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Abstract

The aim of the present European Stroke Organisation (ESO) guideline is to provide evidence-based recommendations
on the acute management of patients with basilar artery occlusion (BAO). These guidelines were prepared following
the Standard Operational Procedure of the ESO and according to the GRADE methodology. Although BAO accounts
for only 1%—-2% of all strokes, it has very poor natural outcome. We identified 10 relevant clinical situations and
formulated the corresponding Population Intervention Comparator Outcomes (PICO) questions, based on which a
systematic literature search and review was performed. The working group consisted of 10 voting members (five
representing ESO and five ESMINT) and three non-voting junior members. The certainty of evidence was generally very
low. In many PICOs, available data were scarce or lacking, hence, we provided expert consensus statements. First, we
compared intravenous thrombolysis (IVT) to no IVT, but specific BAO-related data do not exist. Yet, historically, IVT
was standard of care for BAO patients who were also included (albeit in small numbers) in IVT trials. Non-randomised
studies of IVT-only cohorts showed high proportion of favourable outcomes. Expert Consensus suggests using IVT up
to 24h unless otherwise contraindicated. We further suggest IVT plus endovascular treatment (EVT) over direct EVT.
EVT on top of best medical treatment (BMT) was compared to BMT alone within 6 and 6—24h from last seen well. In
both time windows, we observed a different effect of treatment depending on (a) the region where the patients were
treated (Europe vs. Asia), (b) on the proportion of IVT in the BMT arm, and (c) on the initial stroke severity. In case
of high proportion of IVT in the BMT group and in patients with NIHSS below 10, EVT plus BMT was not found better
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than BMT alone. Based on very low certainty of evidence, we suggest EVT + BMT over BMT alone (i.e. based on results
of patients with at least 10 NIHSS points and a low proportion of IVT in BMT). For patients with an NIHSS below 10,
we found no evidence to recommend EVT over BMT. In fact, BMT was non-significantly better and safer than EVT.
Furthermore, we found a stronger treatment effect of EVT + BMT over BMT alone in proximal and middle locations
of BAO compared to distal location. While recommendations for patients without extensive early ischaemic changes
in the posterior fossa can, in general, follow those of other PICOs, we formulated an Expert Consensus Statement
suggesting against reperfusion therapy in those with extensive bilateral and/or brainstem ischaemic changes. Another
Expert Consensus suggests reperfusion therapy regardless of collateral scores. Based on limited evidence, we suggest
direct aspiration over stent retriever as the first-line strategy of mechanical thrombectomy. As an Expert Consensus, we
suggest rescue percutaneous transluminal angioplasty and/or stenting after a failed EVT procedure. Finally, based on very
low certainty of evidence, we suggest add-on antithrombotic treatment during EVT or within 24 h after EVT in patients
with no concomitant IVT and in whom EVT was complicated (defined as failed or imminent re-occlusion, or need for

additional stenting or angioplasty).
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Introduction

Basilar artery occlusion (BAO) comprises only 1%—2% of
ischaemic stroke but imposes a significant burden on
patients due to the associated high disability and mortal-
ity.!> Reperfusion therapy is the standard of care for
improving outcome of eligible patients with acute ischae-
mic stroke. The European Stroke Organisation (ESO)
Guideline on intravenous thrombolysis (IVT) does not dif-
ferentiate recommendations based on stroke location.
Accordingly, IVT is an integral part of acute management
of BAO despite the lack of randomised controlled trials
(RCT) focusing specifically on posterior circulation occlu-
sions. Very poor prognosis of untreated BAO is probably
the most important reason for not having pivotal RCTs
comparing IVT to no reperfusion therapy. Evidence for the
efficacy of EVT has until recently been mainly confined to
anterior circulation large-vessel occlusions.* Consequently,
the 2019 joint Guideline of the ESO and the European
Society for Minimally Invasive Neurological Therapy
(ESMINT) on mechanical thrombectomy in AIS could only
constitute an expert opinion on EVT in BAO,’ leaving con-
siderable uncertainty about the optimal acute management
of the disease.

Since 2019, four RCTs on EVT plus best medical treat-
ment (BMT) versus BMT for acute BAO have been pub-
lished.®® This has generated the need to systematically
compile the current evidence from RCTs and observational
studies on reperfusion therapy exclusively for BAO. The
aim of this ESO-ESMINT Guideline is to provide evidence-
based recommendations to assist stroke physicians in their

decision-making in the acute management of BAO.
However, the number of available RCTs is rather small and
geographical differences are considerable. For example, the
high prevalence of intracranial atherosclerotic disease
(ICAD) in Asian population, and a significantly higher pro-
portion of IVT in BMT in the European trial. For these rea-
sons, we also included data from nonrandomised studies of
interventions (NRSIs).

In general, there are five relevant justifications for
including NRSIs in a systematic review along with
RCTs.'%!"! The two main reasons are (1) the evidence can be
studied in RCTs, but the trials address the review question
indirectly or incompletely (in these cases, NRSIs might bet-
ter match the review question), and (2) interventions that
cannot be randomised, or that are extremely unlikely to be
studied in RCTs. Both of these reasons apply to our guide-
lines, where three of the four RCTs were performed in
Asian population, and the outcome of their BMT arm dif-
fered significantly from the BMT arm of the European
RCT. Proportion of IVT in the Asian trials was very low
compared to the European trial, and it is very likely that a
new target RCT is neither feasible nor ethical in the near
future.

All precautions were taken to properly assess the risk of
bias both in the RCTs (RoB 2, Cochrane'!) and the NRSI
(ROBINS-I'%). Furthermore, every effort was made to eval-
uate (a) whether NRSI has the study design features
required to address a particular Population Intervention
Comparator Outcomes (PICO) question and (b) whether it
directly addresses the PICO question (regarding interven-
tion, comparator, outcome, and setting).
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Methods

Composition and approval of the Module
Working Group

These guidelines were initiated by the ESO and drawn up in
cooperation with the ESMINT. Daniel Strbian and Wim
van Zwam were selected as chairpersons to assemble and
coordinate the Guideline Module Working Group (MWG).
The final group contained five stroke neurologists from the
ESO and five interventional radiologists from the ESMINT.
In addition, three non-voting fellows were selected both
from the ESO and the ESMINT. Of all MWG members,
five were females. The ESO Guideline Board and the
Executive Committees of the ESO and the ESMINT
reviewed the intellectual and financial disclosures of all
MWG members and approved the composition of the
group. Full details of all MWG members and their disclo-
sures are included in the Supplemental Table 1.

Development and approval of clinical questions

This guideline was prepared according to the ESO standard
operating procedures (SOP),'> which are based on the
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE) framework. The MWG devel-
oped a list of topics and corresponding questions of greatest
clinical interest. Questions were formatted using the PICO
approach and reviewed by two external reviewers as well as
members of the ESO Guideline board and Executive
Committee. The outcomes were rated by the members of
the MWG as critical, important, or of limited importance
according to the GRADE criteria. The final decision on out-
comes used a Delphi approach. The results of the outcome
rating for each PICO question are included in the
Supplemental Table 2.

Based on the recent STAIR guidance,'® the following
wording was used to describe the modified Rankin Scale
(mRS) score outcomes: mRS 0-1: excellent outcome; mRS
0-2: good outcome; mRS 0-3: moderate outcome; shift/
ordinal analysis of the mRS: reduced disability (reduction
of at least 1 point over the mRS at 90 days).

Literature search

For each PICO question, search terms were prepared by the
MWG and a guideline methodologist. Where an existing
and validated search strategy was available (e.g. from an
existing systematic review), it was used or adapted. If a
question of interest had recently undergone an appropriate
systematic review, the corresponding search strategy and
identified references were used, combined, and updated
as necessary. The search strategies are described in
Supplemental Table 3.

The search per se was conducted by the ESO Guideline
methodologist Salman Hussain. The Ovid Medline and

Embase databases were searched from the inception to 13
January 2023. Reference lists of review articles, authors’
personal reference libraries, and previous guidelines were
also searched for additional relevant records. The search
was validated with multiple references provided for the
validation process by all MWG members and matched each
specific PICO question. Finally, the search was updated in
PubMed until 20 February 2024.

The search results from Medline and Embase were
uploaded to the web-based Covidence platform (Health
Innovation, Melbourne, Australia) for review by the MWG.
Two or more MWG members were assigned to indepen-
dently screen the titles and abstracts of publications regis-
tered in the Covidence platform and then evaluate the full
text of potentially relevant studies. Any disagreements were
resolved by discussion between two reviewers or a third
MWG member (including one of the chairpersons).

RCTs were prioritised, but due to limited randomised
data, health registry data analyses, observational studies
(minimum size: 20 subjects), and systematic reviews or
meta-analyses of observational studies were also consid-
ered. Only angiography-verified BAO studies in adults
published in English were considered. We excluded publi-
cations of only abstracts and protocols.

Data analysis

Data extraction was performed by all members of the MWG
and dataanalysis was performed by Georgios Georgiopoulos,
Daniel Strbian, and Georgios Tsivgoulis. If relevant data
were not reported in an eligible study, the corresponding
author was contacted. In case of no response, the co-authors
of the study were also contacted and reminded twice. If no
answer was received, the data were considered missing.
Cochrane and GRADE recommendations for meta-anal-
yses were followed, including both RCT and NRSI stud-
ies."* Random-effects meta-analyses were conducted using
Review Manager (RevMan) software (Cochrane). In rare
cases, the rate ratio was reported in the original paper of
some studies, and it was considered an approximation of
the risk ratio (RR) (we used a footnote of the figure to
report such a step). Results were presented as estimates of
effect with associated 95% confidence intervals (95% Cls).
Statistical heterogeneity across studies beyond random
error was quantified using the /? statistic, and classified as:

0%—40%: might not be important

30%—-60%: may represent moderate heterogeneity
50%-90%: may represent substantial heterogeneity
75%—-100%: considerable heterogeneity.

The importance of the observed value of /7 depends on (1)
the magnitude and direction of effects, and (2) the strength
of evidence for heterogeneity (e.g. p-value from the Chi?
test, or a confidence interval for /%: uncertainty in the value
of I is substantial when the number of studies is small).'>
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For some PICOs, prespecified subgroup analyses of eth-
nicity, composition of the BMT group (IVT proportion and
timing of IVT administration), severity of stroke, and occlu-
sion location were performed. We used the generic inverse-
variance method in the meta-analysis. In addition, due to the
expected heterogeneity among NRSIs, a random-effects
meta-analysis (instead of a fixed-effect approach) was used
in these guidelines as suggested as the default option.

Evaluation of the quality of evidence and
formulation of recommendations

The risk of bias of each included RCT was assessed with
the Cochrane Rob2 tool.!! As recommended, the evidence
synthesis did not use a quality ‘score’ threshold but classi-
fied overall risk of bias at study level and then in aggregate.
The risk of bias of included NRSIs were assessed with the
Cochrane ROBINS-I tool.!°

The results of the data analysis were imported into the
GRADEpro Guideline Development Tool (McMaster
University, 2015; developed by Evidence Prime, Inc.). For
each PICO question and the primary outcome, the follow-
ing were considered: risk of bias based on available evi-
dence (randomised or observational studies); considerations
on inconsistency of results; indirectness of evidence, impre-
cision of results, and other possible bias. The GRADE evi-
dence profiles/summary of findings tables were generated
and used to prepare recommendations. ‘Evidence-based
Recommendations’ were based on the GRADE methodol-
ogy. The direction, strength and formulation of the recom-
mendations were determined according to the GRADE
evidence profiles and the ESO-SOP.!216

Finally, expert consensus statements were added when-
ever the MWG members considered that there was insuffi-
cient evidence available to provide evidence-based
recommendations and where practical guidance is needed
for routine clinical practice. The expert consensus state-
ments were based on voting by 10 senior expert MWG
members with voting rights. Importantly, these expert con-
sensus statements should not be regarded as evidence-based
recommendations, since they only reflect the opinion of the
writing group.

Drafting of the document, revision and approval

Each PICO question is addressed in distinct sections in line
with the updated ESO SOP.!?

First, ‘Analysis of current evidence’ summarises current
pathophysiological considerations followed by a summary
and discussion of the results of the identified RCTs and
other studies.

Second, ‘Additional information” was provided when
more details on the studies referred to in the first section has
been needed to provide information on key subgroup analy-
ses of the included studies, on ongoing or future RCTs, and

on other studies, which can provide important clinical guid-
ance on the topic.

Third, an ‘Expert Consensus Statement’ paragraph has
been added whenever the MWG considered that there is
insufficient evidence to make evidence-based recommen-
dations for situations in which practical guidance is needed
for everyday clinical practice.

The Guideline document was reviewed several times by
all MWG members and modified using a Delphi approach
until a consensus was reached. The final submitted docu-
ment was peer-reviewed by two external reviewers, two
members of the ESO Guideline Board and one member of
the ESO Executive Committee.

Results
PICO |

For adults with BAO-related acute ischaemic stroke pre-
senting within 24 h from time last known well, does intra-
venous thrombolysis (IVT) alone compared to no IVT
improve outcomes?

Analysis of current evidence

The literature search did not identify any RCTs specifically
addressing this PICO question, which focused on the com-
parison between IVT and no IVT. Although BAO was not
an exclusion criterion in the pivotal IVT trials,!”" it is very
likely that the number of patients with BAO included in
these trials was very small. This is primarily because the
majority of patients enrolled in these trials did not undergo
vascular imaging. Additionally, BAO accounts for only
approximately 1%—-2% of all AISs and is often associated
with a very severe neurological deficit, which was an exclu-
sion criterion in the ECASS trials.'>?° Therefore, the results
of the available IVT trials cannot be directly applied to
patients with acute BAO.

Our literature search identified three observational stud-
ies (all with critical bias, as shown in Figure 1.1) comparing
IVT versus no IVT. These studies were included in a meta-
analysis. The Basilar Artery International Cooperation
Study (BASICS) international prospective registry recruited
592 consecutive patients with acute symptomatic BAO
(mean age: 63, median NIHSS score: 22) between 2002 and
2007.2 The treatment, which was left to the discretion of
each investigator, was heterogeneous and divided into three
groups for the main analysis: ‘antithrombotic therapy only’
(antiplatelets or anticoagulation mostly by heparin; n=183),
‘primary IVT’ (n=121), which included subsequent intra-
arterial thrombolysis in 41 (33.9%) patients, and ‘intra-
arterial therapy only’ (n=179). Functional outcome was
assessed at 1 month and the presentation of the results was
stratified by clinical severity (severe deficit: coma, locked-
in state, tetraplegia; mild-to moderate severity: any other
situation). Compared with ‘antithrombotic therapy only’,
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Figure 1.1. PICO | — Bias evaluation for the observational studies.

patients in the ‘primary IVT’ group tended to have a lower
probability of mRS =4 at 1 month in case of severe deficit
(adjusted RR 0.88, 95% CI: 0.76-1.01) but not in case of
mild-to-moderate deficit (adjusted RR: 0.94, 95% CI:
0.60—1.45; p for interaction not provided).

The other two identified studies were small, retrospec-
tive, and focused on outcome prediction rather than com-
parison of treatments, which were heterogeneous and left at
the discretion of each physician.?'?? In each study, only a
minority of patients did not receive endovascular therapy.

All three studies were deemed to have serious-to-critical
level of bias (Figure 1.1), including selection bias (possibly
including contraindication to IVT as a reason why IVT was
not administered in the control group) and a major risk of
confounding (notably confounding by indication).

No formal meta-analysis was conducted due to not only
serious but critical limitations of the available studies. The
MWG concludes that there is insufficient evidence to provide
evidence-based recommendations on this PICO question.

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke
presenting within 24 h from the time last known well,
there are insufficient data to make an evidence-based
recommendation on the use of IVT. Please see the Expert
Consensus Statement below.

Quality of evidence: —

Strength of recommendation: —

Additional information

In this situation, where the bias of the three included obser-
vational studies is mostly critical (Figure 1.1), and results

of available RCTs comparing IVT with alteplase to placebo
do not directly apply to patients with acute BAO, it must be
pointed out that the catastrophic prognosis of untreated
BAO was the most important reason for the lack of ran-
domised data for IVT. Consequently, many centres have
considered IVT as the standard treatment for this condition
for over 2 decades®**?* and it has been considered unethical
to randomise patients to a trial comparing IVT with no IVT.
In fact, single-arm observational data of consecutive angi-
ography-verified BAO patients (median admission NIHSS
17) showed that up to 50% of patients achieved mRS scores
of 0-3 at 3months regardless of the time window (up to
48h) if they presented negligible early ischaemic changes
in the posterior circulation on non-contrast CT imaging
(posterior circulation Alberta Stroke Program Early CT
Score; pc-ASPECTS =8).2* Another analysis of 245
patients (median NIHSS 18) treated with IVT alone
(50%<<6h, 19% 6-12h, and 31%>12h from last-seen
well) reported favourable outcome (mRS 0-3) in 47%,%
which is identical to the EVT arms of recent RCTs.
Symptomatic intracranial haemorrhage (sICH) in that study
ranged from 7% to 11%, which is in line with the data from
the only RCT that used the same sICH criteria.’

In the BASICS registry,> mRS scores of 0-2 were more
frequent in the IVT group compared to the group receiving
conventional treatment, with an unadjusted OR 1.83 (95%
CI: 1.10-3.06). The recent ESO guidelines on IVT for AIS
recommend IVT with alteplase even in AIS patients with
clinically severe symptoms (NIHSS-score=25) lasting
<4.5h (strong recommendation, moderate quality of evi-
dence).? This recommendation highlights that IVT should
not be withheld from AIS patients with severe symptoms.
Finally, PICO 7 addressed the role of IVT prior to EVT.
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Expert Consensus Statements

For adults with BAO-related acute ischaemic stroke
presenting within 4.5h from the time last known well
without contraindications for IVT and without extensive
ischemic changes in the posterior circulation®, [0/0MWG
members suggest intravenous thrombolysis rather than no
intravenous thrombolysis (please also see PICO 5 and 7).
For adults with BAO-related acute ischaemic stroke
presenting between 4.5 and 12 h from the time last known
well without contraindications for IVT (apart from the
time window) and without extensive ischemic changes in
the posterior circulation*, 8/[0MWG members suggest
intravenous thrombolysis rather than no intravenous
thrombolysis (please also see PICO 5 and 7).

For adults with BAO-related acute ischaemic stroke
presenting between 12 and 24 h from the time last known
well without contraindications for IVT (apart from the
time window) and without extensive ischemic changes in
the posterior circulation®, 8/10 MWG members suggest
intravenous thrombolysis rather than no intravenous
thrombolysis (please also see PICO 5 and 7).

*Extensive bilateral and/or brainstem ischemic changes

PICO 2

For adults with BAO-related acute ischaemic stroke within
6h of symptoms onset, does endovascular treatment (EVT)
plus BMT compared with BMT alone improve outcomes?

Analysis of current evidence

The literature search identified three RCTs addressing this
PICO question. Only one trial recruited patients within 6 h
of estimated symptom onset, while the other two recruited
patients within 8 and 12 h.

BASICS (Endovascular Therapy for stroke due to
Basilar-Artery Occlusion) was a multicentre, international,
open-label with blinded outcome assessment RCT of EVT
for BAO conducted at 23 centres in seven countries.’
Patients were randomised in a 1:1 ratio within 6h of the
estimated time of onset to receive EVT (intervention) or
BMT (control), which was IVT in 80% of patients.” At the
beginning of recruitment, patients were eligible if they
were younger than 85 years of age and had an NIHSS score
of 10 or more. After the inclusion of 91 patients, inclusion
criteria were expanded to allow recruitment of patients,
who were 85 years of age or older, those who had an NIHSS
score of less than 10, and those who had contraindications
to IVT. The primary outcome was a favourable functional
outcome, defined as a mRS score of 0-3. A total of 300
patients were enrolled (154 in the EVT group and 146 in the
BMT group). There was no difference in the proportion of
patients with a good outcome (mRS 0-3 at 3 months: 44%
EVT vs. 38% BMT, RR 1.18, 95% CI: 0.92-1.50), favour-
able outcome (mRS 0-2) or distribution of mRS scores.
sICH occurred in 4.5% of patients after EVT and in 0.7% of
those after BMT (RR, 6.9; 95% CI: 0.9-53.0).

