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ABSTRACT

Background and purpose The relationship of high-
sensitive C-reactive protein (hs-CRP) levels and infarction
numbers with the prognosis of stroke is uncertain. This
study evaluated the association of different hs-CRP levels
and infarction numbers with the prognosis of acute minor
ischaemic stroke or transient ischaemic attack (TIA).
Methods A subset of 807 patients with both hs-CRP
measurement and baseline MRI was included from the
Clopidogrel in High-risk Patients with Acute Non-disabling
Cerebrovascular Events trial. The primary efficacy outcome
was the occurrence of an ischaemic stroke at the 1-year
follow-up. Infarction numbers were classified as multiple
acute infarctions (MAIs), single acute infarction and no
acute infarction (NAI). The association between different
hs-CRP levels with different infarction numbers and the
risk of any outcome was analysed using multivariable Cox
regression models.

Results Among the 807 patients, 84 (10.4%) patients
had a recurrent ischaemic stroke within 1 year. After
adjustment for conventional confounding factors,

patients with both elevated hs-CRP levels and MAIs were
associated with approximately 4.7-fold of risk of ischaemic
stroke within 1 year (16.7% vs 3.5%, HR 4.68, 95% Cl
1.54 10 14.23, p=0.007), compared with those with non-
elevated hs-CRP levels and NAI. Similar results were
observed for the composite events.

Conclusions Combined elevated hs-CRP levels and MAls
may increase 1-year stroke risk stratification efficiency

in patients with minor ischaemic stroke or TIA compared
with using those markers alone, which indicated that the
combination of inflammatory and imaging markers might
improve the effectiveness of risk stratification concerning
minor ischaemic stroke or TIA.

TRIAL REGISTRATION NUMBER
ClinicalTrials.gov Registry (NCT00979589).

INTRODUCTION

Patients with minor ischaemic stroke or tran-
sient ischaemic attack (TIA) have a high
risk of stroke recurrence, especially in the
early stage.! * Despite aggressive dual anti-
platelet therapy, a fraction of patients with
minor ischaemic stroke or TIA still developed
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recurrent stroke.”* Risk stratification is impor-
tant for acute treatment and second stroke
prevention in patients with minor ischaemic
stroke or TIA. However, traditional risk strat-
ification models, such as ABCD? score,5 were
usually based on clinical risk factors and
limited to discriminating those at low or high
risk of early recurrent stroke in patients with
TIA,G_9 and there were limited risk stratifica-
tion models for patients with minor ischaemic
stroke.

Nowadays, neuroimaging parameters have
become an important predictor for early
recurrent cerebrovascular events in minor
ischaemic stroke or TIA.'*'? TIA registry.
org project demonstrated that patients with
multiple acute infarctions (MAls) had much
higher risk of stroke recurrence than those
with single acute infarction (SAI) or no acute
infarction (NAI), which indicated that MAIs
were important imaging markers to predict
stroke recurrence,“ and this was confirmed
in a Chinese study.13 MAIs often indicated
the mechanism of artery-to-artery embolism
in the non-cardioembolic ischaemic stroke,14
which indicated that MAIs represented
unstable plaque.

Inflammatory markers were also important
risk factors of stroke recurrence in ischaemic
stroke and TIA.""™" Elevated levels of high-
sensitive C-reactive protein (hs-CRP) reflected
the instability of atherosclerotic plaque.? *!
Previous studies showed that elevated hs-CRP
levels predicted poor prognosis in patients
with ischaemic stroke or TIA.' %

However, whether the combination of
the most representative markers of elevated
hs-CRP and MAIs from two different dimen-
sions could improve the effect of risk strati-
fication in minor ischaemic stroke or TIA is
unclear. Using data from the Clopidogrel in
High-risk Patients with Acute Non-disabling
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Cerebrovascular Events (CHANCE) trial, we investigated
the outcomes of acute minor ischaemic stroke or TIA
with different hs-CRP levels and infarction numbers.

METHODS

Overview of the CHANCE trial

The detailed design and methods of the CHANCE
trial have been previously described.** CHANCE was
a randomised, double-blind, placebo-controlled clin-
ical trial conducted in 114 centres in China between
October 2009 and July 2012. Patients in the trial met the
following criteria: 240 years old and had been diagnosed
as having an acute non-cardioembolic minor ischaemic
stroke (NIH Stroke Scale (NIHSS) <3) or high-risk TIA
(ABCD?>4) within 24 hours after symptom onset. In total,
5170 patients were randomly assigned to either the clopi-
dogrel plus aspirin group (clopidogrel at an initial dose
of 300 mg, followed by 75 mg per day for 90 days, plus
aspirin at 75 mg per day for the first 21 days) or placebo
plus aspirin (75 mg per day for 90 days) group.

