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Predictors of Favorable Outcome after Endovascular
Thrombectomy in MRI: Selected Patients with Acute Basilar

Artery Occlusion
M. Mahmoudi, C. Dargazanli, F. Cagnazzo, I. Derraz, C. Arquizan, A. Wacogne, J. Labreuche, A. Bonafe,

D. Sablot, P.H. Lefevre, G. Gascou, N. Gaillard, C. Scott, V. Costalat, and I. Mourand

ABSTRACT

BACKGROUND AND PURPOSE: Clinical outcomes after endovascular treatment for acute basilar artery occlusions need further
investigation. Our aim was to analyze predictors of a 90-day good functional outcome defined as mRS 0–2 after endovascular
treatment in MR imaging–selected patients with acute basilar artery occlusions.

MATERIALS AND METHODS:We analyzed consecutive MR imaging–selected patients with acute basilar artery occlusions endovasc-
ularly treated within the first 24 hours after symptom onset. Successful and complete reperfusion was defined as modified TICI
scores 2b–3 and 3, respectively. Outcome at 90 days was analyzed in univariate and multivariate analysis regarding baseline patient
treatment characteristics and periprocedural outcomes.

RESULTS: One hundred ten patients were included. In 10 patients, endovascular treatment was aborted for failed proximal/distal
access. Overall, successful reperfusion was achieved in 81.8% of cases (n ¼ 90; 95% CI, 73.3%–88.6%). At 90 days, favorable outcome
was 31.8%, with a mortality rate of 40.9%; the prevalence of symptomatic intracranial hemorrhage within 24hours was 2.7%. The median
time from symptom onset to groin puncture was 410minutes (interquartile range, 280–540 minutes). In multivariable analysis, complete
reperfusion (OR ¼ 6.59; 95% CI , 2.17–20.03), lower pretreatment NIHSS (OR ¼ 0.77; 95% CI , 0.64–0.94), the presence of posterior com-
municating artery collateral flow (OR ¼ 2.87; 95% CI, 1.05–7.84), the absence of atrial fibrillation (OR ¼ 0.18; 95% CI , 0.03–0.99), and intra-
venous thrombolysis administration (OR ¼ 2.75; 95% CI, 1.04–7.04) were associated with 90-day favorable outcome.

CONCLUSIONS: In our series of MR imaging–selected patients with acute basilar artery occlusions, complete reperfusion was the
strongest predictor of a good outcome. Lower pretreatment NIHSS, the presence of posterior communicating artery collateral
flow, the absence of atrial fibrillation, and intravenous thrombolysis administration were associated with favorable outcome.

ABBREVIATIONS: ABAO ¼ acute basilar artery occlusion; BSS ¼ brain stem score; EVT ¼ endovascular treatment; GCS ¼ Glasgow Coma Scale; IQR ¼
interquartile range; IVT ¼ intravenous thrombolysis; mTICI ¼ modified TICI; PC-ASPECTS ¼ posterior circulation ASPECTS; PcomA ¼ posterior communicating
artery; sICH ¼ =symptomatic intracranial hemorrhage

Acute basilar artery occlusion (ABAO) is a devastating type of
stroke, with a natural history showing a mortality rate of up

to 90% and a severe residual deficit in 65% of patients without
treatment.1

Although endovascular treatment (EVT) is the criterion
standard therapy for patients with acute ischemic stroke in the
anterior circulation and proximal arterial occlusion, results from
randomized clinical trials regarding the effectiveness of EVT for
ABAO are still lacking.2 Nevertheless, EVT is considered useful
and routinely performed in real-world practice. Expert opinions
have encouraged this practice3 to maximize the chance of reper-
fusion and good clinical outcome.

However, there are contradictory results on predictors of
functional outcome as well as on the best reperfusion strat-
egies (IV thrombolysis [IVT] alone, EVT, bridging therapy) in
patients with ABAO. The Acute Basilar Artery Occlusion:
Endovascular Interventions versus Standard Medical Treat-
ment (BEST) randomized trial was stopped ahead of time
because of the higher rate of crossover between treatment
groups.4
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Using data from our prospective registry, we aimed to investi-
gate predictive factors of 90-day good functional outcome in a
large cohort of patients with ABAO. Because of the high sensitiv-
ity in detecting posterior fossa ischemic lesions and infarct vol-
ume, MR imaging is the main selection technique for patients
with acute ischemic stroke at our department, and all included
subjects were MR imaging–selected.

MATERIALS AND METHODS
Inclusion Criteria and Patient Characteristics
We reviewed all patients referred to our hospital with ABAO con-
firmed by MR imaging and subsequently treated with EVT from
January 2011 to October 2018. The inclusion criteria for EVT
were the following: 1) patients with ABAO and acute stroke
detected on cerebral MR imaging admitted within 24 hours from
symptom onset; 2) patients with pertinent clinical deficits under-
going an evaluation by a physician (without NIHSS limits); and
3) confirmation of ABAO on angiography. Patients were consid-
ered not eligible for EVT (and received medical management) on
the basis of the following exclusion criteria: 1) prestroke mRS
score of more than two; 2) life expectancy of,6months; 3) imag-
ing evidence of cerebellar mass effect or acute hydrocephalus;
and 4) bilateral extended brain stem ischemia.

Baseline characteristics, NIHSS, Glasgow Coma Scale (GCS),
mothership or drip and ship strategy, and use and time of IVT
were assessed by a stroke neurologist on admission. An NIHSS
score of 40 was assigned to comatose patients with a GCS of 3.
The local ethics committee approved the use of the patients’ data
for this study.

