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ABSTRACT
Background We aimed to identify the large ischemic
core (LIC) volume ranges in acute ischemic stroke
patients that can benefit from mechanical thrombectomy
(MT).
Methods Consecutive patients within 24 hours of
onset of anterior circulation ischemic stroke with large
vessel occlusion and ischemic core volumes of 70–300
mL were included from our single-center prospective
database from March 2014 to December 2019. Subjects
were divided into three groups by baseline ischemic core
volume (A: 70–100 mL; B: 101–130 mL; C: >130 mL).
We compared modified Rankin Scale (mRS) score 0–2 at
3 months and parenchymal hematoma between patients
receiving MT and standard medical treatment (SMT), and
determined clinically treatable core volume ranges for
MT.
Results Of 157 patients (86 women; median age,
81 years; median ischemic core volume, 123 mL), 49
patients underwent MT. In Group A (n=52), MT patients
(n=31) showed a higher proportion of mRS 0–2 at 3
months (52% vs 5%, P<0.05) versus SMT, respectively.
Group B (n=36) MT patients (n=14) also had a higher
proportion of mRS 0–2 at 3 months (29% vs 9%,
P=0.13) versus SMT, respectively. In Group C (n=69),
only four patients received MT. The 95% confidence
intervals for the probability of mRS 0–2 at 3 months in
patients with MT (n=49) versus SMT (n=108) intersected
at 120–130 mL.
Conclusions Ischemic core volumes between 70 and
100 mL may benefit from MT. The treatable upper core
limit is approximately 120 mL in selected patients with
LIC of 70–300 mL.
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The efficacy of mechanical thrombectomy (MT)
for ischemic stroke due to anterior circulation large
vessel occlusion has been established,1 but limitations related to the baseline volumetric ischemic
core remain a factor associated with malignant
outcomes. Ischemic core volumes between 70 and
100 mL are suggested reliable cut-offs as “malignant
profiles”.2–5 Despite the efficacy of new strategies
in acute ischemic stroke treatment, endovascular
therapy (EVT) is often not applied to patients with
large ischemic core (LIC) volumes, who have an

increased risk of hemorrhagic complications, due to
a lack of evidence.2 6 7 Although previous randomized controlled trials have referred to LIC (baseline
ischemic core volume of ≥70 mL) as the exclusion criterion,8 9 a specific subset of LIC patients
may still benefit from MT. Numerous previous
studies showed positive results with MT in LIC on
diffusion-weighted imaging (DWI) (>70 mL)10–12
or computed tomography perfusion (CTP)13 14
among carefully selected patients. In addition, in
the Secondary Analysis of the Optimizing Patient’s
Selection for Endovascular Treatment in Acute
Ischemic Stroke (SELECT) study, EVT was associated with better functional outcomes than standard medical treatment (SMT) in patients with
LIC on CT with an Alberta Stroke Program Early
Computed Tomographic Score (ASPECTS) of <6
or on CTP with a volume ≥50 mL with a relative cerebral blood flow of <30%.15 In contrast, a
previous pooled analysis showed that a follow-up
ischemic core volume between 12 hours and 2
weeks after onset of ≥133 mL was highly specific
for a modified Rankin Scale (mRS) score of 3–6 at
3 months.16 Although several studies reported the
lower limit of LIC that can be expected to have a
favorable outcome with MT, few studies reported
the LIC volume range, especially the upper core
volume limit for only quantitative automatically-
derived DWI volume in the hyper-acute phase, and
the actual range of DWI volume that can benefit
from MT is equivocal. In this study, we aimed to
identify LIC volume ranges using only the DWI
core volume, in anterior circulation acute ischemic
stroke patients that can benefit from MT compared
with SMT.

METHODS
Patients

All patients with ischemic stroke admitted to our
institute within 7 days from symptom onset or
the last-known-well date have been prospectively
registered in the National Cerebral and Cardiovascular Center (NCVC) Stroke Registry.5 Data for the
period from March 2014 to December 2019 were
retrospectively reviewed, and patients who met the
following criteria were included: (1) 18 years or
older; (2) admission within 24 hours of symptom
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onset; (3) occlusion identified at the internal carotid artery (ICA;
either intracranial or extracranial) or M1 or M2 segment of the
middle cerebral artery (MCA); and (4) ischemic core volume
≥70 mL confirmed by magnetic resonance (MR) DWI within 24
hours. Tandem occlusions, such as concomitant occlusions of the
extracranial ICA and M2 segment of the MCA, were included.
Multivessel occlusion, such as ipsilateral occlusions of the M2
superior trunk of the MCA and M2 inferior trunk of the MCA,
were also included. The upper limit of DWI core volume for
patient inclusion was set at ≤300 mL according to the unilateral
hemisphere volume.
This study was approved by the institutional review board
of NCVC (approval number M23-073-4). The NCVC Stroke
ClinicalTrials.
gov (NCT02251665).
Registry is registered at 
Written informed consent for reperfusion therapy, as well as
thrombectomy, was obtained from each patient or a relative,
if the patient had communication difficulties, and the opt-out
method for patient recruitment was used.

