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Abstract: Objective: It is aimed to analyze the effect of low molecular weight heparin calcium and rivaroxaban on
the prevention of venous thrombosis after knee arthroplasty. Methods: 81 gonarthrosis patients who were treated
with knee arthroplasty in our hospital were selected as objects of study for retrospective analysis and divided into 2
groups according to the order of admission, including 40 patients treated with low molecular weight heparin calcium
after operation in control group and 41 patients treated with rivaroxaban after operation in observation group, so as
to compare the incidence of venous thrombosis, total blood loss, overt blood loss, platelet count, hemoglobin level,
coagulation function and incidence of bleeding events after operation in two groups. Results: (1) After operation, the
incidence of lower limb venous thrombosis was 7.32% in observation group and 25.00% in control group (P<0.05).
(2) The total blood loss was 1125.63+245.89 ml in observation group and 1088.25+231.48 ml in control group
after operation. The overt blood loss was 435.29+67.81 ml in observation group and 395.23+51.26 ml in control
group after operation (P>0.05). (3) There was no statistical difference in Hb, PLT, PT, APTT and D-D before operation
and 10 days after operation in two groups (P>0.05). (4) There was no statistical difference in the incidence of bleed-
ing events 1 month after operation in two groups (P>0.05). (5) There was no statistical difference in the decreased
levels of wound drainage, blood transfusion and hemoglobin in two groups (P>0.05). Conclusions: The application
of low molecular weight heparin calcium and rivaroxaban to knee arthroplasty could control the bleeding and re-
duce the incidence of bleeding events, without any obvious influence on coagulation function. But the application of
rivaroxaban could reduce the incidence of postoperative venous thrombosis more obviously, so it was more worthy
of popularization and application.
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Introduction of lower limb, which leads to the obstruction of
venous cavity and thus causes the venous

The knee arthroplasty, as an effective treat- return obstruction [3]. The lower limb venous

ment method of late-stage gonarthrosis, can
alleviate the pain by means of arthroplasty and
provide patients with stable joint with good
function to correct joint deformity and thus
obviously improve the living quality of patients
[1]. However, due to the large trauma caused by
knee arthroplasty, there will be various compli-
cations after operation, of which the lower limb
venous thrombosis is very common [2].

Lower limb venous thrombosis refers to the
abnormal coagulation of blood in venous cavity

thrombosis includes proximal venous thrombo-
sis and distal venous thrombosis, of which the
former is generally caused by the development
of thrombosis in peroneal veins. In addition to
the most common manifestation of lower limb
edema, there will be other clinical symptoms,
such as weakness, pressing pain and swelling
of affected limb [4]. The onset of distal venous
thrombosis is not obvious in general. Some
patients may have no subjective symptom or
only have the manifestation of mild pain in
affected limb. With the progress of disease,
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patients will have such manifestations as deep
pressing pain in gastrocnemius muscle and
swelling below the knee joint [5]. If the lower
limb deep venous thrombosis is not discovered
and treated in time, the caducous thrombi will
cause pulmonary embolism and even lead to
death [6].

It is found in clinical practice that the applica-
tion of anticoagulants after knee arthroplasty
can prevent the formation of venous thrombo-
sis to a certain extent. In this study, the com-
parative analysis was conducted to compare
the preventive effects of two anticoagulants,
i.e. low molecular weight heparin calcium and
rivaroxaban, on venous thrombosis after knee
arthroplasty so as to provide more guidance for
the effect and safety of knee arthroplasty.

Materials and methods
Data

The retrospective analysis was conducted to
analyze the clinical data of 81 gonarthrosis
patients treated with knee arthroplasty in our
hospital. These patients were divided into 2
groups, including 40 patients in control group
with the age of 43-72 years old, the disease
course of gonarthrosis of 2-12 years, the weight
of 52-71 kg and the height of 153-172 cm and
41 patients in observation group with the age
of 45-75 years old, the disease course of gon-
arthrosis of 3-13 years, the weight of 53-73 kg
and the height of 155-175 cm. (1) Inclusion cri-
teria: this study included the patients treated
with knee arthroplasty for the first time; no
patients had surgical contraindications; and
those whose color ultrasound examination re-
sult for deep venous thrombosis (DVT) was neg-
ative before operation. Besides, patients were
enrolled regardless of gender. Informed con-
sent form was signed by patients or their guard-
ians. This study was approved by the Ethics
Committee. (2) Exclusion criteria: this study
excluded the patients complicated with active
bleeding; those with bleeding tendency; those
complicated with coagulation disorders; those
who suffered from cerebral hemorrhage in the
past 3 months; those with severe cardiopulmo-
nary dysfunction; those who were allergic to
drugs used in this study; and those who were
treated with other anticoagulants in the past 3
months.
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Treatment methods

