative of the SBP with 
respect to time within the selected time interval, which 
represents the rate of change of SBP over time. TR 
reflects the speed and direction of successive BP fluc-
tuation over time. It considers the sequence and the 
slope of BP changes.14–16 VIM is a nonlinear transfor-
mation of SD through designed to eliminate correla-
tion with mean levels.17 Data S1 and Figure S1 provide 
detailed explanations and calculation formulas for the 
BPV parameters.

Due to the skewed distribution, BPV parame-
ters (TR, SD, coefficient of variation, VIM) were log-
transformed to reduce skewness and kurtosis when 
used in the linear regression model.

Mediation Analysis
Mediation analysis was performed to evaluate the causal 
inference between BP management strategy and func-
tional outcome at 3 months with each BPV parameter 
as a mediator of the relationship. Figure 1 illustrates the 
hypothetical causal pathway model of the impact of in-
tensive BP lowering on the 90-day functional outcome 
post EVT, mediated by BPV parameters. The main out-
come variable for the mediation analysis was the ordi-
nal shift of 90-day modified Rankin Scale (mRS) score. 
Following the Baron and Kenny method, 4 pathways 
were evaluated to conduct the mediation analysis.18,19 
Step 1 assessed the association between intensive BP 
reduction following EVT and 90-day functional outcome 
(path C). Step 2 examined the association between 
intensive BP reduction and BPV parameters (path A). 
Step 3 assessed the association between BPV param-
eters and 90-day functional outcome (path B). The final 
step established the indirect effect (AB) by estimating 
the direct effect (path C′).

Figure 1.  Hypothetical causal pathway model of intensive BP lowering impact on 90-day 
functional outcome post endovascular therapy mediated by BP variability parameters.
A, Step 2. Association between intensive BP reduction and BPV parameters. B, Step 3. Association 
between BPV parameters and 90-day functional outcome. C, Step 1. Association between intensive BP 
reduction and 90-day functional outcome. C’, direct effect and (AxB) indirect effect. X is the independent 
variable (BP management strategy), M the mediator variable (SBP TR), and Y the dependent variable 
(90-day mRS score: the ordinal shift across the range of mRS scores toward a worse outcome). BP 
indicates blood pressure; BPV, blood pressure variability; mRS, modified Rankin Scale; SBP, systolic 
blood pressure; and TR, time rate.
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The association of BP management strategy with 
BPV parameter was tested with linear regression 
model, and other associations were tested with ordinal 
logistic regression model with and without multivariable 
adjustment. The proportion for the causal relationship 
between intensive BP management and functional 
outcomes, mediated by BPV parameters, was derived 
by dividing the indirect effect by the total effect. The CI 
for the proportion of the effect mediated were tested 
using bootstrapping with 1000 replications.

Sensitivity Analysis
As part of the sensitivity analysis, mediation 
analysis was performed using logistic regression 
with generalized estimating equations to address 
variability across centers. To evaluate whether BPV 
parameters serve as mediators in the relationship 
between intensive BP reduction post EVT and 
functional outcomes, particularly among a subset of 
participants characterized by low BPV, we performed 
further sensitivity analysis. Given the observation that 
BPV decreased with a higher degree of reperfusion, 
we performed a sensitivity analysis on patients who 
achieved complete reperfusion, as indicated by a 
modified Thrombolysis in Cerebral Infarction score of 
3. Moreover, considering that beta-blocking agents 
are associated with an increase in BPV compared with 
calcium channel blockers, we further performed an 
analysis that excluded patients who were administered 
intravenous beta blockers for acute BP management.

Statistical Analysis
For the comparison of baseline characteristics, the chi-
square test or Fisher’s exact test was used for categorical 
variables, and the independent t test or Mann–Whitney 
U test was used for continuous variables. Multivariable 
regression analysis was performed using clinically 
relevant adjustment variables, including age, sex, risk 
factors (hypertension, diabetes, and dyslipidemia), the 
TOAST (Trial of ORG 10172 in Acute Stroke Treatment) 
classification, initial National Institutes of Health Stroke 
Scale score, infarction volume, degree of recanalization 
(modified Thrombolysis in Cerebral Infarction score), 
symptomatic intracranial hemorrhage, and mean SBP. 
These adjustments were made to estimate the odds 
ratio (OR) and 95% CI for the association between 
time-related BPV and various outcomes: the 90-day 
mRS score as an ordinal variable (analyzed using 
ordinal logistic regression), the 90-day mRS score 
0 to 2, the occurrence of symptomatic intracranial 
hemorrhage (both analyzed using binary logistic 
regression), and final infarction volume (analyzed using 
linear regression). Missing data were excluded from 
the analysis. All statistical analyses were performed 
using Stata 13.0 software (Stata Corp, College Station, 

TX) and SAS version 9.4 (SAS institute Inc., Cary, NC). 
All tests were 2 sided and P<0.05 was considered 
significant.

