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Abstract: Objective: This study was to assess the effect of intravenous thrombolysis combined with mechanical 
thrombectomy on neurological function and the short-term prognosis of patients with acute cerebral infarction 
(ACI). Methods: A total of 120 patients with ACI admitted to our hospital from January 2019 to January 2020 were 
selected as research objects, and randomized into Group A (n=60) or Group B (n=60). Patients in both groups were 
treated with intravenous thrombolysis. Group B received ACI conventional treatment and intravenous thrombolysis, 
while Group A was additionally given mechanical thrombectomy. Then the neurological function scores, serum fac-
tor levels, vascular recanalization rate, incidence of adverse reactions, Thrombolysis in Myocardial Infarction (TIMI) 
grade flow, and effective rate of treatment were compared between the two groups. The clinical trial is available at 
https://clinicaltrials.gov/, ClinicalTrials.gov Identifier: NCT03502411. Results: The neurological function scores of 
Group A were apparently lower than those of Group B one month after treatment (P<0.001). After treatment, Group 
A yielded a superior serum factor level compared to Group B (P<0.001), and also showed a higher recanalization 
rate of blood vessels and a notably lower adverse reaction rate (all P<0.05). Conclusion: Intravenous thrombolysis 
combined with mechanical thrombectomy can accelerate the recovery of neurological function in patients with ACI, 
and yield a more promising outcome in terms of the patient’s vascular recanalization rate compared with the mono-
therapy. It can also reduce the adverse reaction rate of patients to ensure a better short-term prognosis.
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Introduction

ACI is a common clinical disease with a high 
mortality rate. In many cases, patients who sur-
vive from ACI may also be accompanied with 
serious sequelae, which severely threatens 
their quality of life [1-3]. With the in-depth 
research on ACI, vascular thrombosis is basi-
cally considered as the cause of ACI in aca-
demia, which is indicative of thrombolysis as its 
treatment method, mainly including intrave-
nous thrombolysis and arterial thrombolysis. 
Despite the fact that intravenous thrombolysis 
is appreciated by its simple operation, drug 
thrombolysis alone fails to deliver an ideal vas-
cular recanalization effect in clinical practice, 
thus resulting in a poor prognosis of patients 
[4-7]. In recent years, the upgrading of medical 
apparatus has yielded more possibilities for  

ACI treatment, among which mechanical throm-
bectomy has become a preferred one with a 
high vascular recanalization rate and an opti-
mized prognosis. Studies have shown that in- 
travenous thrombolytic therapy before mechan-
ical thrombectomy can increase the recanaliza-
tion rate of occluded blood vessels in the early 
stage of ACI, thereby enhancing the effect of 
neurological function recovery [8-11]. There- 
fore, this study was to investigate the effect of 
intravenous thrombolysis combined with mech- 
anical thrombectomy on the neurological func-
tion and short-term prognosis of patients with 
ACI. A total of 120 patients with ACI in our hos-
pital were selected for this research. Ding et al.  
has previously investigated the hemodynamic 
changes to explore the effect of arteriovenous 
thrombolysis combined with mechanical throm-
bus removal in the treatment of ACI [8]. In this 
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study, we innovatively used the expression of 
serum OPN, NT-proBNP, and MDA to evaluate 
the neurological function of ACI patients after 
treatment.

Materials and methods

General information

A total of 120 patients with ACI enrolled in our 
hospital from January 2019 to January 2020 
were selected as research objects, and ran-
domized into Group A (n=60) or Group B (n= 
60). This study was approved by the hospital 
ethics committee, with an ethics certificate 
number of 2018-11-15.

Inclusion criteria

(1) Patients and their families signed an in- 
formed consent form after being fully informed 
of the research process; (2) Patients were diag-
nosed with ACI after examination, under the 
diagnostic criteria of Guidelines for the Diag- 
nosis and Treatment of Acute Ischemic Stroke 
[12]; (3) Patients suffered the first onset; (4) 
The neurological function score was over 4 
points [13]; (5) The time from onset to admis-
sion was less than 6 hours.

