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Abstract
Purpose The recommendation strength of the guidelines for mechanical thrombectomy among patients with large pre-treatment
core infarct is weak. We evaluated the safety and outcome of endovascular treatment for acute ischemic stroke with diffusion-
weighted imaging-Alberta Stroke Program Early Computed Tomography Score (DWI-ASPECTS) ≤ 5.
Methods Data on acute ischemic stroke patients with DWI-ASPECTS ≤ 5 who underwent endovascular treatment within 6 h, or
presented an arterial spin labeling-DWI (ASL-DWI) mismatch within 12 h, at our center were retrospectively collected. We
report the clinical characteristics and outcome of every patient, and review the relevant literature.
Results Among the 19 patients who were enrolled, all experienced successful reperfusion, and 10 achieved a favorable outcome
(modified Rankin scale (mRS) ≤ 2). Two patients presented with symptomatic intracranial hemorrhage (sICH); both of them had
a poor outcome (mRS > 2).
Conclusion Acute ischemic stroke patients with large DWI lesions caused by large vessel occlusion can achieve a favorable
clinical outcome with endovascular treatment if recanalization is performed within 6 h, or after 6 h in case of an ASL-DWI
mismatch.
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Introduction

With 5.9 million deaths and 102 million disability-adjusted
life years (DALYs) lost, stroke is the second leading cause
of death and the third leading cause of DALYs lost worldwide
[1]. Large infarctions account for 7.6% of all ischemic strokes

[2] and correlated with a high rate of mortality [3]. Intravenous
thrombolysis (IVT) is a generally accepted effective therapy
for acute ischemic stroke (AIS), but it has a low rate of recan-
alization for large vessel occlusion (LVO). In the EXTEND-
IA TNK trial, only 10% of patients with LVO reached suc-
cessful reperfusion after receiving rt-PA [4]. In recent years, a
series of multi-center randomized clinical trials (MR CLEAN,
EXTEND-IA, REVASCAT, SWIFT PRIME, and ESCAPE)
[5–9] showed that mechanical thrombectomy with a stent re-
triever improves the functional outcome of patients with is-
chemic stroke caused by proximal vessel occlusion, compared
with IVT alone, leading to neurointervention in combination
with IVT as a first-line therapy for acute LVO in the anterior
circulation. The representative, multi-center clinical trials
[7–9] used massive cerebral infarction as an exclusion criteri-
on, with the result of endovascular treatment (EVT) being
deemed unsuitable for treatment, or having Buncertain
benefits,^ in these cases, according to an update in the
endovascular treatment guidelines in Europe and the USA
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[10, 11]. The latest 2018 AHA/ASA guidelines for AIS rec-
ommend mechanical thrombectomy for ASPECTS ≥ 6 cases
while its benefits for cases with ASPECTS < 6 were consid-
ered uncertain [12]. Many studies have confirmed that despite
early successful recanalization, patients with large infarction
barely benefited from EVT [13–16]. In contrast to previous
studies, a recent small-sample study showed that young pa-
tients with large infarct lesions could benefit from EVT [17].
Similarly, Inoue et al. [18] analyzed patients of all ages and
found that selected patients with AIS with massive DWI le-
sions (DWI-ASPECTS < 5) might still benefit from EVT if a
successful recanalization is achieved. Most recently,
Gautheron et al. [19] reported that stroke patients with large
DWI lesions of > 70 mL may benefit from reperfusion thera-
py. Due to the disagreements in the results of previous re-
search, there is no consistent conclusion regarding whether
EVT should be performed or withheld for patients with large
infarction lesions.

