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Abstract
Background: Elevated baseline systolic blood pressure (SBP) was associated with poor

outcomes following dual antiplatelet therapy (DAPT) in patients with non-cardioembolic minor

ischemic stroke (MIS) or high-risk transient ischemic attack (TIA) in clinical trials.
Objectives: We aimed to assess the impact of admission SBP on the short-term outcomes
after DAPT in patients with non-cardioembolic MIS or high-risk TIA.

Methods: We performed an inverse probability weighted (IPW] analysis from a prospective
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multicentric real-world study (READAPT] including patients with non-cardioembolic MIS

(National Institute of Health Stroke Scale of 0-5) or high-risk TIA (ABCD2 =4) who initiated Valentina Saia

DAPT within 48 h of symptom onset. The primary effectiveness outcome was the 90-day risk of Ejﬁfartc”;fzﬁg’fH'iif,;‘;T’gy
new ischemic stroke or other vascular events. The secondary effectiveness outcomes were the  Fietratigure. ltaly
90-day modified Rankin Scale score ordinal shift, vascular and all-cause mortality, 24-h early — gparenciarelt
neurological improvement or deterioration. The safety outcomes included the 90-day risk gz;aaf;:]z:itg;mummgy.
of moderate-to-severe and any bleedings, symptomatic intracranial hemorrhage, and 24-h Citta di Castello Hospital,
hemorrhagic transformation. We used Cox proportional hazards regression with restricted Citta di Castello, ltaly
cubic splines to model the continuous relationship between SBP and the hazard ratio (HR) sarr::ﬁf,zn:::“si

of new vascular events. We selected SBP =124 mm Hg as cut-off point for the IPW weighting.

Outcomes were compared using Cox and generalized logistic regression analyses, adjusted

for residual confounders.
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Results: From 2278 patients in the READAPT cohort, we included 1291 MIS or high-risk

TIAs (mean age 70.6 + 11.4years; 65.8% males). After IPW, patients with admission SBP
=124mm Hg versus <124mm Hg had a significantly higher risk of 90-day ischemic stroke
or other vascular events (adjusted HR: 2.14 (95% CI 1.07%-4.98%); p=0.033) and of 24-h
early neurological deterioration (adjusted risk difference: 1.91% (95% CI 0.60%-3.41%);
p=0.006). The overall risk of safety outcomes was low, although patients with SBP =124 mm
Hg on admission showed higher rates of 90-day moderate-to-severe and any bleeding events
(adjusted risk difference: 1.24% (95% Cl 0.38%-2.14%]); p=0.004 and 6.18% (95% Cl 4.19%-
8.16%); p<0.001; respectively), as well as of 24-h hemorrhagic transformation (adjusted risk
difference: 1.57% (95% Cl 0.60%-2.55%); p=0.001). Subgroup analysis showed a significant
interaction between admission SBP, sex, and time to DAPT start in predicting 90-day new
vascular events (p for interaction <0.001 and 0.007, respectively).

Conclusion: In patients with non-cardioembolic MIS or high-risk TIA, higher levels of
admission SBP may be associated with an increased risk of new vascular events, early
neurological deterioration, and bleeding after DAPT use. Future studies should further
investigate if optimizing blood pressure management may further improve prognosis.

Keywords: blood pressure, dual antiplatelet therapy, effectiveness, ischemic stroke,

outcomes, safety
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Introduction

Dual antiplatelet therapy (DAPT) has become the
standard of care in the secondary prevention of
new ischemic events in patients who have experi-
enced non-cardioembolic minor ischemic stroke
(MIS) or high-risk transient ischemic attack
(TIA).1-3 Previous studies showed that admission
systolic blood pressure (SBP) may influence the
choice of initial antiplatelet therapy, as well as the
efficacy of DAPT in preventing ischemic stroke
recurrences.*° In particular, a post-hoc analysis of
CHANCE reported that DAPT was associated
with a lower risk of new vascular events in patients
with a baseline SBP greater than or equal to
140mm Hg.> Similarly, a secondary analysis of
the Platelet-Oriented Inhibition in New TIA and
Minor Ischemic Stroke (POINT) showed that
having a baseline SBP <140mm Hg was associ-
ated with a significant reduction (64%) in the
90-day risk of ischemic stroke recurrences in
patients treated with DAPT compared with aspi-
rin alone, whereas patients with baseline SBP
=140 mm Hg did not show any benefit for DAPT
over aspirin monotherapy.® These findings may
indicate a synergistic effect between controlled BP
in the acute and subacute phases of stroke and the
antithrombotic actions of DAPT within the first-
week post-event. Additionally, while trials on
blood pressure reduction shortly after ischemic

stroke have generally shown neutral to negative
outcomes,’-8 they did not rule out the potential
benefit of moderate BP control (targeting SBP
<140mm Hg). This approach, when combined
with DAPT, may reduce early stroke recurrence
by simultaneously mitigating multiple vascular
risk factors. These observations highlight the need
to clarify the relationship between SBP levels dur-
ing the acute and subacute phases of the index
event and DAPT outcomes, especially in real-
world settings, where DAPT is often used beyond
the indications of clinical trials, including patients
with higher pre-stroke disability, a higher burden
of vascular risk factors, and those treated with rep-
erfusion therapies.®!! Hence, we conducted a
post-hoc analysis of the Real-Life Study on Short-
Term Dual Antiplatelet Treatment in Patients
With Ischemic Stroke or Transient Ischemic
Attack (READAPT) study, to assess the impact of
admission SBP on short-term outcomes following
DAPT in a real-world population of patients with
non-cardioembolic MIS or high-risk TTA.

