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ARTICLE INFO ABSTRACT

Keywords: Since the publication of the landmark thrombectomy trials in 2015, the field of endovascular therapy for
Thrombectomy ischemic stroke has been rapidly growing. The very low number needed to treat to provide functional benefits
Stroke shown by the initial randomized trials has led clinicians and investigators to seek to translate the benefits of
LD:f:eocore endovascular therapy to other patient subgroups. Even if the treatment effect is diminished, currently available

data has provided sufficient information to extend endovascular therapy to large infarct core patients. Recently,
published data have also shown that sophisticated imaging is not necessary for late time- window patients. As a
result, further research into patient selection and the stroke pathway now focuses on dramatically reducing door-
to-groin times and improving outcomes by circumventing classical imaging paradigms altogether and employing
a direct-to-angio suite approach for selected large vessel occlusion patients in the early time window. While the
results of this approach mainly concern patients with severe deficits, there are further struggles to provide ev-
idence of the efficacy and safety of endovascular treatment in minor stroke and large vessel occlusion, as well as
in patients with middle vessel occlusions. The current lack of good quality data regarding these patients provides
significant challenges for accurately selecting potential candidates for endovascular treatment. However, current
and future randomized trials will probably elucidate the efficacy of endovascular treatment in these patient
populations.

Minor stroke
Direct-to-angio
Door-to- groin

1. Introduction

Since endovascular treatment (EVT) for acute ischemic stroke (AIS)
has been shown to be superior to best medical treatment for large vessel
occlusion (LVO) stroke in 2015, the field of stroke treatment has seen a
dramatic global rise in thrombectomy procedures [1]. Most of the initial
studies showed benefits for EVT in the early time window, regardless of

the tissue at risk. However, in 2018, further studies demonstrated that
the procedure was safe and efficacious in patients with tissue at risk
irrespective of the time window [2]. In 2022, after several failed at-
tempts, class I evidence for the efficiency of thrombectomy in basilar
occlusions was provided by two Chinese trials [3,4]. Although these
latter trials settled the question of the benefits of thrombectomy for LVO
stroke worldwide, care systems are currently faced with the critical

Abbreviations: ACA, anterior cerebral artery; AICA, anterior inferior cerebellar artery; AIS, acute ischemic stroke; ASPECTS, Alberta Stroke Program Easy CT
Score; BA, basilar artery; BMT, best medical treatment; CTA, computed tomography angiography; CTP, computed tomography perfusion; DTCT, direct-to-CT; DTG,
door-to-groin; DMVO, distal and medial vessel occlusion; DTAS, direct-to-angiography suite; EVT, endovascular treatment; ICA, interior carotid artery; LVO, large
vessel occlusion; MCA, middle cerebral artery; MEVO, middle vessel occlusion; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; PCA, posterior
cerebral artery; PICA, posterior inferior cerebellar artery; SCA, superior cerebellar artery; tPA, tissue plasminogen activator; V4, vertebral artery intradural.
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challenge to readjust and offer timely access to EVT in their catchment
area.

The thrombectomy revolution is expected to reduce overall ischemic
stroke-associated disability in the coming years [5] However, clinicians
and researchers still struggle to increase the number of potentially
eligible patients and to improve patient outcomes by focusing on
pre-hospital strategies (e.g., patient triage) in conjunction with skipping
imaging (direct-to-angio suite [DTAS]), expanding the indication of EVT
to LVO strokes with a large core, LVO with minor stroke severity, and to
primary distal and medial vessel (DMVO) occlusions. Good quality data
for these indications are partly available and several randomized trials
are currently enrolling patients. This review aims to provide a practical
review of current frontiers and future perspectives in EVT for AIS.

2. DTAS
2.1. Justification

Since the advent of reperfusion therapy for ischemic stroke, pre-
treatment delays have been identified as a predictor of bad outcomes
[6] This was especially evident in the early thrombolysis trials leading to
several idioms such as “time is brain” or “save a minute, save a day” [7,
8]. Pre-hospital time delays account for a significant part of the time
delay, but are notoriously more challenging to influence [9,10] How-
ever, in a previous, computed tomography angiography (CTA) was
consistently shown to delay treatment with tissue plasminogen activator
(tPA) by at least 13% [11-13] This led historically to a focus on
pre-hospital pre-notification, rapid neurological assessment, and
direct-to-CT (DTCT) transfers as opposed to an emergency department
passage for potential AIS, which permitted the initiation of tPA with a
median door-to-needle time of 20 min [12,13].

Despite the demonstrated clinical efficacy of rapid reperfusion,
clinical trials have shown that reducing door-to-groin (DTG) times to
less than the recommended 60 min is challenging, with less than 50% of
EVT-eligible patients being punctured in the aforementioned DTG
target.[10,14] In the HERMES meta-analysis, the reported DTG times
varied from 81 to 116 min for transferred patients and 116 min for
transferred and directly admitted patients [1]. Improvements in EVT
logistics in the last decade have shown an improvement in the DTG times
of around 12 min. However, the overall DTG in randomized trials and
real-world registries is disappointingly long, with a mean time to
puncture of 1.4 + 0.8 h in patients included after 2017 [10].

