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Background Venous thrombosis is a common complication after hip arthroplasty.

Methods PubMed, Embase, the Cochrane Library, and Web of Science were searched for case-control studies on risk
factors for venous thrombosis after hip arthroplasty up to September 14, 2023. Data analysis was performed using

Results This meta-analysis included 15 case-control studies, comprising 17,909 participants, including 1149 patients
with venous thrombosis and 16,760 patients without venous thrombosis. The univariate meta-analysis results revealed
that age over 70 years old, hypertension, BMI > 25, operation time, stroke, and use of mechanical prophylaxis alone
were risk factors for venous thrombosis after hip arthroplasty. Multivariate analysis showed that female, age > 70 years,
BMI>25, cemented prosthesis, and a history of venous thrombosis were the risk factors for venous thrombosis after

Conclusions This study suggests that female sex, age over 70 years, hypertension, a BMI of 25 or higher, duration of
operation, stroke, mechanical prevention only, use of a cemented prosthesis, and a history of venous thrombosis are
risk factors for venous thrombosis following hip arthroplasty.
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Background

As the population ages, the incidence of hip fractures,
osteonecrosis of the femoral head, and osteoarthritis
in older people is progressively increasing. Conserva-
tive treatments have proven ineffective in relieving pain
in this population. Hip arthroplasty (HA) has emerged
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as a viable surgical solution for treating end-stage hip
diseases in older patients. It can alleviate pain, enhance
joint function, and rectify deformities. Currently, it is
considered one of the primary surgical methods to treat
these conditions, enhancing hip function and improv-
ing quality of life [1, 2]. It is projected that the demand
for HA will nearly triple by 2030 [3]. Venous thrombo-
embolism (VTE) is a common complication of HA, and
there are multiple risk factors for VTE [4]. VTE is a
severe stress response with a high incidence [5, 6]. This
condition clinically manifests as sudden limb swelling,
venous thrombosis of the lower extremity, and localized
pain, and it may become more severe when patients walk.
Venous thrombosis refers to abnormal coagulation of
blood in veins, leading to venous lumen obstruction and
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thrombus formation [7]. Furthermore, most thrombi will
shed and spread with blood flow to the main deep vein,
forming deep vein thrombosis. If not promptly treated,
it would induce pulmonary embolism in a majority of
patients, and approximately 10% of them will die within
an hour [8]. This disease poses significant physical harm
and threatens the life of the affected patients [9].

The specific pathogenesis of venous thrombosis fol-
lowing HA is complex and remains unclear [10, 11].
Although HA can improve the quality of life for older
patients with end-stage hip diseases, venous thrombosis
after surgery significantly hampers their quality of life
[12]. Currently, our understanding of the pathophysiolog-
ical, biochemical, molecular, and pharmacological mech-
anisms underlying postoperative venous thrombosis is
incomplete. Patients with venous thrombosis often expe-
rience slow recovery, increased treatment costs, poor
clinical efficacy, and even life-threatening complications,
necessitating careful attention [13]. Therefore, identify-
ing the influencing factors of venous thrombosis after
HA is imperative. However, the risk factors for venous
thrombosis in patients undergoing HA remain debatable
[14]. Hence, this study aimed to explore the risk factors
for venous thrombosis after HA. The ultimate goal is to
promote the prevention and treatment of postoperative
thrombosis, and enhance the quality of life and prognosis
of patients after HA.

Materials and methods

The study was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [15]. The study protocol
was registered under No. CRD42023476372. This study
did not involve humans, and thus IRB approval was not
required.

Literature search

Case-control studies examining risk factors for venous
thrombosis following HA were systematically searched
in databases including PubMed, Embase, the Cochrane
Library, and Web of Science up to September 14, 2023.
The following subject and free words were employed in
the search process: “arthroplasty’, “replacement’, “hip’,
“venous thrombosis’, and “risk factors” Detailed search

strategies are provided in Supplementary material 1.