Patient consent
Written informed consent was obtained from all partici-
pants or their legal proxies.

Measurement of hs-CRP

The measurement of hs-CRP has been previously
described." After randomisation, venous blood samples
were drawn from fasting patients within 24+12 hours.
Serum samples were extracted and stored at —-80°C.
Before testing, there was no occurrence of the freezing
and thawing circle. Hs-CRP was centrally measured in
the clinical laboratory of BeijingTiantan Hospital, using
a Roche Modular P800 analyzer (Basel, Switzerland) and
the turbidimetric immunoassay method (Ji’en Technique
Co, Ltd, Shanghai, China). The laboratory personnel
were blinded to the clinical and imaging data. The intra-
assay and interassay coefficients of variation were 2.5%
and 2.0%, respectively.'” Hs-CRP levels were stratified
according to the relative risk category (low to medium
risk, 0-3 mg/L; high risk, >3 mg/L) recommended by
the Centers for Disease Control and Prevention and the
American Heart Association, which was recommended
for the risk assessment of cardiovascular disease.***

Patient screening and image analysis
All patients in the imaging substudy were asked to
complete magnetic resonance (MR) examinations (3.0
or 1.5 Tesla) during hospitalisation. Patients with the
following MR sequences were included in the substudy:
Tl-weighted imaging, T2-weighted imaging, diffusion-
weighted imaging (DWI) and three-dimensional time-
of-flight magnetic resonance angiography (MRA). Those
without a baseline MR examination or any of the above
sequences were excluded. The details of the CHANCE
imaging substudy have been previously described.?

All MR images were collected from individual centres
in a digital format and read centrally by two readers who

were blinded to the patients’ baseline and outcome infor-
mation. Any disagreement was resolved by a third reader.
Patients were classified as NAI, SAI and MAIs, according
to the infarction numbers. Acute infarctions were diag-
nosed with hyperintense lesions on DWI. Uninterrupted
lesions visible in contiguous territories were defined as
SAI, and more than one lesions that was topographi-
cally distinct (separated in space or discrete on contig-
uous slices) inside or outside a vascular territory were
defined as MAIs, according to previous DWI studies." %’
According to the Warfarin—Aspirin Symptomatic Intra-
cranial Disease trial criteria, intracranial arterial stenosis
(ICAS) was defined as 50%-99% stenosis® or occlusion
of at least one of the following arterial segments on MRA:
intracranial portion of internal carotid arteries, middle
cerebral arteries (M1/M2), basilar artery and intracranial
portion of vertebral arteries.

Groups in this substudy

Patients were categorised into six groups according to
the hs-CRP levels and infarction numbers: non-elevated
hs-CRP levels (hs-CRP <3 mg/L) with NAI, non-elevated
hs-CRP levels with SAI, non-elevated hs-CRP levels with
MAISs, elevated hs-CRP levels (hs-CRP 23 mg/L) with NAI,
elevated hs-CRP levels with SAI and elevated hs-CRP levels
with MAIs.

Follow-up and outcomes

The original follow-up of the CHANCE trial was 90 days.
However, we extended this to a 1-year follow-up period.”
All follow-up visits were undertaken by trained site coor-
dinators. The primary efficacy outcome was an ischaemic
stroke within the l-year follow-up. The secondary efficacy
outcomeswere acomposite event (ischaemic stroke, haem-
orrhagic stroke, myocardial infarction or vascular death)
and TIA within the 1-year follow-up. Safety outcome was
any bleeding event within the I-year follow-up. The defi-
nitions of ischaemic stroke, composite event and bleeding
were consistent with previously reported outcomes of the
CHANCE trial.* All reported outcomes were verified by a
central adjudication committee which was blinded to the
treatment assignments.

