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Summary
Background Trials of endovascular therapy for basilar artery occlusion, including vertebral occlusion extending into 
the basilar artery, have shown inconsistent results. We aimed to pool data to estimate safety and efficacy and to 
explore the benefit across pre-specified subgroups through individual patient data meta-analysis.

Methods VERITAS was a systematic review and meta-analysis that pooled patient-level data from trials that recruited 
patients with vertebrobasilar ischaemic stroke who were randomly assigned to treatment with either endovascular 
therapy or standard medical treatment alone. We included studies done between Jan 1, 2010, and Sept 1, 2023. The 
primary outcome was 90-day favourable functional status (modified Rankin Scale [mRS] score 0–3, with a score of 3 
indicating moderate disability). Safety outcomes were symptomatic intracranial haemorrhage and 90-day mortality.

Findings We screened 934 titles and abstracts. Of these, seven (<1%) full texts were screened. We included four trials 
(ATTENTION, BAOCHE, BASICS, and BEST). The pooled data included 988 patients (556 [56%] in the intervention 
groups and 432 [44%] in the control groups; median age 67 years [IQR 58–74]; 686 (69%) were male and 302 (31%) 
were female). 904 (91%) patients were randomly assigned within 12 h of estimated stroke onset. Three RCTs were 
done in a Chinese population and one included European and Brazilian patients. The proportion of patients achieving 
favourable functional status was higher in the endovascular therapy than control group (90-day mRS score 0–3 in 251 
[45%] participants vs 128 [30%]; adjusted common odds ratio 2·41 [95% CI 1·78–3·26]; p<0·0001). Endovascular 
therapy led to an increase in functional independence (mRS score 0–2 in 194 [35%] participants vs 89 [21%]; 2·52 
[1·82–3·48]; p<0·0001) as well as a reduction in both the degree of overall disability (2·09 [1·61–2·71]; p<0·0001) and 
mortality (198 [36%] of 556 patients vs 196 [45%] of 432; 0·60 [0·45–0·80]; p<0·0001) at 90 days, despite higher rates 
of symptomatic intracranial haemorrhage (30 [5%] of 548 vs two [<1%] of 413; 11·98 [2·82–50·81]; p<0·0001). 
Heterogeneity of treatment effect was noted for baseline stroke severity (uncertain effect in baseline National 
Institutes of Health Stroke Scale <10) and occlusion site (greater benefit with more proximal occlusions) but not 
across subgroups defined by age, sex, baseline posterior circulation Alberta Stroke Program Early CT Score, presence 
of atrial fibrillation or intracranial atherosclerotic disease, and time from onset to imaging. 

Interpretation VERITAS supports the robust benefit of endovascular therapy in patients with vertebrobasilar artery 
occlusion with moderate to severe symptoms, with approximately 2·5-times increased likelihood of achieving a 
favourable functional outcome. Despite a significant increase in symptomatic intracranial haemorrhage risk, 
endovascular therapy for vertebrobasilar artery occlusion was associated with a significant reduction in both overall 
disability and mortality. Although the benefit of endovascular therapy remains uncertain for patients vertebrobasilar 
artery occlusion presenting with mild stroke severity and extensive infarcts on neuroimaging, we found a significant 
clinical benefit across a range of patients with vertebrobasilar artery occlusion.

Funding None.

Copyright © 2024 Elsevier Ltd. All rights are reserved, including those for text and data mining, AI training, and 
similar technologies.

Introduction 
The overwhelming benefit of endovascular therapy for 
acute ischaemic stroke due to large vessel occlusion 
involving the anterior circulation has been shown in 
large, collaborative meta-analyses of individual patient 

data derived from randomised clinical trials (RCTs) in 
both the early and late treatment time windows.1,2 
Although vertebrobasilar artery occlusion (VBAO) 
accounts for only about 1% of all ischaemic strokes and 
5–10% of all proximal intracranial occlusions, it 
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represents a devastating condition leading to high rates 
of severe disability and mortality that might exceed 
70–80% without appropriate intervention.3,4 Even though 
VBAO was one of the first targets for intra-arterial 
therapy with initial reports dating back to as early as 
1983,5 whether endovascular therapy is beneficial for 
acute VBAO remains uncertain.

The American Heart Association guidelines updated in 
2019 considered endovascular therapy for patients with 
VBAO strokes to be a reasonable treatment option on the 
basis of evidence stemming from the observational 
studies available at the time (Class IIb; Level of 
Evidence C).6 The results from two RCTs (Basilar Artery 
International Cooperation Study7 [BASICS] and Acute 
Basilar Artery Occlusion: Endovascular Interventions 
Versus Standard Medical Treatment8 [BEST]) for 
occlusions involving the vertebrobasilar circulation did 
not show significant differences between endovascular 

therapy versus best medical management alone. Although 
these studies had limitations including slow recruitment, 
lack of consecutive enrolment, high crossover rate, and 
limited sample size, they helped re-establishing equipoise 
and thus paved the way for two subsequent trials. The 
Endovascular Treatment For Acute Basilar Artery 
Occlusion (ATTENTION) and Basilar Artery Occlusion 
Chinese Endovascular Trial (BAOCHE) trials randomly 
assigned patients to endovascular therapy or medical 
treatment alone within 0–12 h (ATTENTION) and 6–24 h 
(BAOCHE) from time of estimated VBAO, and showed 
significantly better functional outcomes with endovascular 
therapy compared with best medical treatment despite an 
increased risk of symptomatic intracranial haemorrhage.9,10

