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Abstract: Objective: To assess the effect and safety of arterial thrombolysis added to solitaire AB stents interven-
tional therapy in the management of acute ischemic stroke. Methods: Between June 2014 and March 2016, we ran-
domly assigned 72 patients with acute ischemic stroke (AIS) treated in our hospital to receive thrombi thrombus and 
arterial thrombolysis (the control group, n = 36) or solitaire AB stent interventional therapy combined with thrombi 
thrombus and arterial thrombolysis (the treatment group, n = 36) and by the lot drawing method. The revasculariza-
tion, the NIHSS scores, cognitive scores and activities of daily living (ADL) scores on day 21 after operation were 
compared between the two groups. The clinical effect and complications on day 90 postoperatively were also evalu-
ated. Results: The revascularization rate (97.22%, 35/36) was significantly higher in the treatment group versus 
the control group (80.56%, 29/36) (P = 0.028), and the revascularization period was markedly shorter than that in 
the control group (P<0.001). The NIHSS score on day 21 after operation was lower in the treatment group than the 
control group (P<0.001), but the scores of cognition and activities of daily living were higher in the treatment group 
as compared to the control group (P<0.001). The clinical effect on day 90 postoperatively was significantly improved 
in the treatment group (P = 0.022), whereas the incidence of complications was significantly different (P = 0.614). 
Conclusion: Arterial thrombolysis added to neurological interventional therapy shows beneficial effect in patients 
with acute ischemic stroke ad can promote revascularization, thus it is worthy of extensive use in clinical practices. 
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Introduction

Between 1990 and 2013, the death toll and 
mortality of stroke in China increased by 
47.06% and 23.2% respectively. Stroke has 
now become China’s leading fatal disease [1]. It 
has not only a high rate of mortality, but also 
high recurrence and disability. About three-
quarters of its survivors present various de- 
grees of hemiplegia and other sequelae. Some 
patients have even been deprived of a normal 
life or work. And it is also the primary cause for 
Disability Adjusted Life Years (DALY) now [2]. 
Stroke is categorized into ischemic stroke, 
hemorrhagic stroke and subarachnoid hemor-
rhage, among which ischemic stroke is the 
most common. In China, nearly 70% of the 
patients with stroke have ischemic stroke [3]. 
Ischemic stroke patients mainly manifest such 

symptoms as mouth and nose skew, speech 
disorders, and hemiplegia. It may cause sequel-
ae if the patients cannot receive timely diagno-
sis and treatment. Restoring the flow of the 
occlusive vessels and salvaging the ischemic 
penumbra is crucial to a successful treatment 
for ischemic strokes.

Arterial thrombolysis is performed by adminis-
tering drugs through the artery into the occlud-
ed vessel to restore the normal blood supply. 
Randomized controlled trials show that arterial 
thrombolysis could improve the neurological 
outcomes and revascularization [4, 5], so it has 
been extensively used in the treatment of isch-
emic stroke. However, arterial thrombolysis is 
less effective in the stenotic thrombolysis, and 
prone to cause complications like postop- 
erative hemorrhage [6, 7]. In the recent two 
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decades, great progress has made in interven-
tional techniques for the management of acute 
ischemic stroke. As compared with thrombolyt-
ic therapy, the interventional techniques have a 
longer time window, immediately restore the 
blood flow in the occluded vessels and improve 
recanalization rates [8]. However, the progno-
sis of patients remains controversial [9]. In 
recent years, some studies have focused on 
the protocol of adding arterial thrombolysis to 
interventional techniques for the management 
of acute cerebral ischemia [7, 10]; but its effect 
remains to be confirmed. Between June 2014 
and March 2016, we selected 72 patients with 
acute ischemic stroke (AIS) treated in our hos-
pital to analyze the effect of arterial thromboly-
sis added to solitaire AB stent interventional 
therapy.