BEST (Endovascular Treatment versus standard medi-
cal treatment for vertebrobasilar artery occlusion) was a
multicentre, prospective, open label with blinded outcome
assessment RCT of EVT for vertebrobasilar occlusion at 28
centres in China (NCT02441556).° Patients were ran-
domised in a 1:1 ratio within 8h of the angiography-con-
firmed BAO to receive EVT (intervention group) or BMT
(control group), which included IVT in only 30% of
patients. Patients were eligible if they were 18 years of age
or older, had an occlusion of the basilar artery or the distal
intracranial vertebral artery with no flow to the basilar
artery. The primary outcome was favourable functional
outcome defined as a mRS score of 0-3 at 3 months. The
trial was terminated early after enrolling 131 patients (66 in
the EVT group and 65 in the BMT group), because of
excessive crossovers and a progressive drop in the rate of
recruitment. The median NIHSS at baseline was very high,
32 in the EVT and 26 in the standard arm. There was a
substantial rate of crossovers (22.5% from the BMT arm
into EVT), and no difference in the proportion of patients
with a good outcome (mRS 0-3 at 3 months: 42% EVT vs.
32% control, adjusted RR, 1.74, 95% CI: 0.81-3.74).

ATTENTION (Endovascular Treatment for Acute
Basilar-Artery Occlusion) was a multicentre, prospective,
open-label RCT of EVT for BAO at 36 centres in China.®
Patients were randomised in a 2:1 ratio within 12 h (median
time from onset to randomisation was 5h (3.5-7.0)) after
the estimated time of onset to receive EVT (intervention) or
BMT (control), which was IVT in only every third patient.
Patients were eligible if they were at least 18 years of age
and had NIHSS = 10. Furthermore, for patients <80 years
of age, a pc-ASPECTS of at least 6 was required, whereas
for those older than 80, it was at least 8. The estimated time
of occlusion occurrence was defined as a sudden onset of
BAO symptoms, with no consideration of any preceding
minor prodromal symptoms. For patients with unknown
time of stroke onset, a 12-h time window was calculated
from the last time the patient was seen well. The primary
outcome was good functional outcome defined as a mRS
score of 0-3 at 3months. A total of 340 patients were
included in the intention-to-treat analysis: 216 and 124
patients were randomised within and beyond 6h from
symptom onset, respectively. EVT was associated with a
higher proportion of patients with good outcomes (mRS
0-3 at 3 months) compared to BMT (46% vs. 23%, adjusted
rate ratio 2.06 and 95% CI: 1.46-2.91; p<0.001).

All three trials presented performance bias, as the ran-
domised participants and the treating physicians were
aware of the allocated intervention (Figure 2.1). Further-
more, minor deviations from the intended interventions
were noted in two RCTs. In addition, the ATTENTION trial
did not clearly report the use of a minimization process to
balance the two treatment groups with appropriate stratifi-
cation, leading to some concerns about randomisation bias.
In the BEST trial, a high rate of crossover occurred, and the
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Figure 2.2. PICO 2 — Meta-analysis of randomised-controlled clinical trials: favourable functional outcome (mRS scores of 0-2 at
3 months) in patients with acute ischaemic stroke presenting within 6 h from the time last known well, treated with endovascular
treatment plus best medical treatment (BMT) versus BMT alone (pooled adjusted RR, random-effects meta-analysis, p=0.12).

final sample size was only 38% of the planned target of
344 patients, resulting in an underpowered analysis.
Furthermore, there may have been a selection bias, as one
third of patients declined trial participation. Regarding indi-
rectness, the BEST trial included patients with very severe
symptoms (median NIHSS 32), while the ATTENTION
trial included patients with at least 10 NIHSS points. In
contrast, BASICS trial started with patients having
NIHSS = 10, but the inclusion criteria were later modified
to include the whole range of NIHSS scores. Furthermore,
controls are not directly comparable between the three tri-
als, because the proportion of IVT in BMT and timing of
IVT administration differed significantly among the trials.
Only the BASICS trial included patients with a time win-
dow of 6h, whereas in the BEST and ATTENTION trials
the time window was 8 and 12h, respectively. However,
there are remarkable differences in the definition of time
windows among the trials.

We conducted a random-effects meta-analysis of studies
that reported outcomes deemed critical and important.
Furthermore, for functional outcomes, we performed addi-
tional analyses to test for interactions among RCTs with
high versus low percentages of IVT in the BMT arm of a

study (Figures 2.2-2.8). The BEST trial was excluded from
this interaction analysis due to its extremely high rate of
crossovers (22.5%) from EVT into BMT arm.® The
ATTENTION investigators listed in the limitation section
that initially, patients had to pay for the thrombolytic drug,
which may have contributed to the low use of thrombolyt-
ics.% We identified several significant interactions (see
Table 1), further supported by the fact that no difference
between EVT and BMT was observed in the BASICS trial,’
while in the ATTENTION trial,® no superiority of EVT was
observed in the analysis when BMT included 100% IVT
(adjusted rate ratios 1.57 (95% CI: 0.97-2.54)). Frequencies
of sICH were significantly higher in the EVT arms.

Additional information

The literature search identified three registry-based non-
randomised studies addressing this PICO question, the bias
of which is described in Figure 2.9 and in PICO 3.

The BASILAR (Endovascular treatment for Acute
Basilar Artery Occlusion Study) registry was a nationwide
prospective registry of consecutive patients presenting with
an acute, symptomatic, radiologically confirmed BAO at
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Endo thr y plus best i manag Best i Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.2.1 IVT high L
BASICS RCT 54 154 44 146 52.8% 1.16[0.84, 1.61]
Subtotal (95% CI) 154 146 52.8% 1.16 [0.84 , 1.61] '
Total events: 54 44

Heterogeneity: Not applicable
Test for overall effect: Z =0.91 (P =0.36)

1.2.2IVT low

ATTENTION RCT 75 226 12 114 472% 3.15[1.79, 5.55] -
Subtotal (95% Cl) 226 114 47.2% 3.15[1.79, 5.55] ‘
Total events: 75 12

Heterogeneity: Not applicable
Test for overall effect: Z = 3.97 (P < 0.0001)

Total (95% CI) 380 260 100.0% 1.86 [0.70, 4.94]

Total events: 129 56

Heterogeneity: Tau® = 0.44; Chi* = 8.92, df = 1 (P = 0.003); I = 89% 001 01 1 10 100
Test for overall effect: Z = 1.25 (P = 0.21) Favours BMT Favours EVT+BMT

Test for subgroup differences: Chi? = 8.92, df = 1 (P = 0.003), I = 88.8%

Figure 2.3. PICO 2 — Meta-analysis of randomised-controlled clinical trials: favourable functional outcome (mRS scores of 0-2 at
3 months) in patients with acute ischaemic stroke presenting within 6 h from the time last known well, treated with endovascular
treatment plus best medical treatment (BMT) versus BMT alone, and stratified by high versus low proportion of IVT-treated
patients in the BMT arm (pooled adjusted RR, random-effects meta-analysis, p =0.003 for interaction). The BEST trial was excluded
from this interaction analysis due to its extremely high rate of crossovers (22.5%) from EVT into BMT arm.

Er ilar thr plus best i mar 1t Best i Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
ATTENTION RCT 104 226 26 114 32.9% 2.02[1.40,291] -
BASICS RCT 68 154 55 146 39.4% 1.17[0.89, 1.54] -
BEST RCT 28 66 21 65 27.6% 1.31[0.84 , 2.06] -
Total (95% CI) 448 325 100.0% 1.45[1.03, 2.04] ’
Total events: 200 102
Heterogeneity: Tau® = 0.06; Chi* = 5.52, df = 2 (P = 0.06); I* = 64% 0.01 0.1 1 10 100
Test for overall effect: Z = 2.11 (P = 0.04) Favours BMT Favours EVT+BMT

Test for subgroup differences: Not applicable

Figure 2.4. PICO 2 — Meta-analysis of randomised-controlled clinical trials: Good functional outcome (mRS scores of 0-3 at
3 moths) in patients with acute ischaemic stroke presenting within 6 h from the time last known well, treated with endovascular
treatment plus best medical treatment (BMT) versus BMT alone (pooled adjusted RR, random-effects meta-analysis, p =0.04).

ilar thr y plus best i Best i Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 IVT high
BASICS RCT 68 154 55 146  52.6% 1.17[0.89, 1.54] -
Subtotal (95% CI) 154 146 52.6% 1.17 [0.89 , 1.54] .
Total events 68 55

Heterogeneity: Not applicable
Test for overall effect: Z = 1.14 (P = 0.26)

1.1.2 IVT low

ATTENTION RCT 104 226 26 114 47.4% 2.02[1.40,291]
Subtotal (95% CI) 226 114  47.4% 2.02[1.40, 2.91]
Total events: 104 26

Heterogeneity: Not applicable

Test for overall effect: Z = 3.76 (P = 0.0002)

*n

Total (95% CI) 380 260 100.0% 1.52[0.89, 2.58] ’
Total events: 172 81
Heterogeneity: Tau? = 0.12; Chi* = 5.42, df = 1 (P = 0.02); I* = 82% 0.01 0.1 1 10 100
Test for overall effect: Z=1.53 (P =0.12) Favours BMT Favours EVT+BMT
Test for subgroup differences: Chi? = 5.42, df =1 (P = 0.02), I? = 81.6%

Figure 2.5. PICO 2 — Meta-analysis of randomised-controlled clinical trials: Good functional outcome (mRS scores of 0-3 at

3 months) in patients with acute ischaemic stroke presenting within 6 h from the time last known well, treated with endovascular
treatment plus best medical treatment (BMT) versus BMT alone, and stratified by high versus low proportion of IVT-treated
patients in the BMT arm (pooled adjusted RR, random-effects meta-analysis, p =0.02 for interaction). The BEST trial was excluded
from this interaction analysis due to its extremely high rate of crossovers (22.5%) from EVT into BMT arm.
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Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
ATTENTION RCT 1.054312 0.226439 38.2% 287 [1.84,4.47] -
BASICS RCT 0.300105 0.302461 31.7% 1.35[0.75, 2.44] Ry =
BEST RCT 0.307485 0.322607 30.1% 1.36 [0.72 , 2.56] m
Total (95% CI) 100.0% 1.81 [1.06 , 3.08]
Heterogeneity: Tau® = 0.14; Chi*=5.64, df = 2 (P = 0.06); I = 65%

Test for overall effect: Z =2.16 (P = 0.03)
Test for subgroup differences: Not applicable
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Figure 2.6. PICO 2 — Meta-analysis of randomised-controlled clinical trials: Distribution of mRS scores at 3 months (shift analysis)
in patients with acute ischaemic stroke presenting within 6 h from the time last known well, treated with endovascular treatment

plus best medical treatment (BMT) versus BMT alone (pooled adjusted RR, random-effects meta-analysis, p =0.03).

Endovascular thrombectomy plus best g t Best medical management Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 85% CI
ATTENTION RCT 83 226 63 114 453% 0.66[0.52, 0.84] -
BASICS RCT 59 154 63 146 37.8% 0.89[068,1.17] =
BESTRCT 22 66 25 65 16.9% 087[0.55,1.37] -
Total (95% CI) 445 325 100.0% 0.78 [0.63 , 0.95] .
Total events 164 151

Heterogeneity: Tau? = 0.01; Chi*=2.77, df = 2 (P = 0.25); I*= 28%
Test for overall effect: Z =244 (P=0.01)
Test for subgroup differences: Not applicable
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Figure 2.7. PICO 2 — Meta-analysis of randomised-controlled clinical trials: mortality at 90 days in patients with acute ischaemic

stroke presenting within 6 h from the time last known well, treate

d with endovascular treatment plus best medical treatment

(BMT) versus BMT alone (pooled adjusted RR, random-effects meta-analysis, p=0.01).

Endov thr omy plus best medi g 1t Best medi g Risk ratic Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
ATTENTION RCT 12 226 0 114 26.4% 1267[0.76, 212.01] 4w
BASICS RCT 7 154 1 146 48.3% 6.64[0.83 , 53.28] 4+
BEST RCT 5 66 0 65 253% 10.84[0.61, 192.08] B . B
Total (95% CI) 448 325 100.0% 8.91[2.10, 37.89] ’
Total events 24 1
Heterogeneity: Tau® = 0.00; Chi*=0.15,df =2 (P = 0.93); F = 0% 0.01 g 100

Test for overall effect: Z = 2.96 (P = 0.003)
Test for subgroup differences: Not applicable
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Figure 2.8. PICO 2 — Meta-analysis of randomised-controlled clinical trials: symptomatic ICH in patients with acute ischaemic
stroke presenting within 6 h from the time last known well, treated with endovascular treatment plus best medical treatment
(BMT) versus BMT alone (pooled adjusted RR, random-effects meta-analysis, p =0.003).

47 comprehensive stroke centres across 15 provinces in
China between January 2014 and May 2019.2° Patients with
BAO within 24 h of estimated symptom onset were divided
into groups receiving BMT plus EVT (n=647) or BMT
alone (n=182), of whom 463 and 127 were treated within
6 hours from symptom onset, respectively. The rate of IVT
in the whole cohort was 20%. The primary clinical outcome
was the improvement in mRS scores at 3 months across the
two treatment groups assessed as a common odds ratio
using ordinal logistic regression shift analysis, adjusted for
prespecified prognostic factors. The secondary efficacy

clinical outcome was good functional status, defined as
mRS scores of 03 at 3 months. However, the only reported
outcome for the 6-h time window is distribution of mRS at
3 months (common odds ratio).

The BASICS registry? was a prospective, international
(Europe, South America, North America, Australia), obser-
vational registry of consecutive patients who presented
with an acute symptomatic and radiologically confirmed
BAO between 1 November 2002 and 1 October 2007. The
primary clinical outcome was assessed at 1 month and
defined as mRS scores of 4-6. Patients presenting within
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Figure 2.9. PICO 2 — Risk of bias for registry studies.

24h from symptom onset were divided into three groups
according to the treatment they received: antithrombotic
treatment only (AT), which comprised antiplatelet drugs or
systemic anticoagulation; primary intravenous thromboly-
sis (IVT), including subsequent intra-arterial thrombolysis;
or intra-arterial therapy (IAT), which comprised intra-arte-
rial thrombolysis, mechanical thrombectomy, stenting, or a
combination of these approaches. Of the 592 patients who
were analysed, 183 were treated with only AT, 121 with
IVT, and 288 with IAT. A total of 84, 99 and 186 within 6 h,
respectively. The patient-level outcome data (unadjusted
mRS 0-3) for the 6-h time window are available only for
IVT and IAT subgroups.

The ATTENTION registry?’ is an ongoing prospective,
multicentre registry in China. The sample comprised 2134
patients within 24 h of estimated time of acute BAO recruited
at 48 comprehensive stroke centres between March 2017
and February 2021. Four hundred sixty-two patients
received BMT (less than 20% IVT) and 1672 underwent
EVT plus BMT. The median time from estimated time of
BAO to treatment was 419min (IQR: 273-682), but the
number of patients treated with BMT as well as the combi-
nation of EVT with BMT within 6h from symptom onset
was unavailable in the relevant publication. BMT consisted
of IVT, antiplatelets, anticoagulants or combinations.
Endovascular approach consisted of mechanical thrombec-
tomy, thromboaspiration, stenting, IA thrombolysis or com-
bination. The primary clinical outcome was a favourable
functional outcome, defined as mRS scores of 0-3 at
3 months. The outcome data were reported as RR, and the
number of the patients in the subgroups was not reported.
All other studies reported either raw data or odds ratios.

The registry study by Rity et al.,>> compared 122 of
IVT-only versus EVT = IVT treated BAO patients. The pri-
mary outcome was mRS 0-3 and the data were analysed

with conventional and doubly robust inverse probability-
weighted regression analysis. The primary outcome was
more frequent in IVT only group compared to EVT £IVT. In
that study, about 60% of patients had delays of less than 6 h.

Differential effect of reperfusion therapy stratified by
high versus low proportion of IVT-treated patients in the
BMT arm is outlined in Figures 2.10 and 2.11.

Table 1 provides details regarding the assessment of the
quality of evidence for all outcomes evaluated in PICO 2.
To better understand the differential effect of reperfusion
therapy stratified by the composition of BMT, please see
also PICO 3 and the discussion.

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke
presenting within 6 h from the time last seen well, we
suggest EVT plus BMT over BMT alone*. However, there
are caveats, and this recommendation does not apply to all
patients as detailed below.

The recommendation considers only patients with
NIHSS = 10 (please see also PICO 4).

*The effect of treatment depends on use of IVT in BMT
group, with greater benefit of EVT seen in those trials with
lesser use of IVT. Actually, much of this evidence comes
from Asian trials with high prevalence of ICAD, and in
which BMT often comprises conventional therapy only
(antiaggregatory and anticoagulation). For imaging criteria,
please refer to PICO 5).

Quality of evidence:

Strength of recommendation:

PICO 3

For adults with BAO-related acute ischaemic stroke 6—24h
from time last known well, does EVT plus BMT compared
with BMT alone improve outcomes?
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Risk ratio Risk ratio

Study or Subgroup leg[RR] SE Weight IV, Randoem, 95% CI IV, Random, 95% CI
2.1.1 IVT high
BASICS registry -0.331384 0.158177 32.2% 0.72 [0.53 , 0.98] -
Raty et al -0.518794 0.09472 34 0% 060 [0.49, 0.72] -
Subtotal (95% CI) 66.2% 0.63 [0.53 , 0.74] ’
Heterogeneity: Tau® = 0.00; Chi*=1.03,df =1 (P=0.31); "= 3%
Test for overall effect: Z = 5.61 (P < 0.00001)
2.1.21IVT low
ATTENTION Registry 0.398776 0.105537 33.8% 1.49 [1.21, 1.83] -
Subtotal (95% CI) 33.8% 1.49 [1.21 , 1.83] ..
Heterogeneity: Not applicable
Test for overall effect: Z =3.78 (P = 0.0002)
Total (95% CI) 100.0% 0.86 [0.47 , 1.59]

Heterogeneity: Tau® = 0.28; Chi? = 43.51, df = 2 (P < 0.00001); I = 95%

Test for overall effect: Z =0.48 (P = 0.63)

Test for subgroup differences. Chi? = 41.53, df= 1 (P < 0.00001), I12= 97.6%
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Figure 2.10. PICO 2 — Meta-analysis of registry studies: Good functional outcome (mRS scores 0-3 at 3 months) in patients with
acute ischaemic stroke presenting within 6 h from the time last known well, treated with endovascular treatment plus best medical
treatment (BMT) versus BMT alone, and stratified by high versus low proportion of IVT-treated patients in the BMT arm (pooled
adjusted RR, random-effects meta-analysis, p =0.0001 for interaction).

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.9.1 IVT high
BASICS RCT 0.300105 0.302461 28.3% 1.35[0.75, 2.44) —“-
Subtotal (95% CI) 28.3% 1.35 [0.75 , 2.44] <>
1.9.2 IVT low
ATTENTION RCT 1.054312 0.226439 36.3% 2.87 [1.84, 4.47] =
BASILAR Registry 1.064711 0.233752 35.4% 2.90 [1.83, 4.59] -
Subtotal (95% Cl) 71.7% 2.88 [2.10 , 3.97] 'S
Total (95% CI) 100.0% 2.33[1.49, 3.63] ‘

0.01 0.1 1 10 100

Test for subgroup differences: Chi* = 4.89, df =1 (P = 0.03)

Favours BMT Favours EVT+BMT

Figure 2.11. PICO 2 — Forest plot showing differential effect of reperfusion therapy stratified by high versus low proportion of
IVT-treated patients in the BMT arm (p=0.03 for interaction), including data from randomised-controlled clinical trials (RCTs) and
one registry study. Distribution of mRS scores at 3months (shift analysis) in patients with acute ischaemic stroke presenting within
6h from the time last known well, treated with endovascular treatment plus best medical treatment (BMT) versus BMT alone

(Cochran’s Q-test for interaction testing).

Analysis of current evidence

The literature search identified two published RCTs®’
addressing this PICO question.