RESULTS
Of the 306 patients enrolled in the OPTIMAL-BP trial, 
300 patients were included in the analysis. We excluded 
4 patients without functional outcome information, and 
2 patients with incomplete baseline demographics 
(missing infarct volume data, Figure  2). The median 
age was 75.0 (66.0–82.0) and 179 (59.7%) were male. 
Intravenous antihypertensive medication was used in 
141 (47%) patients, with the majority of them receiv-
ing nicardipine (133 patients, 94.3%). Demographics 
and baseline characteristics were statistically similar 
across both groups. Compared with the conventional 
management group, the intensive management group 
exhibited poorer functional outcomes at 90 days, with 
lower median mRS scores (3.0 [1.0–5.0] versus 2.0 
[1.0–4.0], P=0.01) and a higher percentage of patients 
achieving mRS scores of 0 to 2 (39.4% versus 55.2%, 
P=0.01). Although initial SBP was similar, 24-hour 
mean SBP was significantly higher in patients receiv-
ing conventional BP management (137.9±13.6 versus 
129.2±7.7, P<0.01). The number of BP measurements 
was significantly higher in patients receiving intensive 
BP management (36.0 [30.0–54.0] versus 25.0 [25.0–
29.0], Table 1). Among various BPV parameters, only 
the 24-hour TR of SBP was significantly higher in the 
intensive BP management group (0.36 [0.24–0.51] ver-
sus 0.24 [0.19–0.32], P<0.01). There were no signifi-
cant differences in SD, coefficient of variation, and VIM 
between the 2 groups.

In the multivariable analysis using the current data 
set, TR was significantly associated with an ordinal shift 
of 90-day mRS score, with higher TR associated with 
an unfavorable shift (adjusted OR [aOR], 1.17 [95% CI, 
1.04–1.32], P=0.007). However, it was not significantly 
associated with achieving a 90-day mRS score of 0 
to 2. High TR significantly increased the final infarc-
tion volume (� coefficient, 21.24 [95% CI, 3.99–38.48], 
P=0.016) but did not increase the risk of symptomatic 
intracranial hemorrhage (Table 2).

The result of the mediation analysis is presented in 
Table  3. The significant association between the in-
tensive BP management and the ordinal shift of the 
mRS score was confirmed (step 1, path C). Intensive 
BP management was significantly associated with TR, 
with a beta coefficient of 0.38 (95% CI, 0.26–0.50, 
P<0.001, step2, path A). High TR significantly increased 
the likelihood of an unfavorable shift in the 90-day mRS 
score (adjusted common OR [acOR], 1.17 [95% CI, 
1.05–1.31], P=0.005, step 3, path B). After adjusting for 
TR as a mediator, intensive BP management no longer 
had a substantial association with functional outcome 



J Am Heart Assoc. 2025;14:e039723. DOI: 10.1161/JAHA.124.039723� 5

Chang et al� Time Rate and Intensive BP Lowering Outcomes

(acOR, 1.33 [95% CI, 0.82–2.15], P=0.253, path C′, di-
rect effect). The indirect effect through the mediator TR 
was significant (P=0.030, 95% CI, 0.003–0.068), and 
the proportions of the association explained by TR was 
40.93% (95% CI, 3.93–90.85) in the adjusted analysis 
(Table 3). Because the indirect effect was statistically 
significant and the direct effect was no more signifi-
cant, SBP TR fully mediated the association between 
the BP management strategy and clinical outcomes.

In the sensitivity analysis considering intercenter 
clustering effects, the results were consistent with the 
original analysis. The indirect effect remained signifi-
cant (P=0.030), with TR explaining 40.93% (95% CI, 
3.81–91.85) of the association in the adjusted anal-
ysis (Table  S1). Another sensitivity analysis, which 
only included patients who achieved complete reca-
nalization (Thrombolysis in Cerebral Infarction 3), or 
excluded labetalol users (n=10), also demonstrated 
results consistent with the primary analysis, confirm-
ing the role of TR as a significant mediator (Tables S2 
and S3).

