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Abstract
BACKGROUND
In a previous study, basilar artery occlusion (BAO) was shown to lead to death or disability in 80% of the patients. The treatment for BAO patients in the acute stage includes thrombolysis and intra-arterial thrombectomy, but not all patients benefit from these treatments. Thus, understanding the predictors of outcome before initiating these treatments is of special interest.

AIM
To determine the predictors related to the 90-d clinical outcome in patients with BAO in an Asian population. 

METHODS
We performed a retrospective case review of patients admitted to a tertiary stroke center between 2015 and 2019. We used the international classification of diseases-10 criteria to identify cases of posterior circulation stroke. A neurologist reviewed every case, and patients fulfilling the criteria defined in the Basilar Artery International Cooperation Study were included. We then analyzed the patients’ characteristics and factors related to the 90-d outcome. 

RESULTS
We identified a total of 99 patients as real BAO cases. Of these patients, 33 (33.3%) had a favorable outcome at 90 d (modified Rankin Scale: 0–3). Moreover, 72 patients received intra-arterial thrombectomy, while 13 patients received intravenous tissue-type plasminogen activator treatment. We observed a favorable outcome in 33.3% of the cases and an unfavorable outcome in 66.7% of the cases. We found that the initial National Institutes of Health Stroke Scale (NIHSS) score and several BAO symptoms, including impaired consciousness, tetraparesis, and pupillary abnormalities, were significantly associated with an unfavorable outcome (P < 0.05), while cerebellar symptoms were associated with a favorable outcome (P < 0.05). In the receiver operating characteristic (ROC) analysis, the areas under the ROC curve of initial NIHSS score, impaired consciousness, tetraparesis, cerebellar symptoms, and pupillary abnormalities were 0.836, 0.644, 0.727, 0.614, and 0.614, respectively. Initial NIHSS score showed a higher AUROC (0.836) compared to BAO symptoms.

CONCLUSION
The most important predictor of an unfavorable outcome was the initial NIHSS score. BAO symptoms, including tetraparesis, impaired consciousness, and pupillary abnormality were also related to an unfavorable outcome. 
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Core Tip: In the emergency department, basilar artery occlusion (BAO) stroke is always severe, devastating, and difficult to diagnose. And it is more difficult to determine the further treatment, thrombectomy or not? We perform a retrospective study to investigate the outcome predictors of BAO. Our study showed that initial National Institutes of Health Stroke Scale (NIHSS) was the strongest predictor to the 90 d functional outcome. And we found a best cut-off value of NIHSS 30. That is, the score higher than 30 always relate to poor outcome, even received thrombectomy. We suggest that BAO patients with NIHSS higher than 30 may not benefit from thrombectomy treatment.

INTRODUCTION
Basilar artery occlusion (BAO) is a type of acute ischemic stroke that accounts for 1% of all ischemic strokes and 8% of all symptomatic vertebrobasilar territory ischemia cases[1]. Compared with patients with anterior circulation stroke, those suffering from BAO have a high risk of morbidity and death despite the acute treatment of intravenous thrombolysis (IVT) or intra-arterial thrombectomy (IAT)[2]. Mechanical thrombectomy is beneficial for patients suffering from stroke caused by the occlusion of the proximal anterior circulation[3]. However, evidence supporting the use of IAT for BAO is still lacking, particularly in Asian populations[4]. Although some studies have shown that this intervention in patients with BAO may be effective and safe[5], large prospective observational studies have suggested that not all patients with BAO benefit from IAT or IVT[4].
Acute treatment for BAO is determined individually by the first-line stroke neurologist; thus, a comprehensive knowledge of the predictors of favorable outcome can facilitate the decision-making process and establish appropriate expectations for patients and their families[6]. 
A myriad of evidence shows that the initial National Institutes of Health Stroke Scale (NIHSS) score predicts clinical outcome in BAO patients[1,2,6-8]. Current meta-analyses[9] and systemic reviews[10] have confirmed that lower initial NIHSS scores independently and significantly predict favorable 90-d functional outcomes. In the multicenter, prospective Basilar Artery International Cooperation Study (BASICS) of 619 patients, there was a difference in the efficacy of treatment strategies among patients depending on the severity of the stroke. However, only few studies investigated the NIHSS[9,11] in detail. In our study, we analyzed 99 BAO patients and focused on the initial NIHSS score and other factors related to the 90-d functional outcome.

Aims and/or hypothesis
We aimed to assess the correlation between clinical outcome and possible prognostic factors, including initial NIHSS, age, sex, comorbidities, stroke type, BAO symptoms, and different treatments for BAO to promote personalized treatments for BAO that can enhance the probability of a favorable outcome.

