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BACKGROUND: Both aspiration and stent retriever thrombectomy are safe and effective in patients with acute ischemic stroke
due to large vessel occlusion in the anterior circulation. Little is known on the outcomes of these techniques in patients with
basilar artery occlusion. This study aimed to compare clinical, technical, and safety outcomes of aspiration and stent retriever
thrombectomy as first-line treatment for basilar artery occlusion in the BASICS (Basilar artery International Cooperation Study)
trial.

METHODS: For this post hoc analysis of the BASICS trial, all patients with a basilar artery occlusion who received endovascular
treatment with either direct aspiration or stent retriever thrombectomy as first-line approach were included. When both tech-
nigues were registered as first choice, patients were considered to have been treated with stent retriever. The primary outcome
was favorable functional outcome, defined as a modified Rankin scale score of 0-3 at 90 days follow-up, and analyzed using
binary logistic regression analysis. Secondary outcomes included the modified Rankin scale score at 90 days (ranging from 0
o 6), procedure duration, mortality at 90 days, and symptomatic intracranial hemorrhage. Secondary outcomes were analyzed
using binary, linear, or ordinal regression analyses. All analyses were adjusted for predefined variables.

RESULTS: Among 158 BASICS patients treated with endovascular treatment,127 were treated with either stent retriever (N=67,
53%), or aspiration (N=60, 47%) as the first-line treatment modality. We observed no significant difference in favorable functional
outcome between patients treated with aspiration and stent retriever thrombectomy as first modality (adjusted odds ratio, 1.80;
[95% CI, 0.68-4.76]). Also modified Rankin scale score at 90 days (adjusted common odds ratio, 0.62; [95% ClI, 0.30-1.27])
and incidence of symptomatic intracranial hemorrhage (adjusted odds ratio, 0.61; [95% ClI, 0.08-4.76]) showed no significant
differences between both techniques. Procedure time was shorter with a median of 32 versus 47 minutes (26%; 95% Cl, —42
to —6) and mortality rates at 90 days were lower (adjusted odds ratio, 0.36; [95% ClI: 0.13-1.00]) in the direct aspiration group.

CONCLUSIONS: This study shows no difference in favorable functional outcome in patients with a basilar artery occlusion treated
with direct aspiration compared with patients treated with stent retriever thrombectomy within the BASICS trial, despite a shorter
procedure time and lower mortality rate at 90 days.
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tion with high mortality and morbidity rates.
BAOs represent about 1% to4% of all ischemic

strokes."? Recent randomized clinical trials have shown
that endovascular treatment (EVT) is not only effective
in anterior circulation large vessel occlusions but also in
BAOs.34

Aspiration and stent retriever thrombectomy are the
most frequently used EVT techniques.® In the ante-
rior circulation, equal functional outcomes between
stent retriever and direct aspiration thrombectomy — as
the method of first choice — have been described.®’
However, studies of EVT technique in patients with
BAO are scarce. A recent study showed superior clin-
ical and technical outcomes of direct aspiration over
stent retriever thrombectomy in patients with a pos-
terior circulation large vessel occlusion, though in a
retrospective nonrandomized cohort.®

The aim of our retrospective analysis was to com-
pare first-line aspiration to stent retriever thrombectomy
in patients with BAO, regarding functional outcomes,
reperfusion rates, complications, procedure time, and
mortality rates.

B asilar artery occlusion (BAQO) is a rare condi-

METHODS

Design and Participants

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. In this post hoc analysis, we studied
patients randomized to the EVT arm of the BASICS
(Basilar artery International Cooperation Study) trial.®
The BASICS study was a multicenter, open-label, inter-
national, randomized, controlled trial, which compared
EVT versus standard medical care, including intra-
venous thrombolysis if eligible in patients with a BAO.™°
The primary outcome was favorable functional out-
come, defined as a modified Rankin scale (mRS) of 0-3.
Patients were randomized between October 23, 2011,
and December 6, 2019 and met the following inclusion
criteria; age>18 years, a proven BAO on computed
tomography (CT)-CT angiography (CTA) or magnetic
resonance angiography. EVT had to be feasible within
6 hours after estimated onset of BAO. In the current
analysis, we included patients who received EVT with
either direct aspiration or stent retriever thrombectomy
as first-line approach. Patients were excluded when
insufficient information was known regarding endovas-
cular approach or used devices and when occlusion
was unreachable.

