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Abstract
Background:Endovascular therapy (EVT) that might improve the outcome of patients with acute basilar
artery occlusion remains controversial. The objective of this study was to investigate functional
outcomes at 3 months after endovascular therapy in patients with acute basilar artery occlusion (ABAO)
and to predict the futile recanalization.

Methods:The clinical data of acute basilar artery occlusion patients treated with endovascular therapy
was collected from January 2019 to October 2022. Using the angiographic collateral grading system for
basilar artery occlusion (ACGS-BAO) to evaluate collateral status. Futile recanalization was defined as an
mRS score of 3-6 at 3 months. Association of ACGS-BAO and the preprocedural SII with futile
recanalization was analyzed using logistic regression models.

Results:The analysis of acute basilar artery occlusion patients showed that 47(64.38%) developed futile
recanalization and 23(31.5%) died of 73 patients. Multivariate logistic analysis showed that ACGS-BAO
(OR= 0.281, 95% CI = 0.132-0.600) and ln(SII) (OR= 2.482, 95% CI = 1.308-4.707) were independently
associated with futile recanalization. In receiver operating characteristic analysis, the area under the
curve for ACGS-BAO and SII were 0.737 and 0.703 (95% CI= 0.617-0.857, P 0.001 and 95% CI=0.582-
0.824, P=0.001), respectively. The effects of ACGS-BAO and ln(SII) on futile recanalization were similar in
all subgroups (P> 0.10 for all interactions).

Conclusion: Our study suggested that bad collateral status and high in�ammatory levels are independent
predictors of futile recanalization after endovascular treatment in patients with ABAO.

INTRODUCTION
Acute basilar artery occlusion (ABAO) accounts for about 10% of all strokes [1] and is the most severe
type with high morbidity and mortality [2]. In the earlier stage of ABAO, endovascular therapy (EVT) was
able to achieve vascular recanalization and restore blood perfusion and consider to be the primary
treatment method [3]. Previous multi-center cohort studies have shown that EVT can make the
recanalization rate of ABAO reach more than 80%. Despite this, nearly half of the successful
recanalization patients tend to have a poor prognosis and futile recanalization [4–6]. Since the
mechanism of futile recanalization is not clear, many conclusions are inseparable from reperfusion injury
[7–9]. Rapid blood �ow to ischemic brain tissue provokes a cascade of in�ammatory reactions and
oxidative stress, leading to cellular and blood-brain barrier damage, which ultimately manifests as
neurological deterioration [10]. Besides, effective collateral status plays a vital role in maintaining blood
perfusion in the ischemic area, such as reducing core infarction and alleviating reperfusion injury [11–
12].

Hussein et al. proposed futile recanalization in a MATE analysis and was de�ned as TIMI grade 3
patients after EVT with mRS > 2 at 3 months [13]. Later, the concept of futile recanalization accordingly
changed due to the modi�cation of TIMI to mTICI [14] and was de�ned as the occluded vessel achieving
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complete recanalization (mTICI 2b or 3). However, the patient with mTICI 2b or 3 was unable to achieve
functional independence (mRS > 2) at 3 months [15–16]. Furthermore, the BASILAR study indicated that
62.8% of patients had a poor prognosis after successful reperfusion and futile recanalization [4].
Therefore, accurate identi�cation of futile recanalization is essential.

In this study, we evaluated the neurological function of patients at three months and explored the
relationship between futile recanalization and collateral circulation status and in�ammatory response
level.

METHODS

Study Population
We retrospectively analyzed the clinical and imaging data of patients with acute basilar artery occlusion
who underwent endovascular therapy at our institution from January 2019 to October 2022. Patients
were included in the study under the following inclusion criteria: (1) ≥ 18 years old, (2) diagnosis of acute
BAO, (3) EVT performed, (4) 3 months follow-up completed. The exclusion criteria included: The time
from onset to completion of puncture was more than 24h, patients with anterior circulation stroke,
contrast agent allergy, severe active bleeding or known obvious bleeding tendency, severe heart, liver,
kidney, and other organ dysfunction, severe hypertension uncontrollable by drugs, pregnant or lactating
women. Based on these exclusion criteria, 17 patients were excluded, and the �nal study population
consisted of 73 patients as reported in a �owchart. This study was carried out in compliance with the
Declaration of Helsinki and was approved by the ethics committees of The A�liated Hospital of Xuzhou
Medical University.

