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Thrombectomy 6 to 24 Hours after Basilar-Artery Stroke

circulation Acute Stroke Prognosis Early CT 
Score (PC-ASPECTS) of less than 6 (range, 0 to 
10, with higher values indicating less infarct 
burden) on computed tomography (CT), CT an-
giographic (CTA) source images, or diffusion-
weighted magnetic resonance imaging (MRI)8; 
and the presence on CT, CTA source images, or 
MRI of a large infarct in the brain stem, defined 
as a Pons-Midbrain Index of more than 2 points 
(range, 0 to 8, with higher values indicating 
more infarct burden; 1 point is attributed to in-
farction of <50% and 2 points to infarction of 
≥50% on one side of the pons or midbrain).9 
Details of the inclusion and exclusion criteria are 
provided in Table S1 in the Supplementary Ap-
pendix, and detailed information on these crite-
ria and the trial interventions and assessments 
has been published previously.10

Patients were randomly assigned in a 1:1 ratio 
to undergo thrombectomy plus receive stan-
dard medical care (thrombectomy group) or to 
receive standard medical care alone (control 
group). Patients could receive intravenous 
thrombolysis at the referring hospital or at the 
endovascular center to which they were trans-
ferred if they arrived within the accepted win-
dow for thrombolytic treatment of 4.5 hours 
and met guidelines for safe treatment. Patients 
had to pay for their thrombolytic drug and 
were eligible for reimbursement by their insur-
ance entity. Randomization was performed by 
means of a central, Web-based procedure, with 
the use of a minimization process to balance 
the two treatment groups and with stratifica-
tion according to age (≤70 years or >70 years), 
the time from symptom onset to randomiza-
tion (6 to 12 hours or >12 to 24 hours), and 
baseline NIHSS score (6 to 20 or >20).

All the patients were admitted to acute stroke 
units or neurologic intensive care units and 
treated according to current Chinese guidelines 
for acute ischemic stroke management (see the 
Supplementary Appendix). Thrombectomy was 
performed with the Solitaire device, a retrievable 
and detachable self-expanding stent that is used 
to remove occlusive thrombi and restore blood 
flow. Rescue reperfusion therapy with other de-
vices or pharmacologic agents was not permit-
ted except for balloon angioplasty or stenting of 
the vertebral artery or basilar artery (see the 
Supplementary Appendix).

Outcomes
The primary outcome was good functional sta-
tus, defined as a score of 0 to 3 on the modi-
fied Rankin scale (range, 0 [no symptoms] to 
6 [death]), at 90 days. Outcomes were obtained 
by means of a structured interview11 conducted by 
local assessors (in person or by telephone) who 
were unaware of the treatment assignments and 
by central assessors (by means of video or audio 
recordings) who were certified to assess the 
modified Rankin scale scores and were unaware 
of the treatment assignments. All the patients 
who were available for evaluation at 90 days had 
outcome data obtained by local evaluators who 
were unaware of the treatment assignments. In 
patients who declined to have audio and video 
recordings, central evaluations were missing. The 
primary analysis used central evaluations as the 
default and local evaluations when central evalua-
tions were missing (see the Supplementary Ap-
pendix). Subgroup analyses were prespecified 
for the primary outcome according to age (≤70 or 
>70 years), dichotomous baseline NIHSS score (6 
to 20 or >20), baseline NIHSS score (6 to 9, 10 to 
20, or >20), randomization window (6 to 12 hours 
or >12 to 24 hours), baseline PC-ASPECTS (9 to 10 
or <9), and location of basilar-artery occlusion 
(proximal, middle, or distal basilar artery).

On February 23, 2021, after the enrollment of 
215 patients, 211 of whom had completed 90 
days of follow-up, and before the unblinding of 
data to the investigators or trial committees, in 
consensus with the trial data and safety moni-
toring board, the steering committee of the trial 
decided to implement a change in the primary 
outcome, from a modified Rankin scale score of 
0 to 4 at 90 days to a score of 0 to 3 at 90 days. 
The original primary outcome was changed to a 
secondary outcome. This decision was made 
because previously unavailable data from two 
randomized trials3,4 showed that the cutoff on 
the modified Rankin scale that was most infor-
mative of treatment benefit in patients with 
basilar stroke was at a score grouping of 0 to 3 as 
compared with 4 to 6, a transition that was rele-
vant to patients on the basis of previous work in 
patient-centered outcomes.12 In addition, the 
change in the primary outcome allowed for 
alignment with the results of contemporaneous 
randomized trials of endovascular treatment of 
basilar-artery stroke.

