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Abstract: Objective: This study aimed to assess the anticoagulant effect of rivaroxaban and low molecular weight 
heparin (LMWH) in patients undergoing total hip arthroplasty (THA). Methods: A retrospective study was performed 
on 110 patients who underwent primary THA in the department of orthopedics and traumatology. These patients 
were divided into an observation group (treated with rivaroxaban, n=60) and a control group (treated with LMWH, 
n=50) according to different anticoagulation methods after surgery. Hemoglobin (Hb), platelet count (PLT), thromb-
elastogram (TEG) parameters, and postoperative complications were monitored before surgery and 1, 3, 5, 7 days 
after surgery. Results: Hb in the observation group was significantly higher than that in the control group on the 
7th postoperative day (P<0.05). PLT in the observation group was significantly higher than that in the control group 
on the 5th and 7th postoperative day (P<0.05). The number of hypercoagulable patients in the observation group 
was less than that in the control group on the 3rd, 5th and 7th postoperative day (P<0.05). The coagulation reaction 
time (R) in the observation group was higher than that in the control group on the 3rd, 5th and 7th postoperative day 
(P<0.05). The observation group showed lower maximum amplitude (MA) as well as higher coagulation index (CI) 
than the control group on the 7th postoperative day (P<0.05). However, there was no statistical difference in antico-
agulant complications between the two groups (P>0.05). Conclusion: Rivaroxaban has better anticoagulant effect 
than LMWH, which can reduce the incidence of the hypercoagulable state, and rivaroxaban was effective and safe 
in clinical use.
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Introduction

Total hip arthroplasty (THA) is a commonly used 
method for the treatment of femoral neck frac-
ture, femoral head necrosis, and degenerative 
arthritis of the hip [1, 2]; which has the effect  
of restoring joint function, relieving pain, as  
well as improving the quality of life of patients 
[3, 4]. However, due to the large surgical 
wounds, excessive perioperative blood loss 
and high incidence of postoperative thrombo-
sis, preventing and treating thrombosis while 
stopping bleeding has become key after sur-
gery [5, 6].

Rivaroxaban and low-molecular-weight heparin 
(LMWH) are often used clinically to prevent 
deep vein thrombosis in patients undergoing 

hip joint surgery. The anticoagulant principle of 
LMWH is to reduce the activity of factor Xa in 
plasma. While rivaroxaban, an oral anticoagu-
lant, exerts anticoagulant effect by selectively 
blocking factor Xa in the coagulation cascade 
[7, 8]. Although both can prevent against post-
operative deep vein thrombosis, clinical find-
ings showed that LMWH may lead to thrombo-
cytopenia (0.1%-1%). Rivaroxaban is an oral 
preparation which pharmacokinetic tests sh- 
owed that the blood concentration reaches 
peak value at 4th hour after administration, with 
a bioavailability of 66%, while the blood concen-
tration of LMWH reaches the peak at 3rd hour 
after administration, shorter than that of the 
rivaroxaban, and with a bioavailability of 100%. 
Therefore, clinical selection of these two drugs 
remains controversial [9].
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The efficacy of anticoagulants has been tested 
by conventional coagulation tests, which only 
monitored the stage before fibrin formation but 
cannot not reflect the whole coagulation pro-
cess, hence, resulting in an error in predicting 
the risk of thrombosis [10]. Thrombelastogram 
(TEG) was initially used to assess the bleeding 
risk of surgical operation and guide the blood 
component transfusion as well as evaluate 
curative effects after infusion [11, 12]. It simu-
lates the whole process from coagulation to 
fibrinogen dissolution and evaluates the func-
tions of coagulation factors, fibrinogens and 
platelets [13, 14]. Compared to the convention-
al coagulation tests, TEG can monitor patients 
with potential coagulation dysfunction and pro-
vide timely intervention, thus reducing the risk 
of thrombosis [15-17]. A previous study has 
revealed that TEG is an ideal method for moni-
toring the postoperative hypercoagulable state, 
with both sensitivity and specificity to antico-
agulants exceeding 90% [18-20]. Therefore, 
this study applied TEG to monitor the coagula-
tion function of LMWH and rivaroxaban after 
THA and evaluate their anticoagulant effect.