The ASPECTS is primarily used in cranial computed to-
mography (CT) to assess the extent of acute cerebral infarction,
with a value range from 0 to 10, with lower scores indicating a
larger infarct size [20]. Nezu et al. [21] reported that ASPECTS
based on DWI were about 1 point lower than those based on
CT, and that both DWI-ASPECTS and CT-ASPECTS were
predictors of clinical outcomes, while another study considered
the DWI-ASPECTS of better sensitivity and predictive ability
than the CT-ASPECTS [22]. Inoue et al. [18] suggested DWI-
ASPECTS < 5 as the threshold of unfavorable prognosis for
patients receiving EVT, while Han et al. [14] suggested DWI-
ASPECTS ≤ 3 as the threshold. Meanwhile, another study [23]
revealed that there was no difference in the prognosis between
patients with DWI-ASPECTS of 4–6 and 7–10. However, re-
cently, Manceau et al. [24] examined outcomes of ischemic
stroke patients with DWI-ASPECTS ≤ 5 and found that a
DWI-ASPECTS > 2 was a pretreatment marker of favorable
neurological outcomes.

Due to the continued uncertainty of the efficacy of EVT in
patients with low DWI-ASPECTS, we conducted this retro-
spective single-center study to examine the outcome of EVT
in patients with pretreatment DWI-ASPECTS ≤ 5 and
reviewed published studies in patients with large infarct vol-
umes to determine if large infarctions should be a contraindi-
cation for EVT.

Materials and methods

Single-center series

Study population

We retrospectively reviewed all patients with acute anterior
circulation infarcts, as identified by MRI and digital

subtraction angiography (DSA), who received EVT at the
First Affiliated Hospital of Jinan University from September
2016 to June 2018. The inclusion criteria for participants were
the following: acute occlusion of the internal carotid artery
(ICA) or the middle cerebral artery (MCA); DWI-ASPECTS
≤ 5; and underwent IVT followed by EVT or direct EVT.
Individuals who rejected endovascular intervention, had a
DWI-ASPECT > 5, had a posterior circulation infarct, or
had a pre-morbid modified Rankin scale (mRS) > 2 were ex-
cluded from this study. A flow chart of the patient screening
procedure is shown in Fig. 1.

Imaging protocols

MR examinations were conducted using a Discovery 750
3.0-Tesla scanner with an 8-channel head coil (GE
Healthcare, Milwaukee, WI, USA). All patients underwent
MRI scanning prior to EVT. The standard imaging protocol
included DWI, 3D time-of-flight magnetic resonance angi-
ography (3D TOF MRA), and 3D arterial spin labeling
(ASL). Follow-up imaging was performed using CT or
MRI at 24 h after intervention. The imaging parameters for
DWI were as follows: TR 5200 ms, TE 87.4 ms, b values 0 s/
mm2 and 1000 s/mm2, matrix 160 × 160, FOV 24 × 24 cm,
and slice thickness 5 mm with a 1-mm gap. The 3D TOF
MRA acquisition parameters were TR 23 ms, TE 2.8 ms,
matrix 256 × 192, FOV 22 × 16.5 cm, and slice thickness
1.4 mm with no gap. The 3D ASL acquisition parameters
were TR 4564 ms, TE 11 ms, post-labeling delay 1525 ms,
matrix 128 × 128, FOV 24 × 24 cm, excitation 3, and slice
thickness 4 mm with no gap.

Acute stroke treatment

For acute ischemic stroke treatment, EVT (mechanical
thrombectomy or extracranial ICA stent implantation) alone,
or in combination with IVT, was used to obtain fast recana-
lization and reperfusion. Patients who met the criteria for IV
rt-PA within 4.5 h of symptom onset were treated with
0.9 mg/kg IV rt-PA, unless the family rejected treatment. If
a LVOwas confirmed byMRA, EVTwas performed in cases
where the time of symptom onset was within 6 h or when an
obvious mismatch of ASL-DWI was detected within 12 h.
The definition of an ASL-DWI mismatch was based on a
previous study, specifically, on a ratio of hypoperfusion tis-
sue and ischemic core ≥ 1.8 [25]. For mechanical
thrombectomy, the Solitaire stent system (Solitaire, Micro
Therapeutics Inc. DBA ev3 Neurovascular, CA, USA) was
used to retrieve the embolus, and we used the Wallstent™
(Boston Scientific Corporation, Galway, Ireland) for treating
extracranial ICA stenosis.
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Imaging analysis

