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ABSTRACT　
 
BACKGROUND　 The Essen risk score improves stratification of patients with acute ischemic stroke by early stroke recurrence.
Recent study showed it could also predict myocardial infarction (MI). This study aimed to compare the Essen score’s ability to
predict cerebrovascular events with compared cardiovascular events.
 
METHODS　 We included patients with acute ischaemic stroke or transient ischaemic attack within seven days from the Third
China National Stroke Registry. One-year cumulative event rates of combined vascular events (a composite of MI, stroke recurrence
or vascular death) and cardiac events (a composite of MI, heart failure or cardiac death) was estimated using the Kaplan-Meier met-
hod. The predictive value of the Essen score was assessed with C-statistics. In multivariate Cox regression analyses, we assessed
whether Essen score, etiological subtype and imaging parameters were associated with outcomes.
 
RESULTS　  Of  13,012 patients  were included,  the cumulative one-year  event  rates  were 10.03% for  combined vascular  events
and 0.77% for cardiac events, respectively. Compared with those with an Essen score < 3, patients with an Essen score ≥ 3 were
more likely to have a subsequent combined vascular event [hazard ratio (HR) = 1.39, 95% CI: 1.24−1.55] and cardiac events (HR =
2.30, 95% CI: 1.53−3.44). The score tended to be more predictive of the risk of MI (C-statistic = 0.63, 95% CI: 0.55−0.71) and cardiac
events (C-statistic = 0.62, 95% CI: 0.56−0.67) than stroke recurrence (C-statistic = 0.55, 95% CI: 0.54−0.57) and combined vascular
events (C-statistic = 0.56, 95% CI: 0.54−0.57). In multivariable analysis after adjusted Essen score, patients with multiple acute in-
farctions or single acute infarctions and large artery atherosclerosis subtype were independently associated with an increased risk
of combined vascular events. While the cardioembolism subtype was associated with an increased risk of cardiac events.
 
CONCLUSIONS　 The Essen score is potentially more suitable for risk stratification of cardiovascular events than cerebrovasc-
ular events. Moreover, future predictive tools should take brain imaging findings and cause of stroke into consideration.

 

 

S troke is the leading cause of mortality and
disability worldwide.[1] Recurrent stroke
and subsequent cardiac events are major

contributors to mortality and disability after ischa-
emic stroke or transient ischaemic attack (TIA).[2]

The identification of patients at high risk of cereb-
rovascular events or cardiovascular events is critic-
ally important for both in-hospital management and
long-term secondary prevention.

There are many clinical scoring systems that can
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be used to predict the risk of stroke.[3] Among them,
the Essen risk score is a simple clinical score that was
derived to predict recurrent stroke based on the pre-
sence of prior vascular comorbidities and is one of
the most established scores for patients with stroke.[4]

It has been reported that the Essen score could also
identify patient subsets who may be at sufficiently
high risk of myocardial infarction (MI) among pa-
tients with TIA or ischaemic stroke without prior
coronary artery disease (CAD), and the score ten-
ded to be more predictive for the risk of MI than that
of recurrent ischaemic stroke.[5] However, the Essen
score has not been validated for cardiac events com-
pared to recurrent cerebrovascular events.

Growing evidence has shown that both clinical
scores and brain imaging are associated with recur-
rent stroke in patients with TIA/minor stroke[3,6]

and ischaemic stroke.[3,7] Moreover, clinical scoring
predictive tools have limited discrimination ability
due to their poor performance.[6,8,9] Vessel imaging
and neuroimaging are determinant factors for pre-
dicting recurrent stroke.[7,10,11] It is uncertain whether
imaging findings and the aetiological subtype of
stroke could improve risk stratification beyond the
Essen score. The Third China National Stroke Re-
gistry (CNSR-III) is a nationwide clinical registry of
ischaemic stroke or TIA in China that was designed
to establish Chinese ischaemic cerebrovascular dis-
ease aetiology classification and to build new risk
prediction models or scoring systems.[12] Here, this
study aimed to compare the Essen score’s ability to
predict cerebrovascular events with cardiovascular
events after ischaemic stroke or TIA. In addition,
we determined whether imaging findings and cause
of stroke could improve the predictive value based
on the Essen score. 

