UCLA
UCLA Previously Published Works

Title
Borderzone Infarcts and Recurrent Cerebrovascular Events in Symptomatic Intracranial
Arterial Stenosis: A Systematic Review and Meta-Analysis.

Permalink
https://escholarship.org/uc/item/9gd1d4gd

Journal
Journal of Stroke, 25(2)

ISSN
2287-6391

Authors

Das, Saurav
Shu, Liqi
Morgan, Rebecca

Publication Date
2023-05-01

DOI
10.5853/j0s.2023.00185

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/9qd1d4gd
https://escholarship.org/uc/item/9qd1d4gd#author
https://escholarship.org
http://www.cdlib.org/

Check for
updates

O S Journal of Stroke 2023;25(2):223-232

https://doi.org/10.5853/j0s.2023.00185
JOURNAL OF STROKE i
Review

Borderzone Infarcts and Recurrent Cerebrovascular
Events in Symptomatic Intracranial Arterial Stenosis:
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Background and Purpose Intracranial arterial stenosis (ICAS)-related stroke occurs due to three Correspondence: Shadi Yaghi
primary mechanisms with distinct infarct patterns: (1) borderzone infarcts (BZI) due to impaired &e;aigrgzrt]g;"\lgg?éz% Str:)ev!: APCS,
distal perfusion, (2) territorial infarcts due to distal plaque/thrombus embolization, and (3) plaque  Providence, RI 02903, USA
progression occluding perforators. The objective of the systematic review is to determine whether BZI Eel: J.r_1'401._ 444-8806

mail: shadiyaghi@yahoo.com
secondary to ICAS is associated with a higher risk of recurrent stroke or neurological deterioration. https://orcid.org/0000-0001-5974-4336
Methods As part o.f thIS. registered systematic review (CRD42021265239), a compréhenswe sea.rch Received: January 19, 2023
was performed to identify relevant papers and conference abstracts (with >20 patients) reporting Revised: May 3, 2023
initial infarct patterns and recurrence rates in patients with symptomatic ICAS. Subgroup analyses ~ Accepted: May 4, 2023
were performed for studies including any BZI versus isolated BZI and those excluding posterior
circulation stroke. The study outcome included neurological deterioration or recurrent stroke
during follow-up. For all outcome events, corresponding risk ratios (RRs) and 95% confidence
intervals (95% CI) were calculated.
Results A literature search yielded 4,478 records with 32 selected during the title/abstract triage for
full text; 11 met inclusion criteria and 8 studies were included in the analysis (n=1,219 patients;
341 with BZI). The meta-analysis demonstrated that the RR of outcome in the BZI group compared

to the no BZI group was 2.10 (95% Cl 1.52-2.90). Limiting the analysis to studies including any BZI,
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the RR was 2.10 (95% Cl 1.38-3.18). For isolated BZI, RR was 2.59 (95% Cl 1.24-5.41). RR was
2.96 (95% CI 1.71-5.12) for studies only including anterior circulation stroke patients.

Conclusion This systematic review and meta-analysis suggests that the presence of BZI secondary to
ICAS may be an imaging biomarker that predicts neurological deterioration and/or stroke recurrence.

Keywords Borderzone Infarct; Stroke; Recurrence; Intracranial arterial diseases; Intracranial

atherosclerosis

Introduction

Intracranial atherosclerotic disease (ICAS) is a common cause of
stroke worldwide,’ accounting for up to 50% of ischemic strokes
in China’ and nearly 10% of ischemic strokes in the United States’
and Europe.” It is associated with a high risk of recurrence in medi-
cally treated patients, particularly early after the initial event.>”
ICAS causes ischemic stroke either by distal embolization, perfo-
rator disease, and/or by impaired blood flow/perfusion across a
highly stenotic artery."®™ Studies have shown that in medically
treated patients with symptomatic ICAS, certain biomarkers of
impaired distal blood flow or perfusion are associated with in-
creased stroke recurrence.’®"®

Borderzone infarct (BZI) pattern indirectly implies blood flow

921 and perfusion delay'** distal to the arterial ste-

impairment
nosis. Several studies have shown that BZI is associated with an
increased risk of recurrence in patients with symptomatic ICAS
related to possible hemodynamic impairment.'**?® Such stud-
ies, however, were small, observational, underpowered, mostly
single-center based and were subject to confounding bias.

We performed a systematic review and meta-analysis to eval-
uate the hypothesis that BZI is associated with a higher risk of
recurrent ischemic stroke or neurological deterioration compared
to other ICAS-related infarct patterns such a perforator disease

or artery-to-artery embolism.

Methods
Study design

This is a systematic review and meta-analysis registered in In-
ternational Prospective Register of Systemic Reviews (PROSPERO,
CRD42021265230) and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 (Supplementary Table 1). As this study used pub-
lished de-identified data, ethics approval was waived by the
Lifespan Institutional Review Board. Data from this study is avail-
able upon request to the corresponding author.

