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Abstract: Objective: To evaluate the efficacy of Solitaire AB stent mechanical thrombectomy combined with throm-
bolysis and anticoagulant therapy (AT) in the treatment of cerebral venous sinus thrombosis (CVST) and its effect 
on neurological function and coagulation indices. Methods: Eighty-two patients with CVST were randomly divided 
into two groups according to the random number table method. The control group (n=41) were treated with arte-
riovenous thrombolysis combined with AT, and the observation group were treated with intravascular mechanical 
thrombectomy plus thrombolysis combined with AT. The effect of the treatment was evaluated 7 days after treat-
ment, and a 6-month follow-up was conductedz after the course of treatment. The clinical efficacy, neurological 
function (National Institute of Health Stroke Scale (NIHSS), Modified Rankin Scale (mRS)), coagulation function, 
complications and prognosis were compared between the two groups. Results: The continuous improvement rate 
of clinical symptoms 7 days after treatment in the observation group (87.80%) was higher than that in the control 
group (58.54%) (P<0.01); The neurological function scores of both groups after treatment were lower than those 
before treatment (all P<0.001); The scores of NIHSS and mRS in the observation group were lower than those in the 
control group 7 days after treatment (all P<0.001). The coagulation indices of fibrinogen (FIB), prothrombin time (PT) 
and activated partial thromboplastin time (APTT) of 7 days after treatment in the observation group were shorter 
than those in the control group (all P<0.001), and the D-Dimer (D-D) level in the observation group was higher than 
that in the control group (P<0.001). The incidences of intracranial hemorrhage, infection, headache, quadriplegia, 
dizziness and drowsiness in the observation group were lower than those in the control group (all P<0.05). The re-
canalization rate of venous sinus in the observation group was higher than that in the control group 6 months after 
treatment (P<0.01). Conclusion: Intravascular mechanical thrombectomy plus thrombolysis combined with AT for 
patients with CVST is effective, which can effectively improve the coagulation function and promote the recovery of 
neurological function, with fewer complications and a good prognosis.
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Introduction

Cerebral venous sinus thrombosis (CVST), whi- 
ch can be divided into venous sinus and cere-
bral venous thrombosis, is a cerebrovascular 
disease of venous return obstruction caused  
by a variety of reasons. According to the prop-
erty of the lesion, CVST can be divided into two 

types of non-inflammatory and inflammatory 
lesions, and the latter can be classified as  
suppurative venous thrombosis, venous sinus-
itis and thrombophlebitis [1]. Previous studies 
have shown that CVST mostly occurs in people 
with wasting diseases, brain trauma, blood dis-
ease and heart disease, and its clinical mani-
festations are systemic symptoms, increased 
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intracranial pressure, cavernous sinus and th- 
rombosis, etc., which affect the healthy life of 
patients [2]. The clinical manifestations of CVST 
are complex with high clinical disability rate  
and fatality rate, and there is no unified stan-
dard for its treatment [3, 4]. Arterio-venous 
thrombolysis combined with anticoagulant the- 
rapy (AT) is a common treatment intervention in 
patients with CVST. Although it can improve the 
symptoms and delay the development of the 
disease, the long-term prognosis is poor, and 
the mortality is high [5]. Intravascular mechani-
cal thrombectomy is the treatment to remove 
the intravascular thrombus tissue with the aid 
of angiography, which has a wide range of 
effect, and the blood vessels can be recana-
lized after the completion of the operation, and 
the safety is high [6]. Previous study has sh- 
own that intravascular mechanical thrombec-
tomy combined with thrombolysis and AT in 
patients with CVST could reduce clinical mor- 
tality and lead to a good prognosis. However, 
the study did not consider its effects on ne- 
urological function and coagulation indices in 
patients [7]. Therefore, this study evaluated the 
efficacy of intravascular mechanical thrombec-
tomy and thrombolysis combined with antico-
agulant in the treatment of CVST.