Neuroimaging Assessment
We recorded 2 scores to measure early ischemic changes on DWI
in the posterior circulation: 1) the posterior circulation ASPECTS
(PC-ASPECTS),5 and 2) the DWI brain stem score (BSS).6

The DWI BSS separately analyzes the medulla, pons, and mid-
brain, considering the right and left sides separately. One point
was given for each unilateral DWI lesion at the brain stem level
(medulla, pons, and midbrain) that occupied less than half of the
area; and 2 points were given if the lesion occupied more than
half of the area. The brain stem DWI lesion score ranged from 0
to 12. There were no limits on the PC-ASPECTS and DWI BSS
scales for inclusion of patients.

The level of ABAO was determined as follows: proximal seg-
ment of the basilar artery (from the vertebral artery junction to
the anterior inferior cerebellar artery), middle segment (from the
anterior inferior cerebellar artery to the superior cerebellar ar-
tery), and distal segment (above the superior cerebellar artery).7

The pretreatment collateral score for the posterior circulation
was collected and defined as follows: 0, no posterior communicat-
ing artery (PcomA); 1, unilateral PcomA; and 2, bilateral
PcomA.8

Pretreatment imaging findings were retrospectively assessed
by an experienced interventional neuroradiologist (M.M.)
blinded to the clinical outcome. For each patient, imaging was
retrospectively assessed by a second interventional neuroradiolo-
gist (C.D.), blinded to both the first reader’s scoring and the

clinical outcome. In case of discrepancy, a consensus was reached
with an additional reader (I.D.).

Reperfusion Therapy
Patients received either bridging therapy (EVT combined with
IVT) or EVT alone. IVT was administered within a maximum of
4.5 hours from symptom onset, according to the current guide-
lines.9 Conventional clinical and laboratory inclusion and exclu-
sion criteria for IVT thrombolysis were applied. Because it has
been reported that larger cerebellar infarct volume (.75%) is
potentially associated with hemorrhagic transformation, IVT was
not administrated in case of extensive cerebellar ischemia on
DWI sequences.10

All patients were treated in a neuroangiography suite under
general anesthesia or conscious sedation, after evaluation by a
dedicated anesthesiologist team. An 8F (Neuron Max; Penumbra)
guiding catheter was advanced into the V2 segment of the vertebral
artery, usually the largest one. For stent retriever thrombectomy, a
0.021-inch microcatheter was navigated through the basilar occlu-
sion using a 0.014-inch microwire under fluoroscopic guidance. A
Solitaire FR (Medtronic) or Trevo (Stryker) device was used for
EVT.

Stent retriever11 or a Direct Aspiration First-Pass Technique12

(with a SOFIA 5F or 6F [MicroVention] intermediate catheter)
was used.

Successful and complete reperfusion was defined as a modi-
fied TICI (mTICI) 2b–3 and 3, respectively. In the absence of a
specific definition in the posterior circulation of TICI 2b and
according to our experience, we considered TICI 2b a partial per-
fusion with distal occlusion of a posterior cerebral artery, AICA,
PICA, or superior cerebellar artery.13

We recorded periprocedural complications: embolization in
an unaffected territory, arterial dissection/perforation, vaso-
spasm, and subarachnoid hemorrhage.

Delays from stroke-onset to MR imaging, stroke-onset to
IVT, stroke-onset to groin puncture, MR imaging to groin-punc-
ture, stroke-onset to reperfusion, and groin puncture to reperfu-
sion were recorded for all patients.

Follow-Up and Outcome
All patients underwent cerebral CT or MR imaging within the
24 hours after the procedure. Growth of the infarct core, basilar
artery early re-occlusion, and hemorrhagic complications were
recorded. Symptomatic intracranial hemorrhage (sICH) was
defined as imaging demonstrating hemorrhage associated with
an increase of$4 points in the NIHSS score.9

The 90-day mRS was assessed by a stroke neurologist or by a
phone call with the patient, his or her relatives, or his or her gen-
eral practitioner. Favorable outcome was defined by mRS # 2,
and poor outcome, mRS 3–6. Mortality at 90 days was also
recorded.

Statistical Analysis
Continuous variables are expressed as means 6 SD or medians
(interquartile range, [IQR]), and categoric variables are expressed
as numbers (percentage). Normality of distributions was assessed
using histograms and the Shapiro-Wilk test. Rates of angiographic
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and clinical outcomes were estimated by calculating the exact bino-
mial 95% confidence intervals. Baseline characteristics (patient and
treatment characteristics) and periprocedural outcomes (recanali-
zation and adverse events) were compared between patients with
and without favorable outcomes at 90days using the Student t test
for Gaussian continuous variables, the Mann-Whitney U test for
non-Gaussian continuous variables, and the x 2 test (or Fisher
exact test when the expected cell frequency was ,5) for categoric
variables, as appropriate. To assess the independent predictors of
favorable outcomes, we performed a first-multivariable Firth
penalized-likelihood logistic regression to account for the small
sample size14), including all patient and treatment characteristics
with a P, .10 in univariate analyses, using a backward selection
procedure with P, .10 as a selection criterion. Before developing
the multivariable model, we examined the log-linearity assumption
for continuous characteristics (irrespective of previous univariate
analyses) using restricted cubic spline functions by comparing the
models using only a linear term with models containing both the
linear and cubic spline terms using a likelihood ratio test (all log-
linearity assumptions were established and all continuous variables
were analyzed without transformation). We also examined the ab-
sence of colinearity between the candidate predictors by calculating
the variance inflation factors.15,16