Imaging protocol and analysis

All MR imaging (MRI) scans were obtained before MT using
a 3.0-
Tesla system (MAGNETOM Spectra; Siemens Healthcare, Erlangen, Germany). The MR protocol included an axial
isotropic diffusion-
weighted echo-
planar spin-
echo sequence.
DWI was performed using a spin echo-planar sequence (field
of view=230 mm, slice thickness=4 mm, number of slices=30,
slice gap=5 mm, acquisition matrix=140 × 192). All MR DWI
were retrospectively postprocessed on an automated image
postprocessing system (RAPID; iSchemaView Inc., Menlo Park,
CA, USA). Ischemic core volume was calculated by the apparent
diffusion coefficient <620 × 10−6 mm2/s on b0/b1000 image in
MR images.17

Treatment protocol

All endovascular procedures were performed by neurointerventionalists certified by the Japanese Society for Neuroendovascular Therapy, basically according to the American Heart
Association/American Stroke Association Guideline18 and the
Japanese Guidelines for Neuroendovascular Mechanical Thrombectomy (3rd edition).19 Even if the patients had features that
are not strongly recommended from the guidelines, MT was
considered by the physicians when benefits outweighed the risks.
MT included stent retriever techniques, aspiration techniques,
and a combination of stent retriever and aspiration catheters.
Any device for EVT approved for clinical use in Japan could be
selected. All patients underwent MT under local anesthesia, and
sedation was added when required. To classify patients’ recanalization status, we used the modified Thrombolysis in Cerebral
Infarction (mTICI) scale, with successful recanalization defined
as mTICI scale 2b or 3, and complete recanalization as mTICI
scale 3. SMT included intravenous thrombolysis (IVT) with
alteplase at 0.6 mg/kg according to the standard of care protocol
in Japan.20

Clinical data collection

Baseline clinical characteristics for the following variables were
collected from the NCVC Stroke Registry: sex, age, prestroke
mRS score, medical history (hypertension, dyslipidemia,
diabetes mellitus, current smoking, ischemic stroke, and atrial
fibrillation), systolic blood pressure on admission, baseline
National Institutes of Health Stroke Scale (NIHSS) score, serum
glucose at admission, DWI-
ASPECTS at admission, ischemic
core volume at admission, occluded artery (ICA, M1 segment of
2 of 8

MCA, M2 segment of MCA, tandem occlusion, or multivessel
occlusion), time logistics (onset-
to-
hospital arrival time and
onset-to-imaging time), treatment profile (IVT and/or MT), and
stroke causative mechanism. Ischemic core volume at admission
was measured as described above. Occlusion sites were determined using MR angiography or digital subtraction angiography
at admission. The stroke causative mechanism was determined
according to the Trial of ORG 10172 in Acute Stroke Treatment
criteria by board-certified stroke neurologists.

Outcomes
The primary efficacy outcome was mRS score 0–2 at 3 months,
which represented good functional outcome. Other efficacy
outcomes were favorable outcome defined as mRS score 0–2 or
a return to the same score as prestroke mRS at 3 months, severe
disability or death (mRS score 5–6) at 3 months, and death
within 3 months. Safety outcomes were defined as parenchymal
hematoma (PH), any intracranial hemorrhage (ICH) within 36
hours after symptom onset, symptomatic ICH within 36 hours
after symptom onset, and decompressive craniectomy. Symptomatic ICH was defined according to the European Cooperative Acute Stroke Study (ECASS) II criteria (any ICH with a
≥4-point increase in the NIHSS score from baseline) and Safe
Implementation of Thrombolysis in Stroke-Monitoring Study
criteria (PH2 combined with a ≥4-point increase in the NIHSS
score from baseline).21