To provide more precise, inclusive, and powered 
estimates from these ambiguous results, we—the main 
investigators from the ATTENTION, BAOCHE, BASICS, 
and BEST trials—formed the Vertebrobasilar Occlusion 

Research in context

Evidence before this study
Endovascular therapy is the gold-standard treatment for 
eligible patients with acute ischaemic stroke due to large vessel 
occlusion involving the anterior circulation. However, whether 
endovascular therapy is beneficial for acute basilar artery 
occlusion or vertebral occlusion extending into the basilar 
artery is unclear. The results from two early randomised 
controlled trials (RCTs), BASICS and BEST, were inconclusive. 
Several limitations were encountered in these studies including 
slow recruitment, non-consecutive enrolment, and high 
crossover rates. Two other randomised trials, ATTENTION and 
BAOCHE, showed that endovascular therapy can lead to better 
functional outcomes compared with best medical treatment 
despite an increased risk of symptomatic intracerebral 
haemorrhage. In this systematic review and individual patient 
data meta-analysis, we searched PubMed, Web of Science, 
EMBASE, and ClincalTrials.gov, using the search terms “stroke”, 
“endovascular”, “basilar”, “vertebrobasilar”, “vertebral”, and 
“posterior circulation” to identify relevant RCTs published 
between Jan 1,2010, and Sept 1, 2023, with no language 
restrictions, testing the efficacy of endovascular therapy using 
modern thrombectomy technology in patients presenting with 
vertebrobasilar artery occlusion. Although meta-analyses of 
observational studies and study level meta-analyses of RCTs 
have been published, we did not identify any patient-level 
meta-analyses in our search.

Added value of this study
We pooled data to assess the safety and efficacy endovascular 
therapy for vertebrobasilar artery occlusion and to explore the 
benefits across pre-specified subgroups through an individual 
patient-level meta-analysis. This analysis provided accurate 
overall estimates from all available evidence and showed the 
expected benefits across different subgroups. We found an 
approximately 2·5-times higher likelihood of achieving a 
favourable functional outcome (being able to walk 

independently) with endovascular therapy compared with 
standard medical management. Despite a significant increase 
in risk of symptomatic intracranial haemorrhage, endovascular 
therapy for vertebrobasilar artery occlusion was associated with 
a significant increase in functional independence as well as a 
reduction in both the degree of overall disability and mortality 
at 90 days. Although the benefit of endovascular therapy 
remained uncertain for patients presenting with mild stroke 
severity (baseline National Institutes of Health Stroke Scale 
score <10), we found a significant clinical benefit across a range 
of patients in terms of age, baseline infarct burden, level of 
vertebrobasilar artery occlusion, and time from vertebrobasilar 
artery occlusion to imaging, as well as for patients eligible and 
ineligible for intravenous thrombolytics. Because three of the 
four included trials were done in China and Asians are known to 
have higher incidence of intracranial atherosclerotic disease, the 
generalisability of our findings to Western countries needs to be 
considered. However, subgroup analysis showed significant 
benefit in patients with and without intracranial atherosclerotic 
disease as well as in those with and without atrial fibrillation 
suggesting a retained benefit across various causes of 
vertebrobasilar artery occlusion.

Implications of all the available evidence
Our study provides evidence to support endovascular therapy in 
a range of patients with vertebrobasilar artery occlusion. 
The observed benefit has important implications for clinical 
practice and health policies, and might result in changes to 
guidelines. Although the benefit of endovascular therapy 
remains uncertain for vertebrobasilar artery occlusion patients 
presenting with mild stroke severity and extensive infarcts on 
neuroimaging, we found a significant clinical benefit across a 
range of patients with vertebrobasilar artery occlusion. Most of 
the patients pooled in this study presented within 12 h of 
estimated stroke onset.
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Randomization to Endovascular Reperfusion versus 
Intravenous Thrombolysis or Medical Treatment Alone 
Systematic Evaluation (VERITAS) Collaboration. Herein, 
we report the results of a systematic review and meta-
analysis of individual patient data derived from all 
published randomised controlled trials comparing the 
safety and efficacy of modern era endovascular therapy 
versus standard medical therapy in patients VBAO with 
while also exploring for potential heterogeneity of 
treatment effect across pre-specified patient subgroups.

