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Abstract: Objective: To explore the therapeutic effect of low-molecular-weight heparin calcium (LMWH-Ca) combined 
with Xueshuantong injections in treating elderly acute deep venous thrombosis (ADVT) patients, and to analyze the 
effect of this combination on the coagulation function, hemorheology, and safety. Methods: A total of 122 elderly 
patients with ADVT who were treated in our hospital were recruited as the study cohort. The patients were randomly 
divided into a control group (n=61) and an observation group (n=61). The patients in the control group were given 
abdominal subcutaneous injections of low-molecular-weight heparin calcium (LMWH-Ca). The patients in the obser-
vation group were given intravenous drips of LMWH-Ca (low-molecular-weight heparin calcium) and Xueshuantong 
injections. After the treatment, comparisons of the detumescence times of the affected limb, the differences in 
the circumferences of the lower limbs, the coagulation parameters, the overall response rates, the incidences 
of complications, and the hemorheological parameters were conducted between both groups. Results: After the 
treatment, the detumescence times and the average differences in the circumferences of the lower limbs were 
significantly reduced (P<0.001; all P<0.001), the prothrombin times (PT) and the activated partial thromboplastin 
times (APTT) were significantly extended (all P<0.01), the overall response rate was higher (all P<0.05), and the 
three hemorheological parameters (high shear viscosity, low shear viscosity, and plasma viscosity) were lower in 
the observation group than they were in the control group (all P<0.001), there were no statistical differences in the 
fibrinogen (FIB) levels, the incidences of complications, or the incidences of adverse drug reactions between the two 
groups (P>0.05; P=0.343; P=0.298). Conclusion: To sum up, low-molecular-weight heparin combined with Xuesh-
uantong injections can effectively treat elderly ADVT patients, reduce the differences in the circumferences of the 
lower limbs, regulate the coagulation function, and improve the blood viscosity, so it is worthy of clinical promotion.
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Introduction

Acute deep venous thrombosis (ADVT) is a dis-
ease that causes edema, varicose veins, dyski-
nesias of the lower extremities, and even seri-
ous complications such as pulmonary embo- 
lism due to the stagnation of venous blood and 
hypercoagulation [1-3]. Studies have reported 
that if the proper treatment is not performed 
promptly, ADVT may result in an average death 
rate of 20-30% when patients have complica-
tions such as massive pulmonary embolism [4]. 

The treatment of deep venous thrombosis 
(DVT) includes anticoagulation, thrombolytic 
therapy, mechanical thrombectomy, indwelling 
of the inferior vena cava (IVC) filters, and com-
bined therapies with traditional Chinese medi-
cine, acupressure, and psychological interven-
tion. Individualized treatment plans should be 
developed according to the patient’s age, cau- 
se of the disease, disease course, and the clas-
sification of thrombus in clinical practice [5]. 
For ADVT, anticoagulants are better at dissolv-
ing blood clots. Low-molecular-weight heparin 
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calcium (LMWH-Ca) can reduce the activity of 
the coagulation factors and the blood viscosity 
and can significantly alleviate hypercoagula- 
tion [6, 7]. Xueshuantong injections can pro-
long the clotting time, inhibit thrombosis, and 
improve microcirculation in the lower extremi-
ties in patients with ADVT [8]. Elderly patients 
are mostly in a hypercoagulable state due to 
underlying diseases, and they are usually bed-
ridden for a long time or have vascular damage 
caused by the surgery, so they are a high-risk 
population for ADVT [9]. Although there are 
some studies on treating ADVT with low-molec-
ular-weight heparin calcium (LMWH-Ca) com-
bined with Xueshuantong injections conducted 
at home and abroad, there is still a lack of ther-
apeutic studies regarding elderly patients [10]. 
Therefore, our study mainly investigated the 
effect of low-molecular-weight heparin calcium 
combined with Xueshuantong injections in tre- 
ating elderly patients with ADVT and analyzed 
the effect of such treatment on the differences 
in the circumferences of the lower limbs, the 
coagulation parameters, the complications, 
and the patients’ hemorheological parameters, 
in order to provide guidance for clinical inter- 
ventions.

