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ABSTRACT
Background Prompt revascularization of the ischemic 
penumbra following an acute ischemic event (AIS) has 
established benefit within the literature. However, use 
of the semi-quantitative Alberta Stroke Program Early 
CT Score (ASPECTS) to evaluate patient suitability for 
revascularization has been inconsistent in patient risk 
stratification and selection.
Objective To conduct a meta-analysis to evaluate the 
available evidence for a clinically valid ASPECTS threshold 
in assessment of suitability for revascularization 
following AIS.
Methods Two independent reviewers searched Medline 
(Ovid) and Cochrane Central Register of Systematic 
Reviews databases for studies appraising outcomes 
of endovascular thrombectomy (EVT) in relation to a 
variably-defined preoperative ASPECTS.
Results A total of 13 articles were included. The 
pooled good outcome proportion after EVT was 
41.4% (95% CI 36.4% to 46.6%; p<0.001), with 
subjective study-specific definitions of favorable and 
unfavorable subgroup outcomes of 49.7% (95% CI 
44.2% to 55.3%; I2=76.5%; p<0.001) and 33.2% 
(95% CI 28.5% to 38.3%; I2=33.16%), respectively. 
Objective trichotomization into low (0–4), intermediate 
(5–7), and high (8–10) subgroups yielded pooled 
good outcome proportions of 17.1% (95% CI 6.8% to 
36.8%; I2=64.24%; p=0.039), 35.7% (95% CI 30.5% 
to 41.3%; I2=23.11%; p=0.245), and 49.7% (95% 
CI 44.2% to 55.3%; I2=76.5%; p<0.001) for low, 
intermediate, and high ASPECTS, respectively.
Conclusions A subjectively favorable ASPECTS is 
associated with significantly better outcomes after EVT 
than an unfavorable ASPECTS, regardless of the cut-
off used. EVT is unlikely to be useful in patients with 
an objectively low ASPECTS and is likely to be useful 
for those with high ASPECTS; findings in patients with 
intermediate ASPECTS were equivocal.

INTRODUCTION
Prompt revascularization of the brain to salvage 

the ischemic penumbra is of proven benefit for 

patients with acute ischemic stroke (AIS).
1
 Endo-

vascular thrombectomy (EVT) has emerged as the 

standard of care for patients with AIS secondary 

to emergent large-vessel occlusion (ELVO) within 

24 hours of symptom onset.
2 3

 Several recent large-

scale randomized trials have shown that EVT 

together with intravenous (IV) thrombolysis results 

in more successful recanalization and better clinical 

outcomes than thrombolysis alone.
4–9

 Nevertheless, 

candidates for EVT must be carefully selected, 

based on established criteria, to maximize the like-

lihood of clinical benefit and prevent futile or even 

harmful reperfusion.
10

 

The Alberta Stroke Program Early CT Score 

(ASPECTS) is a 10-point semi-quantitative system 

used to assess early ischemic changes on non-con-

trast CT after an anterior circulation AIS.
11

 

Although baseline ASPECTS is often obtained 

before revascularization therapy to identify patients 

likely to respond poorly, the threshold below which 

a score is considered unfavorable varies consider-

ably between studies. A cut-off of ASPECTS ≤7 to 
define a moderate/large core that is associated 

with an unfavorable response that was proposed 

by Barber et al in their original publication for 

use with IV thrombolysis
11

 was adopted in much 

of the early literature and subsequent trials of 

EVT.
10 12 13

 The SWIFT-PRIME and ESCAPE trials 

used ASPECTS ≤5 on baseline non-contrast CT as 
an exclusion criterion. The treatment recommen-

dations of the 2015 American Heart Association/
American Stroke Association (Class I; Level of 

Evidence A) also define patients with unfavorable 

ASPECTS ≤5.14
 Other studies have defined an 

unfavorable ASPECTS ≤6.8 15

The efficacy of EVT in patients with unfavor-

able ASPECTS is variable in the literature. Early 

trials concluded that patients with a large infarct 

core on MRI diffusion-weighted imaging (DWI) or 

CT ASPECTS had a significantly worse functional 

outcome and increased mortality compared with 

patients with a higher ASPECTS score.
10 16

 More 

recently, studies using later-generation endovas-

cular devices, which offer increased speed, better 

recanalization rates and lower complication rates 

relative to older technologies,
17 18

 have suggested 

that patients with ASPECTS ≤6 may derive similar 
or equivalent benefit from EVT.

