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Abstract
Background: Predictors of recurrent ischemic stroke are less 
well known in patients with a recent ischemic stroke than in 
patients with transient ischemic attack (TIA). We identified 
clinical and radiological factors for predicting recurrent isch-
emic stroke in patients with recent ischemic stroke. Meth-
ods: A systematic search in PubMed, Embase, Cochrane Li-
brary, and CINAHL was performed with the terms “ischemic 
stroke,” “predictors/determinants,” and “recurrence.” Quali-
ty assessment of the articles was performed and the level of 
evidence was graded for the articles included for the meta-
analysis. Pooled risk ratios (RR) and heterogeneity (I2) were 
calculated using inverse variance random effects models. Re-
sults: Ten articles with high-quality results were identified for 
meta-analysis. Past medical history of stroke or TIA was a pre-

dictor of recurrent ischemic stroke (pooled RR 2.5, 95% CI 
2.1–3.1). Small vessel strokes were associated with a lower 
risk of recurrence than large vessel strokes (pooled RR 0.3, 
95% CI 0.1–0.7). Patients with stroke of an undetermined 
cause had a lower risk of recurrence than patients with large 
artery atherosclerosis (pooled RR 0.5, 95% CI 0.2–1.1). We 
found no studies using CT or ultrasound for the prediction of 
recurrent ischemic stroke. The following MRI findings were 
predictors of recurrent ischemic stroke: multiple lesions 
(pooled RR 1.7, 95% CI 1.5–2.0), multiple stage lesions (pooled 
RR 4.1, 95% CI 3.1–5.5), multiple territory lesions (pooled 
RR 2.9, 95% CI 2.0–4.2), chronic infarcts (pooled RR 1.5, 95% 
CI 1.2–1.9), and isolated cortical lesions (pooled RR 2.2, 95% 
CI 1.5–3.2). Conclusions: In patients with a recent ischemic 
stroke, a history of stroke or TIA and the subtype large artery 
atherosclerosis are associated with an increased risk of recur-
rent ischemic stroke. Predictors evaluated with MRI include 
multiple ischemic changes and isolated cortical lesions. Pre-
dictors of recurrent ischemic stroke concerning CT or ultra-
sound have not been published. © 2018 S. Karger AG, Basel
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Introduction

Patients with a recent ischemic stroke are at risk for 
a second ischemic stroke with reported 1-year-inci-
dence rates ranging from 8% to 14% [1–3]. In contrast 
to patients with transient ischemic attack (TIA), predic-
tors of recurrent ischemic stroke in patients with a re-
cent ischemic stroke are less well known. Clinical fac-
tors such as stroke subtype and past medical history of 
stroke have been reported to be associated with recur-
rent ischemic stroke [4, 5]. Over the last decade, radio-
logical findings have gained more interest in predicting 
recurrent stroke. For instance, several studies that were 
based on findings of transesophageal echocardiography 
or cardiac CT angiography have reported associations 
between certain aortic plaque characteristics and recur-
rent hemorrhagic or ischemic stroke [6–8]. However, 
most imaging studies investigated different study popu-
lations and used different definitions for outcome, 
which makes it difficult to extract generalizable conclu-
sions. The current knowledge gap concerns predictors 
of recurrent ischemic stroke in the general ischemic 
stroke population. We conducted a systematic review of 
both clinical and imaging predictors of recurrent isch-
emic stroke and performed a meta-analysis of the cur-
rent literature.

Methods

Search Strategy and Selection
We performed a systematic search in PubMed, Embase, Co-

chrane Library, and CINAHL up to September 2017 by using syn-
onyms of “ischemic stroke” and “predictors/determinants” and 
“recurrence” (online suppl. Table I; for all online suppl. material, 
see www.karger.com/doi/10.1159/000490422). One author (F.K.) 
screened articles on the title and abstract for relevance by using the 
following inclusion criteria: unselected study population of pa-
tients with acute ischemic stroke, outcome was recurrent ischemic 
stroke and, effect estimate (risk ratio [RR], OR or hazard ratio 
[HR]) including 95% CI was reported or could be calculated (on-
line suppl. Fig. I). Animal studies, studies in languages other than 
English, Dutch, German, French, or Spanish, case series, reviews, 
conference abstracts, and editorials were excluded for further re-
view. Full-text screening was done independently by 2 authors 
(F.K. and R.T.). In case of disagreement between authors on the 
selected studies, consensus was achieved by means of discussion. 
Additional relevant papers were retrieved by means of a cross-ref-
erence check. To obtain comparable series of patients, series in-
cluding patients with TIAs and series that were selected on age or 
stroke subtype were excluded. All supporting data are available 
within this article and its online supplements. This review was per-
formed following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses criteria [9].