Data and methods

General data

A retrospective study was conducted on 110 
patients aged 40-80 years old with an average 
age of (62.5±8.2 years old) who underwent  
primary THA from June 2016 to June 2019. 
These patients were divided into an observa-
tion group (treated with rivaroxaban, n=60) and 
a control group (treated with LMWH, n=50) 
according to different anticoagulation methods 
after surgery. All the above patients signed 
informed consent forms, and this study was 
approved by the Ethics Committee of Changyi 
People’s Hospital.

Inclusion and exclusion criteria

Inclusion criteria: (1). Patients undergoing pri-
mary unilateral hip arthroplasty. (2). Patients 
aged over 18 years. (3). Patients with normal 
preoperative TEG, routine blood work, coagula-
tion function and color Doppler ultrasound of 
veins of the lower limbs.

Exclusion criteria: Patients who have (1). Con- 
genital coagulation dysfunction. (2). Com- 
plicated with severe malnutrition or tumors. (3). 

Hepatic and renal insufficiency. (4). Recei- 
ving anticoagulants or anti-platelet-agglutina-
tion agents before surgery. (5). Previous acute 
cardiovascular and cerebrovascular diseases. 
(6). Incomplete clinical data. (7). Previous 
thrombosis. (8). Allergic to LMWH or riva- 
roxaban.

Methods

Medical records of hospitalized patients in the 
department of orthopedics and traumatology 
were collected to analyze the general data, 
such as age and sex, and clinical testing data. 
Control group: Subcutaneous injection of 2000 
IU of LMWH (Jiuyuan Gene Engineering Co., 
Ltd., Hangzhou, China, SFDA Approval No. 
H1990036) was performed 12 h after surgery, 
once per day, and the dosage was increased to 
4000 IU on the 3rd postoperative day, once per 
day. The anticoagulant therapy was lasted for 
14 days. Observation group: 10mg of rivaroxa-
ban (Bayer Healthcare Co., Ltd., Germany, SFDA 
Approval No. J20180076) was taken orally for 
anticoagulation, once per day for 35 days [21, 
22]. TEG, routine blood tests, coagulation func-
tion, and color Doppler ultrasound of veins of 
the lower limbs were performed before surgery 
and 1, 3, 5 and 7 days after surgery.

Outcome measures

Monitoring blood: Hemoglobin (Hb) and platelet 
(PLT) counts.

TEG: (1). Increased blood coagulation: coagula-
tion reaction time (R) no longer than 5 min, 
coagulation formation time (K) no longer than 
1min, maximum amplitude (MA) no less than 
70 mm, coagulation index (CI) larger than 3. (2). 
Decreased blood coagulation: R longer than 10 
min, K larger than 3 min, MA less than 50 mm, 
angle α less than 53°, CI less than -3 [23]. The 
TEG parameters and incidence of a hypercoag-
ulable state at various time points were 
recorded.

Recording postoperative hemorrhage and 
thrombosis: (1). Severe hemorrhage: fatal hem-
orrhage, major organ bleeding, bleeding at the 
surgical site, and sharp decrease of Hb. (2). 
Minor hemorrhage: subcutaneous ecchymosis, 
incision bleeding, and subcutaneous hemato-
ma. (3). Deep vein thrombosis occurred.
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Statistical indicators

SPSS 17.0 statistical software was applied to 
analyze the data. Continuous variables were 
expressed as mean ± standard deviation (

_
x  ± 

SD). Data in accordance with a normal distribu-
tion and homogeneity of variance were com-
pared by t test. The intra-group comparison 
was conducted by paired t test, and the inter-
group comparison was conducted by indepen-
dent t test (denoted by t). Data not accorded 
with normal distribution and homogeneity  
of variance were compared by rank sum test 
(denoted by Z). Counting data expressed as 
percentage (%) were analyzed using the Pea- 
rson chi-square test and Fisher exact probabil-
ity (expressed as chi-square). P<0.05 was con-
sidered statistically significant.

Results

Comparison of general data and baseline data

The statistical comparison showed that there 
was no difference between the two groups 
before testing in general data and baseline 

data, indicating a comparability (P>0.05), as 
shown in Table 1.

Comparison of Hb and PLT

There was no significant difference in Hb 
between the two groups before, and 1, 3, 5 
days after surgery (P>0.05). The Hb in the 
observation group was significantly higher than 
that in the control group on the 7th postopera-
tive day (P<0.05). There was no difference in 
PLT between the two groups before, and 1, 3 
days after surgery (P>0.05). The PLT in the 
observation group was significantly higher than 
that in the control group on the 5th and 7th post-
operative day (P<0.05). See Table 2 and Figure 
1.