METHODS
 

Study Population

Data were derived from the CNSR-III, and the de-
sign, rationale and baseline information of CNSR-III
have been described previously.[12] In brief, the CNSR-
III was a nationwide prospective hospital-based co-
hort study that enrolled consecutive patients aged ≥

18 years admitted to 201 hospitals from 22 provinces
and four municipalities who had an ischaemic str-
oke or TIA within seven days of the onset of symp-
toms between August 2015 and March 2018. The
diagnosis of acute ischaemic stroke was confirmed
by brain magnetic resonance imaging (MRI) or com-
puted tomography according to the World Health
Organization criteria.[13] The probable cause of ischa-
emic stroke or TIA was further classified according
to TOAST (Trial of Org 10712 in Acute Stroke Treat-
ment) classification: large artery atherosclerosis
(LAA), cardioembolism (CE), small-vessel occlusion,
other determined cause and undetermined cause.[14]

Data are available upon reasonable request
after the Academic Committee of CNSR-III appro-
ved the plan.

Patient data, including patient demographics, me-
dical history, previous medication, laboratory tests,
risk factor assessment and acute phase management
information, were collected by trained research co-
ordinators through face-to-face interviews with pa-
tients at each site. The study was approved by the
Ethics Committee of Beijing Tiantan Hospital (KY
2015-001-01). All patients provided written informed
consent according to national guidelines. 

Imaging Data Collection

Brain imaging was performed at baseline follow-
ing standard protocols for every patient. Brain ima-
ging included brain MRI [T1 weighted, T2 weighted,
fluid-attenuated inversion recovery, diffusion-wei-
ghted imaging (DWI) with apparent diffusion coef-
ficient maps and magnetic resonance angiography]
or computed tomography (if a patient was contrain-
dicated to MRI), at least one vascular assessment for
intracranial arteries and at least one vascular assess-
ment for extracranial arteries. Image data were col-
lected in digital format on a disc and analyzed by the
image research centre in Beijing Tiantan Hospital.
Details were previously described.[12]

Acute infarctions (positive DWI) were diagnosed
as hyperintense lesions on DWI images and further
classified as multiple acute infarction (MAI) or sin-
gle acute infarction (SAI) according to the infarc-
tion number. Uninterrupted lesions visible in con-
tiguous territories were considered SAIs, and more
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than one lesion topographically distinct was defined
as MAIs, according to previous DWI studies.[6,15,16]

All brain imaging was read centrally by two experi-
enced assessors with more than five years of experi-
ence practising clinical neuroscience who were bl-
inded to each other and the study. Disagreements
were further reviewed by a third expert and reso-
lved by consensus.[16,17]
 

Follow-up and Outcomes Assessment

Patients were followed up at 3 months, 6 months
and 12 months after discharge and every year there-
after for five years. In this study, we only report one-
year outcomes. Patients were evaluated at follow-
up for clinical events, compliance with recommen-
ded secondary prevention medication and risk factor
control. Information was collected at each follow-up,
including cardiovascular events and cerebrovasc-
ular events, all causes of death and medications use.
Vascular events were confirmed from the treating
hospital and judged by an independent Endpoint
Judgment Committee. Death was either confirmed
on a death certificate from the attended hospital or
the local citizen registry.[12,17]