Statistical analysis

We presented categorical variables as percentages and
continuous variables as median with IQR. Univariable
analyses between the baseline variables and different
hs-CRP levels with varying infarction numbers were
described using the % test for categorical variables and
one-way analysis of variance or Kruskal-Wallis test for
continuous variables. The time to the primary efficacy
outcome event of each group was presented by using
the Kaplan-Meier curves. We assessed the associations
between different hs-CRP levels with varying infarction
numbers and the prognosis of minor ischaemic stroke or
TIA using multivariable Cox regression models. Adjusted
HRs and their 95% CIs were calculated based on two
models. In the first model, we adjusted only age and
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Table 2 Risk of clinical events by the status of hs-CRP levels and infarction numbers in patients with minor ischaemic stroke
or TIA at 1-year follow-up

Model 1* Model 1t
Events at 1 P
Outcome Group No year, n (%) Adjusted HR (95% CI) P value Adjusted HR (95% CI)  Value
Ischaemic Non-elevated hs-CRP 142 5(3.5) Ref Ref
stroke levels with NAI
Non-elevated hs-CRP 273 28 (10.3) 3.18 (1.23 to 8.24) 0.02 3.23 (1.12 t0 9.29) 0.03
levels with SAI
Non-elevated hs-CRP 113 16 (14.2) 4.41 (1.61 to 12.04) 0.004 3.93 (1.31 to 11.73) 0.01
levels with MAls
Elevated hs-CRP levels 54 3(5.6) 1.62 (0.39 t0 6.78) 0.51 1.69 (0.40 to 7.22) 0.48
with NAI
Elevated hs-CRP levels 141 18 (12.8) 3.92 (1.45 to 10.57) 0.007 3.33(1.10 to 10.12) 0.03
with SAl
Elevated hs-CRP levels 84 14 (16.7) 5.32 (1.91 to 14.83) 0.001 4.68 (1.54 to 14.23) 0.007
with MAls
Composite Non-elevated hs-CRP 142 5(3.5) Ref Ref
events T levels with NAI
Non-elevated hs-CRP 273 28 (10.3) 3.17 (1.22 t0 8.22) 0.02 3.29 (1.16 t0 9.37) 0.03
levels with SAI
Non-elevated hs-CRP 113 18 (15.9) 4.95 (1.84 to0 13.34) 0.002 4.62 (1.58 to 13.48) 0.005
levels with MAls
Elevated hs-CRP levels 54 4(7.4) 2.16 (0.58 t0 8.04) 0.25 2.29 (0.60 to 8.70) 0.22
with NAI
Elevated hs-CRP levels 141 18 (12.8) 3.90 (1.45 t0 10.52) 0.007 3.44 (1.15 10 10.34) 0.08
with SAl
Elevated hs-CRP levels 84 16 (19.0) 6.07 (2.21 to 16.63) <0.001 5.48 (1.85 t0 16.24) 0.002
with MAIs
TIA Non-elevated hs-CRP 142 10 (7.0) Ref Ref
levels with NAI
Non-elevated hs-CRP 273 2(0.7) 0.10 (0.02 to 0.46) 0.003 0.14 (0.03 to 0.70) 0.02
levels with SAI
Non-elevated hs-CRP 113 3(2.7) 0.38 (0.10 to 1.38) 0.14 0.50 (0.12 to 2.09) 0.34
levels with MAls
Elevated hs-CRP levels 54 4 (7.4) 1.16 (0.36 to 3.73) 0.80 1.04 (0.30 to 3.56) 0.95
with NAI
Elevated hs-CRP levels 141 2 (1.4) 0.21 (0.05 to 0.95) 0.04 0.29 (0.05 to 1.52) 0.14
with SAl
Elevated hs-CRP levels 84 4 (4.8) 0.73 (0.23 to 2.36) 0.60 0.95 (0.23 to 3.89) 0.95
with MAls
Any bleeding  Non-elevated hs-CRP 142 3@2.1) Ref Ref
levels with NAI
Non-elevated hs-CRP 273 7 (2.6) 1.33 (0.34 to 5.15) 0.68 2.15(0.43 to 10.71) 0.35
levels with SAI
Non-elevated hs-CRP 113 2(1.8) 0.81 (0.13 to 4.83) 0.81 1.38 (0.18 to 10.52) 0.76
levels with MAls
Elevated hs-CRP levels 54 0(0) 0 (0) 0.99 0 (0) 0.99
with NAI
Elevated hs-CRP levels 141 4(2.8) 1.23 (0.27 to 5.53) 0.79 2.38 (0.40 to 14.37) 0.34
with SAI
Elevated hs-CRP levels 84 2(2.4) 1.01 (0.17 to 6.10) 0.99 2.24 (0.30 to 16.73) 0.43