Statistical analyses
Data are summarized as median (IQR) for continuous variables
and frequencies and percentages for categorical variables. The
DWI core volumes were used to divide the patients into three
groups by ischemic core volume at admission (Group A: 70–100
mL;5 10–12 Group B: 101–130 mL;2 15 Group C: >130 mL16)
according to previous studies, and outcomes for each group
were compared between patients who received MT versus SMT.
Statistical differences between patients receiving MT and those
receiving SMT were assessed using the Mann–Whitney U test or
Fisher’s exact test, as appropriate. We constructed multivariable
logistic regression models of efficacy and safety outcomes for
all three groups. For the models, the following variables, which
were previously reported to be associated with efficacy and
safety outcomes, were set as covariates: female sex,22 age,1 10 12
prestroke mRS score,1 baseline NIHSS score,1 baseline ischemic
core volume,1 onset-to-imaging time,23 ICA occlusion,1 and
IVT.1 13 Odds ratios (ORs) with 95% confidence intervals (CIs)
were also calculated.
Predictive marginal probability adjusted by the above variables
for good functional outcome (mRS score 0–2 at 3 months) and
PH in patients who received MT or SMT were plotted according
to baseline ischemic core volume in the full cohort. The absolute
risk reduction was calculated as the difference of the marginal
probabilities for the good functional outcome between the
patients with MT and those with SMT, for ranges of baseline
ischemic core volume. The number needed to treat to achieve
good functional outcome with MT was estimated as 1 over the
absolute risk reduction.24 In addition, we stratified patients who
received MT by mTICI grade to clarify the relationship between
recanalization status and clinical response.
All reported P values were two-tailed, with the level of statistical significance set at P<0.05. All analyses were performed
using the Stata/IC statistical package, version 15.1 (StataCorp
LP, College Station, TX, USA).
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0
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Group C
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0.57
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0.10
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0.54

0.19

0.19

0.98

0.09

<0.05

Data are presented as number (%) or median (IQR).
*Fisher’s exact test.
CT, computed tomography; DWI, diffusion-weighted imaging; DWI-ASPECTS, Diffusion-Weighted Imaging-Alberta Stroke Program Early Computed Tomographic Score; ICA, internal carotid artery; MCA, middle cerebral artery; mRS, modified Rankin Scale; MT, mechanical
thrombectomy; NIHSS, National Institutes of Health Stroke Scale; SMT, standard medical treatment.
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Figure 1 Stroke features and overall distributions of modified Rankin Scale at (MRS) score at 3 months between each group by baseline ischemic
core volume. Data are presented as number (%) or median (IQR). Subjects were divided into three groups by baseline ischemic core volume (Group
A: 70–100 mL, Group B: 101–130 mL, Group C: >130 mL), and MRS score at 3 months was compared between patients treated with MT and SMT for
the three groups. MRS, modified Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; SMT, standard medical
treatment. *P<0.05.

RESULTS
Patients’ characteristics

The study flow chart is provided in online supplemental figure
I. A total of 3531 patients were enrolled from the NCVC Stroke
Registry. Data for 157 patients (86 women (54%); median age,
81 years; IQR, 71–86) were available for analysis. Median
prestroke mRS score was 0 (IQR, 0–2) and median baseline
NIHSS score was 21 (IQR, 14–27). Median DWI-ASPECTS was
3 (IQR, 1–5) and the median baseline ischemic core volume was
128 mL (IQR, 89–189 mL). The distribution of baseline ischemic core volumes over each baseline DWI-ASPECTS is shown
in online supplemental figure II. Eighty-
nine patients (57%)
had ICA occlusion. Median onset-to-imaging time was 254 min
(IQR, 85–650), and IVT was implemented in 22 patients (14%)
and MT in 49 patients (31%). MT was performed in all patients
as the first-line endovascular procedure. MT, including rescue
techniques for three patients, led to successful recanalization in
41/49 patients (84%) and complete recanalization in 11 patients
(22%). Patients were divided into three groups by baseline ischemic core volume (Group A (70–100 mL), n=52; Group B
(101–130 mL), n=36; Group C (>130 mL), n=69). The clinical
characteristics of these three groups are summarized in table 1,
and the stroke features according to the treatment status are
summarized in figure 1. MT and other EVT procedures data are
shown in online supplemental table I.

