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Abstract. Efficacy and safety of vascular intervention 
combined with intravenous thrombolysis  (IVT) was 
investigated in the treatment of acute intracranial arterial 
occlusion (AIAO). Ninety‑two patients with AIAO treated 
in People's Hospital of Tongchuan from January 2014 to 
February  2016 were enrolled in this retrospective study. 
Forty‑two patients were treated with vascular intervention 
(control group), while another 50 patients were treated with 
vascular intervention combined with IVT (study group). They 
were observed in terms of the improvement of clinical efficacy 
after treatment, the comparison of complications after treat-
ment, the National Institute of Health Stroke Scale (NIHSS) 
score after treatment, the modified Rankin Scale  (mRS) 
score at 3 months after treatment, and the Mini‑Mental State 
Examination  (MMSE) score at 3 months after treatment. 
Compared with those in the control group, patients in the 
study group had statistically significantly higher marked 
effectiveness and statistically significantly lower ineffective-
ness (P=0.018), and a statistically significantly higher overall 
effective rate (P=0.042). The NIHSS score in the study 
group was statistically significantly lower than that in the 
control group after treatment (P=0.001). There was a statisti-
cally significant difference between the two groups in the 
mRS score at 3 months after treatment (Z=8.764, P>0.05). 
Compared with those in the control group, patients in the 
study group had a statistically significantly higher MMSE 
score after treatment, and a statistically significantly lower 
total incidence of postoperative complications (P=0.001). 

Vascular intervention combined with IVT has good efficacy 
and high safety in the treatment of AIAO, and the combina-
tion can statistically significantly improve patients' quality of 
life, so it has a good clinical application value.

Introduction

Cerebrovascular diseases are one of the major health problems 
in the world (1). According to Love and Miners (2), there were 
~1.6 million patients with the diseases worldwide in 2016, 
most of whom were middle‑aged and elderly. According 
to Kamat et al (3), increasing number of young people are 
developing the diseases, so it is predicted that young and 
middle‑aged patients will account for 35% of patients of all 
ages by 2030. Cerebrovascular diseases are extremely sudden, 
so many patients become disabled and die due to untimely 
rescue (4). These diseases are a research hotspot in clinical 
practice because of their high incidences and mortality. Main 
diseases among cerebrovascular diseases are cerebral ischemic 
disease with the infarction of middle cerebral artery or branch 
artery, accounting for ~75% of all patients (5). Therefore, the 
timely and effective opening of occluded vessels as well as 
the recovery of cerebral tissue perfusion are crucial to treat 
acute intracranial arterial occlusion (AIAO). According to 
Powers et al (6), intravenous thrombolysis (IVT) is the first 
choice for the treatment of AIAO, but its therapeutic effect is 
unsatisfactory due to its low recanalization rate. Therefore, 
finding an effective therapeutic method for AIAO is very 
important.

Vascular intervention is the product of the iterative 
design and development process of evolving concepts in 
vascular biology and engineering  (7). According to the 
study by Rogers and Edelman, the delivery of drugs near 
the implanted device may make the drugs exert their best 
effects (8). IVT, recommended by guidelines worldwide, is 
the first choice for the treatment of AIAO, but whether its 
combination with vascular intervention can treat the disease 
still need further study. Therefore, the efficacy and safety 
of the combination in the treatment of AIAO were explored 
in the present study, to provide accurate basis for the future 
treatment of the disease.