Combined vascular events were defined as a com-
posite of MI, recurrent stroke (either ischaemic or
haemorrhagic) and vascular death, whichever occ-
urred first. Cardiac events were defined as a compo-
site of MI, heart failure (HF) and cardiac death, whi-
chever occurred first. Vascular death was defined
as ischaemic stroke, haemorrhagic stroke, sudden
cardiac death, acute MI, death directly caused by HF
and other cardiovascular death, including cardiac
arrhythmias unrelated to sudden cardiac death, pulm-
onary embolism, cardiovascular intervention (unre-
lated to acute MI), aortic aneurysm rupture or peri-
pheral arterial disease. Cardiac death was defined as
sudden cardiac death, acute MI and death directly ca-
used by HF.[12]
 

The Essen Risk Score

The Essen score was calculated according to a prev-
ious report.[4] The Essen score contains eight items
(supplemental material, Table 1S): age, history of
hypertension, history of diabetes mellitus, history of
MI, other cardiovascular disease except for MI and
atrial fibrillation, history of peripheral arterial dis-

ease, ever smoking and previous ischaemic stroke
or TIA. The Essen score ranges from 0 to 9. One point
is given for patients aged 65−75 years, 2 points for
patients aged > 75 years and 1 point for the remain-
ing items. The Essen score was used to categorize
patients into a low-risk group (< 3 points) and a high-
risk group (≥ 3 points). 

Statistical Analysis

Continuous variables are represented as mean ±
SD or median [interquartile range (IQR)]. Categorical
variables are represented as counts (percentages).
The cumulative one-year event rate was calculated
using the Kaplan–Meier method. The discriminat-
ive ability of the predictive value of the Essen score
was assessed with C-statistics and 95% confidence
interval (CI). Calibration was assessed using the Hos-
mer–Lemeshow test.

Given that the Essen score, acute infarctions on br-
ain imaging, and TOAST classification have been
previously reported to be associated with recurrent
stroke,[3,6,7] a Cox proportional hazard regression mo-
del was used to evaluate whether these three pre-
dictors were independently associated with com-
bined vascular events. Candidate variables with P-
value < 0.1 were divided into categorical variables
and further included in the multivariable model. Ad-
ditionally, we determined the predictive value of
adding the LAA (TOAST) subtype as a binary vari-
able and acute infarctions as a binary variable to the
Essen score for the risk of combined vascular events.
Here, 1 point was given for LAA subtype and 0 points
for any other subtypes than large artery disease. In
addition, 1 point was given for any acute infarctions
and 0 points for no acute infarctions. Statistical tests
were two-sided, and P-value < 0.05 was considered
statistically significant. All statistical analyses were
conducted with SAS 9.4 (SAS Institute Inc., Cary,
NC, USA). 

RESULTS
 

Baseline Characteristics of the Study Population

Among the 15,166 patients enrolled in the CNSR-III,
2154 patients (16.6%) without available DWI ima-
ging were excluded from the current analysis (sup-
plemental material, Figure 1S). Of the 13,012 pati-
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ents included in the imaging substudy, the mean age
was 62.3 ± 11.2 years, and 68.3% of patients were
men (Table 1). The average time from symptom on-
set to evaluation was 2 (IQR: 1–4) days. The median
National Institutes of Health Stroke Scale (NIHSS)
score was 3 (IQR: 1–6), and the modified Rankin Sc-
ale score was 2 (IQR: 1–3). Most patents were adju-

dicated as ischaemic stroke (93.6%) in the final dia-
gnosis, and the remaining patients were adjudicated
as TIA (6.4%) with a median ABCD2 score of 4 (IQR:
3–5). The LAA subtype according to TOAST classi-
fication was present in 3431 patients (26.4%), CE in
768 patients (5.9%) and small vessel occlusion in
2968 patients (22.8%). Among 11,423 patients

 

Table 1    Baseline characteristics of study population.