Outcome Measures

The primary outcome was favorable functional out-
come defined as a score of 0-3 on the mRS, rang-
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Nonstandard Abbreviations and Acronyms

BAO basilar artery occlusion

BASICS Basilar artery International Coopera-
tion Study

CTA computed tomography angiography

EVT endovascular treatment

mRS modified Rankin scale

CLINICAL PERSPECTIVE

e Similar clinical outcomes were found in the
BASICS (Basilar artery International Coopera-
tion Study) trial between patients with basilar
artery occlusion treated with direct aspiration
thrombectomy or stent retriever thrombec-
tomy as first choice treatment.

e Shorter procedure times and lower mortal-
ity rates at 90 days were seen in patients
with a basilar artery occlusion treated with
direct aspiration thrombectomy as first-choice
treatment.

ing from O (no disability) to 6 (death), at 90 days
follow-up.

Secondary outcomes were the mRS score at 90-day
follow-up, reperfusion grade at the end of the endovas-
cular procedure, and procedure time. Safety outcomes
were the occurrence of symptomatic intracranial hem-
orrhages within 3 days after EVT, serious adverse
events, and mortality within 90 days after EVT.

Reperfusion grade was evaluated on digital subtrac-
tion angiography by a neuroimaging core lab accord-
ing to the modified Thrombolysis in Cerebral Ischemia
score.’” Modified Thrombolysis in Cerebral Infarction
ranges from grade O (no reperfusion) to grade 3 (com-
plete reperfusion). Successful reperfusion was defined
as modified Thrombolysis in Cerebral Infarction 2B-
3. Procedure time was defined as the time between
groin puncture and recanalization. An intracranial hem-
orrhage was considered symptomatic when the patient
died or had significant neurological deterioration (an
increase of 2 points or more in 1 of the 11 National
Institutes of Health Stroke Scale subcategories or an
increase of 4 points or more in total in the National
Institutes of Health Stroke Scale score), related to the
hemorrhage — according to the Heidelberg Bleeding
Classification.'?
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Imaging Assessment

Baseline (noncontrast CT and CTA) and follow-up
imaging (CTA or magnetic resonance angiography at
24 hours) were assessed by a core laboratory of 6
neuroradiologists. One neuroradiologist scored all the
images and one of the others performed a second read-
ing; when no consensus was reached, an indepen-
dent neuroradiologist was consulted. The location of
the thrombus (proximal, middle, or distal in the basilar
artery), the length of the thrombus, the posterior circula-
tion Acute Stroke Prognosis Early CT score (a 10-point
scale in which points are lost for each of 8 eight regions
affected, of which involvement of the midbrain and pons
are worth 2 points), and the posterior collateral status
(scale from poor collaterals [0] to good collaterals [10])
were scored.'®

Treatment

Local and national gquidelines for treatment of
acute ischemic stroke were followed. Stent retriever
thrombectomy and direct aspiration are 2 techniques
used during EVT. Stent retrievers are placed across
the occlusion before expanding and capturing the
thrombus. The stent is then carefully retrieved into the
guiding catheter. In aspiration thrombectomy, an aspi-
ration catheter is placed proximal to the thrombus, then
suction is applied to ingest or withdraw the clot. The
choice of technique and devices during EVT was deter-
mined by the treating physician. When both techniques
were registered as first choice, it was considered as
combined and classified as stent retriever technique.

Statistical Analysis

Baseline characteristics were described using descrip-
tive statistics.

Dichotomous and ordinal parameters were tested
between groups using Pearson’s chi-square test or
Fisher's exact test. All continuous parameters were
checked for normality using histograms and tested
using the independent-samples t test, or Mann-
Whitney U test, depending on distribution.

For the primary outcome, multiple logistic regres-
sion analysis was used to compare the effect of direct
aspiration and stent retriever thrombectomy on the
dichotomized mRS at 90 days. Measures of association
were expressed as odds ratio (OR) with corresponding
95% CI. The location and length of the basilar occlusion
were checked as potential confounding factors on the
primary outcome.