Comparison of the number of hypercoagulable 
patients monitored by TEG

According to the TEG, on the 1st postoperative 
day, the number of hypercoagulable patients in 
the two groups accounted for 63.33% and 
64.00% respectively. The number of hyperco-
agulable patients in the observation group 

Table 1. Comparison of general data and baseline data
Subjects Observation group (n=60) Control group (n=50) χ2/t P value
Gender (Male/Female) 37/23 30/20 0.032 0.858
Age (years) 60.3±10.7 58.2±10.2 1.024 0.308
Body mass index (kg/m2) 22.89±2.18 22.72±2.33 0.403 0.688
Pathogeny 0.021 0.990
    Femoral neck fracture 22 (35.0%) 18 (37.5%)
    Osteonecrosis of the femoral head 28 (20.0%) 24 (17.5%)
    Degenerative coxitis 10 (5.0%) 8 (5.0%)
Course of disease 8.17±3.05 8.97±2.65 0.534 0.128
Co-morbidity
    Hyperlipidemia 1.500 0.221
        Yes 13 16
        No 47 34
    Hypertension 0.005 0.941
        Yes 20 17
        No 40 33
    Coronary disease 0.009 0.925
        Yes 10 8
        No 50 42
    Obesity 0.148 0.700
        Yes 10 7
        No 50 43
Intraoperative bleeding volume (mL) 1385.73±190.29 1345.89±201.56 0.562 0.654
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ween the two groups before and 1 day after 
surgery (P>0.05). While the R value in the 
observation group was higher than that in the 
control group on the 3rd, 5th and 7th postopera-
tive day (P<0.05). There was no significant dif-
ference in the K value and angle α between the 
two groups before and after surgery (P>0.05). 
The MA and CI had no difference between the 
two groups before, and 1, 3 and 5 days after 
surgery (P>0.05). While the observation group 
showed lower MA as well as higher CI than the 
control group on the 7th postoperative day 
(P>0.05), as shown in Table 4.

Comparison of anticoagulant complications

There was no statistical difference in anticoag-
ulant complications between the two groups 
(P>0.05), as shown in Table 5.

Discussion

Due to postoperative immobilization, vascular 
endothelial cell damage and PLT activation in 
vivo, THA is prone to cause a hypercoagulable 
state and deep vein thrombosis of patients 
[24]. Previous studies have found that postop-
erative bleeding occurred in patients due to the 
aggravation of fibrinolytic reaction caused by 
intraoperative trauma, leading to Hb decline 
after surgery [25, 26]. In our study Hb decline 
was also found in both groups after surgery, 
which was correlated with intraoperative and 
postoperative bleeding. A study revealed that 
premature destruction of PLT caused by vascu-
lar wall injury, intraoperative blood loss, and 

Table 2. Comparison of hemoglobin and platelet count

Subjects Observation 
group (n=60)

Control group 
(n=50) t P value

Hemoglobin (g/L)
    Preoperative 126.56±13.18 130.84±19.44 1.322 0.190
    1 d after surgery 102.17±11.60 106.88±19.00 1.569 0.113
    3 d after surgery 98.79±12.60 99.59±13.47 0.320 0.749
    5 d after surgery 91.48±13.12 92.67±14.87 0.446 0.657
    7 d after surgery 100.56±12.90 93.99±13.82 2.669 0.009
Platelet count (×109/L)
    Preoperative 190.13±81.16 187.83±53.36 0.172 0.854
    1 d after surgery 180.46±59.32 175.88±49.03 0.436 0.664
    3 d after surgery 165.95±60.40 157.95±45.07 0.774 0.441
    5 d after surgery 210.56±70.37 184.44±59.86 2.073 0.041
    7 d after surgery 255.78±74.39 222.12±72.05 2.397 0.018

Figure 1. A. Comparison of Hemoglobin before and 
after surgery. B. Comparison of platelet count before 
and after surgery. *indicates compared to observa-
tion group, P<0.05; **indicates compared to obser-
vation group P<0.01. HB: Hemoglobin; PLT: platelet 
count.

decreased significantly on the 
3rd postoperative day and in- 
creased on the 5th and 7th post-
operative day, and that in the 
control group gradually increa- 
sed with time. The number of 
hypercoagulable patients in the 
observation group was lower 
than that in the control group on 
the 3rd, 5th and 7th postoperative 
day (P<0.05). See Table 3 and 
Figure 2.