Characteristics All patients
Age, yrs 62.3 ± 11.2

Male 8890 (68.3%)

Body mass index, kg/m2 24.7 ± 3.4

Current smoker 4097 (31.5%)

Medical history

Previous stroke/Transient ischaemic attack 3122 (24.0%)

Coronary artery disease 1315 (10.1%)

Previous myocardial infarction 215 (1.7%)

Hypertension 8167 (62.8%)

Diabetes mellitus 2964 (22.8%)

Dyslipidemia 1024 (7.9%)

Atrial fibrillation 856 (6.6%)

Peripheral artery disease 98 (0.8%)

Modified Rankin Scale at admission 2 (1−3)*

National Institutes of Health Stroke Scale at admission 3 (1−6)*

Index event

　Transient ischaemic attack 832 (6.4%)

　Ischaemic stroke 12,180 (93.6%)

In-hospital medication

　Antiplatelet therapy within 48 h 12,570 (97.3%)

　Lipid-lowering agent 12,494 (96.7%)

　Antihypertensive agent 6040 (46.8%)

　Anticoagulants 1308 (10.1%)

Stroke etiology-TOAST classification

　Large artery atherosclerosis 3431 (26.4%)

　Cardioembolism 768 (5.9%)

　Small vessel occlusion 2968 (22.8%)

　Other determined cause 174 (1.3%)

　Undetermined pathogenesis 5671 (43.6%)

Essen score 2 (1−3)*

　0−2 8889 (68.3%)

　3−6 4116 (31.6%)

　7−9 7 (0.05%)

Data are presented as means ± SD or n (%). *Presented as median (interquartile range).
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(87.8%) with acute infarction(s) at baseline, 5903 pa-
tients had SAI, and 5520 patients had MAI. The cu-
mulative distribution of Essen scores is shown in
Figure 1A. The median Essen score was 2 (IQR: 1–3). 

Essen Score in the Prediction of Vascular Out-
comes

A total of 12,709 patients (97.7%) completed at
least one year of follow-up. At one year, 1305 com-
bined vascular events (1240 recurrent stroke, 45 MI
or 166 deaths from vascular causes) and 100 compo-
site cardiac events (45 MI, 26 HF or 44 deaths from
cardiac causes) had occurred. The one-year rates of
combined vascular events, recurrent stroke, MI and
composite cardiac events were 10.03%, 9.53%, 0.35%
and 0.77%, respectively.

The one-year rate of combined vascular events in-
creased for patients from lower to higher Essen score
categories, ranging from 8.27% in those with an Es-
sen score ≤ 1 to 18.65% in those with an Essen score ≥
5 (Figure 1B and supplemental material, Table 2S).
An Essen score of 3, which is often regarded as the
cut-off point of the low-risk group and high-risk gr-
oup, identified a subgroup at a risk of vascular eve-
nts (10.76%) similar to that of the total population
(10.03%). Similar results were obtained by analys-
ing the association between the Essen score and car-
diac events (Figure 1C and supplemental material,
Table 2S).

Compared with those with an Essen score < 3, pa-
tients with an Essen score ≥ 3 were more likely to have
a subsequent combined vascular event [hazard ra-
tio (HR) = 1.39, 95% CI: 1.24−1.55] and recurrent stroke
(HR = 1.37, 95% CI: 1.22−1.53). Compared with those
with an Essen score < 3, patients with an Essen score ≥
3 were associated with a greater than 2-fold risk of

cardiac events at one year (HR = 2.30, 95% CI: 1.53–
3.44) and MI (HR = 2.52, 95% CI: 1.40−4.52; Table 2).

In addition, the Essen score had low predictive
accuracy for combined vascular events with a C-
statistic of 0.56 (95% CI: 0.54–0.57). The Essen score
tended to be more predictive for the risk of cardiac
events (C-statistic = 0.62, 95% CI: 0.56–0.67) and MI
(C-statistic = 0.63, 95% CI: 0.55–0.71) than for the risk
of recurrent stroke (C-statistic = 0.55, 95% CI: 0.54–
0.57) and combined vascular events (C-statistic = 0.56,
95% CI: 0.54–0.57; Table 3).