Methods
READAPT study

The READAPT study (NCT05476081) is a pro-
spective, observational, multicenter study conducted
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in a real-world setting. The study was coordinated
by the University of L.’Aquila and supported by the
Italian Stroke Association — Associazione Italiana
Ictus. It adheres to the guidelines outlined by the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE).!2

The READAPT study recruited all individuals
aged 18years or older, regardless of hospitaliza-
tion, who presented with acute non-cardioem-
bolic ischemic stroke or TIA and received a short
course of DAPT lasting up to 90 days, irrespec-
tive of stroke severity or timing of symptom onset.
Recruitment occurred across 64 Italian stroke
centers from February 1, 2021 to February 28,
2023. The study enrolled patients consecutively
admitted to hospitals, seen in emergency depart-
ments, or evaluated in open access outpatient
clinics specializing in urgent neurological assess-
ments. To promote the comprehensive inclusion
of eligible patients on DAPT, investigators
received detailed instructions and periodic
reminders. The initial stroke diagnosis was con-
firmed by the investigators per routine practice
and World Health Organization criteria. Eligibility
was limited to those with an acute non-cardioem-
bolic stroke or TIA. No further eligibility restric-
tions, including specific antiplatelet regimens or
timing between symptom onset and DAPT initia-
tion, were imposed. Enrollment was independent
of whether a loading DAPT dose was given
(=300 mg for aspirin and clopidogrel or =180 mg
for ticagrelor). Exclusion criteria included partici-
pation in interventional randomized controlled
trials at stroke onset, continuous DAPT for stent-
ing procedures, and conditions likely to interfere
with adherence to study protocols. Patients were
enrolled shortly following the qualifying event
and followed up for 90 * 10 days, with follow-up
visits conducted by investigators in person or
remotely. Detailed descriptions of the study pro-
cedures and definitions used in READAPT have
been previously published.®-11

Study analysis

This post-hoc exploratory analysis of the
READAPT cohort includes patients with MIS
(defined as a National Institute of Health Stroke
Scale (NIHSS) score of 0—5 on admission) or
high-risk TIA (symptoms lasting less than 24h
and an ABCD2 score of =4), who initiated DAPT
within 48h of symptom onset. Patients who had
not available SBP on admission, and those who

underwent urgent carotid endarterectomy or
stenting during the follow-up period were
excluded, as were those who discontinued DAPT
early due to initiation of anticoagulation therapy.
The latter exclusion was made to avoid confound-
ing effects of anticoagulation-related bleeding on
DAPT safety evaluations. SBP was measured by
local investigators upon admission as part of the
routine clinical protocol, either in the emergency
department for hospitalized patients or in the out-
patient clinic, prior to the neurological evaluation
and any therapeutic intervention. For this analy-
sis, we included the first SBP measurement
recorded within 2h of patient admission to ensure
consistency in data collection. Given the multi-
center nature of the study, blood pressure was
measured using standard clinical sphygmoma-
nometers or automated devices available at each
site, following institutional protocols. While vari-
ations in measurement techniques across centers
may exist, all participating investigators were
trained in standardized BP measurement prac-
tices to minimize inter-center variability.
Additionally, SBP was consistently recorded with
the patient in a supine position. If no SBP meas-
urement was documented within this period, the
data were considered unavailable, and the patient
was excluded from the analysis.

Outcomes

The primary effectiveness outcome was the risk of
ischemic stroke or other vascular events (TIA, myo-
cardial infarction, vascular death) within 90days.
Secondary effectiveness outcomes included a
90-day modified Rankin Scale (mRS) score shift,
early neurological improvement or deterioration
(defined as =2 points decrease or increase in NIHSS
from baseline, respectively) within 24h, 90-day vas-
cular mortality (death from stroke, systemic bleed-
ing, myocardial infarction, heart failure, pulmonary
embolism, sudden death, or arrhythmia), and all-
cause mortality at 90 days. Safety outcomes included
moderate-to-severe bleeding events, any bleeding
event, symptomatic intracranial hemorrhage
(sICH), and hemorrhagic transformation within
24h. Bleeding severity was categorized according to
the Global Use of Strategies to Open Occluded
Coronary Arteries (GUSTO) classification crite-
ria.13 Specifically, we classified the clinical impact of
bleeding events as moderate-to-severe if they
involved fatal hemorrhage or hemorrhage that,
regardless of hemodynamic compromise, required
blood or fluid replacement, inotropic support, or
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surgical intervention. Conversely, bleeding events
that did not meet these criteria were classified as
minor.!3 SICH was defined as any intracranial hem-
orrhage resulting in a worsening of four or more
points on the NIHSS.¥ Outcomes were adjudi-
cated by local investigators via electronic follow-up
case-report forms.