Inclusion and exclusion criteria

Inclusion criteria were as follows: Patients who under-
went HA [16], and the exposure was venous thrombosis.
The diagnostic criteria for venous thrombosis here were
deep vein thrombosis (proximal, distal) and pulmonary
embolism detected by color Doppler ultrasound, spiral
computed tomography pulmonary angiography (PE),
and perfusion/ventilation scintigraphy. The study design
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must be a retrospective cohort study. The primary out-
come measures were single- and multivariate analyses of
risk factors, regardless of univariate or multivariate anal-
ysis. However, when both univariate and multivariable
analysis results were reported in a study, the multivariate
results were given priority, and the multivariate-adjusted
risk value was extracted. If only univariate analysis was
performed, the univariate analysis results were extracted.
The following studies were excluded: conference
abstracts, meta-analyses, letters, duplicate published
articles, systematic reviews, studies with unavailable full
texts and unextractable data, and animal experiments.

Data extraction

Two independent reviewers independently screened the
searched studies. They read titles and abstracts to directly
select potentially eligible studies. Then the full texts were
downloaded and read to select eligible studies. In the
screening process, the inclusion and exclusion criteria
were strictly followed. Relevant data were extracted, and
the extracted data were cross-checked to ensure consis-
tency. The main extracted data included the first author’s
name, publication year, country, study design, sample
size, sex, and age.

Evaluation of quality

The Newcastle-Ottawa Scale (NOS) [17] was used to
evaluate the case-control studies, including three aspects:
selection of study population (4 points), comparability
between groups (2 points), and exposure factors or out-
come measures (3 points). The scale has a total score of 9
points, with a score of <4 considered as low quality, 5-6
as medium quality, and =7 as high quality. If there were
dissents between the two researchers during the evalua-
tion process, they would discuss to reach a consensus, or
a third party would be consulted.

Statistical analysis

Statal5.0 was used to analyze the data. Since all the ret-
rospective cohort studies included in this analysis pro-
vided odds ratio (OR) values, we uniformly used OR as
effect size. The pooled OR value and 95%CI were calcu-
lated. Continuous variables were expressed by weighted
mean difference (WMD) with 95% confidence interval
(CL, range of values for the estimated parameter). It was
used in meta-analysis where all included studies meet
two conditions: the same continuous outcome variable
and unit of measurement. Dichotomous variables were
expressed by OR with 95% CI (mainly used in retro-
spective case-control studies to establish the association
between an event outcome and a factor by obtaining data
from both the case and control groups to study the cor-
relation between the two). According to the results of the
heterogeneity test (Q-test, mainly used to make trade-off
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judgments on suspicious values.) and I* statistic, a cor-
responding model was selected to calculate the pooled
OR value. If I*>50%, the random-effects model was
used, and if *<50%, the fixed-effects model was used.
When I?>50%, the sensitivity analysis was performed by
excluding the studies one by one. Egger’s test was used to
analyze the publication bias, with the test level a=0.05.
P<0.05 was considered statistically significant.

Result

Literature screening process and results

By searching PubMed, Embase, the Cochrane Library
and Web of Science databases, a total of 8,099 articles
were initially identified. Following the removal of dupli-
cate articles, 965 studies remained. After reading the
titles and abstracts, 72 articles were left. After a full-text
review, 15 studies were ultimately included. The detailed
literature screening process is illustrated in Fig. 1.

Since the sample size from the study by Keller et al.
[18] accounted for a very high proportion of the com-
bined sample size (about 99%), in order to ensure the
robustness of the study results and balance the weights
between different studies, thereby improving the gener-
alizability of the results, it was necessary to reduce the
excessive impact of a single study on the overall results.
Hence, we excluded their study. After excluding their
study, in the multivariate meta-analysis, the P value for
female changed from 0.0001 to 0.001, while the P value
for age>70 remained unchanged (P=0.0001). In the
univariate meta-analysis, the P value for hypertension
did not change (P=0.001), while the P value for stroke
changed from 0.015 to 0.006. The results of these fac-
tors were not affected by the exclusion of the study by
Keller et al. Nonetheless, in the univariate meta-analysis
results, the P value for major bleeding or transfusion of
blood changed from 0.041 to 0.162, while the P value for
coronary artery disease changed from 0.0001 to 0.122.
Consistent evidence for these factors in smaller, more
homogeneous cohorts was lacking, and hence, these
results should be interpreted with caution. We ultimately
decided to exclude Keller’s study in order to present glob-
ally generalizable risk factors rather than results driven
by a single dataset (Supplementary files 1-2).