In multivariable Cox regression analysis includ-
ing all variables of the Essen score, previous stroke/
TIA were the most predictive clinical factors of com-
bined vascular events (adjusted HR = 1.55, 95% CI:
1.38–1.73) followed by peripheral artery disease (adj-
usted HR = 1.30, 95% CI: 1.13–1.50), age > 75 years
(adjusted HR for the comparison of age < 65 years =
1.25, 95% CI: 1.07–1.45), and diabetes mellitus (adj-
usted HR = 1.18, 95% CI: 1.05–1.32). Other cardiova-
scular diseases (adjusted HR = 2.36, 95% CI: 1.29–4.30)
were associated with a greater than 2-fold risk of
cardiac events (supplemental material, Table 3S). 

Stroke Subtype and Imaging Findings in the
Prediction of Vascular Outcomes

In the full Cox regression model including the Es-
sen score, NIHSS score, cause of stroke and neur-
oimaging findings, LAA (adjusted HR for the com-
parison with undetermined cause = 1.30, 95% CI:
1.14–1.48, P < 0.001), MAI (adjusted HR for the com-
parison with no acute infarctions = 1.37, 95% CI:
1.21–1.54, P = 0.001) and SAI (adjusted HR for the
comparison with no acute infarctions = 1.79, 95% CI:
1.15–1.36, P < 0.001) were associated with an in-
creased risk of combined vascular events (Table 4).

 

Figure 1    Distribution of Essen score and one-year combined vascular events or cardiac events stratified by the Essen score catego-
ries. (A): Cumulative distribution of Essen score; (B): one-year combined vascular events stratified by the Essen score categories; and
(C): one-year cardiac events stratified by the Essen score categories.
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Table 2    Events at one year according to Essen score risk categories.

Events HR (95% CI) P-value

Combined vascular events*

　High-risk group (n = 4123) 504 (12.22%) 1.39 (1.24–1.55) < 0.001

　Low-risk group (n = 8889) 801 (9.01%) Reference

Stroke recurrence

　High-risk group (n = 4123) 471 (11.42%) 1.37 (1.22–1.53) < 0.001

　Low-risk group (n = 8889) 769 (8.65%) Reference

Myocardial infarction

　High-risk group (n = 4123) 24 (0.58%) 2.52 (1.40–4.52) 0.002

　Low-risk group (n = 8889) 21 (0.24%) Reference

Cardiac events**

　High-risk group (n = 4123) 51 (1.24%) 2.30 (1.53–3.44) < 0.001

　Low-risk group (n = 8889) 49 (0.55%) Reference

*Referred to a combined vascular event was defined as myocardial infarction, recurrent stroke and vascular death, whenever come first.
**Referred to a cardiac event was defined as myocardial infarction, heart failure and cardiac death, whenever come first. CI: confidence
interval; HR: hazard ratio.

 

Table 3    Predictive value of the Essen score for outcomes at one year.

AUC (95% CI) P-value P-value for Hosmer–Lemeshow test

Combined vascular events* 0.56 (0.54–0.57) < 0.001 0.81

Stroke recurrence 0.55 (0.54–0.57) < 0.001 0.84

Myocardial infarction 0.63 (0.55–0.71) < 0.001 0.23

Cardiac events** 0.62 (0.56–0.67) < 0.001 0.25

*Referred to a combined vascular event was defined as myocardial infarction, recurrent stroke and vascular death, whenever come first.
**Referred to a cardiac event was defined as myocardial infarction, heart failure and cardiac death, whenever come first. AUC: area
under curve; CI: confidence interval.

 

Table 4    Logistic regression for combined vascular events at one year in the full model.