To prevent collinearity between pretreatment NIHSS and pre-
treatment GCS (variance inflation factor .8; for all other predic-
tors, variance inflation factors values were ,2), we performed
separate multivariate analyses, including either pretreatment
NIHSS or pretreatment GCS. Two multivariable models were per-
formed by including and excluding complete recanalization as a
covariate. This performance was to determine the impact of the
other investigated pretreatment variables, independent of the
angiographic result. We examined the performance of the selected
models in terms of calibration using the Hosmer-Lemeshow good-
ness-of-fit test and discrimination by calculating the C-statistics.14

We also derived the McFadden Pseudo R-Squared from the

likelihood for the selected models and the null model
(including intercept only). The results of multivariate
analyses are expressed as odds ratios with 95% confi-
dence intervals of favorable outcome. Statistical testing
was performed at the 2-tailed a level of .05. Data were
analyzed using the SAS software package, release 9.4
(SAS Institute).

RESULTS
Overall, 226 consecutive patients with ABAO were
admitted to our hospital. One hundred seven patients
treated by conservative management alone (antiplate-
let/anticoagulant/IVT) and 9 patients without MR
imaging performed before EVT were excluded, result-
ing in a total of 110 included MR imaging–selected
patients who underwent EVT (On-line Fig 1). Patient
and treatment characteristics are reported in On-line
Table 1. The mean age was 67 6 12 years, 60%
(n¼ 66) were men, and the median pretreatment
NIHSS score was 22 (IQR, 14–40). Thirty-four (31%)
patients had proximal ABAO, 23 (21%) had middle
ABAO, and 53 (48%) presented with a distal ABAO.

The median door-to-puncture time was 67minutes (IQR, 34–530
minutes). Seventy-nine patients (72%) were intubated for low
GCS scores (n¼ 23) and for EVT (n¼ 56).

IVT before thrombectomy was administered in 37% (n¼ 41)
of patients. The median time from symptom onset to groin punc-
ture was 410minutes (IQR, 280–540 minutes). In 10 patients,
EVT was unsuccessful because of the impossibility of crossing the
occlusion (n¼ 4) or impossible access/tortuosity (n¼ 4) and per-
foration (n¼ 2).

Of the 100 patients receiving at least 1 device pass, the first-
line treatment strategy was stent retriever in 30%, contact aspira-
tion in 23.6%, and a combined stent retriever and contact aspira-
tion strategy in the remaining 37.3%.

Angiographic and Clinical Outcomes
Main outcomes are summarized in Table 1. Successful reperfu-
sion (mTICI 2b–3) was achieved in 81.8% (n¼ 90; 95% CI,
73.3%–88.6%) with a median number of passes of 1 (IQR, 1–2),
and a median time of 45 minutes (IQR, 22–70 minutes) from
groin puncture. Reperfusion was complete (mTICI 3) in 60.9% of
patients (n¼ 67; 95% CI, 51.1%–70.1%). Overall, procedural
complications occurred in 18.2% (n¼ 20; 95% CI, 11.4%–26.7%)
of patients. These included 13 (11.8%) vertebral dissections, 5
distals embolisations (4, 6%) angiographic distal embolizations,
and 2 (1.8%) vasospasms. Intracranial hemorrhagic complica-
tions within 24hours occurred in 11.8% (n¼ 13; 95% CI, 6.4%–
19.4%) of patients, with 3 (2.7%) symptomatic events. At 90 days,
35 patients (31.8%; 95% CI, 23.2%–41.4%) achieved good out-
come (mRS 0–2), 75 (68.1%; 95% CI, 59%–76%) had a poor out-
come (mRS 3–6), and among those, 45 subjects (40.9%; 95% CI,
31.6%–50.7%) died. Overall, 64 patients had post-EVT MR imag-
ing. Of these, 51 (79.7%) had successful recanalization (TICI 2b-
3), while 13 (20.3%) were TICI 0–2a. Among those having a suc-
cessful recanalization, 28 (55%) presented with an infarct growth.
Functional independence at 3months was lower (30% versus

Table 1: Angiographic and clinical outcomesa

Outcomes No. Values
Successful reperfusion (mTICI 2b–3) 110 90 (81.8)
Complete reperfusion (mTICI 3) 110 67 (60.9)
Onset to successful reperfusion (median) (IQR) (min)b 90 455 (340–570)
Groin puncture to successful reperfusion (median)
(IQR) (min)

90 45 (22–70)

No. of passes (median) (IQR) 110 1 (1–2)
Re-occlusion 110 6 (5.5)
Procedural complications 110 20 (18.2)

Dissectionc 13 (11.8)
Embolization 8 (7.3)
Vasospasm 2 (1.8)

Growth of infarct core 110 35 (31.8)
Any ICH 110 13 (11.8)
sICH 110 3 (2.7)
Favorable outcome (90-day mRS 0–2) 110 35 (31.8)
Poor outcome (90-day mRS 3–6) 110 75 (68.1)
90-Day all-cause mortality 110 45 (40.9)

Note:—ICH indicates intracranial hemorrhage.
a Values are No. (%) unless otherwise as indicated.
b Data among patients with successful reperfusion.
c Involved V1 segment (n¼ 1), V3 segment (n¼ 3), V4 segment (n¼ 3), and basilar artery (n¼ 6).
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70%) in the group with infarct growth compared with the group
without infarct growth (details in the On-line Fig 2).