Materials and methods

General data

A total of 122 elderly ADVT patients admitted to 
the Department of General Surgery in Zhuji 
People’s Hospital of Zhejiang Province from 
February 15, 2017 to July 6, 2019 were recruit-
ed as the study cohort and divided into the 
observation group and the control group, with 
61 cases in each group. See Table 1 for the 
general data of the patients in the two groups. 
This study was conducted with the approval of 
the Medical Ethics Committee of Zhuji People’s 
Hospital of Zhejiang Province.

Inclusion criteria: (1) patients who met the cri- 
teria for an ADVT diagnosis as published in 
“Guidelines for diagnosis and treatment of 
deep venous thrombosis”, patients who were  
in the acute phase of ADVT, and patients who 
were diagnosed with ADVT through venography 
of the lower limbs, color Doppler ultrasound, 
and D-dimer results [11, 12], (2) patients who 
had no allergies to the drugs used in this study, 
(3) patients ≥60 years old, and (4) patients who 
were informed of the purpose of this study and 
who signed an informed consent form.

Table 1. Comparison of the general baseline data between the two groups (n, 
_
x  ± sd)

Characteristics Observation group (n=61) Control group (n=61) χ2/t P
Age (years) 68.4±7.1 67.6±6.8 0.619 0.537
Gender (n) 0.521 0.472
    Male 29 33
    Female 32 28
Location of thrombosis (n) 2.101 0.152
    Left lower limb 26 34
    Right lower limb 35 27
Causes of thrombosis (n) 0.804 0.671
    Prolonged bed rest 18 16
    Surgery 32 30
    Trauma 11 15
Types of thrombosis (n) 0.641 0.730
    Central type 30 28
    Peripheral type 21 25
    Mixed type 10 8
Risk factors associated with DVT (n)
    Malignancy 10 12 0.222 0.638
    Oral contraceptive 9 7 0.288 0.592
    Fracture 34 37 0.303 0.582
    Obesity 15 13 0.185 0.669
Note: DVT: deep venous thrombosis.
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Exclusion criteria: (1) patients with bleeding  
disorders, (2) patients with severe liver or kid-
ney dysfunction, (3) patients who had received 
relevant antithrombotic therapy within 1 week 
before their admission, (4) patients with severe 
mental illness, (5) patients with cognitive dys- 
function.

Methods

The patients in both groups received routine 
treatment and care. The patients were instruct-
ed to rest in bed with a 30-degree elevation of 
the affected limbs. Low-fat, high-vitamin, high-
protein diets were suggested to ensure smooth 
bowel movements and to prevent thrombosis 
embolism shedding. If the patient had trau- 
matic injuries, anti-infection, detumescence, 
and other drug treatments were provided. Also, 
in addition to the routine treatment and care, 
the patients in the control group were treated 
with abdominal subcutaneous injections of  
low-molecular-weight heparin calcium (Hainan 
Unipul Pharmaceutical Co., Ltd., China), 5,000 
IU each time, twice a day for a 14-day course  
of treatment. The patients in the observation 
group also received low-molecular-weight he- 
parin calcium (abdominal subcutaneous injec-
tion, 5,000 IU each time, twice a day) and 
Xueshuantong injections (Livzon Pharmaceu- 
tical Group Co., Ltd., China), with 500 mL of 5% 
glucose solution (Guangdong Sake Biotechno- 
logy Co., Ltd., China) added to the 20 mL Xue- 
shuantong injection for an intravenous drip, 
once a day for a 14-day course of treatment.

