
Analysis of major risk factors for DVT 113Tohoku J. Exp. Med., 2025, 265, 113-121

113

Received June 16, 2024; revised and accepted September 2, 2024; J-STAGE Advance online publication September 12, 2024
Correspondence: Zhaoxing Tian, Emergency Department, Beijing JiShuiTan Hospital, No. 68, Huinan North Road, Changping District, 

Beijing 102200, China.
e-mail: drtianzhaoxing@163.com

©2025 Tohoku University Medical Press. This is an open-access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC-BY-NC-ND 4.0). Anyone may download, reuse, copy, reprint, or 
distribute the article without modifications or adaptations for non-profit purposes if they cite the original authors and source properly.
https://creativecommons.org/licenses/by-nc-nd/4.0/

Prediction and Risk Factors of Lower Extremity Deep Vein 
Thrombosis after Total Joint Arthroplasty
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This study was to retrospectively analyze the incidence of deep vein thrombosis (DVT) in patients 
undergoing total joint arthroplasty (TJA) and analyze the risk factors for DVT.  113 patients with TJA were 
divided into the DVT group (n = 11) and the non-DVT group (n = 102) according to the postoperative 
ultrasound diagnosis, and the incidence of DVT after TJA was calculated.  Logistic regression was used to 
analyze the correlation between DVT and patients’ age, medical history, surgical factors, blood indexes to 
identify the risk factors of DVT after TJA.  Receiver operator characteristic (ROC) curve was constructed to 
evaluate the diagnostic accuracy of risk factors for DVT.  According to the results of ultrasound examination, 
DVT occurred in 11 of 113 patients after TJA, and the incidence rate of DVT was 9.73%.  Univariate 
analysis showed that the levels of age, diabetes mellitus, operation time, intraoperative blood loss, 
intraoperative blood transfusion, antithrombin-Ⅲ (AT-Ⅲ), plasma protein C (PC), soluble platelet endothelial 
cell adhesion molecules-1 (SPECAM-1) and tissue-type plasminogen activator (t-PA) in the DVT group 
were significantly different from those in the non-DVT group (P < 0.05).  Multivariate analysis showed that 
combined diabetes, decreased PC and t-PA were risk factors for DVT (P < 0.05).  ROC analysis showed 
that PC combined with t-PA had the highest diagnostic accuracy for DVT.  Patients with diabetes mellitus 
are at high risk for DVT after TJA, the increase of D-dimer, the decrease of PC and t-PA after 24 h of TJA is 
the the risk factors for DVT occurrence.
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Introduction
Artificial joint prosthesis technology is one of the 

greatest research achievements in the medical field in the 
20th century.  With the continuous breakthrough in the field 
of bioengineering and material science, artificial joint 
replacement has solved the pain of more and more patients 
with advanced joint diseases and improved their quality of 
life (Ferraro et al. 2021).  Total joint arthroplasty (TJA) 
includes total knee arthroplasty (TKA) and total hip arthro-
plasty (THA) (Scales et al. 2010; Ginnetti et al. 2022).  As 
the aging of the population becomes more and more seri-
ous, the number of TJA operations is increasing every year 
(Wang et al. 2022).  Although TJA may not be satisfactory 
to all patients after surgery, it is still considered as one of 
the best methods to improve the quality of life of patients 
with joint disease.  However, this operation also has many 
complications, such as poor wound healing, prosthesis loos-

ening, infection, and deep vein thrombosis (DVT) of lower 
extremity (Wu et al. 2020).

DVT is a thrombus formed in the deep veins of the 
lower extremities under the combined action of internal and 
external factors, which can be divided into proximal, distal, 
and mixed types according to the location of occurrence 
(Navarrete et al. 2023).  Under normal physiological condi-
tions, the body always keeps a dynamic balance between 
coagulation and fibrinolysis.  If this balance is broken, the 
tendency of blood clots in the vessels is strengthened, 
which will lead to abnormal aggregation of fibrin, abnormal 
increase of fibrin degradation products, and activation of 
various thrombin enzymes (Navarrete et al. 2023; Waheed 
et al. 2025).  It is reported that the incidence of DVT in 
patients after THA is 40%-58% without anticoagulation 
therapy (Rachidi et al. 2013).  Nicol et al. (2009) reported 
that no measures have been taken to prevent thrombosis 
after spinal surgery, and the incidence of DVT was gener-
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ally between 2.9% and 14.0%.  DVT is one of the common 
postoperative complications of TKA.  If the condition con-
tinues to deteriorate without effective intervention, it may 
have a higher probability of developing fatal complication, 
that is, pulmonary embolism (Wenger et al. 2021).  With the 
increasing maturity of TJA technique in joint surgery, the 
occurrence of postoperative DVT has been paid more atten-
tion.

