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Abstract: Objective: To probe into the effects of drug prophylaxis regimen and physical intervention regimen on
the prevention of venous thromboembolism (VTE) after stroke and the coagulation function of patients. Methods:
104 cerebral apoplexy patients treated in our hospital between May 2017 and May 2019 were selected as the
research objects and randomly divided into the drug prophylaxis group (Shenmai injection was given intravenously)
and physical intervention group (adopted intermittent pneumatic compression) (n=52 for each). The incidence of
VTE was compared between the two groups of patients, and the changes in coagulation function-related indicators
before and after treatment were compared between the two groups of patients as well. Results: After color doppler
ultrasound examination, no pulmonary thromboembolism (PTE) was found in the two groups of patients and the
venous thrombosis in both groups was peripheral; the incidence of lower-limb DVT of drug prophylaxis group was
significantly lower than that of physical intervention group [5 (9.62%), 13 (25.00%), X2=4.2997, P=0.0381)]; there
were 2 cases of mild diarrhea in the drug prophylaxis group and 1 case of mild diarrhea in the physical intervention
group. All patients relieved spontaneously after 2 days [2 (3.85%), 1 (1.92%), X2=0.0000, P=1.0000]. There were
no obvious adverse drug reactions caused by drug allergy, bleeding, gastrointestinal tract reaction or other physical
discomfort symptoms in the patients of both groups. Conclusion: The results suggested that drug prophylaxis regimen has better preventive effect on VTE after stroke than physical intervention regimen.
Keywords: Cerebral apoplexy, venous thromboembolism, coagulation function

Introduction
Cerebral apoplexy is a common disease that
occurred frequently in clinical neurology. It is
divided into three types, i.e. hemorrhagic, ischemic and mixed cerebral apoplexy. Among
them, ischemic cerebral apoplexy takes up the
highest proportion of about 60-80% [1]. As
China’s aging population increases and people’s lifestyle changes in recent years, the incidence of cerebral apoplexy increases rapidly,
and gradually becomes one of the major public
health problems [2, 3]. According to statistics,
over two million new cases of cerebral apoplexy
occur in China every year, and the rate continues to increase at an annual rate of 8.7%, which
is far higher than the global average rate [4, 5].
Due to the factors such as the effects of distur-

