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ABSTRACT

OBJECTIVES

To compared the effect of early antihypertensive
treatment started within 24-48 h of stroke onset
versus delaying treatment until day eight on reducing
dependency or death.
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PARTICIPANTS

4810 patients (240 years) were enrolled with acute
ischaemic stroke within 24-48 h of symptom onset
and elevated systolic blood pressure between 140
mm Hg and <220 mm Hg.

INTERVENTIONS

Patients were randomly assigned to receive
antihypertensive treatment immediately after
randomisation (aimed at reducing systolic blood
pressure by 10%-20% within the first 24 h and a mean
blood pressure <140/90 mm Hg within seven days)

or to discontinue antihypertensive medications for
seven days if they were taking them, and then receive
treatment on day 8 (aimed at achieving mean blood
pressure <140/90 mm Hg).

MAIN OUTCOME MEASURES
The primary outcome was the combination of
functional dependency or death (modified Rankin

WHAT IS ALREADY KNOWN ON THIS TOPIC

Early antihypertensive treatment within three days of symptom onset did not
affect the risk of dependency or death at 90 days compared with no treatment in
patients with acute ischaemic stroke

Early versus delayed antihypertensive treatment has not been compared in
randomised controlled trials among patients with acute ischaemic stroke

WHAT THIS STUDY ADDS

Antihypertensive treatment at 24-48 h after onset of acute ischaemic stroke did
not reduce odds of dependency, death, recurrent stroke, or major vascular events
over 90 days versus day eight

Antihypertensive treatment at 24-48 h versus day 8 had no benefit for mild-to-
moderate acute ischaemic stroke and systolic blood pressure of 140 to <220 mm
Hg with no thrombolytic treatment
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scale score =3) at 90 days. Intention to treat analyses
were conducted.

RESULTS

2413 patients were assigned to the early treatment
group and 2397 were assigned to the delayed
treatment group. Mean systolic blood pressure was
reduced by 9.7% (from 162.9 mm Hg to 146.4 mm Hg)
in the early treatment group and by 4.9% (from 162.8
mm Hg to 154.3 mm Hg) in the delayed treatment
group within 24 h after randomisation (P for group
difference <0.001). Mean systolic blood pressure was
139.1 mm Hg in the early treatment group and 150.9
mm Hg in the delayed treatment group on day seven
(P for group difference <0.001). Additionally, 54.6% of
patients in the early treatment group and 22.4% in the
delayed treatment group had blood pressure of less
than 140/90 mm Hg (P<0.001 for group difference)

on day seven. At day 90, 289 trial participants
(12.0%) in the early treatment group, compared with
250 (10.5%) in the delayed treatment group, had
died or experienced a dependency (odds ratio 1.18
(95% confidence interval 0.98 to 1.41), P=0.08). No
significant differences in recurrent stroke or adverse
events were reported between the two groups.

CONCLUSIONS

Among patients with mild-to-moderate acute
ischaemic stroke and systolic blood pressure

between 140 mm Hg and <220 mm Hg who did not
receive intravenous thrombolytic treatment, early
antihypertensive treatment did not reduce the odds of
dependency or death at 90 days.

TRIAL REGISTRATION
ClinicalTrials.gov Identifier NCT03479554

Introduction

Elevated blood pressure is common among patients
with acute stroke and is associated with increased risk
oflong term disability and death.! > Several randomised
controlled trials have compared early antihypertensive
treatment versus no antihypertensive treatment or
intensive antihypertensive treatment versus standard
antihypertensive treatment on clinical outcomes
among patients with acute stroke.>® Most of these trials
included a mix of patients with either acute ischaemic
or haemorrhagic stroke and reported no effect of early
antihypertensive treatment on clinical outcomes.’ * ¢
A meta-analysis of 13 randomised controlled trials
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that included 12703 patients with acute ischaemic
stroke showed that antihypertensive treatment within
three days of symptom onset did not affect the risk of
functional dependency or death at 90 days.” In the
enhanced control of hypertension and thrombolysis
stroke study (ENCHANTED),” antihypertensive
treatment targeting a systolic blood pressure of 130-
140 mm Hg within an hour of randomisation did not
improve functional status at 90 days among patients
who had an acute ischaemic stroke within six hours
of onset and receiving intravenous thrombolysis
therapy. Furthermore, in the ENCHANTED-2 trial,
more intensive antihypertensive treatment targeting
an systolic blood pressure of less than 120 mm Hg
within an hour of randomisation was associated
with increased risk of major disability at 90 days
among patients with acute ischaemic stroke who had
persistently high systolic blood pressure (2140 mm
Hg) after successful reperfusion with endovascular
thrombectomy.® These two trials indicate that intensive
blood pressure reduction within the first few hours of
acute ischaemic stroke onset do not improve functional
outcomes, and may even worsen them.” ®

Although many mechanisms may cause increased
blood pressure in the acute phase of ischaemic
stroke, most patients have a previous history of
hypertension.> > 7 1° Several randomised controlled
trials have shown that blood pressure lowering
reduces the risk of recurrent stroke among patients
with a history of stroke.''** However, the optimal
timing for initiating blood pressure lowering after
acute ischaemic stroke remains uncertain.'®'*** In the
China antihypertensive trial in acute ischaemic stroke
(CATIS),'® we observed a potential beneficial effect of
blood pressure lowering on death and major disability,
recurrent stroke, and vascular events among patients
with acute ischaemic stroke who received treatment
between 24 h and 48 h after stroke onset in a subgroup
analysis. In this CATIS-2 trial, we aimed to test whether
early antihypertensive treatment that started within the
first 24-48 h of ischaemic stroke onset would result in
a lower risk of a composite outcome of dependency or
death (modified Rankin Score >3) at 90 days compared
with delayed antihypertensive treatment starting on
day eight after randomisation.