Predictor variable
Combined vascular events

Adjusted HR* (95% CI) P-value
Clinical score

　Essen score 1.17 (1.12–1.23) < 0.001

　National Institutes of Health Stroke Scale score 1.03 (1.01–1.04) < 0.001

Stoke etiology subtype

　Large artery atherosclerosis 1.30 (1.14–1.48) < 0.001

　Cardioembolism 1.21 (0.97–1.51) 0.09

　Small vessel occlusion 0.91 (0.76–1.10) 0.33

　Other determined cause 1.28 (0.82–2.00) 0.28

　Undetermined cause Reference

Neuroimaging

　Multiple acute infarction 1.47 (1.16–1.87) 0.001

　Single acute infarction 1.79 (1.44–2.22) < 0.001

　Nonacute infarction Reference

*Referred to adjust for all variants included in each model using stepwise regression analysis method. CI: confidence interval; HR:
hazard ratio.
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The results were similar when further introducing
the above parameters as binary variables (Table 5).
Moreover, acute infarctions as a binary variable had
a higher HR for combined vascular events than MAI
as a binary variable. In addition, we investigated whe-
ther a combination of acute infarctions (positive DWI)
and LAA subtype could improve the predictive value.
A total of 1201 patients (9.7%), 328 patients (2.5%),
8320 patients (63.9%) and 3103 patients (23.9%) had
no infarction without LAA, no infarction with LAA,
acute infarctions without LAA and acute infarctions
with LAA, respectively.

In the final Model 3 (including Essen score, NIHSS
score, no infarction with LAA, acute infarctions with-
out LAA and acute infarctions with LAA), both the
Essen score and NIHSS score as binary variables were
independent predictors of combined vascular ev-
ents. Compared with those without infarction or
LAA, patients with both acute infarctions and LAA
were associated with an approximately 2-fold risk
of combined vascular events at one year (adjusted
HR = 2.37, 95% CI: 1.81–3.09, P < 0.001).

Adding the variable presence of LAA and acute
infarctions as a categorical variable to the Essen sc-

ore did not significantly increase the predictive va-
lue of the Essen score for the risk of combined vas-
cular events (C-statistic = 0.57, 95% CI: 0.55–0.59;
supplemental material, Table 4S).

In the full Cox regression model including the Es-
sen score, NIHSS score, cause of stroke and neur-
oimaging findings, only the CE subtype of TOAST
classification was independently associated with an
increased risk of one-year cardiac events and MI
(Table 6). The results were similar when introducing
the above variables as binary variables (Table 7). 

DISCUSSION

In a prospective, multicentre, nationwide registry
in China, we found that the discriminative ability of
the Essen score was low to moderate with C-statistic
ranging between 0.56 and 0.63 for selected vascular
outcomes. In addition, the Essen score also tended
to be more predictive for the risk of MI and cardiac
events than that of combined vascular events. Sec-
ondly, the rate of combined vascular events and
cardiac events increased for patients from lower to
higher Essen score categories with acceptable calib-

 

Table 5    Logistic regression for combined vascular events at one year in the full model when introducing all variables as binary
variables.

Reference Adjusted HR* (95% CI)P-value
Model 1

　Essen score ≥ 3 Essen score (0–2) 1.32 (1.18–1.48) < 0.001

　NIHSS score ≥ 4 NIHSS score (0–3) 1.33 (1.19–1.49) < 0.001

　Large artery atherosclerosis No large artery atherosclerosis 1.32 (1.17–1.50) < 0.001

　Multiple acute infarction Single acute infarction or no infarction 1.34 (1.19–1.51) < 0.001

Model 2

　Essen score ≥ 3 Essen stroke risk score (0–2) 1.33 (1.19–1.49) < 0.001

　NIHSS score ≥ 4 NIHSS score (0–3) 1.30 (1.16–1.45) < 0.001

　Large artery atherosclerosis No large artery atherosclerosis 1.43 (1.27–1.61) < 0.001

　Acute infarctions No infarction 1.63 (1.31–2.03) < 0.001

Model 3

　Essen score ≥ 3 Essen stroke risk score (0–2) 1.33 (1.19–1.49) < 0.001

　NIHSS score ≥ 4 NIHSS score (0–3) 1.30 (1.16–1.46) < 0.001

　No infarction with large artery atherosclerosis No infarction without large artery atherosclerosis 1.51 (0.96–2.38) 0.077