bance of consciousness, complicated viscera
damage of important organs, and long-term
bed rest, the activity of patients with cerebral
apoplexy decreases obviously, which is likely to
cause venous blood reflux disorders and abnormal blood coagulation in the deep veins of the
lower limbs, eventually leading to the formation
of DVT [6, 7]. Despite its insidious onset, DVT
progresses fast. If patients with DVT were not
treated in time, it might lead to ischemia and
necrosis in their body [8, 9]. Moreover, the
thrombus may fall off at any time, which will
result into severe pulmonary thromboembolism
(PTE) [10]. Once PTE occurs, patients may
develop functional disorders of the circulatory
system and respiratory system, resulting in the
occurrence of sudden death. DVT and PTE are
collectively referred to as venous thromboem-
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bolism (VTE), which severely threatens the
quality of life and health of patients [11, 12].
The key to reduce the mortality and disability of
patients with cerebral apoplexy is to prevent
the occurrence of VET. Currently the intervention measures such as low molecular weight
heparin method or stretch socks, and intermittent pneumatic compression are often used to
prevent the occurrence of VTE [13, 14]. The low
molecular weight heparin method has achieved
notable preventive effects since it was applied
to the prevention of VTE, but it has been
restricted for usage because of its adverse
effects, including neurological deterioration,
bleeding, and poor compliance [15, 16].
Intermittent pneumatic compression is a kind
of physical method which will not cause bleeding complications, and prevent the occurrence
of VTE. Meanwhile, it has the advantages of
simplicity, convenience, low cost and so on
[17]. However, there are reports indicated that
the usage of the intermittent pneumatic compression has limited preventive effects on VTE,
especially in high-risk patients [18]. Shenmai
injection originated from the ancient Chinese
herbal medicine Shenmai drink. Experimental
studies have confirmed that Shenmai injection
can reduce platelet aggregation, effectively
improve the body’s microcirculation disorders
and blood hypercoagulability to reduce thrombosis, and thus play an anticoagulant effect
[19-21]. It has been reported in the literatures
[22, 23] that the treatment of patients with
acute stroke and complicated VET using
Shenmai injection can significantly reduce the
incidence of hemiplegia, improve the scores of
some dimensions of patients’ life function
assessment scale (BI), and improve the prognosis. However, there are few reports about the
effect of Shenmai injection on the prevention of
VTE after cerebral apoplexy and its influence on
the coagulation function of patients. By exploring the effects of drug prophylaxis group (intravenous drip of Shenmai injection) and physical intervention group (intermittent pneumatic
compression) on the prevention of VTE after
cerebral apoplexy and the coagulation function
of patients, this study aims to provide a reference for the clinical prevention of VTE after
cerebral apoplexy.
Materials and methods
General data
104 cerebral apoplexy patients treated in our
hospital between May 2017 and May 2019
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were selected as the research objects, among
which there were 55 males and 49 females.
The average age was 67.53±7.11 years, body
mass index (BMI) 23.15±3.14 kg/m2, course of
disease 27.05±9.38 h, and the types of diseases included 32 cases of cerebral hemorrhage,
72 cases of cerebral infarction. 35 cases with
diabetes, 67 cases with hypertension, 55 cases with hyperlipidemia, 44 cases with hyperhomocysteinemia and 38 cases with anemia.
This study was conducted in accordance with
the regulations of the Declaration of Helsinki
concerning clinical trial research and was
approved by the ethics committee of our hospital. The cases were randomly divided into the
drug prophylaxis group and the physical intervention group (n=52 for each).
Inclusion and exclusion criteria
Inclusion criteria: (1) Patients included in the
study were all conformed to the clinical diagnosis of cerebral apoplexy; (2) Patients had clinical symptoms of disturbance of consciousness,
limb numbness, nausea, and dizziness, etc.; (3)
Age ≥ 18 years old; (4) Disease onset time ≤ 72
h; (5) Patients and their families voluntarily
signed informed consent.
Exclusion criteria: (1) Patients who were allergic
to the drugs used in this study; (2) Patients who
had a history of venous thromboembolism; (3)
Patients with epilepsy and mental illness; (4)
Pregnant and lactating women; (5) Patients
with severe diseases of important organs such
as liver or kidney; (6) Patients with collagenosis
and joint disease; and (7) Patients with severe
endocrine and hematopoietic diseases.
Methods
The two groups of patients were routinely treated after admission based on their specific conditions. Rationally controlled blood glucose and
blood pressure levels, and maintained the vital
signs of the patients. Gave the routine treatments like intra-arterial thrombolysis, antiinfection, dehydration and nutritional support,
and basic care to prevent pressure sores;
Performed proper lower-limb exercises independently or with the assistance of patients’
families/therapists. Based on the routine treatment, the patients of drug prophylaxis group
also received intravenous drip of Shenmai
injection (G.Y.Z.Z. Z51021879, China Resources
Sanjiu (Ya’an) Pharmaceutical Co., Ltd.) by 50
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Table 1. Comparison of the general data of the two groups of patients
Item
Gender (Male/Female)
_
Age ( x ± sd, Age)

_
Body mass index (BMI) ( x ± sd, kg/m2)
Course of disease (x ± sd, h)

Drug prophylaxis Physical intervention
group (n=52)
group (n=52)

t/X2

P

27/25

28/24

0.0386

0.8442

68.25±8.39

67.04±6.12

0.8402

0.4028

23.94±2.28

22.88±3.67

1.7692

0.0799

26.95±8.46

27.75±6.67

0.5355

0.5935

Type of disease (Cerebral hemorrhage/cerebral infarction)

18/34

14/38

0.7222

0.3954

Complicated diabetes (Yes/No, Case)

16/36

19/33

0.3876

0.5336

Complicated hypertension (Yes/No, Case)

35/17

32/20

0.3776

0.5389

Complicated hyperlipidemia (Yes/No, Case)

28/24

27/25

0.0386

0.8442

Complicated hyperhomocysteinemia (Yes/No, Case)

20/32

24/28

0.6303

0.4272

Anemia (Yes/No, Case)