Endovascular Treatment Methods:
All the patients completed the preoperative examination quickly after admission and without
contraindication of intravenous thrombolysis within 4.5 hours. EVT includes (1) aspiration
thrombectomy: the thrombus was aspirated with a 50ml syringe or aspiration pump as the intermediate
catheter reached near its core. (2) Stent thrombectomy: Microcatheter was carried through the occluded
segment with a micro guidewire and the thrombectomy was performed by negative pressure aspiration
after releasing the stent. If the vessels did not recanalize, the above procedures could be repeated, or
intra-arterial thrombolysis, balloon angioplasty, stent implantation, or tiro�ban intra-arterial
administration could be performed.

Clinical and Imaging Assessment:
Demographic and clinical data including, age, gender, hypertension, coronary heart disease, diabetes,
atrial �brillation, previous stroke history, preoperative systolic and diastolic blood pressure, preoperative
platelet, neutrophil and lymphocyte counts, TOAST classi�cation, National Institutes of Health stroke
scale (NIHSS), posterior circulation acute stroke prognosis early CT score based on NCCT (Pc-ASPECTS),
midbrain-pons index, occlusion site, opening method, OPT, OTR, and IVT were collected. The
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Angiographic Collateral Grading System for BAO (ACGS-BAO) evaluation system was used for the
assessment of collateral circulation[17], which included four grades: grade 1 de�ned as neither PComA
nor leptomeningeal collaterals were present, without �lling to the top of the basilar artery (BA); grade 2
de�ned as the presence of either PComA or leptomeningeal collaterals, but without �lling to the top of BA;
grade 3 de�ned as the presence of either PComA or leptomeningeal collaterals, with partial �lling to the
top of BA; grade 4 de�ned as the presence of either PComA or leptomeningeal collaterals, with complete
�lling to the top of BA. Based on the ACGS-BAO, poor collateral status is de�ned as a grade of 1–2,
intermediate status as grade 3, and good status as grade 4. In addition, the Systemic immune
in�ammation index (SII) was calculated as follows: peripheral platelet count × neutrophil
count/lymphocyte count. The SII value was calculated using the hemogram parameters measured on
preprocedural.

The neuro-interventional experts independent of this study evaluated relevant imaging data. Patient
follow-ups were conducted by trained professionals unfamiliar with the details of this experimental study,
either over the telephone or in the clinic with the patient or their family.

Outcome Assessment
The mRS score assessed neurologic functional outcome at 3 months. The mRS ranged from 0 (no
residual stroke symptoms) to 6 (death). The primary outcome was futile recanalization (FR) after EVT,
de�ned as an mRS of 3–6 at 3 months despite successful recanalization.

Statistical Analysis
Patients were divided into two groups according to whether FR occurred. The Shapiro-Wilk test was used
to assess the normality of distribution. Continuous variables with normal distribution were expressed as
the mean ± SD and compared using the Independent sample t-test. Continuous variables without normal
distribution were expressed as the median (25th-75th interquartile range) and compared using the Mann–
Whitney U-test. Categorical variables are expressed as counts and percentages (%) and compared using
the Chi-square test. Natural logarithm-transformed values were used for the statistical analyses of SII
levels, as the original values were skewed. A multivariable logistic regression model controlling for
potential confounders was used to determine the adjusted odds ratios (OR) with the corresponding 95%
con�dence intervals (CI) to assess the ACGS-BAO and ln(SII) as independent predictors of FR.
Confounders were de�ned as baseline variables with a difference at a level of P < 0.05 in univariable
analysis. Spearman correlation analysis was used to study the correlation between ACGS-BAO, ln(SII),
and mRS at 3 months. The receiver operating characteristic (ROC) curves were conducted to calculate the
sensitivity and speci�city and determine the cutoff value. At the same time, a Pairwise comparison of the
ROC between the SII, ACGS-BAO, and the combined was performed using DeLong’s test. To explore the
predictive power of ACGS-BAO and ln(SII) for FR at different subgroup levels by sex (male and female),
age (≤ 60 and > 60 years), OPT (≤ 6 and > 6 h), stroke severity (NIHSS ≤ 20 and > 20), and etiology (in
situ stenosis and embolism). All tests were two-tailed, and a P-value < 0.05 was considered statistically
signi�cant.
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RESULTS
The demographic characteristic data shows that 47(64.38%) of 73 patients developed FR and 23(31.5%)
died (Fig. 1). Preoperative SII in FR group compared to non-FR group(1360.8(726.6-2925.6) vs
621.1(357.71503.9), P = 0.004), pc-ASPECTS score(7(6–10) vs 8(8–10), p = 0.033), midbrain-pons index
(2(0–2) vs 0(0–1), p = 0.018), time from onset to puncture completion (356.3 ± 137.2 vs 263.8 ± 127.6, p 
= 0.006) were signi�cantly higher, and ACGS-BAO(2(2–3) vs 3(2–3), p < 0.001) was poorer. Logarithm-
transformed SII(ln-SII) levels were also signi�cantly higher in patients with CIR than in patients without FR
(P = 0.003 for both comparisons). The two groups had no statistically signi�cant differences in the
remaining baseline characteristics as shown in Table 1.
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Table 1
Characteristics and clinical data of the ABAO patients treated with EVT.