Pretreatment ASPECTS were evaluated by two independent
neuroradiologists, blinded from the study protocol and clinical
information, on the basis of baseline DWI. The infarction
volume was semi-automatically measured by manual
outlining of hyper-intense lesions on DWIs by two readers
using the Image Processing Analysis in Java software
(ImageJ, version 1.46r). Because our DWI sequence was ac-
quired with a gap of 1 mm, the spacer infarct area was defined
as the mean area between two adjacent layers. The total in-
farction volume was calculated as the total hyper-intense area
in every slice multiplied by the thickness of the scanned layer
and gap. Hypoperfusion lesions were segmented manually,
slice by slice, and calculated automatically by multiplying
the total slice thickness by the lesion area on cerebral blood

flow maps, which were generated by commercially available
scanner software (Functool 3D ASL, Software version 4.5,
GE Medical Systems, Milwaukee, WI, USA). Good reperfu-
sion was defined as a thrombolysis in cerebral infarction
(TICI) grade of 2b or 3 [26]. When there was disagreement
in assessment, a consensus conference was held to draw a
conclusion.

Clinical assessment

The National Institutes of Health Stroke Scale (NIHSS) was
used to assess the neurologic deficits at baseline and 24 h after
EVT. Early neurological improvement was defined as a de-
crease of 8 or more points on the NIHSS or a score of 0 to 2 at
24 h after intervention [7]. Early neurological deterioration
was defined as an increase of 4 or more point in the NIHSS

Fig. 1 Flow chart of patient
screening
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score within 24 h after intervention [27, 28]. A 3-month post-
stroke mRS was used to evaluate the clinical outcome. A
favorable outcome was defined as mRS ≤ 2, and a poor out-
comewas defined asmRS > 2. Symptomatic intracranial hem-
orrhage (sICH) after treatment was defined as any apparent
sign of hemorrhage detected by CT or MRI at 24 h after
treatment, with an increase in the NIHSS score of 4 or more
attributable to ICH [29].

Data analyses

To determine the difference between patients who experienced
either a favorable or unfavorable outcome, normally distribut-
ed continuous variables, represented as mean ± standard de-
viation (SD), were analyzed using unpaired t tests; not nor-
mally distributed continuous variables were represented as
medians (interquartile range [IQR]) and analyzed using the
Mann-WhitneyU test. Ordinal categorical variables were rep-
resented as medians (IQR) and analyzed using the Mann-
Whitney U test. Unordered categorical variables were repre-
sented as numbers (percentages) and chi-square tests or
Fisher’s exact test was used for analysis. We also assessed
the outcome and safety of bridging therapy (IVT followed
by EVT) and EVT alone, using Fisher’s exact test. All statis-
tical analyses were performed using IBM SPSS 19.0 software.
Statistical significance was defined as P < 0.05.

Literature review

We searched PubMed, Embase, andWeb of Science databases
using the terms Bstroke,^ Bcerebral infarct,^ Binfarction,^
Bendovascular treatment,^ Bembolectomy,^ Bthrombectomy,^
Bneuroendovascular interventions,^ Bneurointervention,^
Bvolume,^ and BASPECT,^ with no restrictions regarding
the publication date. Two authors were responsible for identi-
fying relevant studies by scanning through titles and abstracts.
Studies that performed EVT and involved patients with AIS
and DWI-ASPECTS ≤ 5 were selected for a full-text review.