Materials and methods

Subjects

The subjects were 72 patients with AIS diag-
nosed and treated in our hospital from June 
2014 to March 2016. Inclusion criteria for the 
patients included: an age of younger than 80 
years, significant neurological impairments 
which gradually became serious and lasted 
more than 30 minutes, the National Institute of 
Health stroke scale (NIHSS) scores (8 to 22 
points), the time from symptom onset to the 
therapy within 6 hours (posterior circulation 
within 24 h), no cerebral hemorrhage or other 
intracranial diseases as confirmed by CT or 
MRI; informed consents provided by the 
patients themselves or their family members; 
and those with occlusive vessels eligible for 
endovascular stent placement and stenosis 
proximal vessels eligible for stent delivery sys-
tem examined by digital subtraction angiogra-
phy (DSA). Exclusion criteria: patients with hem-
orrhagic tendency or past hemorrhagic cere- 
brovascular diseases; NIHSS scores of at least 
22 points, major organ impairments or failure, 
surgery or trauma within 2 months; preopera-
tive blood pressure of at least 180 mmHg or 
diastolic blood pressure of at least 110 mmHg. 
This study was approved by the Hospital Ethics 
Committee.

Treatment methods

The patients were randomly assigned into the 
treatment group (n = 36) or the control group (n 

= 36) by the lot drawing method. The patients in 
the control group were treated with thrombi 
(Guangxi Wuzhou Pharmaceutical (Group). No. 
Z20025652) and arterial thrombolysis. The 
specific procedures were as follows: 500 mg of 
thrombi were added in 250 ml of 5% glucose 
solution for intravenous infusion; the DSA was 
performed to observe the sites and extent of 
the vessel lesions. The DSA thrombolytic thera-
py was performed. By the Seldinger technique, 
the right femoral artery was punctured and into 
which 6-Fr guide catheter; and heparin was 
intravenously injected based on the patient’ 
weight. After the systemic heparinization, glob-
al cerebral angiography was performed to iden-
tify the site of the occluded vessel and the 
severity of occlusion. The catheter was advan- 
ced into the lesion side, during which mechani-
cal thrombolysis was performed supplementa-
ry with rotating and pulling the micro-wire and 
micro-catheter. Urokinase (total amount of 
200,000 to 800,000 U; Guangdong Tianpu 
Biochemical Pharmaceutical Co., No. H2011- 
3006) was mixed with glucose solution at a 
ration based on the patients’ conditions, and 
then the mixture was injected slowly into the 
catheter at 20,000 U/min. After thrombolysis, 
angiography was performed to confirm the 
recanalization. The thrombolysis could be 
repeated for 2-3 times if the recanalization 
failed. The required total amount of urokinase 
was 200,000 to 800,000 U, with the maximum 
no more than 1,500,000 U and the time for 
thrombolysis procedure no longer than 2 h.

The treatment group was treated with the soli-
taire AB stents in addition to the treatment for 
the control group. A micro-catheter carrying a 
micro-guide wire advanced through the stenot-
ic vessel and went through the lesion artery. 
The solitaire AB stent was delivered to the  
stenosis site by the micro-catheter. After the 
full deployment of the stent was checked by a 
contrast injection, the stent was released  
and expanded by the pressure pump; and then 
the micro-catheter and the stent were removed 
at the same time. The thrombectomy can be 
performed repeatedly for several times if 
necessary.

Patients in the two groups were injected 5000 
IU of low molecular weight heparin subcutane-
ously once daily. They were given clopidogre 
(75 mg) + atorvastatin (40 mg) + aspirin (100 
mg) once a day for 3 to 5 days, with their blood 
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pressure under strict control. On day 3, the 
patients received 2ATA (1ATA = 760 mmhg) 
hyperbaric oxygen therapy once an hour a day 
for 10 days. After the therapy, they were admin-
istered long-term oral aspirin at 100 mg per 
day.

Observation indicators and evaluation criteria

Revascularization: thrombolysis in cerebral 
infarction (TICI) was used to assess the cere-
brovascular recanalization after treatment. TICI 
is classified into four grades: grade 0 (vascular 
occlusion); grade I (severe stenosis), grade II 
(partial recanalization), and grade III (complete 
recanalization; TICI grade 0 and grade I indicat-
ing no recanalization of the cerebral arteries; 
TICI grade II and grade III indicating cerebral 
recanalization (reperfusion).

According to the National Institutes of Health 
Stroke Scale (NIHSS), the patients’ neurologic 
functions were evaluated before, and on day 21 
after treatment, respectively. Scoring covered 
seven aspects of consciousness level, gaze, 
and upper and lower extremity activities. The 
higher the score, the more severe the neuro-
logical injury was. The cognitive scores of the 
patients were assessed using the Glasgow 
Outcome Scale. The three aspects (open-eye 
response, motor response and language res- 

trol, use of toilets, transfer of bed and chairs, 
walking (on the floor, down/up the stairs). The 
higher the score, the higher the patients’ 
degree of independence.