Methods 
Search strategy and selection criteria 
In this systematic review and individual patient data 
meta-analysis, we searched PubMed, Web of Science, 
EMBASE, and ClincalTrials.gov, using the search terms 
“stroke”, “endovascular”, “basilar”, “vertebrobasilar”, 
“vertebral”, and “posterior circulation” to identify relevant 
RCTs published between Jan 1, 2010, and Sept 1, 2023, 
with no language restrictions, which recruited patients 
with posterior circulation ischaemic stroke who were 
randomly assigned to treatment with either endovascular 
therapy or standard medical treatment alone.

We established the VERITAS collaboration to pool 
patient level data from included trials. RGN and MFD 
did the literature searches. MFD, RGN, and TM extracted 
the data from all individual datasets. MFD and TM cross-
checked the data against previous publications. Any 
conflicts were resolved through consensus in 
coordination with the lead author (RGN).

Ethics approval for patient inclusion in the RCTs was 
obtained from each respective trial’s participating centres 
or the central national ethical committees, as reported in 
the respective publications. All patients or proxies 
provided informed consent for data collection and usage 
in the original trials; all data were anonymised before 
pooling. This study followed a predefined protocol based 
on the PRISMA guidelines for individual patient data 
meta-analyses.

Outcomes 
The pre-specified primary outcome in this meta-analysis 
was favourable functional status, defined as a modified 
Rankin Scale (mRS; ranging from 0 for no residual 
symptoms to 6 for death, with a score of 3 indicating 
moderate disability with the ability of walking 
independently) score of 0–3 at 90 days (–14 to +30 days). 
Pre-specified secondary outcomes included indepen
dent functional outcome, defined as a mRS score of 
0–2 denotating functional independence, at 90 days; the 
distribution of mRS scores towards an improved 
outcome at 90 days; and stroke severity as measured with 
the National Institutes of Health Stroke Scale (NIHSS) at 
24 h (–6 to +48 h) after stroke onset. We assessed technical 
efficacy by revascularisation at the end of the endovascular 
therapy using the modified Thrombolysis in Cerebral 
Infarction (mTICI) scale with successful revascularisation 

defined as a score of 2b or 3 (corresponding to reperfusion 
of at least 50% of the affected vascular territory) as 
adjudicated by the core laboratory of each individual 
trial.14 Safety outcomes were symptomatic intracranial 
haemorrhage according to the modified Safe Imple
mentation of Thrombolysis in Stroke–Monitoring Study 
criteria, defined as local or remote parenchymal 
haemorrhage type 2 (eg, haematoma occupying ≥30% of 
the infarcted tissue, with obvious mass effect), 
subarachnoid haemorrhage, or intraventricular haemorr
hage on an imaging scan obtained 24–72 h after 
treatment, combined with a neurological deterioration of 
at least 4 points from baseline on the NIHSS or from the 
lowest NIHSS score between baseline and 24 h or leading 
to death that was deemed causative of the deterioration,15 
and death from any cause within 90 days (–14 to +30 days).

Statistical analysis 
Details of the statistical analysis plan are available in the 
appendix (pp 5–10). The coordinating centre (University 
of Pittsburgh, PA, USA) established a core data set that 
includes common variables, definitions, and trial 
specifications in anticipation of the data merging for the 
pooled analysis. The team of each trial was contacted to 
provide the required data, and TM did the statistical 
analyses for the primary outcome, secondary efficacy 
outcomes, and safety outcomes. The primary analysis 
relied on the intention-to-treat (ITT) principle and 
secondary analyses included the results from the 
per protocol and the as-treated population. This analysis 
used a one-stage regression approach for meta-analyses of 
individual patient data to assess the primary and secondary 
efficacy outcomes as well as safety outcomes. We also 
planned to study the heterogeneity of the treatment effects 
across pre-specified subgroups. To account for between-
trial differences, we used mixed-effects modelling for all 
analyses, with fixed effects for parameters of interest such 
as treatment assignment. The primary analyses used 
mixed-effects binary logistic regression to answer the 
following research question: “do patients with acute 
ischaemic stroke due to VBAO randomly assigned within 
24 h of estimated time of VBAO to randomisation have 
higher rates of favourable functional status (mRS score 
0–3) at 90 days when treated with endovascular therapy 
compared with standard medical management?” For 
analyses of the full mRS scores, we report unadjusted and 
adjusted treatment effects using common odds ratios 
(cORs) to indicate the odds that the intervention would 
lead to an improvement of at least 1 point on the mRS in a 
shift analysis. Missing data for relevant variables are 
described in the appendix (p 18). We imputed ten complete 
datasets using fully conditional specification provided 
multiple imputation by chained equations in R and 
Rubin’s rules were used to pool the estimates across 
imputation sets.16,17 The reported estimates were adjusted 
for age, baseline stroke severity on the NIHSS, baseline 
posterior circulation Acute Stroke Prognosis Early CT 

See Online for appendix
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Score (pc-ASPECTS), pre-morbid mRS score, use of 
intravenous thrombolytics, history of atrial fibrillation, 
and time from estimated stroke onset to imaging.