Outcome measures

Primary outcome measures: (1) The patients’ 
detumescence times were observed and re- 
corded in both groups; (2) After 14 days of 
treatment, the average differences in the cir-
cumferences of the lower limbs were compar- 
ed between the two groups: the circumferenc-
es 15 cm above and 10 cm below the kneecap 
of the patients’ affected limbs were measured, 
and the average circumference difference of 
the lower limbs was calculated (circumferen- 
ce of the affected limbs-circumference of the 
healthy limbs). (3) After 14 days of treatment, 
the two groups were compared in terms of the 
therapeutic effects: ineffective: vascular ultra-
sonography revealed a recanalization rate of 
<40% for the popliteal and femoral veins, an 
absence of collateral circulation, and no allevia-

tion of the swelling and pain symptoms in the 
affected limbs; markedly effective: vascular 
ultrasonography revealed a recanalization rate 
of 40%-75% for the popliteal and femoral ve- 
ins, inadequate collateral circulation, and a 
partial alleviation of the swelling and pain 
symptoms in the affected limbs; cured: vascu-
lar ultrasonography revealed a recanalization 
rate of 76%-90% for the popliteal and femoral 
veins, an adequate collateral circulation, and a 
significant alleviation of the swelling and pain 
symptoms in the affected limbs [13].

Secondary outcome measures: (1) Comparis- 
on of the coagulation parameters in the two 
groups: Before the treatment and after 14  
days of treatment, 3 mL of venous blood was 
collected from all the fasting patients in the 
morning and centrifuged at 3000 r/min for 10 
min. Serum, plasma, and whole blood samples 
were separated and stored for future use. Then 
plasma samples were analyzed to determine 
their fibrinogen (FIB), prothrombin time (PT), 
and activated partial thromboplastin time (AP- 
TT) levels with the use of an SK9000 automatic 
coagulation analyzer (Shenzhen Shengxinkang 
Technology Co., Ltd., China). (2) The incidence 
of complications such as thrombocytopenia, 
hematuria, and dyspnea during the treatment 
was compared between the two groups. If one 
patient had multiple complications, the total 
incidence was calculated including these com-
plications. Total incidence = cases of complica-
tions/total number of cases * 100%. (3) The 
two groups’ hemorheological parameters were 
compared: before and after 14 days of treat-
ment, whole blood samples were analyzed to 
determine their high shear viscosity, low she- 
ar viscosity, and plasma viscosity using an 
N7500A automatic hemorheometer (Shanghai 
Hanfei Medical Instrument Co., Ltd., China). (4) 
During the treatment, the occurrence of ad- 
verse drug reactions (rash, dizziness, nausea 
and vomiting, abdominal pain and diarrhea) 
was compared between both groups.

Statistical analysis

SPSS 20.0 software was employed to analyze 
all the data. The enumeration data were ex- 
pressed as n/%, and were examined using χ2 
tests. The measurement data conforming to a 
normal distribution and homogeneity of vari-
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ances were expressed as the means ± stan-
dard deviation (

_
x  ± sd), with the comparisons 

between groups performed using independent-
samples t-tests, and the comparisons before 
and after the treatment within the same group 
using paired t-tests. The measurement data 
violating a normal distribution and homoge-
neous variances were displayed as the me- 
dian and interquartile range; the comparisons 
between groups were performed using rank 
sum tests, and the comparisons within the 
same group were conducted using Wilcoxon 
sign rank tests before and after the treatment. 
A P value of less than 0.05 was deemed statis-
tically significant.

Results

Comparison of the general baseline data be-
tween the two groups

No significant differences were observed re- 
garding age, gender, location of the thrombo-
sis, causes of the thrombosis, type of thrombo-
sis, or the risk factors associated with DVT 
between the two groups (P>0.05), so they were 
comparable. See Table 1.

Comparison of the detumescence times be-
tween the two groups

After the treatment, the detumescence times  
in the observation group were significantly 
shorter than they were in the control group 
(P<0.001). See Figure 1.

Comparison of the average differences in the 
circumferences of the lower limbs after the 
treatment in the two groups

After the treatment, the average differences in 
the circumferences 15 cm above and 10 cm 
below the knees of the patients in both groups 
were significantly lower than they were before 
the treatment (P<0.001), and the differences 
were significantly smaller in the observation 
group (2.19±0.38 cm; 1.17±0.22 cm) than th- 
ey were in the control group (3.20±0.44 cm; 
2.02±0.23 cm; P<0.001). See Figures 2 and 3.