While a native brain scan is sufficient for tPA treatment, the further
addition of vessel imaging was, and still is in most centers, a pre-
condition for initiating an EVT protocol. Despite the subjective percep-
tion of timely vessel imaging evaluation by either magnetic resonance
imaging (MRI) or especially CTA, current data show that patients in
whom CTA is performed before transfer to the EVT center from a pri-
mary stroke center have a time delay of at least 62 min [15] This aligns
with a 24 min delay reported by a high-volume, efficient, comprehen-
sive stroke center in Barcelona, Spain [16]. Furthermore, expected
treatment delays with MR-based imaging are approximately 20 min
more than for CT-based protocols [17].

Given the critical association between time delays to reperfusion and
the inherent difficulty in reducing these times, some authors have pro-
posed to skip CT/MRI imaging in a subset of patients and rely on cone-
beam CT acquisition to rule out hemorrhage and administer tPA in
eligible patients. This strategy reduced the DTG puncture time by 43 min
(from door-to-emergency department 90 + 53 min to 60 + 29 min in
DTCT to 17 + 8 min in DTAS) [18] In a recent systematic review of
protocol interventions to reduce DTG times, DTAS managed to reduce
DTG puncture from a mean of 208-94 min with multimodal in-
terventions and from a mean of 61-20 min for DTAS [19].
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2.2. Eligible population, necessary pre-hospital and hospital set-up

DTAS is currently a strategy under evaluation and centers apply this
protocol to a subset of their patients. Most institutions already perform
DTAS for referrals from referring centers if the angio room is available
and if the patient did not recover dramatically with good, reported re-
sults [20-23] Thus, the discussion below on DTAS-eligible hospital
set-up and patient characteristics refers to patients presenting directly to
the EVT-capable center.

Substantial evidence is already available that modern flat-panel de-
tectors can provide clinically reliable measures for collateral status both
for flat-panel CTA and for flat-panel CTP. [24,25] Moreover, flat-panel
imaging is constantly evolving, and diagnostic accuracies for haemor-
rhage and/or ischemic lesions are comparable to multidetector CT.
However, limitations remain in the case of motion artifacts and in
discerning between gray-white matter differentiation. [26].

To consider initiating DTAS, several requirements in the local stroke
pathway are ideally already in place or co-implemented. As evidenced
by the studies discussed in the meta-analysis of Rangel et al., the initial
DTG in the groups that reported results of DTAS was two-thirds of the
DTG time reported in other studies following the implementation of
multimodal interventions to reduce this time [19]. Thus, timely
pre-hospital notification of a stroke team member who waits for the
patient upon arrival is necessary [27,28] DTCT strategies should already
be implemented [12,13] as they reduce the time to imaging as opposed
to an MR-based process by reducing the need to change the patient and
verify that an MRI is possible. Moreover, a “no-return” approach with
eligible patients taken directly to the angio suite even if the
neuro-intervention team is not ready has been shown to speed up the
process dramatically [29,30] All unnecessary delays should be reduced
and the anesthetic evaluation should occur as a parallel process or in the
angio suite, keeping in mind that the “availability of an anesthesia team”
should not delay EVT and that EVT may be safely performed under local
anesthesia [19,31].

A frequently cited problem with implementing DTAS is the local
availability of angio suites. While it may not prompt responses in all
healthcare systems, data already exist to show that DTAS is a highly cost-
effective strategy (—2839 euros/per patient), mainly by its potential to
reduce disability, but also by obviating the need to perform timely and
costly diagnostic procedures [32] The necessary investment to provide a
scenario in which selected stroke patients undergo a predominantly
DTAS protocol was evaluated at 4 million euros and is expected to be
compensated in three years [33] However, even if additional angio
suites are not in question, when the DTAS protocol is activated in
selected patients, it implies an available angio room. If this prerequisite
is not possible due to another intervention being performed, the patient
is expected to follow the usual pathway and would have to wait for the
end of the procedure anyway.