　Acute infarctions without large artery
　atherosclerosis No infarction without large artery atherosclerosis 1.66 (1.28–2.14) < 0.001

　Acute infarctions with large artery
　atherosclerosis No infarction without large artery atherosclerosis 2.37 (1.81–3.09) < 0.001

*Referred to adjust for all variants included in each model using stepwise regression analysis method. CI: confidence interval; HR:
hazard ratio; NIHSS: National Institutes of Health Stroke Scale.
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ration. The goodness-of-fit test also showed similar
results. Thirdly, we found that acute DWI abnor-
malities, either acute infarctions or MAIs, and LAA
subtype were significantly associated with the risk
of combined vascular events. More importantly,
imaging findings might provide more predictive
value beyond the Essen score and NIHSS score.

Clinical prediction scores, including the Essen
score, Stroke Prognosis Instrument II and ABCD2,
for stroke stratification had poor performance on
discrimination and calibration.[3,18] Neuroimaging,
vascular imaging and cause of stroke were con-

firmed to provide incremental prognostic value in
minor ischaemic stroke or TIA.[6] For instance, the
ABCD3I score based on the ABCD2 score and ima-
ging findings demonstrated improved accuracy.[10,19,20]

The Essen score, acute infarctions on brain imaging,
and TOAST classification have been previously re-
ported to be associated with recurrence stroke.[3,6,7]

Liu, et al.[21] demonstrated that the Essen score
could stratify the risk of both recurrent stroke and
major vascular events within one year in patients
with LAA subtype of nonatrial fibrillation stroke
but had low prediction power for patients with sm-

 

Table 6    Logistic regression for cardiac events at one year in the full model.

Predictor variable
Combined vascular events

Adjusted HR* (95% CI) P-value
Clinical score

　Essen score 1.42 (1.20–1.67) < 0.001

　National Institutes of Health Stroke Scale score 1.07 (1.04–1.11) < 0.001

Stoke etiology subtype

　Large artery atherosclerosis 1.02 (0.61–1.71) 0.92

　Cardioembolism 2.67 (1.47–4.85) 0.013

　Small vessel occlusion 1.06 (0.50–2.22) 0.88

　Other determined cause 0.99 (0.14–7.26) 0.99

　Undetermined cause Reference

Neuroimaging

　Multiple acute infarction 0.75 (0.34–1.68) 0.49

　Single acute infarction 1.03 (0.51–2.09) 0.93

　Nonacute infarction Reference

*Referred to adjust for all variants included in each model using stepwise regression analysis method. CI: confidence interval; HR:
hazard ratio.

 

Table 7    Logistic regression for cardiac events at one year in the full model.

Reference Adjusted HR* (95% CI) P-value
Model 1

　Essen score ≥ 3 Essen score (0–2) 2.14 (1.43–3.21) < 0.001

　NIHSS score ≥ 4 NIHSS score (0–3) 1.30 (0.86–1.95) 0.215

　Cardioembolism No cardioembolism 2.88 (1.67–4.94) < 0.001

　Multiple acute infarction Single acute infarction or no infarction 1.43 (0.95–2.16) 0.091

Model 2

　Essen score ≥ 3 Essen score (0–2) 2.15 (1.43–3.23) < 0.001

　NIHSS score ≥ 4 NIHSS score (0–3) 1.34 (0.89–2.04) 0.163

　Cardioembolism No cardioembolism 2.99 (1.74–5.13) < 0.001

　Acute infarctions No infarction 1.04 (0.53–2.04) 0.905

*Referred to adjust for all variants included in each model using stepwise regression analysis method. CI: confidence interval; HR:
hazard ratio; NIHSS: National Institutes of Health Stroke Scale.
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all-artery subtype of nonatrial fibrillation stroke. A
similar result of LAA was also found.[22] MAIs are
usually related to an embolic pathogenesis, which co-
uld indicate a relatively unstable cause associated
with increased vascular risk. Two recent reviews also
suggested that acute infarction numbers (mostly
MAI) and LAA are associated with an increased risk
of recurrent ischaemic stroke.[3,7] As in our study,
patients with MAIs or SAIs and LAA had a higher
risk of combined vascular events. Moreover, a com-
bination of LAA and acute infarctions was associ-
ated with more than a doubling of the risk (adjus-
ted HR = 2.37, 95% CI: 1.81–3.09, P < 0.001).