224 https://j-stroke.org

Inclusion and exclusion criteria

We included retrospective or prospective observational studies
(manuscripts or conference abstracts) of patients 18 years or
older with an ischemic stroke in the setting of ICAS. Studies with
fewer than 20 patients and those with full texts in languages
other than English were excluded during the initial screening.
Duplicate studies and those not reporting the association be-
tween infarct pattern and our study outcome were excluded dur-
ing the second stage of study selection.

Primary predictor
The primary predictor was the presence of BZI, either in isola-
tion (isolated BZI) or along with other infarct patterns.

Outcome

The outcome was recurrent cerebrovascular events during fol-
low-up defined as new or worsening neurological symptoms
caused by: (1) new distinct infarct (recurrent ischemic stroke) or
(2) extension of the existing infarct (neurological deterioration).
This outcome does not include transient ischemic attack.”’

Search criteria

A comprehensive search was performed by a health science li-
brarian (RM) using combinations of vocabulary, title, and abstract
keywords in MEDLINE (via PubMed), Scopus (Elsevier), Cochrane
Library, and Web of Science Core Collection (Clarivate Analytics).
The search was performed from the conception of the above da-
tabases until October 18, 2021, with an updated search on March
15, 2022. An additional targeted search of conference abstracts
for the International Stroke Conference, European Stroke Orga-
nization Conference, and the American Academy of Neurology
was performed using the Web of Science's conference search
field on June 13, 2022. The search was conducted using the name
of the conference in combination with the term “intracranial ste-
nosis” in all fields. The complete search strategy for all databases
is presented in Supplementary Table 2.

https://doi.org/10.5853/j0s.2023.00185
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Screening

The search results were then imported into Abstrackr (http://
abstrackr.cebm.brown.edu),”®
igibility independently by two of seven reviewers (SY, AS, BM,
SKB, CO, DC, and FF). Disagreements were resolved by a third
reviewer. Potentially eligible abstracts were then screened in de-
tail using the full text if available, and for excluded abstracts, the

reasons for exclusion were recorded.

which each study screened for el-

Data extraction

Extracted data included details of each study: age, sex, follow-
up duration, BZI definition, outcome definition, ischemic stroke
location (anterior circulation vs. posterior circulation), and out-
come rates between the two groups (BZI vs. non-BZI). Data was
extracted independently by two of four investigators (EDG, LS,
AD, and SD), with disagreements resolved by a third investigator
followed by consensus between the three investigators. Due to
missing raw data in one study,” the corresponding author was
contacted and provided raw data for inclusion in the data syn-
thesis. In addition, further analysis of data from one study” was
done by authors (SY and AK).

Risk of bias assessment

Risk of bias was assessed (by MA and LP) for all studies (all ob-
servational) using the Risk of Bias in Nonrandomized Studies
(ROBINS-I) tool.* The ROBINS-I tool assesses bias based on con-
founding, participant selection, classification of intervention,
deviations from intervention, missing data, outcome measure-
ment, and selection of the reported results.

Publication bias assessment

Publication bias was assessed in analyses including at least 10
studies using both the Egger's test™ and inspection of the fun-
nel plot.

Data synthesis

We summarized the results both narratively and quantitatively
when possible. We calculated risk ratios as the data allowed.
When at least two studies were sufficiently similar, a pairwise
meta-analysis was performed using a random effects model. The
appropriateness of the meta-analysis was determined based on
clinical/methodological (characteristics of the studies and defi-
nitions of predictors/outcomes) as well as statistical heteroge-
neity using I* values using the Cochrane Handbook™ (0% to 409%:
might not be important; 30% to 60%: may represent moderate
heterogeneity; 50% to 90%: may represent substantial hetero-
geneity; and 75% to 100%: considerable heterogeneity). We con-
ducted subgroup analyses stratified based on (1) definition of

https://doi.org/10.5853/j0s.2023.00185
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BZI (any BZI vs. isolated BZI), (2) location of ICAS (anterior cir-
culation vs. anterior and posterior circulation), (3) definition of
outcome (neurological deterioration, recurrent ischemic stroke,
or both), and (4) follow-up duration (<90 days vs. >90 days).
These analyses were prespecified in our meta-analysis protocol.

Results

Search and screening results

Among the 4,478 records generated by the initial search, 32
abstracts were selected and after detailed review, 10 met the
inclusion criteria and an additional conference abstract was se-
lected yielding 11 studies. Reasons for exclusion included no in-
formation on BZI (12 records), no information on association be-
tween BZI and study outcome (5 records), no information on study
outcome (1 record), and duplicate records (4 records) (Figure 1).

Risk of bias assessment

The risk of bias assessment is shown in Figure 2. All retrospec-
tive studies had at least moderate bias in most of the seven do-
mains, the prospective study and those with retrospective anal-
ysis of prospective studies had low to moderate bias in most
domains.

Risk of publication bias assessment
Since all analyses included <10 studies, publication bias using
Egger's test was not performed.”

Characteristics of studies and results of
systematic review
The characteristics of included studies are shown in Table 1.