We also reported the number needed to treat (NNT) to 
estimate the overall treatment effect for both mRS scores 
of 0–3 using crude analysis of 1/absolute risk reduction 
and adjusted OR following previously described 
methods.18 We additionally reported NNT according to the 
shift in the degree disability at 90 days by calculating the 
geometric mean of the values derived by the algorithmic 
joint outcome table method and the permutation test.19,20 

We examined the heterogeneity of treatment effect by 
pre-specified clinically relevant variables on the primary 
outcome (mRS score 0–3 at 90 days) and the three main 
secondary outcomes (functional independence and mRS 
score distribution at 90 days, and 90-day mortality) using 
a multiplicative interaction term (treatment × pre-
specified variable) and mixed methods modelling. 
Pre-specified variables included age, sex, baseline stroke 
severity on NIHSS, baseline posterior circulation Acute 
Stroke Prognosis Early CT Score (pc-ASPECTS), pre-
morbid mRS, use of intravenous thrombolytics, history of 
atrial fibrillation, presence of intracranial atherosclerotic 
disease, level of vertebrobasilar occlusion, and time from 
estimated stroke onset to imaging. Stratum-specific 
treatment effects along with the p value for the interaction 
term were reported graphically using forest plots. 
Statistical analyses were done using SAS (version 9.4), 
STATA (version 17) and R (version 4.2.1).

Role of the funding source 
There was no funding for this study.

Results 
We screened 934 titles and abstracts. Of these, seven 
(<1%) full texts were screened. We included four studies 
in the systematic review and meta-analysis: BEST (n=131), 
BASICS (n=300), ATTENTION (n=340), and BAOCHE 
(n=217). All trials followed a 1:1 randomisation scheme, 
with the exception of the ATTENTION trial, which 
randomly assigned twice as many patients to endovascular 
therapy as to control (ie, 2:1 randomisation).9 Notably, we 
excluded three RCTs that included combined VBAO and 
anterior circulation patients because of the small number 
of VBAOs (four patients in Mechanical Thrombectomy 
After Intravenous Alteplase versus Alteplase Alone After 
Stroke [THRACE],11 four patients in Interventional 
Management of Stroke III [IMS II],12 and ten patients in 
Endovascular Acute Stroke Intervention [EASI]13). Sum
maries of the design of included RCTs are in the appendix 
(pp 16–17).

All included trials required imaging confirmation of 
basilar artery occlusion (with or without involvement of 
the intracranial vertebral artery). Specifically, patients 
with isolated vertebral artery occlusion (eg, patent basilar 
artery) were not included in any of the trials. The 
definition of time of estimated stroke onset was overall 
similar across the four trials (appendix pp 16–17), 
focusing on the onset of acute symptoms leading to the 
clinical diagnosis of VBAO or, if not known, the time the 
patient was last known to be at baseline. The BEST and 
ATTENTION trials did not consider the time of any 
preceding minor prodromal symptoms and the 
BAOCHE trial did not consider isolated vertigo as onset 
time.

The pooled data from the four included trials yielded a 
total of 988 patients (556 [56%] assigned to endovascular 
therapy and 432 [44%] assigned to standard medical 

Control (n=432) Endovascular 
treatment (n=556)

Total (n=988)

Median age, years 67 (58–74) 67 (57–74) 67 (58–74)

Sex

Male 309/432 (712%) 377/556 (68%) 686/988 (69%)

Female 123/432 (28%) 179/556 (32%) 302/988 (31%)

Baseline NIHSS score 22 (12–35) 22 (14–35) 22 (13–35)

Pre-morbid mRS score 0 (0–0) 0 (0–0) 0 (0–0)

0 355/432 (82%) 469/555 (85%) 824/987 (83%)

1 50/432 (12%) 61/555 (11%) 111/987 (11%)

2 25/432 (6%) 22/555 (4%) 47/987 (5%)

3 2/432 (<1%) 3/555 (1%) 5/987 (1%)

Median pc-ASPECTS 9 (8–10) 9 (8–10) 9 (8–10)

4 1/426 (<1%) 2/544 (<1%) 3/970 (<1%)

5 4/426 (1%) 6/544 (1%) 10/970 (1%)

6 33/426 (8%) 42/544 (8%) 75/970 (8%)

7 51/426 (12%) 57/544 (10%) 108/970 (11%)

8 73/426 (17%) 107/544 (20%) 180/970 (19%)

9 55/426 (13%) 71/544 (13%) 126/970 (13%)

10 209/426 (49%) 259/544 (48%) 468/970 (48%)

Atrial fibrillation 71/432 (16%) 121/556 (22%) 192/988 (19%)

Coronary artery disease 59/431 (14%) 82/556 (15%) 141/987 (14%)

Time to imaging, h 3·81 (1·85–6·75) 3·80 (1·58–6·48) 3·81 (1·69–6·63)

Intravenous thrombolysis 199/432 (46%) 223/556 (40%) 422/988 (43%)

Hypertension 284/430 (66%) 390/556 (70%) 674/986 (68%)

Diabetes 95/432 (22%) 123/555 (22%) 218/987 (22%)

History of stroke 96/432 (22%) 116/556 (21%) 212/988 (21%)