Basic characteristics of the included literature

All the 15 included studies were case-control studies [19—
33], and nine of them were from China [33]. There were
1149 HA patients with venous thrombosis and 16,760
HA patients without venous thrombosis. The mean age
of the patients ranged from 62.5 to 69 years old. The spe-
cific characteristics of the included studies are shown in
Table 1. The quality of the 15 articles was assessed using
the NOS. All studies had an NOS score of 8-9, and the
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overall quality of the included studies was high. The spe-
cific quality assessment is shown in Table 2.

Univariate meta-analysis results

The univariate analysis results were subsequently ana-
lyzed and pooled. The findings indicated that male sex
was a protective factor against venous thrombosis after
HA. However, factors such as female sex, smoke, hyper-
lipidemia, preoperative D-dimer>0.55, varicose veins,
hemoglobin, types of anesthesia, cancer, coronary artery
disease, diabetes, history of cerebrovascular disease,
major bleeding or transfusion, and intraoperative blood
loss were not found to be significantly associated with
the risk of venous thrombosis following HA (Table 3).
Factors contributing to the risk of venous thrombo-
sis post-HA included age>70 years [WMD =3.32, 95%
CI (2.06, 4.57), P=0.0001] (Fig. 2A; Table 3), hyperten-
sion [OR=1.39, 95% CI (1.14, 1.69), P=0.001] (Fig. 2B;
Table 3), BMI>25 [WMD=0.75, 95% CI (0.15, 1.34),
P=0.014] (Fig. 2C; Table 3), the duration of surgery
[WMD=-18.35, 95% CI (-35.34, -1.35), P=0.034] (Fig. 3A;
Table 3), stroke [OR =1.95, 95% CI (1.21, 3.13), P=0.006]
(Fig. 3B; Table 3), and exclusive use of mechanical pro-
phylaxis such as compression stockings or a foot pump
[OR=0.65, 95% CI(0.51, 0.82), P=0.0001] (Fig. 3C;
Table 3). The sensitivity analysis results are shown in
Supplementary Figs. 1-3.

Results of multivariate meta-analysis

The results of multivariate analysis mentioned in the
included studies were meta-analyzed and combined. The
results showed that hypertension, history of cerebrovas-
cular disease, operation time, type of anesthesia, drug
prophylaxis (heparin, fondaparinux, and enoxaparin),
diabetes mellitus and ambulation on the second day after
operation were not significantly associated with venous
thrombosis after HA. Female [OR=1.49, 95% CI (1.17,
1.89), P=0.001], age>70 [OR=1.64, 95% CI (1.36, 1.98),
P=0.0001], BMI of 25 or more [OR=1.38, 95% CI (1.12,
1.70), P=0.003], bone cement prosthesis [OR =4.93, 95%
CI (1.34, 18.13), P=0.016], history of venous thrombosis
[OR=3.99, 95% CI (2.30, 6.92), P=0.0001] were risk fac-
tors for venous thrombosis after HA, as shown in Table 4.

Publication bias

Egger’s test was used to evaluate the publication bias
of each risk factor. The results (P>0.05 for each index),
regardless of univariate or multivariate analysis, indicated
that there was no publication bias, as shown in Tables 3
and 4.
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Fig. 1 Literature search flow chart
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Table 1 Table of literature characteristics
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Study Year Country Sample size VT sample size Mean age Gender(M/F) Risk factors
Deng W 2021 China 400 187 64.9 97/303 logistic
FujitaY 2015 Japan 1163 51 69 168/995 Logistic
Howard T A 2022 UK 2740 34 1089/1651 logistic
Jiang T 2019 China 715 57 65.1 208/507 logistic
Migita K 2014 Japan 868 109 128/740 logistic
Shimoyama'Y 2012 Japan 144 61 18/126 logistic
Tang J 2018 China 214 23 78/136 logistic
White RH 2000 USA 889 297 325/564 bivariate analysis
XuH 2019 China 365 73 16/57 logistic
XuZ 2016 China 224 30 96/128 logistic
YaoY 2018 China 402 78 63.55 78/324 Logistic
Yu X 2021 China 182 36 112/70 logistic
Yukizawa Y 2019 Japan 419 44 62.5 102/317 logistic
ZengY 2019 China 9022 19 63.6 4040/4982 Logistic
Zhang S 2015 China 162 50 71/91 Logistic
Table 2 NOS scores
Study Isthe case  Representa- Determi- Defini- Comparability of Ascer- Same method Non Total
definition  tivenessof nation of tion of cases and controls  tain- of ascertain- response scores
adequate? the cases control Controls onthe basisofthe mentof mentforcases
group design or analysis  exposure and controls
Deng W 2021 * * * * ** * * * 9
FujitaY 2015 * * * * * * * * 8
Howard TA 2022 * * * * ** * * * 9
Jiang T 2019 * * * * * * * * 8
Migita K 2014 * * * * * * * * 8
ShimoyamaY * * * * * * * * 8
2012
Tang J 2018 * * * * ** * * * 9
White R H 2000 * * * * ** * * * 9
XU H 2019 * * * * * * * * 8
XuZ 2016 * * * * *x * * * 9
YaoY 2018 * * * * * * * * 8
Yu X 2021 * * * * * * * * 8
YukizawaY 2019 * * * * x* * * * 9
ZengY 2019 * * * * * * * * 8
Zhang S 2015 * * * * * * * x 8
Discussion of venous thrombosis after HA increased in patients