Outcomes

Overall, good functional outcome and favorable outcome were
achieved in 15% (26/157) and 18% (29/157) of the patients,
respectively; PH was seen in 17% (27/157) of the patients. The
overall distributions of the mRS scores at 3 months in each group
are shown in figure 1.
Regarding the effectiveness outcomes, in Group A, patients
who received MT showed a higher proportion of good functional outcome (mRS score 0–2 at 3 months) (16 (52%) vs 1
4 of 8

(5%); P<0.05; crude OR 21.3, 95% CI 1.97 to 180; adjusted
OR (aOR) 55.1, 95% CI 1.92 to 1586) and favorable outcome
(17 (55%) vs 1 (5%); P<0.05; crude OR 24.3, 95% CI 2.89 to
204; aOR 81.6, 95% CI 2.13 to 3131) compared with those who
received SMT, respectively. In Group B, patients who received
MT also tended to show a higher proportion of good functional
outcome (4 (29%) vs 2 (9%); P=0.13; crude OR 4.00, 95% CI
0.62 to 25.7; aOR 5.75, 95% CI 0.22 to 151) compared with
those who received SMT, respectively. In Group C, only four
patients received MT.
Regarding the safety outcomes, in Group A, patients who
received MT tended to show a lower proportion of PH (2 (7%)
vs 5 (24%); P=0.07; crude OR 0.22, 95% CI 0.04 to 1.27; aOR
1.56, 95% CI 0.00 to 1.31) versus patients who received SMT.
No statistical significance was seen for intergroup differences
for the other safety outcomes between patients who received
MT versus SMT for any of the three groups. Efficacy and safety
outcomes for each group by baseline ischemic core volume are
summarized in table 2.
Figure 2 illustrates the probability of a good functional outcome
(interaction, P=0.86) and PH (interaction, P=0.08) over baseline ischemic core volumes among patients who received MT
versus SMT. The 95% CIs for the probability of a good functional outcome in patients with MT and in patients with SMT
intersected in the 120–130 mL core volume range (figure 2A).
The probability of PH in the patients who received MT in the
ischemic core volume range of 70–100 mL tended to be lower
than those who received SMT, but overall, the probability of PH
increased as ischemic core volume increased (figure 2B).
The absolute risk reduction between patients with MT and
those with SMT for ranges of core volume was plotted as shown
in online supplemental figure III.
Online supplemental figure IV shows the association between
the degree of recanalization and good functional outcome, and
PH in the patients who received MT. The degree of recanalization
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2 (50)
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Data are presented as number (%).
*Adjusted for female sex, age, prestroke mRS score, baseline NIHSS score, baseline ischemic core volume, onset-to-imaging time, internal carotid artery occlusion, and intravenous thrombolysis.
†Any ICH with a ≥4-point increase in NIHSS score from baseline.
‡PH2 combined with a ≥4-point increase in NIHSS score from baseline. PH2, blood clots in >30% of the infarcted area with substantial space-occupying effect.
aOR, adjusted odds ratio; CI, confidence interval; ECASS, European Cooperative Acute Stroke Study; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; OR,
odds ratio; PH, parenchymal hematoma; SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study; SMT, standard medical treatment.
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outcomes
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J NeuroIntervent Surg: first published as 10.1136/neurintsurg-2020-016934 on 15 December 2020. Downloaded from http://jnis.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Ischemic stroke

Figure 2 Probabilities of good functional outcome or parenchymal
hematoma by baseline ischemic core volume predictive marginal
probability of a good functional outcome (mRS 0–2 at 3 months) (A)
and parenchymal hematoma (B) with 95% CIs by baseline ischemic
core volume, adjusted for female sex, age, prestroke mRS score, baseline
National Institutes of Health Stroke Scale score, baseline ischemic
core volume, onset-to-imaging time, internal carotid artery occlusion,
and intravenous thrombolysis. (A) The upper dot indicates mRS 0–2
at 3 months, while the lower dot indicates mRS 3–6 at 3 months
according to baseline ischemic core volume. (B) The upper dot indicates
parenchymal hematoma, while the lower dot indicates non-parenchymal
hematoma according to baseline ischemic core volume. CI, confidence
interval; mRS, modified Rankin Scale; MT, mechanical thrombectomy;
PH, parenchymal hematoma; SMT, standard medical treatment.

correlated with good functional outcome, and 64% (7/11) and
41% (11/27) of the patients who achieved complete recanalization and successful recanalization achieved good functional
outcome, respectively.