Methods

Trial design and participants

CATIS-2 is a multicentre, randomised, open label,
endpoint trial conducted in 106 hospitals in China.
The details of the study design and methods were
published previously.*’

In brief, we recruited patients (age of 240 years)
with acute ischaemic stroke, diagnosed by computed
tomography or magnetic resonance imaging of the
brain, within 24-48 h of symptom onset and with
an elevated systolic blood pressure of between 140
mm Hg and 219 mm Hg. We excluded individuals
with an systolic blood pressure of 220 mm Hg or
higher or diastolic blood pressure of 120 mm Hg or
higher because these patients require immediate
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antihypertensive treatment.'* > We also excluded
patients with haemorrhagic stroke, extracranial or
intracranial artery stenosis (270%) on both sides or
the affected side based on imaging studies, severe
stroke (National Institutes of Health (NIH) stroke
scale score >21), deep coma, modified Rankin score
of 3 or more, severe heart failure, acute myocardial
infarction or unstable angina, aortic dissection, or
difficult-to-control hypertension. Additionally, we
excluded patients with atrial fibrillation (because they
might require beta blocker or calcium channel blocker
treatment) and patients treated with intravenous
thrombolytic treatment or endovascular thrombectomy
at baseline (because of different requirements for
blood pressure control in this group) (supplementary
table S1).

The trial was approved by the ethics committeees
of Beijing Tiantan Hospital and all participating
institutes in China and by the Institutional Review
Board of Tulane University in the US. Informed consent
was signed by patients or their representatives.
An independent data and safety monitoring board
met annually to review the accumulating data for
safety and to monitor the trial for either superiority
or inferiority of early antihypertensive treatment on
clinical outcomes.

Randomisation and masking

Eligible patients were randomly assigned (1:1) to the
early treatment group or the delayed treatment group
using a web-based system managed by the Study and
Data Coordinating Center at Beijing Tiantan Hospital.
The randomisation schedule was generated using
PROC PLAN in SAS version 9.4 (SAS Institute, Cary,
NC) and concealed centrally at the Study and Data
Coordinating Center. Randomisation was stratified by
participating hospitals with a random block size of 4,
6, and 8.

Masking patients and treating physicians to whether
antihypertensive medications would be started or
stopped at randomisation was not practical. However,
the study coordinators who collected study data, the
neurologists who evaluated patients, and the endpoint
adjudication committee members were all masked to
patients’ treatment assignments.

Procedures

Demographic characteristics and medical history were
collected at enrolment. Stroke severity was assessed
using NIH stroke scores (ranging from O to 42, with
higher scores indicating a more severe neurological
deficit) by trained neurologists at baseline, 14 days
or hospital discharge, and 90 day follow-up visits.
Computed tomography or magnetic resonance
imaging of the brain was done according to a standard
protocol to confirm the diagnosis of ischaemic stroke
in all trial participants. Blood pressure measurements
were obtained from participants in a supine position
by trained nurses using an automated device (Omron
HBP-1300 professional blood pressure monitor)
and one of four cuff sizes (paediatric, regular adult,
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Assessed for eligibility

A

y

Excluded
2411 Blood pressure outside inclusion criteria
753 Refused to participate
4520 Clinical contraindications
462 Could not be followed up
104 Transferred to another hospital
131 Resistant hypertension
1663 Other reasons

Enrolled and randomly assigned

A

(

(W 2413)

Assigned to early treatment group

(B 5)

Withdrew consent

(W 2224)

Received antihypertensive treatment
immediately after randomisation

(B 184)

Did not receive antihypertensive
treatment immediately after randomisation

!

h 2189

Continued antihypertensive treatment
on day 8 after randomisation

(B 219,

Did not receive antihypertensive
treatment on day 8 after randomisation
(including 5 deaths within 8 days)

!

(W 2404)

Included in analysis at 14 days
or hospital discharge

(B 4)

Lost to follow-up

!

Included in analysis at 90 days

Lost to follow-up

)

h 2397

Assigned to delayed treatment group

®

Withdrew consent

(B 4)

Received antihypertensive treatment
immediately after randomisation

(Il 2390

Did not receive antihypertensive
treatment immediately after randomisation

}

(B 2104)

Started antihypertensive treatment
on day 8 after randomisation

(I 290

Did not receive antihypertensive
treatment on day 8 after randomisation
(including 4 deaths within 8 days)

}

(B 2384)

Included in analysis at 14 days
or hospital discharge

an

Lost to follow-up

}

(B 2382

Included in analysis at 90 days

(B 12)

Lost to follow-up

Fig 1 | Recruitment, randomisation, and follow-up in a trial of early versus delayed antihypertensive treatment in patients with acute ischaemic
stroke. Clinical contraindications (n=4520) included history of atrial fibrillation (n=703), NIH stroke scale score 221 (h=101) at baseline assessment,
modified Rankin score 23 at baseline assessment (n=432), severe heart failure defined as ejection fraction <35% (n=113), kidney failure defined as
estimated glomerular filtration rate <20 mL/min/1.73 m? (n=138), intravenous thrombolytic treatment or mechanical thrombectomy (n=1105), all
cause dementia (n=47), mental disorders (n=33), history of cancer (n=133) or other conditions (n=1715)

large adult, or thigh) based on participant arm
circumference according to a standard protoco
Three blood pressure measurements were obtained
at baseline; every three hours after randomisation for
the first 24 h; every eight hours from day two until day
14 or hospital discharge; and at 21 day and 90 day

follow-up visits.
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Interventions