Critical Appraisal
The relevance and validity of the included studies were ap-

praised by 2 authors (F.K. and R.T.). A quality assessment score 
was formulated, which was based on the Newcastle Ottawa Qual-
ity Assessment Scale [10]. Furthermore, we added additional top-
ics to the quality assessment score including study design, analyses, 
and outcome definition as has been done before in other system-
atic reviews (online suppl. Table II) [11–13]. If the quality assess-
ment score was below 10, the study was excluded for the primary 
meta-analysis. 

Level of Evidence
The reported determinants were deemed as predictive, non-

predictive, or inconsistent based on consistency of the reported 
estimates and clinical relevance (Fig.  1) [12]. In addition, every 
predictive or non-predictive determinant was given a level of evi-
dence based on the amount of studies with (non-) significant esti-
mates.

Data Extraction
Baseline characteristics of the included studies were collect-

ed  including sample size and follow-up duration. RR, ORs, and 
HR  on relevant outcome measures with corresponding 95% CI 
were extracted. In the absence of the relevant effect estimates, 
RRs  were calculated using crude data. Two-by-two tables were 
formed and the RR was calculated using the following formula: 
RR = (a/[a + b])/(c/[c + d]).

Statistical Analysis
The weighted incidence rate with 95% CI and weighted mean 

follow-up duration were calculated by weighing the studies on 
sample size. When 2 or more RRs were present per predictor, the 
pooled RRs with 95% CIs were computed by using the inverse vari-
ance random effects models in Review Manager (Review Manager 
(RevMan). Version 5.3. Copenhagen: The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, 2014). Heterogeneity was quan-
tified by calculating I2 as a percentage. A low level of heterogeneity 
was present when I2 was 25%, a moderate level when I2 was 50% 
and a high level when I2 was 75% [14]. Determinants were includ-
ed for analysis only if multiple univariable RRs were available. A 
p value smaller than 0.05 was considered significant. To check for 
differences between low and high-quality studies, we performed a 
second meta-analysis including all the studies that were assessed 
for quality.

Results

Out of 2,173 unique articles we included 16 studies for 
quality assessment (online suppl. Fig. I). Most studies 
were excluded because of selected study populations and 
deviating definitions of outcome. Six studies were exclud-
ed due to low-quality scores (Table 1) [15–20]. Two stud-
ies used the same study population but investigated dif-
ferent determinants for the recurrence of ischemic stroke: 
one study investigated multiple predictors, while the oth-
er specifically focused on diabetes mellitus [21, 22]. We 
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included both studies because each study provides addi-
tional information for this review. Finally, 10 studies re-
mained for meta-analysis including 6 prospective cohort 
and 4 retrospective cohort studies [3, 4, 21–28]. The in-
cluded studies investigated a total of 212,864 patients with 
ischemic stroke. The weighted incidence rate of  recurrent 
ischemic stroke was 99 (95% CI 98–101) per 1,000 per-
son-years with a weighted mean follow-up duration of 
13 months. 

Predictive Factors
Clinical and imaging predictors of recurrent isch-

emic stroke are reported in Table 2 and visualized in 
Figure 2. Strong level of evidence for the prediction of 
recurrent ischemic stroke was found for previous his-
tory of stroke or TIA with significant RRs ranging from 
1.8 to 3.4 in 4 studies. Small vessel disease as com-
pared to large artery atherosclerosis was associated with 
a lower chance of recurrence (pooled RR 0.3, 95% CI 
0.1–0.7). Moderate level of evidence was found for a 
lower risk of an undetermined cause of stroke as com-
pared to large artery atherosclerosis (pooled RR 0.5, 
95% CI 0.2–1.1).

No predictive imaging factors based on CT or ultra-
sound were found. A moderate level of evidence for the 
prediction of recurrent ischemic stroke based on MRI was 
found for multiple lesions, multiple stage lesions, multi-
ple territory lesions, chronic infarcts, and isolated cortical 
lesions, which are defined in online supplemental Table 
III. A limited level of evidence was present for the asso-
ciation between white matter lesions and recurrence of 

ischemic stroke (pooled RR 1.5, 95% CI 0.9–2.6). A sec-
ond meta-analysis including all the studies that were as-
sessed for quality (Table 1) did not provide substantial 
different results compared to the analysis of the high 
quality studies (online suppl. Table IV). 