15 17
 To address this 

important issue, we performed a comprehensive 

and updated meta-analysis of EVT data to deter-

mine the interaction of baseline ASPECTS and 

outcome, with a focus on patients with both favor-

able and unfavorable baseline ASPECTS.

METHODS
Search strategy
A literature search was conducted through the elec-

tronic medical database Medline (Ovid) and the 

Cochrane Central Register of Systematic Reviews 

from their commencement until February 2018, in 

line with recommended meta-analysis guidelines 
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such as PRISMA, to identify eligible articles for this meta-analysis 

and systematic review. Key MeSH terms and search terms within 
the search strategy included ‘cerebrovascular accident’, ‘stroke’, 

‘ischaemia’, ‘endovascular’, ‘thrombectomy’, and ‘thrombol-

ysis’. The cited references within the relevant articles were also 

searched for pertinent articles for inclusion in this study.

Study selection
The inclusion criteria for this study included papers that recruited 

patients who were eligible for endovascular therapy, described 

functional outcomes in terms of modified Rankin Scale (mRS) 

at 90 days, and used contemporary endovascular techniques. 

Exclusion criteria were duplicate studies, pediatric populations, 

case reports, abstract papers, and studies with small sample sizes 

less than 10.

Data extraction and quality assessment
Each retrieved article was critically appraised by two inde-

pendent reviewers (KP, SS). Clinical data were extracted from 

text, tables or figures through use of a standardized computer-

ized spreadsheet. Discrepancies or disagreements between the 

reviewers were resolved by discussion and consensus.

Primary outcomes for this study were performance on mRS, 

mortality, and spontaneous intracerebral hemorrhage (sICH). 
These outcomes were stratified by preoperative ASPECTS 

assessment.

A favorable ASPECTS score has a variable definition in the 

reviewed literature, ranging from >5 to 7 out of 10. Accord-

ingly, a primary analysis compared outcomes for each of the 

favorable and unfavorable ASPECTS definitions defined on a 

per article basis. A secondary analysis was performed with objec-

tive subgrouping of reported ASPECTS scores into low (0–4), 

intermediate (5–7), and high (8–10) subgroups correlated with 
rates of the same outcome variables.

10

Statistical analysis
A meta-analysis of proportions was performed. Heterogeneity 
within the sample was anticipated and hence proportions were 

combined using DerSimonian–Laird random effects models. 

Subgroup analysis according to ASPECTS score subgroups was 

performed using meta-regression analysis. Heterogeneity was 
evaluated using the Cochran Q and I

2
 test. All analyses were 

performed using the metaphor package for R version 3.01. P 

values <0.05 were considered statistically significant.

RESULTS
Search results
A total of 667 articles were identified through our electronic data-

base searches. Of these, 13 met the inclusion criteria,
5 7 8 15 17 19–26

 

yielding a total of 2171 patients included in the final analysis. A 
PRISMA flow diagram describing the process of study selection 

Figure 1 PRISMA flow diagram of search strategy.
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Table 1 Summary of methodological characteristics of included studies
Study Year Study type Study period Number of patients (n) ASPECTS cut-off Clinical measure Imaging for ASPECTS

Goyal et al6 (ESCAPE) 2015 Randomized controlled 
trial

Dec 2014– present 316 6–7, 8–10 90-day mRS ≤2 Non-contrast CT

Saver et al7 (SWIFT-
PRIME)