Statistical analysis

Relationship between admission SBP and 90-day
risk of new ischemic stroke or TIA. To analyze the
relationship between SBP and the 90-day risk of
new ischemic events, we first conducted a logistic
regression model treating SBP as a continuous
variable. Since linear models assume a constant
effect of SBP across its entire range, we further
applied restricted cubic splines (RCS) to assess
potential non-linearity. Specifically, Cox propor-
tional hazards regression with RCS was employed
to model the continuous relationship between
SBP and the hazard of new vascular events. Knots
for the splines were set at the 10th, 50th, and 90th
percentiles of SBP. The median SBP was used as
the reference, and hazard ratios (HRs) for varying
SBP levels were estimated relative to this refer-
ence. Log HRs were computed and exponenti-
ated to yield HRs, with 95% confidence intervals
(CIs) calculated using the standard errors of the
log HRs. CIs were derived by adjusting each log
HR by *=1.96 times the standard error, then
exponentiating the bounds. To identify a clinical
cut-off for SBP, the HR curve was examined to
locate values where the HR approximated 1, indi-
cating no significant increase or decrease in risk.
The SBP level closest to HR=1 was selected as a
potential cut-off point for stratification.

Inverse probability weighting. To balance patients
based on baseline characteristics, we used inverse
probability weighting (IPW) to create a pseudo-
weighted sample between patients with admission
SBP above and below the cut-off value deter-
mined through RCS analysis. We first estimated
propensity scores using logistic regression, mod-
eling the probability of being in the group with
admission SBP above the cut-off based on a pre-
specified set of baseline covariates: age, gender,
smoking status, diabetes, hypercholesterolemia,
prior use of antihypertensive medication, baseline
NIHSS, modified Rankin Scale mRS, intravenous
thrombolysis, endovascular therapy, and DAPT
loading dose. From the logistic regression model,
we calculated propensity scores for each patient

and used these scores to assign inverse probability
weights. The covariate balance between groups
was evaluated by calculating the standardized
mean difference. Additionally, we examined the
distribution of propensity scores to verify overlap
between groups, and we applied stabilized weights
to mitigate the influence of extreme weights and
enhance model stability.

Outcomes analysis in the weighted population. For
the primary effectiveness outcomes, the time-to-
event 90-day risk of ischemic stroke and other
vascular events was compared using Cox regres-
sion, and the corresponding treatment effect was
presented as HR and 95% ClIs. Kaplan—Meier
hazard functions were used to compare the over-
all risk of ischemic stroke and other vascular
events between admission SBP groups and the
log-rank test was used to test differences. For the
secondary effectiveness outcomes, the 90-day
shift of mRS scores was compared using an ordi-
nal generalized linear model (GLM) and results
were presented as odds ratio with 95% CIs. Fur-
thermore, we calculated risk differences between
groups for the rate of 24-h neurological improve-
ment and 24-h neurological deterioration, while
Cox regression analysis was used to compare the
risk of 90-day vascular death and all-cause mor-
tality. For all the safety outcomes, we also calcu-
lated risk differences with 95% CIs between the
SBP groups. All the analyses were adjusted for
residual confounders (i.e., variables that showed a
SD >0.10 in the weighted population). Specifi-
cally, we obtained adjusted risk differences by
employing multivariate GLM with binomial dis-
tribution and identity link function.

Subgroup analysis for the primary effectiveness
outcome in the weighted population. Subgroup
analysis of the primary effectiveness outcome in
the weighted population was performed in 12
prespecified subgroups: age (<75years or
>75years), sex (males or females), presence of
arterial hypertension or diabetes, presumed stroke
cause (large artery atherosclerosis, small artery
occlusion, undetermined), symptoms duration
(=24h or <24h), intravenous thrombolysis,
endovascular thrombectomy, DAPT loading dose
and time to DAPT start (<24h or 24-48h). We
used a GLM model with admission SBP, sub-
group variable, and their interaction term as inde-
pendent variables to determine the homogeneity
in the effect of SBP by each subgroup variable.
Each model was adjusted for age and sex, when
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Figure 2. HR for admission SBP predicting 90-day risk of new ischemic stroke or other vascular events.
Light red area around the slope indicates 95% confidence intervals. The SBP value of 124mm Hg (blue point], where the HR
approximated 1, was selected as the cut-off point for patient stratification.

HR, hazard ratio; SBP, systolic blood pressure.