Results

Single-center series

Nineteen eligible patients were recruited for this study, 14 of
which were male. The mean age was 64.9 ± 14.1 years (range,
39–85). All patients had a baseline DWI-ASPECTS ≤ 5, and
the mean infarction volume was 145 ± 95.0 mL. Twelve pa-
tients were treated with EVTwithin 6 h, but in three of them,
information regarding an ASL-DWI mismatch could not be
obtained. In two cases, no CBF maps were obtained due to
head motion, and in one case, ASL was not performed. For
one of seven patients who received treatment within 12 h, we

could not obtain a mismatch ratio due to headmotion and poor
ASL imaging quality. We included this patient despite the
missing mismatch ratio information, because he presented a
large lesion infarction and accepted EVTwithin 12 h, and thus
met the inclusion criteria. The median admission NIHSS score
was 16 (15–18). Seven of 19 patients had an ICA occlusion,
10 had an MCA occlusion, and two patients had a coexistent
lesion of the ICA and the MCA. Bridging therapy was per-
formed in eight patients, while the other 11 patients underwent
EVT only. All patients achieved successful reperfusion. Five
of the included patients experienced significant neurological
improvements at 24 h after intervention, and all of them pre-
sented a favorable outcome of mRS ≤ 2 at 3 months; all three
patients who showed early neurological deterioration present-
ed a poor outcome ultimately. Overall, 10 patients (52.6%)
showed good neurological outcomes at 3 months. sICH was
observed in two patients, and one of them subsequently
passed away during the hospital stay, due to ICH and brain
swelling complications. The mortality rate in this study was
15.8% (3/19). Other two patients died during the course of this
study, one due to a severe infection during hospitalization, and
the other due to cerebral edema and herniation. Baseline epi-
demiological risk factors for stroke and demographic data are
depicted in Supplementary Table 1. Detailed information re-
garding pretreatment, follow-up of neurological functions, im-
aging, and serious complications are shown in Supplementary
Table 2. Representative images of two patients, including
DWI, ASL, MRA, and DSA, both before and after EVT,
and MRI or CT images 24 h post treatment are shown in
Figs. 2 and 3, respectively.

We analyzed all potential risk factors of poor clinical out-
come, and no differences were found between patients with
favorable and poor outcomes, except for age and NIHSS after
24 h of EVT (Table 1). The safety and outcome of bridging
therapy and EVTalone did not significantly differ (P = 0.170;
P = 1.00, respectively).

Literature review

Information from six qualified, published studies, including a
total of 369 eligible patients with DWI-ASPECTS ≤ 5 who
received EVT, were collected; the details of this selection are
presented in Table 2.

Discussion

Our results revealed that some patients with large cerebral
infarcts could achieve favorable outcomes with EVT if they
received treatment within 6 h of symptom onset or presented
with an obvious mismatch of ASL-DWI within 12 h. In the
current study, all patients achieved successful reperfusion, and
10 patients (52.6%) presented good neurological outcomes at
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3 months. By reviewing published studies [16, 18, 23, 24, 30,
31], we found that about 66.5% of patients with low DWI-
ASPECTS achieve successful recanalization and approxi-
mately 29.7% can be functionally independent, which is su-
perior to the outcome of traditional medical treatment (i.e.,
less than 20%) [3, 32]. Salvageable penumbra tissue is a key
factor for favorable prognosis; this has been confirmed by a
large number of studies [25, 33–35]. A recent study [36] sug-
gested that the response to EVT in patients with AIS depends
on salvageable tissue but not time from stroke onset. By
restricting our patient selection to a 6-h time window since
stroke onset, or to an apparent ASL-DWI mismatch in situa-
tions where the time windowwas exceeded, our center obtain-
ed encouraging results from EVT for large cerebral infarc-
tions. These findings may be helpful for the selection of ap-
propriate patients for EVT in the future; due to the limited
sample size, however, it is too early to generalize our results.

Among the 10 patients with good functional outcomes, five
showed significant early neurological improvements on the
NIHSS at 24 h. Unfortunately, all three patients who experi-
enced neurologic deterioration at 24 h after intervention had a
worse final neurological outcome. This may indicate that neu-
rological improvement or deterioration during the first 24 h is
the most important factor for the prediction of clinical out-
come, which is consistent with the previous published study
[37]. When we tested potential risk factors for poor outcomes,

we found no statistically significant differences between pa-
tients with good or poor outcome for baseline NIHSS, DWI-
ASPECTS, and time from symptom onset to reperfusion; only
for age and NIHSS 24 h after intervention, such differences
were observed, which emphasizes the importance of early
neurological changes. Pu et al. [38] came to the same conclu-
sion, namely that 24-h neurological improvement is an inde-
pendent predictor for outcome. In a study carried out by
Daniere et al. [31], 60% of patients with large infarctions
who were younger than 70 years could obtain a favorable
outcome, while only 10% of elderly patients achieved good
outcomes. Therefore, we suggest that age should be consid-
ered when selecting patients with large infarction lesions for
EVT.