2015 Randomized controlled 
trial

Dec 2012–present 196 6–7, 8–10 90-day mRS ≤2 Non-contrast CT or MRI 
DWI

Jovin et al8 (REVASCAT) 2015 Randomized controlled 
trial

Nov 2012– Dec 2014 206 ≥7 (score <7 on non-
contrast CT or <6 on MRI 
DWI excluded)

90-day mRS ≤2 Non-contrast CT or MRI 
DWI

Yoo et al23 (MR CLEAN) 2016 Retrospective cohort 
study

Dec 2010– June 2014 496 0–4, 5–7, 8–10 mRS ≤2 at discharge –

Bracard et al (THRACE)5 2016 Randomized controlled 
trial

June 2010- Feb 2015 414 0–4, 5–7, 8–10 90-day mRS ≤2 – 

Wasser et al25 2016 Retrospective cohort 
study

Jan 2008–Dec 2014 734 0–5, 6–7, 8–10 mRS ≤2 at discharge Non-contrast CT

Kim et al22 2016 Retrospective cohort 
study

Dec 2010- Dec 2013 171 4–6, 7–10 90-day mRS ≤2 MRI (DWI)

Haussen et al26 2016 Retrospective cohort 
study

Sept 2010– Sept 2015 332 <6 90-day mRS ≤2 Non-contrast CT

Logan et al15 2017 Retrospective cohort 
study

2014–2016 355 ≤6 90-day mRS ≤2 Non contrast CT

Hungerford et al20 2017 Retrospective cohort 
study

Dec 2012– May 2015 154 ≤6 90-day mRS ≤2 Non-contrast CT

Desilles et al21 2017 Retrospective cohort 
study

Jan 2012–Aug 2015 218 ≤6 90-day mRS ≤2 MRI (DWI)

Li et al24 2017 Retrospective cohort 
study

Jan 2014– June 2016 41 5 vs 6 90-day mRS ≤2 Non-contrast CT

Mourand et al19 2018 Retrospective cohort 
study

Jan 2009– Dec 2014 108 ≤5 90-day mRS ≤2 MRI (DWI)

*mRS, modified Rankin Score; CT, computed tomography; MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging.

Figure 2 Good outcome (mRS 0–2) in patients with unfavorable versus favorable ASPECTS score (p<0.001).
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is presented in figure 1. The methodological and baseline clinical 

characteristics of the included studies are presented in table 1.

Favorable versus unfavorable ASPECTS
The initial analysis compared outcomes between patients with 

favorable and unfavorable baseline ASPECTS, individually 

defined for each study. The results of this analysis are presented 

in figure 2.

The overall pooled proportion of good outcome (mRS 0–2) 

after EVT was 41.4% (95% CI 36.4% to 46.6%; p<0.001), 
although significant heterogeneity was noted in the 13 included 

studies (I
2=78.88%) (figure 2). Subgroup analysis of patients 

with unfavorable ASPECTS in these studies revealed an esti-

mate of good outcome of 33.2% (95% CI 28.5% to 38.3%; 
p=0.117), with non-significant heterogeneity (I2=33.16%). 
Data for the subgroup with favorable ASPECTS were obtained 

from nine studies and showed that these patients had signifi-

cantly better functional outcome (49.7%; 95% CI 44.2% to 
55.3%; I2=76.5%; p<0.001). The OR of good outcome in 
patients with an unfavorable ASPECTS was 0.46 (95% CI 0.38 
to 0.56; p<0.001). Differences in ASPECTS cut-off, imaging 
modality, and treatment regimen likely accounted for the hetero-

geneity observed in this result.

Meta-analysis of the seven studies with available data demon-

strated that the overall proportion of sICH was 8.3% (95% CI 
5.9% to 11.6%; p=0.04; I2=61.55%) (see online Appendix, 
supplementary figure 1a). Rates of sICH for unfavorable ASPECTS 
(10.9%; 95% CI 7.3% to 16.1%; p=0.076; I2=47.56%) were 
significantly higher than those for favorable ASPECTS (5.9%; 
95% CI, 3.8% to 9.1%; p=0.129; I2=47.08%). The OR was 
found to be 1.75 (95% CI 1.17 to 2.62; p=0.007).

