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Abstract
BACKGROUND
Venous thromboembolism (VTE) is a major cause of unexpected and perioperative in-hospital deaths. It is characterized by high morbidity, high mortality, high misdiagnosis rate, and high missed diagnosis rates. VTE is a common postoperative complication in cancer patients. VTE is preventable, and early identification of risk factors leading to VTE and appropriate early preventive actions can reduce its occurrence and mortality. Presently, there is no uniform standard for the prevention and control of VTE in clinical practice, and hospitals in China lack mature and effective protocols for the assessment, prevention, and treatment of VTE.

AIM
To explore whether an early warning program could influence the occurrence of deep vein thrombosis (DVT) postoperatively.

METHODS
This is a comparative retrospective cohort study, which enrolled patients who underwent laparotomic or laparoscopic gastrointestinal tumor resection for gastrointestinal cancer between January 2016 and December 2019. Patients were divided into a control group and an early warning group depending on whether or not the early warning program was implemented. A venous thromboembolism prevention and control team was established. The outcomes included the occurrence of DVT, the correct rate of VTE assessment, the coagulation indicators, and the mastery of VTE knowledge by the nurses.

RESULTS
A total of 264 patients were included in this study, with 128 patients in the control group and 136 patients in the early warning group. The occurrence rate of DVT in the early warning group was 6.6% (9/136), compared with 14.1% (18/128) in the control group (P < 0.05). The correct rates of VTE risk assessment by the nurses and standard implementation rate of VTE preventive measures were 86.8% vs 65.6% and 80.2% vs 57.8% in early warning and control groups, respectively (all P < 0.001). The independent factors associated with postoperative DVT occurrence were age (OR = 1.083, 95%CI: 1.070-3.265, P = 0.032), Hyperlipidemia (OR = 1.127, 95%CI: 1.139-2.564, P = 0.042), preoperative high VTE risk (OR = 2.131, 95%CI: 1.085-5.178, P = 0.001), time of operation (OR = 2.268, 95%CI: 2.005-5.546, P = 0.026) and not adoption of early warning prevention (OR = 3.747, 95%CI: 1.523-6.956, P = 0.017).

CONCLUSION
The early warning strategy was independently associated with the decreasing occurrence of VTE, and it might be suitable for protection from VTE in patients undergoing gastrointestinal cancer surgery.
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Core Tip: Presently, there is no uniform standard for the prevention and control of venous thromboembolism (VTE) in clinical practice, and hospitals in China lack mature and effective protocols for the assessment, prevention, and treatment of VTE. An early warning strategy was independently associated with the decreasing occurrence of VTE, and it might be suitable for protection from VTE in patients undergoing gastrointestinal cancer surgery.

INTRODUCTION
Venous thromboembolism (VTE) includes deep vein thrombosis and pulmonary thromboembolism[1]. It refers to a thrombus in a vein, making blood vessels completely or incompletely obstructed, leading to venous reflux disorder[2]. VTE is one of the major causes of unexpected and perioperative in-hospital deaths, and is characterized by high morbidity, high mortality, high misdiagnosis rate, and high missed diagnosis rates[3].
VTE is the third most common vascular disease after coronary syndrome and stroke. Patients with malignant tumors have a 4–7 times higher risk of VTE compared to healthy individuals [4]. Such patients can have a VTE incidence as high as 15%-20%[5]. Surgical treatment is the first choice of treatment for cancers, but the surgical trauma itself also increases the incidence of VTE in patients[6,7], and lower limb DVT incidence can be as high as 10%-40% when no prophylaxis is given[8]. VTE occurrence in patients with cancer can increase the treatment costs, mortality, and lead to a material and spiritual burden for both cancer patients as well as their families, and often leads to medical disputes[6,7,9].
VTE is a preventable disease. The early identification of risk factors leading to VTE and appropriate early preventive actions can reduce the occurrence and mortality of VTE[10]. Although consensuses and guidelines for the prevention and treatment of VTE have recently been introduced in various countries[11-17], recognizing the early warning signs and taking effective preventive actions remain essential. Presently, there is no uniform standard for the prevention and control of VTE in clinical practice, and hospitals in China lack mature and effective protocols for the assessment, prevention, and treatment of VTE.
Therefore, the present study explored whether the integration of early warning prevention strategies could reduce the occurrence of VTE in patients with gastrointestinal cancer during the perioperative period. The results of this study might provide clues into changes in hospital policies and hold potential to improve the outcomes of gastrointestinal cancer patients undergoing surgery.