Comparison of the coagulation parameters in 
the two groups

After the treatment, no statistical difference 
was noted in the FIB (fibrinogen) levels be- 
tween the two groups; the PT (prothrombin 
time) and APTT (activated partial thromboplas-
tin time) levels were significantly higher in the 
observation group than in the control group 
(14.24±2.15 s vs 11.34±2.06 s; 46.08±3.26 s 
vs 44.21±3.37 s; all P<0.01). See Table 2.

Comparison of the overall response rates 
between the two groups

The overall response rate was significantly 
higher in the observation group than in the con-
trol group (P<0.05). See Table 3.

The incidences of complications in the two 
groups

The incidences of complications in the two 
groups were not statistically significant (P> 
0.05). See Table 4.

Comparison of the hemorheological param-
eters after the treatment in the two groups

After the treatment, the hemorheological pa- 
rameters in both groups were lower than th- 
ey were before the treatment (P<0.001); the 
hemorheological parameters were significantly 
lower in the observation group than in the con-
trol group (P<0.001). See Table 5.

Comparison of the incidences of adverse drug 
reactions between the two groups

In the observation group, there were 18 cas- 
es (29.51%) of adverse reactions, including 5 
cases of rash, 4 cases of dizziness, 5 cases of 

Figure 1. Comparison of detumescence times be-
tween the two groups. ###P<0.001 as compared with 
the control group.
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nausea and vomiting, and 4 cases of abdomi-
nal pain and diarrhea. In the control group, 
there were 13 cases (21.31%) of adverse reac-
tions, including 3 cases of rash, 4 cases of diz-
ziness, 2 cases of nausea and vomiting, and  
4 cases of abdominal pain and diarrhea. The 
cases of adverse drug reactions showed no 
statistical difference between the two groups 
(P>0.05). See Table 6.

Discussion

The early stage of DVT is clinically known as the 
acute phase of deep venous thrombosis [14]. 
Knowing when to treat and knowing what the 
effect of the anticoagulant thrombolytic thera-
py will be are closely related to the DVT progno-
sis, otherwise it will likely develop into post-
thrombotic syndrome, threatening the patient’s 

(VAS) scores, and the coagulation and hemorhe-
ological parameters were significantly improved 
after the treatment in patients treated with low-
molecular-weight heparin calcium (LMWH-Ca) 
[18]. In the study of Chen et al., 96 patients 
with malignant tumors with deep venous th- 
rombosis complications were included [19]. 
The patients in the control group were admi- 
nistered low-molecular-weight heparin calcium, 
while the patients in the observation group 
received ligustrazine hydrochloride in addition 
to the treatment administered in the control 
group. After the treatment, the results showed 
that the swelling in the patients’ lower limbs in 
both groups were subsided to different extents, 
but the combined use of drugs had a better 
effect at improving the deep venous thrombo-
sis and had more therapeutic advantages.

Figure 2. Comparison of average differences in the circumferences at 15 cm 
above the knees in the two groups. ###P<0.001 as compared with the control 
group; ***P<0.001 as compared with that before treatment.

Figure 3. Comparison of average differences in the circumferences at 10 cm 
below the knees in the two groups. ###P<0.001 as compared with the control 
group; ***P<0.001 as compared with before the treatment.

life [15]. The incidence of DVT 
is positively correlated with 
age. Older age is associated 
with a higher the risk of DVT. 
Especially in the elderly, the 
risk of DVT is up to 5.36‰. 
This is mainly because the 
elderly are mostly also suffer-
ing from vascular endothelial 
damage and underlying dis-
eases, which slows down the 
blood flow [16]. Therefore, in 
this study, we observed the 
effect of drug treatment in 
elderly patients with ADVT.