The ATTENTION trial was otherwise described in PICO
2, however, we want to point out that only one patient
received IVT in the time window of more than 6 h from esti-
mated time of BAO to imaging. BAOCHE (Basilar Artery
Occlusion Chinese Endovascular) trial, a multicentre

Chinese prospective RCT, aimed to assess the effect and
safety of EVT in conjunction with BMT compared with
BMT alone. The trial enrolled patients with AIS due to BAO
and an absence of large baseline infarct on neuroimaging
who underwent randomisation in 6-24h after symptom
onset.” Symptoms onset was defined as a time point when
symptoms started or, if unknown, as time when patients
were last seen well. Isolated vertigo was not considered
onset of symptoms. Treatment start was defined as time of
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Figure 3.1. PICO 3 — Risk of bias in randomised-controlled clinical trials.
Risk Ratio Risk Ratio

Study logRR SE Weight IV, Random, 95% CI IV, Random, 95% CI
ATTENTION 0.79 0.30 26.5% 2.20[1.22, 3.97] L
BAOCHE 0.59 0.18 73.5%  1.80[1.27, 2.57] ——
Total (95% CI) 100.0%  1.90 [1.41, 2.57] —
Heterogeneity: Tau® = 0; Chi? = 0.33, df = 1 (P = .57); I = 0% T !
Test for overall effect: Z = 4.17 (P < .01) 0.5 1 2 4

Favors BMT Favors EVT+BMT

Figure 3.2. PICO 3 — Meta-analysis of randomised-controlled clinical trials (RCTs): Good functional outcome (mRS scores 0-3 at
3 months) in patients with acute ischaemic stroke presenting within 624 h from time last known well, treated with endovascular
treatment plus best medical treatment (BMT) versus BMT alone (pooled adjusted RR, random-effects meta-analysis).

groin puncture. The original primary outcome, a mRS score
of 0—4 at 3months, was subsequently changed to a good
functional status (mRS-scores of 0-3).

Assessment of the risk of bias is presented in Figure 3.1.

Both trials®® presented performance bias, as randomised
participants and treating physicians were aware of the allo-
cated intervention. Furthermore, minor deviations from the
intended interventions were noted in both RCTs. In addition,
the ATTENTION trial® did not clearly report the use of a min-
imization process to balance the two treatment groups with
appropriate stratification, leading to some concerns about ran-
domisation bias. Finally, the BAOCHE trial® presented minor
concerns due to missing outcome data. The overall risk of
bias was high both for ATTENTION® and BAOCHE? trials.

Data regarding patients presenting within 6-24h from
time last known well were available in one of the trials only
as adjusted RRs with corresponding 95% Cls, without pre-
senting the raw data. For that reason, we used a generic
inverse variance meta-analysis to provide a pooled overall
effect (Figure 3.2). Compared to patients randomised to
BMT, the pooled adjusted RR for a good functional out-
come in patients randomised to EVT was 1.90 (95% CI:
1.41-2.57; p<0.01; I*: 0%; Figure 3.2).

Additional information

The literature search identified four registry-based observa-
tional studies addressing this PICO question.>?*2® The
ATTENTION registry?’ was described in PICO 2. Qualifying
patients had to present within 24h of estimated symptom

onset. The number of patients treated with BMT as well as
the combination of EVT with BMT beyond 6h from symp-
tom onset was unavailable in the relevant publication. The
BASILAR registry,”® a nationwide prospective registry, was
described in PICO 2. A total of 184 and 55 patients were
treated with BMT plus EVT and BMT alone beyond 6 hours
from symptom onset, respectively. The BASICS registry”
was described in PICO 2. A total of 99, 21 and 102 patients
received AT, IVT and IAT beyond 6 h, respectively.

A registry presented by Gruber et al.?® was a mandatory
prospective stroke inpatient quality assurance registry cov-
ering the entire federal state of Hessen in Germany. Gruber
et al.?® analysed the clinical course and short-term outcomes
of patients with radiologically confirmed acute BAO
dichotomised by BMT plus EVT (n=270) or BMT alone
(n=133). This registry also included patients presenting
beyond 24 h from symptom onset (n=26) and with unknown
time from symptom onset (n=58). The primary clinical
outcome was good functional status, defined as mRS score
of 0-3 at 3 months. A total of 46 and 30 patients were treated
with BMT plus EVT and BMT alone between 6 and 24h
from symptom onset, respectively.

The registry study by Réty et al.» was described in
PICO 2. It compared 122 of IVT-only vs EVT = IVT treated
BAO patients and included about 40% of patients with
delays of more than 6h.

The MWG assessment of the risk of bias in the included
observational studies for PICO 3 was performed according
to the Cochrane ROBINS-I tool'® and is presented in
Figure 3.3.
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Figure 3.3. PICO 3 — Risk of bias in observational studies.

All four studies presented moderate confounding bias,
since there were several significant baseline differences
between the different treatment groups. The ATTENTION
registry,?” the BASILAR registry,?® the registry presented
by Gruber et al.,”® and by Riity et al.,”> were based on data
derived from centres of specific countries (i.e. China in the
first two studies, Germany in the third, and Finland in the
last), thus moderate selection bias may occur. No signifi-
cant misclassification, deviation from intervention, or miss-
ing bias occurred in any of the included observational
studies. Assessment by blinded, certified investigators was
reported to have been performed only in the BASILAR reg-
istry, while in the other three studies no clear description of
the assessment was presented. The BASICS registry? did
not predefine sSICH as an outcome measure, and the follow-
up period was restricted to only 1month, rendering the
study vulnerable to serious reporting bias. Finally, the study
of Gruber et al.?® presents moderate reporting bias since
sICH was not assessed or reported as a safety outcome.

We conducted a study-level, random-effects meta-analysis
of the four observational studies included in PICO 3 for the
outcome mRS score of 0-3 at 3 months. However, it should
be noted that the ATTENTION registry reported only the
adjusted RR for the patients presenting within 6-24h from
time last -known well and achieving mRS 0-3 at 3 months,
without providing raw data. Therefore, we were not able to
calculate the unadjusted RR for this study. We used the
generic inverse variance meta-analysis to provide a pooled
overall effect, but we also presented two subgroups stratifying
by the adjusted versus unadjusted RR. Patients treated with
EVT had a similar likelihood of achieving mRS 0-3 at
3 months compared to patients treated with BMT (Figure 3.4).

A sensitivity analysis was performed by including only
the four studies that presented raw data, and similar results
were obtained (Figure 3.5).

Further, we present forest plot showing differential
effect of reperfusion therapy stratified by geographical
region, in which the patients were randomised (Asian vs.
European/International) (Figure 3.6). In line with the find-
ings presented in PICO 2, we found a significant interaction
(»<0.00001) between the two regions. In the Asian stud-
ies, EVT led to better outcomes compared to BMT, whereas
the opposite trend was observed in the European/
International studies. There are several plausible explana-
tions for this heterogeneity, including differences in sys-
tems of care and ethnicity-related issues.

The BAOCHE and ATTENTION investigators listed in
the limitation section that initially, patients had to pay
for the thrombolytic drug, which may have contributed to
the low use of thrombolytics.®® Notably, in both the
ATTENTION and BAOCHE trials, no superiority of EVT
was observed in analysis when BMT included 100% IVT
(adjusted rate ratios 1.57 (95% CI: 0.97-2.54) and 1.74
(95% CI: 0.36-8.4), respectively).®®

It is not known how standard treatment differs among
various centres worldwide for patients who underwent EVT
compared to those who have not received any reperfusion
therapy at all (as was the case in most of the patients in
Asian trials, who received merely secondary prevention). It
is possible that the latter group was not admitted to inten-
sive or intermediate care units. Regarding ethnicity-related
issues, the high prevalence of ICAD in the Asian popula-
tion was mentioned as a reason why the results of the
BAOCHE and ATTENTION trials may not be generaliza-
ble to Western countries.®® Finally, the ATTENTION inves-
tigators acknowledged that their results are not generalizable
to patients with an NIHSS of less than 10.%°

Table 2 provides details regarding the assessment of the
quality of evidence for all outcomes evaluated in PICO 3
both using randomised and observational data.
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RiskK ratio RiskK ratio
Study or Subgroup leg[RR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 adjusted
ATTENTION-registry 0.262364 0.122699 254% 1.30[1.02 , 1.65] -
Raty et al -0.494696 0.318574 206% 0.61[0.33, 1.14] —
Subtotal (95% CI) 48.0% 0.94 [0.45 , 1.98] .’

Heterogeneity: Tau® = 0.23; Chi* =492 df=1 (P = 0.03); I* = 80%
Test for overall effect: Z=0.16 (P = 0.87)

1.2.2 unadjusted

BASICS-registry -0.71335 0.38978%9 18.5% 049023, 1.09] m—t
BASILAR-registry 1.519513 0.569257 13.8% 4.57 [1.50, 13.95] B —
Gruber-Reqgistry -0.616186 0.280263 21.7% 0.54[0.31 . 0.94] -

Subtotal (95% CI) 54.0% 0.97 [0.31, 3.01]

Heterogeneity: Tau® = 0.82; Chi* = 12.96, df = 2 (P = 0.002); I* = 84%
Test for overall effect: Z = 0.05 (P = 0.96)

Total (85% CI) 100.0% 0.91 [0.50 , 1.67]

Heterogeneity: Tau® = 0.26; Chi* = 22.07, df =4 (P = 0.0002); I* = 82% ) . ? ) )
Test for overall effect: Z = 0.30 (P = 0.77) 0.01 01 H 10 100
Test for subgroup differences: Chi# =0.00, df =1 (P =0.97). "= 0% Favours BMT Favours EVT

Figure 3.4. PICO 3 — Meta-analysis of observational studies: Good functional outcome (mRS scores 0-3 at 3 months, except for
the BASICS registry: | month) in patients with acute ischaemic stroke presenting within 624 h from time last known well, treated
with endovascular treatment plus best medical treatment (BMT) versus BMT alone (pooled RR, random-effects meta-analysis).

E thr plus best i Best i Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 85% CI
BASICS-registry 16 102 7 22 243% 043 [023.1.05]
BASILAR-registry 43 154 3 46 17.8%  428[1.39,13.16] ———
Gruber-Registry 14 46 17 30 286% 0.54 [0.31,0.92] —-—
Raty et al 15 a7 23 44 293% 0.61[0.37,1.01]
Total (95% CI) 348 142 100.0% 0.79 [0.40 , 1.55]
Total events. 88 50
Heterogeneity: Tau® = 0.34; Chi® = 11.87, df = 3 (P = 0.008); I* = 75% 061 o H 10 100
Test for overall effect: Z =068 (P =0.49) Favours BMT Favours EVT

Test for subgroup differences: Not applicable

Figure 3.5. PICO 3 — Sensitivity analysis of observational studies after inclusion of the studies that presented raw data regarding
good functional outcome (mRS scores 0-3 at 3 months, except for the BASICS registry: | month) in patients with acute ischaemic
stroke presenting within 6—24h from time last known well, treated with endovascular treatment plus best medical treatment (BMT)
versus BMT alone (RR, random-effects meta-analysis).

Risk ratio Risk ratio
Study or Subgroup log[RR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Asian
Attention RCT 0.788457 0.296856 14.5% 2.20[1.23, 3.94] —.—
ATTENTION-registry 0.262364 0.122699 18.2% 1.30[1.02 , 1.65] |
BAOCHE RCT 0.593327 0.184799 171% 1.81[1.26 , 2.60] -
BASILAR-registry 1.619513 0.569257 8.8% 4.57 [1.50, 13.95] — -
Subtotal (95% CI) 58.7% 1.80 [1.25, 2.61] 'S
1.5.2 European
BASICS-registry -0.71335 0.389789 12.4% 0.49[0.23, 1.05] ]
Gruber-Registry -0.616186 0.280263 14.9% 0.54 [0.31, 0.94] —a]
Raty et al -0.494696 0.318574 14.0% 0.61[0.33, 1.14] —a]
Subtotal (95% CI) 41.3% 0.55[0.38, 0.79] ’
Total (95% CI) 100.0% 1.16 [0.74, 1.82] ?

001 0.1 1 10 100

Test for subgroup differences: Chi? = 20.21, df = 1 (P < 0.00001), I?=95.1% Favours BMT Favours EVT+BMT

Figure 3.6. PICO 3 — Forest plot showing differential effect of reperfusion therapy stratified by geographical regions including
RCTs and observational studies: Good functional outcome (mRS scores 0-3 at 3 months, except for the BASICS registry: | month)
in patients with acute ischaemic stroke presenting within 624 h from time last known well treated with endovascular treatment
plus best medical treatment (BMT) versus BMT alone (p-value for interaction <0.0001, Cochran’s Q-test for interaction testing).
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Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke
presenting within 6—24h from the time last known well, we
suggest EVT plus BMT over BMT alone.* However, there
are caveats, and this recommendation does not apply to all
patients as detailed below.

The recommendation considers only patients with
NIHSS = |0 (please see also PICO 4).

*Much of this evidence comes from Asian trials with

high prevalence of ICAD, and in which BMT often
comprises conventional therapy only (antiaggregatory and
anticoagulation). For imaging criteria, please refer to PICO 5.
Quality of evidence:

Strength of recommendation:

PICO 4

For adults with BAO-related acute ischemic stroke, does
selection of reperfusion treatment (IVT or EVT) based on
specific presentation (e.g. high NIHSS cutoff, coma on
admission, proximal location of basilar artery occlusion)
compared with other presentation features (e.g. low NIHSS
cutoff, no coma on admission, distal location of basilar
artery occlusion) modify the outcome?

Analysis of current evidence

The aim of this PICO question was to investigate the pres-
ence or absence of a difference in treatment effect (interac-
tion/effect modification) based on a specific presentation
(i.e. severity of neurological symptoms and/or occlusion
location) at baseline. To address this question, we focused
on reperfusion therapy studies that provide subgroup analy-
ses stratified by a specific baseline situation. For the com-
parison of EVT (£IVT) versus no EVT, the literature
search identified four RCTs and three registries that
reported outcomes at 3 months. 689262729

One observational study, which reported outcomes only
at 1 month,? is described in additional information section.

EVT versus no EVT depending on initial stroke severity. The
four identified RCTs, BEST, BASICS, ATTENTION, and
BAOCHE, have all been described in PICO questions 2
and 3. All trials reported subgroup analyses stratified by
baseline NIHSS score, but the stratification cutoff differed
substantially across the trials. Some of the NIHSS cut-off
values are of lesser clinical relevance (29 in BEST and 20
in BAOCHE and in ATTENTION). In the BEST trial, there
was no evidence of a differential effect (p for interac-
tion=0.79) of EVT versus no EVT on mRS 0-3 at 90days
in patients with NIHSS score<29 (OR: 1.56; 95% CI:
0.60—4.10) and >29 (OR: 1.91; 95% CI: 0.61-6.00). In the
ATTENTION trial, the adjusted RR for the association
between EVT and mRS 0-3 at 3 months were 1.51 (1.05-
2.18) and 3.53 (1.71-7.29) in patients with NIHSS score
10-19 and =20, respectively. No p-value for interaction

was reported. No data exist for less than 10 NIHSS points,
because inclusion criteria in ATTENTION was 10 or higher.
In the BASICS trial, the RR for the association between
EVT and mRS 0-3 at 3months in patients with NIHSS
score <10, 10-19 and =20 were 0.85 (0.62-1.16), 1.55
(1.06-2.27), and 1.28 (0.67-2.46), respectively. No p-value
for interaction was reported in the original publication,
however, it was presented by Dr W. Schonewille during the
ESOC 2020 and ESOC 2023 conferences: p-value for inter-
action was 0.02 and the conclusion was that EVT is not
better than BMT in patients with BAO and less than 10
NIHSS points. We also performed a post-hoc interaction
test, based on the data from the original publication of the
BASICS trial and found very similar p-value for the inter-
action. Of note, BASICS was the only trial with high pro-
portion (~80%) of IVT in the BMT arm. In the BAOCHE
trial, the magnitude of the treatment effect on mRS 0-3
seemed similar in patients with NIHSS score 6-20 (adjusted
RR 1.80 (1.21-2.67)) and >20 (adjusted RR 1.83 (0.73—
4.58)). No p-value for interaction was reported in the origi-
nal publication. However, very recent meta-analysis of the
BASICS and BAOCHE trials®® reported outcomes of
patients with BAO and NIHSS < 10. In this subgroup anal-
ysis of 78 patients, frequencies of favourable (mRS 0-3) or
excellent (mRS 0-2) clinical outcome between the EVT
and the BMT groups were comparable. Favourable func-
tional outcome (mRS 0-3) at 3months was achieved in 26
of 37 patients (70.3%) in the EVT group and in 30 of 41
patients (73.2%) in the BMT group. Excellent clinical out-
come (mRS 0-2) occurred in 22 of 37 patients (59.5%) in
the EVT group, and 24 of 41 patients (58.5%) in the BMT
group. The rate of sICH in patients with NIHSS <10 was
8.1% in the EVT group, whereas no sICH occurred in the
BMT group. The mortality rate in the EVT group was 18.9%
(7 of 37 patients) and 17.1% (7 of 41) in the BMT group.
p-value for the interaction for the primary outcome (mRS
0-3) was 0.04. Hence, in BAO patients with less than 10
NIHSS points, EVT is not superior to BMT and is less safe.
The interaction (p-value) in subgroup analysis stratified by
10 NIHSS points was slightly different between the afore-
mentioned meta-analysis BASICS and BAOCHE (p-value
for interaction 0.04) compared to data from the BASICS
trial alone (p-value for interaction 0.02). This difference
may be explained by different proportion of IVT in the BMT
arm of BASICS compared to BAOCHE (80% vs. 22%).
The BASILAR registry study was described in PICO 2
and 3. Only 20% of the patients received IVT (with alteplase
or urokinase). Otherwise, BMT included antiplatelet drugs,
systematic anticoagulation, or a combination of these treat-
ments, at the discretion of the treating physician. Subgroup
analyses according to a NIHSS cut-off of 26 points did not
suggest a modification of treatment effect by baseline
NIHSS score (adjusted common ORs for lower mRS scores
at 90days: 2.2, 95% CI: 1.3-3.6 in the NIHSS 0-26 sub-
group; 3.3, 95% CI: 1.7-6.5 in the NIHSS > 26 subgroup;
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Figure 4.1. PICO 4 — Risk of bias in observational studies.

P for interaction=0.52). Again, the selection of the cut-off
value (NIHSS 26) is of lesser clinical relevance.

Between 2014 and 2016, 167 patients (median age: 75
(66-82); median NIHSS score: 24 (10-30)) were enrolled
in the prospective multicentre RESCUE Japan Registry 2
study within 24h of symptomatic BAO.?” The treatment
applied was decided by the attending physician (EVT
group, n=129, 77.2% or BMT group, n=38, 22.8%), and
the analysis was stratified by baseline NIHSS score cut-off
of 10 points. Proportion of patients who achieved mRS <3
score at 3 months (primary outcome) after EVT compared
with BMT (including IVT in about 24%) was 54% versus
12% (p<0.01) in the severe subgroup (NIHSS score 10—
40), and 72% versus 86% (p=0.43) in the mild subgroup
(NIHSS score 0-9). No p-value for interaction or adjusted
analyses were provided in the original publication, how-
ever, we have computed p-value of 0.004 for this
interaction.

The ATTENTION registry?’ was described in PICO 2.
The proportion of patients who achieved mRS < 3 score at
3months (primary outcome) after EVT compared with
BMT (including IVT in about 20%) was 36.8% versus
23.4% (adjusted relative risk 1.58 (95% CI: 1.30-1.91)) in
the severe subgroup (NIHSS score at least 10), and 58.7%
versus 51.4% (adjusted relative risk 1.05 (95% CI: 0.80—
1.38)) in the mild subgroup (NIHSS score 0-9). Significant
interaction was observed (p <0.001).

Evaluation of bias for the four RCTs is visualised in
PICO 2 and 3, whereas bias for the three observational
studies is in Figure 4.1.

In line with the above-mentioned recent meta-analysis
from RCTs using NIHSS cut-off 10,** we performed a ran-
dom-effects meta-analysis of randomised data stratified by
the same baseline NIHSS cut-off value (Figures 4.2 and
4.3). Of note, all patients randomised into the ATTENTION
trial had baseline NIHSS =10, whereas the BEST trial
(median NIHSS of randomised patients of 32 and 26 for
EVT + BMT vs. BMT arms, respectively) did not provide

: Bias in selection of the reported result.