All  eligible participants discontinued home
antihypertensive medications at the Dbaseline
examination if they were taking these drugs. The early
treatment group received antihypertensive medications
immediately after randomisation aimed at lowering
systolic blood pressure by 10%-20% within the first
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Table 1 | Baseline characteristics of study participants in a trial of early versus delayed antihypertensive treatment in

patients with acute ischaemic stroke

Early antihypertensive treatment

Delayed antihypertensive treatment

Characteristics (n=2408) (n=2394)
Mean age, years 64.0 (10.2) 63.5(10.3)
Sex, no. (%):

Male 1559 (64.7) 1563 (65.3)
Female 849 (35.3) 831 (34.7)
Median time from onset to randomisation, hours 36.2 (9.2) 36.2 (10.3)
Mean blood pressure at baseline, mm Hg:

Systolic 162.9 (14.9) 162.8 (14.9)
Diastolic 91.8(9.9) 91.8 (10.0)
Median NIH stroke scale score* 3(2-5) 3(2-5)
Medical history, no. (%):

Hypertension 1918 (79.7) 1911 (79.8)
Diabetes mellitus 605 (25.1) 561 (23.4)
Dyslipidaemia 82 (3.4) 67 (2.8)
Stroke 617 (25.6) 619 (25.9)
Transient ischaemic attack 8(0.3) 12 (0.5)
Coronary heart disease 200 (8.3) 181 (7.6)
Current smoking, no. (%) 829 (34.4) 815 (34.1)
Current alcohol drinking 545 (22.6) 528(22.1)
Medications at baseline, no. (%):

Antihypertensive 1265 (52.5) 1275 (53.3)
Antidiabetic 504 (20.9) 456 (19.1)
Lipid lowering 155 (6.4) 163 (6.8)
Antiplatelet 248 (10.3) 239 (10.0)
Cause of stroke, no. (%):

Large artery atherosclerosis 1212 (50.3) 1154 (48.2)
Small artery disease 1026 (42.6) 1045 (43.7)
Others 170 (7.1) 195 (8.1)
Median time from onset to intervention, days; hours 1.5 (1.2-1.8); (36.0 (28.0-44.0)) 8.5 (8.2-8.9); 204.1 (196.7-212.6))

Data are mean (standard deviation), no. (%), or median (interquartile range). NIH=National Institutes of Health.
*Scores on the NIH stroke scale range from 0 to 42, with higher scores indicating more severe neurological deficits.

24 h, reaching an average reading within seven days
for systolic blood pressure of less than 140 mm Hg and
for diastolic blood pressure of less than 90 mm Hg, and
maintaining this blood pressure level during the 90 day
follow-up. The delayed treatment group discontinued
all antihypertensive medications after randomisation
and restarted antihypertensive therapy on day eight
aimed at reaching and maintaining a systolic blood
pressure of less than 140 mm Hg and a diastolic blood
pressure ofless than 90 mm Hg during the 90 day follow-
up. During the first seven days, a study physician could
give patients temporary antihypertensive treatment
based on their clinical judgment if a patient’s systolic
blood pressure rose to 200 mm Hg or more. If a stroke
patient’s mean systolic blood pressure was 220 mm Hg
or more or had a diastolic blood pressure of 120 mm
Hg or more at each of two time points spaced six hours
apart during the intervention, the participant would
have been withdrawn from the trial.

Outcomes

The primary endpoint of the CATIS-2 trial was a
composite outcome of death within 90 days or functional
dependency (modified Rankin score of 3-5) at 90 days
after randomisation. Modified Rankin scores range from
0to 6, witha score of O indicating no symptoms, a score of
5 indicating severe disability, and a score of 6 indicating
death.'® Secondary outcomes included ordinal modified
Rankin score,?® recurrent total stroke events, and major
vascular disease events (ie, vascular deaths, non-

fatal stroke, non-fatal myocardial infarction, coronary
revascularisation, and admitted to hospital for angina
and heart failure) at the 90 day follow-up visit, as well
as categorical and ordinal modified Rankin score at 14
days or hospital discharge.

Trained research nurses and neurologists who were
masked to treatment assignment conducted follow-
up visits with participants at day 21 and day 90.
Data for medical history, medication use, vascular
events, blood pressure, NIH stroke scale, and modified
Rankin score were collected. Death certificates were
obtained for deceased participants, and hospital data
were abstracted for all vascular events. A study wide
endpoint adjudication committee, whose members
were masked to participants’ treatment assignments,
reviewed and adjudicated vascular events based on
established criteria.”* Each case was independently
adjudicated by two members; if a disagreement arose,
a third reviewer was included to reach a consensus.