MATERIALS AND METHODS
Patients
This was a retrospective comparative cohort study of patients who underwent gastrointestinal surgery for a gastrointestinal cancer at Kunshan Hospital of Traditional Chinese Medicine, China, between January 2016 and December 2019. The surgical oncology department of this hospital has 160 beds, and about 150 patients with gastrointestinal cancer are treated each year. This study was approved by the Medical Ethics Committee of our hospital (#2017063). Written informed consent was obtained from the patients. This study was registered at the China Clinical Trial Registry (registration number: ChiCTR2100044555).
The inclusion criteria were as follows: (1) patients ≥ 18 years of age; (2) those who underwent laparotomic or laparoscopic gastrointestinal tumor resection under general anesthesia; (3) patients with complete data, including pathological or cytological diagnosis of malignant tumor; (4) TNM stages I–III; (5) no history of anticoagulation therapy during the 3 mo before surgery; (6) no neoadjuvant chemoradiotherapy; and (7) patients had the ability to communicate normally.
The exclusion criteria were as follows: (1) patients with cardiopulmonary diseases or nerve, muscle, or joint diseases, or any condition that affected mobility; (2) mental illness or severe cognitive disorders or defects in language expression; (3) postoperative cardiac, cerebrovascular, or other severe complications; (4) VTE before surgery; (5) contraindications to drugs or physical VTE prevention; (6) patients who were using heparin, low-molecular-weight heparin, or oral anticoagulants; (7) patients who were discharged from hospital after surgery against medical advice or were lost to follow-up; or (8) were transferred to a local hospital for additional treatments after surgery.

Grouping
An early warning and management strategy was devised on the basis of extant knowledge of cancer-associated VTE[16]. During the study period, patients who had matched the eligibility criteria were placed either into an early warning group or a control group depending on the time of their surgery. The control group included patients who underwent surgery before the program was implemented between January 2016 and December 2017, while the early warning group included patients who underwent surgery after the program was implemented, i.e., between January 2018 and November 2019.

Control group
The patients in the control group were evaluated using the Caprini thrombus risk factor assessment form[18] to assess VTE risk during hospitalization. The nurses routinely used a paper scoring form to report the results. The doctor reviewed and issued their orders. VTE risk was divided into three levels, namely, low (0-2 points), moderate (3-4 points), and high (≥ 5 points). Preventive actions were undertaken on the basis of the result of the risk assessment. Patients who were found to be at low risk underwent dietary guidance, lower limb elevation, ankle pump exercise, early mobilization, and the use of gradient compression stockings and intermittent inflation pressure devices. Patients who were found to be at moderate risk were given physical prevention and anticoagulants. Those with bleeding risk were given physical prevention as the first choice. Patients who were found to be at high or extremely high risk were given anticoagulants and physical prevention.