DISCUSSION
TR was identified as the mediator explaining the as-
sociation between intensive BP management and 
poor functional outcomes in successfully reperfused 
patients with ischemic stroke. High TR was associated 
with larger final infarct volumes, indicating that time-
related BP fluctuations could have a deleterious effect 
on functional recovery through hypoperfusion-related 
infarct growth, even after successfully recanalization.

In the ENCHANTED/MT (Enhanced Control of 
Hypertension and Thrombectomy Stroke Study) trial, 
intensive BP lowering after endovascular thrombec-
tomy for acute ischemic stroke was associated with 
more frequent early neurological deterioration and 
worse neurological outcomes, although it did not 
significantly increase the risk of symptomatic hem-
orrhage.3 The higher OR of poor functional recovery 
observed in the intensive BP control arm in previous 
randomized controlled trials could be attributed not 
only to high BP acting as a compensatory mechanism 
against poor perfusion but also to high BPV resulting 
from the intensive lowering of SBP with various antihy-
pertensive agents. Most clinical studies have reported 
an independent association between high BPV and 
poor functional outcomes, primarily driven by sus-
tained hypoperfusion despite successful reperfusion 
rather than symptomatic hemorrhage.6,16 The findings 
of the current study align with the previous research, 
demonstrating that high TR is significantly associated 
with hypoperfusion-related infarct growth. Avoiding 
rapid BP reduction and hypoperfusion during the 
acute phase could be the most crucial aspect of post-
EVT care and needs to be considered in further clinical 
trials on BP management.

Whereas other BPV parameters, including SD, co-
efficient of variation, and VIM, reflect the degree of dis-
persion, the TR considers the sequence and velocity 
of changes in BP over time, which is more useful in 
reflecting multiple changes in BP between measure-
ments as an antihypertensive treatment response.14,20 
Moreover, in clinical studies, when BP measurement 

Figure 2.  Flow diagram of the study participants.
mRS indicates modified Rankin Scale; and OPTIMAL-BP, Outcome in Patients Treated With Intra-Arterial 
Thrombectomy-Optimal Blood Pressure Control.
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intervals vary across different situations, such as be-
fore the administration of antihypertensive medication 
or when BP deviates from the target range, traditional 
BPV parameters may fail to adequately reflect the ex-
tent of BPV over time. In such cases, time rate, which 
considers changes in measurement intervals, may 
serve as a more accurate indicator of BPV.

Studying the impact of BPV modulation on clinical 
outcomes has been challenging due to the retrospec-
tive nature of BPV analysis and its complex interaction 
with BP management strategies. Mean BP can be as-
sessed at a single time point and adjusted in real-time 
based on that measurement. In contrast, BPV requires 
sequential BP measurements over a period of time 

for calculation, making it difficult to establish real-time 
targets or modulate effectively during acute interven-
tions. Moreover, intensive BP lowering, while aiming to 
reduce mean BP, often increases BPV, complicating 
efforts to isolate the effects of BPV from those of BP 
reduction itself. These limitations make it challeng-
ing to design clinical trials that can definitively deter-
mine whether reducing BPV directly improves clinical 
outcomes.14,17

The current study is significant in that it identified 
a causal relationship between time-related BPV and 
post-EVT functional outcomes. Once TR is identified 
as a contributing factor to poor functional recovery in 
the intensive BP management group, efforts to reduce 

Table 1.  Demographics, Baseline Characteristics, and Clinical Outcomes of the Included Subjects

Variables Total (N=300) Conventional (n=145) Intensive (n=155) P value

Age, y, median (IQR) 75.0 (66.0–82.0) 73.0 (66.0–81.0) 77.0 (66.0–82.0) 0.44

Sex, male, n (%) 179 (59.7) 87 (60.0) 92 (59.4) 1

Initial National Institutes of Health Stroke Scale 
score, median (IQR)

12.0 (8.0–17.0) 11.0 (7.0–17.0) 13.0 (8.0–18.0) 0.19

Acute Stroke Prognosis Early Computed 
Tomography Score, median (IQR)

9.0 (8.0–10.0) 9.0 (8.0–10.0) 9.0 (7.0–10.0) 0.34

Trial of ORG 10172 in Acute Stroke Treatment classification, n (%) 0.3

Cardioembolism 151 (50.3) 75 (51.7) 76 (49.0)

Large artery atherosclerosis 84 (28.0) 43 (29.7) 41 (26.5)

