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ABSTRACT                                                                                              

Purpose: Retrievable stents are widely used in acute ischemic stroke (AIS); however, the results remain unclear in Chinese pa-

tients. This study aimed to explore the usefulness of Solitaire AB stents in AIS.  

Materials and Methods: Seventy-three AIS patients treated with Solitaire AB stents for thrombectomy of large artery occlusion 

of anterior circulation in January 2014-June 2015 were retrospectively evaluated. Recanalization was assessed with the Throm-

bolysis In Cerebral Ischemia (TICI) scale. Clinical outcomes were assessed according to the National Institute of Health Stroke 

Scale (NIHSS) and the modified Rankin Scale (mRS). Operation-related complications were recorded. The main factors affect-

ing successful recanalization with Solitaire AB were analyzed. 

Results: The 73 patients enrolled included 39 males and 34 females (median age of 59 [31-78] years); 77 Solitaire AB stents 

were used. The initial recanalization rate with Solitaire AB as the first thrombectomy method was 53.42% (39/73; recanalization 

group). Among the 34 patients with failed stent retrieval, 32 underwent other treatments; the final arterial recanalization rate was 

89.04% (65/73). Perioperative embolization events and symptomatic intracranial hemorrhage (sICH) occurred in 5 and 8 patients, 

respectively. The mean NIHSS score was 9.12±3.86 one week after thrombectomy, significantly lower compared with admission 

values. In 31 patients (42.47%), NIHSS score decreased by >8. Good functional independence (mRS score≤2) was achieved in 

39 patients (53.42%) at 90 days; 12 patients (16.44%) died. Compared with the recanalization group, the remaining patients 

showed lower AF and higher LAA percentages.  

Conclusion: Solitaire AB stents are useful in the endovascular treatment of AIS.  
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INTRODUCTION 
Stroke is the third cause of modality worldwide and the 

first in China, with a high disability rate; 60%-80% of all 

stroke cases are acute ischemic stroke (AIS). In the past, 

intravenous thrombolysis has been used as the standard 

treatment for AIS, and its efficacy has been confirmed by 

many clinical trials (1, 2). However, intravenous thrombo-

lysis has a short time window, low a recanalization rate, 

and higher disability and mortality rates. Recently, the 

application of various thrombectomy devices has helped 

endovascular intervention therapy develop very fast. With 

the publication of recent randomized, controlled trials of 

endovascular treatments for AIS (3-7), mechanical throm-

bectomy with stent retrievers has been recommended as the 

first-line method in patients with intracranial large artery 

occlusion (LAO) (8). 

The Solitaire AB stent was approved by the FDA in 2012 

for clinical use as a new generation of thrombectomy de-

vices; the new retrievable stents have promoted immediate 

reperfusion in AIS, showing superior results in large vessel 

occlusion compared with other recanalization devices and 

techniques (9). The stent acts as a temporary intracranial 

bypass providing immediate flow restoration; when it is 

withdrawn, the thrombosis could be removed by trapping 

the thrombus into cells. In this study, patients with AIS due 

to LAO who received endovascular treatment were ana-

lyzed retrospectively to evaluate the therapeutic effects and 

safety of retrievable Solitaire stents.   

 

MATERIALS AND METHODS 
Patient Population 
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AIS patients due to large artery occlusion of anterior 

circulation treated with Solitaire AB stents in the period 

between January 2014 and June 2015 in Henan Provincial 

People’s Hospital were retrospectively reviewed. All pa-

tients underwent cranial CT (MRI) to exclude intracranial 

bleeding; Alberta Stroke Program Early CT (ASPECT) 

scores were used to evaluate the extent of infarction based 

on previously acquired non-enhanced CT or magnetic res-

onance imaging (MRI) data. Some patients might have 

multiple modes of imaging examinations for the evaluation 

of ischemic cerebral tissues. Patients eligible for IVT re-

ceived IVT (rt-PA 0.9 mg/kg) before endovascular treat-

ment. The inclusion criteria for endovascular treatment 

were consistent with the following conditions: 1). 18≤age 

≤80 years; 2) time from symptom onset to puncture<6h; 3) 

exclusion of intracranial hemorrhage by cranial CT or MRI; 

4) anterior circulation occlusion confirmed by CTA or 

MRA; 5) NIHSS score≥6; 6) informed consent from the 

patients or their legal representatives. Exclusion criteria 

were: 1) known serious sensitivity to radiographic contrast 

agents or device materials; 2) known hereditary or acquired 

hemorrhagic diathesis; 3) severe cerebral stroke within 6 

months; 4) ASPECT score <6; 5) baseline NIHSS 

score >30; 6) life expectancy of less than 90 days. 