Early warning group
Integrated strategies for VTE early warning prevention and control were adopted for the early warning group. We established a multimode information system for early VTE prevention, and standardized the procedures used in the implementation of VTE prevention and control
A VTE prevention and control team was established. The deputy chief of the department was designated the team leader, and the medical director was the deputy team leader. The medical, nursing, clinical, pharmacy, and ultrasound departments each had two key members on the team. All the members on the team had senior deputy titles or above. The team included a VTE quality monitoring group and a VTE prevention and control multidisciplinary cooperation group. All the team members had at least 5 years of professional experience and had received the latest VTE-related knowledge training. The team developed a perioperative VTE prevention and control system on the basis of VTE-related guidelines and related research along with taking into account the actual situation encountered in the hospital.
This team also developed training content of the risk assessment prediction and strategies for the prevention and management of VTE and decided on the training frequency. Risk prediction model updates and multiple training methods were adopted, using a variety of media such as video, WeChat, lectures, and ward rounds. Nurses at different levels were trained using different training methods according to a previous study[19]. Younger nurses received collective training and video education for VTE prevention and control training. Senior nurses used the discussion after the morning rounds to assess their knowledge, and targeted supplementary education was provided when necessary. The department conducted teaching rounds, and case discussions on VTE in patients with gastrointestinal tumors were conducted to analyze the shortcomings of VTE prevention and control measures in the department and how to make corrections. Team members from the nursing department organized and produced VTE-related videos and a manual. Contents of the video included ankle pump exercise, early mobilization activities, clexane injection, and air pump treatment. The manual included the causes, symptoms, prevention, and nursing responsibilities associated with VTE.
VTE risk was scored within 24 h of admission, within 6 h after surgery, at first mobilization, and at any change in condition. The Caprini thrombus risk factor assessment form was used for risk assessment [18]. This form was incorporated into the hospital medical record system. The items were entered into the system electronically. The primary nurse conducted the Caprini scoring and selected the corresponding indicators. Scores and grades were automatically provided by the system and reviewed by the attending physician to determine the final scores. A card containing the warning signs was placed at the bedside of all the patients who were identified as high risk. Patients undergoing drug prophylaxis for VTE underwent risk assessment of bleeding and other factors that might affect prevention[2]. When the Caprini score of the patients reached high risk, notes were marked on a blackboard at the nurses’ station to ensure the implementation of the prevention and control measures of VTE by the clinical nurses and to raise their risk awareness of VTE.
The VTE prevention and control guidelines for surgical patients were regularly reviewed. The physical and drug prophylaxis methods, including thrombus risk assessment, ankle pump exercise, gradient compression stockings, intermittent inflatable pressure devices, early mobilization, clexane injections, and bleeding assessment, were the same as for the control group according to the risk level. Health education materials were made from patients’ perspective, including the causes and risks of VTE during gastrointestinal surgery, the impact of VTE on postoperative rehabilitation, the advantages and effects of VTE prevention and control, and how to manage postsurgical abdominal incision pain during rehabilitation. The desired surgical effect of the program on the patient was evaluated, the factors affecting the patient’s adherence to exercise were examined, and the effect of drugs on bleeding risk was evaluated. Measures for VTE prevention were formulated into a target entry form using the goal achievement theory, and it covered the entire perioperative period and the follow-up after patient discharge. The primary nurse completed the VTE prevention and control form daily. VTE quality control standards were established. Responsible nurses conducted random spot checks every week, and the supervisor of nursing care conducted random spot checks every month.

