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Single-center experience of endovascular 
treatment for patients with progressive posterior 
circulation cerebral infarction exceeding 24 h
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Abstract

Background: Evidence of endovascular treatment (ET) for patients with progressive infarction of the posterior 
circulation exceeding 24 h is lacking.
Objective: To evaluate the efficacy and safety of ET for progressive posterior circulation cerebral infarction.
Methods: This retrospective study evaluated the ET for 18 patients with posterior circulation infarction caused by 
vertebrobasilar artery occlusion from July 2017 to November 2018. The conditions of patients worsened despite 
receiving intravenous thrombolysis or combination therapy with clopidogrel and aspirin. The time from the onset 
of cerebral infarction to puncture was >24 h. The preoperative National Institutes of Health Stroke Scale (NIHSS), 
modified Rankin Scale (mRS), and related risk factors of patients at 3 months were analyzed postoperatively.
Results: The preoperative NIHSS score was 10.6 (IQR: 6.5), and the time from onset to puncture was 163.5 ± 144.7 h. 
Postoperative blood flow was modified thrombolysis in cerebral infarction (mTICI) grade 2b or above. During the 
follow-up period, 1 patient died of basilar artery re-occlusion and pulmonary infection, and 1 died of postoperative 
hyperperfusion hemorrhage, with a mortality rate of 11.1% (2/18). No recurrent ischemic events were observed in any of 
the 16 patients during the 3-month follow-up period. The mean mRS score was 1.3 (IQR: 2.3), and 75% patients (12/16) 
had an mRS score of 0–2. There were no significant differences in age, gender, clinical characteristics, and stroke 
subtype between patients with mRS scores ≤2 and >2.
Conclusion: In patients with progressive posterior circulation cerebral infarction caused by vertebral basilar artery 
occlusion, ET is effective and safe even if the time from onset to puncture exceeds 24 h.
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The clinical manifestations of posterior circulation infarction 
vary significantly, which include dizziness, decreased 
consciousness, diplopia, visual field defects, and other 
symptoms that are different from typical symptoms of stroke. 
Patients with posterior circulation infarction often have a lower 

National Institutes of Health Stroke Scale (NIHSS) score than 
those with anterior circulation stroke, as well as fewer hemi-
plegic symptoms, less dysarthria, and fewer cognitive symp-
toms; therefore, these patients are prone to be misdiagnosed in 
the emergency department [1, 2]. Timely diagnosis of posterior 
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circulation stroke or transient ischemic attack can avoid disa-
bilities and reduce mortality. Delays in emergent treatment or 
secondary prevention or delayed or incorrect diagnosis may 
induce devastating consequences, such as potentially preven-
table death or severe disabilities [3]. At present, there is no 
consensus on the treatment of patients who lack early reper-
fusion; moreover, the Basilar Artery International Coopera-
tion Study (BASICS) reports that intra-arterial therapy is not 
beneficial compared to drug therapy [4]. It is worth noting that 
the BASICS does not use modern mechanical thrombectomy 
devices that can improve reperfusion and clinical outcomes 
[5, 6]. Endovascular treatment (ET) is an important method 
for treating posterior circulation infarction. Meta-analysis by 
the Highly Effective Reperfusion Using Multiple Endovas-
cular Devices (HERMES) group including 5 positive rando-
mized controlled trials (MR CLEAN, ESCAPE, REVASCAT, 
SWIFT PRIME, and EXTEND-IA) confirmed the efficiency 
of mechanical thrombectomy for large vessel occlusion of the 
anterior circulation [7]. The DAWN (DWI or CTP Assessment 
with Clinical Mismatch in the Triage of Wake-Up and Late 
Presenting Strokes Undergoing Neurointervention with Trevo) 
and DEFUSE 3 (Endovascular Therapy Following Imaging 
Evaluation for Ischemic Stroke) trials extended the mechani-
cal thrombectomy time window to 18–24 h [8, 9]. However, 
evidence of ET for patients with progressive infarction of the 
posterior circulation exceeding 24 h is lacking. Therefore, the 
current study aimed to evaluate the efficacy and safety of ET 
for progressive posterior circulation cerebral infarction.

