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Abstract

Little is known about the relationship between baseline systolic blood pressure
(SBP) and subsequent clinical events in patients with different lesion patterns on
diffusion weighted imaging (DWI). We analyzed the Acute Non-disabling Cerebrovas-
cular Events (CHANCE) trial dataset. Patients were categorized into negative DW
imaging (no detectable lesions), lacunar infarction (single lesion <15 mm) and non-
lacunar infarction (single lesion >15 mm or multiple lesions) based on lesion patterns
on DWI. The primary outcome was recurrent stroke within 90 days. Cox propor-
tional hazards models were used to assess the association between SBP levels and
stroke outcomes in patients with different lesion patterns. A total of 1089 patients
were analyzed. We found 258 cases (23.7%) with negative DW imaging, 392 (36.0%)
with lacunar infarction and 439 (40.3%) with non-lacunar infarction. Patients with
non-lacunar infarction had the highest incidence of stroke at 90-day (P < .001).
In non-lacunar infarction group, compared with SBP < 160 mmHg, patients with
SBP > 160 mmHg had significantly higher risk of 90-day recurrent stroke (20.3% vs.
10.7%; adjusted hazard ratio 1.81, 95% confidence interval 1.09-3.00). No significant
association was found between SBP and clinical outcomes in patients with negative
DWI and lacunar stroke groups. The result at 1 year was similar as at 90-day. There-
fore, non-lacunar infarction, the most common lesion pattern in CHANCE study, had

the highest risk of recurrent stroke and combined vascular events both in 90 days and
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1 | INTRODUCTION

The risk of stroke recurrence after minor stroke and transient ischemic
attack (TIA) has improved significantly over the past few years as
treatment has improved.? But minor stroke and TIA still have a high
recurrence rate.2 Hypertension is a powerful but controllable risk fac-
tor for the incident and recurrent stroke.3 In acute phase of ischemic
stroke, sustained high BP may result in increased infarct growth and
an unfavorable outcome.® It is recommended that patients with blood
pressure (BP) >160/100 mmHg should be promptly treated to control
BP.3 However, it is also important to maintain ample organ perfusion
with less stringent BP targets to avoid hypotension.” Lower blood pres-
sure has an adverse effect on the recovery of the ischemic semidark
band.8? In a word, the effect of baseline BP on stroke prognosis is still
highly controversial.

Nowadays, acute ischemic stroke is considered to be a heteroge-
neous disease with different pathogenesis,* which further complicates
the relationship between hypertension and stroke prognosis. A report
has suggested that the potential mechanisms by which elevated
baseline BP affects stroke subtype may be different.'© Whether base-
line blood pressure affects prognosis by influencing stroke subtype
is unclear. Currently, the identification of ischemic stroke subtype
relies on clinical evaluation supported by various diagnostic studies,
advances in stroke imaging makes it possible to develop criteria for the
most likely mechanism behind the ischemic stroke.>** As an important
part of multimodal magnetic resonance imaging (MRI), diffusion
weighted imaging (DWI) has been shown to accurately diagnose
the ischemic state of stroke to determine the mechanism of stroke
occurrence and to assess the prognosis of stroke. 1112

Thus, in this study, we hypothesized that the effects of baseline
SBP on clinical outcomes depended on the ischemic lesion patterns
characterized by DWI features. The aim of the current study was to
assess the relationship between SBP and clinical outcomes in patients
with negative DW imaging, lacunar infarction and non-lacunar infarc-
tion using data from the Clopidogrel in High-Risk Patients with Acute
Non-disabling Cerebrovascular Events (CHANCE) trial.

2 | METHODS
2.1 | Study design

This study was based on the CHANCE trial. The study design and main
results of the trial have been published previously.!® Brief, this was a

1 year. High baseline SBP was significantly associated with increased risk of short- and

long-term recurrent strokes in patients with non-lacunar infarction.

blood pressure, diffusion-weighted imaging, ischemic stroke, transient ischemic attack

randomized, double-blind, placebo-controlled clinical trial conducted
at 114 clinical sites in China to test the efficacy and safety of dual
antiplatelet (clopidogrel plus aspirin) versus mono antiplatelet (aspirin
alone) initiated within 24 h of symptom onset on reducing the risk of
any stroke (ischemic or hemorrhagic) during 90 days follow up in high-
risk patients with acute minor stroke (NIH Stroke Scale [NIHSS] <3) or
TIA (ABCD2 >4). Patients with presumed cardiac source of embolus,
such as atrial fibrillation or prosthetic cardiac valve were excluded in
CHANCE trial.