Predictors of Favorable Outcome at 90 Days
In univariate analyses, lower pretreatment NIHSS and GCS
scores, lower DWI BSS values and PC-ASPECTS, the presence of
PcomA collateral flow, the absence of thalamus involvement, IVT
before EVT, the absence of atrial fibrillation, onset-to-groin
puncture time, no admission to the intensive care unit, and
mothership–treated strategy were associated with a good out-
come (P value , .10, On-line Table 2) and were included in the
multivariable analyses. Due to the strong collinearity between 2
variables, 2 separate multivariate analyses were performed,
including either pretreatment NIHSS (Table 2) or GCS (On-line
Table 3).

Multivariable Model Including NIHSS
We tested 2 models: 1) excluding complete recanalization
(mTICI 3), and 2) including complete recanalization as an inde-
pendent candidate predictor. In the first model, lower pretreat-
ment NIHSS (P¼ .007), the presence of PcomA collateral flow
(P¼ .039), IVT administration (P¼ .04), and absence of atrial fi-
brillation (P¼ .049) were significantly associated with the likeli-
hood of good outcome (Table 2). Association with onset-to-groin
puncture and pretreatment DWI BSS was on the borderline of
significance.

In model 2, including mTICI 3 recanalization, lower pretreat-
ment NIHSS (P¼ .03), the presence of PcomA collateral flow
(P¼ .02), and complete reperfusion (P, .001) were significantly
associated the good outcome.

Both multivariate models had good discrimination (C¼ 0.803
for the first and C¼ 0.816 for the second model) with no deviation
in calibration as indicated by the Hosmer-Lemeshow goodness-of-
fit test (P¼ .85 for the first and P¼ .74 for the second model).

Multivariable Model Including GCS
Similar results were found when the pretreatment GCS was con-
sidered as a candidate variable rather than the pretreatment
NIHSS (On-line Table 3).

DISCUSSION
Our study, analyzing 110 MR imaging–selected patients with
ABAO, highlighted complete reperfusion after EVT as the strong-
est predictor of 90-day good functional outcome. Moreover, a
lower pretreatment NIHSS score, the absence of atrial fibrillation,
PcomA collateral flow, and IVT (bridging therapy) were predictors
of functional independence. Although GCS was also strongly asso-
ciated with a good neurologic outcome, the NIHSS score was con-
sidered more accurate in the evaluation of the pretreatment clinical
status.

Influence of Complete Reperfusion on Favorable
Outcomes
Our rate of successful reperfusion (mTICI 2b–3, 81.8%) was in
the range of those reported in other series showing a rate between
79% and 96%.17–21 Patients with mTICI 3 reperfusion had a bet-
ter mRS at 90 days than patients with mTICI 2b (44.8% among
mTICI 3 versus 8.7% among patients with mTICI 2b). On-line
Figure 3 shows as complete recanalization (mTICI 3) increased
the rate of good functional outcome compared with mTICI 0-2b.
In addition, there was a shift to higher rates of independence in
the group with successful reperfusion compared with unsuccess-
ful recanalization. Furthermore, in a multivariate analysis, com-
plete reperfusion (obtained in 60.9% of patients) was the
strongest predictor of a 90-day favorable outcome. This result is in
accordance with what was reported in previous published series of
mechanical thrombectomy for posterior circulation acute ischemic
stroke.20,22-24 This point probably underlines the importance of
achieving complete reperfusion in the posterior circulation, likely
due to the extremely functional anatomic region involved.

Not surprisingly, failure to achieve reperfusion has been
reported as a strong predictor of mortality.17 These results are im-
portant because they outline the efficacy of EVT in ABAO and
the impact on the clinical outcome.

Clinical Predictors of Outcome
In our series, the rate of favorable outcome was slightly lower
(31.8%) compared with other reports (42%–54%),4,17,19,25-28 with
higher rates of mortality (40.9% versus 12%–35%)4,19,25-29 and
poor outcome (mRS 3–5, 27%). These results suggest that among

Table 2: Independent predictors of favorable outcomea

Model 1 Model 2
OR (95% CI) P OR (95% CI) P

Pretreatment NIHSS 0.77 (0.64–0.94) .007 0.82 (0.68–0.98) .030
PcomA collateral flow 2.87 (1.05–7.84) .039 3.38 (1.20–8.96) .021
IV thrombolysis 2.71 (1.04–7.04) .040 Not selected
Atrial fibrillation 0.18 (0.03–0.99) .049 Not selected
Onset to groin puncture 0.95 (0.89–1.01) .062 Not selected
Pretreatment DWI BSS 0.76 (0.54–1.06) .096 0.74 (0.52–1.02) .069
Complete recanalization Not included – 6.59 (2.17–20.03) .001
C-statistics (95% CI) 0.803 (0.710–0.897) 0.816 (0.732–0.901)
Pseudo-R2 0.248 0.232
Goodness-of-fit test P¼ .85 P¼ .74

Note:—– indicates not available.
a ORs were calculated using a backward-stepwise multivariable penalized-likelihood logistic model. Candidate predictors in model 1 were mothership, admission to inten-
sive care, atrial fibrillation, pretreatment NIHSS, pretreatment ASPECTS, pretreatment DWI BSS, IV thrombolysis, PcomA collateral flow, thalamus involvement, and
onset-to-groin puncture time. Candidate predictors in model 2 were mothership, admission to intensive care, atrial fibrillation, pretreatment NIHSS, pretreatment PC-
ASPECTS, pretreatment DWI BSS, IV thrombolysis, PcomA collateral flow, thalamus involvement, onset-to-groin puncture time, and complete recanalization (mTICI 3).
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patients with posterior circulation ischemic stroke, if reperfusion
appears to be an important factor in functional independence,
other variables potentially influence the final neurologic status. It
has been suggested that occlusion of small perforating arteries in
thromboembolic ABAO may persist even after clot removal and
recanalization of the basilar artery, leading to irreversible brain
stem ischemic lesions.20

In addition, compared with the literature, our patient group
was older (mean age, 66.9 versus 58–64 years),26,29,30 with higher
initial stroke severity (mean baseline NIHSS score of 22 versus
13–17).11,21,25,29 Furthermore, .70% of patients (80 comatose
patients) required admission to the intensive care unit for me-
chanical ventilation.