Adverse events were queried by research nurses
during admission to hospital and follow-up visits.
Serious adverse events included deaths and events
that were fatal or life threatening, those that resulted
in clinically significant or persistent disability,
required admission to hospital again or prolonged
a hospital stay, or were judged by the investigator to
represent a clinically significant hazard or harm to
the participant that might require medical or surgical
intervention to prevent one of the other events listed
above.?? The association of serious adverse events to
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Fig 2 | Mean systolic and diastolic blood pressure since randomisation in a trial of early vs delayed antihypertensive treatment in patients with acute
ischaemic stroke. Three blood pressure measurements were obtained every three hours for the first 24 h and then every eight hours during hospital

admission until day 14 or hospital discharge. Additionally, three blood pressure measurements were obtained at 21 day and 90 day follow-up visits

in all patients. Error bars represent 95% confidence intervals. Tinted regions indicate the timeframe from day 0 to 7

the intervention was assessed by trial physicians and
reviewed by the data and safety monitoring board and
participating institutes’ ethics committees.

Sample size and power

The sample size calculation was calculated on the
following assumptions: a 25% event rate of the primary
outcome in the delayed treatment group modelled
on data from the CATIS trial,” a 21% event rate of the
primary outcome in the early treatment group based on
the assumption of a 15% proportional risk reduction
associated with early antihypertensive treatment,
5% loss to follow-up, 85% statistical power, and a
two-sided significance level of 0.05. Accordingly, the
estimated sample size was 4776 participants (2388 in
each randomisation group).

Statistical analysis

Intention to treat analyses were conducted. Linear
mixed-effects regression analysis was used to test the
group differences in mean blood pressure changes
between the early and delayed treatment groups with a
significance level of 0.004 (0.05/14 tests). Mixed-effects
logistic regression analysis was used to estimate odds
ratios and 95% confidence intervals associated with
early treatment compared with delayed treatment at a

thelbmj | BMJ2023;383:e076448 | doi: 10.1136/bmj-2023-076448

significance level of 0.05. Participating hospitals were
included as a random effect in the mixed-effects models.
In a sensitivity analysis, odds ratios were adjusted for
baseline age, sex, systolic blood pressure, NIH stroke
scale score, time from stroke onset to randomisation,
historyofhypertension, andantihypertensivemedication
use. Additionally, the median and interquartile range
of modified Rankin score were calculated, and the
differences in the entire distribution of modified Rankin
score were compared using the Wilcoxon rank-sum
test. Ordinal logistic regression was used to estimate
the effect of early blood pressure reduction compared
with delayed reduction on the full range of the modified
Rankin score.”> Furthermore, a per protocol analysis
was conducted to assess the robustness of trial findings.
We assessed the heterogeneity of the treatment effect
on the primary outcome in prespecified subgroups by
age, sex, systolic blood pressure, NIH stroke scale score,
history of hypertension, antihypertensive medication
use, and subtypes of ischaemic stroke at baseline by
adding an interaction term in logistic regression models.
The Bonferroni correction method was used to adjust
the critical value for interaction tests in these subgroup
analyses.

In these analyses, pairwise deletion of missing
data was used to preserve all information observed.
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Table 2 | Blood pressure reduction during intervention in a trial of early versus delayed antihypertensive treatment in

patients with acute ischaemic stroke
Early antihypertensive

Delayed antihypertensive

Characteristic treatment (n=2408) treatment (n=2394) Group difference (95% ClI) P value
Mean BP (SD) at 24 h after randomisation, mm Hg

Systolic 146.4 (19.1) 154.3 (16.8) -7.9 (-8.9t0 -6.9) <0.001
Diastolic 82.8 (10.4) 86.7 (11.7) -3.9(-4.5t0-3.3) <0.001
Mean absolute change (SD) in BP from baseline to 24 h after randomisation, mm Hg

Systolic -16.4(19.7) -8.6 (16.9) -7.8(-8.9t0-6.7) <0.001
Diastolic -9.0(11.0) -5.1(11.4) -3.9(-4.5t0-3.3) <0.001
Mean proportional change (SD) in BP from baseline to 24 h after randomisation, %

Systolic -9.7 (11.7) -4.9(10.2) ~4.8 (-5.4t0 -4.2) <0.001
Diastolic -9.3(11.5) -5.1(12.4) -4.3 (-5.0t0 -3.6) <0.001
Mean BP (SD) at day 7 after randomisation, mm Hg

Systolic 139.1(13.9) 150.9 (16.4) -11.9(-12.9t0-10.9) <0.001
Diastolic 80.2 (9.3) 85.6 (11.5) -5.4 (-6.1t0-4.7) <0.001
Mean BP (SD) at day 14 after randomisation, mm Hg

Systolic 135.1(11.3) 137.5(11.9) -2.3(-3.9t0-0.7) 0.001
Diastolic 78.9 (8.4) 80.1(8.9) -1.2 (-2.41t00.0) 0.07
Mean BP (SD) at day 21 after randomisation, mmHg

Systolic 133.5(9.2) 134.7 (9.6) -1.3(-1.8t0-0.8) <0.001
Diastolic 78.8(7.2) 79.8 (7.7) -1.0(-1.4t0 -0.6) <0.001
Mean BP (SD) at day 90 after randomisation, mm Hg

Systolic 133.1(9.1) 134.0 (9.2) -0.9 (-1.4to -0.4) <0.001
Diastolic 79.1(7.3) 79.5 (7.4) -0.4 (0.8 t0 0.0) 0.04

[i1BP=blood pressure; Cl=confidence interval; SD=standard deviation.

Additionally, multiple imputation for missing data
was conducted using the Markov chain Monte Carlo
method with an arbitrary missing pattern, assuming
a multivariate normal distribution for the data.*
The study outcome and baseline covariables—age,
sex, systolic blood pressure, NIH stroke scale score,
time from stroke onset to randomisation, history of
hypertension, and antihypertensive medication use—
were included in the analytical model for multiple
imputation. Ten imputed datasets were generated
and analysed using the statistical methods previously
described here. The results from 10 imputed datasets
were combined for inference. Statistical analyses were
done using SAS software, version 9.4.