DISCUSSION

The present study demonstrated that MT provided good functional outcomes in patients with ischemic core volumes of
70–100 mL. We also found that even those patients with core
volumes of 101–130 mL had the potential to achieve good functional outcomes by MT. The treatable upper DWI core limit was
approximately 120 mL in the overall range of 70–300 mL.
The present study was a nonrandomized, observational study,
and MT was basically selected according to the American Heart
Association/American Stroke Association Guideline18 and the
Japanese Guidelines for Neuroendovascular Mechanical Thrombectomy criteria (3rd edition).19 Thus, differences in background
features, in particular, onset-to-imaging time, between patients
receiving MT versus SMT for any group should be well understood to interpret the present results.
With core volume 101–130 mL, patients who received MT
did not show a significantly higher proportion of good functional outcomes compared with those who received SMT. Even
if the median onset-to-imaging time in MT patients was as short
as 90 min, the baseline ischemic core volume appears to have
been critical regarding cerebral ischemia. Therefore, the core
inflection point for good functional outcomes might be cores
of 101–130 mL. From our predictive marginal intersection
figure (figure 2A), ischemic core volumes beyond 121–130 mL
showed an intersection, indicating that MT and SMT had small
6 of 8

differences regarding achieving good functional outcomes above
this volume range.
The widely used core limit of <70 mL is derived from previous
IVT trials,6 7 but we assume that the core limit for safe recanalization and reperfusion is higher since bleeding complications,
including PH, were less likely with EVT combined with IVT
compared with IVT alone.
Sarraj A et al15 reported that EVT was associated with better
functional outcomes, less infarct growth, and smaller final infarct
volume compared with medical treatment. Of 10 patients who
underwent EVT with core volumes greater than 100 mL, none
had a favorable outcome in the SELECT trial. In our study, of
14 patients who underwent EVT with core volumes greater than
100 mL, four patients had favorable outcomes. The characteristics of the four cases were M1 occlusion at a relatively young
age (range, 59–71 years), and all onset-to-recanalization times
were very short (<100 min). Therefore, although it was rare, we
suggest that in young, extremely short onset-to-recanalization
patients, patients might have incomplete cytotoxic edema unrelated to core volume measurement, and their functional outcomes
may be preserved after complete reperfusion. The analysis of
HERMES Collaborations also suggested the benefit, possibly
core around 150 mL based on 95% CIs for utility-weighted mRS
at 90 days and mRS score 0–2 at 3 months, and younger patients
treated rapidly had the most benefit.25 Moreover, in the present
study, no statistical significance was seen for symptomatic ICH
between patients with MT and SMT. In the meta-analysis, EVT
for large core stroke was associated with improved functional
independence at 90 days (25% vs 7%, P<0.01) without significant increase in symptomatic ICH (9% vs 5%, P=0.09).26
Although randomized controlled trials (RCTs) such as the
TENSION trial (an efficacy and safety of thrombectomy in stroke
with extended lesion and extended time window trial; ClinicalTrials.gov Identifier: NCT03094715) and the RESCUE-Japan
LIMIT trial (an RCT evaluating endovascular therapy for acute
large vessel occlusion with large ischemic core; NCT03702413)
are ongoing to clarify the efficacy of EVT with large cores and
low ASPECTS, we urge caution regarding using ASPECT scoring
for large cores. Although automated core values may represent
under- or overestimations compared with visual impressions,
our data suggest that the wide median volumetric ranges indicate
discrepancies with low ASPECTS scores (online supplemental
figure II; range, 70–226 mL in patients with ASPECTS 3–5).
Therefore, we suggest selecting large-core patients by volumetric
range.
One of the strengths of the present study was that MRI was
chosen as the initial imaging modality for all patients. Prior
studies have suggested that DWI measurement can detect more
patients who are more likely to achieve better outcomes,25 27
and the reference standard for delineating the infarct core is
suggested to be DWI rather than CT.27 All patients in our study
showed significant acceptable but critical LIC volumes, which
were evaluated by DWI to more accurately reflect core volume.
This study has several limitations. While our study was a
prospective study, the retrospective nature of the analyses was
associated with inherent limitations. Another major limitation
was the lack of randomization into EVT versus SMT, which
likely resulted in selection bias. In particular, patients who
received SMT presented for evaluation later than the patients
who received EVT, and the SMT patients had longer onset-to-
imaging time. Although the multivariate model was conducted to
confirm the robustness of the present results, the selection bias
between patients with MT and those with SMT was judged to be
quite large, and care was required in interpreting ORs. The other
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limitation related to selection bias was that patients with more
substantial medical comorbidities were less likely to undergo
EVT, although it was challenging to adjust this factor since
the treatment bias was withdrawn from each operator. Several
studies reported the efficacy of MT for large cores according to
low ASPECTS scores;28 29 however, few studies have measured
cores quantitatively. The number of patients treated with ischemic core size >100 mL was rather small in our cohort. Additionally, since only four patients received MT at baseline as a
“very large core”, the effectiveness and safety of MT could not
be analyzed with this small number. There are many unmeasured
cofounders including infarct growth and growth velocity30 in
our practical study and we were unable to investigate these “very
large core” populations statistically. Finally, the lack of follow-up
for time points longer than 3 months is a further limitation.
In conclusion, ischemic cores of 70–100 mL appear to represent a promising target for MT. Patients with cores of 101–130
mL with good physical status appear to have a chance of
achieving functional outcomes after MT, and within the range,
the treatable upper core limit appears to be approximately 120
mL. Therefore, MT could be considered in some LIC patients.
Acknowledgements The authors thank Jane Charbonneau, DVM, from Edanz
Group (https://en-author-services.e danzgroup.com/ac) for editing a manuscript draft.
Contributors Study conception: TY, M Inoue, K Toyoda, and M Ihara. Data
acquisition: TY, M Inoue, K Tanaka, KK, JK, MS, NK, SK, and TC. Analysis and
interpretation of data and drafting the manuscript: TY and K Tanaka. Editing the
manuscript for intellectual content: TY, M Inoue, K Toyoda, K Tanaka, and M Ihara.
Revising the manuscript critically for important intellectual content, final approval of
the version to be published, and agreement to be accountable for all aspects of the
work and ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved: all authors.
Funding This study was supported by the Japan Society for the Promotion of
Science Scientific Research Grant, Number JP 17K00426 (M. Inoue) and the Bayer
Scholarship for Cardiovascular Research 2018 (M. Inoue).
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval Institutional review board of the National Cerebral and
Cardiovascular Center (approval number M23-073-4).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available in a public, open access
repository. Data are available upon reasonable request. The NCVC Stroke Registry is
always available.
Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0 /.
ORCID iDs
Takeshi Yoshimoto http://orcid.org/0000-0003-3178-8171
Kanta Tanaka http://orcid.org/0000-0002-3291-5083
Tetsu Satow http://o rcid.org/0000-0001-8136-5420

