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Introduction

Pulmonary embolism (PE) and deep vein thrombosis 
(DVT) are two clinical manifestations of the same disease 
at different stages and locations, which are collectively 

known as venous thromboembolism (VTE) (1,2). Surgical 

patients have a variety of risk factors that can easily lead 

to an increase in the incidence of VTE. Preoperative 

reduced activity, intraoperative immobilization and long-
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term postoperative bed rest all lead to significantly slower 
venous blood flow (3). Anesthesia and surgical trauma 
can promote the release of tissue factors and directly 
activate the exogenous coagulation system, leading to 
hypercoagulability or thrombosis (4). Cancer patients are 
prone to the development of VTE because of their higher 
levels of leukocytes, platelets, and tissue factor–positive 
microvesicles (5). Malignant tumors are an important 
cause of the increased incidence of VTE, while thrombotic 
diseases, especially PE, are one of the most common causes 
of early postoperative death in patients with malignant 
tumors (6).

Without preventive measures, the incidence of perioperative 
DVT post general surgery is 10–40% (7), and the incidence 
of thrombosis after abdominal surgery is 15–40% (8). The 
incidence of DVT after colorectal surgery is 2 times higher 
and the incidence of PE is 3 times higher than that after 
abdominal surgery (9). Studies have shown that surgery 
is an independent risk factor for the occurrence of VTE. 
Compared with other abdominal surgery, patients with 
colorectal surgery are more likely to develop VTE after 
surgery due to special position and long operation time (10),  
especially after radical colorectal surgery, which has been 
reported as high as 37–46% (11). Colorectal cancer is 
an independent predictor of postoperative VTE (12). 
Meanwhile, VTE also significantly affected the prognosis of 
surgery patients and reduced the life quality of patients (6).  
In the short term, VTE is the most important cause of 
death in oncological surgical patients within one month 
after surgery. In the long-term, about 1/3 of DVT patients 
will have post-thrombotic syndrome (PTS), and 30% of 
VTE patients will have recurrence within 8 years after 
surgery (9).

Based on the serious harm of VTE in perioperative 
patients, both domestic and foreign guidelines [such 
as American College of Chest Physicians, 9th edition 
(ACCP-9), National Comprehensive Cancer Network 
2018 (NCCN 2018), Guidelines for the Prevention and 
Management of Perioperative Thrombosis in Chinese 
General Surgery, etc.] recommend the mechanical and 
pharmacological prophylaxis for perioperative patients with 
medium to high risk of VTE (10,13,14). It is emphasized 
that the period of drug prophylaxis should be extended to 
4 weeks postoperatively for cancer patients undergoing 
abdominal and pelvic surgery. Although perioperative VTE 
prevention has received more and more attention, there 
are still large gaps between clinical practice and guideline 
recommendations, as well as between physicians' concepts 

and clinical standards. The Epidemiologic International 
Day for the Evaluation of Patients at Risk for Venous 
Thromboembolism in the Acute Hospital Care Setting 
(ENDORSE) study which is a multinational cross-sectional 
study, found that 64% of all surgical patients are at risk for 
VTE, and only an average of 59% of them have actually 
received VTE prophylaxis in accordance with the ACCP 
guidelines (15). The percentage of surgical patients in 
Europe and the United States receiving standard VTE 
prophylaxis is about 60–80%, while in Asia, although the 
risk of VTE is not lower than that in Europe and America, 
the proportion of accepting normative preventive measures 
is far lower than that in Europe and America (15). According 
to Identification of Chinese Hospitalized Patients’ Risk 
Profile for Venous Thromboembolism (DISSOLVE 2) 
study which is a multinational cross-sectional study, the 
proportion of Chinese inpatients receiving any prevention 
of VTE (no matter drug, device or other methods) was only 
14.2%, while the proportion referring to ACCP guidelines 
and receiving appropriate prevention methods was 9.0%, 
and the proportion completely following the guidelines and 
receiving standard prevention was only 3.1% (16). Even 
in China’s economically developed areas such as Beijing, 
Shanghai and Guangzhou, the situation of perioperative 
VTE prevention is not optimistic. Therefore, this study 
aims to further clarify the current situation of the incidence, 
diagnosis, treatment and prevention of perioperative 
VTE in colorectal cancer patients in China, as well as to 
understand the gap between domestic clinical practice and 
the recommended opinions of the guidelines.