with MAls

*Model 1: adjusted for age and sex.
TModel 2: adjusted for age, sex, history of ischaemic stroke, TIA, myocardial infarction, known atrial fibrillation or flutter, angina, valvular heart

disease, hypertension, diabetes mellitus and hypercholesterolaemia, smoking status, time to randomisation, NIHSS on admission, ICAS, qualifying
events, treatment classification, antihypertensive medications, antidiabetic medications and lipid-lowering medications.
FComposite events: stroke, myocardial infarction or death from cardiovascular causes.
Hs-CRP, high-sensitive C-reactive protein; ICAS, intracranial arterial stenosis; MAls, multiple acute infarctions; NAI, no acute infarction; NIHSS, NIH
Stroke Scale; SAl, single acute infarction; TIA, transient ischaemic attack.
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Figure 1

Cumulative probability of recurrent ischaemic stroke for patients by the status of hs-CRP levels and infarction

numbers. Hs-CRP, high-sensitive C-reactive protein; MAls, multiple acute infarctions; NAI, no acute infarction; SAl, single acute

infarction.

sex. In the second model, we included all the potential
covariates listed in table 1. The levels of significance were
p<0.05 (two-sided). All analyses were performed with SAS
V.9.3 (SAS Institute Inc, Cary, North Carolina, USA).

RESULTS

In the CHANCE trial, a total of 5170 patients with minor
ischaemic stroke or TIA were recruited. Among them,
3044 patients provided eligible serum specimens, and
1089 patients underwent baseline MR examinations
with all the image sequences as required. Totally, 807
patients from 31 centres with the required blood samples
and MR examinations were retrieved for this subgroup
analysis (online supplementary figure 1). Baseline char-
acteristics of patients included and those not included
in this subgroup analysis were basically similar, except
that patients included in this subgroup were more likely
to have a higher NIHSS on admission, minor stroke as
a qualifying event, antihypertensive medications and
lipid-lowering medications and less likely to have a prior
ischaemic stroke (online supplementary table 1). Among
the 807 included patients, 84 (10.4%) had elevated
hs-CRP levels with MAIs, while 54 (6.7%), 141 (17.5%),
142 (17.6%), 273 (33.8%) and 113 (14.0%) had elevated
hs-CRP levels with NAI, elevated hs-CRP levels with SAI,
non-elevated hs-CRP levels with NAI, non-elevated hs-CRP
levels with SAI and non-elevated hs-CRP levels with MAISs,
respectively.

Table 1 shows the baseline characteristics of patients by
status of hs-CRP levels and infarction numbers. Compared
with those with non-elevated hs-CRP levels or NAI,
patients with elevated hs-CRP levels and MAIs were more
likely to be elder,a history of myocardial infarction and

ICAS. Patients with elevated hs-CRP levels and SAI were
more likely to have a history of hypertension. Patients
with elevated hs-CRP levels and NAI were more likely to
have a history of TIA and a shorter time to the randomis-
ation of the trial treatment. Patients with infarction were
more likely to have a higher NIHSS score on admission
and a minor stroke as the qualifying event.

Risk of clinical events within 1 year after minor isch-
aemic stroke or TIA by the status of hs-CRP levels and
infarction numbers are shown in table 2. In this subgroup
analysis, 84 (10.4%) patients had recurrent ischaemic
stroke within 1 year. Among all the patients with recurrent
ischaemic stroke within 1 year, 14 (16.7%), 18 (12.8%),
3 (5.6%), 16 (14.2%), 28 (10.3%) and 5 (3.5%) had
elevated hs-CRP levels with MAIs, elevated hs-CRP levels
with SAI, elevated hs-CRP levels with NAI, non-elevated
hs-CRP levels with MAIs, non-elevated hs-CRP levels with
SAI and non-elevated hs-CRP levels with NAI, respectively.