REFERENCES

1 Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after
large-vessel ischaemic stroke: a meta-analysis of individual patient data from five
randomised trials. Lancet 2016;387:1723–31.

2 Albers GW, Thijs VN, Wechsler L, et al. Magnetic resonance imaging profiles predict
clinical response to early reperfusion: the diffusion and perfusion imaging evaluation
for understanding stroke evolution (DEFUSE) study. Ann Neurol 2006;60:508–17.
3 Lansberg MG, Straka M, Kemp S, et al. MRI profile and response to endovascular
reperfusion after stroke (DEFUSE 2): a prospective cohort study. Lancet Neurol
2012;11:860–7.
4 Mlynash M, Lansberg MG, De Silva DA, et al. Refining the definition of the malignant
profile: insights from the DEFUSE-EPITHET pooled data set. Stroke 2011;42:1270–5.
5 Yoshimoto T, Inoue M, Yamagami H, et al. Use of Diffusion-Weighted Imaging-Alberta
Stroke Program Early Computed Tomography Score (DWI-ASPECTS) and ischemic
core volume to determine the malignant profile in acute stroke. J Am Heart Assoc
2019;8:e012558.
6 Lansberg MG, Thijs VN, Bammer R, et al. Risk factors of symptomatic intracerebral
hemorrhage after tPA therapy for acute stroke. Stroke 2007;38:2275–8.
7 Davis SM, Donnan GA, Parsons MW, et al. Effects of alteplase beyond 3 H after
stroke in the Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET): a placebo-
controlled randomised trial. Lancet Neurol 2008;7:299–309.
8 Campbell BCV, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy for ischemic stroke
with perfusion-imaging selection. N Engl J Med 2015;372:1009–18.
9 Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at 6 to 16 hours with
selection by perfusion imaging. N Engl J Med 2018;378:708–18.
10 Gilgen MD, Klimek D, Liesirova KT, et al. Younger stroke patients with large
pretreatment diffusion-weighted imaging lesions may benefit from endovascular
treatment. Stroke 2015;46:2510–6.
11 Tisserand M, Turc G, Charron S, et al. Does diffusion lesion volume above 70 mL
preclude favorable outcome despite post-thrombolysis recanalization? Stroke
2016;47:1005–11.
12 Gautheron V, Xie Y, Tisserand M, et al. Outcome after reperfusion therapies in patients
with large baseline diffusion-weighted imaging stroke lesions: a THRACE trial
(mechanical thrombectomy after intravenous alteplase versus alteplase alone after
stroke) subgroup analysis. Stroke 2018;49:750–3.
13 Román LS, Menon BK, Blasco J, et al. Imaging features and safety and efficacy of
endovascular stroke treatment: a meta-analysis of individual patient-level data. Lancet
Neurol 2018;17:895–904.
14 Rebello LC, Bouslama M, Haussen DC, et al. Endovascular treatment for patients with
acute stroke who have a large ischemic core and large mismatch imaging profile.
JAMA Neurol 2017;74:34–40.
15 Sarraj A, Hassan AE, Savitz S, et al. Outcomes of endovascular thrombectomy vs
medical management alone in patients with large ischemic cores: a secondary
analysis of the optimizing patient’s selection for endovascular treatment in acute
ischemic stroke (SELECT) study. JAMA Neurol 2019;76:1147–56.
16 Boers AMM, Jansen IGH, Beenen LFM, et al. Association of follow-up infarct volume
with functional outcome in acute ischemic stroke: a pooled analysis of seven
randomized trials. J Neurointerv Surg 2018;10:1137–42.
17 Purushotham A, Campbell BCV, Straka M, et al. Apparent diffusion coefficient