Clinical studies showed that active prevention before 
operation can effectively reduce the incidence of postopera-
tive DVT (Liu et al. 2016; Chai et al. 2021).  In actual clini-
cal practice, doctors need to understand which are the risk 
factors for postoperative DVT, or which patients are the 
high-risk group of postoperative DVT.  These questions are 
the thorny problems in the field of joint orthopedics, and 
they are also important topics that need to be studied 
urgently.  Therefore, this study retrospectively analyzed 113 
patients with TJA, aiming to explore the incidence and 
potential risk factors of postoperative DVT, so as to provide 
an effective basis for identifying high-risk patients before 
operation and taking targeted measures.

Materials and Methods
Inclusion of the study sample

The clinical data of patients with TJA in Beijing 
JiShuiTan Hospital were analyzed retrospectively.  The 
inclusion criteria are as follows: 1) Complete patient data; 
2) The diagnosis of the patient’s disease is definite and pri-
mary; 3) All patients were treated with TJA for the first 
time; 4) There were no symptoms of active infection, and 
there were no significant abnormalities in C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR) and blood 
routine examination before operation.  The exclusion crite-
ria are as follows: 1) Patients with DVT before operation; 2) 
Active hemorrhage or recent spontaneous intracranial hem-
orrhage; 3) Long-term use of anticoagulant medicine or 
accompanied by bleeding diseases; 4) severe hepatic and 
renal insufficiency; 5) Patients with contraindications to 
anticoagulation therapy.  A total of 113 patients met the cri-
teria, including 65 TKA patients and 48 THA patients.

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.  Approval was granted 
by the Ethics Committee of Beijing JiShuiTan Hospital.  
Informed consent was obtained from all individual partici-
pants included in the study.

Perioperative treatment
1) 24 h before operation: All patients included in the 

study were examined by color Doppler ultrasound before 
operation, including intermuscular vein, anterior and poste-
rior tibial vein, posterior popliteal vein of knee joint, femo-
ral vein of thigh, etc.  The standard for diagnosis of DVT is 
that vascular ultrasound shows the filling defects of the 
above veins.

2) 24 h after operation: All patients were operated by 
the same joint surgeon and his team, and each patient was 

undergoing unilateral replacement for the first time.  
Anticoagulant therapy: rivaroxaban (10 mg) was taken 
orally once a day from 8 h after operation, and 10 mg each 
time from the first day after operation.  Functional rehabili-
tation: standardize and guide early rehabilitation exercises 
and encourage patients to get out of bed properly in the 
early stage.

3) 72 h after operation: The treatment method is the 
same as before.  The vein diameter, blood flow changes, 
lumen pressure, deep vein valve function and thrombosis of 
both lower limbs were detected by Doppler ultrasound.

Observation indicators
Preoperative information was collected, including age, 

sex, height, weight, smoking and drinking history, underly-
ing diseases, disease type, American Society of 
Anesthesiologists (ASA) grade, operation duration, intraop-
erative blood loss and intraoperative blood transfusion.  In 
addition, the indexes of antithrombin-Ⅲ (AT-Ⅲ), plasma 
protein C (PC), soluble platelet endothelial cell adhesion 
molecules-1 (SPECAM-1), endothelin-1 (ET-1), plasmino-
gen activator inhibitor-1 (PAI-1) and tissue-type plasmino-
gen activator (t-PA) were detected before surgery and 24 
and 72 h after surgery, respectively.

Data analysis
SPSS 22.0 software and GraphPad Prism 7.0 software 

were used for data analysis and figures rendering.  
Quantitative data is expressed as mean ± standard deviation 
(SD), and qualitative data is represented as n (%).  T-test, 
Chi-square test or paired sample T-test was used for com-
parison between groups, or pairwise comparison within 
groups.  The receiver operator characteristic (ROC) curve 
was performed to analyze the diagnostic accuracy of each 
index for DVT.  P < 0.05 was considered as significant dif-
ference.