Exclusion criteria

(1) Patients with mental problems or unable to 
have communication; (2) Patients with other 
organic diseases; (3) Patients with systemic 
infectious diseases [14]; (4) Patients with aller-
gic physique; (5) Patients with contraindica-
tions to intravenous thrombolysis or mechani-
cal thrombectomy [15]; (6) Patients who re- 
ceived surgical treatment within one month 
before the start of the study.

Methods

All patients underwent ACI conventional treat-
ment and intravenous thrombolysis. The spe-
cific steps were as follows: (1) The patients 
were treated with anti-infection, and neuro-
trophic treatment was given according to their 
actual conditions to improve their brain blood 
circulation. (2) The patients were given a 0.9 
mg/kg recombinant tissue-type plasminogen 
activator (Guangzhou Mingkang Bioengineer- 
ing Co., Ltd., National Medical Products Ad- 
ministration Approval Number: S20150001), 
with the maximum dose controlled within 90 

mg. Moreover, 1/10 of the total dose was 
injected intravenously in the first 10 minutes, 
and then the remaining dose was injected with-
in 1 hour. A course of treatment spanned 14 
days.

Group A received additional mechanical throm-
bectomy. The specific steps were as follows: (1) 
Under local anesthesia, each patient was given 
femoral artery puncture; with digital subtrac-
tion angiography, the tip of a guiding catheter 
was inserted into the infarct with the guidewire, 
and the thrombus was removed after the stent 
was placed. In case of no abnormality, the st- 
ent was withdrawn and the artery sheath was 
removed. (2) The patients’ physical data during 
mechanical thrombectomy were closely moni-
tored to avoid postoperative coma. Five ml of 
venous blood was drawn and separated; the 
level of OPN in the serum was measured using 
the double antibody sandwich method; NT-pro- 
BNP was measured using ELISA (Shanghai 
Shenggong); superoxide dismutase (SOD) was 
measured using Superoxide Dismutase Activity 
Assay kit (Colorimetric, ab65354); MDA was 
detected using the end point colorimetric meth-
od, and the reacted MDA was determined using 
TBARS (thiobarbituric acid reactant) technolo-
gy; its product malondialdehyde dithiobarbitu-
ric acid adduct was observed under a spectro-
photometer to determine the change of the 
peak absorbance.

Indicators observation

(1) Neurological function score: The patients’ 
scores on the National Institutes of Health 
Stroke Scale (NIHSS) and the modified RANKIN 
scale (mRS) were compared. The score is nega-
tively correlated with the patient’s neurological 
function recovery. The comparison time points 
were before treatment and 1 month after treat-
ment (after treatment) [16, 17].

(2) Serum factor levels: Serum osteopontin 
(OPN), amino-terminal pro-B-type natriuretic 
peptide precursor (NT-proBNP), superoxide dis-
mutase (SOD), and malondialdehyde (MDA). 
The comparison time points were before treat-
ment and 1 month after treatment (after 
treatment).

(3) Vascular recanalization rate: The rate was 
evaluated based on the thrombolytic grading 
system of cerebral infarction. Level 3 was re- 
garded as complete recanalization, level 2 as 
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partial recanalization, and level lower than 2 as 
non-recanalization. The comparison time points 
were before treatment and 1 month after treat-
ment (after treatment).

(4) The incidence of adverse reactions: Adverse 
reactions include intracranial hemorrhage, uri-
nary tract bleeding, reperfusion injury, and re- 
vascularization of blood vessels. The number of 
patients with adverse reactions was recorded. 
The comparison time points were before treat-
ment and 1 month after treatment (after treat- 
ment).

(5) Thrombolysis in Myocardial Infarction (TIMI) 
grade flow: it was evaluated based on TIMI 
grade flow. TIMI 0 flow indicates that the dis-
eased segment is occluded without blood per-
fusion; TIMI 1 flow indicates that the diseased 
segment can allow the pass of the contrast 
agent, with an incomplete filling of the blood 
vessel; TIMI 2 flow refers to delayed or sluggish 
antegrade flow with complete filling of the ves-
sel; TIMI 3 flow refers to normal flow which fills 
the vessel completely [18, 19]. The number of 
patients with adverse reactions was recorded. 
The comparison time points were before treat-
ment and 1 month after treatment (after treat- 
ment).