The clinical effect on day 90 after surgery was 
evaluated based on the China Stroke Scale 
(CSS) [11]. The rating is categorized into basic 
cure, marked efficacy, efficacy, inefficacy, wors-
ening and death. Basic cure is: the score of 
neurologic deficit severity reduces by 91%-
100% compared with that before treatment, 
Level 0 disability. Marked efficacy: the score of 
neurologic deficit severity reduces by 46%-90% 
as compared with that before treatment, Level 
1-3 disability. Efficacy: the score of neurologic 
deficit severity reduces by 18%-45% as com-
pared with that before treatment. Inefficacy or 
worsening: the score of neurologic deficit sever-
ity vary in the range lower than 18% as com-
pared with that before treatment, and even it 
may increase by more than 18% as compared 
with that before treatment; and death. The total 
effective rate equals to basic cure rate, signifi-
cant efficiency plus efficiency.

Statistical analysis

The differences between categorical variables 
were detected using the bilateral χ2 test or 
exact probability method. Continuous variables 

Table 1. Baseline and clinical characteristics of the treatment group and 
the control groups

Patient characteristics Treatment 
group (n = 36)

Control  
group (n = 36) χ2/t P

Age 67.4 (8.5) 69.0 (7.8) 0.832 0.408
Gender (Male/Female) 22/14 24/12 0.241 0.624
Smoking (yes/no) 23/13 19/17 0.914 0.339
Drinking (yes/no) 14/22 20/16 2.006 0.157
Past medical history (yes/no) 
    High blood pressure 25/11 21/15 0.963 0.326
    Diabetes 9/27 5/31 1.419 0.234
    Cardiovascular diseases 17/19 10/26 2.904 0.088
    Dyslipidemia 15/21 18/18 0.503 0.478
Clinical information 
    Initial NIHSS score 16.4±4.8 16.3±4.7 0.536 0.594
    Initial cognitive score 7.4±1.2 7.8±1.3 1.357 0.179
    Initial activities of daily life score 20.9±5.3 21.1±5.2 0.162 0.872
Lesion side (left/right) 19/17 15/21 2.025 0.155
Onset-admission time (min) 182.7±20.8 191.4±27.8 1.503 0.137
Operating-puncture time (min) 165.3±18.9 172.4±21.8 1.476 0.144

ponse) of the patients 
were investigated; 15 
points, (full mark), indi-
cating a clear consci- 
ousness; 12-14 points 
indicating mild distur-
bance of conscious-
ness; 9-11 points indi-
cating moderate distu- 
rbance; and the points 
lower than 8 indicating 
coma. The lower the 
score, the greater the 
disturbance of consc- 
iousness was. The pa- 
tients’ activities of da- 
ily living (ADL) were as- 
sessed using the im- 
proved Barthel index-
es, including the ind- 
exes on the following 
ten activities: eating, 
bathing, dressing, sto- 
ol control, urinal con-
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were expressed as mean ± standard deviation. 
The mean across groups and the difference 
before and after treatment between groups 
were tested using the two-sample independ- 
ent t-test. Statistically significance level was 
defined as bilateral α = 0.05.

Results

Basic findings

The baseline and clinical characteristics of the 
two groups are shown in Table 1. There were no 
significant differences in gender, age, smoking, 
alcohol consumption, and medical history 
between the treatment group and the control 
group. The preoperative NIHSS score, cognitive 
score and ADL score were 16.4, 7.4 and 20.9, 
respectively, and the average time of onset-
admission and operating-puncture were 182.7 
and 165.3 minutes respectively. No significant 
difference was shown in the clinical character-
istics between the two groups (P>0.05).

Comparison of revascularization

The revascularization rate was higher in the 
treatment group (97.22%, 35/36) than in the 
control group (80.56% of, 29/36, P = 0.028). 
The mean revascularization time was 16.5 min, 

ed by 6.1 and 22.3, respectively. The improve-
ments in the three indexes were significan- 
tly higher than those of the control group 
(P<0.001) (Table 3).