This study represents the first meta-analysis to explore
risk factors for venous thrombosis following HA. Venous
thrombosis results from blood clotting within the venous
lumen caused by a myriad of factors. The formation pro-
cess encompasses inflammation, platelet aggregation,
endothelial injury, and the synergistic influence of plate-
lets and various other factors.

This study revealed a significantly higher incidence
of venous thrombosis in female patients following HA
compared to male patients, as determined by both uni-
variate and multivariate analysis. Consequently, it is rec-
ommended that medical staff intensify their focus on
female patients to mitigate their risk of venous throm-
bosis [23]. This study also found that the incidence

older than 70 years of age. The reason may be that older
patients often have complex physiological degeneration
or organic lesions of multiple organs, which leads to a
decrease in the response of the coagulation system [34].
Furthermore, hypertension significantly elevated the
risk of venous thrombosis following HA. Patients with
hypertension often exhibited increased peripheral vascu-
lar resistance, leading to elevated blood flow and vascu-
lar pressure. This may disrupt the normal flow velocity,
subsequently contributing to the development of venous
thrombosis [35]. Patients with a BMI of 25 or higher
exhibited an increased incidence of post-HA venous
thrombosis. This phenomenon may be attributed to the
blood viscosity caused by obesity, which subsequently
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Table 3 Univariate meta-analysis

Risk factors No of study Heterogeneity OR/WMD (95%Cl) P Egger Graderating
12 (%) P

Male 15 704 0.000 0.74 (0.54,1.01) 0.062 0.342 Moderate

Female 15 704 0.000 1.35(0.99, 1.84) 0.062 0.342 Moderate

Age>70(continuous) 12 753 0.000 3.32(2.06,4.57) 0.0001 0.001 Moderate

smoke 5 0 0.590 0.86 (0.61, 1.20) 0.372 0.738 low

Hypertension 10 253 0210 1.39(1.14,1.69) 0.001 0.208 Moderate

Cerebrovascular disease 3 823 0.003 246(049,12.42) 0.276 0.589 low

BMI> 25 (continuous) 11 68.1 0.001 0.75(0.15, 1.34) 0.014 0.645 Moderate

Hyperlipidemia 3 52.7 0.121 1.65 (0.60,4.51) 0.331 0.333 low

Preoperative D-dimer>0.55 5 62.2 0.032 0.30(-0.01,061) 0.055 0.034 low

Varicose veins 5 80.3 0 2.26(0.41,12.59) 0.353 0.485 low

Hemoglobin 4 80.1 0.002 -2.12(-542,1.19) 0.209 0.218 low

Duration of surgery (continuous) 11 97.6 0 -18.35 (-35.34,-1.35) 0.034 0.222

Types of anesthesia General 7 738 0.001 1.12(0.67,1.88) 0.673 0.465

Cancer 4 11.1 0337 0.94(041,2.14) 0.876 0.603

Coronary artery disease 3 282 0.249 1.59(0.88, 2.85) 0.122 0406

Diabetes mellitus 10 71.0 0.000 1.20(0.65, 2.20) 0.559 0.682

Stroke 2 0 0.498 1.95(1.21,3.13) 0.006

Major bleeding or transfusion 4 75.6 0.006 1.92(0.77,4.79) 0.162 0.958

Intraoperative blood loss (continuous) 6 455 0.102 -21.92(-46.26, 2.43) 0.078 0.802