18/34

20/32

0.1659

0.6838

ml, one dose a day for 14 days. The patients of
physical intervention group who were based on
the routine treatment were given 40 mmHg
intermittent pneumatic compression, 30 min/
time, twice a day for total of 14 days.
Observation of indicators
This study primarily observed the difference of
the two methods in the prevention of VTE after
cerebral apoplexy (Color doppler ultrasound
examination was performed respectively on the
first day of hospitalization and after treatment).
The secondary observations were the effects of
two sets of preventive measures on the coagulation function-related indexes of patients,
such as D-Dimer, fibrinogen, plasma viscosity
and red blood cell volume (Fasting venous
blood was measured within 24 hours of hospitalization and 14 days after treatment. D-Dimer
was determined by immunoturbidimetric method, fibrinogen was determined by coagulation
method, plasma viscosity was measured by
SA-600 automatic hemorheology tester, and
red blood cell volume was measured using an
XE-3000 blood cell analyzer).
Statistical method
SPSS19.0 statistical software were used to
conduct statistical analysis and processing.
The measurement data were all expressed as
mean ± standard deviation (x ± sd). The intragroup before-after comparison was performed
by paired sample t-test, and the comparison
between the two groups was performed by
independent sample t-test. The enumeration
data were expressed as percentage and analyzed with the X2 test. P<0.05 indicated that the
difference was statistically significant.
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Results
The general data comparison
There was no statistically significant difference
between the two groups in the general data
refer to gender, age, course of disease, type of
disease, comorbid diseases and so on (P>0.05,
Table 1).
Occurrence of DVT of the patients in the two
groups
After color doppler ultrasound examination, no
PTE was found in the two groups of patients. 5
patients in the drug prophylaxis group showed
obvious DVT with an incidence of 9.62%, which
was significantly lower than 25.00% (13/52) of
physical intervention group. The difference was
statistically significant (X2=4.2997, P=0.0381,
Table 2).
Occurrence and distribution of DVT of the two
groups of patients
DVT occurred in 5 cases in the drug prophylaxis
group, and 13 cases in the physical intervention group. See Table 3 for details.
Changes in coagulation function-related therapy before-after treatment in the two groups of
patients
The levels of D-Dimer, fibrinogen, plasma viscosity, and red blood cell volume of the patients
in the two groups after treatment were significantly lower than those before treatment, and
the decreases in the levels of D-Dimer, fibrinogen, and plasma viscosity of the patients in the
drug prophylaxis group were significantly greatInt J Clin Exp Med 2020;13(10):7630-7637
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Table 2. Comparison of the incidence of vet between the two groups
Group
Drug prophylaxis group
Physical intervention group

Case
52
52

Number of VET cases
5
13

X2
4.2997

Incidence rate (%)
9.62
25.00

P
0.0381

Table 3. Occurrence and distribution of DVT of the two groups of patients (case)
Group

DVT occurred

DVT did
not occur Simple intermuscular
thrombosis

Popliteal vein thrombosis with
intramuscular thrombosis

Femoral vein
thrombosis

Drug prophylaxis group (n=52)

47

3

2

0

Physical intervention group (n=52)

43

4

3

2

X2

1.3206

P

0.2505

Table 4. Changes in coagulation function-related therapy before and after treatment in the two
groups of patients (x ± sd)

Drug prophylaxis group (n=52)

Before treatment
After treatment
t
P
Physical intervention group (n=52) Before treatment
After treatment
t
P

D-Dimer
(mg/L)

Fibrinogen
(g /L)

0.37±0.07
0.16±0.04*
18.7830
0.0000
0.35±0.08
0.24±0.05
8.4081
0.0000

3.89±1.14
2.88±0.91*
4.9931
0.0000
3.91±1.23
3.13±1.05
3.4780
0.0007

Plasma
Red blood cell
viscosity
volume (%)
(mPa/S)
1.92±0.13 54.46±7.12
1.43±0.04* 43.52±5.17
25.9784
8.9657
0.0000
0.0000
1.93±0.17 53.58±7.29
1.62±0.09 45.67±6.14
11.6215
5.9845
0.0000
0.0000

Note: Comparison with the physical intervention group, *P<0.05.

the levels of red blood cell volume between the
two groups after treatment (P>0.05). Details
are listed in Table 4 and Figures 1-4.
Comparison of adverse reactions between the
two groups

Figure 1. Comparison of D-dimer levels between the
two groups before and after treatment. Comparison
with the same group before treatment, *P<0.05.
Comparison with drug prophylaxis group, #P<0.05.

er than those of the physical intervention group
(P<0.05); There was no statistical difference in
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Comparison of adverse reactions of the two
groups: Except for 2 cases of mild diarrhea in
the drug prophylaxis group and 1 case of mild
diarrhea in the physical intervention group, who
relieved spontaneously after 2 days [2 (3.85%),
1 (1.92%), X2=0.0000, P=1.0000], there was
no drug-induced allergic reaction, bleeding,
gastrointestinal reaction, and other physical
discomfort in the patients of the two groups
(Table 5).
Discussion
In this study, there are 13 cases with lower limb
vein thrombus in the control group who used
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Figure 2. Comparison of Fibrinogen levels between
the two groups before and after treatment. Comparison with the same group before treatment, *P<0.05.
Comparison with drug prophylaxis group, #P<0.05.