The New England Journal of Medicine 
Downloaded from nejm.org at 301 HOSPITAL OF CHINESE PLA on October 12, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 





n engl j med 387;15 nejm.org October 13, 2022 1377

Thrombectomy 6 to 24 Hours after Basilar-Artery Stroke

R esult s

Characteristics of the Patients

From August 2016 through June 2021, a total of 
218 patients underwent randomization (110 to 
the thrombectomy group and 108 to the control 
group) and had reached 90 days of follow-up at 
the time that the trial was stopped. Four patients 
in the control group crossed over to receive endo-
vascular treatment, and 1 in the thrombectomy 
group crossed over to receive medical care only. 
One patient in the control group withdrew con-
sent and was excluded from the analysis (Fig. 1). 
Missing primary-outcome data were imputed for 
3 patients. The primary analysis used central 

evaluations (31 video and 59 audio) when avail-
able and local evaluations in the remaining 47 
cases.

The characteristics of the patients at baseline 
were similar in the two trial groups (Table 1 and 
Table S3). The median age of the patients was 65 
years, and 27% of the patients were women. 
Randomization occurred at a median of 663 min-
utes after symptom onset. The median NIHSS 
score was 20, and the median PC-ASPECTS was 
8. Intravenous alteplase was administered to 
18% of the patients overall (to 15 patients [14%] 
in the thrombectomy group and to 23 [21%] in 
the control group). In 32% of the patients, the 
imaging method used for selection was MRI 

Figure 1. Screening, Randomization, and Follow-up of the Patients.

The per-protocol population included patients without major protocol deviations. The as-treated population included 
patients according to the treatment they received.

218 Underwent randomization

319 Were excluded
186 Did not meet inclusion criteria or met

exclusion criteria
133 Declined to participate

101 Underwent endovascular therapy

110 Were assigned to the thrombectomy group
1 Crossed over to the control group

107 Were assigned to the control group
4 Crossed over to the thrombectomy group

1 Withdrew informed consent

1 Was lost to follow-up at 90 days 2 Were lost to follow-up at 90 days

110 Were included in the intention-to-treat
analysis

107 Were included in the intention-to-treat
analysis

102 Were included in the per-protocol analysis 100 Were included in the per-protocol analysis

113 Were included in the as-treated analysis 104 Were included in the as-treated analysis

537 Patients were assessed for eligibility
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(Table S4). A total of 22 patients arrived at the 
thrombectomy center within 4.5 hours after 
stroke onset, 12 (55%) of whom received intrave-
nous thrombolysis, and 39 patients arrived at the 
referring hospital in less than 4.5 hours from 
the time of stroke onset, of whom 26 (67%) re-
ceived intravenous thrombolysis.

Thrombectomy was performed in 106 of the 
110 patients who had been assigned to the 
thrombectomy group, and core laboratory–adju-
dicated reperfusion occurred in 88% of the pa-
tients. General anesthesia was used in 72 patients 
(65%) who had been assigned to the thrombec-
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**  Scores on the Barthel Index range from 0 to 100, with higher values indicating good performance of daily living activities. A score between 
95 and 100 indicates no disability that interferes with daily activities. Included in this analysis were patients who were alive at 90 days.

††  Patency was defined as a score of 2 or 3 on the Arterial Occlusive Lesion scale, which ranges from 0 (complete occlusion) to 3 (complete 
recanalization and restoration of the target artery). Data for follow-up angiography were not available for 57 patients because of clinical 
instability or death.

‡‡  The EuroQoL Group 5-Dimension 3-Level (EQ-5D-3L) patient-reported questionnaire is a standardized instrument for the measurement  
of health status. Scores range from −0.149 to 1.00, with higher scores indicating better quality of life. Data were available for 68 patients  
in the thrombectomy group and for 52 in the control group.

§§  Reperfusion on digital subtraction angiography was defined as a modified TICI grade of 2b or 3. A modified TICI reperfusion grade of 2b 
or higher indicates antegrade reperfusion of more than half the ischemic territory of the previously occluded target artery.13 Nine angio-
graphic images were missing or could not be assessed for modified TICI because of poor image quality.

¶¶  Symptomatic intracranial hemorrhage was defined as parenchymal hemorrhage type 2 on follow-up imaging and neurologic worsening 
of at least 4 points on the NIHSS, according to the Safe Implementation of Thrombolysis in Stroke–Monitoring Study (SITS-MOST) cri-
teria, or any symptomatic intracranial hemorrhage and neurologic worsening of at least 4 points on the NIHSS, according to the second 
European–Australasian Acute Stroke Study (ECASS II) criteria. Follow-up scans were unavailable because of clinical instability or death in 
8 patients in the thrombectomy group and in 19 in the control group. The risk ratios are presented as unadjusted values because of non-
convergence in the adjusted analysis.

