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Abstract

Background: Clinical trials have generally showed a neutral effect of blood pressure (BP)
reduction on clinical outcomes among acute ischemic stroke patients. We conducted a prespecified
subgroup analysis to assess whether disease severity modifies the effect of early antihypertensive
treatment on death and disability among patients with acute ischemic stroke.

Methods: In the China Antihypertensive Trial in Acute Ischemic Stroke, 4,071 patients with
acute ischemic stroke and elevated BP were randomly assigned to receive antihypertensive
treatment or to discontinue all hypertension medications within 48 h of symptom onset. The
primary outcome was a combination of death and major disability at 14 days or hospital discharge.
In this subgroup analysis, participants were categorized into 3 groups according to their baseline
NIH Stroke Scale (NIHSS) scores (0-4, 5-15, or = 16).

Results: At 24 h after randomization, mean systolic BP differences (95% Cls) were —8.5 (-10.0
to -7.1), —9.8 (-11.4 to -8.3), and -9.1 (-14.4 to —3.8) mm Hg between the treatment and

control groups (all p values <0.001) for patients with a baseline NIHSS score of 0-4, 5-15, and

> 16, respectively. At day 7 after randomization, the corresponding mean systolic BP differences
were —9.3 (-10.5t0 -8.2), —9.1 (-10.3 to -7.8), and —10.1 (-15.1 to —5.1) mm Hg between the
treatment and control groups (all p values <0.001). The primary outcome was not significantly
different between the treatment and control groups at day 14 or hospital discharge among all
NIHSS subgroups (p value for homogeneity = 0.66). ORs (95% CI) associated with treatment
were 1.14 (0.87-1.49, p = 0.33), 1.04 (0.86-1.25, p = 0.70), and 0.67 (0.18-2.44, p = 0.54) for
patients with a baseline NIHSS score of 0-4, 5-15, and > 16, respectively. The composite outcome
of death and major disability at 3-month follow-up did not differ between the 2 comparison groups
for all NIHSS subgroups. In addition, vascular events and recurrent stroke were not significantly
different between the 2 comparison groups at the 3-month follow-up visit among all NIHSS
subgroups except that there was a suggestive risk reduction for recurrent stroke among those with
an NIHSS score of 5-15 (OR 0.45, 95% CI 0.20-0.99, p = 0.05).

Conclusion: Early BP reduction with antihypertensive medications did not reduce or increase
the risk of death, major disabilities, recurrent instances of stroke, and vascular events in acute
ischemic stroke patients with a variety of disease severities.

Keywords

Acute ischemic stroke; Antihypertensive treatment; Disability; Mortality; Stroke severity

Elevated blood pressure (BP) is common in the acute phase of ischemic stroke, occurring
in about 75% of all patients [1, 2]. The early BP increase following ischemic stroke often
reflects uncontrolled or undiagnosed chronic hypertension. However, an early hypertensive
response to physical and psychological stresses from brain ischemia is an important
contributing factor for elevated BP in acute ischemic stroke [3, 4]. It has been suggested
that dynamic cerebral autoregulation is impaired in the affected hemisphere after ischemic
stroke, which makes early BP management more challenging [4, 5]. Several clinical trials
have tested the effects of individual drug or management strategies of BP lowering on

Cerebrovasc Dis. Author manuscript; available in PMC 2022 January 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buetal.

Methods

Page 3

adverse clinical outcomes in patients with acute ischemic stroke and showed inconsistent
results [6-8]. These trials have mostly been conducted in patients with a mild-to-moderate
acute ischemic stroke. Overall, they indicated that BP lowering had a neutral effect on death
or dependency [9].