Continuous outcomes were analyzed using multiple
linear regression, after checking for normality of distri-
bution of the residuals by using Q-Q plots. The proce-
dure time and the time between BAO and recanalization
showed no normality; these outcome data were first
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transformed using the natural logarithm. The regression
coefficient was subsequently exponentiated to receive
ratios with stent retriever as first modality. To calculate
relative percentages, we used the following formula:
(exponentiate(coefficient) — 1) x 100%.

All regressions models were adjusted for age, intra-
venous thrombolysis before EVT, atrial fibrillation, time
from BAO onset to groin puncture, and the posterior
circulation Acute Stroke Prognosis Early CT Score on
CTA.

Additionally, a sensitivity analysis was performed.
After removing patients with the combined first-line
approach in the stent retriever thrombectomy group,
the analysis was repeated to evaluate the effect of direct
aspiration thrombectomy and stent retriever thrombec-
tomy as first-line approach on the primary outcome and
mRS at 90 days follow-up. For the subgroup analy-
sis based on the length of the basilar occlusion, the
median was used as tipping point. The analyses were
performed using RStudio (version 1.3.1093). The level
of significance was set at 0.05.

Missing Values

Missing values were imputed using multiple imputa-
tion with chained equations. The number of imputations
was set to 50. Variables entered in the imputation model
were age, sex, baseline National Institutes of Health
Stroke Scale score, diabetes mellitus, atrial fibrillation,
stroke in patients’ history, prestroke mRS, intravenous
thrombolysis prior to EVT, baseline posterior circulation
Acute Stroke Prognosis Early CT Score on CTA, col-
lateral status, and time from BAO onset to groin punc-
ture. Data after multiple imputation were used only for
regression analyses, whereas all descriptive analyses
were performed with original data.

The corresponding author had full access to the
data and takes responsibility for their integrity and
the data analysis. The study was conducted using
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) cohort checklist.

RESULTS

Baseline Characteristics

A total of 158 out of 300 patients received EVT in
the BASICS trial, including 7 crossovers from stan-
dard medical care to EVT. We excluded 31 patients for
further analyses because neither aspiration nor stent
retrievers were used (n=3), the first used endovascu-
lar approach was unknown (n=7), occlusion site was
technically unreachable or was a P1 occlusion (n=6),
no persistent occlusion was observed on conventional
angiography (n=5), the MERCI device was used and
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Figure 1. Flow chart of patients through this study. BAO indi-
cates basilar artery occlusion; BASICS, BASilar artery International
Cooperation Study; EVT, endovascular treatment; IA, intra-arterial;
and MERCI, Mechanical Embolus Removal in Cerebral Ischemia.

not considered as stent retriever (n=3), or the proce-
dure was discontinued for unknown reasons (n=7). Of
the remaining 127 patients, 67 patients (53%) received
stent retriever thrombectomy as first choice treatment,
and 60 (47%) direct aspiration (Figure 1).

The patient characteristics are summarized in
Table 1. Only time between estimated time of BAO
onset and groin puncture and age were significantly dif-
ferent between stent retriever thrombectomy and direct
aspiration groups.

Clinical Outcome

Favorable functional outcome after direct aspiration did
not significantly differ from outcome after stent retriever
thrombectomy (43% versus 45%; adjusted OR (aOR),
1.80 [95% ClI, 0.68-4.76]) (Table 2, Figure 2). A shift
toward a 1-point higher mRS score (more disability) with
stent retriever thrombectomy as first modality was also
not statistically significant (adjusted common OR, 0.62
[95% ClI, 0.30-1.27]) (Table 3). The interaction between
the length of the basilar occlusion and the EVT was sig-
nificant for favorable functional outcome (P=0.02). The
subgroup analysis suggested that aspiration was more
efficient in shorter basilar occlusions and stent retriever
thrombectomy in longer basilar occlusions (Table S1).

Technical Outcome

The rate of successful recanalization (modified Throm-
bolysis in Cerebral Infarction>2B) showed no signif-
icant difference between patients treated with direct
aspiration (82%) and those treated with stent retriever
thrombectomy (71%); aOR, 1.27 (95% ClI, 0.43-3.81)
(Table 3). Procedure time in the aspiration group
(median 32 minutes [25-55]) was significantly shorter
than in the stent retriever group (median 47 min-

Aspiration vs Stent Retriever Thrombectomy in BAO

utes [32-75]); P=0.02). Regression analysis with trans-
formed data showed similar results, where direct aspi-
ration thrombectomy had 22% (95% Cl, —38 to — 2.9),
and after adjusting, 26% (95% Cl, —42 to — 6.2) shorter
procedure time (Table 4).