As determined from the eight studies with data available, the 

overall pooled mortality rate for patients in both subgroups 

was 19.5% (95% CI 15% to 25%; I2=80.05%; p<0.001) (see 
online Appendix, supplementary figure 1b). When comparing 

the two subgroups, mortality after EVT was more likely 

among patients with unfavorable ASPECTS relative to favor-

able ASPECTS (25.4%, 95% CI 19% to 33.2%; I2=64.44% 
vs 13.8%, 95% CI 9.5% to 19.6%; I2=80.63%). The odds of 
mortality in the unfavorable ASPECTS group was 1.86 (95% CI 
1.44 to 2.41; p<0.001). Significant heterogeneity was observed 

across all three results for this outcome measure.

Low versus intermediate versus high ASPECTS
In the secondary analysis, patients from the 13 studies were 

trichotomized according to their baseline ASPECTS into low 

(0–4), intermediate (5–7), and high (8–10), where possible. 
Subgroups were then compared with respect to the stated 

outcome measures.

Data on functional outcomes for low ASPECTS patients were 

available in four studies. The pooled proportion of good outcome 

(mRS 0–2) was 17.1% (95% CI 6.8% to 36.8%; I2=64.24%; 
p=0.039) (figure 3). This result was significantly lower than that 

for intermediate ASPECTS (35.7%, 95% CI 30.5% to 41.3%; 
I
2=23.11%; p=0.245) and high ASPECTS (49.7%, 95% CI 

44.2% to 55.3%; I2=76.5%; p<0.001).
Minimal data on the incidence of sICH after EVT were avail-

able for stratification by ASPECTS subgroup. sICH rates for high 
ASPECTS (5.9%, 95% CI 3.8% to 9.1%; I2=47.08%; p=0.129), 
intermediate ASPECTS (11.9%, 95% CI 5.5% to 23.9%; 
I
2=57.62%; p=0.094) and low ASPECTS (9.1%, 95% CI 1.3% 

to 43.9%) followed no observable trend (see online Appendix, 

supplementary figure 2a). For the low ASPECTS subgroup, only 

data from the post-hoc analysis of the MR CLEAN trial were 

available, limiting the size of the sample and the power of the 

analysis.

Mortality after EVT for patients in the low ASPECTS 

subgroup (42.2%, 95% CI 32.5% to 52.6%; I2=0%; p=0.675) 
was significantly increased relative to intermediate ASPECTS 

(24.2%, 95% CI 12.5% to 41.6%; I2=85.79%; p<0.001) and 

Figure 3 Good (mRS 0–2) outcome in patients with low (0–4) versus intermediate (4–7) versus high (8–10) ASPECTS scores (p<0.001).
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high ASPECTS (13.8%, 95% CI 9.5% to 19.6%; I2=80.63%; 
p<0.001) (see online Appendix, supplementary figure 2b). The 

result overall (20.1%, 95% CI 14.3% to 27.5%; I2=86.85%) 
was significant (p<0.001). Heterogeneity was significant overall, 
and among the studies analyzed for the upper two subgroups.

Endovascular therapy versus standard care in low ASPECTS 
cases
We performed a pooled analysis of EVT versus standard care for 

patients with low ASPECTS scores (0–4). Fifty-one EVT cases 

were compared with 68 standard care patients. We found no 
significant difference in good outcome (mRS 0–2) between the 

two groups after meta-analysis (OR 1.82, 95% CI 0.70 to 4.69, 
p=0.22) with low heterogeneity (I

2
=0%).

DISCUSSION
This meta-analysis shows that a favorable ASPECTS after AIS 

with ELVO is associated with significantly better functional 

outcome, lower sICH rates, and lower mortality than an unfa-

vorable ASPECTS. Furthermore, as ASPECTS increases from 

low to intermediate to high subgroups, functional outcome 

improves and mortality decreases significantly. A similar pattern 

is observed for sICH rates, although this trend is non-significant.