Two problems are essential when selecting patients for DTAS. First,
to reduce the number of non-ischemic stroke patients admitted to the
angio suite and second, to reduce the number of blind angiographies (no
LVO found). Several pre-hospital alert systems have been developed to
facilitate the reconnaissance of LVO stroke, but an initial quick (hospital
door) neurological examination is a mandatory filter [38-42]. The scales
have a variable performance, probably influenced by the regional
setting and training provided to paramedics and emergency medical
system personnel. However, with a positive pre-hospital scale, LVO
probability could be 50-60% [43] All pre-hospital scales combine
cortical signs with moderate-to-severe motor deficits. They usually
achieve cut-offs in the moderate stroke severity zone corresponding to a
National Institutes of Health Stroke Scale (NIHSS) of 8-10 (a NIHSS > 9
has a positive predictive value of 86.4%) [44,45] Thus, ideal candidates
for DTAS are currently patients with known symptom onset presenting
in the < 6 h time-window, probably < 80 years of age, without alteration
of consciousness, hemodynamically stable, and with a positive
pre-hospital scale and NIHSS of > 8-10 at admission.
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2.3. Current state of the evidence

Several meta-analyses have reviewed the results of the DTAS strategy
on potential EVT patients compared to classical (DTCT, direct-to-
emergency department) pathways [46-48]. All included mixed popu-
lation groups of transferred and directly mothership patients. Based on
these meta-analyses, DTAS consistently reduced door-to-reperfusion
times, leading to increased rates of good functional (odds ratio [OR]
varying between 1.84 and 2.88) outcomes while not changing the sICH
and mortality rate. However, when applying these results to
mothership-admitted patients, caution should be recommended as the
included studies reported percentages of direct admission between 23%
and 56% [46].

When applying DTAS for mothership patients, false-negative alarms
are to be expected in 16-32% of cases, depending on the study popu-
lation (see Table 1). Moreover, studies have excluded up to 30% of
eligible patients in the DTAS, either due to the occupation of the angio
suite or, less consistently reported, due to patient agitation, but separate
percentages were not reported [36] Given the currently available data,
concerns were expressed that admitting stroke patients directly to the
angio suite will lead to unwanted program delays in the available angio
suites for the subset of patients that will ultimately not get a throm-
bectomy, but whose passage will prompt a blockage of the angio suite
for 45-60 min (including the time to reclean the angio suite) [49].

At present, available trials support the DTAS strategy for transfer
patients. However, more data are required to address these issues and
the ultimate benefit of DTAS in mothership patients. Several ongoing
randomized trials are expected to shed light on the improvements in
functional outcomes expected with this strategy. Currently, two trials
are enrolling patients, i.e., WETRUST (NCT04701684) and DIREC-
TANGIO (NCT03969511). Of these, only DIRECTANGIO has published
its protocol and focuses explicitly on direct transfers. They expect a 20%
absolute increase in the modified Rankin Scale (mRS) 0-2, corre-
sponding to a 1-h delay to reperfusion reduction [50]. Until the results of
these trials are available, DTAS in mothership patients may be poten-
tially contemplated on a case-by-case basis, especially in centers where
DTG times are unusually high and far from the recommended target of
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< 60 min

3. Distal and middle vessel occlusions

Class I level evidence for EVT of LVOs (including the internal carotid
artery [ICA], M1 segment of the middle cerebral artery [MCA], basilar
artery [BA], and vertebral artery intradural [V4]) is now available,
which led the field to the next frontier: answering if distal and middle
vessel occlusions (DMVOs) or middle vessel occlusions (MEVOs) benefit
from EVT [3,4,51]. These arteries are characterized by a more tortuous
course, looping around brain structures and at least one additional
branch step compared to LVOs. They range from 0.75 mm to 2 mm in
size and typically include (M3-M5 for the MCA), A2-A5 for the anterior
cerebral artery (ACA) and P2-P5 for the posterior cerebral artery (PCA),
posterior inferior cerebellar artery (PICA), anterior inferior cerebellar
artery (AICA), and superior cerebellar artery (SCA) [52].

Varying definitions exist for the A1-ACA, M2-MCA, and P1-PCA
segments, which may be included in the DMVO/MEVO groups or the
LVOs groups, depending on publications and the branching anatomy
[52,53]. M2 occlusions are challenging to categorize due to the
branching pattern of the MCA and with only 8% included in the
MR-CLEAN trial, there is yet no clear EVT evidence [54,55]. Although
interesting, the debate is probably of lesser importance for P1 and Al
occlusions, which are notoriously rare (1.2% and 0.3% of all ischemic
strokes) in isolation and for whom clinical severity widely differs, based
on the presence of anterior and posterior communicating arteries [56]
For simplicity’s sake and due to the confounding literature on the sub-
ject, this review will discuss Al, P1, and M2 occlusions as part of
MEVOs. This corresponds to the inclusion criteria in most ongoing
DMVOs/MEVOs randomized trials (Table 2).