’ No information

results for this NIHSS cut-off. This analysis demonstrated a
differential effect of reperfusion therapy stratified by
NIHSS cutoff 10 (p=0.03 for interaction). Similar interac-
tions were detected also in non-randomised registry stud-
ies: RESCUE JAPAN LIMIT (p=0.01) and ATTENTION
(»=0.02). For the purpose of visual demonstration, we cre-
ated forest plots showing differential effect of reperfusion
therapy stratified by NIHSS cutoff 10 including both ran-
domised and non-randomised data (Figure 4.4). Because
clinical severity in patients with BAO is strongly related to
the location of the occlusion, we also analysed whether
there is a differential effect between EVT and BMT as strat-
ified by occlusion location (proximal, middle, distal)
(Figure 4.5).

Table 3 provides details regarding the assessment of the
quality of evidence for mRS score of 0-3 at 3 months in
PICO 4.

Additional information

Schonewille et al.” reported data from a prospective BAO
registry stratified by stroke severity on admission (mild-to-
moderate vs. severe). Severe symptoms were described as
coma, locked-in state, or tetraplegia, whereas all other
symptoms were considered mild-to-moderate. The registry
had three arms (antithrombotics, primary IVT, and IAT. The
IAT group comprised intra-arterial thrombolysis, mechani-
cal thrombectomy, stenting, or a combination of these
approaches. The outcome was assessed only at 1 month and
not at 3months as in all other studies. In addition, another
major difference compared to other studies is that the pri-
mary IVT group included also subsequent IAT. For these
two reasons, we only considered IAT versus no IAT (con-
ventional, antithrombotics) comparison. For the purpose of
these guidelines, we considered that ‘mild-to-moderate’
stroke severity corresponded to patients with an
NIHSS < 10, whereas ‘severe’ symptoms corresponded to
patients with NIHSS = 10. We created forest plots showing
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EVT+BMT BMT Odds ratio Odds ratio

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95%CI IV, Fixed, 95%CI

1.4.1 NIHSS 0-9

BAOCHE 6-9 6 6 6 11 1.0% 11.00 [0.50 , 242.34] - .

BASICS 0-9 20 31 24 30 7 1% 0.45[0.14 , 1.45] — -

Subtotal (95% Cl) 37 41 8.0% 0.67 [0.23 , 1.99] ’

Total events: 26 30

Heterogeneity: Chiz = 3.58, df = 1 (P = 0.06); P = 72%

Test for overall effect: Z=0.72 (P =0.47)

1.4.2 NIHSS =210

ATTENTION = 10 104 226 26 114 36.4% 2.89[1.73,4.80] -

BAOCHE = 10 45 104 20 96 241% 2.90 [1.55, 5.43] —-—

BASICS = 10 48 123 31 116 31.5% 1.75[1.01, 3.04] |-

Subtotal (95%Cl) 453 326 92.0% 2.44[1.77 , 3.36] ’

Total events: 197 7

Heterogeneity: Chi? = 2.09, df =2 (P =0.35); P =5%

Test for overall effect: Z=5.44 (P < 0.00001)

Total (95%Cl) 490 367 100.0% 2.20[1.62, 2.99] ’

Total events: 223 107

Heterogeneity: Chi* = 10.64, df =4 (P = 0.03); P = 62% 0.01 01 10 100

Test for overall effect: Z=5.02 (P < 0.00001)

Test for subgroup differences: Chi? = 4,97, df =1 (P = 0.

03), P =79.9%

Favours BMT

Favours EVT + BMT

Figure 4.2. PICO 4 — Meta-analysis of randomised-controlled clinical trials (RCTs) stratified by clinical severity at baseline (p-value
for interaction 0.03): Good functional outcome (mRS scores of 0-3 at 3months) in patients with acute ischaemic stroke presenting
within 6h (BASICS), within [2h (ATTENTION), or within 6-24h (BAOCHE) from time last known well, treated with endovascular
treatment plus best medical treatment (BMT) versus BMT alone (pooled RR, random-effects meta-analysis, Cochran’s Q-test for

interaction testing).

Only a minor proportion of patients randomised to ATTENTION and BAOCHE received IVT as part of the BMT.

EVT+BMT BMT Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% ClI IV, Random, 95% CI
BAOCHE 6-9 [e] 6 (¢] 1" Not estimable
BASICS 0-9 3 31 (o] 30 100.0% 6.78[0.37, 125.95] __-—,
Total (95%Cl) 37 41 100.0% 6.78 [0.37, 125.95] —.‘_

Total events: 3 o
Heterogeneity: Not applicable

Test for overall effect: Z=1.28 (P = 0.20)

Test for subgroup differences: Not applicable

0.01
Favours EVT + BMT

100

0.1 10
Favours BMT

Figure 4.3. PICO 4 — Meta-analysis of randomised-controlled clinical trials (RCTs): Symptomatic intracranial haemorrhage in
patients with acute ischaemic stroke presenting with <10 NIHSS, treated with endovascular treatment plus best medical treatment
(BMT) versus BMT alone (RR, random-effects meta-analysis).

Risk ratio Risk ratio
Study or Subgroup log[RR] SE Weight IV, Random, 95%ClI IV, Random, 95% CI
1.6.1 NIHSS 0-9
ATTENTION registry 0-9 0.04879 0.139091 13.5% 1.05[0.80, 1.38] -
BAOCHE 6-9 0.538997 0.285485 9.0% 1.71 [0.98 , 3.00] -
BASICS 0-9 -0.215111 0.161478 12.8% 0.81[0.59 , 1.11] =
RESCUE JAPAN LIMIT 0-9 -0.171272 0.171184 12.5% 0.84 [0.60 , 1.18] -l
Subtotal (95%ClI) 47.8% 0.99 [0.77 , 1.27] 4’
1.6.2 NIHSS = 10
ATTENTION = 10 0.701958 0.186762 12.0% 2.02 [1.40, 2.91] —-—
ATTENTION registry = 10 0.457425 0.09815 14.6% 1.58 [1.30, 1.92] -
BAOCHE = 10 0.730888 0.228452 10.7% 2.08 [1.33, 3.25] ———
BASICS = 10 0.37862 0.190632 11.9% 146 [1.01 ,2.12] .
RESCUE JAPANLIMIT = 10 1.524881 0.669951 3.1% 4.59 [1.24 , 17.08] ———
Subtotal (95% ClI) 52.2% 1.73 [1.44, 2.07] ’
Total (95% ClI) 100.0% 1.39 [1.07, 1.79] ’

0.01 0.1 10 100

Test for subgroup differences: Chi? =

12.41,df =1 (P =0.0004), P =91.9%

Favours BMT

Favours EVT+BMT

Figure 4.4. PICO 4 — Forest plot showing differential effect of reperfusion therapy stratified by NIHSS cutoff 10, including data
from randomised-controlled clinical trials (RCTs) and registry studies. Good functional outcome (mRS scores of 0-3 at 3 months) in
patients with acute ischaemic stroke presenting within 6 h (BASICS), within 12h (ATTENTION), within 6-24h (BAOCHE), or 24h
(RESCUE Japan Registry 2, ATTENTION registry) from the time last known well, treated with endovascular treatment plus best
medical treatment (BMT) versus BMT alone (p-value for interaction 0.0004, Cochran’s Q-test for interaction testing).

Only a minor proportion of patients randomised to ATTENTION and BAOCHE received IVT as part of the BMT.
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Study or Subgroup log[RR] SE

Weight IV, Random, 95%CI

Risk ratio
IV, Random, 95%CI

Risk ratio

1.1.1 proximal

ATTENTION proximal  1.128171 0.385842 22.8%
BAOCHE proximal 0.672944 0.27352 45.4%
BASICS proximal 0.463734 0.327281 31.7%
Subtotal (95% CI) 100.0%

Heterogeneity: Tau? = 0.00; Chi2 =1.76,df =2 (P =0.41); P=0%

Test for overall effect: Z=3.85 (P = 0.0001)

1.1.2 middle

ATTENTION middle 0.722706 0.412237 17.7%
BAOCHE middle 0.512824 0.333844 27.1%
BASICS middle 0.215111 0.233752 55.2%
Subtotal (95%Cl) 100.0%

Heterogeneity: Tau? = 0.00; Chi? =1.35,df =2 (P =0.51); P=0%

Test for overall effect: Z=2.22 (P =0.03)

1.1.3 distal

ATTENTION distal 0.285179 0.219101 31.4%
BAOCHE distal -0.276753 0.596481 4.2%
BASICS distal -0.020203 0.153036 64.4%
Subtotal (95%Cl) 100.0%

3.09 [1.45 , 6.58]
1.96 [1.15 , 3.35]
1.59 [0.84 , 3.02] 1
2.03 [1.42, 2.92]

0H+

2.06 [0.92 , 4.62]
1.67 [0.87 , 3.21]
1.24 [0.78 , 1.96]
1.47 [1.05 , 2.07]

0#++

1.33 [0.87 , 2.04]
0.76 [0.24 , 2.44]
0.98 [0.73 , 1.32]
1.07 [0.84 , 1.36]

Heterogeneity: Tau? = 0.00; Chi?2 = 1.65,df =2 (P =0.44); F=0%

Test for overall effect: Z=0.53 (P = 0.60)

Test for subgroup differences: Chi? =8.87,df =2 (P=0.01), P =77.4%

10 100
Favours EVT+BMT

0.01 0.1 1
Favours BMT

Figure 4.5. PICO 4 — Meta-analysis of randomised-controlled clinical trials (RCTs) stratified by occlusion location at baseline
(p-value for interaction 0.01): Good functional outcome (mRS scores of 0-3 at 3 months) in patients with acute ischaemic stroke
presenting within 6 h (BASICS), within 12h (ATTENTION), or within 6-24h (BAOCHE) from the time last known well, treated
with endovascular treatment plus best medical treatment (BMT) versus BMT alone (pooled RR, random-effects meta-analysis,

Cochran’s Q-test for interaction testing).

Only a minor proportion of patients randomised to ATTENTION and BAOCHE received IVT as part of the BMT.

differential effect of reperfusion therapy stratified by
NIHSS cutoff 10 including both randomised and non-ran-
domised data (Figure 4.6). The p-value for interaction was
<0.00001.

Ritvonen et al.3! reported similar frequencies of outcomes
based on the severity of the initial Glasgow Coma Scale
(GCS): the 3-month mRS 0-3 in comatose (GCS <8) and
non-comatose (GCS 8-15) patients treated with EVT (=1VT)
versus BMT (100% IVT) was 16.7% versus 22.2%, respec-
tively, and the p-value for interaction was 0.70 (Figure 4.7).

A very large US study analysed data from the National
Inpatient Sample (2018-2020), which included 5795
patients with less than 10 NIHSS points at baseline. Of
those, 880 (15.4%) underwent EVT. The effect of EVT was
compared to BMT. The primary outcome was discharge to
home or self-care, adjusted for robust outcome predictors.
A secondary analysis was performed with the same adjust-
ments and evaluated the length of stay. After adjustments,

in multivariable regression, EVT was reported to be associ-
ated with increased odds of discharge to home (OR: 1.95;
(95% CI: 1.31-2.90); p=0.001) and a decreased length of
hospital stay (B, —0.74 (95% CI: —1.36 to —0.11); p=0.02)
compared with BMT. However, on 9 January 2024, an
eLetter was published by the Stroke Editorial office®? stat-
ing that after publication, an error was discovered.
Specifically, the variables for EVT and IVT were switched,
and the article was retracted.

Finally, in addition to the above-mentioned interactions
for the treatment effect of EVT versus no EVT stratified by
baseline stroke severity, we have noticed that the direction
of the forest plots comparing EVT versus BMT largely
depends on the composition of the BMT group. In case it
comprises mostly conventional therapy (aspirin, anticoagu-
lation), the forest plot favoured EVT, however, when BMT
was [VT in majority of the patients, there was no difference
between the two arms.
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Risk ratio Risk ratio
Study or Subgroup log[RR] SE Weight IV, Random, 95%CI IV, Random, 95% CI
1.2.1 NIHSS 0-9
ATTENTION registry 0-9 0.04879 0.139091 11.1% 1.05 [0.80, 1.38] "9
BAOCHE 6-9 0.538997 0.285485 7.8% 1.71 [0.98 , 3.00] -
BASICS 0-9 -0.215111 0.161478 10.6% 0.81 [0.59, 1.11] -
BASICS registry mild-moderate -0.282863 0.145539 10.9% 0.75 [0.57 , 1.00] -]
RESCUE JAPAN LIMIT 0-9 -0.171272 0.171184 10.4% 0.84 [0.60, 1.18] -
Subtotal (95% Cl) 50.8% 0.93 [0.75, 1.15] ¢
1.2.2 NIHSS =2 10
ATTENTION = 10 0.701958 0.186762 10.0% 2.02[1.40, 2.91] —-—
ATTENTION registry = 10 0.457425 0.09815 11.8% 1.68 [1.30, 1.92] -
BAOCHE = 10 0.730888 0.228452 9 1% 2.08 [1.33, 3.25] —-—
BASICS = 10 0.37862 0.190632 9.9% 1.46 [1.01, 2.12] e
BASICS registry severe 0.825934 0.422277 5.4% 2.28 [1.00, 5.23] I
RESCUE JAPAN LIMIT = 10 1.524881 0.669951 2.9% 4.59 [1.24 ,17.08] S
Subtotal (95%Cl) 49.2% 1.73 [1.47 , 2.03] ’
Total (95% Cl) 100.0% 1.34 [1.04 , 1.73] ’
0.01 0.1 1 10 100

Test for subgroup differences: Chi? = 20.61, df =1 (P < 0.00001), P =95.1%

Favours BMT Favours EVT+BMT

Figure 4.6. PICO 4 — Forest plot showing differential effect of reperfusion therapy stratified by NIHSS cutoff 10, including data
from randomised-controlled clinical trials (RCTs) and registry studies. Good functional outcome (mRS scores of 0—3 at 3 months in
all except BASICS prospective registry, where it was assessed at | month) in patients with acute ischaemic stroke presenting within
6h (BASICS), within 12h (ATTENTION), within 6—24h (BAOCHE), or 24h (RESCUE Japan Registry 2), or no time limit (BASICS
prospective registry) from the time last known well, treated with endovascular treatment plus best medical treatment (BMT) versus
BMT alone (p-value for interaction <0.00001, Cochran’s Q-test for interaction testing).

Only a minor proportion of patients randomised to ATTENTION and BAOCHE received IVT as part of the BMT.

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.3.1 GCS 8-15
Ritvonen GCS 8-15 -0.100471 0.362889 70.9% 0.90 [0.44 . 1.84]
Subtotal (895% CI) 70.9% 0.90 [0.44 , 1.84]
Heterogeneity: Not applicable
Test for overall effect: Z=0.28 (P =0.78)
1.3.2 GCS 3-7
Ritvonen GCS 3-7 -0.356672 0.566001 29.1% 0.70[0.23 ., 2.12] R
Subtotal (85% CI) 29.1% 0.70 [0.23 . 2.12] .
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)
Total (95% CI) 100.0% 0.84 [0.46 . 1.53]
Heterogeneity: Tau® = 0.00; Chi*=0.15. df= 1 (P =0.70). I?= 0% ?
Test for overall effect: Z = 0.57 (P = 0.57) 081 o1 3 s 100

Test for subgroup differences: Chi* = 0.15. df=1 (P =0.70), = 0%

Favours IVT-only Fawvours EVT+/-IVT

Figure 4.7. PICO 4 — Interaction testing for treatment effect between EVT = IVT and no EVT (100% IVT) in patients with GCS

3-7 and 8-15.

IVT versus no IVT depending on initial

stroke severity

We did not identify any RCTs or subgroup data within such
studies addressing the relationship between initial stroke

severity and the effect of IVT on outcomes at 3 months in
BAO-patients. However, given the effectiveness of IVT
regardless of initial stroke severity shown in RCTs on IVT
in disabling stroke,'® as well as evidence of its benefit in
both the anterior and posterior circulation,* it is highly
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likely that IVT has a beneficial effect on patients with
BAO, regardless of their initial stroke severity. This is fur-
ther supported by the findings of Ritvonen et al.,’! where
no significant difference was found between IVT alone and
EVT=IVT in patients stratified by a GCS score of 8
(Figure 4.7).

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke, there

is a differential treatment effect (a significant interaction) of
reperfusion therapy according to specific presentation. The
treatment effect is different for patients with high compared
to low NIHSS scores and for proximal or middle locations of
basilar artery occlusions compared to distal locations. (See
also PICO 2 and 3 for caveats in general recommendations).

For patients presenting with severe symptoms (NIHSS = 10),
we suggest BMT + EVT over BMT only*.

*The effect is stronger for proximal and middle location of
the occlusion.

Quality of evidence:

Strength of recommendation:

For patients presenting with mild-to-moderate symptoms
(NIHSS < 10), we could not find evidence to recommend
EVT over BMT for efficacy, but BMT appeared safer than
EVT. We suggest BMT only over EVT + BMT in this group™*.

*These data come from a randomised trial with low
prevalence of ICAD, and in which BMT very often comprised
intravenous thrombolysis. These findings are also supported
by non-randomised data.

Quality of evidence:

Strength of recommendation:

PICO 5

For adults with BAO-related acute ischaemic stroke, does
selection of reperfusion therapy (IVT and/or EVT) candi-
dates based on a particular pc-ASPECTS compared with no
specific threshold improve identification of patients with a
therapy effect on outcomes?

Imaging of acute tissue ischemia in BAO. The extent of
ischemia in BAO is most typically described by early
ischaemic changes (EIC) on neuroimaging using the pc-
ASPECTS score. This score was originally based on CT-
angiography source images® but is also applicable to
non-contrast CT or MRI-based DWI imaging.’® Lower pc-
ASPECTS scores indicate more extensive EIC. Interpreta-
tion of pc-ASPECTS on CT can be difficult due to beam
hardening artifacts at the level of the temporal bones/skull
base. Other less commonly used scores include the Pons-
Midbrain Index (PMI) on non-contrast-CT,?’” Pons-Mid-
brain and Thalamus (PMT) score on DWI-MRI,*® and the
Critical Area Perfusion Score (CAPS) on CT-perfusion.>
These studies indicate that the extent of ischaemic changes
seen on acute neuroimaging remains a strong prognostic
factor even after successful reperfusion with EVT.

Analysis of current evidence. This PICO question focuses on
the treatment effect of acute recanalisation therapy in
patients with high versus low pc-ASPECTS points. Patients
with low scores may have less or no viable tissue that could
benefit from such therapy. PICO questions 2—4 describe the
evidence of the effect of recanalisation treatments for BAO
based on time and stroke severity. For the current PICO
question, we investigated whether there is an interaction
between reperfusion treatment effects in patients with high
versus low pc-ASPECTS in RCTs.

While there are no randomised data regarding solely the
effect of IVT based on pc-ASPECTS, but the literature
search identified three potentially relevant RCTs (EVT plus
BMT vs. BMT) that have already been described in detail
in PICO questions 2 and 3. The subgroup (interaction) anal-
yses in these three trials used different cut-off of pc-
ASPECTS, being 9 in the BAOCHE? and 8 in the BASICS’
and ATTENTIONS trials (all showing no difference). Very
importantly, the median pc-ASPECTS scores of the ran-
domised patients were rather high. In the BASICS trial,
only 17% of the patients had pc-ASPECTS lower than § at
baseline, whereas median pc-ASPECTS at 24h based on
angiography source imaging was 9 (8-10) in the
EVT+BMT group and 9 (7-10) in the BMT group.
Similarly, in the ATTENTION trial, only 20% of the
patients had pc-ASPECTS lower than 8 at baseline (median
9 (8-10) in the EVT + BMT group and 10 (8-10) in the
BMT group). In the BAOCHE trial, patients had baseline
pc-ASPECTS median of 8 (7-10) in both arms.

Hence, the proportion of patients with low pc-ASPECTS
scores was insufficient to perform a formal meta-analysis
and draw conclusions about the interaction of the treatment
effect in patients with high vs. low pc-ASPECTS.
Furthermore, for two of three critical outcomes (mRS 0-2
and mortality at 3 months) data from only 1 trial (BAOCHE)
were available, and for mRS 0-3 only from two trials
(BASICS and ATTENTION).