Results
Summary of preoperative information of 113 subjects with 
TJA

The information of 113 subjects involved in this study 
is summarized in Table 1.  Of the 113 subjects, 62 were 
male and 51 were female, and their age range was 23-79 
years, with a mean age of (57.65 ± 12.25) years.  Among 
them, 48 cases received THA, and 65 cases received TKA.  
There were 65 cases of knee osteoarthritis, 18 cases of hip 
osteoarthritis, 22 cases of femoral head necrosis and 8 cases 
of other diseases.

Trend of perioperative blood indexes in 113 patients with 
TJA

Table 2 summarized the changes of blood coagulation 
indexes (AT-III, PC), endothelial injury indexes 
(SPECAM-1, ET-1) and fibrinolysis indexes (PAI-1, t-PA) 
in 113 patients before and after TJA.  The results showed 
that the levels of AT-III, SPECAM-1 and t-PA increased at 
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24 h and 72 h after TJA, and the above indexes were signif-
icantly higher at 72 h compared with 24 h after TJA (P < 
0.001).  Additionally, compared with pre-operation, the lev-
els of PC, ET-1 and PAI-1 at 24 h and 72 h after operation 
showed a decreasing trend, and these indexes decreased 
more at 72 h after operation than at 24 h after TJA (P < 
0.001).

The incidence of DVT and the comparison of clinical  
information between the two groups

On the third day after TJA, the patients were examined 
by Doppler ultrasound of lower limbs, and 11 patients 
developed DVT.  In this study, the incidence rate of DVT 
after TJA was 9.73%.  As shown in Table 3, the clinical data 

of 11 DVT patients and 102 non-DVT patients were ana-
lyzed, and it was found that the age of patients in the DVT 
group was significantly older than that in the non-DVT 
group, and the proportion of diabetes mellitus in the DVT 
group was significantly higher than that in the non-DVT 
group (P < 0.05).  It was also observed that the average 
operation duration, average intraoperative blood loss and 
blood transfusion in the DVT group were significantly 
higher than those in the non-DVT group (P < 0.05).  In 
addition, intra-group analysis of the blood indicators of the 
two cohorts found that the perioperative levels of AT-III, 
SPECAM-1, and t-PA in the two groups showed an increas-
ing trend, while the perioperative levels of PC, ET-1 and 
PAI-1 showed a decreasing trend (Table 4, P < 0.05).  

Table 1.  Baseline data of all subjects.

Items TJA patients (n = 113)

Sex (male/female) 62/51
Age (years)   57.65 ± 12.25
BMI (kg/m2) 24.21 ± 1.51
Smoking history (n, %) 71 (62.8%)
Drinking history (n, %) 53 (46.9%)
Complications (n, %)
Hypertension 50 (44.2%)
Diabetes 37 (32.7%)
Disease type (n, %)
Knee osteoarthritis 65 (57.5%)
Hip osteoarthritis 18 (15.9%)
Osteonecrosis of the femoral head 22 (19.5%)
Others 8 (7.1%)
Type of operation (n, %)
THA 48 (42.5%)
TKA 65 (57.5%)
Operation duration (min) 101.23 ± 39.76
Intraoperative bleeding loss (mL)   327.26 ± 265.27
Intraoperative blood transfusion (mL)   96.81 ± 140.58

BMI, body mass index; TJA, total joint arthroplasty; THA, total hip arthroplasty; 
TKA, total knee arthroplasty.  P < 0.05 means significant difference.

Table 2.  Changes of perioperative laboratory indicators in patients with TJA.