Comparison of clinical effect of patients be-
tween the two groups

Clinical effect of the patients in the two groups 
on day 90 after treatment is shown in Table 4. 
The rates of basic cure, marked efficacy and 
efficacy in the treatment group were 61.1%, 
16.7% and 16.7%, respectively. The difference 
in the total effect rate between the treatment 
group and the control group (94.4% vs 75.0%) 
was statistically significant (P = 0.022, Figure 
1). During treatment and follow-up, one case in 
the treatment group had intracranial hemor-
rhage; one had recurrent infarction and one 
had intracranial hemorrhage in the control 
group. The difference in the incidence of com-
plications between the two groups (2.8% vs 
5.6%) showed no significant difference (P = 
0.614).

Discussion

Acute ischemic stroke is one of the major 
causes of human disability and deaths. The key 
to a successful treatment is to restore the flow 
of the occlusive vessels as soon as possible 
and salvage the ischemic penumbra. Currently, 
the most extensively used therapy for early 
recanalization in AIS is intravenous medical 
thrombolysis, mainly rt-PA andurokinase [12, 
13]. The effect of rt-PA intravenous injection 
within 4.5 h from the ischemic stroke onset has 
been confirmed. The advantages of intrave-
nous thrombolysis are simple technical devic-
es, convenient and easy operation, relatively 
smaller trauma, shorter time operation, low 
costs, and popularity with patients. However, 
its larger thrombolytic dose and strict time win-
dow limitation make only less than 3% of 

Table 2. Comparison of recanalization between the two 
groups

Group Case Revascularization 
rate

Revascularization 
time (min)

Treatment group 36 35(97.22) 16.5±3.5
Control group 36 28 (80.56) 28.4±6.2
P value 0.028* <0.001**

Note: *Fisher exact probability calculation. **Independent sample 
t-test.

Figure 1. The recanalization rate and the total ef-
fective rate in the treatment group and the control 
group.

shorter than that of the control group 
(P<0.001). The differences were statisti-
cally significant (Table 2; Figure 1).

Comparison of NIHSS score, cognitive 
score and ADL score on day 21 after 
surgery between the two groups

The NIHSS scores of the treatment group 
decreased by 10.1 on day 21, but the 
scores of the cognitive and ADL increas- 
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patients eligible for IV rtPA. In addition, the 
recanalization rate is low in the patients with 
large arteries occlusion or severe conditions. 
Furthermore, the mortality and disability at 90 
days after surgery are still high [14]. Therefore, 
how to improve the rate of revascularization 
and the effect of thrombolytic therapy has 
been a hot spot in recent years.

In recent two decades, the endovascular inter-
ventional techniques for AIS treatment includ-
ing arterial thrombolysis, mechanical throm-
bectomy, and endovascular stent have adv- 
anced rapidly. Studies in recent years have 
shown that arterial thrombolysis enables 
thrombolytic agents at high concentrations to 
be directly administered to the sites of the 
thrombi, thereby increasing the rates of re- 
vascularization of large occluded vessels. 
Randomized trials and Meta-analyses, such as 
PROACT II and MELT, have demonstrated the 
effect of arterial thrombolysis in the treatment 
of AIS [4, 5, and [4, 5, 15]. In the PROACT II trial, 
arterial thrombolysis alone was associated 
with a 66.0% revascularization rate, which was 
significantly higher than that in the placebo 
group (18%). The improvement in neurological 
outcomes was also higher than that of the con-
trol group. The results of the MELT test are gen-
erally similar to those of the PROACT II trials. In 
our study, the revascularization rate of the con-
trol group treated with intravenous bolus injec-
tion of thrombi plus urokinase arterial throm-
bolysis was 80.56%, slightly higher than that of 

the PROACT II trial. The results might be attrib-
uted to the function of thrombi intravenous 
injection. The major ingredient of the thrombus 
is Panax Notoginseng Saponins (PNS), which is 
extracted from Panax notoginseng (PNS). Its 
main functions are promoting blood circulation 
to dissipate blood stasis, dredging the meridian 
passages, activating qi and relieving pains. 
Many studies have proved that it can expedite 
the recovery of neurological functions, improve 
microcirculation, cerebral ischemia and hypox-
ia, showing a favorable effect on stroke [16, 
17].  