Younger age has been demonstrated to be associated with
favorable outcomes.25 On the other hand, 60 years of age and
older was an independent predictor of mortality.17 A higher GCS
score and a lower baseline NIHSS are known to be predictors of
good outcome in patients with ABAO.25,26,28,31 Most interesting,
it has been shown that despite recanalization, patients with
ABAO with a baseline NIHSS of $13 have poorer outcomes
compared with those with a mild-to-moderate deficit.17 In our se-
ries, the median NIHSS score among patients achieving a poor
outcome was 40, and the median GCS was 3. Accordingly, we
can reasonably state that patients with very severe disease at
admission have a quite low probability of achieving a good neu-
rologic outcome even if treated with the best medical manage-
ment and with the most advanced interventional techniques.

Delay of Reperfusion Therapy
Our regional network organization 31 may explain our longer me-
dian time from onset to groin puncture and imaging to puncture
time (410minutes versus 242–405 minutes and 99 minutes versus
50–60 minutes) compared with previous findings.17,25,26,32

Hospitals in our region (.2,700,000 habitants with an area
of 27,376 km2) are not geographically close together, so most of
those with the drip and ship paradigm (representing 71.6% of
subjects) underwent a re-evaluation MR imaging on arrival at
our comprehensive stroke center, which might increase the
onset-to-groin puncture time and imaging-to-puncture time.

In addition, 72% of patients (79 subjects) needed to be intuba-
ted for their low GCS (n=23) and for EVT (n=56). All these fac-
tors contributed to an increase in the median time from onset to
groin puncture and imaging to groin puncture.

The Basilar Artery International Cooperation Study (BASICS)
demonstrated that the probability of poor outcome was significantly
increased when recanalization therapy was started after 6hours.33

However, data in the literature are contradictory, with series show-
ing a not significant correlation between patients treated before and
after 6hours.26 In our study, onset-to-groin puncture was not inde-
pendently associated with 90-day mRS 0–2 at multivariable analysis.
These data support the hypothesis that functional prognosis might
be governed by other factors such as baseline neurologic presenta-
tion, collateral flow, and initial ischemia.27

Influence of Atrial Fibrillation
Different from what was reported before, in our cohort, the ab-
sence of atrial fibrillation was associated with a favorable

outcome. Atrial fibrillation, associated with fresh thrombus and
less atherosclerotic vessel damage, was an independent predictor
of successful reperfusion in previous series.34 In addition, it has
been reported that cardiac embolism is more frequently related to
distal basilar artery occlusion, which is generally associated with
higher rates of successful recanalization after EVT.35,36

PcomA Collateral Flow
The positive impact of collateral blood flow on clinical outcomes
has been previously demonstrated.19,21,28,37 Scores used to deter-
mine collateral flow are heterogeneous, and there is not a consen-
sus for the posterior circulation. Here, the presence of collateral
flow in the PcomA was defined using an easy-to-use, validated
scale assessed on baseline MR imaging8 and was associated with a
90-day favorable outcome. Moreover, other authors reported that
better collateral supply significantly increases recanalization
rates,19 providing blood flow to the penumbral tissue and
decreasing the final infarct core.38 It is conceivable that the pres-
ence of a PcomA artery should be checked during the pretreat-
ment imaging and patient selection, considering that subjects
with PcomA collateral flows are more likely to benefit from me-
chanical thrombectomy and have a higher chance of recovery. In
addition, the presence of a PcomA artery impacted the outcome
independent of complete reperfusion, indicating the importance
of the collateral blood flow in patients with ABAO.

Impact of Bridging Therapy
In our cohort, the use of IVT (37.3% of patients) increased the
90-day favorable outcome, without higher hemorrhagic risk.
Similarly, Gory et al17 reported higher mortality rates among
patients with ABAO not receiving IVT. These findings may sup-
port the use of IVT in ABAO, underlining its role in reperfusion
strategy. In our study, the sICH rate was quite low (2.7%) com-
pared with that reported in other series (0 to 11.8%).17-19,25-28 In
agreement with recent series,39 it is likely that the low rate of
sICH is partly explained by the MR imaging–based patient selec-
tion, with no administration of IVT for patients with large stroke
volumes.

Limitations
Our study has limitations. First, it is a monocentric retrospective,
nonrandomized observational registry study. Our sample size
remains limited to assess the predictors of favorable outcome, de-
spite being the largest EVT study of MR imaging–selected
patients with ABAO. First, we could not exclude several predic-
tors not being identified due to lack of adequate statistical power.
Although there is no single sample calculation, we performed an
a posteriori power calculation by calculating the smallest effect
size (expressed as an odds ratio) that our sample size (35 patients
with favorable outcome and 75 patients without it) allows to
detect a 5% significance level (2-sided) with a 80% power. On the
basis of our study sample, we could detect odds ratios of 4.24 and
3.38, assuming an exposure prevalence of 10% and 50% in
patients without favorable outcome. In addition, we could not
exclude a risk of overfitting in multivariate analysis. For these rea-
sons, the present findings should be confirmed in further larger
studies or in the ongoing randomized controlled trials.40
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CONCLUSIONS
This study emphasizes the impact of complete successful reperfu-
sion in patients with ABAO, which appeared the strongest predic-
tor of a 90-day favorable outcome. The presence of PcomA
collateral flow, lower pretreatment NIHSS scores, the absence of
atrial fibrillation, and IV thrombolysis administration was also
associated with favorable outcomes. Nevertheless, further random-
ized controlled trials are warranted to assess the patient-related fac-
tors determining clinical outcome.