Indicators 1 day before TJA 24h after TJA 72h after TJA

AT-III (μg/mL) 70.03 ± 20.51   81.36 ± 24.93*** 118.65 ± 34.61***/###

PC (μg/mL) 2.03 ± 0.66   1.20 ± 0.36***   0.88 ± 0.30***/###

SPECAM-1 (μg/L) 68.47 ± 26.14 107.42 ± 39.27*** 156.40 ± 42.75***/###

ET-1 (ng/L) 39.26 ± 13.27 18.41 ± 5.95*** 15.27 ± 5.64***/###

PAI-1 (ng/mL) 4.23 ± 1.53   3.57 ± 1.18***   2.49 ± 0.70***/###

t-PA (μg/L) 2.03 ± 1.03   2.53 ± 0.86***   2.87 ± 0.83***/###

D-dimer (mg/L) 0.49 ± 0.07   2.53 ± 0.95***   4.16 ± 2.03***/###

FIB (g/L) 3.23 ± 0.49  3.62 ± 2.32**   4.39 ± 2.24***/###

TJA, total joint arthroplasty; AT-III, antithrombin-Ⅲ; PC, plasma protein C; SPECAM-1, soluble 
platelet endothelial cell adhesion molecules-1; ET-1, endothelin-1; PAI-1, plasminogen activator inhib-
itor-1; t-PA, tissue-type plasminogen activator; FIB, fibrinogen. **P < 0.01, ***P < 0.001 vs. 1 day before 
TJA. ###P < 0.001 vs. 24 h after TJA.
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Furthermore, an intergroup comparison between the two 
cohorts showed that AT-III levels were significantly lower 
in the DVT group before and 24 hours after surgery than in 
the non-DVT group (Fig. 1A, P < 0.05).  As shown in Fig. 
1B, PC level in the DVT group was significantly lower than 
that in the non-DVT group 24 h after surgery (P < 0.01).  
For SPECAM-1, patients in the DVT group had signifi-
cantly higher levels at 24 h and 72 h after surgery than 
those in the non-DVT group (Fig. 1C, P < 0.05).  For ET-1, 
although the level in the DVT group was higher than that in 
the non-DVT group during the perioperative period, the dif-
ference was not significant (Fig. 1D, P > 0.05).  As exhib-
ited in Fig. 1E, the PAI-1 levels in DVT group were signifi-
cantly higher than that in non-DVT group at 72 h after 
operation (P < 0.05).  The level of t-PA in DVT group was 
significantly lower than that in non-DVT group at 24 h 
before operation, 24 h after operation and 72 h after opera-
tion (Fig. 1F, P < 0.05).  In addition, compared with the 
1day before TJA, the expression level of D-dimer was 
observed to increase at 24 h and 72 h after TJA, and the 

level in the DVT group was significantly higher than that in 
the non-DVT group at 24 h and 72 h after TJA (Fig. 1G, P 
< 0.01).  For FIB level, it was observed that the expression 
level in DVT group was higher than that in non-DVT group 
at 72 h after operation (Fig. 1H, P < 0.001).

Risk factors for postoperative DVT in TJA patients 
The indicators with significant differences between the 

DVT group and the non-DVT group were included in mul-
tivariate logistic regression analysis to evaluate the poten-
tial risk factors for the occurrence of DVT.  The results in 
Table 5 showed that age, combined diabetes, increased 
D-dimer, decreased PC and reduced t-PA were risk factors 
for postoperative DVT in TJA patients (P < 0.05).

The value of PC and t-PA in the combined diagnosis of DVT 
at 24 h after surgery

ROC curves of blood indexes D-dimer, PC and t-PA, 
which had significant significance in multivariate regression 
analysis, were constructed to evaluate their clinical diag-

Table 3.  Comparison of clinical information between DVT patients and non-DVT patients.

Items Non-DVT group
(n = 102)

DVT group
(n = 11) P

Sex (male/female) 57/45 5/6 0.540
Age (years) 56.65 ± 12.28 66.37 ± 8.10 0.004
BMI (kg/m2) 24.17 ± 1.55 24.36 ± 0.92 0.693
Smoking history (n) 64 7 0.903
Drinking history (n) 46 7 0.343
Hypertension (n) 46 4 0.752
Diabetes (n) 29 8 0.005
Disease type (n) 0.627
Knee osteoarthritis 59 6
Hip osteoarthritis 15 3
Osteonecrosis of the femoral head 21 1
Others   7 1
Type of operation (n) 0.757
THA 44 4
TKA 58 7
Operation duration (min) 97.21 ± 33.54 138.55 ± 68.17 0.001
Intraoperative bleeding loss (mL) 309.61 ± 243.85   490.91 ± 393.58 0.030
Intraoperative blood transfusion (mL)   87.64 ± 136.03   181.82 ± 160.11 0.034
Site of thrombosis after TJA (n, %)
Venae musculares /   7 (63.6%)
Venae tibiales posteriores /   2 (18.2%)
Venae tibiales anteriores / 1 (9.1%)
Common femoral veins / 0 (0)
Popliteal vein / 1 (9.1%)
Medication information (n, %)
Enteric-coated aspirin /   11 (100.0%)
Low molecular weight heparin calcium /   8 (72.7%)

DVT, deep vein thrombosis; BMI, body mass index; THA, total hip arthroplasty; TKA, total knee arthroplasty.  P < 
0.05 means significant difference.
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Table 4.  Comparison of perioperative laboratory indexes between non-DVT group and DVT group.