Relationship between admission SBP and

90-day risk of new ischemic stroke or TIA

The logistic regression model evaluating the asso-
ciation between admission SBP as a continuous
variable and the 90-day risk of new ischemic
stroke or TTA revealed that each 1 mmHg increase
in SBP was associated with a HR of 1.01 (95% CI
1.001-1.02, p=0.037). The Cox proportional
hazards regression with RCS revealed a non-lin-
ear association between admission SBP and the
hazard of 90-day new vascular events. We identi-
fied an admission SBP cut-off of 124mm Hg as
the first point where the HR approximated 1
(Figure 2). A second point was identified at
extreme SBP values (>200 mm Hg), marked by a
sharp increase in the risk of the primary effective-
ness outcome. We selected the first point
(SBP=124mm Hg) as clinical cut-off for this
analysis, as it was closer to the SBP range of neu-
tral risk, offering a more reliable threshold for
identifying patients transitioning out of high-risk
states. We identified 1162 patients (90.0%) with
baseline SBP =124 mm Hg, while the remaining
129 patients (10.0%) had an SBP <124mm Hg
at admission.

Inverse probability weighting

Weighted and unweighted results for baseline
characteristics are presented in Table 1. Overall,
good balance was obtained for most of the base-
line variables which showed a SD of the propen-
sity scores <0.10. Measures of balance diagnosis

indicated that the samples were adequately
weighted, with a standardized difference of the
propensity scores means between groups of 0.04
(good balance <0.25), ratio of variances of pro-
pensity scores 0.74 (good balance between 0.5
and 2).15 Graphics of propensity scores and
covariates balance distributions confirmed a
good overall quality of the weighting (Figures S1
and S2).

Primary effectiveness outcome

The rate of 90-day new ischemic stroke or other
vascular events in the weighted population was
significantly lower in the group with admission
SBP <124mm Hg than in those with SBP
=124mm Hg (aHR 2.14 (95% CI 1.07-4.98);
p»=0.033) (Table 2). Kaplan—Meier hazard func-
tion confirmed that the overall 90-day risk of
ischemic stroke and other vascular events was
lower in patients with admission SBP <124 mm
Hg (log-rank test p value: 0.034) (Figure 3).

Secondary effectiveness outcomes

The 90-day ordinal mRS distribution was similar
between admission SBP groups (aOR 0.91 (95%
CI 0.81-1.02); p=0.127). Conversely, patients
with admission SBP =124 mm Hg showed higher
rates of 24-h early neurological deterioration
compared to those with admission SBP <124 mm
Hg (adjusted risk difference: 1.91% (0.60%—
3.41%); p=0.006). The 90-day risk of other
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Table 1. Baseline characteristics.

Variables

Overall cohort

SBP =124 mm Hg

SBP <124mmHg SMD

SMD weighted?

(n=1291) (n=1162) (n=129) unweighted?
Demographics

Age [years), mean = SD 70.6+11.4 70.8+11.2 68.3+13.0 0.203 0.049
Male sex, n (%) 849 (65.8) 764 (65.7) 85 (65.9) 0.003 0.031
Ethnicity, n (%) 0.131 0.089

Non-Hispanic White 1262 (97.8) 1135 (97.7) 127 (98.5)

Hispanic White 8 (0.6) 6(0.5) 2(1.6)

Black 13(1.0) 13(1.1) 0(0.0)

Other 8 (0.6) 81(0.7) 0(0.0)

Clinical characteristics

Admission SBP (mm Hg), mean = SD 155.8 + 24.9 160.0+22.4 116.7+8.8 2.532 2.545
Admission DBP (mm Hg), mean =SD 84.4+13.7 85.5+13.2 69.5+10.0 1.298 1.363
NIHSS on admission, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 0.131 0.010
ABCD2, median (IQR]® 5 (4-6) 5 (4-6) 5 (4-6) 0.148 0.052
mRS score category, n (%) 0.236 0.025

No symptoms (score of 0), n (%) 1010 (78.2) 912 (78.5) 98 (76.0)

Symptoms without any disability (score of 1), 156 (12.1) 144 (12.4) 12 (9.3)

n (%)

Symptoms with mild disability (score of 2), n (%) 72 (5.6) 64 (5.5) 8(6.2)

Symptoms with mild-to-moderate disability 45 (3.5) 35(3.0) 10 (7.8)

(score of 3), n (%)

Symptoms with moderate-to-severe disability 7 (0.5) 6(0.5) 1(0.8)

(score of 4), n (%)

Symptoms with severe disability (score of 5), 1 (0.1) 1(0.1) 0(0.0)

n (%)
Symptoms duration, n (%) 0.010 0.032

=24h 916 (71.0) 825 (71.0) 91(70.5)

<24h 375 (29.0) 337(29.0) 38(29.5)
Presumed stroke cause, n (%)¢ 0.119 0.072

Undetermined 585 (45.3) 523 (45.0) 62 (48.1)

Small artery occlusion 395 (19.0) 356 (30.6) 39 (30.2)

Large artery atherosclerosis 245 (19.0) 226 (19.4) 19 (14.7)

Other determined causes 66 (5.1) 57 (4.9) 9 (7.0

(Continued]
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Table 1. (Continued)

Variables

Overall cohort

SBP =124mmHg SBP <124mmHg SMD

SMD weighted?