Materials and methods

Clinical data

A total of 82 patients with CVST who were tre- 
ated in our hospital from February 2018 to 
January 2020 were prospectively selected as 
the research objects for the study. They were 
divided into two groups according to the ran-
dom number table method, the control group 
(n=41) received intravenous thrombolysis com-
bined with AT, and the observation group (n= 
41) received intravascular mechanical throm-
bectomy plus thrombolysis combined with AT. 
Inclusion criteria: (1) Patients with the disease 
met the diagnostic criteria of CVST, and who 
were diagnosed by digital subtraction angiogra-
phy (DSA) on cerebral blood flow [8]. (2) The 
patients met the indications for the treat- 
ments of thrombolysis, mechanical thrombec-
tomy and AT, and all of them can tolerate the 
treatments. (3) The patient had complete base-
line data and follow-up data. Exclusion criteria: 
(1) Patients complicated with mental disorders, 
cognitive abnormalities or autoimmune diseas-
es. (2) Patients with severe hepatic and renal 

dysfunction, organic diseases or systemic in- 
fectious diseases.

This study was approved by the hospital Ethics 
Committee, and the consent form was signed 
by the patients or their family members.

Methods

Control group: Patients were treated with intra-
venous sinus thrombolysis. (1) Intravenous si- 
nus thrombolysis, all patients received gener- 
al anesthesia by tracheal intubation. After the 
anesthesia took effect, a microcatheter was 
placed and a total dose of (200-250) × 103 U  
of urokinase (Techpool Bio-pharma Co., Ltd., 
specification: 10,000 units, China) was infused 
at the rate of 1 U per minute. Conventional AT 
was given within 1 day after the slow injection. 
(2) AT. AT was the basic treatment for CVST 
patients. All patients were treated with con- 
ventional AT after admission. Heparin sodium 
(Chengdu Baiyu Pharmaceutical Co., Ltd., sp- 
ecification: 0.6 mL of 6000 AxalU, China) was 
injected intravenously. After preoperative pre- 
paration was improved, the endovascular treat-
ment was carried out within 48 hours. After 
operation, low molecular heparin was hypoder-
mically injected with a dose of 50-60 IU/kg, 
twice a day. At the same time, warfarin (Shang- 
hai Sine Pharmaceutical Laboratories Co., Ltd., 
specification: 5 mg, China) was given at 2.5-6.0 
mg/day for 3 consecutive days. After the condi-
tion was stable, the dosage of warfarin was 
adjusted, and INR was controlled to 2.5-3.0. 
After discharge, warfarin was continued taken 
orally for 6 months.

Observation group: Intravascular mechanical 
thrombectomy plus thrombolysis combined wi- 
th AT were used. The treatment of thrombolysis 
combined with AT was the same as that of the 
control group. The methods of intravascular 
mechanical thrombectomy were as follows: 
After the patients received general anesthesia 
by endotracheal intubation, routine disinfection 
was carried out and hole towels were laid. The 
approach of left femoral artery was selected for 
puncture, and 6 F Envoy guiding catheter was 
inserted. The angiography of cerebral blood 
flow was visualized and developed quickly and 
thoroughly. The occlusive site of CVST and col-
lateral circulation around the lesion were deter-
mined. The end of the guide tube was placed at 
the selected blood vessel with the aid of the 
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guide wire. Rebar 18 stent microcatheter (Co- 
vidien Company, USA) was placed slightly in 
front of CVST under the guidance of microwire, 
and thrombus was removed with Solitaire AB 
stent (Ev3 Company, USA). At the same time, 
angiography was performed again to determine 
the aspiration of CVST and whether it was  
necessary to remove the thrombus again. The 
effect of the patients was evaluated 7 days 
after treatment, and the patients were follow- 
ed up for 6 months at the end of the course of 
treatment.

Outcome measurements

The main outcomes: (1) Clinical efficacy. After  
7 days treatment, the clinical efficacy of the 
two groups was evaluated from three aspects: 
continuous improvement of clinical symptoms 
(no aggravation of symptoms after treatment, 
improvement of symptoms), clinical aggrava-
tion (poor treatment effect, aggravation of the 
disease), and no change (no obvious change 
after treatment). Improvement rate = number 
of cases of continuous improvement of clinical 
symptoms/total number of cases × 100% [9]. 
(2) Neurological function. NIHSS scale (The 
total score is 42, and the lower the score, the 
better the effect.) and mRS scale (The total 
score is 5, and the lower the score, the better 
the effect.) were used to evaluate the neuro-
logical function of patients in both groups be- 
fore and 7 days after treatment [10, 11].