Safety Outcome

The 90-day mortality rate was 33% in patients treated
with direct aspiration as first choice and 39% in the
stent retriever group, these differences were signifi-
cant (aOR, 0.36 [95% CI, 0.36-1.00]). The incidence
of symptomatic intracranial hemorrhage was 3% in the
direct aspiration group versus 5% in the stent retriever
group (aOR, 0.61; [95% ClI, 0.08-4.76]). Occurrence of
serious adverse events within 90 days after EVT was
lower in the aspiration group (40%) compared with the
stent retriever group (50%) but not significant (adjusted
common OR, 0.57 [95% Cl,0.27-1.23)) (Table 3).

Sensitivity Analysis

Fourteen patients were treated with the combined
thrombectomy technique as first-line approach. Sensi-
tivity analysis showed that both the favorable functional
outcome and the mRS at 90 days follow-up did not
differ after removing those 14 patients from the stent
retriever group (aOR, 1.26 [95% CI, 0.49-3.22], aOR,
0.63 [95% Cl, 0.30-1.35], respectively) (Table S2).

DISCUSSION

This study showed no differences in favorable functional
outcomes according to endovascular technique used,
despite the shorter procedure time and lower mortality
rate at 90 days in patients with BAO, treated with direct
aspiration thrombectomy within the BASICS trial.

Clinical and Technical Outcomes

Partly in line with our study, recent studies have shown
equal or better outcomes for patients treated with direct
aspiration thrombectomy compared with stent retriever
thrombectomy in BAO. Shorter procedure times, higher
successful recanalization rates, fewer new embolic
events, and better favorable functional outcomes were
observed.® %16 One study showed that longer proce-
dure times are associated with worse functional out-
comes, especially in the posterior circulation.!” Despite
shorter procedure times for patients treated with aspi-
ration we could not show an association with favorable
functional outcome. In studies comparing direct aspi-
ration and stent retriever thrombectomy in the ante-
rior circulation, direct aspiration was also associated
with shorter procedure times and higher recanaliza-
tion rates, without differences in favorable functional
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Table 1. Baseline Patient Characteristics Treated with Aspiration Versus Stent Retriever Thrombectomy

Demographics
Age (y), mean (SD) 69 (12) 64 (13) 0.04
Male, n (%) 36 (60) 41 (61) 1.00
NIHSS baseline, median [IQR] 24 [10-35] 19 [12-35] 0.83
Prestroke mRS, n/N (%) 0.06
0 47/59 (80) 56/67 (84)
1 2/59 3) 7/67 (10
2 10/59 (17) 4/67 (6)
Medical history, n (%)
Previous posterior stroke 4 (7) 5 (t5)] 1.00
Atrial fibrillation 18 (80) 18 (27) 0.85
Hypertension 39 (65) 36 (54) 0.27
Diabetes mellitus, n/N (%) 13/60 (22) 10/66 (15) 0.48
Medication, n/N (%)
Statin 16/59 (27) 22/66 (33) 0.58
Antiplatelet 12/57 (21) 20/67 (30) 0.36
Anticoagulation 10/59 17) 8/67 (12) 0.58
Stroke characteristics/workflow
IVT pre-EVT, n (%) 44 (73) 53 (79) 0.58
pc-ASPECTS baseline on CTA, n/N (%) 0.25
0-4 2/56 (3.6) 0/64 (0]
5-7 10/56 (18) 5/64 (7.8)
8-10 44/56 (79) 59/64 92)
Collaterals on CTA, n/N (%) 0.81
Poor collaterals (<8) 29/55 (53) 36/64 (56)
Moderate collaterals (8,9) 20/55 (36) 25/64 (39)
Good collaterals (10) 6/55 (11) 3/64 4.7)
Onset to groin (min), mean (SD)* 229 (78) 197 (76) 0.08
Location of the occlusion, n/N (%) 0.85
Proximal 17/56 (80) 21/64 (83)
Middle 23/56 (41) 23/64 (36)
Distal 16/56 (29) 20/64 (31)
Length of occlusion (mm), median [IQR] iR [6-21] iR [7-26] 0.42
Stroke pathogenesis, n/N (%) 0.77
Large artery atherosclerosis 22/56 (89) 26/64 (41)
Cardioembolism 17/56 (80) 20/64 (81)
Stroke of undertermined pathogenesis 14/56 (25) 12/64 (19)
Other determined pathogenesis 3/56 (5.4) 6/64 9.4)