Comparison of TEG parameters

The comparison of TEG parame-
ters showed that there was no 
difference in the R value bet- 
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changes in PLT surface eventually led to its 
decrease 1-3 days after surgery and normal 
increase 3-7 days after surgery, which was also 
related to the hypercoagulable state of patients 
after surgery [27].

A study on anticoagulant therapy with LMWH 
showed that it might induce heparin -induced 
thrombocytopenia after 5-14 days of adminis-
tration. The main reason is that the platelet 
factor 4-heparin complex formed by the combi-
nation of heparin and platelet factor 4, which 
was largely released into the blood after sur-
gery induced the production of IgG antibody, 
and platelet factor 4-heparin-IgG antibody 
immune complex was formed by combining 
with IgG antibody, which could reduce PLT 
count by promoting its consumption in blood 
vessels [28]. However, rivaroxaban acts as a 

7th postoperative day due to the hypercoagula-
ble state of patients. The increase in the obser-
vation group was higher than that in the control 
group because of the thrombocytopenia in- 
duced by LMWH, which was consistent with the 
above research results.

TEG was employed to monitor the hypercoagu-
lable state of patients. The results showed that 
there was no difference in the number of hyper-
coagulable patients between the two groups  
on the 1st postoperative day, while the rivarox-
aban group showed fewer hypercoagulable 
patients than the LMWH group on the 3rd, 5th 
and 7th postoperative days, which indicated 
that rivaroxaban had better anticoagulant 
effect than LMWH. Research abroad found that 
according to TEG, rivaroxaban has better anti-
coagulant effect than LMWH [30], which was 
consistent with the results of our study.

Further study on TEG parameters at different 
time points found that the R value of rivaroxa-
ban was longer than that of LMWH on the 3rd, 
5th and 7th postoperative day, while the MA of 
rivaroxaban was lower than that of LMWH on 
the 7th postoperative day. R value refers to the 
time from the beginning of the testing to fibrin 
clot formation, reflecting the comprehensive 
action of coagulation factors [31]. In this study, 
it was found that the R value of LMWH was 
shorter than 5 min on the 3rd, 5th and 7th post-
operative day, while that of rivaroxaban was 
above 5 min, suggesting that rivaroxaban had a 
better anticoagulant effect than LMWH. MA is 
an index evaluating the hardness of a blood 
clot, and PLT and fibrinogen stability. In this 
study, the MA of rivaroxaban was lower than 
that of LMWH, which also indicates that rivar-
oxaban was superior to LMWH in anticoagulant 
effects [32, 33]. K value is an index reflecting 
the formation rate of blood clots, and our study 
demonstrated that there was no clear differ-

Table 3. Comparison of the number of hypercoagulable pa-
tients

Subjects Observation 
group (n=60)

Control group 
(n=50) t P value

Number of hypercoagulable patients
    1 d after surgery 38 (63.33%) 32 (64.00%) 0.005 0.942
    3 d after surgery 25 (41.67%) 36 (72.00%) 10.158 0.001
    5 d after surgery 36 (60.00%) 42 (84.00%) 7.615 0.006
    7 d after surgery 46 (76.67%) 46 (92.00%) 4.685 0.030

Figure 2. Comparison of the number of hypercoagu-
lable patients. *indicates compared to observation 
group, P<0.05; **indicates compared to observation 
group, P<0.01.

factor Xa inhibitor exerts antico-
agulant effects [8]. Oral rivaroxa-
ban reaches the peak of blood 
concentration in 2-4 hours and 
has the characteristics of stable 
pharmacokinetics and high bio-
availability [29]. In this study, the 
PLT in both groups showed de- 
creased reactivity on the 1st and 
3rd postoperative day, but in- 
creased reactivity on the 5th and 
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Table 4. Comparison of thrombelastogram parameters

Subjects Observation 
group (n=60)