Observational clinical studies reported that stroke severity measured by the NIH Stroke
Scale (NIHSS) was associated with elevated BP during the acute phase, and predicted

poor clinical outcomes of ischemic stroke [10-12]. In a subgroup analysis of the
Scandinavian Candesartan Acute Stroke Trial, there was a significant trend toward a better
effect of candesartan on the functional outcome in patients with larger infarcts (total
anterior circulation or partial anterior circulation) than in patients with smaller infarcts
(lacunar infarction) [13]. In contrast, there was a trend suggesting a beneficial effect of
antihypertensive treatment in lacunar stroke and a detrimental effect in embolic stroke in the
China Antihypertensive Trial in Acute Ischemic Stroke (CATIS) [8]. Since stroke severity
is highly correlated with stroke subtype, these data provided conflicting information on the
modifier effect of disease severity on the effect of early BP lowering on clinical outcomes
among patients with acute ischemic stroke. CATIS was a multicenter randomized controlled
trial designed to test the effect of BP reduction within the first 48 h after the onset of an
acute ischemic stroke on death and major disability [8]. CATIS provides an opportunity to
assess the effect of early antihypertensive treatment on death and major disability among
patients with acute ischemic stroke according to disease severity.

Trial Participants

Intervention

CATIS was a multicenter, single-blind, blinded end-points randomized clinical trial
conducted in 26 hospitals across China from August 2009 to May 2013. The trial design,
methods, and main results were published elsewhere [8]. In brief, a total of 4,071 patients
aged = 22 who had ischemic stroke confirmed by computed tomography or magnetic
resonance imaging of the brain within 48 h of symptom onset, and with a systolic BP
between 140 and <220 mm Hg were recruited into the study. Patients with a systolic BP =
220 mm Hg or diastolic BP = 120 mm Hg, severe heart failure, acute myocardial infarction
or unstable angina, atrial fibrillation, aortic dissection, cerebrovascular stenosis, or resistant
hypertension; those in a deep coma; and those treated with intravenous thrombolytic therapy
were excluded [8].

The study was approved by IRBs at Tulane University in the United States and Soochow
University in China, as well as Ethical Committees at the 26 participating hospitals. Written
consent was obtained from all study participants. A data and safety monitoring board met at
least annually to review the accumulating data for safety and to monitor the trial for either
superiority or inferiority of BP reduction on clinical outcomes.

Participants were randomly assigned to receive antihypertensive treatment or to
control. All home antihypertensive agents were discontinued after randomization.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buetal.

Page 4

Several antihypertensive medications, including intravenous angiotensin-converting enzyme
inhibitors (enalapril, first-line), calcium channel blockers (second-line), and diuretics (third-
line), were used individually or in combination in the intervention group to achieve

the targeted BP reduction according to a prespecified stepwise treatment algorithm. The
antihypertensive treatment aimed at lowering systolic BP by 10-25% within the first 24 h
after randomization, achieving a systolic BP <140 mm Hg and diastolic BP <90 mm Hg
within 7 days, and maintaining this level of BP control during the remainder of a patient’s
hospitalization period. Patients in both groups were prescribed antihypertensive medications
at their hospital discharge according to clinical guidelines [14, 15].

Measurements

Demographic characteristics and medical histories were collected at enrollment. Stroke
severity was assessed by trained neurologists using NIHSS (scores range from 0 to 42,
with higher scores indicating more severe neurologic deficits: 0 = no stroke symptoms;
1-4 = minor stroke; 5-15 = moderate stroke; 16-20 = moderate to severe stroke; and
21-42 = severe stroke) at baseline, 14 days or hospital discharge, and 3 months after
treatment [16]. Three BP measurements were conducted by trained nurses at baseline
according to a common protocol adapted from procedures recommended by the American
Heart Association [17]. BP was measured with the participants in a supine position using
a standard mercury sphygmomanometer and 1 of 4 cuff sizes (pediatric, regular adult,
large adult, or thigh) based on participants’ arm circumferences. After randomization, 3 BP
measurements were obtained every 2 h for the first 24 h, every 4 h during the second and
third days, and 3 times a day thereafter until hospital discharge or death.

Outcome Assessment

The primary outcome was a combination of death and major disability, defined as a score
of 3-6 on the modified Rankin Scale (scores range from 0 to 6, with 0 indicating no
symptoms, 5 indicating severe disability, and 6 indicating death) [18]. Secondary outcomes
included an ordered 7-level categorical score of the modified Rankin Scale for neurologic
functional status, vascular disease events (e.g. vascular deaths, nonfatal stroke, nonfatal
myocardial infarction, and hospitalized and treated peripheral arterial disease), recurrent
fatal and nonfatal stroke, and all-cause mortality.