threshold for delineation of ischemic core. Int J Stroke 2015;10:348–53.
18 Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early management
of patients with acute ischemic stroke: 2019 update to the 2018 guidelines for the
early management of acute ischemic stroke: a guideline for healthcare professionals
from the American Heart Association/American Stroke Association. Stroke
2019;50:e344–418.
19 Committee for preparing guidelines for the three academic societies. The Japanese
guidelines for neuroendovascular mechanical thrombectomy, 3rd edition (in
Japanese). Tokyo, Japan: The Japan Stroke Society, The Japan Neurosurgical Society,
and The Japanese Society for NeuroEndovascular Therapy, 2018.
20 Toyoda K, Koga M, Iguchi Y, et al. Guidelines for intravenous thrombolysis
(recombinant tissue-type plasminogen activator), the third edition, March 2019: a
guideline from the Japan Stroke Society. Neurol Med Chir 2019;59:449–91.
21 Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind placebo-controlled
trial of thrombolytic therapy with intravenous alteplase in acute ischaemic stroke
(ECASS II). Second European-Australasian Acute Stroke Study Investigators. Lancet
1998;352:1245–51.
22 Uchida K, Yoshimura S, Sakai N, et al. Sex differences in management and outcomes
of acute ischemic stroke with large vessel occlusion. Stroke 2019;50:1915–8.
23 Bourcier R, Goyal M, Liebeskind DS, et al. Association of time from stroke onset to
groin puncture with quality of reperfusion after mechanical thrombectomy: a meta-
analysis of individual patient data from 7 randomized clinical trials. JAMA Neurol
2019;76:405–11.
24 Austin PC, Laupacis A. A tutorial on methods to estimating clinically and policy-
meaningful measures of treatment effects in prospective observational studies: a
review. Int J Biostat 2011;7:1–32.
25 Campbell BCV, Majoie CBLM, Albers GW, et al. Penumbral imaging and functional
outcome in patients with anterior circulation ischaemic stroke treated with
endovascular thrombectomy versus medical therapy: a meta-analysis of individual
patient-level data. Lancet Neurol 2019;18:46–55.
26 Sarraj A, Grotta JC, Pujara DK, et al. Triage imaging and outcome measures for large
core stroke thrombectomy - a systematic review and meta-analysis. J Neurointerv Surg
2020;12:1172–9.

Yoshimoto T, et al. J NeuroIntervent Surg 2021;13:1081–1087. doi:10.1136/neurintsurg-2020-016934

7 of 8

J NeuroIntervent Surg: first published as 10.1136/neurintsurg-2020-016934 on 15 December 2020. Downloaded from http://jnis.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Ischemic stroke

27 Campbell BCV, Purushotham A, Christensen S, et al. The infarct core is well
represented by the acute diffusion lesion: sustained reversal is infrequent. J Cereb
Blood Flow Metab 2012;32:50–6.
28 Kaesmacher J, Chaloulos-Iakovidis P, Panos L, et al. Mechanical thrombectomy in
ischemic stroke patients with Alberta Stroke Program Early Computed Tomography
Score 0-5. Stroke 2019;50:880–8.

8 of 8

29 Panni P, Gory B, Xie Y, et al. Acute stroke with large ischemic core treated by
thrombectomy. Stroke 2019;50:1164–71.
30 Renú Jornet A, Urra X, Laredo C, et al. Benefit from mechanical thrombectomy
in acute ischemic stroke with fast and slow progression. J Neurointerv Surg
2020;12:132–5.