Disclosures: Julien Labreuche—RELATED: Fees for participation in review activ-
ities such as data monitoring boards, statistical analysis, endpoint committees,
and the like. Alain Bonafe—UNRELATED: Consultancy: Medtronic, Stryker,
MicroVention. Pierre Henri Lefevre—UNRELATED: Payment for development of
educational presentations: Medtronic, Stryker.

REFERENCES
1. Mattle HP, Arnold M, Lindsberg PJ, et al. Basilar artery occlusion.

Lancet Neurol 2011;10:1002–14 CrossRef Medline
2. Goyal M, Menon BK, van Zwam WH, et al; HERMES collaborators.

Endovascular thrombectomy after large-vessel ischaemic stroke: a
meta-analysis of individual patient data from five randomised tri-
als. Lancet 2016;387:1723–31 CrossRef Medline

3. Kayan Y, Meyers PM, Prestigiacomo CJ, Society of Neuro-
Interventional Surgery, et al. Current endovascular strategies for
posterior circulation large vessel occlusion stroke: report of the
Society of NeuroInterventional Surgery Standards and Guidelines
Committee. J Neurointerv Surg 2019;11:1055–62 CrossRef Medline

4. Liu X, Dai Q, Ye R, et al; BEST Trial Investigators. Endovascular
treatment versus standard medical treatment for vertebrobasilar
artery occlusion (BEST): an open-label, randomised controlled
trial. Lancet Neurol 2020;19:115–22 CrossRef Medline

5. Tei H, Uchiyama S, Usui T, et al. Posterior circulation ASPECTS on
diffusion-weighted MRI can be a powerful marker for predicting
functional outcome. J Neurol 2010;257:767–73 CrossRef Medline

6. Mourand I, Machi P, Nogué E, et al. Diffusion-weighted imaging
score of the brain stem: a predictor of outcome in acute basilar ar-
tery occlusion treated with the Solitaire FR device. AJNR Am J
Neuroradiol 2014;35:1117–23 CrossRef Medline

7. Archer CR, Horenstein S. Basilar artery occlusion: clinical and radi-
ological correlation. Stroke 1977;8:383–90 CrossRef Medline

8. Goyal N, Tsivgoulis G, Nickele C, et al. Posterior circulation CT an-
giography collaterals predict outcome of endovascular acute ische-
mic stroke therapy for basilar artery occlusion. J Neurointerv Surg
2016;8:783–86 CrossRef Medline

9. Hacke W, Kaste M, Bluhmki E, et al; ECASS Investigators.
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic
stroke. N Engl J Med 2008;359:1317–29 CrossRef Medline

10. Sakamoto Y, Kimura K, Iguchi Y, et al. Hemorrhagic transforma-
tion in acute cerebellar infarction. Cerebrovasc Dis 2011;32:327–33
CrossRef Medline

11. Maus V, Styczen H, Liman J, et al. Intracranial mechanical throm-
bectomy of large vessel occlusions in the posterior circulation
using SAVE. BMC Neurol 2019;19:197 CrossRef Medline

12. Ducroux C, Piotin M, Gory B, et al; ASTER Trial investigators. First
pass effect with contact aspiration and stent retrievers in the
Aspiration versus Stent Retriever (ASTER) trial. J Neurointerv Surg
2020;12:386–91 CrossRef Medline

13. Zaidat OO, Yoo AJ, Khatri P, et al; Cerebral Angiographic
Revascularization Grading (CARG) Collaborators; STIR Re-vasculariza-
tion working group; STIR Thrombolysis in Cerebral Infarction (TICI)
Task Force. Recommendations on angiographic revascularization
grading standards for acute ischemic stroke. Stroke 2013;44:2650–63
CrossRef Medline

14. Heinze G. A comparative investigation of methods for logistic
regression with separated or nearly separated data. Stat Med
2006;25:4216–26 CrossRef Medline

15. Harrell FE, Lee KL, Mark DB. Multivariable prognostic models:
issues in developing models, evaluating assumptions and adequacy,
and measuring and reducing errors. Statist Med 1996;15:361–87
CrossRef

16. Allison PD.Multiple Regression: A Primer. Pine Forge Press; 1999
17. Gory B, Mazighi M, Labreuche J, et al, ETIS (Endovascular

Treatment in Ischemic Stroke) Investigators. Predictors for mortal-
ity after mechanical thrombectomy of acute basilar artery occlu-
sion. Cerebrovasc Dis 2018;45:61–67 CrossRef Medline

18. Gory B, Eldesouky I, Sivan-Hoffmann R, et al. Outcomes of stent re-
triever thrombectomy in basilar artery occlusion: an observational
study and systematic review. J Neurol Neurosurg Psychiatry
2016;87:520–25 CrossRef Medline

19. Singer OC, Berkefeld J, Nolte CH, et al; ENDOSTROKE Study
Group. Mechanical recanalization in basilar artery occlusion: the
ENDOSTROKE study—Recanalization in BA Occlusion. Ann
Neurol 2015;77:415–24 CrossRef Medline