Methods
Subjects

Patients with progressive cerebral infarction caused by large 
vessel occlusion or extremely severe stenosis of the posterior 
circulation who were treated in the Department of Neurology 
at the Shenzhen Hospital of Southern Medical University from 
July 2017 to November 2018 were enrolled in the study. The 
patients whose NIHSS score increased >2 points after hos-
pitalization were defined as progressive cerebral infarction. 
The study protocol was approved by the Ethics Committee of 
the Shenzhen Hospital of Southern Medical University (cer-
tificate of approval no. KY2017-048-01). The written infor-
med consent was obtained from the patients. We have used 
the Strengthening the Reporting of Observational studies in 
Epidemiology (STROBE) guidelines and The REporting of 
studies Conducted using Observational Routinely-collected 
health Data (RECORD) Statement [10, 11].

Assessment

Magnetic resonance imaging (MRI) of the skull confirmed an 
acute cerebral infarction in the posterior circulation in all pati-
ents. Head and neck magnetic resonance angiography (MRA) 
or computed tomography angiography (CTA) identified large-
vessel occlusion or extremely severe stenosis of the posterior 
circulation. Intraoperative angiography was performed to 
further determine and evaluate collateral circulation.

Treatment

The treatment regimen followed the protocol of our previous 
study [12]. Briefly, large vessel occlusion of the posterior circu-
lation was confirmed after angiography, and microguide wires 
and microcatheters were used to pass the lesion carefully to the 
distal vascular lumen. After the microcatheter was retracted, the 
vascular occlusion length was determined using micro-catheter 
angiography. A 1.5 mm gateway balloon was used to dilate the 
vascular lesion site, and then the reason of occlusion was analy-
zed by vascular morphology on microcatheter angiography. The 
vascular resistance during balloon dilatation, blood flow velo-
city, and blood flow volume with or without filling defect after 
balloon dilatation were measured. The operation was planned 
based on the medical history, risk factors, results of angiogra-
phy, and resistance of microguide wires passing through the 
occlusion segment. If vascular stenosis was observed, a balloon 
of larger diameter was selected for expansion, and emergency 
stent implantation was performed when blood vessel dissection 
was found or the artery could not be recanalized after dilatation. 
Thrombectomy with retrievable stent placement was performed 
if thrombosis was suspected.

Observation index

The preoperative NIHSS and modified Rankin Scale (mRS), 
postoperative complications, NIHSS and mRS at 3  months 
postoperatively. The patients were divided in to mRS score 
≤2 and patients with mRS score >2, the related risk factors 
including age, gender, clinical characteristics, stroke subtype 
and occlusion site.

Statistical analysis

SPSS 17.0 statistical software was used for data analy-
sis. The measurement data were subjected to the normality 
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tests (Kolmogorov–Smirnov test), and data with a normal 
distribution are expressed as the means ± standard deviation 
(SD); non-normally distributed measurement data are 
represented by the median and quartile values (M [P25, 
P75]). Count data are represented by the number of cases. 
Measurement data with uniform variance were analyzed using 
t tests, and those with nonuniform variance were analyzed 
using t tests. A Chi-square test was used to analyze count data. 
P < 0.05 was considered statistically significant.

Results
Basic characteristics

A total of 18 patients with progressive cerebral infarction 
caused by large vessel occlusion or extremely severe stenosis 
of the posterior circulation who were treated in the Depart-
ment of Neurology at the Shenzhen Hospital of Southern 
Medical University from July 2017 to November 2018 were 
enrolled in the study.

The time from symptom onset to puncture ranged from 
24.5 h to 3 weeks (average 163.5 h). The conditions of these 
patients were aggravated or relapsed repetitively after active 
drug treatment. The symptoms of 2 patients worsened after 
recombinant tissue plasminogen activator (rtPA) thrombolysis 
in other hospitals. The primary nervous symptoms and signs 
of the cerebral infarction progressively worsened, and NIHSS 
score increased to no less than 2 points [13].