(6) Effective rate: Recovered: basic disappear-
ance of the patient’s clinical symptoms, reduc-
tion of the NIHSS score by more than 90%, and 

recanalization of blood vessels; Markedly effec-
tive: significant alleviation of clinical symptoms, 
reduction of the NIHSS score by 46%-90%, and 
vascular recanalization rate greater than 80%; 
Effective: alleviation of patient’s clinical symp-
toms, reduction of the NIHSS score by 20%-
45%, and vascular recanalization rate of 50%-
80%; Ineffective: None of above criteria was 
met. The comparison time points were before 
treatment and 1 month after treatment (after 
treatment).

Statistical analysis

The data processing software selected in this 
study was SPSS20.0, and GraphPad Prism 7 
(GraphPad Software, San Diego, USA) was us- 
ed for graphics plotting. The research included 
count data and measurement data, which were 
analyzed by X2 test and t-test, respectively. 
P<0.05 indicated that the difference was sta-
tistically significant.

Results

Comparison of clinical data

There was no significant difference in gender, 
age, Onset time, Infarct volume, and Underlying 
diseases between the two groups (P>0.05). 
See Table 1.

Table 1. Comparison of general information of patients

Groups Cases Male/female Age (year) Onset time (H)
Infarct  
volume 
(cm3)

Underlying diseases (cases)

Hypertension Coronary 
Heart Disease Diabetes

Group A 60 35/25 63.56±5.21 3.54±0.68 4.10±0.65 30 15 22
Group B 60 36/24 64.21±5.23 3.56±0.87 4.08±0.54 31 14 21
t/X2 0.035 0.682 0.140 0.183 0.033 0.046 0.196
P 0.853 0.497 0.889 0.855 0.855 0.831 0.658

Table 2. Comparison of neurological function scores (
_
x±s, points)

Categories Group A Group B t P-value
NIHSS Before treatment 17.69±1.94 Before treatment 17.58±1.98 0.307 0.759

After treatment 7.10±0.65 After treatment 9.87±0.87 19.757 <0.01
t 40.093 t 27.614
P <0.01 P 0.000

mRS Before treatment 4.35±0.65 Before treatment 4.42±0.68 0.576 0.565
After treatment 2.10±0.31 After treatment 3.15±0.62 11.733 0.000

t 24.201 t 10.690
P 0.000 P 0.000
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Figure 1. Comparison of OPN levels (
_
x±s, ng/ml). 

Notes: In this Figure, the horizontal axis is before 
and after treatment from left to right, and the vertical 
axis is OPN level (ng/ml); the dotted line in the figure 
represents Group A, and the square line represents 
Group B. The OPN level before treatment in Group A 
and Group B is (9.12±2.36) ng/ml and (9.23±2.51) 
ng/ml, respectively, and the comparison results: 
t=0.247, P=0.805; The OPN level after treatment 
in Group A and Group B is (5.84±2.10) ng/ml and 
(7.58±2.12) ng/ml, respectively, and the comparison 
results: t=4.517, P<0.01. * indicates P<0.05.

Figure 2. Comparison of NT-proBNP levels (
_
x±s, 

pg/L). Note: In this Figure, the horizontal axis is be-
fore and after treatment from left to right, and the 
vertical axis is NT-proBNP level (pg/L); the dotted 
line in the figure represents Group A, and the square 
line represents Group B. The NT-proBNP level be-
fore treatment in Group A and Group B is (510.65± 
65.21) pg/L and (512.98±65.29) pg/L, respectively, 
and the comparison results: t=0.196, P=0.845; The 
NT-proBNP level after treatment in Group A and Gr- 
oup B is (180.65±45.11) pg/L and (268.98±54.98) 
pg/L, respectively, and the comparison results: t= 
9.621, P=0.000. * indicates P<0.05.