A single large (n = 196,765) Swedish study [4] re-
ported the following positive and negative predictors 
of recurrent ischemic stroke during a one-year follow-
up: age 76–85 years vs. age 18–65 years (HR 1.1, 95% 
CI 1.1–1.2), prior ischemic stroke (HR 1.3, 95% CI 1.2–
1.4), prior myocardial infarction (HR 1.3, 95% CI 1.2–
1.3), diabetes mellitus (HR 1.2, 95% CI 1.1–1.3), atrial 
fibrillation without warfarin treatment (HR 1.6, 95% CI 
1.5–1.7), atrial fibrillation with warfarin treatment (HR 
0.8, 95% CI 0.7–0.9), use of acetylsalicylic acid (HR 0.9, 
95% CI 0.9–1.0), use of acetylsalicylic acid in combina-
tion with dipyridamole (HR 0.9, 95% CI 0.6–0.9), and 
use of lipid lowering medication (0.9, 95% CI 0.8–0.9). 
The reported predictors were further adjusted for fe-
male sex (HR 1.0, 95% CI 0.9–1.0) and medication use 
including clopidogrel (HR 1.1, 95% CI 1.0–1.2), calci-
um channel blockers (HR 1.0, 95% CI 1.0–1.1), beta-
blockers (HR 1.2, 95% CI 1.2–1.3), diuretics (HR 1.1, 
95% CI 1.0–1.1), and angiotensin converting enzyme 
(ACE) inhibitors (HR 1.0, 95% CI 1.0–1.0).

Non-Predictive Factors
Factors that were not predictive of recurrent ischemic 

stroke in at least 3 studies (strong level of evidence) were 
male sex, hypertension, dyslipidemia, diabetes mellitus, 
atrial fibrillation, use of anticoagulant medication, use of 

Predictive factor
Consistency
• All estimates point in the same direction (≥0.9 or ≤1.2)
Clinical relevance
• At least 1 study with significant estimate (≥2.0 or ≤0.5 or
 statistically significant)

Level of evidence
• Strong evidence: 3 or more studies with
 significant estimate
• Moderate evidence: 2 studies with significant
 estimate
• Limited evidence: 1 study with significant estimate

Level of evidence
• Strong evidence: 3 studies with nonsignificant
 estimate between 0.8 and 1.3
• Moderate evidence: 2 studies with nonsignificant
 estimate between 0.8 and 1.3
• Limited evidence: 1 study with nonsignificant
 estimate between 0.8 and 1.3

No

Yes

Yes

No

Non-predictive factor
Consistency
• All estimates around 1.0 (between 0.4 and 2.5)
Clinical relevance
• Estimates are nonsignificant (95% CI contains 1.0)
• One study contains estimate between 0.8 and 1.3

Inconsistent evidence

Fig. 1. Criteria for level of evidence.
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antiplatelet medication, and statin use (online suppl. Ta-
ble V). Furthermore, no association was found for alcohol 
use, and the use of antihypertensive medication with a 
moderate level of evidence.

Inconsistent Factors
Conflicting evidence was found for the association be-

tween smoking and recurrent ischemic stroke (online 
suppl. Table VI). Two out of 6 studies reported that smok-
ing at baseline is significantly protective for recurrence of 
ischemic stroke. However, the remaining 4 studies pro-
vided neutral RRs. Conflicting evidence was also found 
for cardiac embolism as cause of the ischemic stroke com-

pared to large artery atherosclerosis and for presence of 
prior cardiovascular disease. Only 2 studies provided uni-
variable RRs for carotid intervention with broad confi-
dence intervals.