3.1. Justification

Around 25-40% of AIS is related to MEVOs [52]. Unlike LVOs, the
median initial NIHSS of MEVOs is slightly lower (median NIHSS 17 vs. 7,
respectively) [1,57]. The efficacy of intravenous tPA for MEVOs is
higher than in LVOs, but less than 50% of patients achieve timely

Table 1
Clinical evidence for DTAS in selected mothership patients.
Author, Type Number of Inclusion criteria DTG (min) 90-day mRS 0-2 Door to Mimics
year (R/NR) patients reperfusion DTAS
DTAS  Control DTAS  Control  DTAS Control  DTAS  Control %)
Psychogios et al., Prospective 21 33 1) First 5 h from known symptom 25 59 N.A N.A 62 106 16%
2017%[34] (NR) onset
2) NIHSS > 10
3) Patients were excluded if the angio
suite was not available
4) Low-ASPECT, not a
contraindication
Requena et al., Retrospective 50 175 1) First 6 h from known symptom 16 70 29% 43% 65 113 32%
2020%[35] (co) onset
2) RACE scale > 4
3) NIHSS > 10
4) Angio suite available
Pfaff et al., 2020 ¥ Prospective (R) 26 34 1) NIHSS> 7 41 40 61.5% 76.5% 80 78 13%
[36] 2) pre-stroke mRS < 3
3) Angiosuite available
Requena et al., Prospective (R) 21 22 1) First 6 h from known symptom 18 42 43.6%  28.8% 57 84 16.9%

2021%[37] onset
2) RACE scale > 4

3) NIHSS > 10

4) pre-stroke mRS < 2

5) Angio suite available

¥ Heterogenous group of patients, including transfer patients, case number in the DTAS, and % of mimics refer to mothership patients only.

° mRS outcomes reported for 0-3 at 90-days.

NR: non-randomized; R: randomized, CC: case-control; DTAS: direct-to-angio suite; DTG: door-to-groin; NIHSS: National Institutes of Health Stroke Scale; mRS:

modified Rankin Scale;
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Table 2
Summary of MEVO studies currently enrolling patients.
Study name DISTAL ESCAPE-MeVO DISCOUNT DISTALS REVISAR
(NCT05029414) (NCT05151172) (NCT05030142) (NCT05152524) (NCT04479020)
Primary outcome mRS* mRS* mRS 0-2 at 90 days Successful reperfusion Successful reperfusion
Time window <24h <12h <6h <24h N.A

Disability cut-off NIHSS> 4/disabling deficit NIHSS> 5/NIHSS 3-5° NIHSS> 5 NIHSS 4-24/NIHSS 2-24* N.A
Upper age limit No No No 85 N.A
Occlusion location ACA Al Yes No Yes Yes Yes
A2 Yes Yes Yes Yes Yes
A3 Yes Yes Yes Yes Yes
PCA P1 Yes No Yes Yes Yes
P2 Yes Yes Yes Yes Yes
P3 Yes Yes Yes Yes Yes
MCA M2 Non/co-dominant M2 Yes Distal M2¥ Non/co-dominant M2 After bifurcation
M3 Yes Yes Yes Yes Yes
M4 Yes No No No N.A

DISTAL: Endovascular therapy plus best medical treatment vs best medical treatment alone for medium vessel occlusion stroke — a pragmatic, international, multicenter
randomized trial; ESCAPE-MeVO: Endovascular treatment to improve outcomes for medium vessel occlusions; DISCOUNT: Evaluation of mechanical thrombectomy in
acute ischemic stroke related to a distal arterial occlusion; DISTALS: Distal ischemic stroke treatment with adjustable low-profile stentretriever; REVISAR: Recana-
lization of distal cerebral vessels in acute stroke using ApeRio; ¥ defined as above the mid-height of the insula; ° with disabling deficit; * not specified; A with isolated
aphasia or hemianopsia; N.A: not applicable; mRS: modified Rankin Scale; ACA: anterior cerebral artery; PCA: posterior cerebral artery; MCA: middle cerebral artery.

reperfusion, which is significantly associated with excellent outcomes
(adjusted OR, 2.29 [95% CI, 1.23-4.28]). However, despite better
overall recanalization rates and lower initial severity, one in two pa-
tients with MEVOs do not achieve an excellent outcome at 90 days [57].

The revolution of mechanical thrombectomy has brought about an
important development of endovascular devices and enhanced clinical
expertise leading to recently reported successful recanalization rates
(defined as a TICI score of 2b-3) for up to 96% of LVOs in the setting of a
randomized trial [58] Based on this high recanalization and low
complication rate in LVOs, several trials have started to enroll MEVOs,
given that the timely enhanced recanalization of eligible patients will
translate to better functional outcomes at 90 days (Table 2).

3.2. Eligible population and imaging challenges for MeVOs

As shown in Table 2, most current studies include patients with a
minor-moderate or disabling deficit (NIHSS > 4/5 + disabling deficits)
within the < 6-h time window. Additional imaging criteria are required
by trials enrolling patients in the late time window. Apart from ESCAPE-
MeVO, all other trials specified refined criteria for M2 occlusions.
(source: ClinicalTrials.gov).