Figure 3. Comparison of plasma viscosity levels between the two groups before and after treatment.
Comparison with the same group before treatment,
*P<0.05. Comparison with drug prophylaxis group,
#
P<0.05.

intermittent pneumatic compression for physical intervention, with incidence higher than the
research results of Wan Feng et al. [24]. The
reason may be related to the fact of some differences in the source of the patients included
in the study, the implementation plan of the
physical intervention, and the time point of
making physical intervention. Moreover, the
incidence is also higher than the drug prophylaxis group measured with Shenmai injection in
this study, suggesting that the preventive effect
of intermittent pneumatic compression on VTE
after cerebral apoplexy is not as good as that of
intravenous drip of Shenmai injection. The rea-
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Figure 4. Comparison of red blood cell volume levels
between the two groups before and after treatment.
Comparison with the same group before treatment,
*P<0.05. Comparison with drug prophylaxis group,
#
P<0.05.

sons are as follows: The prevention of physical
intervention group focuses on the lower extremities, where the source of thrombus is the most,
while drug prevention focuses on the whole
body, with different prevention mechanisms.
The mechanism of intermittent pneumatic
compression of physical intervention group is
mechanical and biochemical effect [25, 26].
The mechanical effect is mainly to change the
vascular structure and hemodynamics of
patients’ lower extremities through intermittent
uniform gas charging and outgassing. The biochemical effect is reflected in that the pressure
in the gap of the tissues increases by increasing the pressure of the muscles and subcutaneous soft tissues of the patients. It is conducive
to the return of the tissue fluid to decrease the
degree of edema of the patients’ lower limbs,
and then reduce the tension of the soft tissues;
moreover, intermittent pneumatic compression
can increase blood flow to the vascular tension
and shear stress caused by the increased tensile stress and the NOS activity, so as to promote the increase of NO content in the blood,
thus inhibiting platelet adhesion and aggregation and improving the role of microcirculation.
The mechanism of preventing VTE after cerebral apoplexy by Shenmai injection in the drug
prophylaxis group has not been fully clarified. It
may be related to the effects of improvement of
the patients’ microcirculation by Shenmai injection, reduction in blood viscosity and fibrinogen
content and anti-platelet aggregation [27, 28].
The two preventive measures have their own
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Table 5. Comparison of adverse reactions between the two groups
Group
Drug prophylaxis group
Physical intervention group

Case
52
52

Number of adverse reactions
2
1

characteristics and should be used flexibly in
clinical application according to the risk of
thrombosis.
The results of this study showed that the
D-Dimer content of patients in both groups was
significantly reduced after treatment. The figure
of the D-Dimer content in drug prophylaxis
group was lower than that of the physical intervention group, suggesting that Shenmai injection decreased D-Dimer content more significantly than intermittent pneumatic compression and decreased more notably for the risk of
thrombosis in patients with cerebral apoplexy.
The results of this study showed that fibrinogen
content, plasma viscosity and red blood cell
volume of patients in the two groups significantly were decreased after treatment compared with those before treatment. The fibrinogen content and plasma viscosity of patients in
the prophylaxis group after treatment were
lower than those of physical intervention group,
suggesting that Shenmai injection greatly
reduced the fibrinogen and plasma viscosity of
patients. It has been reported in the literature
[29] that when plasmin and Shenmai injection
are used to treat cerebral infarction, the former
is not as effective as plasmin, but it can dramatically improve fibrinogen content, plasma
viscosity, platelet aggregation rate, and hematocrit in patients with cerebral infarction. This
has corroborated the results of this study, indicating that the drug prophylaxis group has a
positive preventive effect on VTE after cerebral
apoplexy. Studies have shown that Shenmai
injection is better than physical intervention for
improving the coagulation function of patients
with cerebral apoplexy. It provides certain reference value for the clinical application of
Shenmai injection. No significant adverse drug
reactions occurred in the two groups of patients
in the study, indicating that Shenmai injection
is safe to some extent.
In conclusion, drug prophylaxis regimen has
better preventive effect on VTE after cerebral
apoplexy than physical intervention regimen. It
better improves patients’ coagulation function
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Incidence rate (%)
3.85
1.92

X2
0.0000

P
1.0000

than physical intervention regimen. However,
the study has certain limitations: (1) The
respondents came from a single center under a
small sample size. The results of the two groups
of VTE and the incidence of adverse reactions
need to be further studied in multiple centers
with larger sample size; and (2) This study only
observed the short-term preventive effect of
VTE after cerebral apoplexy, but not the longterm preventive effect, which needs to be further explored.
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