Yoshimoto T, et al. J NeuroIntervent Surg 2021;13:1081–1087. doi:10.1136/neurintsurg-2020-016934

J NeuroIntervent Surg: first published as 10.1136/neurintsurg-2020-016934 on 15 December 2020. Downloaded from http://jnis.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Ischemic stroke

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J NeuroIntervent Surg

1

SUPPLEMENTAL MATERIAL
Identifying large ischemic core volume ranges in acute stroke that can benefit from
mechanical thrombectomy
Supplemental Figure I Study flow chart (Page 2)
Supplemental Figure II Distribution of baseline ischemic core volume over each baseline DWIASPECTS (Page 3)
Supplemental Table I Endovascular therapy procedure between groups by ischemic core
volume in patients receiving endovascular therapy (Page 4–5)
Supplemental Figure III Treatment effect of mechanical thrombectomy versus standard
medical treatment (Page 6)
Supplemental Figure IV Associations between degree of recanalization and either mRS score
0–2 at 3 months or parenchymal hematoma in patients who received MT (Page 7)

Yoshimoto T, et al. J NeuroIntervent Surg 2020;0:1–8. doi: 10.1136/neurintsurg-2020-016934

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J NeuroIntervent Surg

Yoshimoto T, et al. J NeuroIntervent Surg 2020;0:1–8. doi: 10.1136/neurintsurg-2020-016934

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J NeuroIntervent Surg

Yoshimoto T, et al. J NeuroIntervent Surg 2020;0:1–8. doi: 10.1136/neurintsurg-2020-016934

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

J NeuroIntervent Surg

4

Supplemental Table I Endovascular therapy procedure between groups by ischemic core volume in patients receiving endovascular therapy
Group (baseline ischemic core volume)

Group A (70–100 mL)

Group B (101–130 mL)

Group C (>130 mL)

(n=31)

(n=14)

(n=4)

31 (100)

14 (100)

4 (100)

Simple stent retriever

3 (10)

3 (22)

4 (100)

Aspiration

7 (22)

4 (28)

0

Combination of stent retriever and aspiration catheter*

21 (68)

7 (50)

0

Solitaire stent retriever

15 (48)

8 (57)

4 (100)

Trevo stent retriever

9 (29)

6 (43)

0

EmboTrap revascularization device

1 (3)

0

0

Tron stent retriever

2 (7)

0

0

28 (90)

11 (79)

0

Carotid artery stenting

2 (7)

0

0

Balloon angioplasty and/or stenting

1 (3)

0

0

Onset-to-groin puncture time

139 [103–325]

135 [116–224]

86 [73–121]

Onset-to-recanalization time

234 [160–424]

213 [201–373]

154 [117–198]

86 [42–122]

56 [66–97]

40 [33–58]

Number of passes

1 [1–3]

2 [1–2]

1 [1–2]

Successful recanalization*****

26 (84)

11 (79)

4 (100)

Complete recanalization| |

7 (23)

3 (21)

1 (25)

First-line mechanical thrombectomy

First-line mechanical thrombectomy devices**

Penumbra aspiration catheter***
Rescue technique

Time logistics****, min

Groin puncture-to-recanalization time
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Data are presented as number (%) or median [interquartile range].
*Combination of stent retriever and aspiration catheter included embolectomy techniques, such as continuous aspiration prior to intracranial vascular
embolectomy and blind exchange with mini-pinning technique.
**First-line mechanical thrombectomy devices were the Solitaire stent retriever (ev3, Irvine, CA, USA), Trevo stent retriever (Stryker, Kalamazoo,
MI, USA), EmboTrap revascularization device (Cerenovus, Galway, Ireland), Tron stent retriever (Terumo, Tokyo, Japan), and Penumbra aspiration
catheter (Penumbra, Alameda, CA, USA).
***Patients receiving a Penumbra aspiration catheter as a distal access catheter were included.
****Time of onset was defined as either the time point at which the symptom appeared or the “last-known-well” date, if time of symptom onset was
unknown. Time of recanalization was defined as the time point of confirmed successful reperfusion or when the procedure was terminated with no
reperfusion.
*****Successful recanalization was defined as a modified Thrombolysis in Cerebral Infarction (mTICI) scale of 2b or 3, and complete recanalization
was defined as an mTICI score of 3.
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Supplemental Figure IV Associations between degree of recanalization and either mRS score
0–2 at 3 months or parenchymal hematoma in patients who received MT

Abbreviations: mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral
Infarction; MT, mechanical thrombectomy.
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