One of the crucial challenges of identifying potential MeVO candi-
dates for EVT is the identification of the occluded artery on initial im-
aging. It was reported that up to 82% of distal M2 occlusions may be
missed on initial CTA evaluation and up to one-third of patients ulti-
mately undergoing EVT may have been missed if CTA was interpreted
without the assistance of computed tomography perfusion (CTP) [59,
60] Depending on the initial imaging protocol in different stroke cen-
ters, several strategies have been proposed to enhance the detection of
potentially treatable MeVOs. Thus, adding Tmax maps to CTA increases
the sensitivity and specificity for detecting MeVOs from
70.7%/87.5-96.8%/90.3%, respectively, thus dramatically reducing
the time needed for imaging interpretation [61,62]. Moreover, for
centers that do not routinely perform CTP, switching from single-phase
to multiphase CTA (mCTA) may be a reasonable strategy for identifying
more distal occlusions. Creating time-coded color maps of mCTA has
been proposed as a reliable mode to enhance detection of MeVOs and
large artery occlusions [63-66].

At the present time, commercially available post-processing software
performs poorly in identifying distal occlusions [67] However, artificial
intelligence software is constantly improving and further versions are
expected to provide an enhanced detection of MeVOs by incorporating
CTP data or analyzing native images [68,69].

Regarding initial lesion location, two groups of MeVOs can be

delineated, based on the follow-up infarct pattern, suggesting that these
occlusions may represent a heterogeneous group. Thus, discrepant
infarction in basal ganglia regions in M2 occlusions or unexpected
Alberta Stroke Program Early CT Score (ASPECTS) regions was associ-
ated with worse outcomes compared with the non-discrepant pattern
group (mRS 0-2 at 90 days; 0-2 56.7% vs. 70.9%, respectively)[70].
This suggested that (easily missed if CT imaging is initially performed) a
subset of MeVOs with worse outcomes may be due to distal thrombus
migration from an initial LVO [71].

3.3. Current state of the evidence

The core literature on MeVOs is based on retrospective studies. The
only prospective randomized controlled trial of EVT vs. best medical
treatment (BMT) that included M2 occlusions was MR-CLEAN, which
represented 8% of the study population [72]. Direct comparisons be-
tween BMT and EVT are sparse and up to 83% of cases included in
systematic reviews of MeVO occlusions are M2 occlusions[73]. In total,
67 EVT vs. 64 BMT patients with M2 occlusions were randomized by
studies included in the HERMES collaboration. A subgroup analysis of
this population showed significantly better good functional outcomes at
90 days in the EVT arm (58.2% vs. 39.7% respectively), but 61.5% of
cases were dominant M2 branches [74]. Moreover, a recent retrospec-
tive review on distal and MEVOs identified a favorable functional
outcome (mRS 0-2) in one in two patients treated with EVT [73]
Available data on M2 occlusions suggest that a combined technique may
offer higher first-pass effect rates and lower complication rates than
single-device techniques [73,75].

Isolated occlusions of the PCA account for 5-10% of AIS and are
associated with a favorable clinical outcome in 29-56% of cases
depending on whether deep structures are involved [76]. The
TOP-MOST (Treatment for primary distal, medium vessel occlusion
stroke) case-control study included 243 patients with PCA occlusion
stroke treated at multiple institutions; 58.8% received EVT, and 81% of
occlusions were localized in the P2 segment. Successful recanalization
was achieved in 87.4% of the EVT arm, with a favorable functional
outcome (mRS 0-2) at 3 months in 76.6% of patients in the EVT arm vs.
75.4% in the BMT arm [77]. Given that no significant benefit of
thrombectomy was achieved, the investigators recommended consid-
ering EVT for patients who are not eligible for intravenous therapy and
with a baseline NIHSS > 10 points until further randomized data are
published [77].

ACA stroke is less frequent than PCA and MCA stroke and accounts
for up to 3% of all ischemic strokes [78,79]. Good functional outcomes
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(mRS 0-2) at 3 months are expected in up to 60% of cases [79]. The vast
majority of experience with ACA occlusion stroke stems from secondary
ACA occlusion either after an initial carotid T occlusion or after a new
distal embolus to the ACA territory during an EVT procedure for an MCA
occlusion. Due to this confounding effect, the literature on ACA occlu-
sion is often challenging to interpret [80]. A recently published
case-control study of EVT vs. BMT for ACA occlusions by the TOPMOST
investigator included 154 patients. Similar to PCA occlusions, despite
achieving a TICI score of 2b/3 in 88% of patients, the functional
outcome at 3 months was not significantly different between EVT and
BMT groups [81]. In this analysis, NIHSS was a primary driver of the
outcome, suggesting that EVT, although safe and feasible, may provide
the most benefit in patients with a more severe initial clinical presen-
tation. Given the yet unproven benefit of EVT in MeVOs, patient selec-
tion and consideration of operator experience are paramount before
deciding in favor of EVT.