Methods

Study design and setting

The Venous ThromboEmbolism incidence in patients 
with ColoRectal Cancer (CRC-VTE) trial will be a 
prospective, multicenter, cohort study to determine the 
current incidence of postoperative VTE events in Chinese 
colorectal cancer patients and the incidence of bleeding 
and other adverse events associated with the chemical 
prophylaxis against VTE events. Patients will be enrolled 
consecutively from 40 centers in China from July 2021 to 
December 2021. The trial flowchart is illustrated in Figure 1.  
The incidence of VTE events within 1 month in patients 
undergoing colorectal cancer surgery was significantly 
higher than that before surgery. Therefore, VTE events will 
be evaluated in 5–9 and 21–28 days after surgery, and the 
relevant physical, imaging, and laboratory examinations will 
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be completed to evaluate whether patients have suffered a 
DVT or/and PE. This study will be conducted according 
to the principles of the Declaration of Helsinki (as revised 
in 2013). Ethics committee of Beijing Friendship Hospital, 
Capital Medical University has approved the study protocol 
(Approval number: 2020-P2-183-02). All participants will 
sign written informed consent.

Population

Consecutively enrolled patients who were clinically diagnosed 
as colorectal cancer and hospitalized in participating centers 
and received surgical treatment, including radical surgery, 
palliative surgery, and other limited surgery for colorectal 
cancer, will be eligible to participate in this study. The 
inclusion and exclusion criteria are listed in Table 1.

Study procedure and treatment

This study will be an observational study. The investigators 
do not interfere with the clinical decision-making and 
treatment process of the patients. Only clinical data 
of the patients are collected in a targeted manner, and 
routine follow-up is performed around 21–28 days after 
surgery. The specific study process of patients is broken 
into three periods: screening, perioperative, follow-up. 
In the screening period, we will screen suitable patients 
according to inclusion and exclusion criteria and sign 
informed consent with patients. After admission, patients 
with a confirmed colorectal malignancy will be evaluated by 
CAPRINI score within 24 hours. Baseline data including 
general information, general condition and CAPRINI 
score, previous related medical history and disease history, 
treatment history, preoperative laboratory tests, and tumor 
related conditions will be collected; during the perioperative 
period, intervention will be determined based on VTE risk 
stratification and corresponding guideline recommendation, 
and the interventions used will follow the guideline 
“patients diagnosed with abdominal and malignant tumors 
are recommended to use low molecular weight heparin for 
anticoagulation for 4 weeks, or use drugs according to the 
existing anticoagulant treatment habits”. We will collect 
brief surgical data of patients, including surgical method, 
time, and bleeding situation, and fill in postoperative VTE 
prevention, relevant diagnosis and treatment information 

Figure 1 Study flowchart. VTE, venous thromboembolism.

Table 1 Inclusion and exclusion criteria

Inclusion criteria

(I)	 No age limit

(II)	 Preoperative colonoscopy confirmed colorectal cancer

(III)	 Hospitalized and operated in the participating centers

(IV)	 Radical operation

(V)	 Palliative surgery

(VI)	 Other limited operation for colorectal cancer

Exclusion criteria

(I)	 Patients undergoing emergency surgery

(II)	 Patients diagnosed with benign diseases

(III)	 Patients who had DVT or PE of both lower limbs before 
operation

(IV)	 Patients who have been enrolled in other studies or 
cannot obtain informed consent

(V)	 Patients who are already on anticoagulation drugs

DVT, deep vein thrombosis; PE, pulmonary embolism.