Protocol amendments

Due to covid-19 pandemic, the recruitment period was
extended from two years to four years. Additionally,
to reduce visiting time in clinics, the CATIS-2 Steering
Committee and data and safety monitoring board
decided to not collect data on the Montreal Cognitive
Assessment and the 12-item Short Form-12 during
three month follow-up visits. To be consistent with
using ordinal logistic regression for the ordinal
modified Rankin score scores, binary logistic
regression was chosen to analyse the binary primary
and secondary outcomes during the development of
the statistical analysis plan.

Patient and public involvement

Patients or members of the public were not formally
involved in the design, conduct, or analysis of the trial,
nor in the writing or interpretation of study findings.
This efficacy trial was conducted among patients with
acute ischaemic stroke within 24-48 h of symptom
onset. Therefore, the time and study site where the
research took place limited the involvement of patients.

Additionally, the trial was initiated before patient and
public involvement became common, and funds or
personnel to include patients or the public were not
available. However, the study protocol, treatment
plan, and manuscript were widely discussed among
clinical practice neurologists. Furthermore, clinical
practice neurologists will be involved in disseminating
study findings to patients, members of the public, and
healthcare professionals.

Results
Between 13 June 2018 and 10 July 2022, 14854
patients from 106 hospitals in China were screened;
4810 patients were enrolled; and 2413 patients were
randomly assigned to the early treatment group and
2397 to the delayed treatment group (fig 1). During the
90 day follow-up, five patients withdrew consent and
seven were lost to follow-up in the early-treatment group.
Similarly, three patients withdrew consent and 12 were
lost to follow-up in the delayed-treatment group. These
patients were not included in the primary analysis.
Baseline characteristics of patients were similar
between the two randomisation groups (table 1). The
mean age was 63.7 years, 65.0% of patients were men,
79.7% had a history of hypertension, and 52.9% were
taking antihypertensive medication at admission.
Additionally, 25.7% of patients had a history of
stroke, and 49.3% of patients had a large artery
atherosclerosis stroke. The median time from symptom
onset to randomisation was 36.2 h. The median time
from symptom onset to intervention was 1.5 days (36.0
h) in the early treatment group and 8.5 days (204.1 h)
in the delayed treatment group.

Blood pressure reduction
Immediately after randomisation,
received  antihypertensive = medications

2224 patients
(527
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Table 3 | Primary, secondary, and safety outcomes in a trial of early versus delayed antihypertensive treatment in patients with acute ischaemic stroke

Outcomes
Primary outcome

Early antihypertensive treatment

Delayed antihypertensive treatment Odds ratio (95% ClI) Pvalue

Death or major disability at 90 days (mRS score  289/2401 (12.0) 250/2382 (10.5) 1.18 (0.98 t0 1.41) 0.08
of 3-6), no. (%)*

Secondary outcomes at 90 days

Median mRS score (IQR) 1(0-1) 1(0-1) — 0.34
Ordinal mRS scorest — — 1.01 (0.89t0 1.16) 0.85
0 (no symptoms at all) 873/2401 (36.4) 883/2382 (37.1) — —

1 (no significant disability despite symptoms) 973/2401 (40.5) 977/2382 (41.0) — —

2 (slight disability) 266/2401 (11.1) 272/2382 (11.4) = —

3 (moderate disability requiring some help) 171/2401 (7.1) 139/2382 (5.8) — —

4 (moderate-severe disability requiring assistance 81/2401 (3.4) 82/2382 (3.4) — —
with daily living)

5 (severe disability, bed bound, and incontinent) 20/2401 (0.8) 17/2382 (0.7) — -

6 (dead) 17/2401 (0.7) 12/2382 (0.5) = =
Recurrent stroke 140/2401 (5.8) 123/2382 (5.2) 1.14 (0.89 t0 1.46) 0.30
Major vascular events 143/2401 (6.0) 132/2382 (5.5) 1.08 (0.85t0 1.38) 0.53
Secondary outcomes at 14 days or hospital discharge

Death or major disability at 14 days (mRS score  416/2404 (17.3) 393/2384 (16.5) 1.06 (0.91 to 1.24) 0.44
of 3-6)

Median mRS score (IQR) 1(1-2) 1(1-2) — 0.77
Ordinal mRS scorest — — 1.05 (0.89 to 1.24) 0.55
0 (no symptoms at all) 440/2404 (18.3) 441/2384 (18.5) — —

1 (no significant disability despite symptoms) 1166/2404 (48.5) 1121/2384 (47.0) — —

2 (slight disability) 382/2404 (15.9) 429/2384 (18.0) = =

3 (moderate disability requiring some help) 171/2404 (7.1) 161/2384 (6.8) — —

4 (moderate-severe disability requiring assistance 215/2404 (8.9) 198/2384 (8.3) — —
with daily living)

5 (severe disability, bed bound, and incontinent)  24//2404 (1.0) 28/2384 (1.2) — —

6 (dead) 6/2404 (0.2) 6/2384(0.3) = =
Serious adverse events during follow-up

Deaths 17/2401 (0.7) 12/2382 (0.5) 1.41 (0.67 t0 2.97) 0.36
Any serious adverse eventt 166/2401 (6.9) 142/2382 (6.0) 1.18 (0.93 to 1.49) 0.17