Discussion

Strong evidence was found for past medical history of 
stroke or TIA and large rather than small vessel disease as 
predictors of recurrent ischemic stroke. There is a moder-
ate level of evidence that patients with an undetermined 
cause of stroke had a more benign prognosis with respect 

Table 1. Characteristics of the studies included for quality assessment

Study
Country

Study design Sample size
total, n

Sample size
eligible, n

Recurrences,
n (%)

Follow-up
duration

Determinants Estimate Quality
score

Alter et al. [21], 1997†, USA Prospective 621 621 77 (12) 24 months DM uv RR‡ 12

Ay et al. [23], 2010, USA Retrospective* 1,458 1,458 60 (4) 90 days Demographics, CVRF, stroke
subtype, medication, imaging

uv RR‡; uv HR; mv 
β-coefficient

11

Bergström et al. [4], 2017, Sweden Retrospective* 196,765 196,765 22,198 (13)§ 1 year Demographics, CVRF, 
medication

mv HR 11

Buenaflor et al. [3], 2017, Philippines Retrospective 1,155 1,155 280 (24) 3 years Demographics, CVRF uv OR; uv RR‡ 10

Grau et al. [15], 2001, Germany Prospective 5,017 5,017 216 (4) 7 days Stroke subtype uv RR‡ 9

Hankey et al. [16], 1998, Australia Prospective 343 250 33 (13) 5 years Stroke subtype uv RR‡ 9

Hillen et al. [17], 2003, UK Prospective 1,626 1,166 80 (7) 5 years LACI vs. non-LACI uv RR‡ 9

Hirayama et al. [18], 2010, Japan Case control 374 374 72 (19) 3.1 years Demographics, CVRF uv RR‡ 8

Kim et al. [24], 2014, USA Retrospective 2,378 2,378 106 (4) 90 days Demographics, CVRF, stroke
subtype, medication, imaging

uv RR‡; uv and mv HR 11

Kuwashiro et al. [25], 2012, Japan Prospective 260 260 25 (10) 12 months Demographics, CVRF, 
biometry, laboratory, stroke 
subtype, medication

uv RR‡; mv OR 11

Lai et al. [22], 1994†, USA Prospective 621 621 77 (12) 24 months Hypertension, atrial 
fibrillation

mv HR 10

Lee et al. [26], 2004, Australia Retrospective 7,816 7,816 743 (10) 4 years Demographics, CVRF, 
carotid endarterectomy

mv HR 11

Nam et al. [27], 2017, South Korea Retrospective 959 959 63 (7) 31 months Demographics, CVRF, stroke 
subtype, medication, imaging

uv RR‡; uv and mv HR 11

Omori et al. [19], 2015, Japan Retrospective* 1,087 991 232 (21) 704 days Demographics, family 
history, stroke subtype, mRS 
at discharge 

uv RR‡; mv OR 8

Soda et al. [28], 2004, Japan Prospective 831 831 65 (8) 12 months Demographics, CVRF, 
medication

uv RR‡, adjusted RR 12

Suanprasert et al. [20], 2011, Thailand Case control 234 234 67 (29) 13 months Demographics, CVRF, stroke 
subtype, medication

uv RR‡; mv OR 7

* From prospective database.
† Identical study populations, but both studies assess different predictors.
‡ Calculated by using crude data.
§ Cumulative 1-year incidence.
USA, United States of America; DM, diabetes mellitus; CVRF, cardiovascular risk factors; uv, univariable; RR, risk ratio; HR, hazard ratio; mv, multivariable; UK, United Kingdom; 

LACI, lacunar infarcts; RR, relative risk.
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to recurrent ischemic stroke than patients with large ar-
tery atherosclerosis. Negative associations were found for 
atrial fibrillation with warfarin treatment, use of acetyl-
salicylic acid, use of acetylsalicylic acid in combination 
with dipyridamole and use of lipid-lowering medication. 
When considering imaging predictors, a strong level of 
evidence was absent, but a moderate level of evidence was 

found for the association between recurrent ischemic 
stroke and the load of ischemic lesions on MRI.

No other systematic review focusing on prediction of 
recurrent ischemic stroke after recent ischemic stroke 
was found. We had to exclude several studies that studied 
clinical and imaging predictors of ischemic stroke be-
cause these studies investigated heterogeneous stroke 

Table 2. Predictive factors for recurrent ischemic stroke

Predictive factor Study Sample 
size, n

Variable definition Factor 
prevalence, %

Follow-up 
duration

uv RR 
(95% CI)

mv HR 
(95% CI)

Clinical factors
Strong level

Prior stroke/TIA Ay et al. [23], 2010 1,458 – 8 90 days 3.4 (2.1–5.6)
I2 = 0% Bergström et al. [4], 2017 196,765 Prior ischemic stroke 15 1 year 1.3 (1.2–1.4)