MATERIALS AND METHODS
Hospital setting
The China Medical University Hospital (CMUH) is located in central Taiwan and has a 2054-bed capacity. The stroke center treats approximately 1300 acute ischemic stroke patients and performs 90 tissue plasminogen activator (tPA) thrombolysis procedures and 120 intra-arterial thrombectomies annually[12].

Study population
We retrospectively reviewed patient medical record data acquired between January 1, 2015 and December 31, 2019. We used the international classification of diseases-10 (ICD-10) criteria to select the admission cases of acute ischemic stroke at posterior circulation (I63.02, I63.12, I63.22, I65.1)[13]. Using the above criteria, we identified 339 cases of suspected vertebral or BAO. BAO status was confirmed by a stroke neurologist (STT) using brain scans as well as the criteria defined in the BASICS study[4]. BAO was defined as a complete obstruction of flow in the proximal, middle, or distal portion of the basilar artery by computed tomography angiography, magnetic resonance angiography, or conventional contrast angiography. Patients with bilateral vertebral artery occlusions with retrograde filling of the basilar artery were excluded. Based on these criteria, 99 cases were confirmed as BAO and were included in subsequent analyses. Among these, 72 cases received IAT, while 13 cases received IVT.
A duty neurologist routinely recorded critical variables including age, sex, NIHSS score, Glasgow Coma scale score, stroke symptoms, and cardiovascular risk factors. The time of symptom onset was also recorded; if unknown, it was considered as the last time the patient was seen well. We also defined stroke subtypes according to the TOAST classification[14]. A stroke case manager reviewed the aforementioned data of every stroke patient on the following workday.

IAT
The CMUH comprehensive stroke center follows the treatment guidelines of the Taiwan Stroke Society[15,16]. All the thrombectomies were performed by the same neuro-intervention team in the same room equipped with a biplane cerebral angiography. We used modern devices such as a stent retriever (e.g., Solitaire) and the ADAPT method by the Penumbra system[10]. 
This study received ethical approval from the China Medical University Hospital, CMUH109-REC2-003.

Outcome measures
The covariates evaluated in this study included age, sex, initial NIHSS, prodromal symptoms, BAO symptoms and its duration, comorbidities prior to the admission date, acute treatment (IVT or IAT), IAT parameters (thrombolysis in cerebral infarction scale, total passage time, sent insertion, and tirofiban use), and stroke classification. The primary outcome of interest was the 90-d modified Rankin Scale (mRS) score[17]. We chose mRS to evaluate the primary outcome because of its global use and proven validity and reliability[18]. The mRS has a score range of 0–6. Based on previous study findings, we defined an mRS score of 0–3 as a favorable outcome of BAO and an mRS score of 4–6 as an unfavorable outcome[19]. For this study, we determined which covariate factors influenced the 90-d outcomes of patients suffering from BAO. 
The major adverse event related to IAT and IV tPA was symptomatic intracranial hemorrhage. It was defined as a computed tomography-documented hemorrhage in combination with a more than 4-point change of the NIHSS score[20].

Statistical analyses
We used the Mann–Whitney U test and χ2 tests to calculate P values for continuous and categorical variables, respectively. We then used the receiver operating characteristic (ROC) curve analysis based on the logistic regression model to analyze the accuracy of discriminating the patients with unfavorable outcomes. All statistical analyses were performed using SAS (SAS Institute, Cary, NC, United States) version 9.4. All data were reported as mean ± SD for continuous variables and frequency (percentage) for categorical variables. The threshold for statistical significance was set at P = 0.05 based on a two-tailed test.

RESULTS
We identified a total of 99 patients with BAO between January 1, 2015 and December 31, 2019. Our study population consisted of 32 women and 67 men, with a mean age of 67 years. We observed favorable outcomes (mRS: 0–3) in 33.3% of the cases and unfavorable outcomes (mRS: 4–6) in 66.7% of the cases. The median NIHSS score at admission was 25 (IQR: 14–30). Among the study population, 72 patients received IAT alone or combined with IVT (IAT group), while 13 patients received IVT (Table 1). 
The two patients who received IAT and three patients who received medical treatment alone developed symptomatic intracranial hemorrhage. Among these five patients, one had a favorable outcome, while four had an unfavorable outcome. The overall in-hospital mortality rate was 17.2% (17 out of 99 cases). 
We found that the initial NIHSS, impaired consciousness, tetraparesis, and pupillary abnormalities were significantly associated with an unfavorable outcome, while cerebellar symptoms were associated with a favorable outcome (Table 1).
In the ROC analysis, the areas under the ROC curve of initial NIHSS, impaired consciousness, tetraparesis, cerebellar symptoms, and pupillary abnormalities were 0.836, 0.644, 0.727, 0.614, and 0.614, respectively (Figure 1). The NIHSS score was a strong predictor of the 90-d functional outcome. Moreover, we found that an NIHSS score higher than 30 was significantly associated with poor outcome in our population (Figure 2).
In our cohort, sex, gender, underline comorbidities, duration hours, and receiving IVT or IAT did not influence the outcome of BAO. 