Data are n/N (%), unless otherwise specified. Cl=confidence interval; IQR=interquartile range; mRS=modified Rankin Score.
*The mRS ranges from 0 to 6, with a score of 0 indicating no symptoms; a score of 5 indicating severe disability (ie, bedridden, incontinent, or requiring constant nursing care and attention); and

a score of 6 indicating death.

t0dds of a 1 unit higher modified Rankin scale score.
$Any serious adverse event, defined by standard criteria, includes any event that might or might not be considered related to the treatment that results in death, is life threatening, requires or
prolongs hospital stay, results in persistent or substantial disability or incapacity, or results in medical or surgical intervention to prevent one of the other events listed above.

intravenous) in the early treatment group while four
patients received antihypertensive medications (one
intravenous) in the delayed treatment group (fig 1). At
24 h after randomisation, mean systolic blood pressure
was reduced by 16.4 mm Hg (standard deviation
19.7) in the early treatment group and by 8.6 mm Hg
(standard deviation 16.9) in the delayed treatment
group with a net group difference of -7.8 mm Hg ((95%
confidence interval -8.9 to -6.7), P<0.001) (fig 2, table
2). Approximate 51.0% (1177/2309) of patients in
the early treatment group and 28.9% (659/2280) of
patients in the delayed treatment group had a systolic
blood pressure reduction of at least 10% within the
first 24 h. At day seven, mean systolic blood pressure
was 139.1 mm Hg in the early treatment group and
150.9 mm Hg in the delayed treatment group with a
net systolic blood pressure difference of -11.9 mm Hg
((95% confidence interval -12.9 to —10.9), P<0.001).
Additionally, 54.6% (1050/1922) of patients in the
early treatment group and 22.4% (445/1985) in the
delayed treatment group had blood pressure of less
than 140/90 mm Hg (P<0.001 for group difference).
After starting antihypertensive medications on day
eight in the delayed treatment group, the difference
in mean systolic blood pressure between the two
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groups narrowed to -2.3 mm Hg at day 14 and further
narrowed down to —-0.9 mm Hg at day 90. The most
used antihypertensive medications were calcium
channel blockers, followed by angiotensin-converting-
enzyme inhibitors, angiotensin-II receptor blockers,
and diuretics (supplementary table S2).

Cotreatments

Other cotreatments for ischaemic stroke were
balanced between the two randomisation groups
(supplementary table S3). For example, in the early
versus delayed treatment groups, 98.9% versus 98.8%
of patients received antiplatelet drugs, 11.1% versus
11.0% received anticoagulant drugs, 25.5% versus
24.9% received antidiabetic drugs, and 97.3% versus
97.7% received lipid lowering drugs.

Primary and secondary outcomes

At day 90, 289 participants (12.0%) of 2401 in the
early treatment group, compared with 250 (10.5%)
of 2382 in the delayed treatment group, had died
or experienced dependency (odds ratio 1.18 (95%
confidence interval 0.98 to 1.41), P=0.083). The
number needed to harm was 65 (95% confidence
interval -400 to 30). The median modified Rankin
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No of patients with primary
outcome/No of patients (%)

Early treatment Delayed treatment Odds ratio Odds ratio P value for
(95% CI) (95%Cl) interaction
Total 289/2401(12.0)  250/2382(10.5) -—’— 1.18(0.98 to 1.41)
Age (years)
<65 95/1215(7.8) 90/1243 (7.2) —0— 1.10(0.81t0 1.49) 0.28
265 194/1186 (16.4)  160/1139 (14.1) -—?— 1.20(0.95 to 1.50)
Sex
Male  183/1554(11.8) 151/15529.7) —o— 1.24(0.99t0 1.56) 0.50

Female 106/847(12.5) 99/830(11.9)
Systolic blood pressure at baseline (mm Hg)

1.05(0.78 to 1.41)

<160  106/1105(9.6) 97/11218.7) —e— 1.15(0.85t0 1.54) 0.48
160-179 125/937 (13.3) 94/902 (10.4) —*0 1.33(1.00to 1.78)
2180 58/359(16.2) 59/359 (16.4) ——*— 0.99(0.66t0 1.47)
NIH stroke scale score
0-4 92/1646 (5.6) 69/1603 (4.3) —“0— 1.32(0.95t01.82) 0.03
5-15 193/746 (25.9) 174/770 (22.6) —“'— 1.28 (1.00 to 1.65)
216 4/9 (44.4) 7/9(778) < § » 0.23(0.02 t0 2.95)
Hypertension history
No 63/486(13.0) 46/480 (9.6) —_—> 1.38(0.92t02.08) 0.29
Yes 226/1915(11.8)  204/1902(10.7) —-0;— 1.11(0.91 to 1.36)
Antihypertensive medication use at baseline
No 140/1137(12.3)  115/1108(10.4) —0— 1.21(0.93t0 1.58) 0.71
Yes 149/1264(11.8)  135/1274(10.6) —Q— 1.15(0.89 to 1.48)
Stroke subtype
Large 189/1211(15.6)  158/1153(13.7) —Q— 1.16(0.92t0 1.47) 0.80
Small 73/1024 (7.1) 67/1045 (6.4) 0— 1.11(0.79t0 1.57)
Other  27/166(16.3) 25/184(13.6) —————— 1.27(0.69 t0 2.31)
0.5 10 15 20
Early Delayed