CTAindicates CT angiography; EVT, endovascular treatment; IQR, interquartile range; IVT, intravenous thrombolysis; MRS, modified Rankin scale; NIHSS, National
Institutes of Health Stroke Scale; and pc-ASPECTS, posterior circulation Alberta Stroke Program Early Computed Tomography score.

«Data were missing in 4 cases in the stent retriever group and in 6 cases in the aspiration group.

TData were missing for 10 patients in the stent retriever group and for 6 patients in the aspiration group.

outcome.®”-® A possible explanation is because of the
multiple factors, which have influence on the functional
outcome. Although we adjusted for age, intravenous
thrombolysis, atrial fibrillation, time from BAO onset to
groin, and posterior circulation Acute Stroke Progno-
sis Early CT Score, we were never able to adjust for all
factors.

Besides EVT technique, another potential predic-
tor for successful treatment is the location of the

occlusion.® Unlike the anterior circulation, the location
of the occlusion in the basilar artery is reported to be
associated with recanalization rate: Distal BAO is asso-
ciated with higher recanalization rates.'® In our study,
the location had no interaction with favorable functional
outcome. Remarkably, however, in distal BAO’s suc-
cessful recanalization was observed in all patients of the
direct aspiration group, whereas in 11% of the patients
in the stent retriever group no successful recanalization
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Table 2. Clinical and Functional Outcome According to Treatment as First Choice

Favorable mRS at 90 d, n (%) 26 (43) 30 (45) 1.00
mRS at 90 d, n (%) 0.29
0 3 5) 4 6)
1 4 @) 11 (16)
2 12 (20) 9 (13)
3 7 (12) 6 ©
4 7 (12) 2 @)
5 7 (12) 9 (13)
6 20 (33) 26 (39)
Successful reperfusion (MTICI 2B-3), 23/28 (82) 35/49 (71) 0.44
n/N (%)*
Post-EVT mTICI, n/N (%)* 0.38
0 0/28 0) 3/49 6.1)
1 1/28 (3.6) 6/49 (12)
2A 4/28 (14) 5/49 (10)
2B 14/28 (50) 17/49 (35)
3 9/28 (32) 18/49 (37)
Workflow (minutes), median [IQR]
Procedure timet 32 [25-55] 47 [32-75] 0.02
Onset BAO to recanalization® 299 [222-367] 273 [200-326] 0.08
Mortality at 90 d, n (%) 20 (33) 26 (39) 0.65
SAE any, n (%) 0.48
0 36 (60) 33 (49
1 16 (27) 23 (34)
>1 8 (13) 11 (16)
Symptomatic ICH, n (%) 2 ©)) 3 5) 1.00

BAQO indicates basilar artery occlusion; EVT, endovascular treatment; ICH, intracranial hemorrhage; IQR, interquartile range; mRS, modified Rankin scale; mTICl,

modified Thrombolysis in Cerebral Infarction; and SAE, serious adverse event.
+The mTICl was scored on digital subtraction angiographies.

TProcedure time was missing in 11 cases in the aspiration group and in 6 cases in the stent retriever group.
*Time between estimated BAO and recanalization was missing in 9 cases in the aspiration group and in 4 cases in the stent retriever group.

Stent retriever, n=67 &4 16% 13%

0% 20%
EmRS0O ®mRS1

=EmRS 2

9% 3%

Aspiration, n=60 E¥/SWE 20% 12% 12%

40% 60% 80%
=mRS 3

100%

"mRS 4 mRS 5 mRS 6

Figure 2. Distribution of the modified Rankin scale between direct aspiration and stent retriever thrombectomy. Multiple logistic
regression with adjustment showed no significant difference in favorable functional outcome between both techniques with stent retriever
thrombectomy as first modality (adjusted OR, 1.80 [95%Cl, 0.68-4.76]). mRS indicates modified Rankin scale; and OR, odds ratio.

was seen (Table S3). The length of the basilar occlu-
sion had an interaction with EVT for functional outcome,
in which direct aspiration was potentially more ben-
eficial in shorter BAOs and stent retriever thrombec-
tomy in longer occlusions. This may be explained by the
fact that direct aspiration is more likely to cause distal
fragmentation when the occlusion is long.