Efficacy and safety of vascular intervention combined 
with intravenous thrombolysis in treatment of 

acute intracranial arterial occlusion
DAWEI ZHU1,  QUNSHUAN WANG1,  WENJIN ZHAO1,  CHENGYE LI2,  LIXIA XU1  and  SHUNFAN LIU3

1Department of Medical Imaging, People's Hospital of Tongchuan; 2Department of Interventional Radiography, 
Tongchuan Mining Bureau Central Hospital, Tongchuan, Shaanxi 727000; 3Department of Interventional Radiography, 

Ninth Hospital of Xi'an, Xi'an, Shaanxi 710054, P.R. China

Received November 5, 2019;  Accepted June 5, 2020

DOI: 10.3892/etm.2020.9027

Correspondence to: Dr Shunfan Liu, Department of Interventional 
Radiography, Ninth Hospital of Xi'an, 151 Erhuan East Road, Xi'an, 
Shaanxi 710054, P.R. China
E‑mail: sbgm77@163.com

Key words: vascular intervention, intravenous thrombolysis, acute 
intracranial arterial occlusion, efficacy, adverse reactions



ZHU et al:  VASCULAR INTERVENTION COMBINED WITH IVT IN ACUTE INTRACRANIAL ARTERIAL OCCLUSION2904

Patients and methods

Clinical data. In this retrospective study, 92 patients with 
AIAO treated in People's Hospital of Tongchuan (Tongchuan, 
Chna) from January 2014 to February 2016 were enrolled. 
Forty‑two patients were treated with vascular intervention 
(the control group), including 29 males and 13 females, aged 
35‑70 years with an average age of 52.6±10.3 years. Fifty 
patients were treated with vascular intervention combined 
with IVT (study group), including 34 males and 16 females, 
aged 36‑72 years, with an average age of 53.1±10.6 years. The 
study was approved by the Ethics Committee of the People’s 
Hospital of Tongchuan. Patients who participated in this study 
signed an informed consent and had complete clinical data.

Inclusion and exclusion criteria
Inclusion criteria. Patients diagnosed and treated in People's 
Hospital of Tongchuan; patients with complete general 
information; patients aged 35‑75  years; patients with the 
educational background of primary school or above; patients 
who cooperated in the investigation; patients without intracra-
nial hemorrhage detected by head CT; patients who or whose 
immediate family members signed the informed consent 
form.

Exclusion criteria. Patients who died during the treatment; 
patients complicated with other tumors; patients with physical 
disability; patients transferred to other hospitals; patients 
resistant or allergic to the drugs used in this study; patients 
with a history of intracranial hemorrhage including suspected 
subarachnoid hemorrhage; patients with a history of head 
injury in the past 3 months; patients with mental disorders, 
language dysfunction, or diseases affecting the results of this 
study.

Therapeutic schemes. Patients in the control group were 
treated with vascular intervention. After placed in a supine 
position, the patients were locally anesthetized and then 
intravenously injected with heparin (2‑3 mg/kg), once every 
2 h (half of the last dose). The lowest dose was maintained 
at 10 mg/h. The arterial sheath was inserted through femoral 
artery using Seldinger method, and the 5F catheter was used 
for brain angiography (iohexol was used as a contrast agent). 
The angiography was repeatedly performed to select the best 
work position. After the microcatheter was passed through 
the occluded blood vessel using directed acyclic graph and 
under the guidance of the micro‑guide wire, the 4x15 mm 
Solitaire™ AB stent [no. SFDA(I) 20133465291] was placed 
in the occluded artery via the microcatheter and then released. 
After opened and maintained for more than 10 sec, the stent 
was retracted together with the microcatheter. The angiog-
raphy after thrombectomy was performed to check whether 
the blood vessel was unobstructed, and multiple thrombec-
tomy was conducted if necessary. The sheath was pulled out at 
6 h after the operation. Patients in the study group were treated 
with vascular intervention combined with IVT. The steps of 
vascular intervention were as above, and alteplase (Boehringer 
Ingelheim Pharma GmbH & Co. KG, item no. RK20180329n) 
and isotonic saline (100 IU+100 ml in total) were intravenously 
dripped for 30 min. Changes in blood pressure and heart rate 
during the treatment were closely monitored.

