[bookmark: OLE_LINK23]Effect of different application duration of a venous foot pump on prevention of venous thromboembolism after hip and knee arthroplasty: study protocol for a multicenter prospective clinical trial

Objective: To investigate the optimal duration of applying a venous foot pump (VFP) in the prevention of venous thromboembolism (VTE) following hip and knee arthroplasty.
[bookmark: OLE_LINK38][bookmark: OLE_LINK36][bookmark: OLE_LINK9][bookmark: _Hlk124260296]Methods: A multicenter, randomized, prospective, open-label clinical trial. A total of 230 patients undergoing hip and knee arthroplasty between March 2021 and March 2022 in orthopedic departments of four major teaching hospitals will be prospectively enrolled. Patients will be randomly divided into five groups based on the duration of the VFP application: group A 1h/d, group B 6h/d, group C 12h/d, group D 18h/d, and  group E 20h/d. Postoperative deep vein thromboses (DVT), including proximal, distal, and intermuscular DVT, will be recorded from surgery to discharge. Coagulation indexes [D-dimer, activated partial thromboplastin time (APTT)] will be collected on the first and third day after surgery. Daily pain and comfort will be assessed and recorded.
Discussion: We believe that the application of VFP for too long or too short will not effectively prevent VTE. Considering the incidence of postoperative VTE, coagulation function test, painful outcome, comfort score, and other aspects, the application of VFP for 6 hours per day will be the best time to prevent VTE in patients undergoing hip and knee replacement.
Trial registration: ClinicalTrials.gov ChiCTR2200055166. Registered on January 2, 2022.
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Background
Venous thromboembolism (VTE) is a serious health issue worldwide. It refers to the abnormal coagulation of blood in the vein. VTE is one of the most important complications after orthopedic surgery [1]. It mainly includes deep vein thrombosis (DVT) and pulmonary embolism (PE). Globally, there are nearly 10 million cases of VTE annually. VTE is a substantial contributor to the global burden of disease [2]. Evidence has shown that the incidence of VTE is 60.0% after major trauma surgery, 42-57% among patients treated with a total hip replacement, and 41-85% among patients treated with a total knee replacement [3]. In addition, with growing populations and longer life expectancy, the prevalence of this disease is increasing. The annual incidence of acute VTE is 1-2 cases per 1,000 population, which increases exponentially with age in both men and women [4]. It is reported that approximately 300,000 people die of VTE every year in the United States [5]. In addition to the increase in the medical burden to society, VTE can also lead to long-term disability, reduce the quality of life, and threaten the lives of patients. VTE-related healthcare costs are estimated to be $ 3.3 billion in Europe and $ 10 billion in the United States [6, 7]. Thus, a better understanding of VTE is urgent to develop appropriate preventive strategies for VTE.
Currently, the preventive strategies for VTE mainly include pharmacologic and mechanical thromboprophylaxis among patients treated with knee and/or hip replacement. Mechanical thromboprophylaxis includes graduated compression stockings, intermittent pneumatic compression, venous foot pumps (VFPs), and transcutaneous electrical nerve stimulation [8]. Among these approaches, VFP is a promising method of thromboprophylaxis and is characterized by pulsed pneumatic therapy for the plantar foot by simulating the human physiological foot pump [9]. However, there is no consensus on the optimal duration of applying VFP to prevent VTE events in patients undergoing knee and hip orthopedic surgery. Whereas some studies have shown that one-hour VFP can prevent VTE, other studies have reported that 6-hour and 20-hour VFP can also reduce the incidence of VTE [10, 11]. Nonetheless, these studies were either small sample size analyses or retrospective studies. The Chinese expert consensus has recommended the use of intermittent pneumatic compression (IPC) for more than 18 hours per day. However, there needs to be high-quality evidence to support this proposition.
Our objective is to investigate the optimal duration of applying VFP for the prevention of VTE in patients receiving hip and knee arthroplasty. 

Study design
A multicenter, prospective, randomized clinical trial was conducted to generate high-quality evidence. Figure 1 shows a diagram with the different phases of the study.