Indicators Group 1 day before TJA 24h after TJA 72h after TJA

AT-III (μg/mL)
Non-DVT (n = 102) 71.40 ± 20.58  83.25 ± 25.36**   119.78 ± 35.44***/###

DVT (n = 11) 57.24 ± 15.27 63.82 ± 9.39*    108.20 ± 24.29***/###

PC (μg/mL)
Non-DVT (n = 102) 2.02 ± 0.66   1.23 ± 0.35***     0.89 ± 0.30***/###

DVT (n = 11) 2.09 ± 0.59   0.93 ± 0.32***   0.83 ± 0.28***

SPECAM-1 (μg/L)
Non-DVT (n = 102) 67.90 ± 26.61 104.59 ± 36.16***   153.55 ± 39.54***/##

DVT (n = 11) 73.75 ± 21.52 133.61 ± 56.79** 182.80 ± 61.93**/#

ET-1 (ng/L)
Non-DVT (n = 102) 38.65 ± 13.41 18.12 ± 6.01***     15.01 ± 5.75***/###

DVT (n = 11) 44.88 ± 10.74 21.06 ± 4.86*** 17.72 ± 3.89***

PAI-1 (ng/mL)
Non-DVT (n = 102) 4.15 ± 1.54   3.51 ± 1.19***     2.44 ± 0.68***/###

DVT (n = 11) 4.97 ± 1.26  4.17 ± 1.01**    2.97 ± 0.74***/##

t-PA (μg/L)
Non-DVT (n = 102) 2.07 ± 1.07   2.61 ± 0.86***    2.94 ± 0.83***/##

DVT (n = 11) 1.64 ± 0.39 1.83 ± 0.35*   2.24 ± 0.44**/##

D-dimer (mg/L)
Non-DVT (n = 102) 0.49 ± 0.07   2.61 ± 0.83***     3.98 ± 1.79***/###

DVT (n = 11) 0.51 ± 0.07   3.22 ± 0.92***     6.45 ± 2.73***/###

FIB (g/L)
Non-DVT (n = 102) 3.22 ± 0.46   3.61 ± 2.08***     4.21 ± 2.11***/###

DVT (n = 11) 3.31 ± 0.51   4.29 ± 2.68***     6.07 ± 2.74***/###

DVT, deep vein thrombosis; TJA, total joint arthroplasty; AT-III, antithrombin-Ⅲ; PC, plasma protein C; 
SPECAM-1, soluble platelet endothelial cell adhesion molecules-1; ET-1, endothelin-1; PAI-1, plasminogen 
activator inhibitor-1; t-PA, tissue-type plasminogen activator; FIB, fibrinogen.  *P < 0.05, **P < 0.01, ***P < 0.001 
vs. 1 day before TJA.  #P < 0.05, ##P < 0.01, ###P < 0.001 vs. 24 h after TJA.

Fig. 1.  Comparison of perioperative laboratory parameters between DVT group and non-DVT group.  (A) The levels of anti-
thrombin-Ⅲ (AT-III) gradually increased during the perioperative period.  (B) Plasma protein C.  (C) Soluble platelet 
endothelial cell adhesion molecules-1 (SPECAM-1).  (D) Endothelin-1 (ET-1).  (E) Plasminogen activator inhibitor-1 
(PAI-1).  (F) Tissue-type plasminogen activator (t-PA).  (G) D-dimer.  (H) fibrinogen (FIB).  *P < 0.05, **P < 0.01, ***P < 
0.001 vs. Non-DVT group.
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nostic value for DVT.  As shown in Fig. 2A, the ROC curve 
shows that the sensitivity and specificity of D-dimer for 
distinguishing DVT patients from non-DVT patients are 
72.7% and 84.3%, and the AUC value of ROC curve is 
0.844.  The results showed that for PC to distinguish DVT 
from non-DVT, the AUC of its ROC curve was 0.773, and 
the sensitivity and specificity were 74.5% and 81.8%, 
respectively (Fig. 2B, P < 0.05).  For t-PA, the AUC of its 

ROC curve was 0.830, the sensitivity was 80.4%, and the 
specificity was 81.8% (Fig. 2C, P < 0.05).  The ROC curve 
constructed by PC combined with t-PA is shown in Fig. 2D.  
The AUC of this curve was 0.885, and the sensitivity and 
specificity were 90.9% and 78.4%, respectively.  In sum-
mary, the combination of PC and t-PA has the highest diag-
nostic accuracy for DVT.