Thrombectomy procedure 

Under conscious sedation or general anesthesia, a 6F or 

larger guide catheter was placed through the femoral artery, 

proximal to the target vessel, which was navigated with a 

0.014-inch micro-guide wire (Boston USA) through the 

occlusion. A microcatheter was then advanced over the 

wire to the distal side of the occlusion. Selective micro-

catheter angiography was performed to confirm the occlu-

sion site and distal blood flow. Under the optimal working 

angle, a 0.021-inch Rebar 18 microcatheter (ev3, Irvine, 

USA) was navigated to the distal occlusion over the mi-

cro-wire. Then, the microcatheter was exchanged with a 

Solitaire stent, whose size was selected according to occlu-

sion site and length. The stent’s distal marker was posi-

tioned at the proximal side of the microcatheter. Upon de-

ployment of the stent, angiography was performed to ob-

serve blood flow. The device was left in place for 3-5 

minutes before removal. Next, the stent and microcatheter 

were gently pulled back, and manual aspiration with a 50 

ml syringe was performed during stent retrieval. Generally, 

the above steps were performed no more than five times. In 

a patient with tandem internal carotid and middle cerebral 

arterial occlusions, the first step was generally to establish 

endovascular access with balloon dilatation, stent implan-

tation or forced suction thrombectomy, before attempting 

the recanalization of the intracranial occlusion. Patients 

with failed stent retrieval may receive other rescue treat-

ments, and a stent might be considered for deployment. In 

patients with stent deployed, tirofiban (8μg/kg) should be 

injected intravenously within three minutes, followed by 

continuous use at a dosage of 0.10μg/(kg /min) for 24h. CT 

was performed after intracranial bleeding, with low molec-

ular weight heparin dripped intravenously during the whole 

procedure.  

Postoperative management 

Blood pressure was closely monitored; cranial CT or 

MRI was performed in the first 24 hours after the proce-

dure to detect the presence of ICH. In patients with stent 

placement, dual anti-platelet drugs (aspirin 100 mg/d and 

clopidogrel 75 mg/d) were used for 3 months after the pro-

cedure. Then, single anti-platelet medicine (aspirin 100 

mg/d) was administered. In patients with no stent deploy-

ment, long-term application of single anti-platelet (aspirin 

100 mg/d) was required for the prevention of stroke recur-

rence.   

Definitions and Statistical Analysis  

The etiology of AIS with large artery occlusion was 

based on the TOAST classification system (10). Recanali-

zation results were assessed by catheter angiography ac-

cording to the Thrombolysis in Cerebral Ischemia (TICI) 

system, and successful recanalization was defined as TI-

CI2a or 3. Improvement in neurologic function in one week 

after the procedure was defined as a decrease of 4 or more 

in the NIHSS score. Clinical outcome at 90 days was as-

sessed according to the modified Rankin Scale (mRS), 

good functional independence defined as a mRS score of 0 

to 2. Symptomatic intracranial hemorrhage (sICH) was 

defined as any type of hemorrhage on imaging studies and 

clinical deterioration of more than 4 points in the NIHSS 

score or a 1-point reduction in the level of consciousness 

with the NIHSS.  

Data analysis was performed with the SPSS software 

(version 22.0; SPSS, Chicago). Continuous variables were 

presented as mean±SD. Baseline characteristics and clini-

cal outcomes were compared between the two groups by 

the Fisher test for categorical variables and Student’s t test 

for continuous ones. Two-sided P<0.05 was considered 

statistically significant.  
 

RESULTS  
Seventy three patients (39 males, 34 females) with AIS 

were treated with Solitaire AB stents during the study pe-

riod. Their demographic and clinical features are shown in 

Table 1. 