Before operation, all the patients routinely re-
ceived hepatic and renal function examination,
coagulation function examination, blood rou-
tine examination, D-Dimer level measurement
and color Doppler ultrasonography for veins
of both lower limbs. The patients complicated
with underlying diseases received targeted tr-
eatment actively, but they were not treated with
the drugs that may affect coagulation function.

All the patients were treated with knee arthro-
plasty by the same team of medical workers
through the same operative procedures. After
the general anesthesia, the cemented prosthe-
sis was implanted. Based on the second gen-
eration of bone cement technique, the anterior
median approach of knee joint was selected for
operation, with the total operative time of 2-2.5
hours. During operation, the tourniquet was
used in a normative manner and then removed
after pressing and dressing the wound proper-
ly. After operation, the drainage tube was in-
dwelt, and the incision was sutured routinely.

After operation, all the patients were injected
with Cefuroxim (SFDA approval number: H20-
080467; company name: Esseti Farmaceutici
s.r.l.) through intravenous drip for infection pre-
vention, with the dose of 0.75 g twice a day.
Furthermore, Celecoxib (SFDA approval num-
ber: J20120063; manufacturing enterprise:
Pfizer Pharmaceuticals LLC) combined with
Tramadol Hydrochloride tablets (SFDA approval
number: H20033331; manufacturing enter-
prise: Shenzhen Neptunus Pharmaceutical Co.,
Ltd.) were used for analgesia. The dose of
Celecoxib was 200 mg twice a day and that of
Tramadol Hydrochloride tablets was 50 mg
twice a day. The patients of control group were
injected with Nadroparin Calcium Injection
(Fraxiparine; SFDA approval number: J2004-
0119; manufacturing enterprise: GlaxoSmith-
Kline (China) Investment Co., Ltd.) through su-
bcutaneous injection 12 hours after operation,
with the dose of 0.4 ml once a day. The patients
of observation group were treated with Ri-
varoxaban tablets (SFDA approval number:
H20181081; manufacturing enterprise: Bayer-
AG) through oral administration 12 hours after
operation, with the dose of 10 mg once a day.
After operation, the patients did the same reha-
bilitation exercise under the guidance of the
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Table 1. Comparison of general data between observation group and control group (X * sd)/[n (%)]

Data Observation group (n = 41) Control group (n = 40) t/X? P
Gender Male 27 (65.85) 25 (62.50) 0.099 0.753
Female 14 (34.15) 15 (37.50)
Age (years old) 60.28+10.37 58.96+9.68 0.592 0.556
Height (cm) 162.38+8.25 165.42+8.92 1.593 0.115
Weight (kg) 60.25+5.37 61.46+4.83 1.065 0.290
Disease course (years) 6.38+3.28 6.49+3.51 0.146  0.885
Complicated diseases Hypertension 12 (29.27) 10 (25.00) 0.187 0.666

Diabetes 13 (31.71) 11 (27.50) 0.172 0.678

#
El Observation group

Bl Control group

DVT NOT DVT
DVT incidence

Figure 1. Comparison on the incidence of lower limb
venous thrombosis between observation group and
control group. The incidence of lower limb venous
thrombosis was 7.32% in observation group, much
lower than 25.00% in control group (P<0.05). &Indi-
cates P<0.05 when the incidence of venous throm-
bosis was compared between the two groups.

same team of nursing staff for early mobili-
zation.

Observation targets

Lower limb venous thrombosis: the incidence of
lower limb venous thrombosis was compared
after operation in two groups and the color
ultrasound examination was conducted to
determine whether there was a symptom of
lower limb venous thrombosis. Diagnostic crite-
ria [7]: few blood flow signals or no blood flow
signal was detected in the veins of thrombus
section. The pulse Doppler spectrum did not
change with the breathing or showed no blood
flow. There was no echo or hypoecho inside the
lumen. The venous lumen could not be
compressed.