Intracranial atherosclerosis 121/355 (34%) 220/461 (47%) 341/832 (41%)

Cause of stroke

Cardioembolic 74/418 (18%) 122/548 (22%) 196/966 (20%)

Large artery atherosclerosis 186/418 (44%) 273/548 (50%) 459/966 (48%)

Other or undetermined 158/418 (38%) 153/548 (28%) 311/966 (32%)

Occlusion Site*

Distal 1/3 BA 110/356 (31%) 137/477 (29%) 247/833 (30%)

Mid 1/3 BA 107/356 (30%) 151/477 (32%) 258/833 (31%)

None 0/356 1/477 (<1%) 1/833 (<1%)

Proximal 1/3 BA 125/356 (35%) 156/477 (33%) 281/833 (34%)

Vertebral 14/356 (4%) 32/477 (7%) 46/833 (6%)

Data are median (IQR), or n/N (%). IVT=intravenous thrombolysis. mRS= modified Rankin scale. NIHSS=National 
Institutes of Health Stroke Scale. pc-ASPECTS=posterior circulation Acute Stroke Prognosis Early CT Score. *The Acute 
Basilar Artery Occlusion: Endovascular Interventions Versus Standard Medical Treatment (BEST) trial was excluded as 
the relevant data were not available.

Table 1: Baseline characteristics of participants in individual pooled patient data
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treatment alone). The median age of the participants 
was 67 years (IQR 58–74), 686 (69%) were male, 
302 (31%) were female, and 422 (42%) received 
intravenous thrombolytics (table 1). The median 
baseline NIHSS score was 22 (13–35) and median 
pc-ASPECTS was 9 (8–10). The median time from 
estimated VBAO to imaging was 3·81 h (1·69–6·63), 
with 904 (91%) patients randomly assigned  within 12 h 
of estimated stroke onset.

Large artery atherosclerosis was thought to be the 
cause of the VBAO in 459 (48%) of 966 patients, 
including intracranial atherosclerotic disease in 
341 (41%) of 832, whereas 196 (20%) of 966 VBAOs were 
thought to be cardioembolic in nature, including atrial 
fibrillation in 192 (19%) of 988 patients (table 1). Baseline 
characteristics were largely balanced between the 
populations, but slightly more patients in the 
endovascular therapy group had atrial fibrillation than 
in the control group (table 1). Endovascular therapy 
patients also had lower rates of intravenous thrombolysis 
than those in the control group (table 1). In individuals 
assigned to endovascular therapy, successful 
revascularisation (mTICI scale score 2b or 3) was 
achieved in 405 (85%) of 475 patients in the ITT analysis 
and in 417 (84%) of 497 patients in the as-treated 
population.

In the ITT analysis, the rate of the primary outcome, 
the proportion of patients with favourable functional 
status defined as an mRS score of 0–3 at 90 days was 
higher in the endovascular therapy than in the control 
group (251 [45%] vs 128 [30%]; aOR 2·41 [95% CI 
1·78–3·26]; p<0·0001). The NNT for one additional 
patient to have a favourable functional status was 
seven on crude estimation and six on adjusted estimation. 
Likewise, the proportion of patients with an independent 
functional outcome (mRS score 0–2) at 90 days was 
higher in the endovascular therapy than in the control 
group (194 [35%] vs 89 [21%]; aOR 2·52 [1·82–3·48]; 
p<0·0001). Endovascular therapy was associated with a 
significant reduction in the degree of overall disability at 
90 days (adjusted cOR 2·09 [1·61–2·71]; p<0·0001), 
translating into an NNT for any functional status 
improvement of three (figure 1).

In the ITT analysis, despite higher rates of symptomatic 
intracranial haemorrhage at 24–72 h (30 [5%] of 548 vs 
two [<1%] of 413; aOR 11·98 [95% CI 2·82–50·81]; 
p<0·0001) in the intervention group, endovascular 
therapy was associated with a reduction in 90-day 
mortality (198 [36%] of 556 vs 196 [45%] of 432; aOR 0·60 
[0·45–0·80]; p<0·0001). Details of all pre-specified 
efficacy and safety outcomes are shown in table 2. 
Complete case analysis and sensitivity analysis for 
crossover patients (per protocol and as treated) yielded 
similar significant results (appendix pp 19–21).

The results of the subgroup analyses for the primary 
outcome of ITT analysis (mRS score 0–3 at 90 days) are 
shown in figure 2. We assessed heterogeneity of 

treatment effect across the pre-specified variables 
including age, sex, baseline stroke severity on the 
NIHSS, baseline pc-ASPECTS, pre-morbid mRS score, 
use of intravenous thrombolytics, history of atrial 
fibrillation, presence of intracranial atherosclerotic 
disease, site of vertebrobasilar occlusion, and time from 
estimated stroke onset to imaging. The direction of 
effect favoured endovascular therapy across all strata 
except for NIHSS below 10, although the aORs for 
treatment were not significant for a pre-morbid mRS 
score of 2 or more, distal basilar artery occlusion, and 
those with time from onset to imaging 12 h or more 
(figure 2). Notably, effects favouring the intervention 
were significant in several subgroups of special interest, 