Kim et al. [24], 2014 2,378 Within last month 14 90 days 2.6 (1.9–3.4)
Kuwashiro et al. [25], 2012 260 Prior ischemic stroke 24 12 months 1.8 (1.1–3.1) OR 2.0 (0.8–5.0)
Soda et al. [28], 2004 713 Prior stroke/TIA 27 12 months 2.3 (1.5–3.8)
Pooled 2.5 (2.1–3.1)

Small vessel disease vs. LAA
I2 = 67%

Ay et al. [23], 2010 1,458 CCS 10 90 days 0.1 (0.0–0.7)
Kim et al. [24], 2014 2,378 CCS 12 90 days 0.1 (0.0–0.3)
Kuwashiro et al. [25], 2012 260 TOAST 31 12 months 0.3 (0.1–0.9)
Nam et al. [27], 2017 959 TOAST 31 31 months 0.5 (0.3–1.0)
Soda et al. [28], 2004 745 NINDS 26 12 months 0.8 (0.4–1.7)
Pooled 0.3 (0.1–0.7)

Moderate level
Undetermined cause vs. LAA
I2 = 76%

Ay et al. [23], 2010 1,458 CCS 36 90 days 0.4 (0.2–0.7)
Kim et al. [24], 2014 2,378 CCS 12 90 days 0.2 (0.1–0.5)
Soda et al. [28], 2004 745 NINDS: uncertain cause 22 12 months 1.1 (0.5–2.2)
Pooled   0.5 (0.2–1.1)

Imaging factors (MRI)
Moderate level

Multiple lesions
I2 = 0%

Ay et al. [23], 2010 1,458 * 40 90 days 1.8 (1.5–2.1)
Nam et al. [27], 2017 959 * 39 31 months 1.6 (1.3–2.0)
Pooled 1.7 (1.5–2.0)

Multiple stage lesions
I2 = 13%

Ay et al. [23], 2010 1,458 * 11 90 days 3.5 (2.4–5.2)
Nam et al. [27], 2017 959 * 11 31 months 4.7 (3.3–6.7) 6.0 (3.5–10.1)
Pooled 4.1 (3.1–5.5)

Multiple territory lesions Ay et al. [23], 2010 1,458 * 10 90 days 2.7 (1.7–4.4)
I2 = 0% Nam et al. [27], 2017 959 * 6 31 months 3.2 (1.8–5.8)

Pooled 2.9 (2.0–4.2)
Chronic infarcts Ay et al. [23], 2010 1,458 * 30 90 days 1.4 (1.1–2.0)
I2 = 0% Kim et al. [24], 2014 2,378 * 15 90 days 1.6 (1.1–2.3) 1.4 (0.9–2.3)

Pooled 1.5 (1.2–1.9)
Isolated cortical lesion
I2 = 0%

Ay et al. [23], 2010 1,458 * 9 90 days 2.2 (1.3–3.8)
Nam et al. [27], 2017 959 * 9 31 months 2.1 (1.2–3.8) 2.5 (1.3–5.0)
Pooled 2.2 (1.5–3.2)

Limited level
White matter lesions
I2 = 79%

Kim et al. [24], 2014 2,378 * 44 90 days 1.2 (1.0–1.5) 1.5 (1.0–2.3)
Nam et al. [27], 2017 959 * 25 31 months 2.0 (1.5–2.7) 1.9 (1.1–3.4)
Pooled 1.5 (0.9–2.6)

* Online supplementary Table III for definitions of imaging factors.
Pooled values in bold. uv, univariable; RR, risk ratio; mv, multivariable; HR, hazard ratio; TIA, transient ischemic attack; LAA, large artery atherosclerosis; CCS, Caus-

ative Classification System for ischemic stroke; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; NINDS, National Institute of Neurological Diseases and Stroke.
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14
36
10
28

88

Prior stroke/TIA
Ay, 2010
Kim, 2014
Kuwashiro, 2012
Soda, 2004
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 2.97, df = 3 (p = 0.40); I2 = 0%
Test for overall effect: Z = 8.88 (p < 0.00001)

SVD vs. LAA
Ay, 2010
Kim,2014
Kuwashiro, 2012
Nam, 2017
Soda, 2004
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.51; Chi2 = 11.82, df = 4 (p = 0.02); I2 = 66%
Test for overall effect: Z = 2.81 (p = 0.005)