The CHANCE protocol was approved by the ethics committee of
Beijing Tiantan hospital as well as all other participating clinical cen-
ters. Written informed consent was obtained from all participants or

their legal proxies.

2.2 | Data collection

Data on demographic characteristics, life style risk factors, and med-
ical history were collected through face to face interviews by trained
interviews. Three blood pressure were recorded at the time when
the patients were randomly allocated to groups by trained physicians.
At admission, blood pressure was measured from the left arm in the
supine position within 24 h after symptoms ictus. Three blood pressure
readings separated by at least two minutes were recorded by doctors
or trained nurses. The average of three readings was defined as the
blood pressure on admission and used in our analysis.

2.3 | Patients selection, image analysis and
interpretation

Recruited patients who underwent baseline (within 7 days of symptom
onset) magnetic resonance examinations (3.0 or 1.5 tesla) at base-
line with the T1-weighted imaging, T2-weighted imaging, and DWI
sequences were analyzed in this subgroup study. Those without base-
line MRI or without any of the sequences as mentioned above were
excluded from the study.

All MRIs were collected from individual sites in digital format and
were read in MRI Reading Center by 2 readers (Xinying Zou and Jing
Jing) who were blinded to patients’ baseline and outcome informa-
tion. They assessed all scans for acute ischemic lesions, according to
predefined criteria for identifying ischemic lesions on neuroimaging
as follows. Acute infarcts on DWI were diagnosed when these lesions

were shown to be hyperintense on the DWI. Uninterrupted lesions
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visible in contiguous territories were considered as a single lesion. In
this analysis, patients were divided into three groups based on their
brain MRI findings: negative DW imaging was the group of patients
without any DWI lesions. Lacunar infarction was defined as a single
lesion with the largest diameter of <15 mm in an axial slice of DWI
for penetrating artery infarction of the basal ganglia, corona radiate,
thalamus, or pons. Non-lacunar infarction was defined as a single
lesions with the largest diameter of >15 mm or multiple lesions in an
axial slice of DWI.

2.4 | Clinical outcomes

Neurologic examination, physical evaluation, and brain imaging were
performed if a patient had transient or persistent neurologic deteriora-
tion during follow-up. The primary efficacy outcome was a total stroke
(ischemic or hemorrhagic) within 90 days.>® The secondary efficacy
outcome included combined vascular events (ischemic stroke, hemor-
rhagic stroke, myocardial infarction, or vascular death) within 90 days,
and stroke recurrence and combined vascular events during a 1-year
follow-up period. The safety outcome was any bleeding event, as per
the Global Utilization of Streptokinase and Tissue Plasminogen Acti-
vator for Occluded Coronary Arteries (GUSTO) definition.1* Patients
were first evaluated by certified investigators who were blinded to
patients’ clinical status and treatment allocation. The definitions of
ischemic stroke, composite vascular event, and bleeding were consis-
tent with previously reported outcomes of the CHANCE trial.23 All
reported efficacy and safety outcomes were further confirmed by a
central adjudication committee that was blinded to the study group
assignments.

2.5 | Statistical analysis

Continuous variables were presented as mean with SD or median
with interquartile range, and categorical variables were reported as
percentages. According to the ischemic lesion patterns, the baseline
characteristics were compared in the patients with SBP >160 mmHg
and <160 mmHg using Student’s t-test or Kruskal-Wallis test for
continuous variables, and Chi-square tests or Fisher exact test for cat-
egorical variables. Additionally, a sensitivity analysis was performed
in the patients with SBP >140 mmHg and <140 mmHg, because
of 140 mmHg is a common cutoff for SBP. Cox proportional haz-
ards regression was used to estimate the association between SBP
and risk of study outcomes by calculating the hazard ratios (HRs)
and 95% confidence intervals (Cls). The potential covariates such as
age, sex, body mass index, current or previous smoking, antiplatelet
treatment, medical history of stroke, TIA, hypertension and hyperlipi-
demia were included in the multivariate models. All P-values were
2-tailed, and a significance level of .05 was used. Statistical analy-
ses were performed using SAS Version 9.4 software (SAS Institute,
Cary, NC).

3 | RESULTS

3.1 | Patient demographics and baseline
characteristics

Overall, 5170 patients were recruited to CHANCE between October
2009 and July 2012, 1089 patients at 45 sites undergoing MRI at base-
line with all the sequences as demanded were included in this subgroup
analysis.