Scoring criteria. The National Institute of Health Stroke 
Scale (NIHSS) was used for scoring (9). At 3 months after 
treatment, the modified Rankin Scale (mRS) score was used 
to assess the neurological function recovery of the patients 
to assess their prognoses  (10). The Mini‑Mental State 
Examination (MMSE) score was used to assess patients' cogni-
tive function before treatment and 3 months after treatment.

Efficacy evaluation. Markedly effective outcome: symptoms 
disappeared and the patient's nerve function returned to 
normal. Effective outcome: Symptoms disappeared and the 
patient's nerve function improved. No effect, no improvement 
in the above indicators.

Follow‑up. The patients were followed up for 3 months after 
operation, and their adverse reactions were recorded by tele-
phone and outpatient medical records.

Outcome measures. Main outcome measures: The improve-
ment of clinical efficacy after treatment was observed. 
Comparison of complications after treatment was carried 
out. Secondary outcome measures: The NIHSS score after 
treatment was recorded. The mRS score at 3 months after 
treatment and the MMSE score at 3 months after treatment 
were recorded.

Statistical analysis. In this study, SPSS 20.0 was used to 
statistically analyze the collected data. GraphPad 7 was used 
to plot figures. K‑S test was used to analyze the distribution 
of measurement data. The data that conformed to normal 
distribution were expressed as mean ±  standard deviation 
(mean ± SD), analyzed by parametric tests, and represented 
by Z. The comparison between groups was conducted by 
independent samples t‑test, and the comparison within groups 
was conducted by paired t‑test. Count data were expressed by 
rate (%), analyzed by Chi‑square test, and represented by χ2. 
P<0.05, was accepted as a statistically significant difference.

Results

Clinical data. There was no statistically significant difference 
between the study and control groups in age, sex, body mass 
index  (BMI), marital status, ethnicity, place of residence, 
smoking, NIHSS score (points) at admission, and MMSE 
score (points) at admission, which indicated comparability 
(P>0.05) (Table I).

Clinical efficacy. Compared with those in the control group, 
patients in the study group had statistically significantly higher 
marked effectiveness and statistically significantly lower inef-
fectiveness (P=0.018), without statistically significant difference 
in effectiveness between the two groups (P=0.224). The overall 
effective rate in the study group was statistically significantly 
higher than that in the control group (P=0.042) (Table II).

NIHSS score af ter treatment. Before treatment, the 
NIHSS score was 13.03±4.21  points in the study group 
and 13.01±3.08  points in the control group. After treat-
ment, the score was 9.01±1.22  points in the study group 
and 10.85±2.71 points in the control group. There was no 
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statistically significant difference between the two groups 
in the score before treatment (P=0.980). After treatment, the 
score in the study group was statistically significantly lower 
than that in the control group (P=0.001) (Fig. 1).

mRS score at 3 months after treatment. The patients were 
followed up at 3 months after treatment. There was a statisti-
cally significant difference between the study and control 
groups in the mRS score at 3 months after treatment (Z=8.764, 
P>0.05) (Table III).

MMSE score at 3 months after treatment. Before treatment, 
the MMSE score was 18.01±4.02 points in the study group 
and 18.03±3.01 points in the control group. After treatment, 
the score was 24.15±5.03  points in the study group and 

20.35±5.12 points in the control group. There was no statisti-
cally significant difference between the two groups in the 
score before treatment (P=0.179). After treatment, the score in 
the study group was statistically significantly higher than that 
in the control group (P=0.001) (Fig. 1).

Complications after treatment. After treatment, the study 
group had 1  case of intracranial hypertension, 2  cases of 
dysphagia, 1  case of urinary incontinence, and 1  case of 
abnormal body temperature, while the control group had 
3 cases of intracranial hypertension, 4 cases of dysphagia, 
3 cases of urinary incontinence, and 2 cases of abnormal body 
temperature. The total incidence of postoperative complica-
tions in the study group was statistically significantly lower 
than that in the control group (P=0.022) (Table IV).

Table I. Clinical data [n (%), mean ± SD].