DISCUSSION
Our study represented an Asian population from a single center with a BAO diagnosis treated with IAT treatment or medical treatment alone within 24 h of symptom onset. We found that in patients who received IAT, the initial NIHSS score and BAO symptoms with tetraparesis, impaired consciousness, and pupillary abnormalities were significantly related to an unfavorable outcome at 90 d.
The initial NIHSS was a strong predictor of the 90-d functional outcome in our study. We found that patients with an initial NIHSS score higher than 30 faced difficulties reaching a functional, independent status 90 d after stroke. In our cohort, none of the 20 patients who with an initial NIHSS score higher than 30 achieved a favorable outcome at the 90-d mark.
We found two previous studies discussing the cutoff value of NIHSS in patients with BAO. In France, Fahed et al[9] found that an NIHSS score of 30 or higher was associated with mortality at 90 d, with an odds ratio of 5.569[9]. The patients’ characteristics in their study were similar to those of our cohort. Luo et al[11] found that an NIHSS score of 22 or higher significantly lowered the chance of obtaining a good clinical outcome at 90 d (mRS: 0–2), with an odds ratio of 0.157[11]. 
To understand how the symptoms of BAO can predict outcomes, we analyzed the recorded symptoms of BAO and found that only tetraparesis, impaired consciousness, and pupillary abnormalities indicated an unfavorable outcome in our cohort. These deficits are mostly due to occlusion of the distal basilar artery that results in infarctions in mesencephalon and thalamus[1]. It is also known that the severity of clinical symptoms is related to collaterals[1]. In a case series, BA embolism stroke most often affected the distal third[21]; therefore, sudden embolic stroke could lead to more initial severe deficits and thus result in an unfavorable outcome.
In the BASICS study, patients with a mild-to-moderate deficits had the worst outcome with IAT if the latency to treatment was longer than 9 h[4]. In our study, we applied IAT to patients with BAO up to 24 h after symptoms onset due to the poor natural course of BAO and found that the chance of improvement was significant. Contrary to the BASICS study[4], the time of presentation was not associated with outcomes in our cohort. It is possible that a highly developed and persistent collateral arterial network, and delicate plasma flow siding the clot might sustain the patency of brainstem perforators, thus rendering the time window for recanalization therapy in BAO a less important factor[22]. 
Our study has several limitations, including the retrospective, non-controlled study design; thus, a selection bias could not be excluded. We also had a small number of patients in the non-IAT group, which limited the multivariate analysis. In addition, we used the ICD-10 to select the patients, but some patients could have been missed if they were not coded correctly[23]. Finally, IV tPA was used in some eligible patients in both IAT and non-IAT group, and the use of tPA may have affected the clinical outcomes. Therefore, a large, randomized controlled trial will be essential to elucidate the clinical course of BAO and to better predict who will benefit from IAT, especially in an Asian population.

CONCLUSION
In our single center case series of BAO, 17.2% of the patients died in the hospital and only 33% reached a favorable outcome at 90 d. High initial NIHSS score and the BAO symptoms of tetraparesis, consciousness change, and pupillary abnormalities also indicated an unfavorable outcome at 90 d. We also found that patients with an initial NIHSS score higher than 30 did not easily reach a favorable outcome and did not benefit from IAT. A large, prospective clinical study will be important to further aid our understanding of this devastating disease.

ARTICLE HIGHLIGHTS
Research background
Basilar artery occlusion (BAO) led to death or disability in 80% of the patients in a previous study. The acute treatment for BAO patients includes intravenous thrombolysis and intra-arterial thrombectomy (IAT), but not all patients benefit from these treatments. 

Research motivation
To date, large-scale studies on the clinical characteristic and predictors of BAO patients are still lacking.

Research objectives
To determine the predictors related to the 90-d clinical outcome in patients with BAO in an Asian population. 

Research methods
We performed a retrospective case review of patients admitted to a tertiary stroke center between 2015 and 2019. We used the international classification of diseases-10 criteria to identify cases of posterior circulation stroke. A neurologist reviewed every case, and those that fulfilled the criteria defined in the Basilar Artery International Cooperation Study were included. The patients’ characteristics and factors related to outcome at 90 d were analyzed.