Additional information

Numerous studies have shown a strong association between
poor outcomes and lower pc-ASPECTS in BAO patients,
regardless of recanalisation treatment.?*334044 In one of
these studies, patients receiving recanalisation therapy
(IVT or EVT) had 1-year mortality of 38% in those with
pc-ASPECTS 8-10, whereas it was 66% for pc-
ASPECTS < 8. In another study, patients receiving recana-
lisation therapy (IVT or EVT), 3-month mortality was 31%
in those with pc-ASPECTS 8-10, whereas it was 64% for
pc-ASPECTS <8. In the same study, mRS 4-6 was
observed in 46% and 88%, respectively. A very recent
Korean study suggested some potential benefit of EVT in
patients with low pc-ASPECTS* based on the inverse
probability of treatment weighting model for mRS score of
0-3 (33% vs. 24%, p=0.03), but not based on propensity-
score matching for the same outcome. For mRS score of
0-2, no difference was observed in any of the models.
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Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke without
extensive ischaemic changes at baseline (pc-ASPECTS 7-10),
we suggest reperfusion therapy over no reperfusion therapy
according to the certainty of evidence and strength of
recommendation in PICOs 1, 2, 3,4 and 7.

For adults with BAO-related acute ischaemic stroke with
pc-ASPECTS 0-6, there are insufficient data to make an
evidence-based recommendation on the use of reperfusion
therapy. (See the Expert Consensus Statement below).
Quality of evidence:

Strength of recommendation: —

Expert consensus statements

For adults with BAO-related acute ischaemic stroke with
ischaemic changes at baseline being more extensive than
those included in randomised controlled clinical trials (i.e. pc-
ASPECTS 0-6), 10/0MWG members suggest considering
other prognostic variables (such as pre-stroke handicap, age,
frailty) before offering reperfusion therapy.

However, for patients with very extensive bilateral and/or
brainstem ischemic lesions, 7/10MWG members suggest no
reperfusion therapy

PICO 6

For adults with BAO-related acute ischaemic stroke, does
selection of reperfusion therapy (EVT or IVT) candidates
based on advanced imaging criteria (perfusion, core, or col-
lateral imaging) compared with no advanced imaging
improve identification of patients with a therapy effect on
outcomes?

Analysis of current evidence

The literature search did not identify any published RCTs
addressing this PICO question, but identified one post hoc
analysis*® derived from a Chinese registry-based observa-
tional study.

The BASILAR registry has been described in PICO
questions 2 and 3. Patients with evaluated Basilar Artery on
Computed Tomography Angiography (BATMAN) score
were included in the analysis (n==828).4° The primary effi-
cacy outcome was good functional status, defined as mRS
scores of 0-3 at 3 months. The secondary efficacy outcomes
included functional independence defined as mRS score of
0-2 at 3 months, and successful reperfusion.

In all three categories of the BATMAN score (0-3, 4-6,
and 7-10), EVT + BMT was associated with higher odds in
achieving better outcomes and lower mortality compared to
BMT (approx. 80% conventional treatment with antiaggre-
gatory or anticoagulation). p-value for interaction was 0.52.

The study presented moderate confounding bias (Figure
5.1), since there were several significant baseline differ-
ences between the different treatment groups.

Thus, the only study relevant to this PICO question eval-
uated the effect of collateral flow. No other advanced imag-
ing criteria were found to be tested.

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke,
there are insufficient data to make an evidence-based
recommendation on the selection of reperfusion therapy
based on evaluation of advanced imaging (perfusion, core,
or collateral imaging). Please see the Expert Consensus
Statement below.

Quality of evidence:

Strength of recommendation: —

Expert consensus statements

For adults with BAO-related acute ischaemic stroke (and in
the absence of extensive ischaemic changes in the posterior
circulation*®), 10/l0MWG members suggest reperfusion
therapy (EVT or IVT) rather than no reperfusion therapy,
irrespective of any collateral score points.

*Extensive bilateral and/or brainstem ischemic changes

Risk of bias domains

pi | b2 | D3 p4 | bps | be | D7 |overal]

=
slesiarl O O @ © ©€ ©€ © ©
n

Domains: Judgement

D1: Bias due to confounding. X

D2: Bias due to selection of participants. . Serious

D3: Bias in classification of interventions. B Moderate

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. ‘ Low

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported resuilt.

Figure 5.1. PICO 6 — Risk of bias in an observational study.
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PICO 7

For adults with BAO-related AIS without contraindication
for IVT, does direct EVT compared to EVT plus IVT
improve outcomes?

Analysis of current evidence

The literature search identified no RTs and three prospec-
tive cohort studies as relevant for this PICO.

Nie et al.*’ reported post EVT outcomes in patients with
and without concurrent IVT in a prospective multicentre
RESCUE-RE cohort study accompanied by a meta-analysis
of the existing literature. The RESCUE-RE study enrolled
patients with AIS due to vertebrobasilar occlusion that were
18years or older, had a pre-stroke mRS score of 0-2 and
were followed up for 3months. IVT, if indicated, was
administered within 4.5h from symptom onset (0.9mg
alteplase/kg). Between July 2018 to October 2020, 1701
patients were enrolled in the registry, of which 321 patients
were included in the study.

Singer et al.*® reported post-EVT outcomes in a retro-
spective multicentre cohort study, ENDOSTROKE. This
study enrolled both prospectively and retrospectively
patients with any large vessel occlusion in the anterior or
posterior circulation, who were 18 years of age or older and
in whom EVT was attempted. The study included a sub-
group of 148 patients with attempted EVT for BAO in
whom 3-months follow up data were available. Concurrent
IVT was permitted in their study (not stated to how many it
was administered), however, patients experiencing throm-
bolysis-related recanalisation prior to EVT were excluded.
The primary outcome was mRS score of 0-2 at 3 months.
The main angiographic outcome was recanalisation defined
as a final TICI score of 2b or greater.

Siow et al.* reported results from a retrospective
multicentre cohort study. Patients were included if they

underwent EVT for acute BAO and had a pre-stroke mRS
score of 0—2. Between January 2015 and December 2019,
322 patients who met the inclusion criteria were included in
the study. Patients received IVT (0.9mg/kg alteplase) if
they had no contraindications and could be treated within
4.5h of symptom onset. The primary outcome was mRS
score of 0-3 at 3 months.

Nappini et al.> reported results of a secondary analysis
from a national prospective registry of EVT. Patients were
included if they underwent EVT for BAO, either with or
without IVT with tissue plasminogen activator (time win-
dow of 4.5h from symptom onset). The outcomes were
recanalisation status, and different dichotomizations of the
90-day mRS. Between 2011 and 2017, 464 who underwent
EVT for BAO were included in the registry. Overall,
patients treated with EVT alone had less favourable base-
line characteristics, including higher NIHSS and higher
prevalence of baseline co-morbidities and anticoagulant
treatment. Clinical outcomes were better in patients receiv-
ing bridging IVT in the unadjusted analysis, but this did not
hold true after adjusting for confounding variables. In a
post-hoc subgroup analysis in patients treated with EVT
within 6 hours from symptom onset, patients receiving
bridging IVT had reduced risk of death and a shift towards
better 90-day mRS in the adjusted analysis.

Singh Kohli et al.>! report a small single-centre series of
31 BAO patients undergoing EVT, 22 of which underwent
direct EVT, while 9 received bridging IVT. Baseline char-
acteristics and time to treatment were generally more
favourable in the patients who received bridging IVT (time
window of 4.5h from symptom onset). Unadjusted clinical
and technical outcomes were more favourable in the bridg-
ing IVT group; however, the small group size did not per-
mit adjusted analysis.

Risk of bias assessment for the included non-randomised
studies (Figure 6.1) showed serious risk of bias for all
included studies.

Risk of bias domains
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Domains: Judgement
D1: Bias due to confounding. .

D2: Bias due to selection of participants. ‘ Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes.

D7:

Bias in selection of the reported result.

Figure 6.1. PICO 7 — Risk of bias for the non-randomised trials included in PICO 7.
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Odds ratio Odds ratio
Study or Subgroup Iog[OR] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Nie (unadjusted) -0.367446 0.276698 54.2% 0.69[0.40, 1.19]
Siow (adjusted) -0.19062 0.300976 45.8% 0.83 [0.46 , 1.49]
Total (95% CI) 100.0% 0.75[0.50, 1.12]
Heterogeneity: Tau? = 0.00; Chi?=0.19, df =1 (P =0.67); I?=0% . ) ) )
Test for overall effect: Z=1.41 (P =0.16) 0.01 0.1 1 10 100
Test for subgroup differences: Not applicable Favours [IVT + EVT] Favours [Direct EVT]

Figure 6.2. PICO 7 — Meta-analysis of observational studies: Good functional outcome (mRS scores 0-3 at 90days) in adults
with acute ischaemic stroke due to BAO, treated with direct endovascular thrombectomy versus intravenous thrombolysis and

endovascular thrombectomy (pooled OR, random-effects meta-analysis).

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 adjusted
Nappini et al -0.300105 0.219443 37.4% 0.74 [0.48 , 1.14] —
Nie X et al -0.776529 0.322607 17.3% 0.46 [0.24 , 0.87] —-—
Subtotal (95% CI) 54.8% 0.62 [0.39 , 0.97] <&
Heterogeneity: Tau® = 0.04; Chi*=1.49, df=1 (P = 0.22); 1= 33%
Test for overall effect: Z = 2.08 (P = 0.04)
1.2.2 unadjusted
Kohli et al -0.405465 0.795822 2.8% 0.67 [0.14 , 3.17] S E—
Singer O et al -0.201866 0.355748 14.2% 0.82 [0.41 , 1.64] —t—
Siow | et al -0.139262 0.253207 28.1% 0.87 [0.53 , 1.43] o=
Subtotal (95% CI) 45.2% 0.84 [0.57 , 1.24] ‘
Heterogeneity: Tau®* = 0.00; Chi*=0.11,df =2 (P = 0.95); 7 = 0%
Test for overall effect: £ = 0.88 (P = 0.38)
Total (95% CI) 100.0% 0.72 [0.55, 0.94] ’
Heterogeneity: Tau® = 0.00; Chi*=2.64, df=4 (P =0.62); I?=0%
Test for overall effect: Z = 2.43 (P = 0.02) 0.61 o1 1 0 100
Test for subgroup differences: Chi* =0.99, df=1 (P =0.32). I7=0% Favours [IVT+EVT] Favours [Direct EVT]

Figure 6.3. PICO 7 — Meta-analysis of observational studies: Good functional outcome (mRS scores of 0-2 at 3 months) in
adults with acute ischaemic stroke due to BAO, treated with direct endovascular thrombectomy vs. intravenous thrombolysis and

endovascular thrombectomy (pooled OR, random-effects meta-analysis).

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Nappini et al -0.235722 0.183691 43.1% 0.79 [0.55 . 1.13]
Nie X et al -0.579818 0.248617 34.7% 0.56 [0.34 . 0.91] —-—
Siow | et al -1.095273 0.379271 22.2% 0.33 [0.16 , 0.70] —-—
Total (95% CI) 100.0% 0.58 [0.37 . 0.90] ’
Heterogeneity: Tau® = 0.08; Chi#=4.53. df =2 (P = 0.10); I = 56%
Test for overall effect: Z = 2.43 (P = 0.02) 0.01 0.1 1 10 100
Test for subgroup differences: Not applicable Favours [IVT+EVT] Favours [Direct EVT]

Figure 6.4. PICO 7 — Meta-analysis of observational studies: Good functional outcome (shift mRS scores of at 3 months) in adults
with acute ischaemic stroke due to BAO, treated with direct endovascular thrombectomy versus intravenous thrombolysis and

endovascular thrombectomy (pooled adjusted OR, random-effects meta-analysis).

We conducted several meta-analyses to provide a quan-  for potential confounders. Briefly, point estimates of criti-
titative synthesis of the results (Figures 6.2—6.6), and we cal outcomes (all mRS-related outcomes) were in favour of
state in the figure if the available estimates were adjusted combined IVT and EVT treatment. Statistically significant
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Odds ratio Qdds ratic
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kohli et al -0.965081 1.473981 4.5% 0.38 [0.02 , 6.85]
Nappini et al 0.006645 0.517527 36.2% 1.01 [0.37 , 2.78]
Nie X et al 0.157004 0.53203 34.2% 1.17 [0.41 , 3.32] I
Siow | et al -0.500775 0.621014 25.1% 0.61 [0.18 , 2.05] .
Total (95% CI) 100.0% 0.89 [0.49 , 1.64]
Heterogeneity: Tau® = 0.00; Chi*=1.04, di=3 (P =0.7Y9); 7= 0%
Test for overall effect: Z=0.36 (P = 0.72) 0.01 01 1 10 100

Test for subgroup differences: Not applicable

Favours [Direct EVT]

Favours [IVT+EVT]

Figure 6.5. PICO 7 — Meta-analysis of observational studies: Symptomatic intracranial haemorrhage post treatment in adults
with acute ischaemic stroke due to BAO, treated with direct endovascular thrombectomy versus intravenous thrombolysis and
endovascular thrombectomy (pooled adjusted OR, random-effects meta-analysis).

Direct EVT IVT + EVT Odds ratio Odds ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kohli et al 18 22 9 S 1.7% 0.22[0.01, 4.45]

Nappini et al 244 298 138 166 403% 0.92 [0.56 , 1.51]

Nie X et al 181 241 a7 69 326% 1.41[0.79,2.53]

Siow | et al 114 127 161 193 255% 1.74 [0.88 , 3.47]

Total (95% CI) 688 437 100.0% 1.21 [0.82, 1.80]

Total events: 557 355

Heterogeneity: Tau? = 0.03; Chi*=3.77, df = 3 (P = 0.29); I = 20%
Test for overall effect: Z = 0.97 (P = 0.33)
Test for subgroup differences: Not applicable

10 100
Favours Direct EVT

0.01 0.1 1
Favours IVT = EVT

Figure 6.6. PICO 7 — Meta-analysis of observational studies: Favourable recanalisation (mTICl 2b/3 post treatment) in adults
with acute ischaemic stroke due to BAO, treated with intravenous thrombolysis and endovascular thrombectomy versus direct
endovascular thrombectomy (pooled adjusted OR, random-effects meta-analysis).

differences were found for shift mRS and adjusted mRS
score of 0—2 at 3 months. For sICH and mTICI, no differ-
ence was found. For mortality at 90 days, only data from
one study were available, hence, no meta-analysis was con-
ducted. The adjusted ORs for this outcome with combined
treatment compared to direct EVT was 1.79 (0.87-3.70).

Table 4 provides details regarding the assessment of the
quality of evidence in PICO 7.

Additional information

In the anterior circulation, non-inferiority of direct EVT
could not be proven in a patient-level meta-analysis of

all anterior circulation randomised direct-to-EVT trials.>
Of note, an RCT of tenecteplase prior to EVT compared
to EVT alone is ongoing in patients with BAO
(POST-ETERNAL).

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke, we
suggest combined IVT and EVT treatment over direct EVT in
case IVT is not contraindicated.

Quality of evidence:

Strength of recommendation:
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PICO 8

For adults with BAO-related acute ischaemic stroke, does
mechanical thrombectomy using direct aspiration as the
first-line strategy compared with a stent retriever as the
first-line strategy improve outcomes?

Analysis of current evidence

Stent retriever thrombectomy was the preferred technique
in pivotal trials demonstrating benefits of mechanical
thrombectomy plus BMT over BMT alone in the acute
anterior circulation strokes.* Based on the expert opinion
in the latest ESO-ESMINT guideline for Mechanical
Thrombectomy in Acute Ischaemic Stroke.> A Direct
Aspiration First Pass Technique (ADAPT) may be used as
a standard first-line treatment, followed by stent retriever
thrombectomy as a rescue therapy if needed.

The literature search did not identify any completed
RCTs comparing the different first-line treatment tech-
niques in patients with BAO. For the comparison of the
first-line contact aspiration and stent-retriever thrombec-
tomy, the literature search identified one post hoc analysis
of an RCT,> seven registry-based observational stud-
ies,** % and four single-centre retrospective observational
studies.®!-64

In the post hoc analysis of the BASICS trial by Knapen
et al.,’® 127 patients with BAO who underwent EVT with
either direct aspiration (n=60) or stent retriever thrombec-
tomy (n=67) as the first-line approach were included. The
primary outcome was mRS score of 0-3 at 3 months.
Secondary outcomes included mRS score at 3 months, pro-
cedure duration, mortality at 3 months, and sICH.

The retrospective analysis of two stroke registries by
Abdelrady et al.”’ investigated the influence of the frontline
endovascular technique in 128 patients with BAO between
January 2015 and December 2019. Of those 128, 33 were
treated with contact aspiration, 35 with stent-retriever
thrombectomy, 35 underwent combined technique (contact
aspiration + stent-retriever), and in 25 patients the tech-
nique was switched. The outcomes included first pass
mTICI 3 reperfusion, mTICI 2b-3, and mTICI 2¢-3, as well
as favourable clinical outcome (mRS score 0-2 at 3 months).
The authors also reported frequency of sICH.

The STAR registry® was a prospective, multicentre reg-
istry in the United States and Germany, recruiting patients
between June 2014 to December 2018. Of 3045 patients,
345 presenting with posterior circulation stroke and treated
with mechanical thrombectomy using modern devices were
included in the analysis comparing different techniques
(contact aspiration, stent-retriever, combined approach). Of
the 345 patients, 121 were treated with contact aspirations,
90 patients with stent-retriever thrombectomy, and the rest
with combined approach. The outcome measures included
successful recanalisation mTICI 2b-3, clinical outcome
(mRS score 02 at 3 months) and frequency of sICH.

In the study by Baik et al.,*® 161 patients from two uni-
versity hospital stroke registries with acute BAO referred
for mechanical thrombectomy between March 2013 and
December 2019 were enrolled, out of which 43 underwent
contact aspiration and 118 stent-retriever thrombectomy.
The authors reported mTICI 2b-3, mTICI 3, clinical out-
come mRS score of 0-2 at 3 months, mortality at 3 months,
and frequency of sICH, all outcomes stratified according to
the angiographic characteristics of the occlusion.

The MR CLEAN Registry®® was a nationwide prospec-
tive registry of consecutive patients who underwent EVT in
the Netherlands between March 2014 and December 2018.
Two hundred five patients with intracranial proximal occlu-
sion in the posterior circulation (basilar artery, intracranial
part of the vertebral artery and posterior cerebral artery),
who underwent EVT with contact aspiration (n=71) or
stent retriever thrombectomy (n=134) as the first-line
approach were analysed. Outcome measures included mRS
score (02 and 0-3 at 3 months) and final eTICI reperfusion
grade. Mortality and frequency of sICH was also reported.

A post-hoc analysis from the ETIS (Endovascular
Treatment in Ischaemic Stroke) registry by Gory et al.>*
included 100 patients presenting with BAO between March
2010 and October 2016 at 3 comprehensive stroke centres.
Forty-six patients underwent first-line contact aspiration
and 54 first-line stent-retriever thrombectomy. The reported
outcome measures included mTICI 2b-3, mTICI 3, mRS
score of 02 at 3 months, 3-month mortality, and sSICH.

The Tama-REgistry of Acute Thrombectomy (TREAT)
was a regionwide, multicentre, retrospective observational
registry in Japan. The post hoc analysis by Kaneko et al.>
comprised of 48 patients with acute BAO who underwent
EVT between January 2015 and December 2017, out of
which 12 patients underwent first-line contact aspiration
and 33 first-line stent-retriever thrombectomy. The primary
outcomes were functional outcomes (mRS scores of 0-2
and 0-3) and all-cause mortality at 3 months.

The ENTHUSE (Endovascular thrombectomy for acute
basilar artery occlusion) was retrospective, multicentre,
observational study, conducted at three high-volume stroke
centres in South Korea.*® The post hoc analysis comprised
of 212 patients with acute BAO who underwent EVT
between January 2011 and August 2017, out of which 67
underwent first line contact aspiration and 145 first-line
stent-retriever thrombectomy. The reported outcome meas-
ures included mTICI 2b-3, mTICI 3, mRS score 0-2 at
3 months, and 3-month mortality.

A single centre retrospective study by Choi et a
included 50 patients with acute BAO treated with contact
aspiration (n=34) or stent-retriever thrombectomy (n=16)
between March 2016 to December 2019. The reported out-
come measures included successful reperfusion mTICI 2b-3,
mRS score of 0-2 at 3 months, 3-month mortality, and sICH.

A single-centre retrospective study by Lee et al.%
included 38 patients with 40 vertebrobasilar occlusions,
that were treated with contact aspiration (n=11) or

1.63
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stent-retriever thrombectomy (n=29) between March 2010
to December 2017. The reported outcome measures
included mTICI 2b-3 and mRS score of 0-2 at 3 months.