Table 5.  Multivariate logistic regression analysis.

Items 95% CI OR P

Age (year)   3.524-23.138 7.975 0.008
Diabetes (n)   2.006-17.459 6.013 0.019
Operation duration (min) 0.624-7.936 3.983 0.137
Intraoperative bleeding loss (mL)   2.035-25.132 7.873 0.503
Intraoperative blood transfusion (mL)   0.886-16.609 3.006 0.369
AT-III (μg/mL) 0.053-3.123 0.573 0.515
PC (μg/mL) 0.009-0.703 0.069 0.027
SPECAM-1 (μg/L) 1.135-6.726 6.897 0.069
t-PA (μg/L) 0.009-0.516 0.030 0.016
D-dimer (mg/L)   1.162-14.857 7.335 0.011

OR: odds ratio; AT-III, antithrombin-Ⅲ; PC, plasma protein C; SPECAM-1, soluble platelet endo-
thelial cell adhesion molecules-1; t-PA, tissue-type plasminogen activator.  P < 0.05 was a signifi-
cant difference.

Fig. 2.  The ability of DVT identification was evaluated by receiver operator characteristic (ROC) curves.  (A) ROC curve of 
D-dimer.  (B) The area under the ROC curve of plasma protein C is 0.773.  (C) ROC curve of tissue-type plasminogen 
activator (t-PA).  (D) ROC curve of PC combined with t-PA. 
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Discussion
Artificial joint arthroplasty has brought good news to 

patients with joint diseases, and greatly improved the qual-
ity of life.  However, DVT is one of the most common seri-
ous complications after joint arthroplasty.  Therefore, early 
diagnosis and treatment and active prevention of deep 
venous thrombosis are particularly important.  In this study, 
the results showed that DVT occurred in 11 out of 113 
patients with TJA, with an incidence rate of DVT was 
9.73%.  Multivariate regression analysis showed that age, 
diabetes, increased D-dimer and the reduction of PC and 
t-PA at 24 h after TJA were risk factors for DVT after TJA.  
ROC analysis showed that both PC and t-PA showed pre-
dictive value for distinguishing DVT from non-DVT, but 
the combination of PC and t-PA had the highest diagnostic 
accuracy for DVT.

The occurrence of DVT after TJA is a serious postop-
erative disease caused by the interaction of many reasons, 
among which the hypercoagulable state of blood, damaged 
vein wall and slow venous blood flow are the main reasons, 
which are also the three elements of Virchow thrombosis 
(Yao et al. 2023).  In addition, postoperative limb immobili-
zation or bed rest will promote blood stasis or slow down 
the flow rate, eventually change the metabolic environment, 
lead to local tissue hypoxia, and further promote the forma-
tion of DVT (Dai et al. 2021).  In this study, the postopera-
tive incidence of DVT in patients receiving TJA is about 
9.73%, which was lower than that reported in previous 
studies (17.96%) (Zhang et al. 2017).  In addition to the 
small sample size in this study, preoperative and postopera-
tive care in different hospitals may also be another impor-
tant factor leading to this difference.

A large number of basic and clinical studies showed 
that thrombosis is caused by the changes of vascular endo-
thelial cells, platelets, coagulation, anticoagulation, fibrino-
lytic system and hemorheology, etc.  (Furie and Furie 2008; 
Brill 2021).  These factors have changed to varying degrees 
before thrombosis, and these changes have an important 
influence on the course and prognosis of the disease.  
Antithrombin system, protein C system and tissue factor 
pathway inhibitor are the three main anticoagulation sys-
tems in the human body (Segel and Francis 2000).  AT-III 
and PC are important anticoagulant factors in vivo, and 
their congenital or acquired deficiency may lead to hyper-
coagulability and increase the risk of DVT formation 
(Suehisa et al. 2001; Elfaki et al. 2023).  Fibrinolysis refer 
to the process by which fibrin or fibrinogen is hydrolyzed 
by fibrinolytic enzyme.  PAI-1 and t-PA are two important 
indicators to measure fibrinolysis function.  PAI-1 is an 
inhibitor of t-PA, which binds to t-PA in a ratio of 1:1 to 
inactivate t-PA (Mo et al. 2015).  Therefore, an imbalance 
of PAI-1 and t-PA can lead to the abnormalities of fibrino-
lytic system, followed by bleeding due to the increase of 
fibrinolytic activity, or thrombosis due to the decrease of 
fibrinolytic activity.  The damage of vascular endothelial 