Undetermined vs. LAA
Ay, 2010
Kim, 2014
Soda, 2004
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.45; Chi2 = 8.50, df = 2 (p = 0.01); I2 = 76%
Test for overall effect: Z = 1.76 (p = 0.08)

Multiple number of lesions
Ay, 2010
Nam, 2017
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.22, df = 1 (p = 0.64); I2 = 0%
Test for overall effect: Z = 7.53 (p < 0.00001)

Multiple stage lesions
Ay, 2010
Nam, 2017
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.01; Chi2 = 1.19, df = 1 (p = 0.28); I2 = 16%
Test for overall effect: Z = 9.48 (p < 0.00001)

Multiple territory lesions
Ay, 2010
Nam, 2017
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.16, df = 1 (p = 0.69); I2 = 0%
Test for overall effect: Z = 5.64 (p < 0.00001)

Chronic infarcts
Ay, 2010
Kim, 2014
Subtotal (95% CI)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.22, df = 1 (p = 0.64); I2 = 0%
Test for overall effect: Z = 3.39 (p = 0.0007)

Study Events
Experimental Control RR

IV, random, 95% CI
RR

IV, random, 95% CIEventsTotal Total Weight

1
2
4

11
12

30

13
6

13

32

41
39

80

20
26

46

15
11

26

60
63

123

128
49

177

1,398
896

2,294

1,398
2,272
3,670

4.5%
4.1%
8.6%

25
25

50

60
106
166

408
335

743

5.1%
4.9%

10.0%

60
63

123

134
79

213

1,398
896

2,294

4.8%
4.9%
9.7%

60
63

123

544
338

882

1,398
896

2,294

5.4%
5.3%

10.7%

526
292
166
984

23
46
16

85

338
520
218

1,076

3.8%
3.3%
3.7%

10.8%

23
46
10
30
16

125

338
520
62

405
218

1,543

1.1%
1.9%
2.5%
3.8%
3.6%

12.9%

153
296
82

301
194

1,026

60
106
25

190
381

96
301
52
33

482

1,398
2,272

235
523

4,428

4.4%
5.1%
4.3%
4.5%

18.4%

3.40 [2.07, 5.59]
2.56 [1.93, 3.41]
1.81 [1.06, 3.09]
2.34 [1.45, 3.76]
2.51 [2.05, 3.08]

0.10 [0.01, 0.70]
0.08 [0.02, 0.31]
0.30 [0.10, 0.92]
0.49 [0.25, 0.97]
0.84 [0.41, 1.74]
0.32 [0.14, 0.71]

0.36 [0.19, 0.71]
0.23 [0.10, 0.54]
1.07 [0.53, 2.16]
0.46 [0.19, 1.09]

1.76 [1.46, 2.11]
1.64 [1.33, 2.03]
1.71 [1.48, 1.96]

3.48 [2.35, 5.15]
4.68 [3.26, 6.72]
4.08 [3.05, 5.45]

2.73 [1.71, 4.36]
3.19 [1.75, 5.83]
2.90 [2.00, 4.19]

1.43 [1.05, 1.95]
1.60 [1.12, 2.28]
1.50 [1.19, 1.89]

Fig. 2. Forest plot of predictors of recurrent ischemic stroke. IV, inversed variance; TIA, transient ischemic at-
tack; SVD, small vessel disease; LAA, large artery atherosclerosis.

(For figure 2 see next pages.)
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populations or subgroups of the general stroke popula-
tion. For instance, several studies studied both patients 
with ischemic stroke and patients with a TIA. Since pre-
dictors of ischemic stroke recurrence differ between sub-
groups of the general stroke population and the general 
stroke population, the need for studying unselected study 
populations should be emphasized. Other studies that 
were excluded investigated predictors of recurrent stroke 
including hemorrhagic stroke. Several studies used recur-
rence of both hemorrhagic and ischemic stroke as out-
come and they found that white matter lesions on MRI 
are associated with stroke recurrence, while in our meta-
analysis, in which only recurrent ischemic stroke was 
used as outcome, only 2 studies provided evidence for this 
association [29, 30].