For occlusion site, middle cerebral artery occlusion 

(MCA) was found in 35 cases (47.95%), with intracranial 

internal carotid artery (ICA) occlusion in 26 cases 

(35.62%), and tandem internal carotid artery and middle 

cerebral arterial (TIM) occlusion in 12 cases. Concerning 

the etiology of large artery occlusion, large artery athero-

sclerosis (LAA) was present in 33 cases (45.21%), with 

cardioembolism (CE) in 31 cases (42.47%) and stroke of 

undetermined etiology in 9 cases (12.33%).

 

https://www.baidu.com/link?url=tyq6MzwcgJfj9z2zq2bsC9WWjlqQk83kuZFvonnOAp7V2KtPUS7Ut_EGKsDPKONR2CRNxasMRoA74uNiz8mLDfIlV1mi4y6DblL66ru1Ty7&wd=&eqid=b74b4e7f000238990000000259424f79


 

79                                                        Teng-Fei Zhou et al ▪ J Intervent Med 

Table 1 Demographic and clinical features of the included patients. 

Characteristics All patients (n=73) Recanalization (n=39)   No-recanalization (n=34)  P  

 Age, y 58.72 58.42±3.75 59.06±5.23 1.000 

 Male sex 39(53.42%) 18(46.15%) 21(61.76%) 0.241 

 Hypertension  43(58.90%) 20(51.28%) 23(67.64%) 0.233  

 Diabetes  16(21.92%) 6(15.38%) 10(29.41%) 0.168   

 Hyperlipidemia 19(26.03%) 9(23.08%) 10(29.41%) 0.599 

 Atrial fibrillation 28(38.35%) 22(56.41%) 6(17.65%) <0.001 

 LAA  33(45.21%) 10(13.70%) 23(67.64%) <0.001 

Admission NIHSS score 17.08 17.09±4.34 17.06±3.69 1.000  

 Prior IVT 8(10.96%) 5(12.82%) 3(8.82%) 0.716  

Embolization 5(6.85%) 4(10.26%) 1(2.94%) 0.363 

  sICH 8(10.96%) 4(10.26%) 4(11.76%) 1.000  

  90d mRS (0-2)  39(53.42%) 21(53.84%) 18(52.94%) 1.000 

  Mortality rate 12(16.44%) 6(15.38%) 6(17.65%) 1.000  

 

 

 
 

Figure 1. A 56 year old man suffered a sudden attack of right hemiplegia and aphasia 5h ago; the NIHSS score was 18, and MRA showed occlusion of the LMCA. (a) 

DSA showed occlusion of the LMCA; (b) the occlusion was partially recanalized after Solitaire retrieval in combination with penumbra aspiration; (c) the artery was 

still occluded after second thrombectomy with Solitaire stent; (d) TICI 2b was achieved after third stent retrieval; (e) TICI 1 was obtained during the observation; (f) 

an Enterprise stent was deployed in the site of stenosis; (g) extravasation contrast was observed after balloon dilatation; (h) postoperative CT showed subarachnoid 

hemorrhage (SAH). The mRS score of the patient at 90d was 2.  

Compared with patients who had successful recanalization with Solitaire AB as the first thrombectomy method (recanalization group), the no-recanalization group 

had a lower percentage of AF in etiology (P<0.001) and significantly higher percentage of LAA (P<0.001). 
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A total of 8 cases (10.96%) received intravenous throm-

bolysis before stent thrombectomy. A total of 77 Solitaire 

AB stents were used in the 73 patients; thrombectomy with 

the Solitaire stent was performed 1 to 4 times. The initial 

recanalization rate merely with Solitaire AB as the first 

thrombectomy method was 53.42%. Of the remaining 34 

patients with failed first thrombectomy with Solitaire stent, 

32 received additional rescue treatments. The rescue treat-

ments included stent deployment in 29 cases, thrombus 

aspiration in 14 cases, balloon dilatation in 12 cases, and 

intra-arterial thrombolysis in 6 cases. The final recanaliza-

tion rate for the whole cohort of patients was 89.04%. The 

time from groin puncture to arterial recanalization ranged 

from 30 to 132 minutes (75.52±26.83). 

During thrombectomy, distal embolization occurred in 5 

patients, among whom 4 received intra-arterial tirofiban. 