(n=1291) (n=1162) (n=129) unweighted?
Pre-stroke risk factors
Arterial hypertension, n (%) 1066 (82.6) 975 (83.9) 91 (70.5) 0.322 0.174
Hypercholesterolemia, n (%])e 792 (61.3) 717 (61.7) 75 (58.1) 0.073 0.060
Diabetes mellitus, n (%)f 357 (27.6) 329 (28.3) 28 (21.7) 0.153 0.016
Current smoking, n (%)9 567 (43.9) 507 (43.6) 60 (46.5) 0.058 0.085
Previous TIA/ischemic stroke, n (%) 239 (18.5) 223 (19.2) 16 (12.4) 0.187 0.229
Previous intracerebral hemorrhage, n (%) 10 (0.8) 8(0.7) 2(1.6) 0.082 0.022
Hyperacute treatment, n (%)
Intravenous thrombolysis, n (%) 214 (16.6) 196 (16.7) 18 (14.0) 0.081 0.019
Endovascular thrombectomy, n (%) 11(0.9) 11 (1.0) 0(0.0) 0.138 0.097
Therapy on admission, n (%)
Single antiplatelet therapy
Aspirin, n (%) 464 (35.9) 419 (36.1) 45 (34.9) 0.025 0.007
Clopidogrel, n (%) 83 (6.4) 78 (6.7) 5(3.9) 0.127 0.120
Ticagrelor, n (%) 1(0.1) 1(0.1) 01(0.0) 0.042 0.001
Antihypertensive drugs, n (%) 876 (67.9) 797 (68.6) 79 (61.2) 0.154 0.055
Lipid-lowering drugs, n (%) 434 (33.6) 395 (34.0) 39(30.2) 0.080 0.129
Antidiabetics, n (%) 302 (23.4) 279 (24.0) 23(17.8) 0.152 0.017
DAPT characteristics
Type of DAPT, n (%) 0.044 0.037
ASA + clopidogrel 1285 (99.5) 1157 (99.6) 128 (99.2)
ASA + ticagrelor 6(0.5) 5(0.4) 1(0.8)
Days of DAPT, median (IQR] 21 (21-35) 21 (21-35) 21 (21-30) 0.194 0.015
Loading dose, n (%) 723 (56.0) 640 (55.1) 83 (64.3) 0.189 0.011
Time to DAPT start, n (%) 0.115 0.095
<24-h 975 (75.5) 872 (75.0) 103 (80.0)
24-48-h 316 (24.5) 290 (25.0) 26 (20.0)
Therapy on discharge
Antihypertensive drugs, n (%) 1124 (87.1) 1029 (88.6) 95 (73.6)
Lipid-lowering drugs, n (%) 1175 (91.0) 1062 (91.4) 113 (87.6) 0.080 0.112
Antidiabetics, n (%) 400 (31.0) 369 (31.8) 31(24.0) 0.152 0.021
(Continued)
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Table 1. (Continued)

Variables

Overall cohort

SBP =124mmHg SBP <124mmHg SMD

SMD weighted?

(n=1291) (n=1162) (n=129) unweighteda
Type of antiplatelet continued after DAPT, n (%) 0.029 0.166
Aspirin 786 (60.9) 707 (60.8) 79 (61.2)
Clopidogrel 478 (37.0) 432(37.2) 46 (35.7)

SMDs >0.10 in the weighted population are reported in bold, indicating suboptimal weighting (except for baseline mean blood pressure values).

aSMD <0.10 indicates that groups are well balanced.
50nly patients with symptoms duration <24 h.

cPresumed stroke cause was classified according to the Trial of Org 10172 in the Acute Stroke Treatment (TOAST) classification system.
dArterial hypertension was defined as a history of blood pressure >140/90 mm Hg or the current use of antihypertensive medications.
eDyslipidemia was defined as history of total blood cholesterol levels >220 mg/dL and/or total triglycerides levels >130mg/dL and/or currently

used lipid-lowering drugs.

fDiabetes mellitus was defined as history of fasting glucose >126 mg/dL or the current use of hypoglycemic medications.
9Current smoking was defined as the consumption of =1 cigarette per day over the last year.

DAPT, dual antiplatelet therapy; IQR, interquartile range; mRS, modified Rankin Scale score; NIHSS, National Institute of Health Stroke Scale
score; SBP, systolic blood pressure; SD, standard deviation; SMD, standardized means difference; TIA, transient ischemic attack.

secondary effectiveness outcomes did not differ
between groups (Table 2).