treatment treatment

better

better

Fig 3 | Forest plot of the primary outcome according to subgroups in a trial of early versus delayed antihypertensive treatment in patients with acute
ischaemic stroke. The dashed vertical line represents the odds ratio for the overall study population. The box sizes are proportional to the precision
of the estimates (with larger boxes indicating a greater degree of precision). Cl=confidence interval

score was not significantly different between the two
groups, and the odds of a higher modified Rankin
score were not associated with early antihypertensive
treatment compared with delayed treatment (table
3). Additionally, 140 (5.8%) of 2401 patients in
the early treatment group and 123 (5.2%) of 2382
patients in the delayed treatment group experienced
a recurrent stroke (odds ratio 1.14 (95% confidence
interval 0.89 to 1.46), P=0.30). Likewise, 143 (6.0%)
of 2401 patients in the early treatment group and
132 (5.5%) of 2382 patients in the delayed treatment
group developed major vascular events (1.08 (0.85 to
1.38), P=0.53). The detailed causes for each secondary
clinical outcome are presented in table S4.

At 14 days or hospital discharge, 416 (17.3%)
of 2404 participants in the early treatment group,
compared with 393 (16.5%) of 2384 individuals in
the delayed treatment group, had died or experienced
dependency (1.06 (0.91 to 1.24), P=0.44). The median
modified Rankin score was not significantly different
between the two groups, and the odds of a higher

modified Rankin score were not significantly associated
with early antihypertensive treatment compared with
delayed treatment (table 3).

Subgroup and sensitivity analyses

At day 90, the odds ratio for the composite primary
outcome of dependency or death were not significantly
different across the prespecified subgroups by age, sex,
systolic blood pressure, NIH stroke scale score, history
of hypertension, antihypertensive medication use, and
subtype of ischaemic stroke at baseline (fig 3).

We adjusted for important baseline covariates
including age, sex, systolic blood pressure, NIH stroke
scale score, time from stroke onset to randomisation,
history of hypertension, and antihypertensive
medication use. After adjustment, the odds ratios
associated with early antihypertensive treatment
compared with delayed treatment were 1.21 ((95%
confidence interval 0.99 to 1.49), P=0.06) for
dependency or death at day 90 and 1.14 ((0.89 to
1.46), P=0.31) for recurrent stroke at day 90. After
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multiple imputation for missing data, the odds ratio of
dependency or death at day 90 associated with early
antihypertensive treatment compared with delayed
treatment was 1.17 ((0.98 to 1.40), P=0.084).

Inthe per protocol analysis, the odds ratios associated
with early treatment compared with delayed treatment
were 1.16 ((0.96 to 1.40), P=0.12) for dependency or
death at day 90 and 1.16 ((0.90 to 1.49), P=0.25) for
recurrent stroke at day 90 (supplementary table s5).

Adverse events

Serious adverse events occurred in 166 (6.9%) of 2401
participants in the early treatment group and 142
(6.0%) of 2382 participants in the delayed treatment
group (P=0.17) (table 3). In the early treatment group,
17 deaths (0.7%) were reported and in the delayed
treatment group, 12 deaths (0.5%) (P=0.36) were
reported. Likewise, other serious adverse events were
generally similar between the early treatment and
delayed treatment groups (supplementary table S6).

Discussion

Principal findings

CATIS-2 is the only randomised controlled trial to our
knowledge that has aimed at comparing the effect
of early antihypertensive treatment versus delayed
antihypertensive treatment on clinical outcomes
among patients with acute ischaemic stroke. In
our trial, mean systolic blood pressure in the early
treatment group was reduced by 9.7% within the
first 24 h after randomisation and reached 139.1
mm Hg on day seven. The net group difference in
systolic blood pressure was -11.9 mm Hg between
the early treatment and delayed treatment groups.
After antihypertensive treatment was initiated on
day eight in the delayed treatment group, the mean
systolic blood pressure difference between the two
randomisation groups narrowed to —2.3 mm Hg at day
14 and further narrowed down to —0.9 mm Hg at day
90. The composite primary outcome of dependency or
death at day 90 was not significantly different between
the two groups. No significant differences were noted
in the incidence of recurrent stroke, major vascular
events, or serious adverse events. These results indicate
that starting antihypertensive treatment within the
first week of acute ischaemic stroke onset holds no
advantage with alter treatment start dates.

Limitations

This study has several limitations. Firstly, the observed
primary outcome rate of 10.5% in the delayed
treatment group was substantially lower than the
rate of 25.0% that we had used in the sample size
calculation and therefore our trial was underpowered
to test the hypotheses that early treatment is better
than delayed treatment. However, our study was
adequately powered to conclude that no meaningful
benefit is likely from early intervention. We observed
a 95% confidence interval of the odds ratio for the
primary outcome, ranging from 0.98 to 1.41. The
lower bound of the 95% confidence interval ruled
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out anything but the smallest benefit of 2% at a
significance level of 0.05. Secondly, the blood pressure
reduction noted during the first seven days in the
early treatment group was moderate. However, in the
ENCHANTED-2 trial published in 2022, the likelihood
of poor functional outcome was greater in the more
intensive treatment group than in the less intensive
treatment group among patients with acute ischaemic
stroke.® Thirdly, the study physicians and patients
were not masked to randomisation assignment.
However, all data collectors and outcome adjudication
committee members were masked to randomisation
assignment. Additionally, our trial excluded patients
treated with intravenous thrombolytic treatment or
endovascular thrombectomy at baseline, and thus our
study results cannot be generalised to these patients.
Furthermore, most patients in our study had mild-
to-moderate symptoms, so the study findings might
not be generalisable to patients with severe acute
ischaemic stroke.