Symptomatic intracranial hemorrhage (sICH) occurred in 8 

patients. In one patient, sICH was caused by mi-

cro-guidewire perforation of the vessel (Figure 1); bleeding 

was stopped following acute pressure decrease and antico-

agulation injection of protamine. The mean NIHSS score 

was 9.12±3.86 one week after thrombectomy, which was 

significantly (P<0.001) lower compared with the value at 

admission; in 31 patients (42.47%), the NIHSS score de-

creased by >8. Clinical good functional independence 

(mRS≤2) was achieved in 39 patients (53.42%) at 90 days' 

follow-up. A total of 12 patients died during the study pe-

riod. 

 

DISCUSSION 
Although the final revascularization rate after rescue 

therapy increased to 89.04% in this study, the recanaliza-

tion rate at the first thrombectomy with Solitaire stent was 

53.42%, which is lower than the values of 58%-88% re-

ported in other clinical trials of stent retrievers (3-7). Over 

40% of the patients enrolled needed a rescue treatment 

after failed Solitaire stent retrieval. In a prospective multi-

center study by Pereira et al, the primary revascularization 

rate with a Solitaire stent was 79.2% for a final revascular-

ization rate after rescue therapy of 88.1% (11).  

In the current study, the effectiveness of stent retrievers 

in treating acute intracranial atherosclerotic disease (IAD) 

related occlusion was limited compared with occlusion due 

to CE. Intracranial atherosclerosis and cardioembolism are 

two major reasons for ischemic stroke. In Asian individuals, 

the primary reason for acute ischemic stroke is atheroscle-

rosis disease with a rate of 30%-50%, which is higher than 

that found in Western countries (12). The proportion of 

cases with IAD-related occlusion in this study (45.2%) was 

overtly higher than those reported for non-Asian popula-

tions. In a French study, only 5.5% of patients treated with 

stent retrievers showed intracranial stenosis (13). Deploy-

ment of Solitaire stents can achieve early flow restoration; 

however, atherosclerotic intracranial lesions with 

high-grade residual stenosis may resist the retracting 

movement, and the risk of re-occlusion is high. Cardiogen-

ic thrombi may be softer than atherosclerotic ones, and the 

Solitaire stent system can be superior in treating thrombi of 

a cardiogenic origin, which was confirmed in the present 

study. 

Acute arterial reocclusion is a significant factor that im-

pacts final recanalization, especially in patients with a 

high-grade residual stenosis (14). Glycoprotein-IIb/IIIa 

inhibitors can be used in endovascular treatment to prevent 

reocclusion and increase the odds of recanalization (15). In 

addition, local intra-arterial glycoprotein IIb/IIIa inhibitors 

were also used as a rescue treatment in early reocclusion in 

this study. Our results indicate that stent placement is 

highly effective for the treatment of refractory occlusion 

after failed Solitaire retrieval. Intracranial stent placement 

rapidly recanalizes occluded vessels; several trials depend-

ing on small samples used stent placement as complemen-

tary treatment after other endovascular methods had failed, 

and achieved a high rate of recanalization with an encour-

aging prognosis (16). Sauvageau E et al used stent place-

ment as a rescue treatment after unsuccessful recanalization 

with the MERCI retriever, and achieved a 90% recanaliza-

tion rate (17). Baek JH et al reported a more favorable 

outcome in the stenting group than in the non-stenting 

group for stentriever-failed occlusion without increased 

sICH and mortality rates (18). However, additional treat-

ment with glycoprotein IIb/IIIa inhibitors or stent place-

ment may also increase the risk of fatal intracranial hem-

orrhage according to previous studies (19, 20), although 

this phenomenon did not occur in the present study. 

This study had some limitations. First, it was a retro-

spective study performed at a single hospital. Secondly, the 

sample size was small, with no control group included. In 

addition, the small cohort was further divided into sub-

groups with smaller numbers of patients, making it hard to 

draw definite conclusions from this study. Nevertheless, 

this work described the performance of stent retriev-

er–based thrombectomy for intracranial large artery occlu-

sion in the Chinese population.  

The Solitaire AB stent retrieval can achieve early flow 

restoration of large artery occlusion of anterior circulation. 

The efficiency of stent retrieval differs between acute arte-

rial occlusions due to intracranial atherosclerotic disease 

(IAD) and those caused by cardioembolism. Angioplasty is 

an efficient rescue treatment in patients with failed stent 

retrieval. 
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