A single-centre study by Sangpetngam et al.* retrospec-
tively analysed 66 patients with vertebrobasilar occlusions
treated with EVT (the authors reported 9 patients with ver-
tebral artery occlusion among 61 patients with successful
reperfusion). Thirty-two patients were treated with first-
line contact aspiration and 34 patients with first-line stent-
retriever thrombectomy. The reported outcomes included
mTICI 2b-3, and mRS score of 0-2.

A single-centre study by Son et al.®! retrospectively ana-
lysed 31 patients with acute BAO treated with EVT between
March 2010 to December 2013. Eighteen patients were treated
with first-line contact aspiration and 13 patients with first-line
stent-retriever thrombectomy. The reported outcomes included
mTICI 2b-3, mTICI 3, and mRS score of 0-2.

y
N

The PC-SEARCH Thrombectomy (Posterior Circulation
Ischaemic Stroke Evaluation: Analysing Radiographic and
Intraprocedural Predictors for Mechanical Thrombectomy)
registry® was a multicentre retrospective collaboration
from eight high-volume centres in the United States con-
sisting of consecutive patients with BAO treated with EVT
between January 2015 and December 2021. Out of 383
patients included in the retrospective analysis, 219 under-
went first-line contact aspiration and 164 received first-line
stent-retriever thrombectomy. The reported outcome meas-
ures included mTICI 2b-3, mRS scores of 0-2 and 0-3 at
3 months, and rate of sSICH.

Risk of bias for the included studies is presented in
Figure 7.1.

We performed several random-effects meta-analyses
comparing the two techniques of interest (Figures
7.2-17.6).
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D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. . Low
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.
Figure 7.1. PICO 8 — Risk of bias of the studies.
Odds ratio Odds ratio

Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Bernsen et al. 0.239017 0.292935 30.3% 1.27 [0.72 , 2.26] —f-—

Gory et al. 0.262364 0.4211 14.6% 1.30 [0.57 . 2.97] —t—

Knapen et al.* -0.061875 0.356353 20.5% 0.94 [0.47 , 1.89] e

Mierzwa et al 0.230629 0.273869 34.6% 1.26 [0.74 , 2.15] —-—

Total (95% CI) 100.0% 1.19 [0.87 , 1.64]

Heterogeneity: Tau® = 0.00; Chi? = 0.57. df = 3 (P = 0.90); 12 = 0%

Test for overall effect: Z = 1.10 (P = 0.27)
Test for subgroup differences: Not applicable

T®
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Figure 7.2. PICO 8 — Meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT): Good functional
outcome (MRS scores of 0-3 at 3 months) in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct
aspiration versus stent retriever as the first-line strategy (pooled OR, random-effects meta-analysis).
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Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 85% CI IV, Random, 95% CI
Abdelrady et al. 0.24359 0.500507 5.1% 1.41 [0.53 , 3.76] P —
Alawieh et al. 0.900161 0.332901 11.5% 2.46[1.28 , 4.72] —
Baik et al. 0.322082 0.368446 9.4% 1.38 [0.67 , 2.84] —f—
Bernsen et al. 0.576613 0.305837 13.6% 1.78 [0.98 | 3.24] -
Choi et al. 0.858662 0.619228 3.3% 2.36 [0.70 , 7.94] -
Gory et al. 0.254642 0.426473 7.0% 1.29 [0.56 , 2.98] —t—
Kaneko et al. -0.030459 0.5687418 2.7% 0.97 [0.25, 3.73] S W—
Kang et al. -0.274437 0.301616 14.0% 0.76 [0.42 , 1.37] —
Knapen et al.* -0.18633 0.375052 9.0% 0.83 [0.40 ., 1.73] S -~
Lee et al. -0.356675 0.896453 1.6% 0.70 [0.12 , 4.06] I —
Mierzwa et al 0.265503 0.286087 15.5% 1.30 [0.74 , 2.28] o
Sangpetngam et al. 0.604316 0.499042 5.1% 1.83 [0.69 , 4.87] ———
Son et al. 0.24686 0.741105 2.3% 1.28 [0.30 , 5.47] T
Total (95% CI) 100.0% 1.34 [1.07 , 1.87] .
Heterogeneity: Tau? = 0.00; Chiz = 11.37, df = 12 (P = 0.50); 1= 0%

Test for overall effect: £ =2.59 (P = 0.010)
Test for subgroup differences: Not applicable
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Figure 7.3. PICO 8 — Meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT): Favourable
functional outcome (MRS scores of 0-2 at 3 months) in adults with acute ischaemic stroke due to acute BAO, treated with EVT
using direct aspiration versus stent retriever as the first-line strategy (pooled OR, random-effects meta-analysis).

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelrady et al. 0.270027 0.500107 10.2% 1.31 [0.49 , 3.49] —
Alawieh et al. -0.430783 0.524873 9.3% 0.65 [0.23 , 1.82] —_—
Baik et al. 0.29267 0.501467 10.2% 1.34 [0.50 , 3.58] N S—
Bernsen et al. 0.875469 0.376957 18.0% 2.40[1.15 , 5.02] —-
Choi et al. 0.924259 0.853342 3.5% 2.52 [0.47 ., 13.42] —
Gory et al. 0.940007 0.533649 9.0% 2.56 [0.90 , 7.29] | S
Kang et al. 0.518794 0.588366 7.4% 1.68 [0.53 , 5.32] —_—
Knapen et al.* 0.609766 0.587405 7.4% 1.84 [0.58 , 5.82] PR
Lee et al. -0.653926 1.006583 2.5% 0.52 [0.07 , 3.74] —_—
Mierzwa et al 0.222327 0.360613 19.6% 1.25 [0.62 , 2.53] —f-—
Sangpetngam et al. 1.419084 1.146992 1.9% 4.13 [0.44 , 39.14] —
Son et al. 2.084429 1.596708 1.0% 8.04[0.35, 183.81]
Total (95% CI) 100.0% 1.57 [1.15, 2.15] <
Heterogeneity: Tau? = 0.00; Chi*=8.92, df = 11 (P =0.63). 17=0%
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Test for overall effect: Z = 2.82 (P = 0.005)
Test for subgroup differences: Not applicable

-

Figure 7.4. PICO 8 — Meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT): Successful
recanalisation (mTICI 2B-3) in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct aspiration
versus stent retriever as the first-line strategy (pooled OR, random-effects meta-analysis).

Odads ratio Odds ratio
Study or Subgroup  Iog[OR] SE  Weight IV, Random, 95% CI IV, Random, 95% ClI
Abdelrady et al. 0.058269 1.033003  9.0% 1.06 [0.14 , 8.03]
Alawieh et al. 0.19062 0.663677 21.7% 1.21[0.33 , 4.44] ——
Baik et al. 2407946 1.28496  5.8% 009[001,112] — - |
Bernsen et al. -0.287682 0.852658 13.1% 0.75[0.14 , 3.99] S S
Choi et al. -0.371064 1.181642  6.8% 0.69 [0.07 , 6.99] —
Gory et al. -1.386294 1.598805  3.7% 0.25 [0.01 , 5.74]
Knapen et al.” -0.301105 0.927973 11.1% 0.74 [0.12 , 4.56] —
Mierzwa et al -0.835761 0.576591 28.7% 0.43 [0.14 , 1.34] ———
Total (95% CI) 100.0%  0.62 [0.34,1.13] S
Heterogeneity: Tau® = 0.00; Chi® = 4.34, df = 7 (P = 0.74); I = 0%
Test for overall effect: Z = 1.56 (P = 0.12) 061 on p Py 100

Test for subgroup differences: Not applicable Favours Direct aspiration Favours Stent retriever

Figure 7.5. PICO 8 — Meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT): Symptomatic ICH
in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct aspiration versus stent retriever as the first-

line strategy (pooled OR, random-effects meta-analysis).
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Odds ratio Odds ratio

Study or Subgroup Ilog[OR] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Abdelrady et al. 0.086178 0.521323 5.0% 1.09 [0.39 , 3.03] —
Alawieh et al. -0.597837 0.296213 22.0% 0.55 [0.31 . 0.98] —-]
Baik et al. -0.916291 0.573285 6.7% 0.40 [0.13 , 1.23] — 1
Bernsen et al. 0.10436 0.297498 21.9% 1.11 [0.62 , 1.99] —
Choi et al. -2.040221 1.40958 1.1% 0.13[0.01 ,2.06] «
Gory et al. 0.19062 0.412461 12.3% 1.21 [0.54 , 2.72] b
Kang et al. 0.039221 0.397493 13.2% 1.04 [0.48 , 2.27] I
Knapen et al.* -0.235722 0.371477 14.9% 0.79 [0.38 . 1.64] .
Total (95% CI) 100.0% 0.82 [0.61 , 1.11]

Heterogeneity: Tau® = 0.02; Chi#=7.68. df=7 (P = 0.36). I?=9%
Test for overall effect: Z =127 (P = 0.20)

Test for subgroup differences: Not applicable Favours

!
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Figure 7.6. PICO 8 — Meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT): Mortality at
90days in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct aspiration versus stent retriever as

the first-line strategy (pooled OR, random-effects meta-analysis).

Sensitivity analyses (after excluding studies comprising
all posterior-circulation strokes) of critical and important
outcomes are depicted in Figures 7.7-7.11.

Table 5 provides details regarding the assessment of the
quality of evidence for critical and important outcomes
evaluated in PICO 8.

Odds ratio Odds ratio
Study or Subgroup  log[OR] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
Gory et al. 0.262364  0.4211 21.0% 1.30 [0.57 , 2.97] N
Knapen et al.* -0.061875 0.356353 29.3% 0.94 [0.47 , 1.89] —
Mierzwa et al 0.230629 0.273869 49.7% 1.26 [0.74 , 2.15]
Total (95% ClI) 100.0% 1.16 [0.80 , 1.70]

Heterogeneity: Tau* = 0.00; Chi*=0.51,df =2 (P=0.77); 7= 0%
Test for overall effect: Z=0.78 (P = 0.43)
Test for subgroup differences: Not applicable
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Figure 7.7. PICO 8 — Sensitivity meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT): Good
functional outcome (MRS scores of 0-3 at 3 months) in adults with acute ischaemic stroke due to acute BAO, treated with EVT

using direct aspiration vs. stent retriever as the first-line strategy (pooled OR, ran

dom-effects meta-analysis).

Odds ratio Odds ratic
Study or Subgroup log[CR] SE Weight IV, Random, 95% CI IV, Random, 85% CI
Abdelrady et al. 0.34359 0.500507 6.8% 1.41 [0.53 , 3.76] st
Baik et al. 0.322083 0.368446 12.5% 1.38 [0.67 , 2.84] —t—
Choi et al. 0.858662 0.619228 4.4% 2.36 [0.70 , 7.94] -
Gory et al. 0.254642 0.426473 9.3% 1.29 [0.56 , 2.98] —r——
Kaneko et al. -0.030459 0.687418 3.6% 0.97 [0.25 , 3.73] U /S—
Kang et al. -0.274437 0.301616 18.6% 0.76 [0.42 , 1.37] —
Knapen et al.* -0.18633 0.375052 12.1% 0.83 [0.40 , 1.73] —_—
Lee et al. -0.356675 0.896453 2.1% 0.70 [0.12 . 4.06] /S—
Mierzwa et al 0.265503 0.286087 20.7% 1.30 [0.74 , 2.28] -
Sangpetngam et al. 0.604316 0.499042 65.8% 1.83 [0.69 ., 4.87] —t——
Son et al. 0.245686 0.741105 3.1% 1.28 [0.30 , 5.47] ——
Total (95% CI) 100.0% 1.16 [0.90 , 1.49]

Heterogeneity: Tau® = 0.00; Chi*= 5.92_ df = 10 (P =0.82). I7=0%
Test for overall effect: Z = 1.13 (P = 0.26)
Test for subgroup differences: Not applicable
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Figure 7.8. PICO 8 — Sensitivity meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT):
Favourable functional outcome (mRS scores of 0-2 at 3 months) in adults with acute ischaemic stroke due to acute BAO, treated
with EVT using direct aspiration vs. stent retriever as the first-line strategy (pooled OR, random-effects meta-analysis).
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Odds ratio Odads ratio
Study or Subgroup  log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelrady et al. 0.270027 0.500107 14.0% 1.31[0.49 , 3.49] — e
Baik et al. 0.29267 0.501467 14.0% 1.34[0.50 , 3.58] —
Choi et al. 0.924259 0.853342  4.8%  2.52[0.47, 13.42] —]
Gory et al. 0.940007 0.533649 12.3% 2.56 [0.90 , 7.29] | [
Kang et al. 0.518794 0.588366 10.1% 1.68 [0.53 , 5.32] [
Knapen et al.* 0.609766 0.587405 10.2% 1.84 [0.58 , 5.82] [
Lee etal. -0.653926 1.006583  3.5% 0.52 [0.07 , 3.74] — !
Mierzwa et al 0.222327 0.360613 27.0% 1.25[0.62 , 2.53] —fm—
Sangpetngam et al. 1.419084 1.146992  2.7%  4.13[0.44  39.14] N [
Son et al. 2084429 1.596708  1.4% 8.04[0.35, 183.81] >
Total (95% CI) 100.0% 1.58 [1.09 , 2.28] 'S
Heterogeneity: Tau®* = 0.00; Chi*=4.83, df=9 (P =0.85). = 0%
Test for overall effect: Z = 2.44 (P = 0.01) 0.1 o p Py 100
Test for subgroup differences: Not applicable Favours Stent retriever Favours Direct aspiration

Figure 7.9. PICO 8 — Sensitivity meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT):
Successful recanalisation (mTICI 2B-3) in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct
aspiration versus stent retriever as the first-line strategy (pooled OR, random-effects meta-analysis).

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Abdelrady et al. 0.058269 1.033003 13.7% 1.06 [0.14 , 8.03] —_—
Baik et al. -2.407946 1.28496 8.9% 0.09[0.01,1.12] ——-——+
Choi et al. -0.371064 1.181642 10.5% 0.69 [0.07 . 6.99] —t
Gory et al. -1.386294 1.598805 57% 0.25[0.01, 5.74]
Knapen et al.* -0.301105 0.927973 17.0% 0.74 [0.12 , 4.56] S
Mierzwa et al -0.835761 0.576591 44.1% 0.43 [0.14 , 1.34] —_—
Total (95% CI) 100.0% 0.48 [0.22 , 1.01] ’
Heterogeneity: Tau® = 0.00; Chi?=2.79. df=5 (P =0.73). 2= 0%
Test for overall effect: Z = 1.94 (P = 0.05) D,:O1 Of1 1 1:0 160
Test for subgroup differences: Not applicable Favours Direct aspiration Favours Stent retriever

Figure 7.10. PICO 8 — Sensitivity meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT):
Symptomatic intracranial haemorrhage in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct
aspiration versus stent retriever as the first-line strategy (pooled OR, random-effects meta-analysis).

odds ratio Odds ratio
Study or Subgroup  log[OR] SE Weight IV, Random, 95% CI IV, Random, 85% CI
Abdelrady et al. 0.086178 0.521323 13.8% 1.09 [0.39 , 3.03] S
Baik et al. -0.916291 0.573285 11.4% 0.40 [0.13 , 1.23] i
Choi et al. -2.040221 1.40958  1.9% 0.13 [0.01,2.06] «
Gory et al. 0.19062 0.412461 22.0% 1.21 [0.54 , 2.72]
Kang et al. 0.039221 0.397493 23.7% 1.04 [0.48 , 2.27] ——
Knapen et al.* -0.235722 0.371477 27.2% 0.79 [0.38 . 1.64] —.
Total (95% CI) 100.0% 0.87 [0.59 , 1.27]
Heterogeneity: Tau? = 0.00; Chi® = 4.75, df = 5 (P = 0.45); 12 = 0% . t .
Test for overall effect: Z = 0.74 (P = 0.46) a0 9 3 % 10
Test for SUDQI'OUD differences: Not applicable Favours Direct aspiration Favours Stent retriever

Figure 7.11. PICO 8 — Sensitivity meta-analysis of observational studies (except for *post hoc analysis of the BASICS RCT):
Mortality at 90 days in adults with acute ischaemic stroke due to acute BAO, treated with EVT using direct aspiration vs. stent
retriever as the first-line strategy (pooled OR, random-effects meta-analysis).
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Additional information

We also identified four observational studies®®® that
reported data on endovascular technique used in the poste-
rior circulation stroke thrombectomy. However, the authors
of the above-mentioned studies reported results for stent-
retriever thrombectomy alone and combined (simultane-
ous) contact aspiration plus stent-retriever thrombectomy.
Based on the consensus of the MWG, these studies were
excluded from the meta-analysis as the combined approach
was considered as a separate endovascular technique. Data
from these four studies listed below favour direct aspiration
as the first-line strategy.

The RELOBA (Registro Endovascolare Lombardo
Occlusione Basilar Artery) study group included 102
patients with acute BAO treated endovascularly in 12 cen-
tres in the region of Lombardy (Italy) between January
2010 and December 2015.% Successful reperfusion TICI
2b-3 was achieved in 20/27 (74.1%) patients treated with
contact aspiration and in 47/65 (72.3%) patients with stent-
retriever thrombectomy (alone or combined).

A study by Li et al.®” was a single-centre retrospective
study of 68 patients with acute BAO who underwent EVT
between January 2014 and December 2016. The primary
outcome, mRS score of 0-2 at 3months, was achieved
in 5/7 (71.4%) patients treated with contact aspiration
and in 20/50 (40.0%) patients treated with stent-
retriever thrombectomy (including 47 patients treated
with stent-retriever alone and 3 patients treated with com-
bined technique).

A retrospective analysis of prospectively collected data
by Monteiro et al.®® comprised of 83 patients with acute
BAO between January 2013 to December 2020. Twenty-
three patients were treated with contact aspiration, 20
patients with stent-retriever alone, and 40 patients with
combined technique. The reported outcomes included suc-
cessful reperfusion TICI 2b-3, first pass TICI 2¢-3 and
mRS score of 0-2.

The CICAT was a prospective registry including all
stroke patients in Catalonia from January 2016 to January
2020. The post-hoc analysis by Terceno et al.*” included
298 patients with posterior circulation stroke (out of which
216 patients had BAO). The data on endovascular tech-
nique were available in 261/298 patients. The mRS score of
0-2 in 3months was achieved in 27/62 (43.5%) patients
treated with contact aspiration, in 32/108 (29.6%) treated
with stent-retriever alone, and in 33/91 (36.3%) with a
combined technique.

A study by Gerber et al.”® reported recanalisation accord-
ing to AOL instead of mTICI. AOL 2-3 was achieved in
9/13 (69%) stent retriever patients, whereas it was 17/20
(85%) in the aspiration arm. In order to maintain consist-
ency in the reported outcome (mTICI vs. AOL), this study
was excluded from the meta-analysis for reperfusion
outcomes.

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke, we
suggest EVT using direct aspiration over stent retriever as
the first-line strategy.

Quality of evidence:

Strength of recommendation:

PICO 9

For adults with BAO-related acute ischaemic stroke and
with suspected intracranial atherosclerotic disease and BA
stenosis, does PTA and/or stenting of the basilar artery plus
EVT compared with EVT alone improve outcomes?

Analysis of current evidence

The literature search identified no RCTs addressing this
PICO question. As ICAD is often diagnosed after EVT
rather than before, RCTs are unlikely to be performed. We
identified one observational study conducted in China that
addressed this PICO in a subgroup analysis of patients with
ICAD.”" The proportion of mRS score of 0-3 was 33% in
EVT alone (40% in successfully recanalised, 15.9% in non-
recanalised), compared to 26.8% in EVT plus rescue treat-
ment (p=0.004). The 90-day mortality differed little
between the groups; 46.4% in EVT alone (34.9% in suc-
cessfully recanalised, 79.5% in non-recanalised), compared
to 47.7% in EVT plus rescue treatment. Hence, among
patients in whom EVT was not successful, those who
underwent rescue PTA and/or stenting had better clinical
outcomes, lower mortality, and lower sICH, although non-
significant) rates than those in whom no rescue percutane-
ous transluminal angioplasty (PTA) and/or stenting was
performed. In the EVT arms of recent BAOCHE and
ATTENTION RCTs, angioplasty/stenting was performed
in 39.8%—54.5%. Both trials recruited Chinese patients
having a high prevalence of ICAD, and EVT alone versus
EVT plus rescue treatment in ICAD patients was not
addressed in either study.®® Furthermore, in a subgroup
analysis of the ATTENTION trial, patients with underlying
ICAD as the cause of stroke, did not show a clear benefit
from EVT compared with BMT (OR: 1.59, 95% CI:
0.91-2.68).%

Bias of the aforementioned observational study is
showed in Figure 8.1. No meta-analysis was performed.