20. Deb-Chatterji M, Flottmann F, Leischner H, et al. Recanalization is
the key for better outcome of thrombectomy in basilar artery
occlusion. Clin Neuroradiol 2019 Dec 23. [Epub ahead of print]
CrossRef Medline

21. Ravindren J, A, Pérez M, Hellstern V, et al. Predictors of outcome af-
ter endovascular thrombectomy in acute basilar artery occlusion
and the 6 hr time window to recanalization. Front Neurol
2019;10:923 CrossRef Medline

22. Gory B, Mazighi M, Blanc R, et al. Mechanical thrombectomy in
basilar artery occlusion: influence of reperfusion on clinical out-
come and impact of the first-line strategy (ADAPT vs stent re-
triever). J Neurosurg 2018;129:1482–91 CrossRef Medline

23. Mokin M, Sonig A, Sivakanthan S, et al. Clinical and procedural pre-
dictors of outcomes from the endovascular treatment of posterior
circulation strokes. Stroke 2016;47:782–88 CrossRef Medline

24. Dargazanli C, Consoli A, Barral M, et al. Impact of modified TICI 3
versus modified TICI 2b reperfusion score to predict good out-
come following endovascular therapy. AJNR Am J Neuroradiol
2017;38:90–96 CrossRef Medline

25. Kang D, Jung C, Yoon W, et al. Endovascular thrombectomy for
acute basilar artery occlusion: a multicenter retrospective observa-
tional study. J Am Heart Assoc 2018;7:e009419 CrossRef Medline

26. Li C, Zhao W, Wu C, et al. Outcome of endovascular treatment for
acute basilar artery occlusion in the modern era: a single institu-
tion experience. Neuroradiology 2018;60:651–59 CrossRef

27. Phan K, Phan S, Huo YR, et al.Outcomes of endovascular treatment
of basilar artery occlusion in the stent retriever era: a systematic
review and meta-analysis. J Neuronterv Surg 2016;8:1107–15
CrossRef Medline

28. Yoon W, Kim SK, Heo TW, et al. Predictors of good outcome after
stent-retriever thrombectomy in acute basilar artery occlusion.
Stroke 2015;46:2972–75 CrossRef Medline

29. Tran AT, Nguyen HA, Vu DL, et al. Basilar artery thrombectomy:
assessment of outcome and identification of prognostic factors.
Acta Neurol Belg 2020;120:99–105 CrossRef Medline

30. Bouslama M, Haussen DC, Aghaebrahim A, et al. Predictors of good
outcome after endovascular therapy for vertebrobasilar occlusion
stroke. Stroke 2017;48:3252–57 CrossRef Medline

31. Mourand I, Machi P, Milhaud D, et al. Mechanical thrombectomy
with the Solitaire device in acute basilar artery occlusion. J
Neurointerv Surg 2014;6:200–04 CrossRef Medline

32. Guillaume M, Lapergue B, Gory B, et al. Rapid successful reperfusion
of basilar artery occlusion strokes with pretreatment diffusion-
weighted imaging posterior-circulation ASPECTS <8 is associated
with good outcome. J AmHeart Assoc 2019;8:e010962 CrossRef Medline

33. Schonewille WJ, Wijman CA, Michel P, et al; BASICS study group.
Treatment and outcomes of acute basilar artery occlusion in the
Basilar Artery International Cooperation Study (BASICS): a

6 Mahmoudi � 2020 www.ajnr.org

http://dx.doi.org/10.1016/S1474-4422(11)70229-0
https://www.ncbi.nlm.nih.gov/pubmed/22014435
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
https://www.ncbi.nlm.nih.gov/pubmed/26898852
http://dx.doi.org/10.1136/neurintsurg-2019-014873
https://www.ncbi.nlm.nih.gov/pubmed/31103994
http://dx.doi.org/10.1016/S1474-4422(19)30395-3
https://www.ncbi.nlm.nih.gov/pubmed/31831388
http://dx.doi.org/10.1007/s00415-009-5406-x
https://www.ncbi.nlm.nih.gov/pubmed/19943167
http://dx.doi.org/10.3174/ajnr.A3870
https://www.ncbi.nlm.nih.gov/pubmed/24524920
http://dx.doi.org/10.1161/01.str.8.3.383
https://www.ncbi.nlm.nih.gov/pubmed/860293
http://dx.doi.org/10.1136/neurintsurg-2015-011883
https://www.ncbi.nlm.nih.gov/pubmed/26283714
http://dx.doi.org/10.1056/NEJMoa0804656
https://www.ncbi.nlm.nih.gov/pubmed/18815396
http://dx.doi.org/10.1159/000329259
https://www.ncbi.nlm.nih.gov/pubmed/21921595
http://dx.doi.org/10.1186/s12883-019-1428-x
https://www.ncbi.nlm.nih.gov/pubmed/31419959
http://dx.doi.org/10.1136/neurintsurg-2019-015215
https://www.ncbi.nlm.nih.gov/pubmed/31471527
http://dx.doi.org/10.1161/STROKEAHA.113.001972
https://www.ncbi.nlm.nih.gov/pubmed/23920012
http://dx.doi.org/10.1002/sim.2687
https://www.ncbi.nlm.nih.gov/pubmed/16955543
http://dx.doi.org/10.1002/(SICI)1097-0258(19960229)15:4&hx003C;361::AID-SIM168&hx003E;3.0.CO;2-4
http://dx.doi.org/10.1159/000486690
https://www.ncbi.nlm.nih.gov/pubmed/29393092
http://dx.doi.org/10.1136/jnnp-2014-310250
https://www.ncbi.nlm.nih.gov/pubmed/25986363
http://dx.doi.org/10.1002/ana.24336
https://www.ncbi.nlm.nih.gov/pubmed/25516154
http://dx.doi.org/10.1007/s00062-019-00850-9
https://www.ncbi.nlm.nih.gov/pubmed/31872288
http://dx.doi.org/10.3389/fneur.2019.00923
https://www.ncbi.nlm.nih.gov/pubmed/31608001
http://dx.doi.org/10.3171/2017.7.JNS171043
https://www.ncbi.nlm.nih.gov/pubmed/29327997
http://dx.doi.org/10.1161/STROKEAHA.115.011598
https://www.ncbi.nlm.nih.gov/pubmed/26888533
http://dx.doi.org/10.3174/ajnr.A4968
https://www.ncbi.nlm.nih.gov/pubmed/27811134
http://dx.doi.org/10.1161/JAHA.118.009419
https://www.ncbi.nlm.nih.gov/pubmed/29982231
http://dx.doi.org/10.1007/s00234-018-2011-7
http://dx.doi.org/10.1136/neurintsurg-2015-012089
https://www.ncbi.nlm.nih.gov/pubmed/26610730
http://dx.doi.org/10.1161/STROKEAHA.115.010840
https://www.ncbi.nlm.nih.gov/pubmed/26330448
http://dx.doi.org/10.1007/s13760-019-01223-2
https://www.ncbi.nlm.nih.gov/pubmed/31679149
http://dx.doi.org/10.1161/STROKEAHA.117.018270
https://www.ncbi.nlm.nih.gov/pubmed/29089457
http://dx.doi.org/10.1136/neurintsurg-2012-010629
https://www.ncbi.nlm.nih.gov/pubmed/23645572
http://dx.doi.org/10.1161/JAHA.118.010962
https://www.ncbi.nlm.nih.gov/pubmed/31070075