Safety outcomes

We found a low rate of 90-day safety outcomes in
both patients with admission SBP =124mm Hg
and <124mm Hg (Table 2). However, patients
with admission SBP =124mm Hg showed a sig-
nificantly higher risk of 90-day moderate-to-severe
(adjusted risk difference: 1.24% (0.38%-2.14%);
$=0.004) and any (adjusted risk difference:
6.18% (4.19%-8.16%); p<<0.001) bleeding
events, as well as of 24-h hemorrhagic transfor-
mation (adjusted risk difference: 1.57% (0.60%—
2.55%); p=0.001) (Table 2).

Subgroup analysis for the primary effectiveness
outcome in the weighted population

Admission SBP was associated with the incre-
mental probability of 90-day risk of ischemic
stroke and other vascular events regardless of the
age group (p=0.344), presence of diabetes
(»=0.279), history of hypertension (p=0.118),
symptoms duration (p=0.239), presumed stroke
cause (large artery atherosclerosis p=0.394, small
artery occlusion p=0.123, undetermined cause
$»=0.084), intravenous thrombolysis (p=0.278)
or endovascular thrombectomy (p>0.999),
DAPT loading dose (p=0.087). Yet a significant
interaction between admission SBP and sex was
found in predicting 90-day risk of ischemic stroke

and other vascular events (p for interaction
<0.001) and with time to start DAPT (p for
interaction=0.007) (Figure 4).

Discussion

Our study suggests that baseline SBP impacts
short-term outcomes in patients with non-cardi-
oembolic MIS or high-risk TIA receiving DAPT.
Specifically, in this exploratory analysis, patients
with higher SBP levels on admission had signifi-
cantly higher risk of 90-day new ischemic stroke
or other vascular events, 24-h early neurological
deterioration, and 90-day bleeding events com-
pared to those presenting with lower SBP values.
Furthermore, we identified female sex and
delayed DAPT initiation after the index event as
potential factors that may interact with admission
SBP in increasing the risk of ischemic recurrences
within 90 days.

In our study, we documented a non-linear rela-
tionship between SBP at admission and the risk
of ischemic vascular events within 90 days. In our
weighted cohorts, the risk of 90-day new ischemic
stroke and other vascular events was significantly
higher in patients with admission SBP =124 mm
Hg, compared to those with SBP <124mm Hg.
Notably, patients with SBP <124mm Hg on
admission still represented a high-risk popula-
tion, as they were largely receiving antihyperten-
sive treatment (70.3%) at the time of the index
stroke. Although patients with MIS or TIA and
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Figure 3. Kaplan-Meier cumulative function of 90-day new ischemic stroke or other vascular events in the weighted population.

Estimates and numbers at risk below the curves reflect the weighted pseudo-population. Shaded areas indicate 95% confidence intervals.
Cl, confidence interval; HR, hazard ratio; SBP, systolic blood pressure.

low admission SBP are less commonly encoun-
tered in clinical practice, our findings align with
current guidelines recommending SBP targets of
120-130mmHg for patients at high cardiovascu-
lar risk.!® This may further reinforce the impor-
tance of achieving and maintaining stringent BP
control in patients undergoing DAPT for second-
ary stroke prevention. Previous post-hoc analyses
from landmark clinical trials have explored the
impact of baseline SBP on 90-day outcomes in
patients with non-cardioembolic MIS or high-risk
TIA.56 In particular, secondary analyses of the
CHANCE and POINT trials revealed that
patients receiving DAPT with an admission SBP
of 140 mm Hg or higher experienced significantly
higher stroke event rates compared to those with
lower values (8.7% vs 6.7% in the CHANCE and
6.5% vs 5.2% in the POINT post-hoc analy-
ses).%% Notably, in these studies, the threshold of
140 mm Hg was prespecified. Conversely, in our
study, the cut-off of 124 mm Hg was determined
using a restricted cubic spline analysis, suggesting
that the risk associated with elevated SBP may
emerge at lower thresholds than previously recog-
nized in clinical trials. This nuanced finding may
be attributable to the higher burden of

comorbidities often present in real-world patient
populations. Additionally, differences in patient
characteristics, such as older age at the time of the
index stroke or TIA, varying ethnic backgrounds,
and greater pre-stroke systemic impairment, may
have further amplified the detrimental effects of
elevated SBP on the risk of recurrent ischemic
events within our population.