Outcomes
The outcomes included the occurrence of DVT, the correct rate of VTE assessment, the coagulation indicators, and the mastery of VTE knowledge by the nurses.
As VTE most commonly occurs on day 3 after surgery, color Doppler examinations of the lower limbs were performed before surgery and on days 1, 3, and 7 after the surgery. The color Doppler examinations were performed by one of five radiologists, including two attending radiologists and three deputy chief radiologists with at least 6 years of lower limb venous thrombosis screening experience, according to the work schedule. The same LogiqE9 color Doppler ultrasound diagnostic apparatus (GE Healthcare, Waukesha, WI, United States) was used. The external iliac vein, popliteal vein, deep femoral vein, posterior tibial vein, calf muscle veins, and other lower limb veins were examined. According to the diagnostic standard of DVT[1,20], the occurrence rate was defined as the number of cases of lower limb DVT divided by the total number of cases in this group.
Re-evaluation times and preventive measures of VTE among patients were checked by consulting the nursing record sheet. Combined with information from medical records, the Caprini score assessment was rechecked. The rate of correct Caprini score assessment was the number of correctly evaluated cases divided by the total number of cases × 100%. The standard implementation rate of VTE preventive measures was the number of cases with correct VTE prevention divided by the total number of cases × 100%.
The coagulation indicators included plasma D-dimer, prothrombin time (PT), activated partial thromboplastin time (APTT), and fibrinogen degradation products. These indicators were measured in blood samples obtained on the mornings of days 1, 3, and 7 after the operation. The blood samples were tested within 3 h, and all tests were completed by the hospital’s central laboratory.
A self-designed VTE knowledge survey questionnaire was designed for the nurses. Fifteen nurses were surveyed before the training. The issues that occurred during the survey were discussed with experts, and the results were then used to revise and improve the questionnaire. The overall Cronbach's α coefficient of the questionnaire was 0.84 and the content validity index was 0.92. The questionnaire covered three dimensions, namely, basic knowledge of VTE, VTE risk assessment, and VTE prevention, with a total of 45 mixed questions. There were 30 points for each dimension, with a total score of 90 points. As part of the implementation process of the early warning program, 2-3 nurses, senior nurses, supervisor nurses, and deputy chief nurses were selected using a randomization system from each surgical ward to participate in the questionnaire survey before and at 6 mo after training. The questionnaires were dispatched and retrieved on-site, and the respondents completed the questionnaires independently within 30 min.

Data collection
All the data were extracted from the medical charts and from the documentation of the implementation of the early warning program.

Statistical analysis
SPSS 22.0 (IBM, Armonk, NY, United States) was used for data analysis. Categorical data were expressed as frequencies and percentages and analyzed using the chi-square test. Continuous data were expressed as means ± SD and analyzed using the Student’s t test. Univariate and multivariate logistic regression analyses were used to explore the associated factors with the occurrence of postoperative DVT. The variates that P < 0.05 in univariate analysis were included in the multivariable analysis with stepwise method. P values < 0.05 were considered statistically significant.

RESULTS
Patient characteristics
A total of 264 patients were included in the study with 128 patients in control group and 136 patients in early warning group. There were no significant differences in the age, sex, education levels, marital status, disease diagnosis, tumor staging, surgical method, VTE risk classification, comorbidities, and postoperative bedtime between the two groups (all P > 0.05; Table 1).

Occurrence of DVT
The occurrence rate of DVT was 6.6% and 14.1% in the early warning group and control group, respectively (P < 0.05). The correct rates of VTE risk assessment by the nurses were 65.6% and 86.8% (P < 0.001), at same time standard implementation rate of VTE preventive measures were 57.8% and 80.2% (P < 0.001) in control and early warning groups, respectively (Table 2).

Coagulation indicators
The D-dimer levels were lower in the early warning group than in the control group at 7 d (1.52 ± 1.03 vs 2.75 ± 1.82 µg/mL, P < 0.001). The levels of fibrinogen degradation products were lower in the early warning group than in controls on day 3 (5.62 ± 2.11 vs 7.69 ± 2.27, P < 0.001) and day 7 (4.38 ± 3.04 vs 8.16 ± 4.26, P < 0.001). There were no differences in the PT and APTT between the two groups (all P > 0.05; Table 3).

Independent associated factors with the occurrence of postoperative DVT
After adjusted hypertension, age (OR = 1.083, 95%CI: 1.070-3.265, P = 0.032), hyperlipidemia (OR = 1.127, 95%CI: 1.139-2.564, P = 0.042), preoperative high VTE risk (OR = 2.131, 95%CI: 1.085-5.178, P = 0.001), time of operation (OR = 2.268, 95%CI: 2.005-5.546, P = 0.026) and not adoption of early warning prevention (OR = 3.747, 95%CI: 1.523-6.956, P = 0.017) were independently associated with the occurrence of postoperative DVT of patients with gastrointestinal cancer (Table 4).

Mastery of VTE-related knowledge by the nurses
The basic knowledge of VTE, VTE risk assessment, VTE prevention scores, and total score were increased after implementation (all P < 0.001; Table 5).