Studies in recent years [39, 40] have added support to the
principle that a longer time prior to reperfusion might relate to
poor clinical outcome. On the other hand, Lansberg et al. [36]
concluded that if salvageable tissue existed, patients’ function-
al outcomes were not time-dependent after endovascular re-
perfusion. Most recently, in the DAWN clinical trials,
thrombectomy was performed in patients with clinical deficits
and infarct volume mismatches 6–24 h after stroke, which
resulted in a significantly superior outcome compared with
standard care [41], and these findings were supported by the
multi-center trial DEFUSE3, which demonstrated that EVT
combined with standard medical therapy was better than

Fig. 2 A 85-year-old man (NO. 3 in Supplementary Tables 1 and 2) with
a DWI-ASPECTS of 2 and an ASL-DWI mismatch ratio of 1.95,
received bridging therapy and obtained successful reperfusion at
155 min from onset. This patient achieved a favorable outcome as
3 months (mRS = 2). a Infarction lesion presented on DWI (shown as

high signal). b Hypoperfusion area shown on ASL-CBF map (blue). c
Right ICA occlusion shown on MRA (black arrow). d DSA showing
occlusion site of right ICA (black arrow) before EVT. e DSA showing
reperfusion of occlusion vessel after EVT. fDWI image at 24 h after EVT

Fig. 3 A 82-year-old woman (NO. 17 in Supplementary Tables 1 and 2)
with a DWI-ASPECTS of 5 and an ASL-DWImismatch ratio of 1.38was
treated by EVT alone and obtained successful reperfusion at 325 min
from onset. This patient died of cerebral edema and herniation 10 days
after intervention. a Infarction lesion presented on DWI (shown as high

signal). b Hypoperfusion area shown on ASL-CBF map (blue). c Right
ICA-MCA occlusion shown on MRA (black arrow). d DSA showing
occlusion site of right ICA-MCA (black arrow) before EVT. e DSA
showing reperfusion of occlusion vessel after EVT. f CT image at 24 h
after EVT
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standard medical therapy alone if patients were treated within
6 to 16 h from onset [42]. While the results of our small-
sample study are consistent with those of previous studies,
showing that reperfusion time does not influence clinical out-
come, our data does not allow to draw a clear conclusion due
to the limited number of subjects. The finding that baseline
NIHSS also had no effect on clinical outcome may be ex-
plained by two reasons: the inclusion criterion of large infarc-
tion lesions and the small sample size of this study.

Despite a large number of studies utilizing the ASPECTS
system and the various thresholds set for predicting clinical
outcomes, we found no difference in DWI-ASPECTS be-
tween patients with good and those with poor prognosis in
our study. A potential reason for this finding may be that the
inclusion criteria of only DWI-ASPECTS ≤ 5 led to relatively
high homogeneity of the included patient group, and the small
sample size may have further contributed to the lack of differ-
ence. It is worth noting that the patient in our center with the
lowest DWI-ASPECTS value who reached a favorable out-
come had a score of 1; this suggests that DWI-ASPECTSmay
not be a predictive factor for prognosis, which differs mark-
edly from previous research.

sICH occurred in two patients at our center, and both of
them showed significantly worse neurological outcomes.
Previous published study demonstrated that intracerebral
hemorrhage is a serious complication in the application
of recanalization treatment and is closely associated with
the prognosis of patients with AIS [43]. How to avoid
hemorrhage after recanalization is a difficult problem to
be solved.