Low-molecular-weight heparin 
calcium (LMWH-Ca) is charac-
terized by a long half-life and  
a high bioavailability. It can 
reduce the activity of the co- 
agulation factors, and it has  
a potent antithrombotic eff- 
ect. Meanwhile, it can also 
activate plasminogen to dis-
solve the thrombus, which is 
the drug of choice for the pre-
vention and treatment of DVT 
in clinical practice [17]. B. u et 
al. found that, compared with 
the circumferences before the 
treatment, the differences in 
the circumferences at 15 cm 
above the kneecap and 10 cm 
below the tuberosity of the ti- 
bia, the visual analogue scale 
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Xueshuantong injections are a traditional Chi- 
nese medicine preparation made from Salvia 
miltiorrhiza, Scrophulariae Radix, Notoginseng 

ed that the clinical efficacy and improvement of 
the coagulation parameters were greater in the 
observation group than they were in the control 

Table 2. Comparison of the coagulation parameters between the two groups (
_
x  ± sd)

Group
FIB (g/L) PT (s) APTT (s)

Before 
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Control group (n=61) 5.39±1.23 3.28±1.02 10.38±2.13 11.34±2.06 35.79±3.59 44.21±3.37
Observation group (n=61) 5.42±1.19 3.39±1.13 10.44±2.20 14.24±2.15 35.70±3.67 46.08±3.26
t 0.137 0.564 0.153 7.607 0.137 3.115
P 0.891 0.574 0.879 0.000 0.891 0.002
Note: FIB: fibrinogen; PT: prothrombin time; APTT: activated partial thromboplastin time.

Table 3. Comparison of the overall response rates between the two groups (n, %)
Group Cured Markedly effective Ineffective Overall response rate
Control group (n=61) 31 (50.82) 15 (24.59) 15 (24.59) 46 (75.41)
Observation group (n=61) 37 (60.66) 19 (31.15) 5 (8.2) 56 (91.80)
χ2 6.001 5.980
P 0.049 0.014

Table 4. The incidences of complications in the two groups (n, %)
Group Hematuria Allergy Thrombocytopenia Dyspnea Total
Control group (n=61) 2 (3.28) 2 (3.28) 2 (3.28) 1 (1.64) 7 (11.48)
Observation group (n=61) 2 (3.28) 1 (1.64) 1 (1.64) 0 (0.00) 4 (6.56)
χ2 0.000 0.342 0.342 0.000 0.899
P 1.000 0.559 0.559 1.000 0.343

Table 5. Comparison of the hemorheological parameters 
after treatment between the two groups (mPa/s, 

_
x  ± sd)

Group Control 
group (n=61)

Observation 
group (n=61) t P

High shear viscosity
    Before treatment 6.38±1.18 6.57±1.09 0.924 0.357
    After treatment 5.36±0.87 4.55±0.79 5.383 0.000
    t 5.434 11.720
    P 0.000 0.000
Low shear viscosity
    Before treatment 12.98±1.21 12.73±1.68 0.943 0.348
    After treatment 7.81±1.09 5.01±1.16 13.739 0.000
    t 24.794 29.534
    P 0.000 0.000
Plasma viscosity
    Before treatment 1.79±0.40 1.70±0.23 1.523 0.131
    After treatment 1.41±0.09 0.98±0.10 24.963 0.000
    t 7.239 22.422
    P 0.000 0.000

Radix Et Rhizoma, and Astmgali 
Radix, also known as Tianqi injec-
tion. It has the effects of dredging 
the channels and collaterals, acti-
vating the blood to resolve stasis, 
dilating the blood vessels, dissolv-
ing thrombosis, preventing blood 
clots, removing oxidation, protecting 
endothelial cells, inhibiting apopto-
sis, scavenging free radicals, and 
improving hypoxia tolerance. Zhou 
et al. enrolled a total of 78 patients 
with deep venous thrombosis after 
hip arthroplasty and randomly divid-
ed them into an observation group 
(n=39) and a control group (n=39) 
[20]. The patients in the control 
group were given rivaroxaban oral 
tablets, and the patients in the 
observation group were given rivar-
oxaban tablets plus Xueshuantong 
injections. The results demonstrat-
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group, indicating that the drug combination  
can significantly improve patients’ coagulation 
statuses. In our study, the patients in the ob- 
servation group were treated with LMWH-Ca 
(low-molecular-weight heparin calcium) plus 
Xueshuantong injections. Compared with the 
patients using LMWH-Ca alone, the results 
demonstrated that the clinical effective rate 
was significantly higher in the observation 
group than in the control group, and no differ-
ence was found in the incidences of complica-
tions between both groups, which indicated 
that LMWH-Ca combined with Xueshuantong 
injection has a better efficacy and a higher 
safety at improving ADVT in the elderly.