DISCUSSION
VTE is a common postoperative complication in patients with cancer[5-7]. Early identification of the risk factors leading to VTE and active early preventive actions can reduce its occurrence. Therefore, this study aimed to evaluate the effects of early warning prevention and control strategies for perioperative VTE in patients undergoing surgery for gastrointestinal cancer. The results of our study suggest that an early warning strategy reduced the occurrence of VTE and improved the application of the appropriate methods against VTE in patients who underwent surgery for gastrointestinal cancer.
Under normal physiological conditions, the coagulation and fibrinolytic systems are mutually restrained and balanced to maintain blood flow. ”Hypercoagulability of blood, stasis of venous blood flow, and damage to vascular endothelial cells” are the basis of thrombosis[21]. VTE has been shown to have a significantly higher rate of occurrence in patients with malignant tumors than in patients without cancer due to cancer-related hypercoagulability, gene mutation, and anti-tumor treatments[22,23]. The trauma of surgery itself can cause an increase in the release of tissue factors, consequently activating of the endogenous coagulation pathways and inhibition of the fibrinolytic system, resulting in local blood coagulation and the occurrence of DVT. In addition to these factors, as patients are bedridden after the operation, the slow venous blood flow in the lower limbs further contributes to the high risk of postoperative thrombosis in cancer patients[22,23]. Therefore, it is crucial to establish a comprehensive prevention and management system for VTE in cancer patients.
Previous studies have stated that in the cancer population, VTE can occur in three different settings: hospitalized cancer patients, surgery and the extended postsurgical period, and outpatient chemotherapy. It is well-documented that patients undergoing cancer surgery are at very high risk of VTE[24]. Therefore, it is vital to understand the VTE risk in specific cancer patient groups and settings so that staff and patients can adopt and implement effective prophylactic measures and consequently reduce the rate of VTE occurrence. The National Comprehensive Cancer Network (NCCN) clinical practice guidelines in oncology state that high-risk abdominal/pelvic cancer surgery patients include patients undergoing surgery for gastrointestinal cancer, those with previous history of VTE, those who were under anesthesia for ≥ 2 h, with a bed rest of > 4 d, those with advanced stage disease, and those who are > 60 years of age[25]. Therefore, the results of this study make an important contribution towards reducing the VTE risk in these vulnerable gastrointestinal cancer patients.
This study strongly suggests that implementing an evidence-based prevention management system, formulating standardized VTE prevention procedures, combining information systems, performing early VTE screening, and implementing standardized graded interventions could effectively reduce the occurrence rate of VTE in patients operated for gastrointestinal cancer. The program implemented in the current study included hospital-level VTE prevention and control teams; improved VTE early warning prevention; an improved knowledge of control in the hospital; multimode training methods including centralized training, case discussions, and video teaching. After implementing all these aspects, the VTE-related knowledge of the nurses increased. Additionally, standardizing the VTE early warning prevention and control procedures for surgical patients, doctors, and nurses led to improved compliance of the patients and nurses and decreased the occurrence rate of VTE. Establishing VTE quality control standards and procedures and continuously conducting quality supervision can ensure the effective implementation of VTE early warning prevention and control strategies[26].We recommend that in patients who undergo surgery for gastrointestinal cancer, long-term prophylaxis should be carried out by regular monitoring in the postoperative period after discharge from the hospital.
With the renewal of the concepts of clinically relevant personnel and research on VTE, VTE management has begun to receive increasing attention in China[27]. Multidisciplinary teams for VTE prevention and treatment have been established across major medical centers globally, and VTE prevention and control practices has been gradually introduced in these centers[28-30]. Nevertheless, no relevant guidelines or studies are available for gastrointestinal tumors. This study was based on the application of guidelines for VTE prevention, standardized the criteria of VTE prevention, and establishing a more scientific and objective system for the monitoring of VTE preventive nursing quality for patients with gastrointestinal cancer.