Baseline characteristics of the patients included in this study and all
others in the CHANCE trial were basically similar, except that patients
included in this subgroup analysis had lower body mass index lev-
els, lower prevalence of a history of ischemic stroke/TIA, and have
higher admission NIHSS score (Supplemental Table Sl). Characteristics
of the study population, according to acute cerebral infarcts subtype,
are shown in Table 1. Among the 1089 patients included in the cur-
rent subgroup analysis, non-lacunar infarction was observed in 40.3%
(439/1089), lacunar infarction in 36.0% (392/1089), and negative DW
imaging in 23.7% (258/1089) of patients. In patients with non-lacunar
infarction, those with SBP >160 mmHg had higher levels of body mass
index.

3.2 | Efficacy outcomes

During 90 days of follow-up, a total of 93 (8.5%) patients with
stroke recurrence and 95 (8.7%) with combined vascular events were
identified. Among different subtypes stroke recurrence (14.6% in non-
lacunar infarction, 5.4% in lacunar infarction, and 3.1% in negative
DW imaging group, P < .001) and combined vascular events risk
(14.8% in non-lacunar infarction group, 5.4% in lacunar infarction, and
3.4% in negative DW imaging group, P < .001) were highest in non-
lacunar infarction group (Figure 1). After adjusting for age, sex, medical
history, admission NHISS score, and other covariates, compared to
SBP <160 mmHg, SBP >160 mmHg was significantly associated with
increased risk of recurrent stroke (20.3% vs. 10.7%; HR 1.81, 95%
Cl 1.09-3.00; P = .02) in patients with non-lacunar infarction, while
no significant association was observed among patients with lacunar
infarction (5.7% vs. 4.9%; HR .84, 95% Cl .34-2.06; P =.71) or negative
DW imaging (2.8% vs. 3.8%; HR .99, 95% Cl .19-5.20; P = .86) (Table 2).
In addition, compared to patients with SBP <160 mmHg, those with
SBP >160 mmHg had significant increased risk of combined vascular
events in non-lacunar infarction group (20.9% vs. 10.7%; HR 1.85, 95%
Cl 1.12-3.07; P =.02). Similarly, higher SBP at baseline could indepen-
dently predict recurrence of stroke among patients with non-lacunar
infarction (20.9% vs. 12.2%; HR 1.65, 95% Cl 1.01-2.67; P = .04) after
1-year follow-up (Table 3). In a study with 140 mmHg as the inter-
cept point, the risk of recurrent stroke remained highest in patients
with non-lacunar infarction on DWI, but after adjusting for age, sex,
medical history, admission NHISS score, and other covariates, the SBP
<140 mmHg group and the SBP No significant differences were found

in the risk of recurrent stroke, combined vascular events, or bleeding
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TABLE 2

Subgroup

Outcome

Non-lacunar infarction

Stroke recurrence

Combined vascular
events

Bleeding
Lacunar infarction
Stroke recurrence

Combined vascular
events

Bleeding
Negative DW imaging
Stroke recurrence

Combined vascular
events

Bleeding

CHENET AL.

Crude event rates no. (%)

Crude

Effects of baseline systolic blood pressure on 90-day efficacy and safety outcomes based on stroke subtypes

Multivariable adjusted

No. of patients
439
36(20.3)
37(20.9)

1(.6)
392

9(4.9)

9(4.9)

5(2.7)
258

3(3.8)

3(3.8)

1(1.3)

High SBP?

Low SBP

28(10.7)
28(10.7)

6(2.3)

12(5.7)
12(5.7)

6(2.9)

5(2.8)
6(3.4)

4(2.2)

HR (95% Cl)

1.94(1.18-3.18)
2.00(1.22-3.26)

.30(.04-2.58)

.87 (.37-2.06)
.87 (.37-2.06)

.96(.29-3.15)

1.34(.32-5.60)
1.11(.28-4.45)

.55(.06-4.95)

Abbreviations: Cl, confidence interval; DWI, diffusion weighted imaging.; HR, hazard ratio.
Adjusted for age, sex, body mass index, current or previous smoking, medical history of stroke, TIA, hypertension and hyperlipidemia treatment, and

randomization group.

2High SBP means baseline SBP value >160 mmHg and low SBP means baseline SBP value <160 mmHg.