4,478 Records
identified

4,446 Records excluded with
initial screening

32 Records selected
after initial review

22 Records excluded due to

the following reasons:

- 12 Records have no data
on borderzone infarct

- 1 Records have no data
on study outcome

- 4 Records were duplicates

- 5 Records have no data
on association between
borderzone infarct and
study outcome

10 Records selected
after second review

1 Handpicked
record included

11 Records met study
criteria

Study selection flow chart.
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Risk of bias domains
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Domains: Judgement

D1: Bias due to confounding. @® Serious

D2: Bias due to selection of participants. - Moderate

D3: Bias in classification of interventions. @ Low

D4: Bias due to deviations from intended interventions. @ No information
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Risk of bias assessment using the Risk of Bias in Nonrandomized
Studies (ROBINS-I) tool.

Among the 11 studies included, 1 was prospective,”” 3 were ret-
rospective analyses of prospectively collected data,'®*** and 7

were retrospective studies.'******** The primary outcome was

25,26

early neruological deteroriation in 2 studies,”™” and it was one

of the few primary outcomes reported in 2 other studies.'** The

definition of BZI was any infarct involving the borderzone area

177192529 o infarct(s) isolated to the borderzone terri-

34,3537,38

in 5 studies
tory in 4 studies, and unclear in 2 studies.”**® The outcome
was captured in-hospital in 2 studies,**® within 90 days from
index event in 5 studies,”"**** and beyond 90 days in 4 stud-
ies.”**" All studies except 1 study,” demonstarted an association
between BZI and: (1) recurrent stroke,'®"*****% (2)
farct,” or (3) neurological deterioration.

recurrent in-
25,26

Association between borderzone infarct and
recurrent cerebrovascular events

Recurrent cerebrovascular events were assessed in 8 stud-
ies'819282629343537 a4 3 studies were not included in the data
synthesis (1 study'” due to outcome being recurrent infarct and
2 studies®™®*® due to not providing raw data for event rates across
the two groups). The 8 studies included a total of 1,219 patients
with 341 BZI. The weighted proportion of patients with BZI was
28.0% (25.5%-30.6%). When compared to non-BZI, BZI was as-
sociated with a higher risk of recurrent cerebrovascular events
(RR 2.10, 95% Cl 1.52-2.90, P for Cochran Q: <0.01, ’=38.68%)
(Figure 3A).

226 https://j-stroke.org
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Subgroup analyses by definition of borderzone
infarct

In a subgroup analysis limited to studies assessing any BZ| as
the predictor (n=325 patients, 4 studies),'®'****
association between any BZI and recurrent cerebrovascular events
(RR 2.10, 95% Cl 1.38-3.18, P for Cochran Q: <0.01, I’=0%) (Fig-
ure 3B). Furthermore, when the analysis was limited to studies
assessing isolated BZI as the predictor (n=679 patients, 4 stud-
i eS)'25.34,35,37
cular events was statistically significant (RR 2.59, 95% Cl 1.24-
5.41, Pfor Cochran Q: 0.02) but there was substantial statistical
heterogeneity (I°=66.19%) across included studies (Figure 3C).

there was an

the association between BZI and recurrent cerebrovas-

Subgroup analyses by outcome definition and
timing

In a subgroup analysis limited to studies whose outcome was
defined as recurrent ischemic stroke during follow-up (n=854
patients, 4 studies),’®*****” we found an association between
BZI and recurrent ischemic stroke (RR 2.03, 95% Cl 1.19-3.47,
P for Cochran Q: 0.01, I°’=60.95%) (Figure 4A). Furthermore, in
a subgroup analysis limiting studies to those where the out-
come encompassed neurological detrioration'**
to in-hospital neurological deterioration outcome*?® (n=365
patients, 4 studies), there was an association between BZI and
recurrent ischemic stroke (RR 2.27, 95% Cl 1.52-3.38, P for Co-
chran Q: <0.01, I’=8.95%) (Figure 4B). The association between
BZI and recurrent cerebrovascular events was present in stud-
ies assessing in-hospital outcomes (n=289 patients, 2 studies)”**°
(RR 2.44, 95% Cl 1.21-4.91, P for Cochran Q: 0.01, I’=48.68%)
(Figure 4C) and short term recurrent cerebrovascular events
(within 90 days) (n=288 patients, 3 studies'"** (RR 2.10, 95%
Cl 1.38-3.18, Pfor Cochran Q: <0.01, I’=0%) (Figure 4D). There
was no association between BZI and long-term outcome (>90
days)**** (n=603 patients, 2 studies) (RR 1.55, 95% Cl 0.79-3.04,
P for Cochran Q: 0.20, I°=47.47%) (Figure 4E).

or was limited

Subgroup analysis limiting to studies including
anterior circulation stroke

In a subgroup analysis limited to studies including only anterior
circulation stroke (n=214 patients, 4 studies),"*******
association between BZI and recurrent ischemic stroke (RR 2.96,
959% Cl 1.71-5.12, Pfor Cochran Q: <0.01, I’=0%) (Figure 3D).

there was an

Sensitivity analysis
Sensitivity analysis stratifying by continent of published study
yielded similar findings (Supplementary Figure 1).

https://doi.org/10.5853/j0s.2023.00185
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Discussion