It is reported that the revascularization rate of 
arterial thrombolysis is about 70%, which is still 
unsatisfactory. In addition, the patients with 
cerebral artery infarctions tend to be associat-
ed with severe atherosclerosis in intracranial 
large arteries, so arterial thrombosis often 
recurs after thrombolysis therapy, which may 
lead to re-occlusion of blood vessels. In recent 
years, new and effective mechanical tech-
niques recanalizing occluded vessels, especial-
ly solitaire AB stent thrombectomy, have devel-
oped rapidly, which significantly increases the 
revascularization rate of large cerebral vessel 
infarctions. The solitaire AB stent is a second-
generation, self-expanding stent embolization 
device approved by the FDA in 2012. The 
released stent functionally equals to a stent 
procedure that allows rapid flow restoration. Its 
effect and safety are higher than those of the 
first-generation Merci devices [18]. The Study 

Table 3. Comparison of the NIHSS score, cognitive score and ADL score before and after treatment 
between the two groups (n = 36)

Group
NIHSS score Cognitive score Daily life score

P-T 21-d-p-t D P-T 21-d-p-t D P-T 21-d-p-t D
Treatment group 16.4±4.8 5.3±2.6 10.1±3.2 7.4±1.2 13.5±3.6 6.1±1.9 20.9±5.3 43.2±10.6 22.3±6.1
Control group 16.3±4.7 9.6±3.6 6.7±2.1 7.8±1.3 11.7±2.8 3.9±1.1 21.1±5.2 34.2±7.9 13.1±3.4
t 5.330 6.012 7.904
P values <0.001 <0.001 <0.001
Note: P-T: Pre-treatment; 21-d-p-t: day 21 post-treatment; D: Difference.

Table 4. Comparison of clinical effect after treatment between the two groups

Group Case Basic  
cure (%)

Marked  
efficacy (%)

Efficacy  
(%)

Inefficacy or  
worsening (%)

Total  
efficacy (%)

Treatment group 36 22 (61.1) 6 (16.7) 6 (16.7) 2 (5.6) 94.4
Control group 36 9 (25.0) 8 (22.2) 10 (27.8) 9 (25.0) 75.0
χ2 5.258
P value 0.022
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on solitaire AB thrombus removal in acute 
revascularization (STAR study) demonstrated a 
79.2% rate of revascularization with a solitaire 
AB stent and a 57.9% good clinical outcome on 
day 90 postoperatively [19]. The study pub-
lished in the New England Journal of Medicine 
in 2015 further showed the advantages of soli-
taire AB stents [20]. 

In a recently published EXTEND-IA study, rt-PA 
intravenous thrombolysis added to solitaire AB 
stents can significantly improve reperfusion of 
ischemic stroke in patients caused by proximal 
cerebral artery occlusion and promote early 
neurological recovery as compared with rt-PA 
intravenous thrombolysis alone [21]. Solitaire 
AB stent added to arterial thrombolysis may 
help to address the problem of delayed throm-
bolysis due to prolonged preoperative prepara-
tion and to improve revascularization rate and 
neurological outcomes [7]. In our study, soli-
taire AB and arterial thrombolysis significantly 
increased revascularization rate and shortened 
revascularization time. In addition, the neuro-
logical recovery and prognosis of the treatment 
group on day 21 and 90 postoperatively were 
significantly better than those of the control 
group, consistent with those of other studies 
[22-24], which is further demonstrating the 
effect of arterial thrombolysis added to intra-
vascular interventional therapy for ischemic 
brain stroke. Based on the research in China 
and other countries, China has developed the 
Guidelines for the Early Management of 
Patients with Acute Ischemic Stroke Regard- 
ing Endovascular Treatment [25]. However, it 
should be noted that, there are still some 
defects in solitaire AB stent thrombectomy, 
including the risk of vascular intima injury which 
may promote aggravate thrombosis, and the 
development of thrombosis caused by stent 
placement of foreign substance in the vessels.

In summary, the clinical effect of solitaire AB 
stent thrombolysis plus intra-arterial throm- 
bolysis in the treatment of AIS is better than 
that of intra-arterial thrombolytic therapy alone. 
Nevertheless, due to the small sample size and 
short postoperative follow-ups, additional ran-
domized controlled trials with larger sample 
size are required to address such problem as 
time-window selection, optimal treatment pro-
cedures as well as long-term effect in the man-
agement of AIS by arterial thrombolysis plus 
solitaire AB stent thrombolysis.
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