Prophylaxis Mechanical only 3 0 0.640 0.65(0.51,0.82) 0.0001 0.932

Study A % Study B %

b WMD (86% C1) Weight ID OR (95% Cl) Weight
Dong W (2021) —o— 190(0.43,337)  11.16 DG Wiz021) _J_ P
Fujita Y (2015) ——%———  500(253,747) 871 H
Howard T A (2022) —-‘-—4— 4.40 (1.07,7.73) 6.83 Jiang T.(2019) __‘*— 1:50(0.67,2.59) 1249
Jiang T (2019) — = ! 130(0.11,249)  11.79 Shimoyama Y (2012) 1T 142(0.73,275) 861
Shimoyama Y (2012) —.—o— 4.70 (1.60, 7.80) 7.31 Tang J (2018) ——‘— 1.32(0.53,3.29) 455
Tang J (2018) —-—0— 4.10(0.42,7.78) 6.7 Xu H (2019) —_—— 1.82(1.05,3.16)  10.34
White R H (2000) T E 0.50 (-0.33, 1.33) 1247 Xu Z (2016) + 1.06 (0.40,2.78) 4.68
XuH201) ———  eeamem 8% Yao Y (2018) = 1.46(0.89,239) 1521
P R010) 1 e~ (A2 44 Yu X (2021) S — 1.25(0.60,262) 7.49
Yao Y (2018) | ——%—— 614(397,831) 944 :
— _'_._ 40810057.08) . Yukizawa Y (2019) : ———— 523(2.10,13.03) 1.58
Yukizawa Y (2019) —-—o— 380(0.02,7.68)  6.00 Zhang $ (2015) T 141(072,279). 846
Overall (I-squared = 75.3%, p = 0.000) <> 332(206,457)  100.00 Overall (I-squared = 25.3%, p = 0.210) Q 1.39(1.14,1.69)  100.00
NOTE: Weights are from random effects analysis

-8.31 0 831 ote7 1 1
Study %
D C WMD (95% Cl)  Weight
Deng W (2021) ——o— 0.40(-0.28,1.08) 12.19
Fujita Y (2015) A% 200(061,339) 810
Howard T A (2022) ——0—5— 0.40(-1.23,2.03) 6.98
Shimoyama Y (2012) —_— 0.00 (-1.36,1.36)  8.29
Tang J (2018) e 0.20(-1.15,155) 832
White R H (2000) E —— 1.80 (1.14,2.46) 1229
Xu H (2019) —— 1.06 (0.04,2.08) 10.15
Xu Z (2016) ——0—'}— 0.37 (-1.46,2.20) 6.15
Yao Y (2018) -—-v——- 0.84 (-0.14,1.82) 10.41
Yu X (2021) —————+————— 224(066,382) 7.19
Yukizawa Y (2019) —_— -1.10 (-2.16,-0.04) 9.94
Overall (I-squared = 68.1%, p = 0.001) <> 0.75(0.15,1.34)  100.00
NOTE: Weights are from random effects analysis|

T

T
-3.82 0 3.82

Fig. 2 Forest plot of meta-analysis for age > 70 years + Forest plot of hypertension meta-analysis + Forest plot of meta-analysis with body mass index> 25
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Study A %
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Study %
D OR (85% CI) Weight
Jiang T (2019) —_— 1.63(0.81,328) 5150

YaoY (2018)

—:o% 228(1.18,4.39) 4850

@ 1.95(1.21,3.13)

Overall (l-squared = 0.0%, p = 0.498)