Figure 1: Distribution of mRS scores at 90 days
Adjusted for age (years), posterior circulation Acute Stroke Prognosis Early CT Score at baseline, atrial fibrillation, 
occlusion location based on angiographic imaging at baseline, National Institutes of Health Stroke Scale score at 
baseline, pre-stroke mRS score, and time from stroke onset to randomisation (minutes). EVT=endovascular 
treatment. mRS=modified Rankin Scale.
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mRS score
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Control 
(n=432)

Endovascular 
treatment 
(n=556)

Unadjusted odds 
ratio or mean 
difference (95% CI)

Adjusted odds ratio 
or mean difference 
(95% CI)

Favourable, mRS 
score ≤3

128/432 (30%) 251/556 (45%) 1·95 (1·50 to 2·55) 2·41 (1·78 to 3·26)

Independent, mRS 
score ≤2

89/432 (21%) 194/556 (35%) 2·13 (1·58 to 2·86) 2·52 (1·82 to 3·48)

90-day mRS score ·· ·· 1·65 (1·30 to 2·10) 2·09 (1·61 to 2·71)

0 18/432 (4%) 30/556 (5%) ·· ··

1 33/432 (8%) 84/556 (15%) ·· ··

2 38/432 (9%) 80/556 (14%) ·· ··

3 39/432 (9%) 57/556 (10%) ·· ··

4 54/432 (13%) 36/556 (6%) ·· ··

5 or 6 250/432 (58%) 269/556 (48%) ·· ··

NIHSS score at 24 h 22·0 (14%) 20·4 (14%) –2·02 (–3·85 to –0·19) –2·43 (–3·94 to –0·91)

Symptomatic 
intracranial 
haemorrhage

2/413 (<1%) 30/548 (5%) 11·90 (2·83 to 50·09) 11·98 (2·82 to 50·81)

90-day mortality 196/432 (45%) 198/556 (36%) 0·66 (0·51 to 0·86) 0·60 (0·45 to 0·80)

Data are n/N (%), unless otherwise indicated. mRS=modified Rankin scale. NIHSS=National Institutes of Health Stroke 
Scale. 

Table 2: Efficacy and safety outcomes in the pooled data, intention-to-treat population
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including patients with and without intracranial 
atherosclerotic disease as well as those with and without 
atrial fibrillation (appendix pp 22–24). 

Discussion 
This pooled analysis of patient-level data from all major 
published RCTs (BEST, BASICS, ATTENTION, and 
BAOCHE) that recruited patients with acute ischaemic 
strokes due to VBAO who were randomly assigned to 
receive either modern endovascular therapy or best 
medical treatment alone within 24 h from time of 
estimated time of VBAO showed a dramatic benefit of 
endovascular thrombectomy across various patient 
subgroups. We planned to only include trials that were 
published after 2010 to capture studies that incorporated 
the contemporaneous technology.21–23 However, by doing 
so, we have only excluded one small previous randomised 
trial that used intra-arterial infusion urokinase and was 
terminated prematurely because of poor recruitment after 
enrolling only 16 participants.24 The significant between-
studies heterogeneity noted for the primary and secondary 
outcomes reflects the variation between the four trials in 
terms of inclusion criteria, number of patients, stroke 
severity thresholds, duration of the studies, and different 
treatment windows. Despite this heterogeneity, the benefit 
of endovascular therapy in acute VBAO was clearly shown. 
Specifically, we found that, compared with best medical 
therapy alone, endovascular therapy was associated with 
an improvement of approximately 2·5 times in the odds 
of both the primary outcome (mRS score 0–3) as well as 
functional independence (mRS score 0–2) at 90 days. The 
reduction in overall disability observed in the VERITAS 
meta-analysis (90-day mRS score ordinal shift analysis: 
adjusted cOR 2·09 [95% CI 1·61–2·71]) is within the same 
range as that observed in the meta-analyses involving 
patients with anterior circulation large vessel occlusion 
and small to moderate infarct sizes on presentation 
(Highly Effective Reperfusion Evaluated in Multiple 
Endovascular Stroke Trials [HERMES], which involved 
early window [0–12-h] patients: 2·49 [1·76–3·53]; and 
Analysis of Pooled Data from Randomized Studies of 
Thrombectomy More Than 6 Hours after Last Known 
Well [AURORA], which involved patients in the extended 
[6–24 h] window: 2·54 [1·83–3·54]).

Although the absolute risk of symptomatic intracranial 
haemorrhage with endovascular therapy was similar in 
the VERITAS (5·5%), HERMES (4·4%), and AURORA 
(5·3%) meta-analyses, the risk of symptomatic 
intracranial haemorrhage with medical treatment alone 
was lower in VERITAS (0·5%) than in HERMES (4·3%) 
and AURORA (3·3%), suggesting that, by contrast with 
the anterior circulation, there may be an increase in the 
likelihood of symptomatic intracranial haemorrhage 
with endovascular therapy in relation to medical 
treatment alone in the setting of VBAO. Nonetheless, 
despite this significant increase in the risk for 
symptomatic intracranial haemorrhage, endovascular 
therapy for VBAO was associated with a significant 
reduction in 90-day mortality, a finding that has not been 
previously observed with anterior circulation strokes in 
the HERMES and AURORA meta-analyses.