4. Large core

Patients with LVO and large core defined as an ASPECTS < 6 were
generally excluded from the landmark clinical trials published in 2015
[1] Available ischemic stroke guidelines recommend thrombectomy in
patients with an ASPECTS > 6 [51,82] The HERMES group pooled data
on 126 patients with an ASPECTS 0-4 (7% of the EVT arm) and 99
patients (6% of the EVT arm) with an ASPECTS of 5 [1,83]. In these
patient populations, there was no overall heterogeneity of treatment
effect (OR 2.15 (1.06-4.37; p = 0.054) and, according to an individu-
alized patient meta-analysis point estimate of treatment, the effect
favored EVT for each ASPECTS category except 0-2 [83].

A meta-analysis of real-world studies further reinforced this
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randomized controlled trial evidence and suggested that an mRS 0-2 is
achieved in approximately 30% of patients treated with EVT + BMT
compared to 3.2% in the BMT arm. Moreover, it suggested that up to
14% of patients with an initial ASPECT of 0-3 may regain functional
independence in the EVT + BMT arm[84] The results of this analysis
were confirmed by three randomized multicenter clinical trials (Table 3)
[85-87]. The only subgroup for which randomized trial data is still
pending is the ASPECTS 0-2 subgroup. Of note, this subgroup is essential
as it is overrepresented in the real-world, both in the early and late time
windows [88]. In one study of 232 patients, the diffusion weighted
imaging (DWI) ASPECTS 0-2 subgroup accounted.

for 43.4% of the population of ASPECTS 0-5, while in another study,
it accounted for 30% of all ASPECTS < 6 patients in the late time win-
dow [92,93] Randomized evidence for this population is expected to be
published soon as the LASTE trial[91] (NCT03811769) included pa-
tients with ASPECTS 0-2 and has already stopped enrollment.

4.1. Summary of already published large core trials

Table 3 summarizes the results and designs of the already published
large core trials. As expected and based on previously available data, the
results of these trials are positive with regard to functional outcome at
90 days. Depending on the severity of the study population, between
14% and 30% will achieve a good functional outcome at 3 months
[85-871, although lower than the 46% reported by HERMES and the
45.9% reported by AURORA [1,2]. The median core volume in these
trials ranged from 60 to 107 ml compared to 7.6-9.4 ml in DAWN and
DEFUSE-3 [94,95]. However, as recently supported by the acute basilar
occlusion trials, the rate of mRS 0-3 may seem a more proper target for
patients with severe infarcts and, in this case, up to one in three to one in

Table 3
Summary of large core trials.
Trial JAPAN RESCUE SELECT — 2[86] ANGEL - ASPECT|[85] TESLA[89]* TENSION LASTE[91]
[871] [90]
Geography Japan US, CA, AU, EU China us EU FRANCE
Imaging CT ASPECTS 3-5 ASPECTS 3-5 ASPECTS 3-5 ASPECTS 2-5 ASPECTS ASPECTS 0-5
2-5
MRI ASPECTS 3-5 PCT/DWI core > 50 ml PCT/DWI core 70-100 ml NA ASPECTS ASPECTS 0-5
3-5
Primary mRS 0-3 mRS shift/ mRS 0-2 mRS shift UW-mRS mRS shift mRS shift 6/
outcome Mortality 3 m
Median 94 (66-152) 107 (70.5-152.5) 60.5 (29-86)
infarction
(ml)
% CT only inthe  12.8% 97.1% 83.4%
trial
% MRI only in 87.1% 2.9% 16.5%
the trial
% of 26.4% 20.8% 28.7%
intravenous
therapy
Primary 31% vs.13%, p = Median mRS 4 vs. 5 (OR 1.51 Median mRS 4 vs. 4 (OR uwmRS (2.93 + 3.39 vs 2.27 +
outcome 0.002 (1.2-1.9, p < 0.001) 1.37 (1.1-1.7, p = 0.004) 2.98) p = .0.957 (<0.975)
mRS 0-3 at 3 31% vs. 13% 37.9% vs. 18.7% 47% vs. 33.3% 30% vs. 20% (p = 0.03)
months
mRS 0-2 at 3 14% vs. 7.8% 20% vs. 7% 30% vs. 11.6% 14% vs. 9% (p = 0.09) NA NA
months
Shift mRS cOR 2.42 (95% CI, OR 1.51 (1.2-1.9, p < 0.001) OR1.37 (1.1-1.7,p = OR 1.40 (0.91-2.16, p = 0.06)
1.46-4.01) 0.004)
sICH 9% vs. 5% (p = 0.6% vs. 1.1% (p = 0.49) 6.1% vs. 2.7% (p = 0.12) 3.97% vs. 1.34%
0.25)
Decompressive 10% vs. 13.7% (p NA 7.4% vs. 3.6% (p = 0.15) 21.9% vs. 14.8%
craniotomy =0.41)
Mortality 18% vs. 23.5% (p 38.4% vs. 41.5% 21.7% vs. 20% (p = 0.99) 35.3% vs. 33.3%

=0.33)

ASPECTS: Alberta Stroke Program Early CT Score: CT: computed tomography; MRI: magnetic resonance imaging; mRS: modified Rankin Scale; UW-mRS: utility
weighted mRS; NA: not applicable either because results were not provided or not yet available; PCT: perfusion CT; DWI: diffusion weighted imaging; ml: mililiter; cOR
(common odds ratio); * Results of the TESLA trial are provided based on the trial result presentation at ESOC 2023 and may suffer modifications pending final

publication.
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two patients may be expected to be in ambulatory care at 3 months.