Favorable versus unfavorable ASPECTS
The finding in this study that unfavorable ASPECTS is asso-

ciated with significantly worse outcomes than favorable 

ASPECTS for all measures, regardless of the cut-off used, 

is inconsistent with some recent literature regarding EVT. 

Of the major randomized trials since 2015, all those with 
data stratified by ASPECTS demonstrated no difference in 

functional outcome, mortality, or likelihood of parenchymal 

hematoma between patients above and below the chosen 

threshold,
5–8

 a result attributable in part to the increased 

speed, better recanalization rates, and lower complication 

rates with second-generation endovascular devices.
18 27

 

However, due to the strict exclusion criteria employed in 
all but one of these trials, patients with ASPECTS ≤6 were 
under-represented in the data. Subsequent studies by Kim 

et al,22
 Logan et al15 and Hungerford et al,20

 all retrospec-

tive reviews of prospectively-maintained databases in which 

patients with ASPECTS ≤6 were included, also demon-

strated similar or equivalent functional outcomes after EVT 

for patients with unfavorable baseline ASPECTS. Limitations 

of study design may have affected these results as well. Kim 

et al excluded patients with DWI-ASPECTS ≤3. In the study 
by Logan et al, many more patients with an unfavorable 

ASPECTS (≤6) had ASPECTS 5 or 6 than ASPECTS ≤4. 
The poor ASPECTS group (≤6) in the analysis by Hunger-
ford et al experienced significantly more loss to follow-up 

than other groups. These factors are likely to have decreased 

the chance of detecting a significant difference in outcomes 

between ASPECTS cohorts. Nevertheless, the results of the 

present study find support in the literature. Other recent 

meta-analyses
28 29

 and several retrospective analyses
25 30

 

confirm that, despite advances in thrombectomy techniques 

and imaging protocols, patients with lower ASPECTS on 

pretreatment CT imaging derive significantly less benefit 

from EVT than those with higher ASPECTS. Consequently, 

ASPECTS remains a reliable prognostic tool in predicting 

outcomes for patients with AIS with ELVO who are consid-

ered for EVT.

EVT for low ASPECTS (0–4)
The exposure–response relationship for functional outcome and 

mortality evident on subgroup analysis in this study suggests 

that patients with baseline low ASPECTS (0–4) are significantly 

less likely to benefit from EVT. This is consistent with the find-

ings of the HERMES (Highly Effective Reperfusion evaluated 
in Multiple Endovascular Stroke Trials) collaboration, which 

pooled data from 1287 patients and concluded that extensive 
irreversible injury on non-contrast CT of the brain is significantly 

associated with low rates of good clinical outcome.
17

 Likewise, 

Wasser et al demonstrated that patients with an ASPECTS 0–5 
obtained from source images on CT angiography had very high 

rates of poor outcome (86%), in-hospital death (38%), and sICH 
(7.9%).25

 Some of the studies included in this analysis proposed 

relative benefits of EVT for low ASPECTS patients.
19–21

 Mourand 

et al demonstrated good clinical outcomes in patients with 

DWI-ASPECTS 4–5, and suggested that younger patients (≤70 
years) could be considered for EVT even with DWI-ASPECTS 

0–3.
31

 Desilles et al described a positive although non-signifi-

cant trend towards better functional outcome (23.1% vs 9.5%), 
lower mortality rate (45.7% vs 57.1%), and lower rate of sICH 
(23.9% vs 45.5%) in successfully reperfused patients compared 
with non-reperfused patients from the DWI-ASPECTS 0–4 

subgroup.
21

 Nevertheless, given these patients’ overall poor 

prognosis, any absolute benefit with current treatment would 

be likely to be minimal.
23 Therefore, ASPECTS ≤4 may offer a 

viable exclusion criterion in the selection of patients for EVT to 

prevent futile or even harmful recanalization.