Summary of findings

This systematic review and meta-analysis suggests that BZI may

Characteristics of 11 studies included

JoS

be associated with an increased risk of recurrent cerebrovascu-
lar events compared with other infarct patterns. The association
seemed to be more pronounced in studies assessing early as op-
posed to long-term recurrent cerebrovascular events. Further-

Association between

Study Country  Sample size Age, sex, follow up Outcome BZ| & outcome
Ma et al. 20157 China 252 Mean age 65y BZI definition: N/A Yes
63% men Outcome: in-hospital deterioration
Median follow-up: 16 days
Wabnitz et al. 2019** USA 101 (anterior ~ N/A BZI definition: cortical borderzone occurred between Yes
circulation Median follow-up: ACA/MCA or MCA/PCA:; internal borderzone infarct
only) 32 months when between lenticulostriate arteries and
superficial perforators
Outcome: recurrent ischemic stroke in affected
territory
Psychogios et al. 2015 Greece 502 Mean age 66 y BZI definition: involving cortical or internal Yes
79% men borderzone areas
Mean follow-up: Outcome: recurrent ischemic stroke within 10 years
56 months
Prabhakaran et al. 2020" USA 212 Mean age 68 y BZI definition: any infarct involving the borderzone Yes
% men N/A area
Follow-up: 3 months Outcome: recurrent ischemic stroke at 90 days
Prabhakaran et al. 2021”7 USA 89 (59 anterior Mean age 64y BZI definition: lesions in the corona radiata or Yes
circulation)  61% men centrum semiovale adhering to the internal
Follow-up: 6-8 weeks borderzone and in the cortical borderzone regions
between the middle and anterior or middle and
posterior cerebral arteries
Outcome: recurrent infarct on 6-8 week MRI
Song et al. 2020*° China 60 Mean age 58 y BZI definition: infarct involving internal borderzone Yes
72% men (corona radiata or centrum semiovale) and cortical
Median follow-up: borderzone (ACA/MCA or MCA/PCA)
12 months Outcome: relevant vessel recurrent stroke within
12 months
Raghuram et al. 2018”7  USA 39 (anterior ~ Mean age 62y BZI definition: N/A Yes
circulation 66% men Outcome: recurrent stroke during follow-up
only) Follow-up: N/A
Harini et al. 2020% India 178 Mean age 61y BZI definition: N/A No
% men N/A Qutcome: recurrent stroke
Follow-up: 3 months
Tamura et al. 2013” Japan  37* Mean age 71y BZI definition: cortical borderzone occurred between Yes
669 men ACA/MCA or MCA/PCA; internal borderzone infarct
Follow-up: 7 days when between lenticulostriate arteries and
superficial perforators
Outcome: neurological deterioration within 7 days
Yaghi et al. 2019" USA 25 (anterior Mean age 65y BZI definition: infarct involving internal borderzone Yes
circulation 48% men (corona radiata or centrum semiovale) and cortical
only) Follow-up: 90 days borderzone (ACA/MCA or MCA/PCA)
Outcome: recurrent cerebrovascular events within
90 days
Kvernland et al. 2021 USA 51 (anterior Mean age 70 y BZI definition: any infarct affecting the borderzone Yes

circulation)

56% men
Follow-up: 90 days

(internal or cortical) territory
Qutcome: recurrent cerebrovascular events within
90 days

BZI, borderzone infarct; y, years; N/A, not available; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; MRI, magnetic

resonance imaging.