The secondary outcomes: (1) The levels of pro-
thrombin time (PT), partial thromboplastin time 
(APTT), fibrinogen (FIB) and D-Dimer (D-D) were 
measured by automatic coagulation analyzer 
before treatment and 7 days after treatment 
[12]. (2) Complication: The incidences of intra-
cranial hemorrhage, infection, headache, quad-
riplegia, dizziness and drowsiness were record-
ed in the two groups. (3) Prognosis. The venous 
sinus recanalization rate (complete recanaliza-
tion, partial recanalization and non-recanaliza-
tion) was calculated after 6-month follow-up 
and DSA reexamination in both groups. Venous 
sinus recanalization rate = (number of com-
plete recanalization + partial recanalization)/
total number of cases × 100%.

Statistical analysis

SPSS18.0 software was used to process the 
data. The enumeration data were tested by χ2 
test and expressed by n (%), and the measure-

ment data were expressed by mean ± standard 
deviation (

_
x  ± sd). All the measurement data 

were in accordance with normal distribution. 
The mean values of the two groups were com-
pared with two independent samples t-test. 
Paired t-test was used to compare the mean 
before and after intervention in the same gr- 
oup, and repeated measures analysis of vari-
ance was used to analyze the repeated data. 
P<0.05 indicated that the difference was sta-
tistically significant.

Results

Comparison of clinical data between the two 
groups

The clinical data of the two groups were col-
lected. There was no statistical significance in 
gender, age, course of disease, BMI and clinical 
manifestations between the observation group 
and the control group (all P>0.05), and the data 
were comparable, as shown in Table 1.

Comparison of clinical efficacy in the two 
groups

After 7 days of treatment, the continuous im- 
provement rate of clinical symptoms in the 
observation group (87.80%) was higher than 
that in the control group (58.54%) (P<0.01), as 
shown in Table 2.

Comparison of neurological functions in the 
two groups

The comparison of neurological function be- 
tween the two groups before treatment was  
not statistically significant (P>0.05), and the 
neurological function of both groups was im- 
proved 7 days after treatment. The scores of 
NIHSS and mRS in the observation group were 
lower than those in the control group 7 days 
after treatment (all P<0.001), as shown in Table 
3 and Figure 1.

Comparison of coagulation function in the two 
groups

The comparison of coagulation function be- 
tween the two groups before treatment was  
not statistically significant (P>0.05); The FIB 
levels, PT and APTT in both groups after 7 days 
of treatment was shorter than those before 
treatment (all P<0.001), and the level of D-D 
was higher than that before treatment (all 
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P<0.001). Seven days after tre- 
atment, the time of FIB, PT and 
APTT in the observation group 
were shorter than those in the 
control group (all P<0.001), 
and the level of D-D in the ob- 
servation group was higher th- 

Figure 1. Comparison of neu-
rological function between the 
two groups. A: NIHSS score; B: 
mRS score. Compared with the 
same group before treatment, 
***P<0.001; compared with the 
control group 7 days after treat-
ment, ###P<0.001. NIHSS: Nation-
al Institute of Health Stroke Scale; 
mRS: Modified Rankin Scale.

Table 1. Comparison of clinical data between the two groups (n, %)
Groups Observation group Control group χ2 P
Gender 1.392 0.734
    Male 27 (65.85) 26 (63.41)
    Female 14 (34.15) 15 (36.59)
Age (years) 43.8±5.8 43.7±5.7 0.079 0.937
Course of disease (Days) 32.8±4.9 32.7±4.9 0.185 0.854
BMI (kg/m2) 22.47±1.73 22.41±1.69 1.683 0.335
Clinical manifestations 1.124 0.693
Headache with nausea and vomiting 26 (63.41) 27 (65.85)
Epilepsia 9 (21.95) 7 (17.07)
Conscious disturbance 10 (24.39) 9 (21.95)
Visual disturbance 7 (17.07) 5 (12.20)
Note: BMI: body mass index.