Table 2. (Continued.)

Figure 3. Subgroup Analyses of a Modified Rankin Scale Score of 0 to 3 at 90 Days (Primary Outcome).

Scores on National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating greater 
neurologic deficits. The posterior circulation Acute Stroke Prognosis Early CT Score (PC-ASPECTS) is a 10-point grad-
ing system that measures the extent of posterior circulation early cerebral ischemia; scores ranges from 0 to 10, with 
higher scores indicating fewer early ischemic changes. The adjusted rate ratio in subgroups of patients with a base-
line NIHSS score of 6 to 9 and with distal basilar-artery occlusion could not be estimated (NE) because of limited 
sample sizes. The trial was not powered for and had no prespecified correction for multiple comparisons for a de-
finitive analysis of subgroups.
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artery occlusion in women is less certain. Final-
ly, a limited proportion of patients received in-
travenous thrombolysis, and less than two thirds 
of the patients who arrived at the referring hos-
pital or endovascular center within 4.5 hours 
after onset received intravenous thrombolysis. 
The low proportion of patients with thrombo-
lytic use may have been related to the require-
ment that patients had to initially pay for the 
thrombolytic drug.

In a trial in China that was stopped early for 
efficacy, we found that patients with stroke due 

to basilar-artery occlusion who presented 6 to 24 
hours after symptom onset had a higher inci-
dence of good functional status at 90 days with 
thrombectomy plus medical care than with med-
ical care alone. Thrombectomy was associated 
with procedural complications and with a higher 
incidence of cerebral hemorrhage.

Supported by a grant (2016YFC1301502) from the Chinese 
National Ministry of Science and Technology.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

Appendix
The authors’ full names and academic degrees are as follows: Tudor G. Jovin, M.D., Chuanhui Li, M.D., Longfei Wu, M.D., Chuanjie 
Wu, M.D., Jian Chen, M.D., Changchun Jiang, M.D., Zhonghua Shi, M.D., Zongen Gao, M.D., Cunfeng Song, M.D., Wenhuo Chen, 
M.D., Ya Peng, M.D., Chen Yao, M.D., Ming Wei, M.D., Tong Li, M.D., Liping Wei, M.D., Guodong Xiao, M.D., Hua Yang, M.D., Ming 
Ren, M.D., Jiangang Duan, M.D., Xinfeng Liu, M.D., Ph.D., Qingwu Yang, M.D., Yuxiu Liu, M.D., Qingfeng Zhu, M.D., Wanchao Shi, 
M.D., Qiyi Zhu, M.D., Xiaobo Li, M.D., Zaiyu Guo, M.D., Qi Yang, M.D., Chengbei Hou, Ph.D., Wenbo Zhao, M.D., Qingfeng Ma, M.D., 
Yunzhou Zhang, M.D., Liqun Jiao, M.D., Hongqi Zhang, M.D., David S. Liebeskind, M.D., Hui Liang, M.D., Ashutosh P. Jadhav, 
M.D., Ph.D., Changming Wen, M.D., Scott Brown, Ph.D., Liangfu Zhu, M.D., Huawei Ye, M.D., Marc Ribo, M.D., Mingze Chang, M.D., 
Haiqing Song, M.D., Jun Chen, M.D., Ph.D., and Xunming Ji, M.D., Ph.D.