D WMD (95% Cl) Weight
Fujita Y (2015) e 10.00 (1.51, 18.49) 9.46
Howard T A (2022) . -3.00 (-7.76, 1.76) 9.62
Jiang T (2019) e -2.20(-8.87,4.47) 955
Migita K (2014) . -311.00 (-342.50, -279.50)  7.27
Shimoyama Y (2012) * -13.50 (-26.00, -2.00) 9.28
Tang J (2018) |t 13.90 (0.41, 27.39) 9.13
White R H (2000) s 3.00(-3.33,9.33) 956
Xu H (2019) . 0.93(-9.01, 10.87) 9.38
Yao Y (2018) 0.02 (-6.34, 6.38) 9.56
Yu X (2021) |- 31.62 (20.80, 42.44) 9.32
Yukizawa Y (2019) —— 6.00 (-20.27, 32.27) 7.87
Overall (I-squared = 97.6%, p = 0.000) <> -18.35 (-35.34, -1.35) 100.00
NOTE: Waights are from random effects analysis
T T
-343 0 343
Study %
D C OR (95% C1) Weight
Jang T (2019) 0:86(0.38, 1.96) 63
Migita K (2014) R 065(0.50,084) 8084
Yukizawa Y (2019) é—‘—v— 052(027, 1.00) 1280
Overall (-squared = 0.0%, p = 0.640) <> 065(051,082) 100.00
T T

vi 1 37

228 1 439

Fig. 3 Forest plot of operative time analysis + Forest plot of stroke analysis + Forest plot of meta-analysis with mechanical prevention only

Table 4 Multivariate Meta-analysis

Risk factors No of study Heterogeneity OR (95% Cl) P Egger Grade rating
12 (%) P

Female 5 0 0.854 149(1.17,1.89) 0.001 0397 low

age>70 12 99 0.000 1.64 (1.36,1.98) 0.0001 0.144 Moderate

Hypertension 2 91.9 0.000 1.99(0.33,12.11) 0.454 low

Cerebrovascular disease 2 904 0.001 3.89(0.29,51.39) 0.303 low

BMI>25 9 84.1 0.000 1.38(1.12,1.70) 0.003 0.199 Moderate low

Duration of surgery 4 25.7 0.257 0.99(0.98, 1.00) 0.071 0619 low

Types of anesthesia General 3 96 0 2.07(0.29,15. 01) 0470 0.887 low

Enoxaparin 2 0 0.86 0.88(0.62,1.25) 0482 low

Heparin 2 0 0.788 1.44(0.85,2.44) 0.176 low

Diabetes mellitus 4 86.4 0 1.35(0.48, 3.80) 0.566 0.603 low

ambulation after surgery Day 2 2 93.8 0 1.05(0.48,2.31) 0.903

Cemented prosthesis 2 925 0 4.93(1.34,18.13) 0.016

History of VTE 2 0 0478 3.99(2.30,6.92) 0.0001

delays the recovery of the lower limbs and ultimately
leads to thrombosis [36]. The duration of the opera-
tive procedure appeared to be a significant risk factor
for post-HA venous thrombosis. This may be attributed
to several factors. Firstly, prolonged periods of immo-
bility and anesthesia can result in complete paralysis of

lower limb muscles, leading to loss of normal contrac-
tion function, muscle relaxation, and the development
of varicose veins. Secondly, an increase in operative time
could intensify mechanical damage to the vein wall [37].
Furthermore, the prevalence of venous thrombosis in
stroke patients stands at 75%. The high risk of venous
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thrombosis in stroke patients is attributed to diminished
mobility and the absence of the extrusion effect from
the lower limb muscle pump. Consequently, blood flow
is reduced, leading to blood stagnation. This stagnation
activates the endogenous coagulation system, thereby
facilitating the development of venous thrombosis [38].
According to the American College of Chest Physicians
(ACCP) Guidelines for Antithrombotic Therapy [39]
and a review by orthopedic expert Jay R. Lieberman
published in The Journal of Bone & Joint Surgery [40],
mechanical prevention alone is only effective in patients
with an extremely high risk of bleeding or contraindica-
tions to anticoagulation. For high-risk patients (such as
those of advanced age, high BMI, and previous history
of thrombosis), combined drug therapy for preventing
venous thrombosis (such as low molecular weight hepa-
rin, and warfarin) is required. Mechanical prevention
alone is not an independent risk factor, but is affected
by patient compliance, device type, and usage type. That
is, when not used in a standardized manner, it may indi-
rectly increase the risk due to insufficient protection.

Furthermore, cemented prosthesis releases toxic
monomers such as methyl methacrylate, which are sub-
sequently isolated and trapped within the pulmonary cir-
culation. This leads to a state of severe hypercoagulability,
resulting in vascular occlusion and organ damage. Con-
sequently, this damage affects vital organs such as the
brain, heart, and kidneys, leading to the release of vaso-
active substances. It causes hemodynamic imbalance,
ultimately leading to the formation of venous thrombosis
[41]. A history of venous thrombosis has been identified
as an independent risk factor for post-HA venous throm-
bosis. The risk of venous thrombosis in patients with a
history of venous thrombosis is over eight times higher
than those without such a history [42].