Undetermined, negative 42 (14.0) 21 (14.5) 21 (13.5)

Undetermined, ≥2 18 (6.0) 5 (3.4) 13 (8.4)

Other determined 5 (1.7) 1 (0.7) 4 (2.6)

Risk factors, n (%)

Hypertension 231 (77.0) 110 (75.9) 121 (78.1) 0.75

Diabetes 125 (41.7) 60 (41.4) 65 (41.9) 1

Dyslipidemia 115 (38.3) 54 (37.2) 61 (39.4) 0.8

Atrial fibrillation 145 (48.3) 68 (46.9) 77 (49.7) 0.71

Prior stroke 66 (22.0) 30 (20.7) 36 (23.2) 0.7

Infarction volume, median (IQR) 17.1 (6.0–52.5) 16.8 (5.4–40.7) 18.6 (6.7–62.6) 0.11

Modified Thrombolysis in Cerebral Infarction 
3, n (%)

194 (64.7) 91 (62.8) 103 (66.5) 0.58

Outcome variables

90-d mRS score, median (IQR) 3.0 (1.0–5.0) 2.0 (1.0–4.0) 3.0 (1.0–5.0) 0.01

90-d mRS score 0–2, n (%) 141 (47.0) 80 (55.2) 61 (39.4) 0.01

Symptomatic hemorrhage 24 (8) 10 (6.9) 14 (9.0) 0.64

Initial SBP, median (IQR) 150.0 (145.0–162.0) 151.0 (145.0–160.0) 150.0 (144.0–164.5) 0.97

24-h mean SBP, mean±SD 133.4 (11.8) 137.9 (13.6) 129.2 (7.7) <0.01

BP measurement number, median (IQR) 30.0 (25.0–40.0) 25.0 (25.0–29.0) 36.0 (30.0–54.0) <0.01

BP variability parameters, median (IQR)

24-h SBP time rate 0.28 (0.20–0.44) 0.24 (0.19–0.32) 0.36 (0.24–0.51) <0.01

24-h SBP SD 13.58 (10.82–16.81) 13.68 (11.11–16.98) 13.36 (10.71–16.69) 0.38

24-h SBP coefficient of variation 0.10 (0.08–0.12) 0.10 (0.08–0.12) 0.10 (0.08–0.13) 0.34

24-h SBP variability independent of the mean 17.35 (13.85–21.46) 17.58 (14.13–21.50) 17.06 (13.67–21.24) 0.32

Use of intravenous antihypertensive medication, 
n (%)

141 (47.0) 26 (17.9) 115 (74.2) <0.01

BP indicates blood pressure; IQR, interquartile range; mRS, modified Rankin Scale; and SBP, systolic blood pressure.
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TR values could mitigate the adverse effects of inten-
sive BP management and improve clinical outcomes. 
Several steps can be taken to achieve this. First, to ad-
dress the limitation of real-time analysis, the integration 
of continuous, noninvasive BP monitoring using de-
vices using finger arterial pressure monitoring or other 
ambulatory BP monitoring devices, combined with 
simultaneous spectral analysis for rapid BPV assess-
ment, may be necessary.21 These technologies could 
facilitate the rapid calculation and real-time monitoring 
of TR during modulation, providing a more precise ap-
proach to BP management following EVT. Second, im-
plementing a detailed infusion protocol for intravenous 
antihypertensive medication and selecting the optimal 
class of antihypertensive agent. Third, appropriate fluid 
management to maintain euvolemic status. Fourth, 
effective management of distressing conditions such 
as headache, pain, or urinary retention. Additionally, 
meticulous infection control and fever management, 

serves as adjunctive strategies in ameliorating BPV 
and fostering improved patient outcomes.

There are several limitations in the current study. 
First, the number and timing of BP measurements 
are different among individuals. Although a unified 
BP measurement protocol was employed, the time 
intervals for BP measurement could not be standard-
ized and may have varied depending on spontaneous 
changes in BP or in response to the use of intravenous 
antihypertensive medication, whether or not within 
the target ranges of SBP. More frequent BP measure-
ments are required until BP outside the target range 
is restored within the target level. Second, this study 
exclusively included patients who achieved success-
ful reperfusion following EVT. As a result, it remains 
unclear whether TR serves as a mediator of poor 
outcomes in patients who do not achieve successful 
reperfusion. Additional research is needed to explore 
TR’s role in these patients and to establish tailored BP 