Study outcomes were assessed at 14 days or hospital discharge, whichever came first,

and at 3 months by trained neurologists and nurses unaware of treatment assignment.

Death certificates were obtained for deceased participants. Hospital data were abstracted for
all vascular events. The outcome assessment committee, blinded to treatment assignment,
reviewed and adjudicated vascular events based on the criteria established in the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)
[19].

Statistical Analysis

Data were analyzed using the intention-to-treat analysis. Participants were divided into 3
subgroups according to baseline stroke severity (NIHSS score of 04 (no stroke symptoms
or minor stroke), 5-15 (moderate stroke), and = 16 (moderate to severe stroke or severe
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stroke) [16]. Proportions of primary and secondary outcomes at 14 days or hospital
discharge and at 3 months were compared between the antihypertensive treatment and
control groups using a XZ test at a 2-sided a level of 0.05 without correction for multiple
comparisons within each subgroup. Univariate logistic regression models were used to
estimate ORs and 95% Cls associated with antihypertensive treatment vs. control among
each NIHSS subgroup. Additionally, the median and interquartile range (IQR) of modified
Rankin Scale scores was calculated, and the difference between antihypertensive treatment
and control groups was compared using the Wilcoxon rank-sum test. Univariate ordinal
logistic regression models were used to estimate the effect of BP reduction on the full
range of the modified Rankin Scale. In a sensitivity analysis, baseline NIHSS scores were
categorized into quartiles (0-2, 2—-4, 5-8, and = 9). Homogeneity of treatment effect on

all clinical outcomes in subgroups by baseline stroke severity was assessed by adding an
interaction term (subgroup x treatment) in logistic regression models. Data analyses were
performed using SAS version 9.3 (SAS Institute Inc., Cary, N.C., USA).

A total of 22,230 patients with acute ischemic stroke were screened from August 2009 to
May 2013; of them, 4,071 were eligible and randomly assigned to receive antihypertensive
treatment (n = 2,038) or to discontinue all hypertensive medications (n = 2,033). Seven
participants in the treatment group and 6 in the control group withdrew from the trial during
hospitalization. In addition, 43 participants in treatment and 40 in control groups were lost to
follow-up at 3 months (fig. 1).

At entry, 2,074 participants had a baseline NIHSS score of 0-4 (1,065 in intervention and
1,009 in control), 1,794 had a score of 5-15 (871 in intervention and 923 in control), and
188 had a score of = 16 points (95 in intervention and 93 in control). Baseline characteristics
were balanced between antihypertensive treatment and control groups within each NIHSS
subgroup (table 1). In addition, co-treatments (antiplatelet, anticoagulation, and dehydration)
were not significantly different between antihypertensive treatment and control within each
NIHSS subgroup.

BP Reduction

Mean systolic BP was reduced by 22.4 (12.5%), 22.7 (13.1%), and 19.2 mm Hg (11.1%) in
the antihypertensive treatment group, and 12.8 (7.3%), 12.9 (7.3%), and 10.0 mm Hg (5.5%)
in the control group within 24 h after randomization for patients with a baseline NIHSS
score of 0-4, 5-15, and = 16, respectively (table 2). The corresponding mean systolic BP
differences were —8.5, -9.8, and —9.1 mm Hg between the treatment and control groups

(all p <0.001). The mean systolic BP differences between the treatment and control groups
were 9.3, 9.1, and —10.1 mm Hg at day 7 after randomization (all p < 0.001), and -8.9

(p <0.001), -8.6 (p < 0.001) and —4.6 (p = 0.19) mm Hg at day 14 after randomization for
patients with a baseline NIHSS score of 0-4, 5-15, and = 16, respectively.