The modified Essen score (original Essen score
plus LAA) increased the ability of the original Es-
sen score to predict recurrence after ischaemic stroke
at one year.[23,24] However, adding LAA and acute
infarctions to the Essen score did not significantly
increase the predictive value for combined vascular
events in this study given the poor discriminability
of the original Essen score. Considering that LAA
and acute infarctions were independent predictors
of combined vascular events in the full model, fu-
ture predictive tools should be developed based on
imaging findings, not clinical findings. In fact, a new
imaging-based score was developed and validated
to predict the early risk of recurrent stroke after isch-
aemic stroke.[25,26]

In patients with ischaemic stroke or TIA without
prior CAD, few scores have been confirmed with
the ability to estimate the risk of MI (Framingham
score),[27] and to identify asymptomatic CAD (PRE-
CORIS score).[28] However, these two scores only fo-
cused on short-term risk, and their discriminative
power was poor. In a recent study with more than
ten years of follow-up, the Essen score could identify
subsets who may be at sufficiently high risk of MI
to justify more intensive treatment. In addition, the
predictive value is higher for MI than for recurrent
stroke.[5] Our study found that the Essen score could
predict not only MI but also composite cardiac ev-
ents. Moreover, patients with an Essen score ≥ 3
identified a high-risk group that had over 2-fold
risk of cardiac events and MI compared with those
with an Essen score of 0 to 2.

A previous study investigated the capacity of sev-

eral established prognostic scores (including ABCD2,
ABCD2I, ABCD3I, Essen score, California risk score
and Stroke Prognosis Instrument) to identify future
MI after TIA.[29] Among them, the Essen score had
the highest predictive value with a C-statistic of 0.71
(95% CI: 0.63–0.79). In addition, positive DWI was
independently associated with MI and should be
considered in new prediction models. Although pa-
tients with TIA constituted only a small proportion
of our study population, the Essen score had a mod-
erate predictive value for MI (C-statistic = 0.63,
95% CI: 0.55–0.71). MAI indicates an embolic mech-
anism that portends a high risk of heart diseases.[29]

However, positive DWI (MAI or nonacute infarc-
tion) was not associated with MI in the current ana-
lysis, which might be attributed to the limited num-
ber of positive outcomes (45 MI). A recent study
showed that the predictive value of the Essen score
for MI was similar for patients with different stroke/
TIA TOAST subtypes. However, our study found that
the Essen score for predicting cardiac events per-
formed better in CE subtypes. Further validation
based on large studies is required. 

LIMITATIONS

There were some mentionable limitations of this
study. Firstly, given that this is a hospital-based regi-
stry and the study sites were selected from hospitals
with relatively greater medical resources, generaliz-
ability is limited. However, the study sites were loc-
ated in 22 provinces and four municipalities, and
the steering committee attempted to ensure nation-
wide representation of the sample from each area in
mainland China. Secondly, of the 15,166 patients, 2154
patients who lacked baseline MRI were excluded.
Baseline characteristics were similar between the in-
cluded patients and excluded patients. Last but not
least, follow-up was incomplete for some patients at
one year, and 303 patients (2.3%) were lost to follow-up.
However, the Kaplan–Meier estimate rate was used
for risk estimates. 

CONCLUSIONS

The Essen score seems to be more suitable for risk-
stratification of cardiovascular events than cereb-
rovascular events. Moreover, future predictive tools
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should take brain imaging and cause of stroke into
consideration. 
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