Compared with patients with non-elevated hs-CRP
levels and NAI, patients with non-elevated hs-CRP levels
and MAIs (HR 3.93, 95% CI 1.31 to 11.73, p=0.01), and
patients with elevated hs-CRP levels and SAI (HR 3.33,
95% CI 1.10 to 10.12, p=0.03) were all associated with
an increased risk of recurrent ischaemic stroke within 1
year, after adjustment for age, sex, history of ischaemic
stroke, TIA, myocardial infarction, known atrial fibril-
lation or flutter, angina, valvular heart disease, hyper-
tension, diabetes mellitus and hypercholesterolaemia,
smoking status, time to randomisation, NIHSS on admis-
sion, ICAS, qualifying events, treatment classification,
antihypertensive medications, antidiabetic medications
and lipid-lowering medications. Compared with patients
with non-elevated hs-CRP levels and NAI, patients with
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elevated hs-CRP levels and MAIs had approximately 4.7-
fold increased the risk of recurrent ischaemic stroke
within 1 year (HR 4.68, 95% CI 1.54 to 14.23, p=0.007),
after adjusting for confounding factors. There was no
interactive effect of the hs-CRP levels and infarction
numbers on the primary outcome (p for interaction=0.89
in the multivariable adjusted model). The Kaplan-Meier
curves show the cumulative hazard of recurrent ischaemic
stroke (figure 1). Similar results were observed regarding
the outcome of composite events. After adjusting for
the confounding factors in model 1 and model 2, as
compared with the reference group, there was no safety
concern in any of the group.

DISCUSSION

In this subgroup analysis of the CHANCE, combined
hs-CRP levels and infarction numbers might increase
l-year stroke risk stratification efficiency in patients with
minor ischaemic stroke or TIA than using those markers
alone, and patients with both elevated hs-CRP and MAIs
got the highest risk of recurrent ischaemic stroke and
composite events within 1 year among groups.

More inflammation biomarkers from one pathway
may provide an overlap of patients with cardiovascular
disease.” ' A prospective cohort study and systematic
review found that additional inflammatory biomarkers
did not add new prognostic value in patients with recent
stroke.” Previous studies showed that hs-CRP had crucial
prognostic value in patients with ischaemic stroke, which
indicated that inflammation played a pivotal role in the
pathogenesis of poor prognosis after ischaemic stroke.'”

MAIs were a significant independent predictor for
vascular events in acute ischaemic stroke.?” TIA registry.
org project showed that MAIs had a higher risk of stroke
recurrence than NAI and SAI in minor ischaemic stroke
or TIA."! Previous studies showed that MAIs were usually
related to large-artery atherosclerosis, cardio embolism
and cryptogenic, according to the Trial of Org 10172 in
Acute Stroke Treatment classification.™** Previous studies
also showed that the pathogenesis of MAIs was usually
likely to be caused by the embolism from major extracra-
nial or intracranial vessels, or the heart.*** Microemboli-
sation and haemodynamic failure were the most common
pathogenesis of border-zone infarctions.”® Therefore,
MAIs detected by DWI may indicate an unstable source of
thromboembolism.

A previous study showed that inflammation could have a
prothrombotic effect™ and was associated with microem-
bolisation in patients with recently symptomatic carotid
artery stenosis,” * which indicated that inflammation
represented an unstable state. Infarction numbers could
reflect the mechanism of ischaemic stroke.” Multiple
infarctions indicated embolismic mechanism, which also
represented an unstable state.”*™ Multidimensional
instability of ischaemic stroke may significantly increase
the risk of stroke recurrence. Thus, the addition of inflam-
mation and imaging markers to clinical features will yield

the greatest accuracy for predicting poor outcomes in
minor ischaemic stroke or TIA in the future stroke risk
prediction models.

Our study had several limitations. First, since this
subgroup analysis included only a small part of the
patients in CHANCE, potential selection bias might exist.
Second, additional imaging markers and inflammatory
markers were not included in our study. Third, all patients
in this substudy had non-cardioembolic minor ischaemic
stroke which limited the generalisability of the findings to
cardioembolic minor ischaemic stroke. Fourth, only one-
point measurement of hs-CRP was available in this anal-
ysis. The accurate time of collecting blood sample was not
recorded in the CHANCE. But a previous study showed
that levels of hs-CRP appear to be stable for at least 28
days after first ischaemic stroke."’

Our results demonstrated that presence of both elevated
hs-CRP levels and MAIs might increase 1-year stroke risk
stratification efficiency in patients with minor ischaemic
stroke or TIA than using those markers alone, which indi-
cated that the combination of inflammatory and imaging
markers might improve the effect of risk stratification in
minor ischaemic stroke or TIA.
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