As indicators reflecting the levels and activities 
of the relevant coagulation factors in the intrin-
sic and extrinsic coagulation pathways of the 
human body, APTT and PT have been widely 
used in the determination of coagulation func-
tion [21]. PT mainly reflects the levels of the 
coagulation factors derived from body tissues, 
such as factors I, II, V, VII, and X, while APTT 
mainly reflects the levels of the coagulation fac-
tors from the blood including factors VIII, IX, XI, 
and XII. PLT can accumulate and adhere to the 
bleeding site to promote hemostasis, and acti-
vated PLT and its cleavage products have a 
good coagulation effect. FIB, the final substrate 
from the common pathway of endogenous and 
exogenous coagulation, is synthesized by the 
liver to regulate plasma viscosity. Lan et al. 
studied 182 patients with ADVT, and found th- 
at the three coagulation indicators (PT, APTT, 
and the PLT levels) of patients treated with 
LMWH-Ca plus Xueshuantong (observation gr- 
oup) were effectively improved compared with 
those in the control group [22]. In our study, the 
therapeutic effects of the patients treated with 
LMWH-Ca plus Xueshuantong injections were 
compared with those treated with LMWH-Ca 
alone, and the results showed that the impro- 
vement effects of the coagulation indicators 
(PT, APTT) were also greater in the observation 
group than in the control group, and the results 

were consistent with the results of similar stu- 
dies. Furthermore, compared with the control 
group, the patients’ differences in the circum-
ferences 15 cm above and 10 cm below the 
knees were significantly smaller, and the detu-
mescence times were shorter in the observa-
tion group, indicating that compared with using 
LMWH-Ca alone, LMWH-Ca plus Xueshuantong 
injections is more effective at improving the 
coagulation function and inhibiting thrombosis 
in patients [23-25]. In addition, no difference 
was noted in the adverse drug reactions bet- 
ween both groups in this study, indicating that 
the addition of Xueshuantong injections is safe 
and will not increase adverse effects of drugs 
in patients.

Hemorheological parameters are also impor-
tant for evaluating the formation of DVT. In this 
study, we also explored the effects of the two 
treatment methods on the hemorheology of 
patients, and we found that the expression lev-
els of the three hemorheological indicators 
were lower in the observation group than in the 
control group. Thus, we came to the conclusion 
that the combined use of drugs contributes to 
maintaining patients’ hemorheological health. 
However, we did not follow up on the recurrence 
rate of the patients after their discharge, so 
long-term efficacy studies with large sample 
sizes in elderly patients should be conducted in 
the future to confirm the efficacy and safety of 
such drug combinations in elderly patients suf-
fering from ADVT.

In conclusion, low-molecular-weight heparin 
combined with Xueshuantong injections can 
effectively treat elderly patients with ADVT, re- 
duce the differences in the circumferences  
of their lower limbs, regulate their coagulation 
function, and improve their blood viscosity, so it 
is worthy of clinical promotion.

Disclosure of conflict of interest

None.

Table 6. Comparison of the incidences of adverse drug reactions in the two groups

Group Rash Dizziness Nausea and 
vomiting

Abdominal pain 
and diarrhea Total

Control group (n=61) 3 (4.92) 4 (6.56) 2 (3.28) 4 (6.56) 13 (21.31)
Observation group (n=61) 5 (8.20) 4 (6.56) 5 (8.20) 4 (6.56) 18 (29.51)
χ2 0.541 0.000 1.363 0.000 1.082
P 0.464 1.000 0.243 1.000 0.298
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