CONCLUSION
An early warning strategy might reduce the occurrence of VTE and improve the application of the appropriate methods against VTE in patients who undergo surgery for gastrointestinal cancer. The results provide clues that can be used to implement changes in hospital policies to improve the outcomes of patients with cancer.

ARTICLE HIGHLIGHTS
Research background
Venous thromboembolism (VTE) is a major cause of unexpected and perioperative in-hospital deaths. It is characterized by high morbidity, high mortality, high misdiagnosis rate, and high missed diagnosis rates. Presently, there is no uniform standard for the prevention and control of VTE in clinical practice, and hospitals in China lack mature and effective protocols for the assessment, prevention, and treatment of VTE.

Research motivation
Early identification of the risk factors leading to VTE and active early preventive actions can reduce its occurrence. This study aimed to evaluate the effects of early warning prevention and control strategies for perioperative VTE in patients undergoing surgery for gastrointestinal cancer. 

Research objectives
This study aimed to explore whether an early warning program could influence the occurrence of deep vein thrombosis (DVT) postoperatively.

Research methods
This is a comparative retrospective cohort study, which enrolled patients who underwent laparotomic or laparoscopic gastrointestinal tumor resection for gastrointestinal cancer between January 2016 and December 2019. Patients were divided into a control group and an early warning group depending on whether or not the early warning program was implemented. A venous thromboembolism prevention and control team was established. The outcomes included the occurrence of DVT, the correct rate of VTE assessment, the coagulation indicators, and the mastery of VTE knowledge by the nurses.

Research results
A total of 264 patients were included in this study, with 128 patients in the control group and 136 patients in the early warning group. The occurrence rate of DVT in the early warning group was 6.6% (9/136), compared with 14.1% (18/128) in the control group (P < 0.05). The correct rates of VTE risk assessment by the nurses and standard implementation rate of VTE preventive measures were 86.8% vs 65.6% and 80.2% vs 57.8% in early warning and control groups, respectively (all P < 0.001). The independent factors associated with postoperative DVT occurrence were age (OR = 1.083, 95%CI: 1.070-3.265, P = 0.032), Hyperlipidemia (OR = 1.127, 95%CI: 1.139-2.564, P = 0.042), preoperative high VTE risk (OR = 2.131, 95%CI: 1.085-5.178, P = 0.001), time of operation (OR = 2.268, 95%CI: 2.005-5.546, P = 0.026) and not adoption of early warning prevention (OR = 3.747, 95%CI: 1.523-6.956, P = 0.017).

Research conclusions
The early warning strategy was independently associated with the decreasing occurrence of VTE, and it might be suitable for protection from VTE in patients undergoing gastrointestinal cancer surgery.

Research perspectives
Subsequent studies should include the group unit to further validate the results of the present research.
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Table 1 Characteristics of the patients in two groups
	Item
	Control (n = 128)
	[bookmark: _Hlk62813310]Early warning (n = 136)
	P value

	Sex, n (%)
	
	
	

	Male
	72 (56.3)
	69 (50.7)
	0.369

	Female
	56 (43.8)
	67 (49.3)
	

	Age (years), mean ± SD
	65.9 ± 11.3
	63.4 ± 12.7
	0.096

	BMI (kg/m2), mean ± SD
	21.6 ± 3.3
	22.3 ± 4.2
	0.108

	Education, n (%)
	
	
	0.263

	[bookmark: RANGE!A8]Junior middle school and below
	36 (28.1)
	41 (30.2)
	

	Senior high school and technical secondary school
	59 (40.1)
	50 (36.8)
	

	Junior college and undergraduate and above
	33 (25.8)
	45 (33.1)
	

	Marital status, n (%)
	
	
	0.736

	Living with a spouse
	86 (67.2)
	94 (66.9)
	

	Unmarried, widowed or divorced
	42 (32.8)
	42 (30.9)
	

	Hypertension, n (%)
	23 (17.9)
	19 (14.0)
	0.375

	Diabetes, n (%)
	18 (14.1)
	24 (17.6)
	0.402

	Hyperlipemia, n (%)
	15 (11.7)
	18 (13.2)
	0.710

	Preoperative VTE risk classification, n (%)
	