Safety Outcomes

Both in the anterior and the posterior circulation, no
differences in mortality at 90 days between the 2
techniques were described in recent studies.?®? We
observed lower mortality rates for direct aspiration,
after adjusting. This result may play a role in decision
for EVT technique. In addition, for the occurrence of

Stroke Vasc Interv Neurol. 2023;3:6000768. DOI: 10.1161/SVIN.122.000768 6
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Table 3. Regression Analyses Outcomes on Clinical, Techni-
cal, and Safety Outcomes

Favorable mRS at 90 d OR 0.94 1.80
(0.46-1.92) (0.68-4.76)

mRS at 90 d cOR 1.02 0.62
(0.54-1.90) (0.30-1.27)

Successful reperfusion OR 1.19 1.27
(mTICI 2B-3) (0.45-3.15) (0.43-3.81)

Post-EVT mTICI cOR 1.04 1.04
(0.49-2.22) (0.46-2.39)

Mortality at 90 d OR 0.79 0.36
(0.38-1.64) (0.13-1.00%)

SAE any OR 0.68 0.57
(0.34-1.35) (0.27-1.28)

Symptomatic ICH OR 0.75 0.61
(0.12-4.64) (0.08-4.76)

cOR, common odds ratio; OR, odds ratio; EE, effect estimate; EVT,
endovascular treatment; ICH, intracranial hemorrhage; mRS, modified Rankin
Scale; mTICI, modified Thrombolysis in Cerebral Infarction; and SAE, serious
adverse event.

*Statistical significance.

Table 4. Regression Analyses Outcomes After Transforming
Data

Procedure time (%)

—22.2(-37.610 — —26.2 (—41.910 —
2.9y 6.2)"

16.1 (—0.2 t0 35.3) 3.4 (-9.7t0 18.2)

Onset BAO to
recanalization (%)

BAO indicates basilar-artery occlusion.
*Statistical significance.

symptomatic intracranial hemorrhage within 3 days
post EVT, no statistical significant difference was seen.

Limitations

Although data were collected prospectively as part of a
randomized controlled trial, our study has the limitations
of a nonrandomized study, as the choice of endovas-
cular approach, was left to the decision of the treating
physician. The aim was to analyze differences between
clinical and technical outcomes in patients treated with
direct aspiration or stent retriever thrombectomy as
first choice. Treating physicians were, however, free to
switch from direct aspiration to stent retriever and vice
versa, whereas only first choice technique was reg-
istered. Additionally, Abdelrady et al. showed higher
revascularization rates among patients treated with
both stent retriever and direct aspiration thrombec-
tomy based on the frontline EVT strategy.? This might
overestimate the effect of stent retriever thrombectomy,
because the combined technique as first choice treat-
ment is registered as stent retriever technique. How-
ever, our sensitivity analysis showed no difference in

Aspiration vs Stent Retriever Thrombectomy in BAO

outcome excluding patients treated with the combined
technique.

Another limitation is the change of first choice treat-
ment over the years. Direct aspiration thrombectomy
was more frequently used in the last years of the study
(Figure S1). Better outcomes after aspiration thrombec-
tomy could therefore simply reflect the increased expe-
rience of intervention teams over time. However, addi-
tional adjusting for treatment year showed no differ-
ences in favorable functional outcome and mRS score
at 90 days (Table S4).

Finally, different generations of stent retrievers were
used during the study period; there are limited data on
functional and technical outcomes in patients treated
with different stent retrievers. One study concluded no
better clinical outcomes nor higher revascularization
rates in patients treated with Trevo compared with Soli-
taire stent retrievers.?® The influence of these different
stent retrievers on technical outcomes, however, is still
not known.

CONCLUSIONS

This study shows no difference in favorable functional
outcome in patients with a BAO treated with direct
aspiration compared with patients treated with stent
retriever thrombectomy within the BASICS trial, despite
a shorter procedure time and lower mortality rate at 90
days.
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