Blood loss: the total blood loss and overt blood
loss were compared in two groups. Total blood
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loss: the patients received blood routine exami-
nation when they ate again 2 days after opera-
tion. The blood loss was calculated th-
rough ward formula [8] and red blood cell spe-
cific volume (Hct) according to the results of
preoperative examinations. Total blood loss =
perfused blood volume (PBV) x 2 x (preopera-
tive Hct-postoperative Hct)/(preoperative Hct +
postoperative Hct). Overt blood loss: The overt
blood loss was the sum of intraoperative blood
loss, postoperative wound drainage and wound
exudate after extubation. Thereinto, the wound
exudate after extubation was calculated based
on the principle that the exudate was 5 ml if
each small gauze was saturated.

Coagulation function: the haematoglobin (Hb),
platelet count (PLT), prothrombin time (PT), par-
tially activated prothrombin time (APTT) and
D-Dimer (D-D) level were measured respective-
ly before operation and 2 days after operation
in two groups.

Bleeding events: the incidences of skin ecchy-
mosis, bleeding gums, blood in the urine,
bloody stool, black stool, hemoptysis and he-
matemesis were compared 1 month after oper-
ation in two groups.

Drainage, blood transfusion and hemoglobin
levels: compared in two groups, the wound
drainage, blood transfusion, and hemoglobin
levels were decreased after treatment.

Statistical analysis

The SPSS22.0 was used for statistical analysis.
The measurement data was expressed as
mean + standard deviation. The independent-
samples t test was used for data in conformity
with normal distribution and the Mann-Whitney
U test was used for data not in conformity with
normal distribution. The paired-samples t test
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Figure 2. Comparison of blood loss between observation group and con-
trol group. The total blood loss was not statistical difference in observation
group compared with that in control group (P>0.05). The overt blood loss
was significantly higher in observation group compared with that in control
group (P<0.05). &Indicates P<0.05 when two groups were compared.

was used for the comparison before and after
operation in group. The enumeration data was
represented by [n (%)]. The X? test was used for
the comparison of enumeration data between
groups. Thereinto, P<0.05 meant that the com-
parison had statistical significance.

Results

Comparison of general data between observa-
tion group and control group

There were no statistical differences in gender
ratio, average age, average height, average wei-
ght and average disease course in two groups
(P>0.05) (Table 1.

Comparison on the incidence of lower limb ve-
nous thrombosis between observation group
and control group

After the operation, there were 3 cases of lower
limb venous thrombosis in observation group
and 10 cases in control group. This indicated
that there was a statistical difference in the
incidence of lower limb venous thrombosis in
two groups (P<0.05) (Figure 1).

Comparison of blood loss between observa-
tion group and control group

There was no statistical difference in total
blood loss between observation group and
control group after operation (P>0.05). The
overt blood loss has no statistical difference in
observation group compared with that in con-
trol group after operation (P>0.05) (Figure 2).
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Comparison of coagulation
function between observation
group and control group

In observation group, there
was no obvious difference in
Hb, PLT, PT and APTT before
operation and 10 days after
operation (P>0.05) and the
D-D level reduced obviously 10
days after operation in com-
parison with that before opera-
tion (P<0.05). In control group,
there was no obvious differ-
ence in Hb, PLT, PT, APTT and
D-D before operation and 10
days after operation (P>0.05)
and the D-D level reduced
obviously 10 days after operation in compari-
son with that before operation (P<0.05). There
was no statistical difference in Hb, PLT, PT,
APTT and D-D before operation and 10 days
after operation in two groups (P>0.05) (Table 2
and Figure 3).

Comparison of bleeding events 1 month after
operation between observation group and con-
trol group

The incidences of skin ecchymosis, bleeding
gums, blood in the urine, bloody stool, hemop-
tysis, hematemesis and black stool were not
statistically different in observation group 1
month after operation compared with those in
control group (P>0.05) (Figure 4).