Comparison with other studies
Several previous clinical trials compared early
antihypertensive treatment versus no antihypertensive
treatment or specific antihypertensive agents versus
placebo on clinical outcomes among patients with
acute stroke.>® 2% In a meta-analysis of these trials,
Lee and colleagues reported that antihypertensive
treatment in early ischaemic stroke did not affect risk
of a composite of dependency or death at 90 days or at
trial end (relative risk 1.04 (95% confidence interval
0.96 to 1.13), P=0.35).° Two clinical trials have tested
the effect of intensive blood pressure reduction within
the first few hours of acute ischaemic stroke onset
among patients who received intravenous thrombolysis
treatment or endovascular thrombectomy.” @
In the ENCHANTED trial,’ 2196 patients with
acute ischaemic stroke who received intravenous
thrombolysis treatment and had raised blood pressure
were randomly assigned within six hours of symptom
onset to receive intensive antihypertensive treatment
(with an systolic blood pressure target of 130-140
mm Hg within one hour) or guideline based treatment
(with an systolic blood pressure target 140-180 mm
Hg over 72 h). The composite outcome of death and
major disability at day 90 did not differ between
groups (odds ratio 1.00 (95% confidence interval
0.84 to 1.20), P>0.99). In the ENCHANTED-2 trial,®
821 patients with persistently raised systolic blood
pressure after successful endovascular thrombectomy
were randomly assigned to a more intensive systolic
blood pressure target <120 mm Hg or to a less intensive
target of 140-180 mm Hg, with the goal of meeting
the target within an hour and sustaining it for 72 h.
Compared with the less intensive treatment, the more
intensive treatment group had significantly higher
odds of death or disability at 90 days (odds ratio 1.85
(95% confidence interval 1.36 to 2.51), P<0.0001).
Theoretically, increased blood pressure during acute
ischaemic stroke might be advantageous (by improving
cerebral perfusion of the ischaemic tissue), or it might
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be detrimental (by exacerbating cerebral oedema
and haemorrhagic transformation of the ischaemic
tissue).! % Raised blood pressure in acute stroke can
result from many causes, including history of chronic
hypertension, disturbed cerebral autoregulation,
damage or compression of the brain regions involved
in blood pressure regulation, neuroendocrine
disturbance, and non-specific mechanisms, such as
anxiety and stress associated with hospital admission,
severe headaches, and urinary retention.’® *° In
previous trials, investigators observed significant
reductions in blood pressure within the first 24 h of
ischaemic stroke onset in control groups that did not
receive any antihypertensive treatment.’ %’ % In the
CATIS-2 trial, patients were recruited and randomised
between 24 h and 48 h after stroke onset to avoid early
transient blood pressure increase due to mental and
physical stress.’® 2 3° We observed a moderate 16.4
mm Hg (9.7%) reduction in systolic blood pressure in
the early treatment group 24 h after randomisation.

Implications of the study

Our study provides novel information about early blood
pressure management in patients with acute ischaemic
stroke in several ways. Previous clinical trials have
shown that early antihypertensive treatment within 48
h of symptom onset had a neutral effect on dependency
or death, recurrent stroke, and vascular events.” Our
findings further show that delaying antihypertensive
treatment to eight days after stroke onset did not
increase the risk of these clinical outcomes. Actually,
early antihypertensive treatment was associated with
an increased odds ratio of 1.18, with the lower 95%
confidence interval limit at 0.98, very close to the null.
Our study might suggest a potential harmful effect
associated with early antihypertensive treatment in
patients with acute ischaemic stroke.

According to the subgroup analysis of the CATIS trial,
blood pressure lowering between 24 h and 48 h after
stroke onset might reduce odds of dependency or death,
recurrent stroke, and vascular events compared with no
treatment among patients with acute ischaemic stroke.’
Our study results did not support these observations.
Additionally, previous trials did not provide
antihypertensive treatment after 7-14 days following the
acute phase of ischaemic stroke.” 7 2® Consequently,
patients in the antihypertensive treatment group
usually had lower blood pressure levels compared with
those in the control group during the 90 day follow-up
period. In our study, patients in both groups received
the same antihypertensive treatment after the first seven
days following stroke onset, resulting in similar blood
pressure reduction over 90 days. Therefore, the only
intervention difference between the two comparison
groups was whether antihypertensive treatment was
received in the first seven days.

Furthermore, almost all previous antihypertensive
trials in acute ischaemic stroke either excluded or
recruited very few patients with minor stroke, despite
patients with these events representing more than
70% of all referrals of acute ischaemic stroke in routine
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practice.>® In our study, 68% of the participants
had an NIH stroke scale score of less than 5, which
was very similar to data from the China National
Stroke Registry.>?> Thus, our study results may be
more generalisable to routine clinical practice than
previous trials. The length of hospital stays in patients
with acute ischaemic stroke varied by the severity of
the disease, treatment received, practice patterns,
and other determinants.”® >* Among patients with
fewer than seven days in hospital, antihypertensive
treatment can reasonably be prescribed at discharge
for long term blood pressure control.

Conclusions

Early antihypertensive treatment did not reduce the
odds of dependency or death at 90 days among patients
with mild-to-moderate acute ischaemic stroke, systolic
blood pressure between 140 and less than 220 mm
Hg, and who did not receive intravenous thrombolytic
treatment. Therefore, initiation of antihypertensive
treatment might not be beneficial in the week following
acute ischaemic stroke onset.
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