Characteristics FR(n = 47) No-FR(n = 26) P
value

Age,y(mean ± SD) 63.8 ± 11.4 60.6 ± 15.9 0.315

Male,n (%) 29(61.7%) 21(80.8%) 0.093

Hypertension,n (%) 29(61.7%) 10(38.5%) 0.084

Diabetes mellitus,n (%) 18(38.3%) 10(38.5%) 0.989

Coronary heart disease,n (%) 12(25.5%) 5(19.2%) 0.542

Atrial �brillation,n (%) 18(38.3%) 8(30.8%) 0.520

Prior stroke,n (%) 27(57.4%) 11(42.3%) 0.215

Mean arterial pressure,(mean ± SD) 149.2 ± 33.5 151.5 ± 31.8 0.770

Preprocedural SII, (median, IQR) 1360.8(726.6-
2925.6)

621.1(357.7-
1503.9)

0.004

Ln(SII),(mean ± SD) 7.2 ± 1.1 6.5 ± 0.8 0.003

TOAST     0.267

Large artery arteriosclerosis,n (%) 30(63.8) 15(57.7)  

Cardioembolic,n (%) 16(34) 8(30.8)  

Other,n (%) 1(2.1) 1(3.8)  

unknown etiology,n (%) - 2(7.7)  

Preceding intravenous tPA,n (%) 16(34) 5(19.2) 0.181

NIHSS score, (median, IQR) 30(21–35) 20.5(13–35) 0.170

mRS score, (median, IQR) 5(4–5) 4(4–5) 0.059

ACGS-BAO, (median, IQR) 2(2–3) 3(2–3) 0.001

pc-ASPECTS, (median, IQR) 7(6–10) 8(8–10) 0.033

Pons-midbrain-index, (median, IQR) 2(0–2) 0(0–1) 0.018

High density of basilar artery ,n (%) 25(53.2) 12(46.2) 0.565

OPT, min(mean ± SD) 356.3 ± 137.2 263.8 ± 127.6 0.006

SII, the Systemic immune in�ammation index; Ln(SII), Natural logarithm-transformed of the Systemic
immune in�ammation index; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; NIHSS, National
Institutes of Health stroke scale; mRS, Modi�ed Rankin Scale; ACGS-BAO, the Angiographic Collateral
Grading System for Basilar Artery Occlusion; pc-ASPECTS, posterior circulation Acute Stroke
Prognosis Early Computed Tomography Score; OPT, Onset-to-groin puncture time; BA, Basilar Artery.
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Characteristics FR(n = 47) No-FR(n = 26) P
value

Puncture to recanalization, min (median,
IQR)

60(44–80) 50(34.8–73.8) 0.202

Occlusion site     0.349

Proximal BA,n (%) 4(8.5) 4(15.4)  

Proximal BA,n (%) 15(31.9) 4(15.4)  

Distal BA,n (%) 14(29.8) 11(42.3)  

Tandem lesions,n (%) 14(39.8) 7(26.9)  

Infusion of tiro�ban,n (%) 18(38.3) 13(50) 0.333

Preferred surgical procedure     0.408

aspiration thrombectomy ,n (%) 9(19.1) 8(30.8)  

Stent-retriever thrombectomy,n (%) 27(57.4) 11(42.3)  

Intra-arterial thrombolysis,n (%) 11(23.4) 7(26.8)  

Hemorrhagic transformation, n (%) 7(14.9) 2(7.7) 0.378

SII, the Systemic immune in�ammation index; Ln(SII), Natural logarithm-transformed of the Systemic
immune in�ammation index; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; NIHSS, National
Institutes of Health stroke scale; mRS, Modi�ed Rankin Scale; ACGS-BAO, the Angiographic Collateral
Grading System for Basilar Artery Occlusion; pc-ASPECTS, posterior circulation Acute Stroke
Prognosis Early Computed Tomography Score; OPT, Onset-to-groin puncture time; BA, Basilar Artery.