TABLE 3

Subgroup

Outcome

Non-lacunar infarction

Stroke recurrence

Combined vascular
events

Bleeding
Lacunar infarction
Stroke recurrence

Combined vascular
events

Bleeding
Negative DW imaging
Stroke recurrence

Combined vascular
events

Bleeding

Crude event rates no. (%)

Crude

P-value

.009
.006

.27

/D
.75

0S5

.69
.88

.60

HR (95% Cl)

1.81(1.09-3.00)
1.85(1.12-3.07)

.39(.04-3.64)

.84 (.34-2.06)
.84 (.34-2.06)

1.85(1.12-3.07)

.99(.19-5.20)
.86(.18-4.20)

.76 (.08-7.48)

Effects of baseline systolic blood pressure on 1-year efficacy and safety outcomes based on stroke subtypes

P-value

.02
.02

41

71
71

.02

86
.86

.82

Multivariable adjusted

No. of patients

439

High SBP?

37(20.9)
38(21.5)

1(.6)
392
12 (6.6)
12 (6.6)

6(3.3)
258

3(3.8)

3(3.8)

1(1.3)

Low SBP

32(12.2)
35(13.4)

6(2.3)

14 (6.7)
14 (6.7)

6(2.9)

8(4.5)
9(5.1)

4(2.2)

HR (95% Cl)

1.76(1.10-2.83)
1.66 (1.05-2.64)

.25(.03-2.04)

.99 (46-2.14)
.99 (46-2.14)

1.17(.38-3.62)

.84(22-3.17)
.74 (.20-2.75)

.56 (.06-4.98)

Abbreviations: Cl, confidence interval; DWI, diffusion weighted imaging.; HR, hazard ratio.
Adjusted for age, sex, body mass index, current or previous smoking, medical history of stroke, TIA, hypertension and hyperlipidemia treatment, and

randomization group.

2High SBP means baseline SBP value >160 mmHg and low SBP means baseline SBP value <160 mmHg.

P-value

.02
.037

19

.98
.98

79

.80
.66

.60

HR (95% Cl)

1.65(1.01-2.67)
1.55(.97-2.49)

.28(.03-2.34)

1.01(.46-2.24)
1.01(.46-2.24)

1.10(.34-3.54)

.69 (.16-2.93)
.63(.15-2.58)

.77 (.08-7.58)

P-value

.04
.07

25

.98
.98

.87

.61
.52

.82
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FIGURE 1 Crude event rates in patients with different lesion patterns on DWI. CVE, combined vascular events

between the SBP <140 mmHg and SBP >140 mmHg groups (Results
are presented in the Supplemental Table Sll).

3.3 | Safety outcomes

At 90 days, 7 (1.6%), 11 (2.8%), and 5 (1.9%) occurred bleeding events
in patients with non-lacunar infarction, lacunar infarction and negative
DW imaging, respectively. When came to 1 year, we found, 7 (1.6%),
12 (3.1%), and 5 (1.9%) non-lacunar infarction, lacunar infarction, and
negative DW imaging participants encountered bleeding events. For
incidence of any bleeding event, no significant difference was found
between patients with SBP >160 mmHg and SBP <160 mmHg among
different ischemic lesion patterns at 90 days or 1 year (Tables 2 and 3).
Similar conclusions were drawn in studies with 140 mmHg as cutoff
point.

4 | DISCUSSION

In this subgroup analysis of the CHANCE trial, we found that
patients with non-lacunar infarction on DWI had the highest risk of
recurrent stroke. Among non-lacunar infarction patients, baseline SBP
>160 mmHg indicated a higher risk of poor clinical outcomes at
90 days. There were no significant associations between baseline
SBP level and stroke outcomes in negative DW imaging and lacunar
infarction patients. The results from a 1-year follow-up were almost
consistent with 90 days’ findings.

The finding of patients with non-lacunar infarction had the highest
risk of poor clinical events have important implications for targeting
secondary stroke prevention. In CHANCE study, patients with cardiac
source embolism were excluded. The etiological diagnosis for non-
lacunar infarction in this subgroup study was mainly artery to artery
embolic strokes.'315 It was consistent with previous findings.1¢1” BP
levels are animportant factor in embolic instability,'® and patients with
stroke and TIAwere at highrisk of early recurrent stroke, usually due to

arterial thromboembolism.2?20 Although previous investigators were

inclined to define ischemic stroke subtypes by Trial of Org 10172 in
Acute Stroke Treatment (TOAST) classification, which needed a series
of examinations and increased the complexity of clinical decision-
making.2! Our data indicate the use of a new imaging based diagnostic
method for the evaluation of patients presenting with an acute minor
stroke.