Population:
Postoperative patients with 
colorectal malignant tumor will be 
included according to inclusion 
and exclusion criteria

Intervention:
Hospital routine operation and VTE 
related preventive measures

Follow-up:
The treatment course and 
laboratory results will be recorded 
in the 5−9 days and 21−28 days 
after surgery

Primary outcome:
Overall incidence of VTE 
after colorectal surgery

Secondary outcomes: 
Incidence of adverse events 
related to prevention of VTE
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and postoperative patient routine 5–9 days before discharge; 
as for the follow-up period, information about the 
occurrence of VTE, VTE prevention-related events, related 
laboratory tests, examinations, diagnosis, and treatment will 
be collected during the routine 21–28 days follow-up after 
surgery. All the collected data will be filled in through the 
network filling system. The specific information collected is 
shown in Table 2.

Study outcomes

The primary study outcome is the total incidence of VTE 
events, including DVT and PE: (I) DVT is diagnosed by 

combining the clinical symptoms of swelling and pain of 
the lower limbs, tenderness behind the lower leg and/or 
medial thigh and auxiliary examination of color ultrasound 
of the veins of both lower limbs, and lower extremity 
venography is the gold standard for the diagnosis of DVT; 
(II) PE should be initially diagnosed in combination 
with related clinical manifestations such as dyspnea and 
shortness of breath and laboratory tests such as plasma 
D-dimer. CT pulmonary arteriography (CTPA) is the 
preferred examination method for the diagnosis of PE (17).  
The secondary outcomes are individual PE and DVT, 
major bleeding, minor bleeding, heparin induced 
thrombocytopenia (HIT), abnormal liver function during 
VTE prevention. A major bleeding is defined as any of the 
following situations according to the International Society 
on Thrombosis and Hemostasis (ISTH) criteria:

(I)	 A ≥20 g/L fall in hemoglobin;
(II)	 A transfusion of ≥2 units of red blood cells or whole 

blood;
(III)	 Bleeding at critical sites including intracranial, 

intraspinal, intraocular, pericardial, intra-articular, 
intramuscular with compartment syndrome and 
retroperitoneal syndrome;

(IV)	 Bleeding with a fatal outcome (18,19).

Sample size and statistical analysis

In this prospective cohort study design, we assumed that 
the perioperative incidence rate of VTE in colorectal 
cancer patients was 24% (P) with an allowable error of 
0.1P and α=0.05 (20-22). According to the sample size 
estimation formula (23), the sample size required for this 
study is 1,217 cases. The primary analysis will describe 
the characteristics of the patients and mainly calculate the 
total incidence of VTE events in colorectal cancer patients 
within 5–7 and 21–28 days after surgery. The incidence 
of various adverse events arising from VTE prevention in 
patients will also be calculated separately. Consecutive data 
(patients’ VTE prevention time, D-dimer, platelet, etc.) 
will be presented as the mean standard deviation or median 
in the quartile range. The classified data (patients’ basic 
characteristics, surgical methods, complications, etc.) will 
be presented as counts and percentages. Statistical analysis 
will be carried out from the following points: (I) according 
to the prevention of VTE, patients can be divided into no 
prevention group, intermediate group (with prevention 
but not according to the guidelines) and prevention group 
(with prevention and meeting the guideline), Groups will be 

Table 2 Study timelines and schedule

Tasks
Screening  

period

Follow-up

5–9 days  
after surgery

21–28 days 
after surgery

Informed consent 

Demographic data 

Surgical information 

VTE related

Symptom assessment   

Physical examination   

Laboratory 
examination1

  

Imaging examination2   

Caprini score  

Prophylactic use of VTE   

Evaluation for 
concomitant treatments

  

Evaluation for  
bleeding risk

  

Treatment compliance   

Prevention of VTE 
related adverse events

  

Other adverse events   
1
, DIC examination is an important examination item in 

laboratory examination, which should be examined 5–9 and 
21–28 days after operation; 

2
, imaging examination should 

be based on color Doppler ultrasound, if DVT or PE occurs, 
further venography or CTPA should be performed. DVT, deep 
vein thrombosis; PE, pulmonary embolism; VTE, venous 
thromboembolism; DIC, disseminated intravascular coagulation.
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determined according to guidelines issued by the Chinese 
Medical Association (12); (II) patients can be divided into 
low risk, medium risk, and high risk groups according to 
the CAPRINI score. All P values are double-sided and the 
statistical significance is set at the 5% level. Proportion and 
95% confidence interval will be calculated. SPSS (IBM) will 
be used for statistical analysis of all data.