Furthermore, a multivariate regression analysis was performed on those factors that were found to be
statistical signi�cance in the univariate regression analysis (Table 2). The ln(SII) (OR,2.482; 95% CI
1.308–4.707,P = 0.005) and ACGS-BAO(OR,0.281; 95% CI 0.132-0.600, P = 0.001) were independent
predictors for functional outcome. The distribution of 90-day-mRS according to the ACGS-BAO and SII is
presented in Fig. 2. The result demonstrated that lower ACGS-BAO and high SII were presented with poor
outcomes. In correlation analysis, ACGS-BAO was negatively correlated with 90d-mrs (R=-0.537, P < 
0.001), ln(SII) was positively correlated with 90d-mrs (R = 0.243, P = 0.038) (Fig. 3).
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Table 2
Independent predictors of futile recanalization in ABAO patients.

Variables Univariate Logistic regression analysis Multivariate Logistic regression
analysis

β OR 95%CI P β OR 95%CI P

Ln(SII) 0.780 2.183 1.264–
3.768

0.005 0.909 2.482 1.308–
4.707

0.005

PC-ASPECTS -0.320 0.726 0.547-
0963

0.026        

Pons-midbrain-
index

0.599 1.821 1.131–
2.931

0.014        

OPT 0.006 1.006 1.001–
1.010

0.010        

ACGS-BAO -1.162 0.313 0.157–
0.623

0.001 -1.269 0.281 0.132-
0.600

0.001

Ln(SII), Natural logarithm-transformed of the Systemic immune in�ammation index; pc-ASPECTS,
posterior circulation Acute Stroke Prognosis Early Computed Tomography Score; OPT, Onset-to-groin
puncture time; ACGS-BAO, the Angiographic Collateral Grading System for Basilar Artery Occlusion.

To further con�rm the sensitivity and speci�city the ROC curve analysis was performed. The ROC curve
analysis indicated that the AUC for the SII was 0.703 (95% CI,0.582–0.824, P = 0.001), and for ACGS-BAO,
was 0.737(95% CI,0.617–0.857, P = 0.001) (Fig. 4). The cutoff point of SII was 705.6 and 2.5 for ACGS-
BAO to estimate the presence of FR with a sensitivity of 76.6% and 74.5% and a speci�city of 61.5% and
65.4%, respectively (Table 3). Pairwise comparison of ROC curves by the DeLong method indicated that
SII and ACGS-BAO alone produced similar degrees of discrimination of FR (z = 0.397, P = 0.6916), and
both were inferior to the combined ln(SII) with the ACGS-BAO (AUC: 0.822; 95% CI: 0.721–0.923; P < 
0.001).

Table 3
ROC curve analysis of ACGS-BAO and SII.

Variable AUC Cut-off value 95% CI Sensitivity Speci�city P

ACGS-BAO 0.737 2.5 0.617–0.857 0.745 0.654 0.001

SII 0.703 705.6305 0.582–0.824 0.766 0.615 0.004

ACGS-BAO + ln(SII) 0.822 0.675 0.721–0.923 0.702 0.885 0.001

ACGS-BAO, the Angiographic Collateral Grading System for Basilar Artery Occlusion; SII, the Systemic
immune in�ammation index; Ln(SII), Natural logarithm-transformed of the Systemic immune
in�ammation index.

There was no signi�cant difference between ACGS-BAO and SII in predicting futile recanalization in
different subgroups (interaction P > 0.10) (Fig. 5).
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DISCUSSION
Acute basilar artery occlusion (ABAO) accounts for about 5% of all intracranial large vessel occlusions
(LVO) [18], which has longer prodrome that different from hemispheric ischemia [19]. Early neurological
de�cits are atypical, such as dizziness, vertigo, maliciousness, and ataxia [20–21]. It is essential to realize
vascular recanalization in the early stage. However, many recanalizations are futile due to complications
such as postoperative hemorrhagic transformation, malignant cerebral edema, and pulmonary infection.
Moreover, the rates of futile recanalization (mRS score ≥ 3 points at 90 days after the operation) in
endovascular treatment groups of BASILAR, BAOCHE, ATTENTION, BEST, and BASICS were
72.6%,61%,67%,66.7%, and 64.9%, respectively. Similarly, their mortality was 46.2%,31%,37%,33.3%, and
38.3%, respectively [4–6, 22–23]. The rates of futile recanalization and mortality were similar to our
study.