Features	 Study group (n=50)	 Control group (n=42)	 χ2 or t value	 P-value

Age (years)	 53.1±10.6	 52.6±10.3	 0.228	 0.820
Sex			   0.012	 0.914
  Male	 34 (68.00)	 29 (69.05)
  Female	 16 (32.00)	 13 (30.95)
BMI (kg/m2)	 22.26±0.37	 22.21±0.25	 0.744	 0.459
Marital status			   0.068	 0.794
  Married	 47 (94.00)	 40 (95.24)
  Unmarried	 3 (6.00)	 2 (4.75)
Ethnicity			   0.076	 0.782
  Han	 37 (74.00)	 30 (71.43)
  Ethnic minorities	 13 (26.00)	 12 (28.57)
Place of residence			   0.007	 0.934
  City	 29 (58.00)	 24 (57.14)
  Countryside	 21 (42.00)	 18 (42.86)
History of smoking			   0.024	 0.877
  Yes	 27 (54.00)	 22 (52.38)
  No	 23 (46.00)	 20 (47.62)
NIHSS score (points)	 13.03±4.21	 13.01±3.08	 0.026	 0.980
MMSE score (points)	 18.01±4.02	 18.03±3.01	 0.027	 0.979

NIHSS, National Institute of Health Stroke Scale; MMSE, Mini‑Mental State Examination.

Table II. Efficacy.

	 Efficacy [n (%)]
	 --------------------------------------------------------------------------------------------------------
Groups	 No. of cases	 Markedly effective	 Effective	 Ineffective	 Effective rate (%)

Study group	 50	 37 (74.00)	 11 (22.00)	 2 (4.00)	 96.00
Control group	 42	 21 (50.00)	 14 (33.33)	  7 (16.67)	 83.00
χ2 value		  5.643	 1.482	 4.150	 4.150
P-value		  0.018	 0.224	 0.042	 0.042

Chi-square test was used.
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Table III. Comparison of the mRS score after treatment.

Groups	 No. of cases	 0 point	 1 point	 2 points	 3 points	 4 points	 5 points	 6 points

Study group	 50	 0	 37	 10	 1	 2	 0	 0
Control group	 42	 0	 21	   6	 5	 3	 7	 0

Zero point indicates no symptom. One point indicates that the patient has symptoms but no functional defects. Two points indicate that the 
patient has mild disability. Three points indicate that the patient has moderate disability and needs some help. Four points indicate that the 
patient needs help in daily life. Five points indicate that the patient is unable to take care of himself and completely in need of help. Six points 
indicate patient death. mRS, modified Rankin Scale.

Table IV. Complications after treatment [n (%)].

Complications	 Study group (n=50)	 Control group (n=42)	 χ2 value	 P-value

Intracranial hypertension	 1 (2.00)	 3 (7.14)
Pneumonia	 0 (0.00)	 0 (0.00)
Dysphagia	 2 (4.00)	 4 (9.52)
Urinary incontinence	 1 (2.00)	 3 (7.14)
Acute renal failure	 0 (0.00)	 0 (0.00)
Cardiac damage	 0 (0.00)	 0 (0.00)
Abnormal body temperature	 1 (2.00)	 2 (4.76)
Total	   5 (10.00)	 12 (28.56)	 5.226	 0.022

Figure 1. (A) In the study group, the NIHSS score was 13.03±4.21 points before treatment and 9.01±1.22 points after treatment, with a statistically significant differ-
ence between before and after treatment. (B) In the control group, the NIHSS score was 13.01±3.08 points before treatment and 10.85±2.71 points after treatment, 
with a statistically significant difference between before and after treatment. (C) In the study group, the MMSE score was 18.01±4.02 points before treatment and 
24.15±5.03 points after treatment, with a statistically significant difference between before and after treatment. (D) In the control group, the MMSE score was 
18.03±3.01 points before treatment and 20.35±5.12 points after treatment, with a statistically significant difference between before and after treatment. aP<0.05.
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Discussion

The incidence of cerebrovascular diseases among the elderly 
is the highest, however, the pathophysiological mechanism of 
brain responding to cerebral ischemia in the elderly is still 
poorly understood (11). Old age is a major risk factor for the 
diseases and is associated with their increasing incidence 
and mortality (12,13). In most developed countries, ~87% of 
strokes are ischemic and originate from intracranial arterial 
occlusion (IAO), being the major cause of patient death and 
adult disability (14,15). Therefore, it is urgent for clinicians to 
improve the condition of patients with IAO.