Table 2. Comparison of clinical efficacy between the two groups (n, %)

Groups Continuous improvement 
of clinical symptoms Clinical aggravation No change Improvement rate

Observation group (n=41) 36 (87.80) 3 (7.32) 2 (4.88) 36 (87.80)
Control group (n=41) 24 (58.54) 7 (17.07) 10 (24.39) 24 (58.54)
χ2 8.945
P 0.003

Table 3. Comparison of neurological functions between the two groups (scores, 
_
x  ± sd)

Groups
NIHSS mRS

Before treatment 7 days after treatment Before treatment 7 days after treatment
Observation group (n=41) 33.69±4.51 7.83±1.59***,### 3.23±0.34 1.15±0.19***,###

Control group (n=41) 34.79±4.94 17.47±2.41*** 3.86±0.48 2.68±0.23***

Note: Compared with the same group before treatment, ***P<0.001; compared with the control group 7 days after treatment, 
###P<0.001. NIHSS: National Institute of Health Stroke Scale; mRS: Modified Rankin Scale.
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an that in the control group 
(P<0.001), as shown in Table 4 
and Figure 2.

Comparison of the incidence 
of complications in the two 
groups

The incidences of intracrani- 
al hemorrhage, infection, head-
ache, quadriplegia, dizziness 
and drowsiness in the obser- 
vation group were lower than 
those in the control group (P< 
0.05), as shown in Table 5.

Comparison of prognosis in 
the two groups

Six months after treatment, 
the recanalization rate of ve- 
nous sinus in the observation 
group was higher than that in 
the control group (P<0.01), as 
shown in Table 6.

Discussion

Thrombus is a small mass of 
blood flow formed on the sur-
face of the exfoliated or repair- 
ed part of the inner surface of 
the blood vessel of the cardio-
vascular system. The conven-
tional treatment methods are 
mainly thrombolysis combined 
with AT. Although it can impro- 
ve the symptoms, but the long-
term prognosis is poor, the 
recanalization rate is low, and 
the incidence of complications 
is increased. Therefore, to ac- 
tively seek for new treatment 
methods is of great significan- 
ce to improve the symptoms of 
patients. In recent years, intra-
vascular mechanical thrombe- 
ctomy plus thrombolysis com-
bined with AT has been applied 
in patients with CVST, and the 
effect is ideal [13].

After 7 days of treatment, the 
continuous improvement rate 
of clinical symptoms in the ob- 
servation group (87.80%) was 

Table 4. Comparison of coagulation function between the two 
groups (

_
x  ± sd)

Groups Observation group Control group
FIB (g/L)
    Before treatment 4.85±1.21 4.78±1.24
    7 days after treatment 3.37±1.10***,### 4.26±1.08***

D-D (mg/L)
    Before treatment 2.88±0.21 2.77±0.26
    7 days after treatment 3.77±0.45***,### 3.15±0.28***

PT (s)
    Before treatment 14.08±1.52 13.82±1.23
    7 days after treatment 10.54±1.25***,### 13.24±1.08***

APTT (s)
    Before treatment 27.93±8.71 28.43±8.56
    7 days after treatment 24.16±3.75***,### 26.36±3.48***

Note: Compared with the same group before treatment, ***P<0.001; compared 
with the control group 7 days after treatment, ###P<0.001. FIB: fibrinogen; D-D: 
D-Dimer; PT: prothrombin time; APTT: activated partial thromboplastin time.