For a long time, there was a debate about whether thrombectomy in
large core patients is futile or not. This paradigm shift is about to change
due to the publication of these trials [96]. The expected benefits of
performing thrombectomy in large core patients are mainly derived
from reducing by nearly one-half the number of patients in the mRS 5
category, thereby reducing the associated stroke costs and caregiver
burden. Based on RESCUE-Japan data, a cost-effectiveness analysis
shows that the treatment is expected to be cost-effective in eight
developed European countries. [97]. However, further data is needed to
optimally select patients with the highest gains in less developed
healthcare systems, where the increase in case load might pose a prob-
lem with the overall costs associated with acute stroke treatment. With
the future publication of the three remaining trials and a subsequent
meta-analysis, guidelines will be prone to change as this is the only
subgroup still pending results is the ASPECTS 0-2 subgroup. Therefore,
healthcare systems must adapt to a new paradigm shift of performing
thrombectomy in all LVO stroke patients, regardless of the infarct core
or initial severity.

4.2. Imaging in LVO stroke patients — where do we stand?

The already published trials included patients for up to 24 h, TEN-
SION (NCT03094715) and TESLA (NCT03805308), will provide further
evidence for 12 h and 24 h from the last known well time-window.
Among the unpublished large core trials, only LASTE (NCT03811769)
includes patients in the early time-window and demands a mismatch
[88] Furthermore, the MR-CLEAN LATE study recently showed evidence
of benefit in the late-window by selecting patients that did not meet
DAWN and DEFUSE-3 criteria, based only on the presence of collaterals
[98] This change in the stroke treatment paradigm warrants a discussion
as to the current and future place of perfusion and multimodal imaging
in AIS patients.

Previous treatment paradigms focused on identifying imaging
prognostic factors of good outcomes and selecting patients more prone
to benefit from EVT. However, with the change induced by large core
trials and the MR-CLEAN LATE study, the need to select patients for EVT
based on imaging is less clear. Thus, LVO patients may appear to benefit
from thrombectomy, regardless of imaging factors. The only question
still to be resolved is if the results of CT-ASPECTS are similar to DWI-
ASPECTS, given that DWI is known to score on average one point
lower than CT-ASPECTS [99]. However, real-world data about the
usefulness of non-contrast CT alone for selecting patients for late-time
window thrombectomy are already available. The imaging paradigm
is expected to be further reduced if the DTAS strategy is proven to be
efficient [100] Thus, guidelines on pre-intervention imaging selection
will probably be changed so that thrombectomy can be indicated based
on native CT only as tPA in most stroke patients.

5. Minor stroke and large vessel occlusion

More than half of ischemic stroke patients have mild neurological
symptoms at presentation, which is one of the most frequent reasons not
to give intravenous tPA [101] Although often used for patients with mild
and non-disabling symptoms, minor stroke has variable clinical defini-
tions with heterogeneous associations to functional outcomes. Restrict-
ing the “minor stroke” to all patients with a score of 0 and 1 on every
NIHSS item, except the level of consciousness (1a and 1b, which must be
0) and to all patients with an NIHSS < 3 identifies a subgroup of patients
with at least 90% probability of a good functional outcome at 3 months.
However, if the term includes other combinations of motor and sensory
symptoms without significant cortical deficits, such as language or vi-
sual deficits, the probability of a good functional outcome declines in the
80% range [102].

The probability of a good clinical outcome rapidly declines if NIHSS
scores at admission are > 5 points. Thus, in clinical practice, most
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studies defined minor strokes as strokes without a disabling deficit
(aphasia, hemianopsia) and a NIHSS score < 5 [102] Although treat-
ment with tPA was not proven to lead to superior functional outcomes in
these patients, more than 20% do not achieve an excellent outcome
[103] This reality, combined with the fact that a significant percentage
of low NIHSS patients harbor large vessel occlusions that may subse-
quently deteriorate, has led clinicians to consider EVT for this patient
subgroup.