Additional information

ICAD is a disease of major intracranial arteries with differ-
ent manifestations, ranging from subtle arterial wall thick-
ening to severe stenosis with vulnerable atherosclerotic
plaques.”” Depending on the study, the basilar artery is the
most common or second most common affected intracra-
nial vessel.”>7* ICAD prevalence shows marked racial/
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Figure 8.1. PICO 9 — Bias evaluation of the observational studies.

ethnical differences. In the Northern Manhattan Stroke
Study, a prospective registry study of 714 patients, ICAD
was the presumed cause of stroke in 9% of Caucasian
patients, 15% of Hispanic, and 17% of African-American
patients.” ICAD is responsible for 10%-48% of all large-
vessel occlusion (LVO) strokes; it is particularly common
in Asia but even in Europe, up to 1 of 10 LVO strokes are
caused by ICAD.”>’ In the Trevo endovascular registry,
which included mainly European patients, ICAD accounted
for only 10% of all EVT cases of BAO,”” while in the
Chinese ATTENTION and BEST trials, atherosclerosis was
the underlying stroke aetiology in 44%—-56% of cases.®®

Studies comparing EVT in patients with BAO due to
ICAD versus other stroke mechanisms found nominally
higher numbers of rescue PTA and/or stenting in patients
with underlying ICAD,””"7 although proportions differed
significantly only in one study.?’ Despite these rescue treat-
ments, EVT in BAO due to underlying ICAD was in most
studies associated with poorer outcomes, longer procedure
times and in some studies, less successful reperfusion com-
pared to other stroke mechanisms,””-”*3! whereas one study
found no difference in outcomes between BAO caused by
ICAD compared to non-ICAD. ICAD-related occlusions
are prone to re-occlude, occurring in up to 40% of patients.®?
While the apposition thrombus that has formed adjacent to
the atherosclerotic plaque can be removed by EVT alone,
new thrombus may form at the thrombogenic plaque sur-
face, thereby leading to re-occlusion This risk may be even
higher after an endovascular attempt, as the traumatic
fibrous cap disruption and vessel wall trauma caused by
endovascular devices increase thrombogenicity even fur-
ther. PTA with or without stenting can eliminate or reduce
the stenosis caused by the atherosclerotic lesion, and in
theory, stenting may reduce the risk of re-occlusion by cov-
ering the thrombogenic lesion. On the other hand, PTA/
stenting may cause perforator occlusions by pushing plaque
fragments into small perforator orifices, requiring dual anti-
platelet therapy, which increases the risk of haemorrhage,
particularly in cases with concomitant IVT.33

Two studies specifically assessed rescue therapy in
failed EVT for BAO, but were not confided to patients with
underlying ICAD, although ICAD patients accounted for
the majority that underwent rescue treatment (77.3%—
88.5%), with the comparator being all patients with suc-
cessful or failed EVT in one study,®* and only failed EVT in
the other.® If we put aside successful recanalisation in non-
ICAD patients after EVT alone, those who achieved recan-
alisation after rescue therapy had better prognosis than
those not recanalised at all. Of note, compared to failed
EVT without rescue therapy, the rate of sSICH was lower in
the EVT plus rescue therapy group in one study (14.2%
compared to 4.2%, p=0.002),** while the other study
reported small numbers of events (one case of sSICH in each
group) without significant difference.®

Another approach in case of severe underlying basilar
artery stenosis after EVT is use of antithrombotic agents
such as GP IIb/Illa inhibitors. One study compared this
treatment to angioplasty with or without stenting in 55
patients and found no difference in sICH, mortality, or
functional outcome between the two strategies.®

Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke and
with a suspected ICAD and BA stenosis, there is insufficient
evidence to make an evidence-based recommendation on
the use of PTA and/or stenting in addition to EVT. Please
see the Expert Consensus Statement below.

Quality of evidence: —

Strength of recommendation: —

Expert consensus statement

For adults with BAO-related acute ischaemic stroke and

with suspected ICAD and severe underlying BA stenosis,
10/I0MWG members suggest rescue PTA and/or stenting
after failed endovascular procedure (please also see PICO 10).
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PICO 10

For adults with BAO-related acute ischaemic stroke sub-
jected to reperfusion therapy (EVT or IVT), does add-on
antithrombotic treatment during EVT or within 24 h after
IVT or EVT compared with no add-on antithrombotic treat-
ment improve outcomes?

Analysis of current evidence

The literature search did not identify any published RCTs
addressing the PICO question, but eight non-randomised
studies were identified: six observational registry-based
studies,®°! one non-randomised trial,”> and one study
combining data from a prospective registry and an open-
label, single-arm trial.”> Seven studies®*®? compared add-
on tirofiban, whereas one study eptifibatide®® to no add-on
antithrombotic medication for patients undergoing
EVT £1IVT. Studies that included solely BAO or domi-
nant vertebral artery occlusion patients will be described
in this section, whereas reports from studies with a sub-
group of BAO patients or secondary analysis from poste-
rior circulation studies (with uncertain proportion of BAO
patients) will be presented in additional information
below.

The study by Chen et al.® compared patients treated
with EVT for BAO based on whether they did (n=363) or
did not (n=282) receive add-on tirofiban. IVT was admin-
istered for 17.1% and 20.2%, whereas IAT for 8.0% and
18.8% of the patients, respectively. The cohort was drawn
from the Chinese, nationwide, prospective BASILAR reg-
istry comprising consecutive adult patients with BAO
within 24 h of symptom onset between January 2014 and
May 2019. Patients with pre-stroke mRS=3 were
excluded. Tirofiban was administered intravenously
0.4 pg/kg/min for 30 min followed by 0.1 pug/kg/min for
up to 24 h. The choice of tirofiban use was left at the dis-
cretion of the treating physician but was recommended
under conditions with an increased risk of re-occlusion or
distal embolization, such as stenting, angioplasty, a high
number of passes, or atherosclerotic aetiology. The pri-
mary efficacy outcome was the mRS score at 90 days.
Safety events according to [VT-treatment status are not
reported. However, the authors speculated that the higher
mortality and sICH in patients not receiving tirofiban
were due to higher frequency of previous anticoagulation,
IVT and IAT (even though the last two were included as
covariates in the adjusted analyses).

The study by Sun et al.®¢ was a single-centre, retrospec-
tive, observational study from China on consecutive
18-80-year-old patients with atherosclerotic BAO who
underwent EVT within 24h of symptom onset between
January 2012 and July 2018. Patients with pre-stroke
mRS > 1, NIHSS<10 or >35 (or 0 in the item 1A),

significant cerebellar mass effect, bilateral extended brain
stem ischaemia, or embolic occlusion were excluded. The
treatment groups received either tirofiban (0.3-0.4mg
within 6-8min IA and 0.15 pg/kg/min IV for 24h) fol-
lowed by dual antiplatelet therapy (n=74) or immediate
dual antiplatelet therapy (n=31). Tirofiban was used
based on the treating physician’s decision in cases with
emergency stenting or balloon angioplasty, local new
thrombosis or vascular dissection, and severe atheroscle-
rotic lesions with a high risk of re-occlusion. In the
tirofiban group, 24.3% received IVT and 20.3% IAT,
whereas the rates were 6.5% and 32.3% in the no-tirofiban
group. The primary outcomes were 90-day functional
independence (mRS 0-2) and favourable functional out-
come (mRS 0-3).

Yang et al.”’ included consecutive adult acute stroke
patients with major large artery occlusion undergoing
EVT between June 2015 and December 2017 from the
Chinese, multicentre, prospective ANGEL registry. The
posterior circulation occlusion subgroup (n=158/662)
consisted of basilar and dominant vertebral occlusions
treated within 24 h of symptom onset, excluding patients
with NIHSS < 6 and pre-stroke mRS > 1. Add-on tirofiban
(0.25-1mg IA, followed by 0.1 pg/kg/min IV for 24 h)
was considered for patients with emergency stenting or
angioplasty, presumed endothelial damage, instant re-
occlusion, or severe in situ atherosclerosis with a high
risk of early re-occlusion (n=74), whereas the rest did
not have add-on tirofiban (n=84). Bridging IVT was
used in 23.9% of the tirofiban group and 35.2% of the
no-tirofiban group in the whole cohort but the numbers
could not be extracted solely for the posterior circulation
occlusion subgroup. The primary efficacy endpoints were
functional independence (mRS 0-2) and mortality at
90days, and the primary safety endpoint was sICH at
24-h imaging control.

Additional information

A study by Pan et al.%” was a prospective registry study

from two Chinese centres comparing tirofiban (n=64) ver-
sus no tirofiban (n=66) as an adjunctive therapy of EVT
for patients with vertebral or BA occlusion between
October 2016 and July 2021. Tirofiban was administered
0.25-1mg IA, followed by 0.1-0.15 pg/kg/min IV for 16—
24h at the discretion of the treating physician for patients
with severe residual stenosis (=50%) after thrombectomy,
rescue treatment with stenting or angioplasty, =3 passes,
or severe atherosclerosis with a high risk of re-occlusion.
IVT was received by 25.0% in the tirofiban and 39.4% in
the no-tirofiban group. The outcomes were 90-day mRS
score of 0-2, NIHSS at discharge, in-hospital and 90-day
mortality, frequency of sICH, and successful recanalisa-
tion (TICI=2Db).
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A study by Kellert al.%? was a prospective registry study
from Germany on consecutive AIS patients treated with
EVT in 2006-2011. In the posterior circulation occlusion
subgroup, 20 patients received tirofiban IV for at least 12h
according to weight and kidney function (recommended if
stenting was performed or endothelial injury was feared)
and 14 did not. The IVT rate was 65.0% in the former and
78.5% in the latter group. Outcomes included excellent
(mRS 0-1) and good (mRS 0-2) functional outcome at
90 days, sICH rate, mortality, and successful recanalisation
(TICI=2b).

Zhao et al.”! compared patients undergoing EVT who
did (n=37 with posterior circulation occlusions) or did not
(n=25 with posterior circulation occlusions) receive add-
on tirofiban between January 2013 and February 2017 from
a Chinese, single-centre, prospective registry. Only patients
for whom second-generation stent retrievers were used
were included. Tirofiban dosing was 0.25-0.5mg IA, fol-
lowed by 0.2-0.25 mg/h for 12-24 h. Typical indications for
tirofiban at the interventionists’ discretion were emergency
stenting or angioplasty, successful recanalisation by three
or more passes, and severe atherosclerosis lesions with high
possibility of re-occlusion. In the tirofiban group, 11%
received IVT and 24% IAT, whereas the respective num-
bers were 4% and 19% in the no-tirofiban group. The pri-
mary outcome was sICH, and the secondary outcomes
included 90-day and long-term functional outcome, mortal-
ity, early re-occlusion, and successful recanalisation.

Wu et al.”? reported results from a Chinese, non-ran-
domised, single-arm trial with an original plan to give
tirofiban to all adult EVT patients within 2 years. However,
the trial was stopped after 1year due to safety concerns
(ICH), so during the second year no patients received
tirofiban. Thus, the patients treated within the first (n=23/94
with posterior circulation occlusions) and the second year
(n=17/124 with posterior circulation occlusions) were
compared. The patients with EVT after 24 h from symptom
onset or ICH were excluded. Contrary to other studies,
tirofiban was administered only as IA boluses with doses
depending on the bleeding risk (maximum dose 10 u/kg).
The IVT and IAT rates were not reported for the posterior
circulation stroke patients separately but were 16.0% and
4.4% in the whole cohort of tirofiban-treated patients and
30.1% and 4.2% among the patients who did not receive
tirofiban. The presence of sICH was the primary outcome
complemented by other haemorrhagic outcomes, 90-day
functional outcomes, and mortality.

Finally, the study by Ma et al.”> was the only one to
investigate add-on eptifibatide versus no eptifibatide in
patients treated with endovascular approach within 24 h of
onset for large-vessel occlusion. The study derived the
intervention arm from the Chinese, multicentre, open-label,

single-arm EPOCH trial (April 2019 to March 2020) and
the control arm from the Chinese, multicentre, prospective
ANGEL-ACT registry (November 2017 to March 2019).
The former included only patients with mechanical
thrombectomy, whereas the latter allowed patients with any
EVT including sole IAT. The posterior circulation subgroup
comprised 46/162 patients in the propensity score matched
cohort, 23 in each treatment arm. Eptifibatide was delivered
as 135-180ug/kg in S5min IV/IA, followed by 0.75-2 ng/
kg/min IV for 24h. The IVT rate was 25.9% in each treat-
ment arm of the propensity score matched cohort but was
not reported for posterior circulation occlusion patients
separately. The primary efficacy outcome was 90-day good
outcome, defined as mRS score of 0-2, and propensity
score matching was used for analyses.

We excluded one retrospective registry study on tirofiban
vs. no tirofiban for patients with vertebrobasilar occlusion
(86% BAO) treated with endovascular approach within
24h of onset® due to inconsistent reporting of the results.
The authors were contacted several times for clarification,
but they did not respond to the request.

The risk of bias is outlined in Figure 9.1. Severity of the
risk of confounding bias ranged from moderate to critical.
The most common concern appearing in all observational
studies was that the add-on antithrombotic agent was cho-
sen based on periprocedural factors that differed systemati-
cally between the treatment groups, such as the number of
passes or instant re-occlusion, in-situ thrombosis, or resid-
ual stenosis requiring emergency angioplasty or stenting.

We performed a meta-analysis stratified by the propor-
tion of BAO patients within the studies: (a) studies includ-
ing solely patients with BAO or BAO plus dominant
vertebral artery occlusion and (b) studies with a subgroup
of BAO patients or uncertain proportion among other pos-
terior circulation strokes (Figures 9.2-9.5).

For both critical outcomes (mortality and sSICH) and one
important outcome (mTICI 2B/3), the analyses favoured
add-on antithrombotic treatment in studies including solely
patients with BAO or BAO plus dominant vertebral artery
occlusion, whereas no difference was noticed if we included
studies, where BAO patients were only a part of posterior
circulation strokes. However, it should be noted that the
significant findings are mainly based on the study by Chen
et al.,®® in which no-tirofiban group had a very poor out-
come (mortality 52%, sICH 10%). The authors discussed
the reliability of their findings and speculated if this was
due to higher frequency of previous anticoagulation, IVT,
and IAT (even though the last two and cardioembolic aeti-
ology were included as covariates in the adjusted
analyses).

Table 6 provides details regarding the assessment of the
quality of evidence for PICO 10.
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Risk of bias domains
‘ D2 D3 D5 ) D7 Overall

00000000
©000000®
00000000

00000000
00000000
00000000
00000000

Domains: Judgement

D1: Bias due to confounding. .

D2: Bias due to selection of participants. ’ Serious

D3: Bias in classification of interventions. - Moderate

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. ‘ Low

D6: Bias in measurement of outcomes. . No information

D7: Bias in selection of the reported result.

Figure 9.1. PICO 10 — Risk of bias of the studies included.

Odds ratio Odds ratio
Study or Subgroup  log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 only BAc or BAo + dominant vertebral artery occlusion
Chen et al. 0029559 0.176827 66.0% 1.03[0.73, 1.46]
Sun et al. -0.356675 0.572562  6.3% 0.70 [0.23 , 2.15] J—
Yang et al. -0.34249 0577222  62% 0.71[0.23 , 2.20] R
Subtotal (95% CI) 78.5% 0.97 [0.71, 1.33] 'S

Heterogeneity: Tau® = 0.00; Chi*=0.73, df =2 (P = 0.69). I? = 0%
Test for overall effect: Z=0.19 (P = 0.85)

1.6.2 BAo being a subcohort of all posterior strokes

Kellert et al.* -0.798508 0.779096 3.4% 0.45[0.10, 2.07] —_—

Ma et al. 0.779325 0.592971 5.9% 2.18[0.68 , 6.97] 4

Pan et al. 0.182322 0.56194 6.5% 1.20[0.40, 3.61] —_—

Zhao et al.* 0.157004 0.599852 5.7% 1.17 [0.36 , 3.79] —_—

Subtotal (95% CI) 21.5% 1.20 [0.65 , 2.20]

Heterogeneity: Tau? = 0.00; Chiz = 2.60, df =3 (P = 0.46); I?=0%

Test for overall effect: Z = 0.59 (P = 0.55)

Total (95% CI) 100.0% 1.02 [0.77 , 1.35]

Heterogeneity: Tau* = 0.00; Chi*#=3.71,df =6 (P =0.72); I?=0%

Test for overall effect: Z = 0.11 (P = 0.91) 0.01 01 1 10 100
Test for subgroup differences: Chi* = 0.38, df = 1 (P = 0.54), I = 0% Favours [no add-on antithrombotic treatment] Favours [add-on antithrombotic treatment]

Figure 9.2. PICO 10 — Metanalysis of observational studies comparing add-on antithrombotic treatment versus no add-on
antithrombotic medication stratified by studies with only basilar or dominant vertebral artery occlusion versus studies, where
basilar artery occlusion was a subgroup of patients: mRS score of 0-2 at 3 months (pooled OR, random-effects meta-analysis,
Cochran’s Q-test for interaction testing).

*Unadjusted studies.
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odds ratio
Study or Subgroup  Iog[OR] SE Weight 1V, Random, 95% CI

Odds ratio
IV, Random, 95% CI

1.7.1 only BAo or BAo + dominant vertebral artery occlusion

Chen et al. -0.430783 0.157512 41.7% 0.65[0.48 , 0.89]
Sun et al. -0.174353 0.805691  5.8% 0.84[0.17 , 4.07]
Yang et al. -0.776529 0.353653 20.9% 0.46 [0.23 , 0.92]
Subtotal (95% Cl) 68.4% 0.62 [0.47 , 0.82]

Heterogeneity: Tau® = 0.00; Chi*=0.94, df =2 (P = 0.62); I = 0%
Test for overall effect: Z = 3.38 (P = 0.0007)

1.7.2 BAo being a subcohort of all posterior strokes

Kellert et al.* 0.71784 0.741163 6.7% 2.05[0.48,8.76]
Pan et al. -0.18633 0.635682 8.7% 0.83[0.24 , 2.89]
Wu et al. 1.172482 0.895138 4.8% 3.23[0.56 . 18.67]
Zhao et al.* -1.07881 0.540893 11.4% 0.34[0.12, 0.98]
Subtotal (95% CI) 31.6% 1.01 [0.37 , 2.73]

Heterogeneity: Tau? = 0.55; Chi#=6.51, df = 3 (P = 0.09); I = 54%
Test for overall effect: Z = 0.02 (P = 0.98)

Total (95% Cl) 100.0% 0.68 [0.45, 1.01] .

Heterogeneity: Tau? = 0.08; Chi? = 8.25, df = 6 (P = 0.22); I* = 27%

Test for overall effect: Z = 1.89 (P = 0.06) 061 o1 1 10 100

Test for subgroup differences: Chiz = 0.87, df = 1 (P = 0.35), I? = 0% Favours add-on antithrombotics Favours no add-on antithrombotics

Figure 9.3. PICO 10 — Metanalysis of observational studies comparing add-on antithrombotic treatment versus no add-on
antithrombotic medication stratified by studies with only basilar or dominant vertebral artery occlusion versus studies, where
basilar artery occlusion was a subgroup of patients: Mortality (pooled OR, random-effects meta-analysis, Cochran’s Q-test for
interaction testing).
*Unadjusted studies.

Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI

Odds ratio
IV, Random, 95% CI

1.4.1 only BAo or BAo + dominant vertebral artery occlusion

Chen et al -0.798508 0.316533 63.4% 0.45[0.24 ,0.84]
Sun et al. 1.12493 1.534721  50%  3.08[0.15,62.36]
Yang et al -1.309333 1.332436  6.5% 0.27 [0.02, 3.68]
Subtotal (95% CI) 74.9% 0.47 [0.26 , 0.85]

Heterogeneity: Tau? = 0.00; Chi*?=1.69, df =2 (P = 0.43); I?7=0%
Test for overall effect: Z=2.48 (P = 0.01)

1.4.2 BAo being a subcohort of all posterior strokes

Kellert et al.* 1.366092 1.594671 4.6% 3.92[0.17 . 89.26]
Pan et al. -0.040822 1.065568 10.0% 0.96[0.12,7.75]
Wu et al. -0.274437 1.478031  5.4%  0.76 [0.04, 13.77]
Zhao etal.” 1.924249 1.515589  5.1% 6.85[0.35, 133.59]
Subtotal (95% Cl) 25.1% 1.75 [0.46 , 6.63]

Heterogeneity: Tau? = 0.00; Chi*=1.70, df = 3 (P = 0.64); I?= 0%
Test for overall effect: Z=0.82 (P = 0.41)

Total (95% CI) 100.0% 0.68 [0.34, 1.34]
Heterogeneity: Tau®* = 0.09; Chi?=6.50. df =6 (P =0.37). 7= 8%
Test for overall effect: Z = 1.12 (P = 0.26)

¢ s

10

100
Test for subgroup differences: Chi* = 3.11, df = 1 (P = 0.08), I = 67.8% Favours add-on antnhrombotu: treatment Favours no add-on antithrombotic treatment

Figure 9.4. PICO 10 — Metanalysis of observational studies comparing add-on antithrombotic treatment versus no add-on
antithrombotic medication stratified by studies with only basilar or dominant vertebral artery occlusion versus studies, where
basilar artery occlusion was a subgroup of patients: sICH (pooled OR, random-effects meta-analysis, Cochran’s Q-test for
interaction testing).
*Unadjusted studies

Odds ratio Odds ratio
Study or Subgroup  log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 only BAo or BAo + dominant vertebral artery occlusion
Chen et al 0.576613 0.200173 32.0% 1.78[1.20, 2.64] -
Sun et al 1.715598 0.768346 9.6% 5.56 [1.23 , 25.07]
Yang et al. 0.207014 0.753057 9.9% 1.23[0.28, 5.38] e
Subtotal (85% CI) 51.4% 1.95 [1.13, 3.35] ’
Heterogeneity: Tau* = 0.06; Chi* = 2.38, df = 2 (P = 0.30); I* = 16%
Test for overall effect: Z = 2.41 (P = 0.02)
1.5.2 BAo being a subcohort of all posterior strokes
Kellert et al.” -0.400478 0.957123 6.8% 0.67 [0.10, 4.37] R S
Ma et al 0.336472 0.600698 13.5% 1.40[0.43 , 4.54] R P—
Pan et al 1.255616 0.426833 19.9% 3.51[1.52, 8.10] ——
Zhao et al.” -1.139434 0.84236 8.3% 0.32[0.06 , 1.67] —_—
Subtotal (95% CI) 48.6% 1.22 [0.42 , 3.54] P T
Heterogeneity: Tau? = 0.70; Chi* = 7.87, df = 3 (P = 0.05); I = 62%
Test for overall effect: Z = 0.37 (P =0.71)
Total (95% CI) 100.0% 1.72 [1.01, 2.95] .
Heterogeneity: Tau? = 0.19; Chi? = 10.30, df = 6 (P = 0.11); 12 = 42%
Test for overall effect: Z = 1.98 (P = 0.05) 10 100
Test for subgroup differences: Chi? = 0.58, df = 1 (P = 0.45), I* = 0% Favours no add-on antltnrombotlc treatment Favours add-on antithrombotic treatment

Figure 9.5. PICO 10 — Metanalysis of observational studies comparing add-on antithrombotic treatment versus no add-on
antithrombotic medication stratified by studies with only basilar or dominant vertebral artery occlusion versus studies, where
basilar artery occlusion was a subgroup of patients: recanalisation TICI 2B-3 (pooled OR, random-effects meta-analysis, Cochran’s

Q-test for interaction testing).
*Unadjusted studies.
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Evidence-based recommendation

For adults with BAO-related acute ischaemic stroke
treated with EVT and no concomitant IVT, and where EVT
procedure is complicated (defined as failed, or imminent
re-occlusion, or need for additional stenting or angioplasty),
we suggest add-on antithrombotic* treatment during

EVT procedure or within 24 h after EVT over no add-on
antithrombotic treatment.

*However, this should be used as a rescue strategy after
assessing the bleeding risk of patients in case of failed EVT, in
line with the ESO guidelines on the management of ICAD.%
Quality of evidence:

Strength of recommendation:

Discussion

This guideline has been developed following the GRADE
methodology and it aims to assist physicians in decision-
making in the acute management of BAO. All recommen-
dations and Expert Consensus Statements are summarised
in Table 7. Whenever possible, we based our recommenda-
tions on RCTs or meta-analyses of RCTs. However, we
found that randomised data were mostly scarce or lacking.
This was expected given the catastrophic prognosis of
BAO, due to which randomised trials of reperfusion thera-
pies compared to conventional treatment (comprising anti-
platelets or anticoagulation) may not be considered ethical.
Hence, we also used data from NRSIs, which are more
prone to selection bias and confounding, however, we fol-
lowed the Cochrane recommendations for combining data
from RCTs and NRSIs.

Cochrane methodology, GRADE, is the cornerstone of
ESO guidelines. The rigorous approach of this methodol-
ogy can explain the very low quality of evidence for EVT
in PICO 2 and 3. The robustness of this system is under-
scored by the fact that the same evaluation was performed
in other available meta-analyses of the same RCTs, includ-
ing investigators from China.”*® According to a recent
meta-analysis of RCTs, the associations reported in the
Asian trials were not robust, as indicated by a low fragility
index for every outcome and heterogeneity.”® We also want
to point out some general observations. First, the few exist-
ing RCTs were mostly (three out of four trials) performed in
Asian populations with a high prevalence of ICAD com-
pared to other populations. In these trials, EVT was com-
pared to BMT, which included IVT only in every fourth to
every third patient. According to the investigators, the latter
was linked to the fact that some patients had to initially pay
for the IVT. Furthermore, there might also be some differ-
ences in the system of care in patients who underwent EVT
compared to those in the BMT arm. Two of these trials were
positive,®” and one was neutral,® with a very high crossover
rate. In contrast, the BASICS trial’ randomised patients in
23 centres, of which 20 were in Europe and 3 in Brazil. In
this trial, 80% of patients in the BMT arm received IVT,

and there was no difference in functional outcome between
the arms. Second, no superiority of EVT was observed in
the subgroup analyses of ATTENTION and BAOCHE
RCTs, when BMT included solely IVT-treated patients.
Third, the direction of the treatment effect in the forest plots
of the RCTs and NRSIs were largely determined by the pro-
portion of IVT in the BMT arms, which was further con-
firmed by interaction analyses. Finally, the ATTENTION
and BAOCHE trials used more restrictive inclusion criteria
and selected patients with a more favourable profile toward
EVT-associated efficacy. This includes a prolonged time
window, younger patients with minimum pre-stroke disa-
bility, and no significant ischaemic changes on baseline
imaging. Consequently, generalizing the findings to other
patient populations may be questionable.

Regarding another set of interaction analyses investi-
gating the potential treatment-modifying effect on NIHSS
scores, we would like to point out that the interaction anal-
yses of this variable were typically reported in 2 or 3 cat-
egories with various cutoffs values between different
studies. We observed a significant treatment-modifying
effect stratified by a baseline NIHSS score of 10, favouring
BMT for patients with NIHSS < 10. This is in line with a
recently published meta-analysis of two RCTs.* If we look
at the data from the Asian RCTs, we notice that the major-
ity of the recruited patients had extremely severe clinical
symptoms on admission. In the BEST trial, the median
NIHSS in the EVT arm was 32, which gives us a better
understanding of the population of patients to whom the
results of these trials apply. Indeed, the ATTENTION
investigators stated that their results are not generalizable
for patients with an NIHSS of less than 10. The effect of
EVT was more visible in proximal and middle locations
but less in distal occlusions.

The next block of PICO questions addressed the possi-
ble treatment-modifying effect of recanalisation therapy
stratified by early ischaemic signs, collateral flow, core,
and perfusion imaging. Mostly consensus-level recom-
mendations were given, but future research may evaluate
treatment-modifying effect of novel collateral scores® or
scores combining the collateral status and early ischaemic
changes.'%

Similar to anterior circulation strokes,'°! we also
observed better outcomes of combined IVT + EVT over
direct EVT approach. In technical terms, we suggest direct
aspiration over stent-retriever as the first-line strategy.
New trials are needed to find evidence whether EVT under
general anaesthesia leads to better outcome than with no
general anaesthesia, however, very recent data from the
post-hoc analysis of the BASICS RCT suggest that early
intubation was linked to unfavourable outcomes.'”? In a
consensus statement, the MWG suggests rescue PTA and/
or stenting after a failed EVT procedure. The ANGEL-
REBOOT RCT could bring some more light into this issue.
Finally, there are no evidence-based data on the add-on

1
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antithrombotic treatment during or after recanalisation
therapies. Such evidence should be derived from RCTs. In
situations where inclusion in a dedicated RCT is not pos-
sible, we suggest (with a very low level of evidence) that
in the case of complicated EVT (defined as failed, or
imminent re-occlusion, or need for additional stenting or
angioplasty), add-on antithrombotic treatment may be
used. However, this should be employed as a rescue strat-
egy after assessing the bleeding risk of patients in the event
of unsuccessful EVT, in line with the ESO guidelines on
the management of ICAD.%

In conclusion, this ESO guideline aims to address the pri-
mary clinical questions on the acute management of patients
with BAO, which is associated with one of the worst natural
outcomes among stroke patients. Unlike other guidelines,
we do not anticipate the availability of new randomised data
specifically for this stroke subtype in the near future.
However, we might see a comparison between alteplase and
tenecteplase, and there is potential for individual patient
data pooled analysis from some of the RCTs and/or regis-
tries, which could provide new insights in the future.

Table 7. Synoptic table of all recommendations and Expert Consensus Statements.

Recommendation

Expert consensus statement (10 voting members)

PICO | for adults with BAO-related acute ischaemic stroke presenting within 24 h from the time last known well, does intravenous thrombolysis

(IVT) alone compared to no IVT improve outcomes?

For adults with BAO-related acute ischaemic stroke presenting within
24 h from the time last known well, there are insufficient data to make
an evidence-based recommendation on the use of IVT. Please see the

Expert Consensus Statement below.

Quality of evidence: -

Strength of recommendation: -

I. For adults with BAO-related acute ischaemic stroke
presenting within 4.5h from the time last known well without
contraindications for VT and without extensive ischemic changes
in the posterior circulation*, 10/10 MWG members suggest
intravenous thrombolysis rather than no intravenous thrombolysis
(please also see PICO 5 and 7).

2. For adults with BAO-related acute ischaemic stroke presenting

between 4.5 and 12h from the time last known well without
contraindications for IVT (apart from the time window) and
without extensive ischemic changes in the posterior circulation®,
8/10 MWG members suggest intravenous thrombolysis rather
than no intravenous thrombolysis (please also see PICO 5 and 7).

3. For adults with BAO-related acute ischaemic stroke presenting
between 12 and 24 h from the time last known well without
contraindications for IVT (apart from the time window) and
without extensive ischemic changes in the posterior circulation*,
8/10 MWG members suggest intravenous thrombolysis rather
than no intravenous thrombolysis (please also see PICO 5 and 7).

*extensive bilateral and/or brainstem ischemic changes

PICO 2 For adults with BAO-related acute ischaemic stroke within 6 h of symptoms onset, does endovascular treatment (EVT) plus best medical

treatment (BMT) compared with BMT alone improve outcomes?

For adults with BAO-related acute ischaemic stroke presenting within 6h
from the time last seen well, we suggest EVT plus BMT over BMT alone*.
However, there are caveats, and this recommendation does not apply to
all patients as detailed below.

The recommendation considers only patients with NIHSS = 10 (please
see also PICO 4).

*The effect of treatment depends on use of IVT in BMT group, with
greater benefit of EVT seen in those trials with lesser use of IVT.
Actually, much of this evidence comes from Asian trials with high
prevalence of ICAD, and in which BMT often comprises conventional
therapy only (antiaggregatory and anticoagulation). For imaging criteria,
please refer to PICO 5).

Quality of evidence:

Strength of recommendation:

(Continued)
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Table 7. (Continued)

Recommendation Expert consensus statement (10 voting members)

PICO 3 for adults with BAO-related acute ischaemic stroke 6—24h from the time last known well, does EVT plus BMT compared with BMT
alone improve outcomes?

For adults with BAO-related acute ischaemic stroke presenting within
6-24h from the time last known well, we suggest EVT plus BMT over
BMT alone.* However, there are caveats, and this recommendation does
not apply to all patients as detailed below.

The recommendation considers only patients with NIHSS = 10 (please
see also PICO 4).

* Much of this evidence comes from Asian trials with high prevalence
of ICAD, and in which BMT often comprises conventional therapy only
(antiaggregatory and anticoagulation). For imaging criteria, please refer
to PICO 5.

Quality of evidence:

Strength of recommendation:

PICO 4 for adults with BAO-related acute ischemic stroke, does selection of reperfusion treatment (IVT or EVT) based on specific presentation
(e.g. high NIHSS cutoff, coma on admission, proximal location of basilar artery occlusion) compared with other presentation features (e.g. low
NIHSS cutoff, no coma on admission, distal location of basilar artery occlusion) modify the outcome?

For adults with BAO-related acute ischaemic stroke, there is a
differential treatment effect (a significant interaction) of reperfusion
therapy according to specific presentation. The treatment effect is
different for patients with high compared to low NIHSS scores and
for proximal or middle locations of basilar artery occlusions compared
to distal locations. (See also PICO 2 and 3 for caveats in general
recommendations).

For patients presenting with severe symptoms (NIHSS = 10), we
suggest BMT + EVT over BMT only*.

*The effect is stronger for proximal and middle location of the
occlusion.

Quality of evidence:
Strength of recommendation:

For patients presenting with mild-to-moderate symptoms

(NIHSS < 10), we could not find evidence to recommend EVT over
BMT for efficacy, but BMT appeared safer than EVT. We suggest BMT
only over EVT+BMT in this group*.

*These data come from a randomised trial with low prevalence

of ICAD, and in which BMT very often comprised intravenous
thrombolysis. These findings are also supported by non-randomised
data.

Quality of evidence:

Strength of recommendation:

PICO 5 For adults with BAO-related acute ischaemic stroke, does selection of reperfusion therapy (IVT and/or EVT) candidates based on a
particular pc-ASPECTS compared with no specific threshold improve identification of patients with a therapy effect on outcomes?

For adults with BAO-related acute ischaemic stroke without extensive  For adults with BAO-related acute ischaemic stroke with ischaemic

ischaemic changes at baseline (pc-ASPECTS 7-10), we suggest changes at baseline being more extensive than those included in
reperfusion therapy over no reperfusion therapy according to the randomised controlled clinical trials (i.e. pc-ASPECTS 0-6), 10/10
certainty of evidence and strength of recommendation in PICOs 1, 2, MWG members suggest considering other prognostic variables (such
3,4,and 7. as pre-stroke handicap, age, frailty) before offering reperfusion therapy.
For adults with BAO-related acute ischaemic stroke with pc- However, for patients with very extensive bilateral and/or brainstem
ASPECTS 0-6, there are insufficient data to make an evidence-based ischemic lesions, 7/10 MWG members suggest no reperfusion therapy

recommendation on the use of reperfusion therapy. (See the Expert
Consensus Statement below).

Quality of evidence: -

Strength of recommendation: -

(Continued)



Strbian et al. 45

Table 7. (Continued)

Recommendation Expert consensus statement (10 voting members)

PICO 6 for adults with BAO-related acute ischaemic stroke, does selection of reperfusion therapy (EVT or IVT) candidates based on advanced
imaging criteria (perfusion, core, or collateral imaging) compared with no advanced imaging improve identification of patients with a therapy
effect on outcomes?

For adults with BAO-related acute ischaemic stroke, there are For adults with BAO-related acute ischaemic stroke (and in the
insufficient data to make an evidence-based recommendation on the absence of extensive ischaemic changes in the posterior circulation™),
selection of reperfusion therapy based on evaluation of advanced 10/10 MWG members suggest reperfusion therapy (EVT or IVT)
imaging (perfusion, core, or collateral imaging). Please see the Expert rather than no reperfusion therapy, irrespective of any collateral score
Consensus Statement below. points.

Quality of evidence: - *extensive bilateral and/or brainstem ischemic changes

Strength of recommendation: -

PICO 7 for adults with BAO-related acute ischaemic stroke without contraindication for IVT, does direct EVT compared to EVT plus IVT
improve outcomes?

For adults with BAO-related acute ischaemic stroke, we suggest
combined IVT and EVT treatment over direct EVT in case IVT is not
contraindicated.

Quality of evidence:

Strength of recommendation:

PICO 8 for adults with BAO-related acute ischaemic stroke, does mechanical thrombectomy using direct aspiration as the first-line strategy
compared with a stent retriever as the first-line strategy improve outcomes?

For adults with BAO-related acute ischaemic stroke, we suggest EVT
using direct aspiration over stent retriever as the first-line strategy.

Quality of evidence:
Strength of recommendation:

PICO 9 for adults with BAO-related acute ischaemic stroke and with suspected intracranial atherosclerotic disease (ICAD) and BA stenosis,
does PTA and/or stenting of the basilar artery plus EVT compared with EVT alone improve outcomes?

For adults with BAO-related acute ischaemic stroke and with a For adults with BAO-related acute ischaemic stroke and with
suspected ICAD and BA stenosis, there is insufficient evidence to suspected ICAD and severe underlying BA stenosis, 10/10 MWG
make an evidence-based recommendation on the use of PTA and/ members suggest rescue PTA and/or stenting after failed endovascular
or stenting in addition to EVT. Please see the Expert Consensus procedure (please also see PICO 10).

Statement below.
Quality of evidence: -

Strength of recommendation: -

PICO 10 For adults with BAO-related acute ischaemic stroke subjected to reperfusion therapy (EVT or IVT), does add-on antithrombotic
treatment during EVT or within 24h after IVT or EVT compared with no add-on antithrombotic treatment improve outcomes?

For adults with BAO-related acute ischaemic stroke treated with EVT
and no concomitant IVT, and where EVT procedure is complicated
(defined as failed, or imminent re-occlusion, or need for additional
stenting or angioplasty), we suggest add-on antithrombotic* treatment
during EVT procedure or within 24 h after EVT over no add-on
antithrombotic treatment.

*However, this should be used as a rescue strategy after assessing the
bleeding risk of patients in case of failed EVT, in line with the ESO
guidelines on the management of ICAD.%

Quality of evidence:

Strength of recommendation:
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Plain language summary

The basilar artery supplies blood to the back of the brain
and brainstem, including critical areas involved in the regu-
lation of breathing, consciousness, swallowing, vision, and
mobility. Individuals who suffer an ischaemic stroke due to
a blood clot in the basilar artery, have a very high risk of
death or permanent disability if the clot cannot be dissolved
or removed rapidly. The two treatment strategies aimed at
acute clot busting or removal are administration of clot-
dissolving drugs into a vein (intravenous thrombolysis) and
mechanical removal of the clot with a catheter placed into
an artery (mechanical thrombectomy). However, these
treatments also carry risks, such as bleeding in the brain,
and they can be ineffective if given too late. This guideline
provides recommendations for the acute treatment of stroke
caused by basilar artery occlusion using clot-busting or
removal therapies.

The key recommendations/suggestions of the guideline
include the following:

1. Treat patients with basilar artery occlusion with
intravenous thrombolysis within 24h of symptom
onset if there are no contraindications, such as
extensive, already permanent ischaemic damage to
the brain. Thrombolysis should be used regardless
of the severity of stroke symptoms.

2. Treat patients with basilar artery occlusion and mod-
erate-to-severe stroke symptoms with mechanical
thrombectomy within 24 h of symptom onset if there
is not extensive, already permanent ischaemic dam-
age to the brain. Patients with mild stroke symptoms
may experience harm from thrombectomy.

3. Use intravenous thrombolysis in addition to
mechanical thrombectomy if there are no
contraindications.

4. Choose direct suction of the clot with an aspiration
catheter as the first-line approach in mechanical
thrombectomy, instead of a stent retriever.

Some of the recommendations and suggestions about
mechanical thrombectomy for patients with symptoms due
to basilar artery clot were supported by very low-quality
evidence, whereas the rest were based on expert opinions.
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