Figure 3. Comparison of SOD levels in patients (
_
x±s, 

U/ml). Note: In this Figure, the horizontal axis is be-
fore and after treatment from left to right, and the 
vertical axis is SOD level (U/ml); the black column 
in the figure represents Group A, and the gray col-
umn represents Group B. The SOD level before treat-
ment in Group A and Group B is (160.65±23.65) 
U/ml and (161.54±24.21) U/ml, respectively, and 
the comparison results: t=0.204, P=0.839; The 
SOD level after treatment in Group A and Group B 
is (339.65±35.68) U/ml and (268.15±34.10) U/ml, 
respectively, and the comparison results: t=11.222, 
P=0.000. * indicates P<0.05.

Figure 4. Comparison of MDA levels (
_
x±s, mmol/ml). 

Note: In this Figure, the horizontal axis is before and 
after treatment from left to right, and the vertical 
axis is MDA level (mmol/ml); the black column in the 
figure represents Group A, and the gray column rep-
resents Group B. The MDA level before treatment in 
Group A and Group B is (13.10±2.65) mmol/ml and 
(13.21±2.15) mmol/ml, respectively, and the com-
parison results: t=0.250, P=0.803; The MDA level af-
ter treatment in Group A and Group B is (4.21±2.54) 
mmol/ml and (7.65±2.68) mmol/ml, respectively, 
and the comparison results: t=7.216, P=0.000. * in-
dicates P<0.05.

Comparison of neurological function scores

Before treatment, the NIHSS and mRS scores 
of both groups were similar (P>0.05); after tre- 
atment, the NIHSS and mRS scores of both 
groups were improved compared with before 

treatment, with better improvement in Group A 
(P<0.01), as shown in Table 2.
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Comparison of serum factor levels

Before treatment, the two groups showed no 
obvious disparity in OPN, NT-proBNP, SOD, and 
MDA levels (P>0.05). After treatment, Group A 
yielded lower levels of OPN, NT-proBNP, and 
MDA, and a higher level of SOD than Group B. 
Superior results of serum factor levels in Group 
A compared with Group B were found (P<0.001). 
See Figures 1-4.

Comparison of vascular recanalization rate

The total recanalization rate in Group A was 
90%, which was higher than that of 70.0% in 
Group B (P=0.006). See Table 3.

Comparison of the incidence of adverse reac-
tions

In Group A, we observed 1 case of intracranial 
hemorrhage, 1 case of urinary tract bleeding, 1 
case of reperfusion injury, 1 case of revascular-
ization, and 56 cases without adverse reac-
tions. In Group B, we observed 2 cases of in- 
tracranial hemorrhage, 4 cases of urinary tract 

supply to the brain of patients with ACI, which 
enhances the metabolism of brain tissue and 
thus ensures a further recovery of brain nerve 
cells. The recombinant tissue-type plasmino-
gen activator selected in the study is a common 
clinical treatment drug. It can accelerate the 
degradation of fibrin at the cerebral infarction, 
optimize the blood circulation in the infarct, and 
restore the normal oxygen supply [20-22]. The 
brain treatment of patients with ACI has been 
initially visualized, and arterial catheter inter-
vention has become one of the frequently used 
clinical treatment methods for ACI. Compared 
with conventional thrombolytic therapy, mech- 
anical thrombectomy can help directly achieve 
vascular recanalization by removing the throm-
bus, thus ensuring a higher postoperative vas-
cular recanalization rate, as compared to single 
thrombolytic therapy. Moreover, this treatment 
method can lower the possibility of incomplete 
removal of thrombus, which guarantees a bet-
ter short-term prognosis. This study revealed a 
higher vascular recanalization rate and TIMI 
grade flow of Group A than those of Group B 
(both P<0.05), indicating that combination the- 
rapy can improve vascular recanalization rate 
in patients with ACI and restore blood supply  
to the brain. The lower neurological function 
scores of Group A compared with those of 
Group B (P<0.001) one month after treatment 
were attributed to sufficient nutrient supply to 
the glial cells after the restoration of blood sup-
ply, which maximizes the recovery of neurologi-
cal function.