For the secondary outcomes, we found that
patients with admission SBP =124mm Hg had a
significantly higher risk of 24-h early neurological
deterioration compared to those with baseline
SBP <124mm Hg. DAPT has been shown to
reduce the occurrence of early neurological dete-
rioration primarily due to its strong antithrom-
botic effects, which can improve cerebral blood
flow.17 In particular, a recent post-hoc analysis of
the Antiplatelet versus R-tPA for Acute Mild
Ischemic Stroke (ARAMIS) trial showed more
treatment effect of DAPT on the risk of 24-h
early neurological deterioration in MIS patients
with SBP =140 mm Hg (adjusted risk difference:
-5.2%, 95% CI —-8.2% to —2.3%), while no
effect was found in the subgroup with admission
SBP <140mm Hg.!® Changes in blood pressure
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Figure 4. Margin plots illustrating the relationship between admission SBP and the probability of 90-day ischemic stroke or new
vascular events, analyzed by sex (a) and time to DAPT start (b).
Each graph shows the predicted probability of 90-day new ischemic stroke and other vascular events (solid line) and 95% confidence intervals (shade)
in a different subgroup. Each model was adjusted for age and sex, when applicable.
DAPT, dual antiplatelet therapy; SBP, systolic blood pressure.

during acute ischemic stroke often reflect
impaired cerebral autoregulation, caused by
direct damage to modulatory centers.!%20 For
example, an increase in cerebral perfusion pres-
sure beyond 30% can signify overall autoregula-
tory dysfunction.2? This impaired autoregulation
has been linked to neurological deterioration by
disrupting cerebral blood flow and perfusion
pressure.?!l Consequently, the level of SBP at
admission may influence the effectiveness of
DAPT in preventing early neurological deteriora-
tion by modulating its impact on cerebral blood
flow and perfusion.

For the safety outcomes, we observed a low rate
of 90-day bleeding events within our cohort, indi-
cating a favorable overall safety profile of short-
term DAPT irrespective of admission SBP.
However, we identified a significant association
between elevated SBP and an increased risk of
bleeding complications, including moderate-to-
severe bleeding and hemorrhagic transformation.
While the role of prior hypertension as a risk fac-
tor for hemorrhagic transformation remains a
subject of debate,?? elevated SBP on admission
has been implicated in exacerbating this risk
through mechanisms such as vascular remode-
ling, impaired autoregulation, and inflammatory
responses, all of which can compromise the integ-
rity of the blood-brain barrier.23-25 In contrast
with our findings, prior secondary analysis of
landmark trials showed similar rates of bleeding
events between patients receiving DAPT or

aspirin, regardless of their baseline SBP values.5:¢
This divergence may be attributed to several fac-
tors, including the more rigorous BP monitoring
and proactive management typically implemented
in controlled trials compared to real-world clini-
cal practice. Additionally, the greater variability
in DAPT dosing and concurrent chronic thera-
pies, especially antihypertensive medications,
observed in real-world settings compared to clini-
cal trials may further exacerbate the risk of bleed-
ing events in patients with elevated baseline SBP.

Our subgroup analysis adjusted by age identified
a significant interaction between admission SBP
and female sex, suggesting an increased risk of
90-day ischemic recurrences in women with ele-
vated baseline SBP values. This finding might
underscore a complex and multifactorial relation-
ship between sex, SBP, and DAPT outcomes,
which may not have been fully captured in previ-
ous trials. Women generally exhibit a higher prev-
alence of hypertension and small vessel disease,
both of which can increase vascular vulnerability
and contribute to worse outcomes.2%27 Moreover,
sex-related differences in platelet reactivity and
the pharmacokinetics of antiplatelet drugs may
influence the effectiveness of DAPT, potentially
altering the balance between ischemic protection
and bleeding risk, particularly in patients with
uncontrolled hypertension.2® These factors sug-
gest that sex-specific considerations may be
important in optimizing blood pressure and anti-
platelet management strategies.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

F De Santis, E De Matteis et al.

Moreover, we observed a significant interaction
between admission SBP and a prolonged time to
DAPT start (12-48h) after adjusting for age and
sex, increasing the risk of 90-day new ischemic stroke
or other vascular events. Major trials have consist-
ently demonstrated that prompt initiation of DAPT
(within 12-24h) significantly reduces the risk of
early ischemic stroke recurrence compared to aspirin
alone (adjusted risk difference from —1.5% in the
POINT trial to —3.5% in the CHANCE trial).!-
Although a significant reduction in 90-day ischemic
recurrences has been shown in patients starting
DAPT versus aspirin alone up to 72h after the index
cerebrovascular event (adjusted risk difference of
—1.9% in the Intensive Statin and Antiplatelet
Therapy for Acute High-Risk Intracranial or
Extracranial Atherosclerosis (INSPIRES) trial),?8
our observation may suggest that the synergistic
effect of controlled SBP and the antithrombotic
actions of DAPT may diminish as the time to initia-
tion extends beyond the optimal window. Elevated
SBP levels may enhance the risk of short-term recur-
rent events by accelerating irreversible vascular and
hemodynamic disruptions in the absence of immedi-
ate antithrombotic intervention,?® potentially driving
early ischemic recurrences.