Another finding of this subgroup is non-lacunar infarction individ-
uals with baseline SBP >160 mmHg was full in hazard compared with
baseline SBP <160 mmHg. High baseline SBP almost doubled the risk
of recurrence stroke and CVE which indicated elevated SBP as a good
predictor for poor clinical outcomes in the non-lacunar infarction pop-
ulation. However, at a threshold of 140 mmHg, there was no significant
difference in the risk of recurrent stroke, combined vascular events
and bleeding between the SBP <140 mmHg and SBP <140 mmHg
groups. The small sample size in group of SBP <140 mmHg might affect
the result. The relationship between blood pressure and stroke recur-
rence in patients with stroke has been studied a lot, but significant
controversy exists.2222 On the one hand, higher blood pressure may be
associated with recurrent stroke and death. Studies have shown that
intensive blood pressure control may be effective to prevent the risk
of hemorrhagic stroke in patients with a history of ischemic stroke.2*
A 5 mmHg reduction in systolic blood pressure (SBP) from 120 mmHg
to >170 mmHg is associated with an approximately 10% reduction in
the risk of major cardiovascular events.2> On the other hand, hypoper-
fusion caused by low blood pressure may also lead to the progression
of stroke.2¢ The effect of immediate hypotensive therapy after acute
ischemic stroke has been studied in China Antihypertensive Trial in
Acute Ischemic Stroke (CATIS), it’s finding that early antihypertensive
therapy was associated with a reduced rate of stroke recurrence in
patients with a history of hypertension.?” This is consistent with our
results, especially for non-lacunar infarction patients.

The underlying mechanism can explain the relationship between
baseline SBP and clinical outcomes in non-lacunar infarction may
as follows. Firstly, baseline high blood pressure might be an indica-
tor of the previous history of hypertension. Thus the high risk may
due to the effects of elevated blood pressure on the progression of

atherosclerosis.28-39 Secondly, high SBP is a predictor of ulceration



= | WILEY

CHENET AL.

of carotid plaques which are associated with a high risk of ischemic
stroke.®! Thirdly, since the etiological diagnosis for non-lacunar infarc-
tion in this subgroup study was mainly artery to artery embolic strokes,
multiple acute cerebral infarcts in non-lacunar infarction may indicate
an unstable source of thromboembolism.3? In the first few days after
TIA and minor stroke onset, the underlying atherosclerotic plaque is
most unstable and the risk of recurrence is highest. Blood pressure can
affect the blood flow velocity and shear stress over unstable embo-
lus. The research we were based on the subgroups of the Third China
National Stroke Registry Il found that large artery stenosis and infarc-
tion number were independent predictors of 1-year stroke recurrence
inlow-moderate risk but not in high-risk patients with TIA or MIS strat-
ified by ABCD2 score.3® This also highlights the importance of early
detection and intervention of stroke.

No significant association was found between baseline SBP level
and stroke outcomes in lacunar infarction or negative DW imaging
patients. The result indicated high blood pressure plays a different role
on stroke recurrence in respective of stroke subtype. The SPS3 trial
showed that the lowing of SBP to a target of less than 130 mmHg
in patients with recent lacunar infarction resulted in non-significant
reductions in all stroke, disabling or fatal stroke, and major vascular
events, and a significant reduction in intracerebral stroke.3* The CATIS
trial which included about 20% lacunar infarction also showed antihy-
pertension did not reduce the likelihood of death and major disability
at 14 days or hospital discharge.?> The ischemic lesion pattern is one
of the factors should be taken into consideration in controlling blood
pressure for the secondary prevention of stroke. In future, the clinical
trial of blood pressure lowering within 24 h after symptom onset may
exclude lacunar infarction and negative DW imaging patients.

This study has several limitations. Firstly, our observational study
used data from a randomized control trial and therefore, is poten-
tially subject to bias. For example, the CHANCE study only included
acute minor stroke patients who were defined by a score of 3 or
less at the time of randomization on the National Institutes of Health
Stroke Scale or TIA. Thus, our findings may not apply to other ischemic
stroke patients. Secondary, we only described the association between
baseline SBP and clinical outcomes in different stroke pattern. Some
other hemodynamic measures like diastolic blood pressure, pulse pres-
sure and mean arterial pressure may also be associated with a poor
outcome. A further analysis is in need.

In conclusion, patients with non-lacunar infarction on DWI and
together with high SBP at baseline are at higher risk for both early
and late poor outcome events. Urgent initiation of effective blood pres-
sure management as well as other treatments is of importance to those

patients.
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