	
	0.488

	Moderate risk
	52 (40.6)
	61 (44.9)
	

	High risk
	76 (59.4)
	75 (55.2)
	

	TNM, n (%)
	
	
	0.928

	I
	34 (26.6)
	39 (28.7)
	

	II
	51 (39.9)
	53 (39.0)
	

	III
	43 (33.6)
	44 (32.4)
	

	Surgical method, n (%)
	
	
	0.524

	Radical resection of gastric cancer
	68 (53.1)
	70 (51.5)
	

	Radical resection of rectal cancer
	42 (32.8)
	40 (29.4)
	

	Radical resection of colon cancer
	18 (14.1)
	26 (19.12)
	

	Operation time (min), mean ± SD
	118.5 ± 45.7
	121.8 ± 51.9
	0.247

	Intraoperative blood loss (mL), mean ± SD
	85.3 ± 21.6
	89.7 ± 23.6
	0.076

	Length of hospital stay (day), mean ± SD
	15.27 ± 2.68
	14.69 ± 2.35
	0.062


SD: Standard deviation; VTE: Venous thromboembolism; BMI: Body mass index.
Table 2 Comparison of deep vein thrombosis occurrence rate, venous thromboembolism risk assessment rate by nurses, and implementation rate of VTE preventive measures between the two groups
	
	Control (n = 128)
	Early warning (n = 136)
	P value

	Occurrence of DVT, n (%))
	18 (14.1)
	9 (6.6)
	0.046

	Correct rates of VTE risk assessment of nurse evaluation, n (%)
	84 (65.6)
	118 (86.8)
	< 0.001

	Standard implementation rate of VTE preventive measures of patients, n (%)
	74 (57.8)
	109 (80.2)
	< 0.001


DVT: Deep vein thrombosis; VTE: Venous thromboembolism.

Table 3 Comparison of coagulation indicators between two groups at different points in time
	
	Control (n = 128)
	Early warning (n = 136)
	P value

	D-dimer (µg/mL), mean ± SD
	
	
	

	Before
	0.46 ± 0.20
	0.44 ± 0.24
	0.473

	1 d
	1.86 ± 0.96
	2.04 ± 1.27
	0.197

	3 d
	3.27 ± 1.85
	2.68 ± 1.74
	0.008

	7 d
	2.75 ± 1.82
	1.52 ± 1.03
	0.000

	Prothrombin time (s), mean ± SD
	
	
	

	Before
	11.3 ± 1.4
	11.1 ± 1.0
	0.061

	1 d
	11.5 ± 1.1
	11.3 ± 1.2
	0.359

	3 d
	11.7 ± 1.0
	11.5 ± 0.9
	0.057

	7 d
	11.2 ± 1.2
	11.3 ± 1.0
	0.648

	Fibrinogen degradation product, mean ± SD
	
	
	

	Before
	2.54 ± 1.52
	2.67 ± 1.36
	0.464

	1 d
	7.26 ± 3.21
	6.82 ± 3.29
	0.273

	3 d
	7.69 ± 2.27
	5.62 ± 2.11
	0.000

	7 d
	8.16 ± 4.26
	4.38 ± 3.04
	0.000

	Activated partial thromboplastin time (s), mean ± SD
	
	
	

	Before
	33.1 ± 6.4
	32.2 ± 5.7
	0.242

	1 d
	35.6 ± 7.3
	35.7 ± 6.6
	0.925

	3 d
	34.6 ± 6.6
	32.8 ± 7.3
	0.523

	7 d
	62.3 ± 6.3
	32.3 ± 6.6
	0.247


SD: Standard deviation.