The pathogenesis of IAO is based on atherosclerotic 
plaque formation, Takayasu's arteritis, and vascular fibro-
muscular dysplasia (16). At present, patients with IAO are 
mainly treated by IVT and vascular intervention  (17‑19). 
According to Bracard  et  al  (20), IVT with alteplase (a 
commonly used thrombolytic drug in clinical practice) 
alone cannot achieve the best therapeutic effect. Therefore, 
mechanical thrombectomy and IVT are used for the treat-
ment to improve the patients' functional independence and 
to reduce their mortality. In this study, patients with AIAO 
were treated with vascular intervention combined with IVT, 
and the improvement of clinical efficacy and the safety of 
treatment were observed, to provide reference for the clinical 
treatment.

In this study, the clinical efficacy after treatment was 
first compared between the two groups. The results showed 
that compared with those in the control group, patients in 
the study group had statistically significantly higher marked 
effectiveness, statistically significantly lower ineffective-
ness, and a statistically significantly higher overall effective 
rate. This shows that vascular intervention combined with 
IVT can increase the effective rate of treatment. NIHSS, 
one of the scales for evaluating the neurological function of 
patients with cerebrovascular diseases, can reflect the patients' 
neurological impairment and accurately determine their 
prognoses (21). There are currently few comparative studies 
on scoring systems for evaluating the severity and prognosis 
of neurological impairment in the patients. In our study, before 
treatment, there was no statistically significant difference 
between the two groups in the NIHSS score, while the score in 
the study group was statistically significantly lower than that in 
the control group after treatment. This suggests that vascular 
intervention combined with IVT can reduce the patients' 
neurological deficits. The mRS can measure patients' neuro-
logical function recovery (10), and psychological and physical 
factors affecting the recovery are included. The scale includes 
6 grades (from 0  to 5), with 0  indicating no symptom and 
5 points indicating severe disability. The patients in this study 
were followed up at 3 months after treatment, and the mRS 
score was used to judge the neurological function recovery. 
The mRS score in the study group was statistically significantly 
better than that in the control group. Additionally, there was no 
difference between the two groups in the MMSE score before 
treatment, but the score in the study group was higher than that 
in the control group after treatment. This reveals that vascular 
intervention combined with IVT can better improve the prog-
nosis than IVT alone. Finally, the complications at 3 months 
after treatment were observed. Patients in the two groups had 

no pneumonia, acute renal failure, or cardiac damage, while 
the incidence rate of intracranial hypertension, dysphagia, 
urinary incontinence, and abnormal body temperature in the 
study group was lower than those in the control group; the 
total incidence of complications in the study group was also 
lower than that in the control group. This well illustrates the 
prognostic effect and safety of vascular intervention combined 
with IVT.

In the present study, through the above research, the 
clinical efficacy of vascular intervention combined with IVT 
in the treatment of patients with AIAO was preliminarily 
proven. However, there are still limitations. Firstly, whether 
the treatment rate can be increased by changing the dosage 
was not fully investigated. Secondly, rat experiments and 
long‑term follow‑up were not conducted. We will carry out 
more in‑depth experimental analysis and long‑term follow‑up 
as soon as possible.

In conclusion, vascular intervention combined with IVT 
has good efficacy and high safety in the treatment of AIAO, 
and the combination can statistically significantly improve the 
patients' quality of life, so it has a good clinical application 
value.
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