prospective registry study. Lancet Neurol 2009;8:724–30 CrossRef
Medline

34. Nagel S, Schellinger PD, Hartmann M, et al. Therapy of
acute basilar artery occlusion: intraarterial thrombolysis
alone vs bridging therapy. Stroke 2009;40:140–46 CrossRef
Medline

35. Caplan LR. Vertebrobasilar embolism. Clin Exp Neurol 1991;28:1–
22 Medline

36. Cross DT, Moran CJ, Akins PT, et al. Relationship between clot
location and outcome after basilar artery thrombolysis. AJNR Am J
Neuroradiol 1997;18:1221–28 Medline

37. van der Hoeven EJ, McVerry F, Vos JA, et al; BASICS registry investi-
gators. Collateral flow predicts outcome after basilar artery

occlusion: the posterior circulation collateral score. Int J Stroke
2016;11:768–75 CrossRef Medline

38. Bang OY, Saver JL, Kim SJ, et al. Collateral flow predicts response to
endovascular therapy for acute ischemic stroke. Stroke 2011;42:693–
99 CrossRef Medline

39. Kim JT, Cho BH, Cho KH, et al.Magnetic resonance imaging versus
computed tomography angiography based selection for endovas-
cular therapy in patients with acute ischemic stroke. Stroke
2019;50:365–72 CrossRef Medline

40. van der Hoeven EJ, Schonewille WJ, Vos J, et al; BASICS Study
Group, The Basilar Artery International Cooperation Study
(BASICS): study protocol for a randomised controlled trial. Trials
2013;14:200 CrossRef Medline

AJNR Am J Neuroradiol �:� � 2020 www.ajnr.org 7

http://dx.doi.org/10.1016/S1474-4422(09)70173-5
https://www.ncbi.nlm.nih.gov/pubmed/19577962
http://dx.doi.org/10.1161/STROKEAHA.108.526566
https://www.ncbi.nlm.nih.gov/pubmed/18927446
https://www.ncbi.nlm.nih.gov/pubmed/1821819
https://www.ncbi.nlm.nih.gov/pubmed/9282845
http://dx.doi.org/10.1177/1747493016641951
https://www.ncbi.nlm.nih.gov/pubmed/27016515
http://dx.doi.org/10.1161/STROKEAHA.110.595256
https://www.ncbi.nlm.nih.gov/pubmed/21233472
http://dx.doi.org/10.1161/STROKEAHA.118.023173
https://www.ncbi.nlm.nih.gov/pubmed/30612537
http://dx.doi.org/10.1186/1745-6215-14-200
https://www.ncbi.nlm.nih.gov/pubmed/23835026

	Predictors of Favorable Outcome after Endovascular Thrombectomy in MRI: Selected Patients with Acute Basilar Artery Occlusion
	MATERIALS AND METHODS
	INCLUSION CRITERIA AND PATIENT CHARACTERISTICS
	NEUROIMAGING ASSESSMENT
	REPERFUSION THERAPY
	FOLLOW-UP AND OUTCOME
	STATISTICAL ANALYSIS
	RESULTS
	ANGIOGRAPHIC AND CLINICAL OUTCOMES
	PREDICTORS OF FAVORABLE OUTCOME AT 90 DAYS
	MULTIVARIABLE MODEL INCLUDING NIHSS
	MULTIVARIABLE MODEL INCLUDING GCS
	DISCUSSION
	INFLUENCE OF COMPLETE REPERFUSION ON FAVORABLE OUTCOMES
	CLINICAL PREDICTORS OF OUTCOME
	DELAY OF REPERFUSION THERAPY
	INFLUENCE OF ATRIAL FIBRILLATION
	PCOMA COLLATERAL FLOW
	IMPACT OF BRIDGING THERAPY
	LIMITATIONS
	CONCLUSIONS
	REFERENCES