*Tamura et al.”® included 44 patients, of whom 7 were excluded during the analysis as communication with authors revealed that 7 patients in their study
population had mixed infarcts.
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BZ| Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Ma et al. (2015)%, N = 252 13 9 71 159 —— 1.91[1.29, 285] 23.65
Wabnitz et al. (2019)*, N = 101 14 39 5 43 — 254[0.99, 6.51] 8.89
Psychogios et al. (2015)*, N = 502 27 129 49 297 —l— 1.22[0.79, 1.88] 22.30
Prabhakaran et al. (2020)¢, N = 212 20 32 31 129 —— 1.99[1.24, 3.17] 20.82
Raghuram et al. (2018)*", N = 39 4 3 3 29 —®—6.10[1.74, 21.36] 5.62
Tamura et al. (2013)%, N = 37 7 4 4 22 —_— 414[151, 11.31] 8.05
Yaghi et al. (2019)'¢, N = 25 6 6 2 11 ———=———— 325[081, 13.11] 468
Kvernland et al. (2021)%, N = 51 8 20 3 20—F— B —— 219[0.66, 7.32] 5.99
Overall <P 2.10[1.52, 2.90]
Heterogeneity: 12 = 0.07, 12 = 38.68%, H2=1.63
Test of 6, = 6 Q(7) = 10.68, p = 0.15 Non-BZI | BZI
Testof 8 =0:z=4.50, p<0.01
12 a4 8 16
Random-effects REML model e
BZI Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Prabhakaran et al. (2020)8, N = 212 20 32 31 129 —— 1.99[1.24, 3.17] 79.25
Yaghi et al. (2019)', N =25 6 6 2 N 3.25[0.81, 13.11] 8.89
Kvernland et al. (2021)?%, N = 51 8 20 3 20 —FT®#—— 219[0.66, 7.32] 11.87
Overall i 2.10[1.38, 3.18]
Heterogeneity: 12 = 0.00, I2 = 0.00%, H2 = 1.00
Test of 8, = 6;: Q(2) = 0.44, p = 0.80 Non-BZI | BZI
Test of 6 =0:z=3.49, p <0.01
i 2 4 8
Random-effects REML model @
BZI Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Wabnitz et al. (2019)*, N = 101 14 39 5 43 —— 254099, 6.51] 23.99
Psychogios et al. (2015, N=502 27 129 49 297 —l— 1.22[0.79, 1.88] 34.78
Raghuram et al. (2018)¥, N = 39 4 3 3 29 —@——6.10[ 1.74, 21.36] 18.46
Tamura et al. (2013)?, N = 37 7 4 4 22 —— 414151, 11.31] 22.77
Overall R — 259[1.24, 5.41]
Heterogeneity: 12 = 0.36, I2 = 66.19%, H2 = 2.96
Test of 6, = 6: Q(3) =9.88, p = 0.02 Non-BZI | BZI
Testof 8 =0:z=252,p=0.01
12 4 8 16
Random-effects REML model @
Bzl Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% ClI (%)
Wabnitz et al. (2019)*, N = 101 14 39 5 43 —— 254[0.99, 6.51] 33.92
Tamura et al. (2013), N = 37 7 4 4 2 — B 414[151, 11.31] 29.83
Yaghi et al. (2019)'%, N = 25 6 6 2 11 L 3.25[0.81, 13.11] 1552
Kvernland et al. (2021)*, N = 51 8 20 3 20 ——————W— 2.19[0.66, 7.32] 20.73
Overall e 296[1.71, 5.12]
Heterogeneity: 12 = 0.00, 12 = 0.00%, H2 = 1.00
Test of 6, = 6;: Q(3) = 0.78, p = 0.85 Non-BZI | BZI
Testof 6 =0:z=3.87, p<0.01
T2 a8
Random-effects REML model @

Forest plot showing association between BZ| and recurrent cerebrovascular events. (A) Association between BZI and recurrent cerebrovascular
events. (B) Association between any BZI and recurrent cerebrovascular events. (C) Association between isolated BZI and recurrent cerebrovascular events. (D)
Association between BZI and recurrent cerebrovascular cerebrovascular events in patients with anterior circulation. BZI, borderzone infarct; Cl, confidence in-
terval; REML, restricted maximum likelihood.
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BZI Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Wabnitz et al. (2019)*, N = 101 14 39 5 43 —B— 2541099, 6.51] 18.75
Psychogios et al. (2015)*, N = 502 27 129 49 297 —jl— 122[0.79, 1.88] 34.81
Prabhakaran et al. (2020)', N=212 20 32 31 129 | —jl— 1.99[1.24, 3.17] 3347
Raghuram et al. (2018)%, N = 39 4 3 3 29 —®—6.10[1.74, 21.36] 12.97
Overall i 2.03[1.19, 3.47]
Heterogeneity: 12 = 0.17, I2 = 60.95%, H? = 2.56
Testof 6, =6 Q(8) =7.35, p=0.06 Non-BZI | BZI
Testof 8 =0:z=2.59, p=0.01
12 a4 8 16
Random-effects REML model e
BZI Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% Cl (%)
Ma et al. (2015), N = 252 13 9 71 159 —— 1.91[1.29, 2.85] 66.95
Tamura et al. (2013)?, N = 37 7 4 4 22 ————8&——— 414[1.51, 11.31] 14.69
Yaghi et al. (2019), N = 25 6 6 2 11 3.25[0.81, 13.11] 7.92
Kvernland et al. (2021)°, N =51 8 20 3 20— ®#—— 2.19[0.66, 7.32] 10.44
Overall ~ @ 2.27[1.52, 3.38]
Heterogeneity: 12 = 0.02, I2 = 8.95%, H? = 1.10
Testof 6, = 8: Q(3) = 2.28, p = 0.52 Non-BZI | BZI
Testof 8 =0:z=4.00, p<0.01
12 4 8
Random-effects REML model @
BZI Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% ClI (%)
Ma et al. (2015)%, N = 252 13 9 71 159 —l— 1.91[1.29, 2.85] 68.72
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Forest plot showing subgroup analyses by outcome definition and timing. (A) Association between BZI and recurrent ischemic stroke. (B) Association
between BZI and recurrent cerebrovascular events in studies whose outcome included or was limited to in-hospital neurological deterioration outcome. (C)
Association between BZI and in-hospital recurrent cerebrovascular events. (D) Association between BZI and recurrent cerebrovascular events within 90 days.
(E) Association between BZI any recurrent cerebrovascular events in studies with >90-day follow-up. BZI, borderzone infarct; Cl, confidence interval; REML,
restricted maximum likelihood.
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more, the effect size was larger when limiting the studies to an-
terior circulation only and to those defining BZI as the presence
of one or more infarct involving the borderzone territory even
when occurring in conjunction with non-BZI.