Patients were classified according to the classification of 
the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) 
etiology as follows: 15 cases of major atherosclerosis, 1 case of 
cardiac embolism, and 2 cases of arterial dissection. Among 
them, 14 cases involved brain stem infarction lesions, 5 cases 
involved cerebellum infarction lesions, 4 cases involved occi-
pital infarction lesions, and 2 cases involved thalamic infarc-
tion lesions. Twelve patients were male and 6 patients were 
female, their ages ranged from 39 years to 78 years (average 
age of 60.3 years). In addition, 14 patients (77.8%) had hyper-
tension, 4 patients (22.2%) had diabetes, 2 patients (11.1%) had 
coronary heart disease, 2 patients (11.1%) had atrial fibrillation, 
5 patients (27.8%) had dyslipidemia, and 5 patients (27.8%) 
had a history of smoking (Table 1).

Operation and clinical prognosis

In total, 11 cases demonstrated basilar artery stenosis or occlu-
sion, including 4 cases complicated with unilateral vertebral 
artery stenosis or occlusion. Among the 11 cases, compensation 

Table 1. Characteristics of patients with posterior circulation ischemic 
stroke

Characteristics N (%)

Age (y) (mean ± SD) 60.3 ±13.5

Gender

  Male 12 (66.7)

  Female 6 (33.3)

Vascular risk factors

  Yes 16 (88.9)

  No 2 (11.1)

Hypertension 14 (77.8)

Diabetes mellitus 6 (33.3)

Dyslipidaemia 5 (27.8)

History of stroke 3 (16.7)

Coronary atherosclerotic cardiomyopathy 2 (11.1)

Atrial fibrillation 2 ( 11.1)

Smoking 5 (27.8)

Clinical characteristics

Collateral flow

  Yes 13 (72.2)

  No 5 (27.8)

Stroke subtype (TOAST)

  Large-artery atherosclerosis 14 (77.7)

  Cardioembolism 1 (5.6)

  Stroke of undetermined etiology 1 (5.6)

 � Stroke of other determined etiology: 
Dissection 

2 (11.1)

Occlusion site

  Basilar or Basilar and Vertebral artery 11 (61.1)

  Vertebral artery 7 (38.9)

Baseline NIHSS (median, IQR) 10, 4.5–12

Day 90 mRS (median, IQR) 1.3, 2.3

Time from onset to puncture (median, IQR) 116.5, 48–205.75

Day 90 NIHSS (median, IQR) 4.6, 8

of the basilar artery from the posterior communicating artery 
was found in 5 cases, that from the meningeal artery was found 
in 4 cases, and 2 cases had no collateral circulation compen-
sation. Moreover, 3 cases demonstrated unilateral vertebral 
artery stenosis or occlusion without collateral circulation, 
and 4 cases demonstrated bilateral vertebral artery stenosis or 
occlusion, including 2 cases compensated by meningeal artery 
and 2 cases compensated by anterior spinal artery.

Three patients received balloon dilation due to large infarc-
tion areas in the brainstem (infarction lesions >1/3 of the same 
section level). A total of 9 patients underwent thrombectomy 
using a Solitaire AB/Trevo/Aperio thrombectomy stent. Among 
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them, a Solitaire AB stent was released during operation in 5 
patients, and 3 patients underwent balloon dilatation due to 
restenosis within stents because of thrombus. An intracranial 
balloon-expandable stent (Apollo) and a self-expanding stent 
(Winspan) were used in 1 patient due to a long segmental arte-
rial lesion. Two peripheral SD stents were implanted in 1 patient 
due to long segmental vertebral artery dissection. Winspan 
stents were implanted in 7 patients, Apollo stents were implan-
ted in 2 patients, and SD stents were implanted in 2 patients. The 
lesion arteries of all patients were recanalized after operation, 
and the modified thrombolysis in cerebral infarction (mTICI) 
[14] scale recovered to grade 3 in 14 patients and to grade 2b in 
4 patients. Moderate to severe residual stenosis was found in 2 
patients. Among these 2 patients, postoperative severe residual 
stenosis was found after stent implantation, and 50% residual 
stenosis was found even after expansion with a 2.5 mm balloon 
in 1 patient. The other patient underwent balloon dilatation due 
to a relatively large infarction area, and the residual stenosis was 
approximately 60%. Two patients underwent intra-arterial infu-
sion of 10 mL of tirofiban solution during the operation, with 
intravenous pump infusion at 5 mL/h for 24 h after the opera-
tion. Residual stenosis of all the other patients was below 50% 
(Table 2).