We chose to exclude hemorrhagic recurrences as out-
come because causative mechanisms differ between isch-
emic and hemorrhagic stroke, which in turn may be re-
lated to recurrence. Similarly, causative mechanisms may 
differ between early and late recurrences of ischemic 
stroke. In our study, we could not analyze early and late 
recurrences separately because longitudinal data on re-
currences were not provided. Future studies need to elu-
cidate whether early and late recurrences of ischemic 
stroke indeed differ in causative mechanisms, how these 
outcomes should be defined and whether prediction 
models of recurrent ischemic stroke need to be adjusted 
for those differences.

It remains difficult to evaluate a possible association 
between the clinical predictors and the imaging findings. 
In this review, the prognostic imaging factors seem com-
patible with the reported clinical predictors. Previous 
ischemic events may lead to brain damage that can be 

seen on MRI. Furthermore, atherosclerosis of large arter-
ies such as the internal carotid artery has been associated 
with multiple white matter lesions on MRI [31]. We think 
that the combination of baseline clinical and imaging fac-
tors remains vital for predicting recurrent ischemic 
stroke. If prior cardiovascular events are absent based on 
history taking, imaging studies may elucidate “silent” 
cerebrovascular disease, which has been associated with 
future stroke [32, 33]. To improve prediction models, the 
role of imaging needs to be established and, more spe-
cifically, future imaging studies should focus on deter-
mining the cause of stroke and previous ischemic brain 
damage. 

Atrial fibrillation was not of predictive value according 
to our pooled findings. In the Swedish stroke registry 
study, patients with atrial fibrillation were divided in 
2  groups: one group receiving anticoagulant treatment 
and one group not receiving anticoagulant treatment [4]. 
In multivariable analysis, anticoagulant treatment was as-
sociated with decreased risk of ischemic stroke recur-
rence, while no treatment was predictive for recurrence. 
Based on clinical risk scores, anticoagulant therapy is only 
indicated when the risk of ischemic stroke outweighs the 
risk of hemorrhagic complications [34]. In the other in-
cluded studies, treatment was not addressed when assess-
ing atrial fibrillation as a predictor, which may be the rea-
son of atrial fibrillation not being a predictor of recurrent 
ischemic stroke according to our review. These results in-
dicate that future studies should address treatment strat-
egies in atrial fibrillation as distinct predictors of ischemic 
stroke recurrence. Ideally, the effect of anticoagulant 
treatment on ischemic stroke recurrences in patients with 
recent ischemic stroke and atrial fibrillation should be in-
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vestigated in a randomized placebo-controlled manner. 
The same goes for the treatment of other risk factors, but 
ethical objections may be raised.

A strong point of this study was the fact that we used 
strict criteria for study domain and outcome and that we 
analyzed the selected studies according to the well-estab-
lished Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses criteria. Because we only included 
unselected study populations of ischemic stroke and only 
studies with ischemic stroke recurrence as outcome, het-
erogeneity between studies was low and generalizability 
was high. Despite the fact that we had to exclude several 
studies because of our strict selection criteria, a sufficient 
number of studies were found to provide strong level of 
evidence for certain predictors of recurrent ischemic 
stroke. Furthermore, the gaps in current literature con-
cerning recurrent ischemic stroke are highlighted and 
thereby encourage investigators to fill those gaps.

A drawback of this study was the possible existence of 
publication bias. Studies that did not find significant es-
timates may have been averted from publication. We 
could not formally test publication bias because the 
amount of studies was too low. No funnel plots were gen-
erated, since they may not detect publication bias as less 
than 10 studies were available per category [35]. Hetero-
geneity between studies may have been an issue, because 
differences were present across studies with respect to 
number of study participants, follow-up durations, and 
definitions of predictors. Furthermore, patients may have 

been treated differently across studies because treatment 
protocols have been improved over the years. However, 
within the single studies, all patients received the same 
treatment. Hence, considering the limitations of this 
study, we anticipate that the mentioned sources of het-
erogeneity will have limited impact on our pooled results. 
As most heterogeneity percentages were low, strict selec-
tion procedures were followed and inverse variance ran-
dom effects models were applied to adjust for variations 
across studies. Future studies should anticipate on these 
heterogeneity issues by using similar follow-up durations 
(e.g., 90 days) and similar definitions of cardiovascular 
risk factors, stroke subtypes, and imaging variables.

In conclusion, clinical predictors of ischemic stroke 
recurrence have been well established. The role of imag-
ing predictors is less well established and only investigat-
ed for MRI, which emphasizes the need for further inves-
tigation of imaging to visualize characteristics and causes 
of (recurrent) ischemic stroke.
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