Comparison of wound drainage, blood transfu-
sion and decreased hemoglobin level in two
groups

After treatment, the wound drainage in obser-
vation group was 468.59+25.13 ml and that
in control group was 480.13+27.81 ml. The
blood transfusion in observation group was
572.164£55.34 ml and that in control group
was 578.31+59.23 ml after treatment. The
decreased hemoglobin level in observation
group was 30.54+1.46 g/L and that in control
group was 31.42+1.50 g/L after treatment
(P>0.05) (Figure 5).

Discussion

According to the level of risk in thrombogene-
sis after major orthopedic operation in clinical
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Table 2. Comparison of coagulation function between observation group and control group (X * sd)

Group Time Hb (g/L) PLT (x 10°/L) PT (s) APTT (s) D-D (ug/L)

Observation group (n = 41) Before operation 100.63+10.28 204.35+50.94 11.56+0.38  27.46+3.62 768.59+80.24
10 days after operation ~ 112.62+12.34  212.36+62.27  11.16+0.70 31.45+2.78 325.46+60.28

Control group (n = 40) Before operation 99.86+11.37 208.44+55.49 11.62+0.42 25.91+4.16 823.65+112.08
10 days after operation ~ 110.59+13.04  215.32+65.71  11.39+0.78 33.25+3.24  375.45+70.92

Em Obscrvation group
157 == Control group 409

304
104

(s)
S)

5 20

preoperative postoperative 10d preoperative

PT APTT

Figure 3. Comparison of PT and APTT levels between observation group and
control group. There was little difference in PT and APTT levels before opera-
tion (P>0.05) and 10 days after operation (P>0.05) in two groups.
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Bleeding events

Figure 4. Comparison of bleeding events between
observation group and control group. There was
little difference in the incidences of skin ecchymo-
sis, bleeding gums, blood in the urine, bloody stool,
hemoptysis, hematemesis and black stool in two
groups (P>0.05).

practice, the knee arthroplasty is an operation
with extremely high level of risk and the risk of
postoperative venous thrombosis is very high
[9]. The influence factors of thrombogenesis
mainly include hypercoagulable state, blood
stasis and vascular damage, all of which will be
affected by knee arthroplasty [10]. Hence, the
knee arthroplasty plays an important role in the
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prevention of thrombogenesis.
And the crucial method lies in
the reasonable application of
anticoagulants.

The low molecular weight hep-
arin, as a common anticoagu-
lant with definite effect and
also as the first choice for anti-
coagulant therapy after ortho-
pedic operation, can not only
reduce the occurrence risk
of bleeding complications, but
also guarantee the safety of
patients with no need of hema-
tologic monitoring during medication [11]. But
the route of administration is subcutaneous
injection for low molecular weight heparin, so it
is not convenient for patients who need to con-
tinue the therapy after hospital discharge [12].
Moreover, Yazeji T et al. [13] found that the sus-
tained medication of low molecular weight hep-
arin could increase the incidence of osteoporo-
sis. It is implied that other safer and more
effective and convenient anticoagulants shall
be sought in clinical practice as soon as possi-
ble to achieve the prevention and treatment of
venous thrombosis after orthopedic operation.
The rivaroxaban used for observation group in
this study is an oral anticoagulant which, with
high selectivity, can directly inhibit the forma-
tion of coagulation factor Xa [14]. The coagula-
tion factor Xa is the junction of intrinsic and
extrinsic coagulation pathways, so the rivaroxa-
ban can inhibit the coagulation of intrinsic and
extrinsic pathways simultaneously and achieve
a favorable anticoagulation effect [15]. In this
study, there was no statistical difference in
total blood loss and overt blood loss after oper-
ation in two groups (P>0.05) nor in Hb, PLT, PT,
APTT and D-D before operation and 10 days
after operation in two groups (P>0.05). This
indicated that the application of rivaroxaban to
postoperative anticoagulant therapy could
achieve a similar effect to that of low molecular
weight heparin, without any obvious increase in
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Figure 5. Comparison of wound
drainage, blood transfusion and de-
creased hemoglobin level between
observation and control groups.
The wound drainage, blood trans-
fusion and decreased hemoglobin
level were not statistical different in
observation group compared with
those in control group (P>0.05).