Control group 
(n=50) t P value

R (min)
    Preoperative 5.97±1.30 6.25±1.30 1.726 0.071
    1 d after surgery 4.72±1.19 5.14±1.42 1.789 0.055
    3 d after surgery 5.15±1.08 4.72±1.09 2.320 0.030
    5 d after surgery 5.20±1.27 4.71±1.10 2.422 0.011
    7 d after surgery 5.24±1.22 4.63±1.18 2.976 0.001
K (min)
    Preoperative 1.31±0.79 1.32±0.63 0.046 0.934
    1 d after surgery 1.54±0.79 1.49±0.59 0.356 0.745
    3 d after surgery 1.33±0.49 1.20±0.44 0.987 0.207
    5 d after surgery 1.23±0.51 1.28±0.52 0.487 0.667
    7 d after surgery 1.19±0.38 1.06±0.31 2.414 0.106
α (°)
    Preoperative 51.21±28.15 59.03±24.43 0.903 0.204
    1d after surgery 70.23±6.85 70.21±6.10 0.021 0.988
    3d after surgery 72.41±5.31 73.50±5.01 0.798 0.303
    5d after surgery 72.75±5.50 72.60±5.37 0.051 0.907
    7d after surgery 73.27±4.76 74.26±3.86 1.879 0.058
MA (mm)
    Preoperative 50.10±26.00 55.16±22.76 0.823 0.204
    1 d after surgery 62.83±6.81 64.91±7.09 0.994 0.170
    3 d after surgery 66.50±6.38 68.83±5.94 1.817 0.093
    5 d after surgery 68.71±6.14 68.89±6.34 0.058 0.900
    7 d after surgery 68.89±5.61 72.62±5.50 2.523 0.017
CI
    Preoperative 0.49±1.37 0.46±1.75 0.078 0.824
    1 d after surgery 1.50±1.87 1.17±1.57 1.923 0.056
    3 d after surgery 1.71±1.27 1.96±1.51 0.632 0.433
    5 d after surgery 2.23±1.34 2.12±1.53 1.787 0.087
    7 d after surgery 2.60±1.81 2.26±1.46 1.723 0.032
Note: R, coagulation reaction time; K, coagulation formation time; MA, maxi-
mum amplitude; CI, coagulation index; α, an index reflecting the dynamic 
state of coagulation.

ence between the two groups, which may be 
related to the smaller sample size and the large 
range of normal values of PLT. According to 
another study, the K value would be lost when 
the coagulation function was reduced to a cer-
tain degree, at which the angle α was taken as 
an indicator to reflect the coagulation factor 
[34]. The angle α is an index reflecting the 
dynamic state of coagulation, and smaller angle 
α indicates lower the blood coagulation. In our 
study, there was no difference in angle α 
between the two groups before and after sur-
gery. However, the angle α in rivaroxaban group 

showed a downward trend and was 
lower than that in LMWH group, 
suggesting that rivaroxaban has a 
better effect on lowering blood 
coagulation. CI is a comprehen- 
sive evaluation index reflecting the 
whole coagulation process, which 
is calculated from the above index-
es [35]. In this study, there was no 
statistical difference in CI between 
the two groups 1-5 days after sur-
gery, but the CI in the observation 
group was significantly higher than 
that in the control group on the 7th 
postoperative day, indicating that 
rivaroxaban had better anticoagu-
lant effect than LMWH.

Additional study reported that 
there was no statistical difference 
in the incidence of thrombosis 
after treatment with rivaroxaban 
and LMWH between the two 
groups, and the incidence of hem-
orrhage was 5.9% and 5.8%, 
respectively [36]. Our study also 
found that there was also no differ-
ence in postoperative thrombosis 
and hemorrhage, which was con-
sistent with the above results.

Deficiencies and prospects: This is 
a retrospective study with small 
sample size. Therefore, a multi-
center randomized controlled study 
with large sample size will be 
adopted. Moreover, the follow-up 
time of this study will be increased 
to better observe the curative 
effect of rivaroxaban and LMWH.

To sum up, rivaroxaban has little effect on 
platelets. According to TEG, rivaroxaban has 
better anticoagulant effect than LMWH, which 
can reduce the incidence of hypercoagulable 
state of patients without increasing the risk of 
bleeding and is safe and effective for clinical 
use.
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Table 5. Comparison of postoperative complications
Postoperative complication Observation group (n=60) Control group (n=50) χ2 P value
Lethal hemorrhage 0 (0.00%) 0 (0.00%)
Important organ hemorrhage 1 (1.67%) 1 (2.00%)
Obvious bleeding in operative site 1 (1.67%) 1 (2.00%)
Sharp decline of hemoglobin 1 (1.67%) 1 (2.00%)
Subcutaneous ecchymosis 13 (21.67%) 12 (24.00%)
Incision bleeding 2 (3.33%) 1 (2.00%)
Subcutaneous hematoma 2 (3.33%) 3 (6.00%)
Deep venous thrombosis 1 (1.67%) 2 (4.00%)
Total number of cases 21 (35.00%) 20 (40.00%) 0.292 0.589
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