Figure 2. Comparison of coagulation function between the two groups. A: 
FIB; B: D-D; C: PT; D: APTT. Compared with the same group before treat-
ment, ***P<0.001; compared with the control group 7 days after treatment, 
###P<0.001. FIB: fibrinogen; D-D: D-Dimer; PT: prothrombin time; APTT: acti-
vated partial thromboplastin time.
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higher than that in the control group (58.54%). 
The neurological function of both groups was 
improved after treatment. The scores of NIHSS 
and mRS in the observation group were lower 
than those in the control group 7 days after 
treatment, suggesting that intravascular me- 
chanical thrombectomy plus thrombolysis com-
bined with AT for CVST patients can achieve a 
good therapeutic effect, which is helpful to 
reduce the injury of neurological function and 
benefit the recovery of patients. Domestic 
scholars gave intravascular mechanical throm-
bectomy plus thrombolysis combined with AT to 
patients with CVST [14]. The results show that 
the patients can achieve a higher improvement 
rate after treatment. AT is the main treatment 
for patients with CVST. Oral warfarin after intra-
venous drip of heparin sodium can inhibit the 
synthesis of coagulation factors involved in 
vitamin K in the liver, and play a good antico-
agulant effect [15, 16]. Previous studies have 
shown that the use of heparin sodium and war-
farin can promote carboxylase in liver mito-
chondria to convert glutamic acid of the abo- 
ve coagulation factors into γ-carboxyglutamic 
acid, and it combine with calcium ions to play 
an anticoagulant effect [17]. However, most of 
the patients with CVST are seriously ill, so it is 
difficult to get a good effect with a single AT, 
and there are great limitations during the treat-
ment of patients [18, 19]. Thrombolytic therapy 
is also a common treatment in patients with 
CVST, which can help to reduce venous pres-

sure and bleeding risk by reopening occluded 
venous sinuses in a short time [20, 21]. In this 
study, the time of FIB, PT and APTT after 7 days 
of in the observation group were shorter than 
those in the control group. The level of D-D in 
the observation group was higher than that in 
the control group, suggesting that intravascu- 
lar mechanical thrombectomy plus thromboly-
sis combined with anticoagulation is helpful to 
improve coagulation and reduce the incidence 
of rebleeding in patients with CVST. Previous 
scholars have targeted 10 CVST patients, 1 
patient died 48 hours after thrombolytic thera-
py, and most of the patients had a good pro- 
gnosis. Mechanical thrombectomy is also a 
common treatment in patients with CVST. Me- 
chanical extrusion and extraction of venous 
sinus thrombus are carried out by using sac-
cule, Merci thrombectomy device and Solitaire 
thrombectomy device, which can promote th- 
rombus decomposition and fragmentation [22, 
23]. Clinically, the use of intravascular mechan-
ical thrombectomy plus thrombolysis combin- 
ed with anticoagulation in patients with CVST 
can gain the advantages of different treatment 
methods, with high safety and good prognosis 
[24, 25]. In this study, the incidence of intracra-
nial hemorrhage, infection, headache, quadri-
plegia, dizziness and drowsiness in the obser-
vation group was lower than that in the control 
group, and the recanalization rate of venous 
sinus in the observation group was higher than 
that in the control group 6 months after treat-

Table 5. Comparison of complications between the two groups (n, %)
Groups Observation group Control group χ2 P
n 41 41
Intracranial hemorrhage 0 (0.00) 1 (2.44)
Infection 1 (2.44) 2 (4.88)
Headache 0 (0.00) 3 (7.32)
Quadriplegia 1 (2.44) 3 (7.32)
Dizziness and drowsiness 0 (0.00) 0 (0.00)
Incidences 2 (4.88) 9 (21.95) 5.145 0.023

Table 6. Comparison of prognosis between the two groups (n, %)

Groups Complete ecanalization Partial recanalization Non-recanalization Recanalization 
rate

Observation group (n=41) 29 (70.73) 9 (21.95) 3 (7.32) 38 (92.68)
Control group (n=41) 21 (51.22) 7 (17.07) 13 (31.71) 28 (68.29)
χ2 7.765
P 0.005
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ment, suggesting that intravascular mechani-
cal thrombectomy plus thrombolysis combin- 
ed with anticoagulation therapy for CVST can 
achieve a good prognosis.

However, there are also some shortcomings in 
this study, such as a short time span and a 
small number of cases. Thus, it needs to be fur-
ther studied and discussed.

In summary, intravascular mechanical throm-
bectomy combined with thrombolysis combin- 
ed and AT in patients with CVST is effective, 
which can effectively improve the coagulation 
function and promote the recovery of neurolo- 
gical function, with fewer complications and a 
good prognosis.
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