This paper studied the prediction of futile recanalization from two aspects: collateral circulation status
evaluation and In�ammatory response level. Previously reported that the mechanism of futile
recanalization may be related to reperfusion injury and the "No-re�ow" phenomenon [9]. In addition, the
patency of collateral circulation can effectively identify reperfusion and determine the infarct size and
even the clinical outcome of AIS [24]. Several collateral scores for the posterior circulation have emerged
in recent years, such as PC-CS [25], pc-CTA [26], BATMAN [27], and pc-ASPECTS [28]. With the
development of neuro-interventional technology, the number of patients receiving EVT treatment is
gradually increasing, and the evaluation of collateral circulation is not limited to CT/CTA. DSA can
dynamically observe blood perfusion and play an irreplaceable role in evaluating collateral circulation.
The angiographic collateral grading system for basilar artery occlusion (ACGS-BAO) is based on DSA,
which visualizes the degree of posterior circulation and pial branches along with basilar artery tip and
can evaluate the collateral compensation of basilar artery with reasonable accuracy [17].

In�ammation is an essential factor affecting acute ischemic stroke's severity and prognosis (AIS) [29].
After vascular occlusion, neuronal necrosis, and in�ammatory cascade are activated immediately [30].
Leukocytes and platelets aggregate under the action of the �brin, and adhesion molecule p-selectin,
forming blood plate-leukocyte clusters, causing microvascular embolism and aggravating ischemic injury
[31–32]. Neutrophils damage the blood-brain barrier by releasing matrix metalloproteinases, producing
many free radicals, releasing in�ammatory mediators, and further aggravating and promoting brain injury
[33–34]. In animal experiments, T cells decreased continuously for several weeks after occlusion of the
MCA in mice, which may be related to systemic immunosuppression. In addition, the decrease of
lymphocytes will also weaken the protective effect on neurons [35–36]. Previous studies have shown that
higher neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) levels are closely
associated with AIS prognosis [37]. However, the SII used in this study included three indicators of
neutrophils, platelets, and lymphocytes, re�ecting the overactive coagulation and in�ammatory pathways
simultaneously. Compared with NLR and PLR, SII can more comprehensively re�ect the in�ammatory
state of patients and the relationship between stroke and in�ammation. Therefore, SII can be considered
a more sensitive predictor of in�ammation.
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The e�cacy of SII to re�ect levels of in�ammation and immune balance has been validated in various
cancers and cardiovascular diseases [38–40]. Hou et al. reported that SII was an independent predictor of
stroke severity (OR 1.351, 95% CI 1.084–1.684, P = 0.007) in AIS [41]. Furthermore, SII in AIS patients who
received intravenous thrombolysis was an independent risk factor for poor prognosis at 3 months (OR = 
3.953, 95% CI = 1.702–9.179, p = 0.001) [42]. Ho Jun Yi et al. showed that the SII threshold < 853 was an
independent predictor of good prognosis in the EVT of large artery occlusion [43]. The preprocedural use
of SII as an auxiliary method for predicting prognosis has proven effective and an excellent clinical
application prospect.

This study still has some limitations: This study is a single-center retrospective study with a small sample
size (n = 73), which may have selection bias. SII was analyzed only in this study and other in�ammatory
markers such as hs-CRP, IL-1, IL-6, and TNF were not included. We only analyzed SII at admission and
without dynamic monitoring, which may affect the correlation between SII and ineffective recanalization.
The e�cacy of ACGS-BAO has only been con�rmed in some single-center studies and multi-center
prospective studies are needed to verify it. Multiple neuro-interventional specialists performed all
procedures in this study, and the operators' experience and operation methods may impact the vessels'
recanalization.

In conclusion, ACGS-BAO and preprocedural SII are standard and readily available in clinical practice,
which respectively will evaluate the status of basilar collateral circulation and the level of in�ammatory
response and are closely related to futile recanalization after surgery. Our study con�rmed that collateral
circulation status is negatively correlated with prognosis, while in�ammation level is positively correlated.
The combined use of these two biomarkers is more predictive of postoperative futile recanalization than
the use of either marker alone, which is of great signi�cance for developing individualized treatment
plans and reducing additional injuries.
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