5.1. Justification

Minor stroke patients were excluded from the landmark clinical trials
of EVT for LVO large stroke. Only 10 patients were included in the MR-
CLEAN trial and four patients in EXTEND-IA, so the efficacy and safety
of EVT in this patient subgroup are lacking [72,104,105] However, up to
30% of patients with an LVO can present with a minor stroke and the
capacity of the NIHSS and other pre-hospital scales to rule out LVOs is
diminished towards the lower spectrum [45,106] Due to the fact that at
least 20% of patients presenting with a low initial NIHSS can subse-
quently deteriorate due to collateral failure, the indication of EVT in this
subgroup remains a clinical conundrum [107].

Given the lack of available evidence, an international survey asked
607 practitioners about the decision to offer thrombectomy to a low
NIHSS LVO patient. Depending on the location, the decision to pursue
EVT varied from 47% to 94% in ideal treatment scenarios unrelated to
local reimbursement issues. The decision was significantly associated
with center and personal EVT volume. This high physician-reported
variability in decision-making leads to minor stroke EVT being per-
formed in up to 11% of all EVT, thus raising concerns about possible
futile, beneficial or harmful procedures [108].

5.2. Eligible population and treatment paradigm

The physiological factor dictating EVT benefit in patients with mild
stroke and LVO is related to the patient’s arrival time and collaterals.
Considering the overall good outcome in patients with mild stroke, the
potential benefit of EVT may be derived from the subset of patients in
which early EVT prevents a subsequent neurological deterioration due
to collateral failure. Collateral failure over time strongly correlates to
infarct growth and good collaterals with a significant diffusion perfusion
mismatch are an essential predictor of subsequent infarct growth [109].

As summarized in Fig. 1, EVT’s paradigm in mild stroke with LVO is
not really whether EVT as a first-line strategy is superior to BMT, but if
EVT as a first-line strategy is superior to BMT + EVT as rescue therapy.
From the standpoint of clinical decision-making, these patients have the
most to gain from acute stroke unit treatment in a comprehensive stroke
center and the most to lose from an unwanted complication during an
EVT procedure. Moreover, periprocedural complications considered
“benign” (such as subarachnoid hemorrhage) in the context of classical
LVO thrombectomy may be associated with worse outcomes in mild
stroke patients.

Until the results of the two randomized trials enrolling mild stroke
patients (MOSTE: NCT03796468 and ENDOLOW: NCT04167527) are
published, caution should be advised in this population. Decisions to
treat need to consider the patient’s age, hypoperfusion volume, profes-
sion, lifestyle, and presumed treatment benefit for each individual [110]
Moreover, operator experience, estimated technical difficulty (e.g.,
tandem occlusions arterial tortuosity, suspicion of intracranial stenosis)
and local expertise in rapidly identifying clinical deterioration in hos-
pitalized patients should be essential drivers of the treatment decisions.

5.3. Current state of the evidence
Data concerning EVT for mild stroke is currently restricted to single

or multicenter observational data with a high risk of bias. EVT for mild
stroke LVO is technically feasible and provides a TICI score of 2b/3 for
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A.

NIHSS

+IV Therapy Natural Clot Lysis

NIHSS o-5

— Thrombus life

Collateral efficacy duration exceed occlusion duration leading to a good outcome.
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B. NIHSS >10
Necrotic Core extension
Fast progressor

NIHSS

Natural Clot Lysis

NIHSS o-5 +IV Therapy!

— Thrombus life

Collateral efficacy duration did not exceed occlusion duration leading to clinical worsening.

Fig. 1. Evolution paradigm of minor stroke associated with large vessel occlusion. A. Good collaterals persist over time and the patient recovers without major
severity. B. Collaterals fail and the deficit aggravates leading to increased disability.

recanalization and sICH rates similar to previous stroke trials, i.e.,
78-97% and 0-10%, respectively. Moreover, when a TICI 2b/3 was
achieved, good functional outcomes were reported in more than 89% of
cases [111].

Several meta-analyses of retrospective studies investigating the
impact of EVT + BMT vs. BMT treatment alone for patients with mild
stroke and LVO have been published. The results are heterogeneous and
depend on the quality of data. Two showed superior outcomes for EVT
+ BMT and two showed no difference [104,112-114]. The studies on
which these analyses were based are challenging to interpret due to
heterogeneous study design, inclusion criteria and conflicting results.
Given that a recently performed propensity-adjusted analysis may show
even harm of EVT + intravenous therapy vs. intravenous therapy alone
in this subgroup of patients, caution is advised until the publication of
randomized controlled evidence [115]. This is the reason why caution is
advised in the face of low NIHSS and LVO patients. Until the results of
MOSTE and ENDOLOW are available, transferring, and careful stroke
unit observation may be the most sensible strategy.

6. Conclusions

The field of endovascular stroke treatment is rapidly growing, with
accumulating evidence that the benefit of EVT can extend to a wide
range of previously guideline-ineligible stroke patients, thereby further
reducing disability and dramatically increasing case volumes in already
overcrowded stroke services.
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