cells is one of the precursors of thrombosis.  The damaged 
endothelial cells expose the basement membrane of blood 
vessels, and lead to platelet aggregation to thrombosis 
(Takahashi et al. 2010).  After endothelial cell injury, fac-
tors such as ET-1 are released to activate platelets.  
Activated platelets can combined with exposed vascular 
basement membranes and endothelial cells, suggesting the 
expression of adhesion molecules such as SPECAM-1 that 
further promote thrombosis.  On the basis, according to the 
mechanism of DVT, AT-III, PC, SPECAM-1, ET-1, PAI-1, 
and t-PA were selected as the main research indicators, and 
the patients included in the study were dynamically 
observed to analyze the relationship between these indica-
tors and DVT.

In the present study, the AT-III expression in patients 
with DVT and non-DVT during perioperative period 
showed a gradual upward trend, while the expression of PC 
showed a downward trend.  However, it is worth noting that 
the levels of AT-III and PC in the DVT group were signifi-
cantly lower than those in the non-DVT group 24 h after 
TJA.  Deficiency of AT-III is known to result in a hyperco-
agulable state of the body, increasing the risk of thrombo-
embolism disease by 10-50 times (Ye et al. 2022).  
Similarly, a lack of PC can lead to insufficient inactivation 
of coagulation factors, increasing the risk of thrombosis and 
increasing the recurrence rate (Wang et al. 2021).  In addi-
tion, this study demonstrated that the expression of 
SPECAM-1 increased and the level of ET-1 decreased in 
the two groups during the perioperative period.  However, 
the expression level of SPECAM-1 in the DVT group was 
higher than that in the non-DVT group at 24 h and 72  h 
after TJA.  During the perioperative period, PAI-1 
decreased, while t-PA increased.  In view of the dynamic 
change trend of the above indicators, the indicators and 
baseline indicators of the two groups at 24 h after TJA were 
included in logistic regression analysis to evaluate the risk 
factors affecting DVT.  Multivariate analysis showed that 
age, combined diabetes, increased D-dimer, decreased PC 
and decreased t-PA were risk factors for DVT after TJA.  
As is known to all, with the increase of age, the curvature 
and hardness of blood vessels increase, and the acquired 
hypercoagulability of blood increases (Akrivou et al. 2022).  
Although age is controversial as a risk factor for DVT of 
lower limbs, it is generally believed that the risk of DVT 
increases with age (Crop et al. 2014).  In addition, the high 
glucose may damage the vascular endothelium, induce the 
release of various inflammatory mediators and further acti-
vating the coagulation system (Kang et al. 2015).  A retro-
spective study showed that diabetes mellitus is an indepen-
dent risk factor for patients with DVT before TJA (Xiong et 
al. 2022).  Therefore, for elderly and diabetic patients, DVT 
should be closely monitored and prevented before and after 
surgery.

The advantage of this study is to determine the predic-
tive value of PC combined with t-PA for DVT after TJA by 
evaluating various perioperative blood indexes of TJA 
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patients.  The limitations of this study are that: (1) This is a 
retrospective study with a limited sample size, and a pro-
spective study with a large sample size can better identify 
the risk factors of DVT after TJA; (2) Since almost all the 
indicators included in this study were general anesthesia, 
we have not yet evaluated the influence of anesthesia on 
DVT formation; (3) The ultrasound images of the subjects 
included in this study were all completed during hospital-
ization.  However, the risk of DVT formation within 3 
months after TJA is also high, it means that some patients 
may develop DVT after discharge, which may affect the 
calculation of the incidence of DVT.

In summary, as one of the important complications 
after TJA, DVT of the lower extremity still has a high inci-
dence rate in current clinical practice.  Elderly people or 
people with diabetes mellitus are high risk groups for DVT 
after TJA.  Meanwhile, decreased PC level and decreased 
t-PA production at 24 h after TJA are also risk factors for 
DVT after TJA.  Reasonable evaluation of surgical risk, 
active detection of postoperative indicators and intervention 
measures are helpful for prevention and treatment of DVT.
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