Three of the six reviewed studies reported that successful
reperfusion is associated with good prognosis [16, 18, 24].
These studies suggest that low ASPECTS should not be a
contraindication for EVT treatment. However, there were
some shortcomings in these cited studies. Most importantly,
not all studies enrolled patients with DWI-ASPECTS of 0~5,
as one study [23] excluded patients with DWI-ASPECTS ≤ 3
and another study [31] provided information for a subgroup
with DWI-ASPECTS < 5 only. Besides, as some of the data
were extracted from a subgroup, not a separate group in the
original analysis, information regarding some of the risk fac-
tors (e.g., age, pretreatment NIHSS, reperfusion rate) that may
affect prognosis is incomplete. In addition, we did not analyze
hemorrhage rates, due to different study standards, as some

Table 1 Comparison among patients who had favorable outcomes (mRS ≤ 2) and poor outcomes (mRS > 2) at 3 months

Characteristic Favorable outcome (n = 10) Poor outcome (n = 9) P value

Age (years) 58.3 ± 14.2 72.2 ± 10.2 0.027*

Male 7 (70.0%) 7 (77.8%) 1.00

Hypertension 5 (50.0%) 7 (77.8%) 0.35

DM 1 (10.0%) 3 (33.3%) 0.303

AF 4 (40.0%) 3 (33.3%) 1.00

CHD 2 (20.0%) 2 (22.2%) 1.00

Smoking 1 (10.0%) 3 (33.3%) 0.303

IS 1 (10.0%) 2 (22.2%) .582

Systolic pressure 129 ± 24.1 139 ± 24.8 0.426

Diastolic pressure 75.6 ± 15.9 75.7 ± 16.6 0.995

Glucose 6.54 ± 1.09 8.52 ± 3.13 0.103

Right side lesion 6 (60.0%) 6 (66.7%) 1.00

Intravenous rt-PA 6 (60.0%) 2 (22.2%) 0.170

Time from onset to intravenous rt-PA (min) 102 ± 22.4 90.0 ± 28.3 0.565

Time from onset to groin puncture (min) 325 ± 195 314 ± 156 0.897

Time from onset to reperfusion (min) 400 ± 207 388 ± 168 0.889

DWI-ASPECTS 4.5 (2–5) 4 (4–5) 0.571

Infarct volume 141 ± 97.9 149 ± 97.4 0.863

Baseline NIHSS 15.5 (14.25–18.25) 16 (15–18) 0.649

24-h NIHSS 9.5 (5–14) 17 (12.5–30) 0.005**

TICI 1.00

2b 3 (30.0%) 2 (22.2%)

3 7 (70.0%) 7 (77.8%)

sICH 0 (0%) 2 (22.2%) 0.211

DM, diabetes mellitus; AF, atrial fibrillation; CHD, coronary heart disease; IS, history of ischemic stroke
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included all hemorrhagic events [16] while others included
parenchymal hematoma type 2 [24] or sICH only [18, 23, 30].

Overall, in view of previously published and current data
regarding EVT for patients who have suffered large cerebral
infarctions, we concluded that cases with DWI-ASPECTS ≤ 5
should not be withheld from EVT, considering that about 30%
of patients with AIS can benefit from EVT; this proportion
might be higher if a high level of successful reperfusions can
be achieved. Salvageable penumbra tissue may facilitate fa-
vorable prognosis.

This study has several limitations. First, the sample size is
very small, which makes selection biases very likely. Second,
the retrospective nature of our study and the lack of a high-
quality, randomized control group, restrict extrapolation of our
results. Third, the heterogeneity of the patient group due to the
inclusion criteria and missing information in the literature re-
view prevented us from conducting a statistical analysis on
probable influencing factors of EVT for patients with large
infarction lesions.

Conclusion

Patients with large-volume infarctions caused by large vessel
occlusion could obtain favorable clinical outcomes with EVT
within 6 h of onset or after 6 h if presenting with an ASL-DWI
mismatch. Successful reperfusion may yield better neurolog-
ical outcomes in patients with large infarction lesions who had
large vessel occlusion. For further evaluation, randomized
controlled studies with larger sample sizes are required.
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