Figure 2: Forest plot showing adjusted treatment effect for the primary outcome of favourable functional 
status (mRS score 0–3) at 90 days in pre-specified subgroups
Adjusted for age in years, baseline pc-ASPECTS, atrial fibrillation, occlusion location based on angiographic 
imaging at baseline, baseline NIHSS score, pre-stroke mRS score, and time from stroke onset to imaging (min). 
p values refer to results of interaction analyses. Time to randomisation was documented for all patients in the 
BEST, ATTENTION, and BAOCHE trials but was not available for BASICS trial. However, BASICS did not randomly 
assign any patients beyond 12 h. After the 12-h threshold, BAOCHE randomly assigned 82 patients, and 
ATTENTION randomly assigned an additional two patients, resulting in a total of 84 out of 988 patients (9%) 
randomly assigned beyond 12 h. Of these, 48 (9%) of 556 patients were in the endovascular therapy group and 
36 (8%) of 432 patients were in the control group. The rates of mRS score 0–3 were 23 (48%) of 48 in the 
endovascular therapy group versus ten (28%) of 36 in the control group. Time to imaging data were available for 
936 patients, with 52 cases missing. Most missing values (48) were from BASICS, and only four were from 
BAOCHE. Importantly, time to randomisation was recorded for all BAOCHE patients. Among the 936 patients with 
complete imaging data, 52 (6%) underwent imaging more than 12 h after symptom onset. Specifically for 
BAOCHE, time-to-imaging analysis revealed that 30 patients had imaging performed within (12 h), despite their 
time to randomisation being greater than 12 h. An additional two patients missing time to imaging data from 
BAOCHE had time to randomization greater than 12 h. aOR=adjusted common odds ratio. mRS=modified Rankin 
Scale. pc-ASPECTS=posterior circulation Acute Stroke Prognosis Early CT Score. NIHSS=National Institutes of 
Health Stroke Scale. *Vertebral artery occlusions extending into the basilar artery.
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An important question that remains unanswered 
relates to the value of endovascular therapy for patients 
with VBAO in the extremes of severity spectrum. 
Although many patients with large vessel occlusions 
involving the posterior circulation present with low 
NIHSS scores,25 ATTENTION did not include any 
patients while BEST only included 19 patients with an 
NIHSS score below 10. Patients with an NIHSS score 
below 10 were only added to the BASICS and BAOCHE 
trials after 91 (30%) of 300 (BASICS) and 61 (28%) of 218 
(BOACHE) of their patients had been recruited. Moreover, 
BAOCHE only included patients with an NIHSS score of 
at least 6 and the time window in which patients were 
enrolled did not overlap across the BASICS (0–6 h) and 
BAOCHE (6–24 h) trials. Not surprisingly, our subgroup 
analysis for patients presenting with an NIHSS score 
below 10 was underpowered at only 97 (61 [63%] in 
BASICS, 17 [18%] in BAOCHE, and 19 [20%] in BEST) 
patients and showed inconclusive results. In alignment 
with these findings, the ATTENTION Registry26 also 
showed that the effect of endovascular therapy is small in 
patients with an NIHSS score below 10 on presentation 
(adjusted risk ratio [aRR] 1·05 [95% CI 0·80–1·38]). There 
are several possible explanations why patients with milder 
symptoms might experience a lower treatment effect, 
including better collateral flow, a lower thrombus burden, 
non-occlusive thrombus, or more distal basilar thrombi, 
which might be more responsive to intravenous 
thrombolysis alone. Indeed, previous evidence suggests 
that many of these patients might respond reasonably 
well to acute anticoagulation.27 Importantly, the NIHSS is 
strongly weighted toward motor and cortical deficits 
caused by anterior circulation lesions and thus might 
underestimate clinical severity in posterior circulation 
strokes. The Posterior-NIHSS scale adds extra points to 
the baseline NIHSS for abnormal cough, dysphagia, and 
gait or truncal ataxia, and might be useful to better 
identify patients with posterior circulation stroke with an 
NIHSS score below 10 at increased risk of poor outcome.28 
Of note, all four trials excluded patients with isolated 
vertebral artery occlusion with patent basilar artery flow 
through the contralateral vertebral artery. These patients 
presumably have a more favourable natural history than 
those included and might do better with medical 
treatment alone.29 The optimal management of patients 
with VBAO with mild symptoms as well as those with 
isolated vertebral artery occlusions requires further 
investigation in a randomised controlled setting.