Cerebrovasc Dis. Author manuscript; available in PMC 2022 January 23.
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Clinical Outcomes at 14 Days or Hospital Discharge

At 14 days or hospital discharge, the primary outcome was not significantly different
between the treatment and control groups among all NIHSS subgroups (p value for
homogeneity = 0.66). ORs (95% CI) associated with treatment were 1.14 (0.87-1.49, p
=0.33), 1.04 (0.86-1.25, p = 0.70), and 0.67 (0.18-2.44, p = 0.54) for patients with a
baseline NIHSS score of 0-4, 5-15, and = 16, respectively (table 3). Likewise, the secondary
outcomes of modified Rankin Scale scores and death rate were not significantly different
between the treatment and control groups within each NIHSS subgroup. In addition, ordinal
logistic regression analysis showed that antihypertensive treatment was not associated with
the odds of a higher modified Rankin Scale score among all 3 NIHSS subgroups.

Clinical Outcomes at 3 Months

At 3 months, mean systolic BP differences between treatment and control were —3.5 (p <
0.001), —2.0 (p < 0.001) and 5.1 mm Hg (p = 0.06) for patients with a baseline NIHSS
score of 0-4, 5-15, and = 16, respectively (table 4). The composite outcome of death or
major disability, the median modified Rankin Scale score, death, vascular events, and the
combination of vascular events and death were all not significantly different between the
treatment and control groups within each NIHSS subgroup (all p > 0.05). For patients
with a baseline NIHSS score of 0—4 and = 16 points, the risk of recurrent stroke was not
significantly different between the treatment and control groups; for those with a baseline
NIHSS score of 5-15 points, there was a borderline significant reduction in recurrent stroke
in the antihypertensive treatment group (OR 0.45, 95% CI 0.20-0.99; p = 0.05). However,
the treatment effects were not statistically different across the 3 NIHSS subgroups (p for
interaction = 0.38).

We conducted a sensitivity analysis using the quartiles of baseline NIHSS scores (0—

2, 3-4,5-8, 2 9) as cut-points. The results of the sensitivity analysis were consistent

with those of the main analysis (online suppl. tables 1 and 2, see www.karger.com/doi/
10.1159/000444722). The primary outcome of death and major disability at day 14 or
hospital discharge was not significantly different between the treatment and control groups
among all NIHSS subgroups (p value for homogeneity = 0.85). Likewise, the composite
outcome of death and major disability at 3-month follow-up did not differ between the 2
comparison groups for all NIHSS subgroups (p value for homogeneity = 0.43).

Discussion

This prespecified subgroup analysis of the CATIS trial found that the primary outcome

of death or major disability was not different at 14 days or hospital discharge and at
3-month follow-up between the antihypertensive treatment group and the control group
among acute ischemic stroke patients with various disease severities (NIHSS score of 04,
5-15, and = 16) despite a significant difference in BP reduction between the 2 comparison
groups. Median modified Rankin Scale scores were not significantly different between the
treatment and control groups at 14 days or discharge and at 3-month follow-up across
NIHSS subgroups. Furthermore, rates of vascular events, recurrent stroke, and all-cause
mortality were not significantly different between the 2 comparison groups at the 3-month
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follow-up visit among all NIHSS subgroups except that there was a suggestive risk reduction
for recurrent stroke among those with an NIHSS of 5-15. These results indicate that there is

a neutral effect of antihypertensive treatment on death and major disability, recurrent stroke,

and other clinical outcomes among acute ischemic stroke patients, which is independent of a
patient’s disease severity.

The potential effect modification of stroke severity on BP reduction and clinical outcomes
has not been well studied among patients with acute ischemic stroke. It was suggested that
serious stroke might involve more transient or permanent damage to the areas involved

in the brain regulation of cardiovascular functioning compared to mild stroke [4, 12].
Furthermore, autoregulation might also be more likely to be impaired in patients with severe
stroke compared to mild stroke in regions surrounding an acute lesion [4, 5]. Because of
these reasons, it was conventionally believed that BP lowering might not be safe among
patients with severe acute ischemic stroke [14, 15]. However, our study indicated that
antihypertensive treatment did not increase adverse clinical outcomes among patients with
severe acute ischemic stroke.