Table 3. Comparison of vascular recanalization rate [n (%)]

Groups Complete  
recanalization

Partial  
recanalization

Non- 
recanalization

Total number of 
recanalization 

cases
Group A 30 (50.0) 24 (40.0) 6 (10.0) 54 (90.0)
Group B 24 (40.0) 18 (30.0) 18 (30.0) 42 (70.0)
X2 1.212 1.319 7.500 7.500
P 0.271 0.251 0.006 0.006

Table 4. Comparison of the incidence of adverse reactions

Group Intracranial 
hemorrhage

Urinary tract 
bleeding

Reperfusion 
injury

Revascu-
larization

No adverse 
reactions

Group A 1 1 1 1 56 (93.3)
Group B 2 4 3 5 46 (76.7)
X2 6.536
P 0.011

Table 5. Comparison of treatment efficiency [n 
(%)]

Groups Recovered Markedly 
effective Effective Ineffective

Group A 24 (40.0) 28 (46.7) 5 (8.3) 3 (5.0)
Group B 12 (20.0) 18 (30.0) 15 (25.0) 15 (25.0)
X2 6.316 10.439 0.000 9.701
P 0.012 0.001 1.000 0.002

bleeding, 3 cases of reperfu-
sion injury, 5 cases of revas- 
cularization, and 46 cases wi- 
thout adverse reactions. Pati- 
ents in Group A enjoyed a 
lower adverse reaction rate 
than patients in Group B (P= 
0.011). See Table 4.

Comparison of treatment ef-
ficiency

Table 5 demonstrats that Gr- 
oup A yielded a more promis-
ing ineffective rate than Group 
B (5% vs. 25.0% P<0.05).

Discussion

Intravenous thrombolysis can 
improve the state of blood 
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The study also found that the serum factor lev-
els of Group A after treatment were significant- 
ly better than those of Group B (P<0.001). Am- 
ong them, OPN was positively correlated with 
the neurological function score of patients wi- 
th ACI. This extracellular matrix component of 
nerve tissue is highly sensitive to brain nerve 
injury and thus can be used to evaluate the 
prognosis of patients. Furthermore, NT-proBNP 
will flood into the blood after nerve damage in 
patients with ACI. Its level has been confirmed 
to be in a downward trend in the body of pa- 
tients with ACI after thrombolytic therapy, indi-
cating a close relationship between NT-proBNP 
and the treatment efficiency of the patient. In 
addition, oxidative stress gives rise to a dec- 
line in the patient’s nerve function. As the final 
product of oxidative stress, MDA hence can re- 
flect the peroxidative damage in the patient’s 
body, and SOD is a protective factor that elimi-
nates oxygen free radicals; As a result, both of 
them show great potential in the prognostic 
evaluation for patients with ACI [23, 24]. A more 
promising outcome of the above indicators in 
Group A demonstrated that mechanical throm-
bectomy combined with intravenous thromboly-
sis can optimize the secretion of nerve func-
tion-related factors and mitigate oxidative st- 
ress, thus accelerating the recovery of nerve 
function and reducing the damage to brain tis-
sue [25].

The incidence of adverse reactions in Group A 
was significantly lower than that in Group B 
(P<0.05), which was consistent with the rese- 
arch results reported by Zhao et al. [26]. In their 
study, the mechanical thrombectomy combin- 
ed with thrombolytic therapy yields a better 
effect than single treatment in the treatment of 
moderate to severe ACI, with a similar incidence 
of adverse reactions, suggesting the high safe-
ty of the therapy. The limitation of this study lies 
in the absence of long-term follow-up and sta-
tistics on the long-term survival rate and dis-
ease progression-free survival time of patients 
in Group A, which should be improved in future 
studies.

In conclusion, intravenous thrombolysis com-
bined with mechanical thrombectomy can ac- 
celerate the recovery of neurological function 
in patients with ACI, and yield a more promising 
outcome in terms of the patient’s vascular 
recanalization rate and TIMI grade flow than 
monotherapy. It can also reduce the adverse 

reaction rate to ensure a better short-term 
prognosis.
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