Implications for clinical practice

The finding that the presence of a BZI is associated with recur-
rent cerebrovascular events, particularly in the first 90 days, is
noteworthy. In patients with ICAS, BZI indirectly implies impaired
blood flow,”*" impaired clearance of emboli,* or perfusion de-
lay'®** across a stenosed artery. Although medical treatment
can help stabilize atherosclerotic plagques and reduce the risk
of thrombosis and embolization, it is unlikely to improve blood
flow/perfusion in the affected territory in the acute setting.
Thus, medical treatment may not be effective in preventing
early recurrent stroke or neurological deterioration in patients
with impaired distal blood flow/perfusion.

Endovascular trials of ICAS such as the Stenting and Aggres-
sive Medical Management for Preventing Recurrent Stroke in
Intracranial Stenosis (SAMMPRIS) and the Vitesse Intracranial
Stent Study for Ischemic Stroke Therapy (VISSIT)? trials raised
safety concerns with regard to endovascular treatment. These
trials selected patients based on the degree of intracranial ste-
nosis rather than based on blood flow/perfusion status. In fact,
a post hoc analysis of SAMMPRIS™ not only showed that the
presence of BZIl in medically treated patients was associated
with increased recurrence risk but also that patients with BZI had
fewer events when treated with stenting versus medical treat-
ment. More recently, the China Angioplasty and Stenting for
Symptomatic Intracranial Severe Stenosis (CASSISS) trial showed
randomized patients with symptomatic 70%-99% ICAS exclud-
ing those with perforator infarct.*” CASSISS showed no significant
difference in recurrence risk between medical treatment and en-
dovascular treatment.”® Similar to VISSIT and SAMMPRIS, CAS-
SISS was not limited to patients with impaired perfusion/flow.

Therefore, given the high risk of recurrence in patients with
symptomatic ICAS and BZI and a potential mechanistic benefit
from reperfusion, studies testing the safety and efficacy of an-
gioplasty with or without stenting in patients with symptomatic
ICAS and BZI are needed.

Limitations

There are several limitations to our study. First, we restricted stud-
ies to the English language. Given that ICAS is more prevalent
in Asia, we may have missed relevant studies published in lan-
guages other than English. Second, our assessment of the stud-
ies suggested a high risk of bias, which could have impacted our
results. Third, the definition of BZI and outcomes varied across
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the studies. However, our findings were largely consistent in var-
ious subgroups stratified based on various definitions of BZIl and
outcomes, suggesting that this limitation is unlikely to have im-
pacted our findings. Fourth, we did not examine time-to-event
data since this information was unavailable in the included stud-
ies. Fifth, we pooled studies with different design (retrospective
vs. prospective, single-center vs. multi-center). Sixth, given the
small number of studies included, we are unable to rule out the
potential for publication bias. Finally, other factors that can con-
tribute to recurrence such as plaque stability and lesion multi-
plicity were not captured in our study. Thus comprehensive me-
ta-analyses addressing these issues can help understand the
pathophysiology of recurrent cerebrovascular events in ICAS.

Conclusions

In this systematic review and meta-analysis, in patients with
symptomatic ICAS, BZI is associated with recurrent cerebrovas-
cular events, particularly in the early period after the index event.
Given the limitations of the identified evidence, our findings
should be interpreted with caution pending confirmation by pro-
spective studies with core lab adjudication.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2023.00185.
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Database search strategies

Database

Search strategy

PubMed MEDLINE; search from inception

Date run: October 18, 2021 and updated
March 15, 2022

Results: 2,233

Scopus (Elsevier); search from inception

Translation Tool: Translated from PubMed
using SR Accelerator Polyglot Tool

Date Run: October 18, 2021 and updated
March 15, 2022

Results: 1,440

Cochrane Library; search from inception

Date Run: October 18, 2021 and updated
March 15, 2022

Translation Tool: Translated from PubMed
using SR Accelerator Polyglot Tool

Results: 391

Web of Science Core Collection (Clarivate
Analytics); full database search; search
from inception

Date Run: October 18, 2021 and updated
March 15, 2022

Translation Tool: Translated from PubMed
using SR Accelerator Polyglot Tool

Results: 2,593

Web of Science Core Collection (Clarivate
Analytics); conference targeted search;
search from inception

Date Run: June 13, 2022

Results: 159

((((C((((cerebral[tiab]) OR (intracranial[tiab])) AND ((((((arteriosclerosis[tiab]) OR (arterioscleroses|tiab])) OR
(arteriosclerotic[tiab])) OR (atherosclerosis[tiab])) OR (atheroscleroses[tiab])) OR (atherosclerotic[tiab]))) OR
(((symptomatic[tiab]) AND (intracranial[tiab])) AND (((stenosis[tiab]) OR (stenoses[tiab])) OR (stenoticltiab]))))
OR (((intracranial[tiab]) AND (atherosclerotic[tiab])) AND (disease*[tiab]))) OR (((((stenosis[tiab]) OR
(stenoses([tiab])) OR (stenotic[tiab]))) AND (intracranial[tiab]))) OR (“Intracranial Arteriosclerosis"[Mesh]))
OR (ICAD|tiab])) OR (sICAS[tiab])) AND (((((((((((((cerebral[tiab]) OR (subcortical[tiab])) OR (cortical[tiab]))