Sample size calculation
The study referred to the formula of multiple independent sample rates: n = ; λ is 11.94 when α = 0.05 and β = 0.20. According to the literature [15, 16], when  = 20.0% and  = 0.65%, then a sample size of n = 41 is obtained. Considering that the sample drop-out rate was 10%, at least 46 cases were enrolled in each group, and at least 230 cases overall.
Study population. Sample recruitment
Patients Who undergoing hip and knee arthroplasty between March 2021 and March 2022 in orthopedic departments of four major teaching hospitals, including the First Medical Center of Chinese PLA General Hospital, the Fourth Medical Center of Chinese PLA General Hospital, Hainan Hospital of Chinese PLA General Hospital, and the First Affiliated Hospital of Suzhou University, were prospectively enrolled. The inclusion criteria were as follows: (1) patients receiving hip and/or knee arthroplasty, (2) aged ≥18 years, (3) had a Caprini score of ≥3 points [12], and (4) were conscious and aware of self-identity, space, time, and expressing well-being. The exclusion criteria were as follows: (1) patients previously diagnosed with VTE, (2) unable to receive drug anticoagulation due to severe cardiac, liver, and/or kidney dysfunction, and severe organ bleeding tendency, (3) allergic to VFP equipment materials, and (4) reluctance to continue participating in the study. The criteria for withdrawal were as follows: (1) changes in condition, temporary discharge or transfer; (2) withdrawal due to personal wishes; (3) The test should be stopped immediately when the skin at the application site is red, swollen, and damaged; (4) The requirement of daily use time was not met.
Randomization and Blinding 
Patients were randomly divided into five groups by computer random method based on the duration of the VFP application. SPSS26.0 software was used to generate a random sequence, and the random assignment scheme was saved in light-tight envelopes. Envelopes were opened sequentially in the order of enrollment, and patients were assigned to the assigned group according to the assignment scheme in the envelope. Four centers enrolled participants at the same time. Enrollment was terminated when the total number of participants reached the final required sample size. Because patients and study operators were aware of device use, the study was blinded only to study personnel who performed the ultrasonography; the sonographers were unaware of the study-group assignments. One week after the intervention, we unblinded the participants.
Variables and definitions
[bookmark: _Hlk124067418]Patient’s baseline characteristics included (1) demographics such as age, sex, nationality, body mass index (BMI), temperature, heart rate, respiration rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), blood type, hypertension, and diabetes, (2) surgery-related information such as the type of surgery, type of anesthesia, blood loss, operation time, catheterization, blood transfusion, perioperative use of hemostatics, drainage, and perioperative use of the hormone, and (3) preoperative laboratory examinations such as thrombin time (TT), APTT, prothrombin time (PT), D-dimer, fibrin, hemoglobin, platelet count, and erythrocyte sedimentation rate (ESR). The patient’s temperature, heart rate, respiration rate, SBP, and DBP were collected on the first day after hospitalization. Operation time was defined as the time from skin incision to skin closure.
Interventions
[bookmark: _Hlk133422188]All patients received pharmacologic and mechanical thromboprophylaxis [5]. Patients were administered an anticoagulant agent (dalteparin, 5000 IU per day) from the first day after surgery to discharge. Regarding mechanical thromboprophylaxis, all patients were treated with bilateral lower extremity VFP (CWHEAL, CWH-8000). The pressure value was set as 130 mmHg, and the inflation and pressurization durations were 3s and 20s, respectively. All patients in each group were applied continuously except for getting out of bed. If the application was suspended midway, each application should not be less than 30min, and the interval time should not exceed 10min. According to the group of patients, the daily application time was set as follows: group A 1h/d, group B 6h/d, group C 12h/d, group D 18h/d, and group E 20h/d. 
Primary outcome
The primary outcome was postoperative DVT, including proximal DVTs such as thromboses in the popliteal vein, femoral vein, or iliac vein, distal DVTs such as thromboses in the anterior tibial vein, posterior tibial vein, or peroneal vein, and intermuscular DVT. DVT was examined using color Doppler flow imaging at postoperative day 3. The diagnostic criteria of DVT were: (1) dilated vena cava, (2) substantial echo, and (3) intraluminal filling defect. If the symptoms of PE were observed in patients, pulmonary arteriography was applied.
Secondary outcome
The secondary outcome included postoperative blood coagulation examinations, such as D-dimer and active partial thromboplastin time (APTT), pain outcome, and the degree of comfort. D-dimer and APTT were recorded on postoperative days 1 and 3. The visual analog scale (VAS) [17] was used to assess pain outcome, and a 100-point scale was used to assess the degree of comfort, with a higher score indicating greater comfort when using the VFP.

Quality control
A series of measures were considered to guarantee the quality of the study. Firstly, all investigators were trained on how to evaluate patients using the Caprini thrombus risk assessment scale, and all patients received the same education on thrombus prevention, including signs and symptoms of VTE and bleeding, the importance of seeking help if symptoms develop, and conservative measures to prevent VTE such as ambulation and avoiding dehydration. Secondly, an ultrasound physician with the same qualification was designated to complete the ultrasound examination and diagnosis of VTE for enrolled patients in each center. In addition, ultrasound physicians were blinded to the patient’s categories. Thirdly, Each center designated a responsible nurse as a researcher in the center to collect the data. The unified data collection form and the same type of measuring instrument were used to ensure the compliance of data collection and reduce measurement bias. The data were regularly recorded and summarized, and quality control was monitored and audited at any time to ensure the integrity and accuracy of all data.
Statistical analysis
Categorical variables were expressed as proportion and continuous variables as the mean ± standard deviation. The chi-square test was utilized to evaluate differences between categorical variables and analysis of variance (ANOVA) was used to compare the means between three or more groups for continuous variables. Repeated measures ANOVA was used to analyze D-dimer and APTT. If sphericity was violated (Mauchly’s Test of Sphericity), Greenhouse-Geisser correction was applied. Multivariate analysis was used to screen potential risk factors for predicting DVT, and the area under the receiver operating characteristic (AUROC) curve was used to evaluate the predictive performance of each significant variable. All data were analyzed using SPSS (Version 26.0) or R programing language (Version 4.1.2). As this is a multicenter study, a center effect will be implemented. A P-value of less than 0.05 (two-sided) was considered statistically significant.
Expected outcomes of the study
To compare the effects of different application durations of VFP on VTE prevention after TJA, and to explore the best daily application duration, so as to provide scientific basis for clinical practice.
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