Table 4 Univariate and Multivariate logistic regression analysis of the occurrence of postoperative deep vein thrombosis of patients with gastrointestinal cancer
	
	DVT Group (n = 27)
	Non-DVT Group (n = 237)
	Univariate
	Multivariate

	
	
	
	OR
	95%CI
	P value
	OR
	95%CI
	P value

	Age
	70.81 ± 7.95
	60.17 ± 8.36
	1.03
	1.04-1.35
	0.026
	1.083
	1.070-3.265
	0.032

	Gender
	
	
	
	
	
	
	
	

	Male
	16 (59.26)
	125 (52.74)
	1
	
	
	
	
	

	Female
	11 (40.74)
	112 (47.26)
	1.30
	0. 58-2.93
	0.52
	
	
	

	BMI
	22.56 ± 1.92
	21.83 ± 2.51
	1.09
	0.96-1.23
	0.145
	
	
	

	Education background
	
	
	
	
	
	
	
	

	Junior secondary and below
	5 (18.52)
	72 (30.38)
	1
	
	
	
	
	

	Above junior secondary
	22 (81.48)
	165 (69.62)
	0.52
	0.19-1.43
	0.371
	
	
	

	Marital status
	
	
	
	
	
	
	
	

	Having a spouse
	17 (62.96)
	163 (68.78)
	1
	
	
	
	
	

	Unmarried, widowed, or divorced
	10 (37.04)
	74 (31.22)
	0.77
	0.33-1.76
	0.539
	
	
	

	Hypertension, no
	17 (62.96)
	205 (84.50)
	3.77
	1.58-8.95
	0.002
	
	
	

	Diabetes, no
	22 (81.48)
	200 (84.39)
	1.23
	0.43-3.45
	0.78
	
	
	

	Hyperlipidemia, yes
	8 (29.63)
	25 (10.55)
	3.57
	1.41-8.99
	0.005
	1.127
	1.139-2.564
	0.042

	TNM
	
	
	
	
	
	
	
	

	I, II
	6 (22.22)
	67 (28.27)
	1
	
	
	
	
	

	III
	12 (44.45)
	75 (31.65)
	0.56
	0.25-1.26
	0.18
	
	
	

	Surgery method
	
	
	
	
	
	
	
	

	Radical gastrectomy
	13 (48.15)
	125 (52.74)
	1
	
	
	
	
	

	Radical resection of colorectal cancer
	9 (33.33)
	73 (30.80)
	0.832
	0.37-1.81
	0.651
	
	
	

	Preoperative VTE risk grade 
	
	
	
	
	
	
	
	

	Medium-risk
	6 (22.22)
	107 (45.15)
	1
	
	
	
	
	

	High risk
	21 (77.78)
	130 (54.85)
	1.12
	0.13-0.89
	0.023
	2.131
	1.085-5.178
	0.001 

	Time of operation (min)
	128.4 ± 29.47
	112.2 ± 35.76
	1.07
	1.13-1.37
	0.024
	2.268
	[bookmark: _Hlk62831828]2.005-5.546
	0.026

	Intraoperative bleeding volume (mL)
	91.46 ± 17.38
	85.25 ± 20.26
	1.06
	0.48-1.26
	0.127
	
	
	

	Adoption of early warning prevention, no
	18 (66.67)
	110 (46.41)
	1.28
	0.18-1.0
	0.046
	3.747
	1.523-6.956
	0.017


OR: Odds ratio; CI: Confidence interval; DVT: Deep vein thrombosis; BMI: Body mass index; VTE: Venous thromboembolism; BMI: Body mass index.


Table 5 Comparison of venous thromboembolism knowledge in nurses before and after implementation
	
	Before implementation (n = 86)
	After implementation (n = 86)
	P value

	VTE basic knowledge, mean ± SD
	20.0 ± 3.7
	23.6 ± 4.3
	< 0.001

	VTE evaluation knowledge, mean ± SD
	18.2 ± 4.0
	23.4 ± 4.2
	< 0.001

	VTE prevention knowledge, mean ± SD
	22.3 ± 3.4
	25.4 ± 2.5
	< 0.001

	Total score, mean ± SD
	62.4 ± 10.1
	71.3 ± 11.4
	< 0.001


SD: Standard deviation; VTE: Venous thromboembolism.