Research results
We identified 99 patients as real BAO cases. Among these patients, 33 (33.3%) had a favorable outcome at 90 d (modified Rankin Scale: 0–3). Moreover, 72 patients received IAT, while 13 patients received intravenous tissue-type plasminogen activator treatment. We found that initial National Institutes of Health Stroke Scale (NIHSS) and several BAO symptoms including impaired consciousness, tetraparesis, and pupillary abnormalities were significantly associated with an unfavorable outcome (P < 0.05). In the receiver operating characteristic (ROC) analysis, initial NIHSS score showed a higher AUROC (0.836) compared to BAO symptoms. 

Research conclusions
Initial NIHSS score is the most important predictor of an unfavorable outcome in patients with BAO.

Research perspectives
Further large, prospective clinical studies of the outcome predictors of BAO are needed. 
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Figure 1 Receiver operating characteristic curve dichotomizing function outcome in basilar artery occlusion patients. ROC: Receiver operating characteristic.
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Table 1 Clinical characteristics of study population
	
	n
	Overall
	mRS 0–3 (n = 33)
	mRS 4–6 (n = 66)
	P value

	Age (yr)
	99
	67 (60.2, 76)
	65.8 (60.4, 74)
	67.9 (59.5, 76.3)
	0.689

	Women, n (%)
	99
	32 (32.3)
	9 (27.3)
	23 (34.6)
	0.447 

	Initial NIHSS (IQR)
	99
	25 (14, 30)
	11 (7, 25)
	29 (23, 33)
	< 0.001

	Risk factors, n (%)
	
	
	
	
	

	Hypertension
	99
	81 (81.8)
	28 (84.9)
	53 (80.3)
	0.580

	Diabetes mellitus
	99
	43 (43.4)
	15 (45.5)
	28 (42.4)
	0.774

	Atrial fibrillation
	99
	35 (35.3)
	10 (30.3)
	25 (37.9)
	0.457

	Hyperlipidemia
	99
	37 (37.4)
	16 (48.5)
	21 (31.8)
	0.106

	CAD
	99
	15 (15.1)
	8 (24.2)
	7 (10.6)
	0.074

	Previous stroke
	99
	23 (23.2)
	6 (18.2)
	17 (25.8)
	0.400

	Smoking 
	99
	46 (46.5)
	17 (51.5)
	29 (43.9)
	0.476

	Etiology, n (%)
	98
	
	
	
	1

	Large-artery artherosclerosis
	
	66 (67.3)
	22 (66.7)
	44 (67.7)
	

	Cardioembolism 
	
	5 (5.1)
	2 (6.1)
	3 (4.6)
	

	Stroke of undetermined etiology 
	
	27 (27.6)
	9 (27.3)
	18 (27.7)
	

	Prodromal symptoms, n (%)
	
	
	
	
	

	Vertigo or dizziness
	99
	27 (27.3)
	12 (36.4)
	15 (22.7)
	0.151 

	Confusion 
	99
	10 (10.1)
	3 (9.1)
	7 (10.6)
	1

	Unsteady gait
	99
	14 (14.1)
	6 (18.2)
	8 (12.1)
	0.542 

	BAO symptoms, n (%)
	
	
	
	
	

	Duration hours, median (IQR)
	98
	4 (2, 10)
	3.5 (2, 10)
	4 (3, 10)
	0.552

	Impaired consciousness, n (%)
	99
	76 (76.8)
	19 (57.6)
	57 (86.4)
	0.001

	Tetraparesis, n (%)
	99
	57 (57.6)
	9 (27.3)
	48 (72.7)
	< 0.001

	Bulbar symptoms
	99
	75 (75.6)
	26 (78.8)
	49 (74.2)
	0.619

	Cerebellar symptoms, n (%)
	99
	21 (21.2)
	12 (36.4)
	9 (13.6)
	0.009

	Vertigo or dizziness
	99
	32 (32.3)
	13 (39.4)
	19 (28.8)
	0.288

	Nausea
	99
	17 (17.2)
	8 (24.2)
	9 (13.6)
	0.187

	Oculomotor abnormalities
	99
	68 (68.7)
	19 (57.6)
	49 (74.2)
	0.092

	Pupillary abnormalities, n (%)
	99
	42 (42.4)
	9 (27.3)
	33 (50)
	0.031

	IAT
	99
	72 (72.7)
	21 (63.6)
	51 (77.3)
	0.151

	IV tPA
	99
	13 (13.1)
	4 (12.1)
	9 (13.6)
	1

	SICH
	99
	5 (5)
	1 (3)
	4 (6)
	


IAT: Intra-arterial thrombectomy; NIHSS: National Institutes of Health Stroke Scale; mRS: Modified Rankin Scale; CAD: Coronary artery disease; BAO: Basilar artery occlusion; IV tPA: Intravenous tissue-type plasminogen activator; SICH: Symptomatic intracranial hemorrhage.
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