The authors’ affiliations are as follows: the Department of Neurosurgery (T.G.J., Jian Chen, L.J., H.Z., X.J.), the Department of Neu-
rology (C.L., L.W., C.W., W.Z., Q.M., Y.Z., H.S.), the Stroke Center (C.L.), the Department of Emergency Medicine (J.D.), and the 
Center for Evidence-Based Medicine (C.H.), Xuanwu Hospital, and the Department of Radiology, Beijing Chaoyang Hospital (Q.Y.), 
Capital Medical University, and Peking University Clinical Research Institute, Peking University First Hospital (C.Y.), Beijing, the Depart-
ment of Neurology, Baotou Central Hospital of Inner Mongolia Medical University (C.J.), Baotou, the Department of Neurosurgery, the 
904th Hospital of the People’s Liberation Army (PLA), Wuxi (Z.S.); the Department of Neurology, Central Hospital of Shengli Oil Field, 
Dongying (Z.G.), the Department of Neurology, Liaocheng Third People’s Hospital, Liaocheng (C.S.), the Department of Neurology, 
Zhangzhou Affiliated Hospital of Fujian Medical University, Zhangzhou (W.C.), the Department of Neurosurgery, the First People’s 
Hospital of Changzhou, Changzhou (Y.P.), the Department of Neurosurgery, Tianjin Huanhu Hospital (M.W.), the Department of 
Neurosurgery, Binhai Hospital of Beijing University (W.S.), and the Department of Neurosurgery, Tianjin Teda Hospital (Z.G.), Tianjin, 
the Department of Neurology, Nanning Second People’s Hospital, Nanning (T.L.), the Department of Radiology, Luoyang Central 
Hospital of Zhengzhou University, Luoyang (L.W.), the Department of Neurology and the Clinical Research Center of Neurologic Dis-
ease, Second Affiliated Hospital of Soochow University, Suzhou (G.X.), the Department of Neurosurgery, Affiliated Hospital of Guizhou 
Medical University, Guiyang (H.Y.), the Department of Neurology, Shanghai Blue Cross Hospital, Shanghai (M.R.), the Department of 
Neurology (X.L.), and the Department of Critical Care Medicine, Data and Statistics Division (Y.L.), Affiliated Jinling Hospital, Medical 
School of Nanjing University, Nanjing, the Department of Neurology, Xinqiao Hospital and Second Affiliated Hospital, Army Medical 
University (Third Military Medical University), Chongqing (Q.Y.), the Department of Neurosurgery, 985th Hospital of the PLA, Taiyuan 
(Qingfeng Zhu), the Department of Neurology, Linyi People’s Hospital, Linyi (Qiyi Zhu), the Department of Neurology, Subei People’s 
Hospital, Yangzhou (X.L.), the Department of Neurology, Yantaishan Hospital of Shandong First Medical University, Yantai (H.L.), the 
Department of Neurology, Nanyang Central Hospital of Xinxiang Medical University, Nanyang (C.W.), the Cerebrovascular Center, 
Henan Provincial People’s Hospital, Zhengzhou (L.Z.), the Department of Neurosurgery, Hospital of Baoan People’s Hospital, Shenzhen 
(H.Y.), and the Department of Neurology, Xi’an No.3 Hospital, Xi’an (M.C.), — all in China; Cooper University Healthcare and Cooper 
Medical School of Rowan University (T.G.J.), Camden, NJ; the Department of Neurology and Comprehensive Stroke Center, David Gef-
fen School of Medicine, University of California, Los Angeles, Los Angeles (D.S.L.); the Department of Neurosurgery, Barrow Neuro-
logical Institute, Phoenix, AZ (A.P.J.); Altair Biostatistics, Mooresville, NC (S.B.); the Stroke Unit, Hospital Vall d’Hebrón, Barcelona 
(M.R.); and the Department of Neurology, Pittsburgh Institute of Brain Disorder and Recovery, University of Pittsburgh Medical Center 
and Veterans Affairs Pittsburgh Health Care System, Geriatric Research Education and Clinical Center, Pittsburgh (Jun Chen).

References
1. Goyal M, Menon BK, van Zwam WH, 
et al. Endovascular thrombectomy after 
large-vessel ischaemic stroke: a meta-
analysis of individual patient data from 
five randomised trials. Lancet 2016; 387: 
1723-31.
2. Jovin TG, Nogueira RG, Lansberg MG, 
et al. Thrombectomy for anterior circula-
tion stroke beyond 6 h from time last 
known well (AURORA): a systematic re-
view and individual patient data meta-
analysis. Lancet 2022; 399: 249-58.

3. 

3.



n engl j med 387;15 nejm.org October 13, 20221384

Thrombectomy 6 to 24 Hours after Basilar-Artery Stroke

8. Puetz V, Khomenko A, Hill MD, et al. 
Extent of hypoattenuation on CT angiog-
raphy source images in basilar artery oc-
clusion: prognostic value in the Basilar 
Artery International Cooperation Study. 
Stroke 2011; 42: 3454-9.
9. Schaefer PW, Yoo AJ, Bell D, et al. CT 
angiography-source image hypoattenua-
tion predicts clinical outcome in posterior 
circulation strokes treated with intra-
arterial therapy. Stroke 2008; 39: 3107-9.
10. Li C, Wu C, Wu L, et al. Basilar Artery 
Occlusion Chinese Endovascular Trial: pro-
tocol for a prospective randomized con-
trolled study. Int J Stroke 2022; 17: 694-7.
11. Wilson JTL, Hareendran A, Grant M, 
et al. Improving the assessment of out-



Guidelines+
Guidelines+

https://www.nejm.org/doi/full/10.1056/NEJMoa2207576
https://www.nejm.org/doi/full/10.1056/NEJMdo006710
https://www.nejm.org/doi/full/10.1056/NEJMe2210737