In all, one patient died of basilar artery re-occlusion and 
pulmonary infection after the operation. One patient died of 
hemorrhage related to postoperative hyperperfusion. Further-
more, four patients had pulmonary infections, 2 of whom had 
preoperative NIHSS scores of 12 and 14, and their 3-month 
postoperative mRS scores were 3 and 5, respectively. The other 
12 patients had no complications. The 16 patients who survived 
regularly took secondary preventive drugs (clopidogrel 75 mg/d, 
aspirin 100 mg/d, and Lipitor 20–60 mg/d). No recurrent cere-
bral ischemia events were observed in any of the 16 patients 

during the 3-month follow-up period. The mean mRS score was 
1.3 (IQR: 2.3), and 75% patients (12/16) had an mRS score of 
0–2. No aggravation of residual stenosis was identified.

Risk factors

Patients with posterior circulation progressive infarction had 
an average time from symptom onset to puncture of 163.5 h 
(25–528  h). The postoperative blood flow of all patients 
restored to mTICI grade 2b or above, and the 90-d mRS scores 
of 75% of the 16 survivors (12/16) were 0–2. A total of four pati-
ents with a 90-d mRS score of >2 had basilar artery occlusion 
(BAO) or severe stenosis (P = 0.0417; Table 3), including 3 

Table 2. Operation and clinical prognosis

Treatment and prognosis         N (%)

Operation

  Balloon predilution 17 (94.4)

  Thrombus extraction (Solitaire AB, Trevo, Aperio) 9 (50.0)

Released stents

  Solitaire AB 5 (26.3)

  Winspan 8 (42.1)

  Apollo 3 (15.8)

  SD 3 (15.8)

Successful recanalization

  Complete recanalization (mTICI, 3) 14 (77.8)

  Part recanalization (mTICI, 2b) 4 (22.2)

Clinical symptoms

  Clinical symptom improvement 15 (83.3)

  Invalid 1 (5.6)

  Aggravation or death 2 (11.1)

Table 3. Univariate analysis of clinical, radiological, and procedural variables affecting functional outcome 90 days after stroke

Characteristics mRS score ≤2 mRS score >2 P

Mean age (years) 57.7 ± 15.4 61.5 ± 3.3  0.5640

Gender, male/female  9/3    2/2 0.3502

Clinical characteristics

  Baseline NIHSS (median, IQR) 7.5, 4–10.5 13, 10–15.5 0.1040

  Time from onset to puncture 104, 58.3–288.8 132.5, 36.5–146.5 0.7159

  Collateralization, yes/no 9/3    3/1 1.0000

Stroke subtype (TOAST)

  Atherothrombosis 9 4

  Embolic 1 0

  Dissection 2 0 1.0000

Occlusion site

  Basilar artery or basilar and vertebral artery 5 4

  Vertebral artery 7 0 0.0884
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patients with vascular lesions in the middle segment of the 
basilar artery and 1 patient with a vascular lesion at the tip 
of the basilar artery. The postoperative mTICI scores were 
all grade 3, the preoperative NIHSS scores ranged from 12 to 
17, and skull MRI showed multiple infarction lesions in all 4 
patients, including 1 case of bilateral cerebral peduncle and 
pons infarction, 1 case of bilateral thalamic infarction, and 2 
cases of bilateral pons infarction. There were no significant 
differences in age, gender, clinical characteristics, and stroke 
subtype between patients with mRS scores ≤2 and patients 
with mRS scores >2 (P > 0.05).

Typical case

In this article, we present a typical case who underwent emer-
gency stent implantation after thrombectomy. The case was a 
39-year-old woman admitted to the hospital due to “dizziness 

for 3 d.” Her physical examination showed a positive Romberg 
sign, and the skull MRI confirmed posterior circulation infarc-
tion attributed to occlusion of the V2 segment of the right 
vertebral artery. Thrombus was removed after thrombectomy 
with retrievable stent placement performed twice. Then, stents 
were implanted in the V2 segment because of dissection and 
the V3 segment because of severe stenosis. There was no resi-
dual stenosis after operation and no stenosis in stents after 
3 months (Figure 1).