The four included trials differed in their upper age 
criteria. BEST and ATTENTION had no upper age limit, 
whereas BAOCHE excluded patients older than 80 years 
and BASICS excluded patients older than 85 years. In 
terms of baseline stroke burden, the BASICS and 
BEST trials only excluded patients with extensive 
bilateral brainstem infarction, cerebellar mass effect, or 
acute hydrocephalus on neuroimaging. By contrast, 
ATTENTION and BAOCHE only included patients with 

a pc-ASPECTS of at least 6 points among patients 
younger than 80 years, with ATTENTION also including 
patients aged 80 years or older with a pc-ASPECTS of at 
least 8 points. Nonetheless, most of the included 
patients had favourable neuroimaging with a median 
pc-ASPECTS of 9 (IQR 8–10) and only 13 (1%) of 
970 presented with a pc-ASPECTS of 4–5. With the 
emerging results supporting endovascular therapy for 
large infarcts in the anterior circulation,30–33 future studies 
should focus on assessing the effect of endovascular 
therapy in patients with VBAO with low (0–5) 
pc-ASPECTS.

Three of the four included trials were done in China, 
with Chinese patients comprising 690 (70%) of all 
988 patients. As Asians are known to have increased rates 
of intracranial atherosclerotic disease, the generalisability 
of our findings to Western countries needs to be 
considered. In this context, stroke cause was thought to 
be related to intracranial atherosclerotic disease in 
341 (41%) of 832 patients, with intracranial angioplasty or 
stenting done in 23 (30%) of 77 patients in BEST, 88 (40%) 
of 221 in ATTENTION, and 60 (55%) 110 in BAOCHE. In 
the BASICS trial, stroke cause was thought to be large 
artery atherosclerosis in 96 (35%) of 278 patients, with 
angioplasty done in 30 (22%) of 138 and stenting in 
23 (17%) of 137. However, the higher prevalence of 
intracranial atherosclerotic disease is unlikely to have 
driven the superior results of endovascular therapy since, 
if anything, angioplasty and stenting are more technically 
demanding and presumably associated with higher 
complications than thrombectomy alone. Moreover, 
subgroup analysis showed no treatment effect 
modification on the basis of the presence of intracranial 
atherosclerotic disease and we found a statistically 
significant benefit in patients with non-intracranial 
atherosclerotic disease-related VBAOs (n=491; aOR 2·52 
[95% CI 1·66–3·83]) as well as those with atrial fibrillation 
(n=192; 2·63 [1·30–5·29]), suggesting a retained benefit 
across various VBAO causes.

This meta-analysis has some additional limitations. 
Because the four trials were done by experienced operators 
at high-volume centres and higher procedural volumes 
are associated with better functional outcomes,34 analyses 
from large population-based registries are needed to 
confirm the generalisability of our findings. Fortunately, 
an increasing number of such studies have been 
generated.26,35,36 Even though procedural, imaging, and 
clinical outcome measures (eg, mTICI scale score, 
pc-ASPECTS, symptomatic intracranial haemorrhage, 
and mRS score) were ascertained in a blinded fashion, 
different core laboratories and interventional approaches 
were used across the four trials. Despite the large sample 
size (n=988), the ability to provide adjusted estimates of 
treatment effect for all the analysed subgroups was limited 
by the number of patients in each group. Although 
multiple comparisons inflate the risk of type I error, the 
analyses for the primary and key secondary outcomes 
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were all significant at an α level of 0·0001. Therefore, the 
resulting statistical inferences would be the same even 
with adjustments for multiple comparisons. Furthermore, 
the potential for bias was minimised by the pre-
specification of the analysis, and the variance in resulting 
estimates was modelled appropriately by the inclusion of 
random effects in the statistical models. Some patient 
populations, particularly those with the largest infarcts at 
baseline, presenting beyond 24 h from estimated time of 
VBAO and with substantial pre-stroke disability (mRS 
score >2), were excluded from all participating trials. 
Accordingly, our findings cannot be extrapolated to these 
patient populations. As the study included some trials that 
were terminated prematurely, the possibility exists of over-
estimation of the treatment effect. Conversely, because a 
high number of patients (28 [7%] controls) crossed over 
from medical treatment alone to endovascular therapy 
(14 [22%] of 65 in BEST, seven [5%] of 146 in BASICS, four 
[4%] of 107 in BAOCHE, and three [3%] of 114 in 
ATTENTION), a possibility also exists of under-estimation 
of the treatment effect. There was also a substantial under-
representation of female participants (302 [31%] of 988) in 
our pooled analysis suggesting potential disparities in 
enrolment and limiting the power of generalisation. 
However, the subgroup analysis suggested that sex is not a 
modifier of the results from this analysis.

In conclusion, endovascular therapy within 24 h of 
VBAO is associated with a significant increase in mRS 
scores of 0–3 and functional independence as well as a 
reduction in both the degree of overall disability and 
mortality at 90 days, despite a significant increase in 
chances of symptomatic intracranial haemorrhage. 
Although the benefit of endovascular therapy remains 
uncertain for patients presenting with mild stroke 
severity and extensive infarcts on neuroimaging, we have 
shown a significant clinical benefit across a broad range 
of VBAO patients.
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