OR (borderzone[tiab])) OR (border zone[tiab])) OR (territorial[tiab])) OR (mixed[tiab])) OR (watershed[tiab]))
OR (perforator[tiab])) AND ((((infarction[tiab]) OR (infarctions[tiab])) OR (infarct[tiab])) OR (infarcts[tiab])))
OR ((((stroke[tiab]) OR (infarct[tiab])) OR (infarction[tiab])) OR (lesion[tiab])) AND ((pattern[tiab]) OR
(patterns[tiab])))) OR (stroke[tiab]) AND (((((recurrence[tiab]) OR (recurrences[tiab])) OR (recurring|[tiab])) OR
(recurs[tiab])) OR (recurl[tiab]))) OR (“Cerebral Infarction"[Mesh]))

((CCCCCCCTITLE-ABS(cerebral)) OR (TITLE-ABS(intracranial))) AND ((((((TITLE-ABS(arteriosclerosis)) OR (TITLE-
ABS(arterioscleroses))) OR (TITLE-ABS(arteriosclerotic))) OR (TITLE-ABS(atherosclerosis))) OR (TITLE-
ABS(atheroscleroses))) OR (TITLE-ABS(atherosclerotic)))) OR (((TITLE-ABS(symptomatic)) AND-

(TITLE-ABS(intracranial))) AND (((TITLE-ABS(stenosis)) OR (TITLE-ABS(stenoses))) OR (TITLE-

ABS(stenotic))))) OR (((TITLE-ABS(intracranial)) AND (TITLE-ABS(atherosclerotic))) AND (TITLE-
ABS(disease*)))) OR (((((TITLE-ABS(stenosis)) OR (TITLE-ABS(stenoses))) OR (TITLE-ABS(stenotic)))) AND (TITLE-
ABS(intracranial)))) OR (INDEXTERMS("Intracranial Arteriosclerosis"))) OR (TITLE-ABS(ICAD))) OR (TITLE-
ABS(sICAS))) AND (((((((C(C((CTITLE-ABS(cerebral)) OR (TITLE-ABS(subcortical))) OR (TITLE-AB-

S(cortical))) OR (TITLE-ABS(borderzone))) OR (TITLE-ABS(“border zone"))) OR (TITLE-ABS(territorial))) OR (TITLE-
ABS(mixed))) OR (TITLE-ABS(watershed))) OR (TITLE-ABS(perforator))) AND ((((TITLE-

ABS(infarction)) OR (TITLE-ABS(infarctions))) OR (TITLE-ABS(infarct))) OR (TITLE-

ABS(infarcts)))) OR (((((TITLE-ABS(stroke)) OR (TITLE-ABS(infarct))) OR (TITLE-ABS(infarction))) OR (TITLE-
ABS(lesion))) AND ((TITLE-ABS(pattern)) OR (TITLE-ABS(patterns))))) OR (TITLE-ABS(stroke)) AND (((((TITLE-
ABS(recurrence)) OR (TITLE-ABS(recurrences))) OR (TITLE-ABS(recurring))) OR (TITLE-ABS(recurs))) OR (TITLE-
ABS(recur)))) OR (INDEXTERMS(“Cerebral Infarction")))

(((C(((((cerebral:ti,ab) OR (intracranial:ti,ab)) AND ((((((arteriosclerosis:ti,ab) OR (arterioscleroses:ti,ab)) OR
(arteriosclerotic:ti,ab)) OR (atherosclerosis:ti,ab)) OR (atheroscleroses:ti,ab)) OR (atherosclerotic:ti,ab))) OR
(((symptomatic:ti,ab) AND (intracranial:ti,ab)) AND (((stenosis:ti,ab) OR (stenoses:ti,ab)) OR (stenotic:ti,ab)))) OR
(((intracranial:ti,ab) AND (atherosclerotic:ti,ab)) AND (disease*:ti,ab))) OR (((((stenosis:ti,ab) OR (stenoses:ti,ab))
OR (stenotic:ti,ab))) AND (intracranial:ti,ab))) OR ([mh "Intracranial Arteriosclerosis"])) OR (ICAD:ti,ab)) OR
(SICAS:ti,ab)) AND (((((((((((((cerebral:ti,ab) OR (subcortical:ti,ab)) OR (cortical:ti,ab)) OR (borderzone:ti,ab))

OR (“border zone":ti,ab)) OR (territorial:ti,ab)) OR (mixed:ti,ab)) OR (watershed:ti,ab)) OR (perforator:ti,ab))
AND ((((infarction:ti,ab) OR (infarctions:ti,ab)) OR (infarct:ti,ab)) OR (infarcts:ti,ab))) OR (((((stroke:ti,ab) OR
(infarct:ti,ab)) OR (infarction:ti,ab)) OR (lesion:ti,ab)) AND ((pattern:ti,ab) OR (patterns:ti,ab)))) OR (stroke:ti,ab)
AND (((((recurrence:ti,ab) OR (recurrences:ti,ab)) OR (recurring:ti,ab)) OR (recurs:ti,ab)) OR (recur:ti,ab))) OR ([mh
“Cerebral Infarction"]))