Discussion

The prognosis of patients with BAO remains poor, especially 
in the absence of early reperfusion [15]. The BASICS and 
another study in Germany showed that the functional outcome 
was poor in patients with severe clinical conditions in whom 
recanalization was achieved beyond 9 h [4, 16]. Evidence from 

Figure 1.  A typical case who underwent emergency stent implantation after thrombectomy. (A, B). Skull MR showed subacute cerebral infarction 
in the right cerebellar hemisphere, cerebellar tonsil, and cerebellar vermis; (C). Angiography showed occlusion of the V2 segment of the right 
vertebral artery far away; (D). Thrombectomy was performed twice using an Aperio thrombectomy stent. The blood flow of the right vertebral 
artery was restored to an mTICI score of grade 3 after the dark red thrombus was aspirated; (E). When the guiding catheter was retracted to the 
right subclavian artery, angiography revealed blood vessel dissection in the V2 segment of the vertebral artery and severe stenosis in the local 
lumen of the V3 segment; (F). One SD stent (5*19 mm, Boston Science) was implanted in the dissection site of the V2 segment of the right verteb-
ral artery, and 1 SD stent (4*19 mm, Boston Science) was implanted in the V3 segment of the right vertebral artery. The stent completely covered 
the vascular dissection with satisfactory angioplasty and an mTICI score of grade 3 of forward blood flow, without residual stenosis of the lumen; 
(G, H). Follow-up angiography after 3 months showed no stenosis in the stents, and the intracranial blood supply was good. mTICI, modified 
thrombolysis in cerebral infarction; SD, standard deviation.
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The mortality rate within 100 d was 44.7%, the transient ische-
mic attack recurrence rate between day 4 and 1 year was 3%, 
and stroke recurrence rate was 9.1% in those patients with 
BAO [26]. Among the cases we analyzed, atherosclerotic ste-
nosis or occlusion accounted for 83.3%, dissection accounted 
for 11.1%, and cardiogenic embolism accounted for 5.6% of 
cases. The preoperative NIHSS scores of patients with dissec-
tion and cardiogenic embolization ranged from 2 to 4, and the 
postoperative 90-d mRS scores were 0–1.

A previous study hypothesized that salvageable tissue 
in the territory of posterior circulation showed a higher time 
window for anterior circulation stroke thrombolysis, which 
may be due to the high proportion of white matter in the brains-
tem; this makes it more resistant to ischemia than other brain 
tissues, and better collaterals in the posterior circulation than 
in the anterior circulation, leading to slower progression of 
ischemic tissue damage [27]. We also noticed that collaterals 
were more abundant in posterior circulation by angiography. 
When proximal BAO occurred, the unilateral posterior infe-
rior cerebellar artery could compensate the middle and distal 
segments of the basilar artery by the meningeal branch artery. 
The posterior inferior cerebellar artery could also compensate 
the ipsilateral anterior inferior cerebellar artery and the cont-
ralateral inferior cerebellar artery. When complete occlusion 
occurred in large vessels or thrombus in the occlusion segment 
still prolonged, blood flow to the distal branches decreased 
and the distal narrowed vessels failed to form effective col-
lateral circulation to bypass the blockage due to low perfu-
sion. A multicenter, prospective, blinded, longitudinal cohort 
study (Vertebrobasilar Flow Evaluation and Risk of Transient 
Ischemic Attack and Stroke, VERiTAS) [28] included 72 pati-
ents with recent VB transient ischemic attack or stroke and 
50% or more atherosclerotic stenosis or occlusion in vertebral 
and/or basilar arteries who underwent large-vessel flow mea-
surement in the VB territory using quantitative magnetic reso-
nance angiography (QMRA). During the 24 month follow-up, 
distal flow status was low in 18 of the 72 participants (25%), 
which was significantly associated with risk of a subsequent 
VB stroke (P = 0.04). They proposed that the distal flow status 
was robustly associated with risk of a subsequent stroke in pati-
ents with symptomatic atherosclerotic VB occlusive disease. 
A total of nine patients in our study received thrombectomy 
stent treatment, and fresh thrombus was identified in 4 pati-
ents when retrieving the stents, of whom 2 patients exhibited 
atherosclerotic stenosis complicated with thrombus, with 90-d 
mRS scores of ≥3, 1 patient exhibited dissection complicated 
with thrombus, and 1 patient exhibited cardiac embolism; the 
latter 2 patients had 90-d mRS scores of 0.