Lastly, while chronic hypertension and diabetes
are well-established risk factors for stroke recur-
rence,3? their lack of significant interaction with
admission SBP in our subgroup analysis for the
primary effectiveness analysis may be attributed
to factors such as the homogeneity of our high-
risk cohort, potential treatment effects, or the
influence of unmeasured variables, including BP
variability over time, adherence to and intensifi-
cation of antihypertensive therapy, lifestyle and
behavioral factors (e.g., smoking, diet, physical
activity), and genetic variability affecting BP reg-
ulation and platelet reactivity. Further investiga-
tion in future studies incorporating longitudinal
BP monitoring, treatment adherence assess-
ments, and additional clinical and biomarker data
are warranted to elucidate the relationship
between SBP levels and stroke recurrence risk
after DAPT in these subgroups of patients with
elevated cardiovascular risk.

Strengths and limitations

The primary strength of this study lies in the rigor-
ous procedures implemented to enhance data
accuracy and quality, supported by regular quality
checks of the READAPT electronic database.

However, our findings should be interpreted in
lights of certain limitations. First, although we
applied rigorous IPW weighting and adjusted the
outcome comparisons for unbalanced covariates,
residual confounding cannot be completely ruled
out due to the observational nature of the
READAPT study. Specifically, while SBP was
measured in all patients upon admission and
before initiating DAPT, we did not record the
exact time between the onset of the index stroke/
TIA and the SBP measurement, which may affect
its association with subsequent adverse outcomes.
Of note, within our population, only 129 patients
had baseline SBP =<124mm Hg versus 1162
above. Although we used IPW to address the
imbalance in group sizes, ensuring that the smaller
group contributed proportionately to the analysis,
this approach can pose challenges related to the
statistical stability of the weights and generaliza-
bility of the results. To mitigate these potential
biases, we applied stabilized weights. Second, we
could not evaluate whether antihypertensive treat-
ment effectively controlled elevated blood pres-
sure or explore blood pressure variability within
the first 24 h, a critical period closely linked to the
risk of adverse events, particularly early neurologi-
cal deterioration. Similarly, we did not record
information on the specific types of antihyperten-
sive medications used during the acute or suba-
cute stroke phase, which may have influenced
SBP differently based on their distinct pharmaco-
logical properties. While our analysis focused on
admission SBP, it is important to acknowledge
that antihypertensive medication use during the
study period may have influenced both SBP tra-
jectories and clinical outcomes, potentially acting
as a confounder. However, given the observational
nature of our study, we were unable to account for
dynamic BP changes over time or medication
adherence post-admission. Future studies with
longitudinal BP monitoring and detailed treat-
ment data are needed to better understand the
interplay between antihypertensive therapy, SBP
control, and vascular outcomes in this high cardi-
ovascular risk population. Additionally, we were
unable to investigate whether elevated baseline
blood pressure might have helped maintain cere-
bral perfusion in vulnerable brain regions, as no
pre-stroke blood pressure data was available.
Third, our findings lack detailed information on
cerebral autoregulation, such as measurements of
cerebral blood flow or perfusion in the acute phase
following stroke, which could clarify the associa-
tion between baseline SBP and the efficacy of
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DAPT in improving neurological function.
Fourth, although all patients underwent brain
imaging (non-contrast computed tomography or
magnetic resonance imaging) upon admission, we
did not collect detailed neuroimaging findings or
results from brain vessel examinations. As a result,
the stroke diagnosis and presumed cause relied
solely on assessments by local investigators. Fifth,
we were unable to measure blood levels of anti-
platelets, limiting our ability to assess patient
adherence to DAPT, determine the exact onset of
its effects, or confirm ongoing antiplatelet activity
in patients already on prior antiplatelet therapy.
Sixth, patients who discontinued DAPT early due
to a need for anticoagulation were excluded from
this analysis. Although this subset represented
only 1.9% of the initial READAPT population
(Figure 1), we did not record their 90-day out-
comes. Finally, our cohort showed a significant
imbalance toward non-Hispanic white partici-
pants, which may limit the generalizability of our
findings to other ethnic groups. As this was an
exploratory analysis within a real-world prospec-
tive cohort, no a priori sample size calculation was
performed. Therefore, the absence of pre-speci-
fied power calculations may have limited the abil-
ity to detect smaller effect sizes, particularly in
subgroup analyses.

Conclusion

In conclusion, our findings indicate that admis-
sion SBP could play a significant role in influenc-
ing short-term outcomes following DAPT in
patients with non-cardioembolic MIS or high-risk
TIA. Higher levels of admission SBP appear to be
linked with an increased likelihood of adverse
events, including new vascular events, early neu-
rological deterioration, and a heightened risk of
bleeding complications. Notably, our analysis also
suggests that certain factors, such as female sex
and a prolonged interval between the index cere-
brovascular event and the initiation of DAPT,
may amplify the impact of high admission SBP on
the risk of ischemic recurrences. Our observations
underscore the importance of considering admis-
sion SBP as a potential modifiable risk factor in
this patient population. Future research should
investigate the underlying pathophysiological
mechanisms driving these associations and explore
targeted interventions to optimize blood pressure
management. These efforts may have the poten-
tial to ultimately improve patient outcomes in

those receiving DAPT after non-cardioembolic
MIS or high-risk TIA.
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