Several randomized trials have tested the effects of BP reduction on clinical outcomes in
acute stroke patients with mild to moderate disease severities (median NIHSS scores ranging
from 4 to 11) [7, 20, 21]. In the Controlling Hypertension and Hypotension Immediately
Post-Stroke (CHHIPS) trial, 179 acute stroke patients with a median NIHSS score of 9
(IQR 5-16) were randomly assigned to receive labetalol (n = 58), lisinopril (n = 58), or
placebo (n = 63) for 2 weeks. The primary outcome of death or dependency at 2 weeks
was not significantly different among groups [20]. In the Continue or Stop Post-Stroke
Antihypertensives Collaborative Study (COSSACS), 763 stroke patients with a median
baseline NIHSS score of 4 (IQR 3-8) were randomly assigned to continue (n = 379) or
stop (n = 384) pre-existing antihypertensive agents. The results indicated that continuation
of antihypertensive drugs did not reduce 2-week death or dependency, cardiovascular event
rate, or mortality at 6 months [21]. In the Efficacy of Nitric Oxide in Stroke (ENOS)

trial, a subgroup of 2,097 patients with acute ischemic or hemorrhagic stroke and a mean
baseline NIHSS score of 11 (SD 6) were randomly assigned to continue (n = 1,053)

or stop (n = 1,044) taking their antihypertensive drugs before their stroke. The primary
outcome, modified Rankin Scale score at 90 days after randomization, did not differ in the
2 comparison groups [7]. Results from these studies and the CATIS trial primary analysis
indicated that early antihypertensive treatment did not reduce or increase adverse clinical
outcomes in patients with acute stroke. Our analysis brought to light the new information
that the neutral effect of antihypertensive treatment did not significantly vary by stroke
severity.

As a subgroup analysis of a clinical trial, there were some inherent limitations in our study,
such as multiple comparisons, loss of statistical power, and difficulty in interpretation [22].
Therefore, our study findings cannot provide a definite answer to guide clinical patient
care. In addition, there are several limitations specifically related to this study. First, acute
stroke patients with BP of 220/120 mm Hg or greater were excluded because the current
guidelines recommend antihypertensive treatment in such patients [14, 15]. Patients with
intravenous thrombolytic therapy were also excluded because of a different requirement for

Cerebrovasc Dis. Author manuscript; available in PMC 2022 January 23.
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BP reduction [15]. Thus, our study results might not be applicable to those patients. Second,
the sample size for patients with an NIHSS score of = 16 was very small in our study, and
small effects of BP reduction therefore cannot be ruled out in this group. However, there
was no evidence of heterogeneity in BP-lowering effects by stroke severity in our study.
Third, our trial did not compare the appropriate BP targets, times of starting treatment, and
classes of antihypertensive drug for early BP lowering in patients with acute ischemic stroke.
Finally, data regarding culprit arterial patency, cerebral blood flow, collateral blood flow,
and presence of penumbral tissue were not collected in the CATIS trial. Future trials should
collect these data to guide BP management in acute ischemic stroke.

In conclusion, this subgroup analysis of the CATIS trial indicates that early BP reduction
with antihypertensive medications did not reduce or increase death, major disability,
recurrent stroke, and vascular events in acute ischemic stroke patients with a variety of
disease severities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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22,230 patients screened for eligibility

2,038 randomized to treatment

4,071 randomized

2,033 randomized to control

A 4

2,031 included in analysis at 14 days or hospital
discharge*
1,065 (52.4%) had baseline NIHSS 0-4
871 (42.9%) had baseline NIHSS 5-15
95 (4.7%) had baseline NIHSS >16

2,025 included in analysis at 14 days or hospital
discharge*
1,009 (49.8%) had baseline NIHSS 0-4
923 (45.5%) had baseline NIHSS 5-15
93 (4.6%) had baseline NIHSS >16

43 lost to follow-up

—» 39 lost to follow-up

A

1,988 included in analysis at 3 months
1,050 (52.8%) had baseline NIHSS 0-4
848 (42.7%) had baseline NIHSS 5-15
90 (4.5%) had baseline NIHSS >16

1,986 included in analysis at 3 months
993 (50.0%) had baseline NIHSS 0-4
901 (45.3%) had baseline NIHSS 5-15
92 (4.6%) had baseline NIHSS >16

Fig. 1.

Study participant flowchart. * Seven participants in the antihypertensive treatment group and
8 in the control group had missing data on the baseline NIHSS score.
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