is no obvious correlation be-
tween rivaroxaban and other
drugs and foods [16, 17]. Lin Y
C et al. [18] carried out a large,
randomized, double-blind and
prospective study and found
that the rivaroxaban had bet-
ter preventive effect on the for-
mation of venous thrombosis
in comparison with enoxapa-
rin, but there was little differ-
ence in the safety of these two
drugs. The systemic analysis
conducted by Zou Y et al. [19]
showed that the application of
rivaroxaban had better preven-
tive effect on the formation of
venous thrombosis after hip
and knee arthroplasty and had
lower formation rate of venous
thrombosis in comparison with
low molecular weight heparin,

blood loss nor any serious adverse effect on
coagulation function of patients. What’s more,
there was no statistical difference in skin ec-
chymosis, bleeding gums, blood in the urine,
bloody stool, hemoptysis, hematemesis and
black stool 1 month after operation in two
groups (P>0.05), and there was no statistically
significant difference in wound drainage, blood
transfusion and decreased hemoglobin level in
two groups (P>0.05), which indicated that the
application of rivaroxaban to postoperative
anticoagulant therapy had no obvious influence
on the safety of patients after operation. How-
ever, the incidence of lower limb venous throm-
bosis was 7.32% after operation in observati-
on group, much lower than 25.00% in control
group (P<0.05), which implied that the rivaroxa-
ban, a new anticoagulant, could achieve better
anticoagulation effect and obviously reduce the
incidence of lower limb venous thrombosis
after operation.

The patients shall be treated with rivaroxaban
once a day with fixed dose through oral admin-
istration. With no need of hematologic monitor-
ing during medication, it is convenient and safe
and has become a new and important choice of
anticoagulant therapy gradually. Besides, there
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which was consistent with the

results of this study. Further-

more, Beyerwestendorf J et al.

[20] found that there was little
difference in the occurrence rate of bleeding
events between patients treated with low
molecular weight heparin combined with anti-
platelet drugs and those treated with rivaroxa-
ban combined with antiplatelet drugs after hip
and knee arthroplasty, which verified that the
rivaroxaban could achieve a similar effect to
that of low molecular weight heparin. In the
research conducted by Lazolangner A et al.
[241], the patients were treated with rivaroxaban
for anticoagulant therapy after hip and knee
arthroplasty. The results showed that there was
little difference in the incidences of bleeding
events and lower limb venous thrombosis
between patients treated with rivaroxaban and
those treated with low molecular weight hepa-
rin for anticoagulant therapy, which verified that
the rivaroxaban had obvious anticoagulation
effect, without any increase in the risk of clini-
cal bleeding. However, some other researches
produced inconsistent results. Lindner S M et
al. [22] found that the application of rivaroxa-
ban led to some adverse reactions, such as
skin rash and thrombocytosis, etc. The research
carried out by Pisters R et al. [23] indicated that
the application of rivaroxaban to anticoagulant
therapy caused such bleeding events as blood
in the urine, black stool and skin ecchymosis,

Int J Clin Exp Med 2020;13(4):2268-2275
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etc. As found by Jr M R et al. [24], there was lit-
tle difference in the incidence of venous throm-
bosis between rivaroxaban group and low
molecular weight heparin group, but the pa-
tients in rivaroxaban group did not suffer from
symptomatic deep venous thrombosis, while
those in low molecular weight heparin group
suffered from symptomatic deep venous throm-
bosis. This implied that the rivaroxaban had
better preventive effect on deep venous th-
rombosis.

In conclusion, the application of low molecular
weight heparin calcium and rivaroxaban could
control the bleeding and reduce the incidence
of bleeding events, without any obvious influ-
ence on coagulation function. But these two
anticoagulants had different preventive effects
on venous thrombosis. The application of rivar-
oxaban could reduce the incidence of postop-
erative venous thrombosis more obviously, so it
is more worthy of popularization and applica-
tion. But the results of this study were not rep-
resentative enough due to few objects of study,
short follow-up time, nature of retrospective
analysis and few study indicators. Therefore,
much attention shall be paid to deeper and
broader prospective studies with longer follow-
up time and larger sample size in the future so
as to provide more useful methods for the pre-
vention of venous thrombosis after knee ar-
throplasty.
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