(TI=((((((((((cerebral) OR (intracranial)) AND ((((((arteriosclerosis) OR (arterioscleroses)) OR (arteriosclerotic))
OR (atherosclerosis)) OR (atheroscleroses)) OR (atherosclerotic))) OR (((symptomatic) AND (intracranial)
AND (((stenosis) OR (stenoses)) OR (stenotic)))) OR (((intracranial) AND (atherosclerotic)) AND (disease*))) OR
(((((stenosis) OR (stenoses)) OR (stenotic))) AND (intracranial))) OR (“Intracranial Arteriosclerosis")) OR (ICAD))
OR (sICAS)) AND (((((((((((((cerebral) OR (subcortical)) OR (cortical)) OR (borderzone)) OR (“border zone")) OR
(territorial)) OR (mixed)) OR (watershed)) OR (perforator)) AND ((((infarction) OR (infarctions)) OR (infarct)) OR
(infarcts))) OR (((((stroke) OR (infarct)) OR (infarction)) OR (lesion)) AND ((pattern) OR (patterns)))) OR (stroke)
AND (((((recurrence) OR (recurrences)) OR (recurring)) OR (recurs)) OR (recur))) OR (“Cerebral Infarction”)))) OR
AB=((((((((((cerebral) OR (intracranial)) AND ((((((arteriosclerosis) OR (arterioscleroses)) OR (arteriosclerotic))
OR (atherosclerosis)) OR (atheroscleroses)) OR (atherosclerotic))) OR (((symptomatic) AND (intracranial))
AND (((stenosis) OR (stenoses)) OR (stenotic)))) OR (((intracranial) AND (atherosclerotic)) AND (disease*))) OR
(((((stenosis) OR (stenoses)) OR (stenotic))) AND (intracranial))) OR (“Intracranial Arteriosclerosis")) OR (ICAD))
OR (sICAS)) AND (((((((((((((cerebral) OR (subcortical)) OR (cortical)) OR (borderzone)) OR (“border zone")) OR
(territorial)) OR (mixed)) OR (watershed)) OR (perforator)) AND ((((infarction) OR (infarctions)) OR (infarct)) OR
(infarcts))) OR (((((stroke) OR (infarct)) OR (infarction)) OR (lesion)) AND ((pattern) OR (patterns)))) OR (stroke)
AND (((((recurrence) OR (recurrences)) OR (recurring)) OR (recurs)) OR (recur))) OR (“Cerebral Infarction”)))

(((CF=(International stroke conference )) OR CF=(European stroke conference )) OR CF=(American Academy of
Neurology )) AND ALL=('intracranial stenosis’)
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Dasetal. Borderzone Infarct and Stroke Risk

BZ| Non-BZI Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Asia
Ma et al. (2015)%%, N = 252 13 9 71 159 - 191[1.29, 2.85] 2365
Tamura et al. (2013)%%, N = 37 7 4 4 22 — 4.14[1.51, 11.31] 8.05
Heterogeneity: 12 = 0.14, 12 = 48.68%, H> = 1.95 —l— 2.44[1.21, 491]
Testof 6,= 6 Q(1) =1.95,p=0.16
Testof 6 =0:z=2.49, p=0.01
Europe
Psychogios et al. (2015)*, N = 502 27 129 49 297 —— 1.22[0.79, 1.88] 22.30
Heterogeneity: 12 = 0.00, 12 = .%, H2 = . P 1.22[0.79, 1.88]
Test of 6,= 6:Q(0) =0.00,p =.
Testof 6 =0:z2=0.91,p=0.36
North America
Wabnitz et al. (2019)*, N = 101 14 39 5 43 — 2541099, 6.51] 8.89
Prabhakaran et al. (2020)'8, N=212 20 32 31 129 —— 1.99[1.24, 3.17] 20.82
Raghuram et al. (2018)%", N = 39 4 3 8 29 —®&—6.10[ 1.74, 21.36] 5.62
Yaghi et al. (2019)'¢, N = 25 6 6 2 11 ——=w———— 325[081, 13.11] 468
Kvernland et al. (2021)%*, N = 51 8 20 3 20 —F——®#—— 219[0.66, 7.32] 5.99
Heterogeneity: 12 = 0.00, |2 = 0.00%, H2 = 1.00 . _d 2.36[1.64, 3.40]
Test of 6, = 8: Q(4) = 2.97, p=0.56
Testof 8 =0:z=4.63, p<0.01
Overall - 210[1.52, 2.90]

Heterogeneity: 12 = 0.07, |2 = 38.68%, H2 = 1.63
Testof 6, = 6: Q(7) = 10.68, p = 0.15
Testof 8 =0:z=4.50, p<0.01

Test of group differences: Q,(2) =5.88, p =0.05

Random-effects REML model

Non-BZI | BZI

Forest plot showing sensitivity analysis stratifying by continent. BZI, borderzone infarct; Cl, confidence interval; REML, restricted
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