Our center has performed recanalization operations of int-
racranial and extracranial vascular occlusions for many years 

a systematic analysis on the outcome of BAO after intrave-
nous or intra-arterial thrombolysis showed that only 2% of 420 
patients had a good outcome in the absence of basilar artery 
recanalization [17]. Severe disabilities (such as atresia syn-
drome) are common among survivors without recanalization. 
BASICS [18] was a randomized controlled, multicenter, open-
label phase III intervention trial investigating the efficacy and 
safety of additional intra-arterial treatment (IAT) after intrave-
nous thrombolysis (IVT) in patients with BAO. The primary 
outcome was favorable outcome at day 90 defined as a mRS 
score of 0–3. However, the 10th interim analysis conducted 
in February 2019 failed to achieve positive results (http://
basicstrial.com/Main.html). Recently published Basilar Artery 
Occlusion Endovascular Intervention versus Standard Medical 
Treatment (BEST) study [19] was a multicenter, randomized, 
open-label trial assessing patients presenting within 8  h of 
vertebrobasilar (VB) occlusion, which aimed to evaluate the 
safety and efficacy of ET of acute stroke caused by VB artery 
occlusion. The trial was terminated after 131 patients had been 
randomly assigned due to the high crossover rate and poor 
recruitment. In the intention-to-treat analysis, there was no 
difference in the proportion of participants with of mRSs 0–3 
at 90 d [19]. Secondary prespecified analysis of the primary 
outcome showed higher rates of mRS 0–3 at 90 d in patients 
who received the intervention than in those who received stan-
dard medical therapy alone in both per-protocol and as-treated 
populations [19]. It is worth noting that atherosclerotic stenosis 
accounted for 53% of the population in the BEST study [19].

In our study, the postoperative mTICI scores were all 
grade 3, the preoperative NIHSS scores ranged from 12 to 17, 
and skull MRI showed multiple infarction lesions in all 4 pati-
ents, including 1 case of bilateral cerebral peduncle and pons 
infarction, 1 case of bilateral thalamic infarction, and 2 cases 
of bilateral pons infarction. The most common causes of pos-
terior circulation stroke include vertebral basilar artery athe-
rosclerotic occlusion or embolism, dissection, and cardiogenic 
emboli [20, 21]. The Chinese Intracranial Atherosclerosis 
(CICAS) study in 2014 showed that the incidence of intracra-
nial atherosclerosis was 46.6% in Chinese patients with ische-
mic stroke or transient ischemic attack [22] compared to only 
8%–10% in the North American population [23, 24]. Annual 
stroke risk was 19% in patients with 70%–99% stenosis, and 
23.4% in those with symptomatic intracranial chronic arterial 
occlusion [25]. A German study investigated the distribution 
of steno-occlusive disease and the associated rate of recur-
rence in 4157 patients with acute cerebral ischemia. A total 
of 48 patients (1.2%) with BAO were included. Symptomatic 
vessel occlusions were associated with a higher mortality rate 
and stroke recurrence rates than stenosis. The rate of recurrent 
stroke during the first 3 d in patients with BAO was 14.6%. 
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[29] and has extensive experience in operation and treatments 
of intraoperative and postoperative complications of recanali-
zation procedures. Therefore, postoperative blood flow of all 
patients in this study was greater than mTICI grade 2b with 
low mortality (11.1%).

There were some limitations to this study. First, only 18 
patients from a single center were retrospectively analyzed. 
Second, control groups were not conducted. It is expected that 
multicenter and high-quality clinical trials on posterior circu-
lation infarction patients whose conditions are progressively 
aggravated beyond 24 h will be conducted in future.

In conclusion, in patients with progressive posterior cir-
culation cerebral infarction caused by vertebral BAO, ET is 
effective and safe even if the time from onset to puncture 
exceeds 24 h. 
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