EVT for intermediate ASPECTS (5–7)
There may be a subset of patients with intermediate ASPECTS 

for whom EVT offers significant clinical benefit after AIS due 

to ELVO. Results from the subgroup analysis in this study, as 

well as the published results of studies included in our anal-

ysis
19 20 22 26

 and several other meta-analyses,
17 28 29

 indicate that 

patients with ASPECTS 5–7 may achieve similar or equivalent 
functional outcomes to those with higher ASPECTS, with similar 

rates of morbidity and mortality. Naturally, not all patients of 

this ASPECTS subgroup will respond well to EVT.
24

 Rather, an 

intermediate ASPECTS score can be considered alongside other 

criteria such as age group,
32 National Institutes of Health Stroke 

Scale (NIHSS) score, and extent of collateral circulation on 
CT angiography or CT perfusion.

3
 Bhole et al33

 showed that, 

among 62 patients undergoing EVT who did not meet top-tier 
evidence criteria and had baseline ASPECTS <6, 33% achieved 
mRS ≤2 by 3 months. Similar findings were published more 
recently by Goyal et al.27

 Our results, alongside the findings of 

these studies, suggest that patients with intermediate ASPECTS 

represent a distinct clinical subpopulation and subsequently 

have distinct outcomes when compared with the low ASPECTS 

subgroup of which they have traditionally been considered a 

part. This distinction warrants further consideration and study 

of this intermediate group, which has previously been contrain-

dicated for EVT, and by adopting a more case-by-case selection 

process for patients with intermediate ASPECTS, institutions can 

ensure that patients who could potentially benefit from EVT are 

not excluded from treatment.

Study strengths and limitations
This meta-analysis pools a large amount of data from available 

trials and observational studies on EVT to achieve a substan-

tial sample size. The inclusion of studies from 2015 onwards 
is likely to better represent recent endovascular technology and 
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management, although the possibility remains that these studies 

may have included some cases done with older generation tech-

nology. Our study has several limitations. First, the amount of 

data available for each subgroup after ASPECTS trichotomiza-

tion varied greatly, with notable heterogeneity. In particular, 

outcomes with low baseline ASPECTS may have been under-

powered to accurately determine clinical benefit in our analysis. 

Further controlled trials on EVT in patients with large infarct 

cores using second- and third-generation thrombectomy devices 

are required. In addition, there were inconsistencies in the 

imaging modalities used: three of the included studies reported 

DWI-ASPECTS
19 21 22

 and two assessed baseline infarct extent 

on contrast-enhanced CT.
15 25

 Comparisons between imaging 

modalities can be misleading, especially given the discrepancy 

rate of up to 20% between CT ASPECTS and MRI DWI-AS-

PECTS.
34

 Once the literature on the association between low or 

intermediate ASPECTS and outcomes of EVT is more robust, 

further analyses specific to each modality are warranted. In addi-

tion, there is a major limitation in dichotomization given the 

reported inter-observer variability in assigning ASPECTS, with 

disagreement in up to 1–4 cases (κ=0.5).35
 These limitations of 

current data suggest an equipoise for intermediate ASPECTS as 

contraindication for EVT, and indicate a significant potential 

opportunity for a randomized controlled trial to clarify patient 

outcomes in this subgroup.

CONCLUSION
This meta-analysis of recent clinical trials and retrospective 

studies demonstrates that a favorable ASPECTS obtained after 

AIS with ELVO is associated with significantly better outcomes 

after EVT than an unfavorable ASPECTS, regardless of the 

cut-off used. Since functional outcome and mortality follow an 

exposure–response pattern relative to ASPECTS, EVT is unlikely 

to be useful for low (0–4) ASPECTS patients and is useful for 

patients with high (8–10) ASPECTS. There may be a subset of 

patients with intermediate (5–7) ASPECTS for whom EVT offers 
clinical benefit.
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