Discussion

Prevention of VTE in patients with colorectal malignancy 
should begin with risk assessment. The CAPRINI score 
is the worldwide consensus for evaluating the risk of 
VTE in the perioperative period (14,24,25). According 
to domestic and foreign studies, the CAPRINI score can 
effectively identify people with high incidence of VTE, and 
the higher the score, the higher the risk of VTE (26-28).  
The preventive measures for VTE mainly include 
mechanical prophylaxis and drug prophylaxis, the purpose 
of the former is to increase venous return of the lower limbs 
through external pressure to reduce the occurrence of VTE. 
As for drug prophylaxis, low molecular weight heparin is 
the first-line choice according to the guideline proposed 
by the American Association for Colorectal Surgery (22). 
Some novel anticoagulant drugs, such as rivaroxaban and 
dabigatran, are used as preventive drugs for postoperative 
VTE in colorectal cancer. Although some clinical 
studies such as Rivaroxaban for extended antithrombotic 
prophylaxis after laparoscopic surgery for colorectal 
cancer (PROLAPS II) are currently under way, large-scale 
evidence-based evidence is still lacking (29). Of note, there 
is clear evidence that duration prolongation of prophylactic 
use of low molecular weight heparin after major abdominal 
and pelvic tumor surgery can effectively reduce the 
incidence of VTE without increasing bleeding events (30).  
Therefore, for patients with colorectal cancer, the 
application of anticoagulants for 4 weeks after surgery may 
bring about a better trade-off property (31). Individualized 
prevention of VTE is recommended in the design of this 
study based on the risk level of VTE assessed twice by 
CAPRINI system after admission and surgery. Certainly, 
as an observational study, we do not limit the prevention 
measures. Bleeding is the most common complication in 
the prevention of VTE in patients with colorectal cancer. 
A meta-analysis of 24 studies involving 804,003 patients 
found that thromboprophylaxis in perioperative patients 
with colorectal cancer reduced the incidence of VTE, 
while may increase the chance of bleeding (32). Therefore, 

in this study, bleeding events are taken as the main safety 
outcome, and postoperative bleeding events related to VTE 
prevention will be recorded in detail, and the corresponding 
measures will be taken for patients with adverse bleeding 
events in time. Although continued use of anticoagulants 
after discharge can reduce the incidence of VTE events 
in patients, these recommendations for adoption rates 
have been statistically low, with only 1.5% of patients 
undergoing colorectal cancer resection receiving post-
discharge prophylaxis (33). Schlick has developed a post-
hospital risk generator for colorectal cancer, which can be 
used to quickly calculate the predictive probability of post-
hospital VTE in an individual patient, to identify a group 
of patients at high risk of post-hospital VTE events, and 
to target them for post-hospital prevention (34). However, 
it also has the disadvantages of low predictive probability 
and require larger sample data, thus the risk-benefit ratio of 
post-discharge prevention of VTE is still difficult to explain. 
We will make statistics on medication compliance of 
Chinese patients discharged after colorectal cancer surgery, 
and analyze the necessity and feasibility of prolonging 
postoperative VTE prevention. We analyzed the results of 
a large questionnaire on the status of VTE after colorectal 
surgery in China prior to the commencement of this  
study (35). The result showed that VTE events are common 
in colorectal malignant tumors, but there is still a lack of 
specific data on the prevention and treatment of VTE in 
colorectal surgery patients in China. Therefore, in order 
to further understand the current situation of perioperative 
anticoagulation and the incidence of postoperative VTE in 
colorectal patients, we designed such a study. The results 
of this study will help us to establish the prevention norms 
and guidelines for VTE in colorectal surgery suitable for 
China’s national conditions.
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