This study identified several risk factors for venous
thrombosis after hip replacement. Accordingly, we
propose the following postoperative anticoagulation
treatment measures for clinicians. (i) Risk stratifica-
tion is advisable [43]. Patients with only one risk factor
or no risk factor are classified as medium- and low-risk
patients, and patients with any two or more risk factors
are classified as high-risk patients (female sex, age over
70 years, hypertension, a BMI of 25 or higher, stroke,
use of a cemented prosthesis, and a history of venous
thrombosis). For low- and medium-risk patients, stan-
dard anticoagulation therapy is adopted (10—14 days after
surgery, such as DOACs: apixaban 2.5 mg bid); an inter-
mittent pneumatic compression device is started within
48 h after surgery; and early ambulation is encouraged.
For high-risk patients, the anticoagulation treatment
can be extended to 35 days after surgery, and combined
prevention is adopted: mechanical prevention (intermit-
tent pneumatic compression device) combined with drug
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anticoagulation (rivaroxaban 10 mg/d). (ii) Specific inter-
ventions should be adopted for specific risk factors [44,
45].

For old patients (>70 years old), DOACs with lower
bleeding risk are preferred, and monitoring renal func-
tion (eGFR) is necessary to adjust medication accord-
ingly (rivaroxaban is contraindicated when eGFR is < 30).
If BMI>25, the dose of low molecular weight heparin is
calculated according to body weight (enoxaparin 0.5 mg/
kg/d), and early postoperative activity (starting ankle
pump exercise 6 h after surgery) is imperative. In terms of
bone cement prosthesis or surgery time >3 h, tranexamic
acid should be used prophylactically during surgery to
reduce bleeding, and anticoagulation should be started
on time at 6-12 h after surgery. For female patients, it
is necessary to pay attention to the history of hormone
replacement therapy or contraceptive use, and suspend
estrogen drugs if necessary. DOACs are contraindicated
for pregnant patients, and low molecular weight hepa-
rin should be used instead. (iii) Multidisciplinary col-
laboration and dynamic observation are beneficial [45].
The anesthesiology department selects the anesthesia
method. The rehabilitation department develops an early
activity plan to optimize the overall management process,
and clearly explains to patients the importance of indi-
vidual risks and medication compliance, according to the
ACCP (2021) guidelines [39]. Furthermore, it is recom-
mended to dynamically assess the risk of thrombosis and
bleeding, review D-dimer and lower limb venous ultra-
sound at 1 week, 1 month, 3 months, 6 months, and 1
year after surgery to monitor post-thrombotic syndrome,
and perform vascular surgery if necessary. Through the
above-mentioned comprehensive measures, the efficacy
and safety of anticoagulation can be effectively balanced,
and the incidence of postoperative venous thrombosis
can be reduced.

This study still has several limitations. First, the num-
ber of included articles was small, and few studies per-
formed multivariate analysis, which may introduce
selection bias. Second, the included studies used different
diagnostic criteria for HA and venous thrombosis, which
may account for the large heterogeneity. Third, infor-
mation on preoperative anticoagulant therapy used in
patients due to risk factors for various diseases, and the
type and duration of postoperative anti-coagulant used
after HA surgery is lacking, which may lead to some bias
in the results. Fourth, we excluded the large-scale study
by Keller et al. (2020). Although this exclusion avoids
the excessive influence of a single study on the results
and improves the generalizability of the results, it may
also weaken the statistical power of certain risk factors
(such as coronary artery disease). Future studies need to
further verify such associations with larger-scale, multi-
center data.
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Conclusions

Based on the available evidence, female sex, age over
70 years, hypertension, a BMI of 25 or higher, duration
of operation, stroke, mechanical prevention only, use of
a cemented prosthesis, and a history of venous throm-
bosis are risk factors for venous thrombosis after HA.
Clinicians can combine these indicators to early detect,
diagnose, and intervene patients with venous thrombo-
sis after HA, so as to improve the quality of life of such
patients.
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