Table 2.  Time-Related BP Variability and Outcomes

Model 1 P value Model 2 P value Model 3 P value

90-d mRS score 1.24 (1.11–1.38) <0.001 1.19 (1.07–1.34) 0.002 1.17 (1.04–1.32) 0.007

90-d mRS score 0–2 0.84 (0.73–0.96) 0.009 0.86 (0.74–1.01) 0.069 0.88 (0.74–1.04) 0.133

Symptomatic 
hemorrhage

1.18 (1.00–1.41) 0.064 1.15 (0.95–1.38) 0.142 1.15 (0.95–1.40)* 0.163

Final infarction volume 
(β, 95% CI)†

26.51 (8.37–44.65) 0.004 23.15 (5.85–40.45)‡ 0.009 21.24 (3.99–38.48)§ 0.016

Model 1: age, sex. Model 2: age, sex, NIHSS score, final infarction volume. Model 3: age, sex, TOAST, smoking, diabetes, hypertension, hyperlipidemia, 
initial NIHSS score, final infarction volume, symptomatic hemorrhage, degree of recanalization (mTICI), mean SBP. Odds ratio per 0.1 units increment for TR. BP 
indicates blood pressure; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale; 
SBP, systolic blood pressure; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; and TR, time rate.

*Adjusted by age, sex, TOAST, smoking, diabetes, hypertension, hyperlipidemia, initial NIHSS score, final infarction volume, degree of recanalization (mTICI), 
mean SBP.

†SBP TR was log-transformed to best satisfy the linear regression model.
‡Adjusted by age, sex, NIHSS.
§Adjusted by age, sex, TOAST, smoking, diabetes, hypertension, hyperlipidemia, initial NIHSS score, symptomatic hemorrhage, degree of recanalization 

(mTICI), mean SBP.

Table 3.  Proportion of the Association Between BP Management and the Ordinal 90-Day mRS Score Mediated by Time Rate

Pathway

Unadjusted analysis Adjusted analysis

Measure Value (95% CI) P value Measure Value (95% CI) P value

A (X→M)* β 0.36 (0.25–0.47) <0.001 β 0.38 (0.26–0.50) <0.001

B (M→Y)† cOR 1.27 (1.14–1.41) <0.001 acOR 1.17 (1.05–1.31) 0.005

C (X→Y) cOR 1.78 (1.19–2.66) 0.005 acOR 1.58 (1.00–2.49) 0.050

C′ (X+M→Y) cOR 1.41 (0.92–2.15) 0.114 acOR 1.33 (0.82–2.15) 0.253

Proportion of total effect mediated (%) 
(95% CI‡)

45.27 (15.88–93.46) 40.93 (3.93–90.85)

Indirect effect (95% 
CI‡)

0.063 (0.024–0.102) 0.030 (0.003–0.068)

Adjusted for age, sex, TOAST, smoking, diabetes, hypertension, hyperlipidemia, initial National Institutes of Health Stroke Scale score, final infarction volume, 
symptomatic hemorrhage, degree of recanalization (modified Thrombolysis in Cerebral Infarction), mean SBP. X is the independent variable (BP management 
strategy), M the mediator variable (SBP TR), and Y the dependent variable (90-day mRS score: the ordinal shift across the range of mRS scores toward a worse 
outcome). acOR indicates adjusted common odds ratio; BP, blood pressure; cOR, common odds ratio; mRS, modified Rankin Scale; SBP, systolic blood 
pressure; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; and TR, time rate.

*SBP TR was log-transformed to best satisfy the linear regression model.
†Per 0.1 units increase.
‡Nonparametric bootstrap CIs with the percentile method (with 1000 replications).
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management strategies for this subgroup. Third, this 
study was a post hoc analysis, which inherently carries 
limitations such as potential biases in data interpreta-
tion and the lack of prospective validation. The findings 
should therefore be interpreted with caution and re-
quire confirmation in prospective studies.

CONCLUSIONS
In conclusion, the time-related BPV parameter, TR me-
diated the association of intensive BP management 
and poor functional outcome in successfully reper-
fused patients with ischemic stroke. Efforts to modu-
late and reduce TR after EVT, such as implementing 
detailed protocols for continuous infusion with intrave-
nous antihypertensive medication or using continuous 
BP monitoring with simultaneous data analysis, could 
improve clinical outcomes. Future clinical trials need 
to be designed to evaluate whether reducing TR im-
proves functional recovery in successfully reperfused 
patients with ischemic stroke post EVT, potentially 
guiding more effective BP management strategies.
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