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Background: Venous thromboembolism (VTE) is a common and serious complication after colorectal cancer (CRC) surgery. Few
large-sample studies have reported VTE incidence and management status after CRC surgery in China. This study aimed to
investigate the incidence and prevention of VTE in Chinese patients after CRC surgery, identify risk factors for developing VTE, and
construct a new scoring system for clinical decision-making and care planning.
Methods: Participants were recruited from 46 centers in 17 provinces in China. Patients were followed up for 1 month
postoperatively. The study period was from May 2021 to May 2022. The Caprini score risk stratification and VTE prevention and
incidence were recorded. The predictors of the occurrence of VTE after surgery were identified by multivariate logistic regression
analysis, and a prediction model (CRC-VTE score) was developed.
Results: A total of 1836 patients were analyzed. The postoperative Caprini scores ranged from 1 to 16 points, with a median of 6
points. Of these, 10.1% were classified as low risk (0–2 points), 7.4% as moderate risk (3–4 points), and 82.5% as high risk (≥ 5
points). Among these patients, 1210 (65.9%) received pharmacological prophylaxis, and 1061 (57.8%) received mechanical
prophylaxis. The incidence of short-term VTE events after CRC surgery was 11.2% (95% CI 9.8–12.7), including deep venous
thrombosis (DVT) (11.0%, 95%CI 9.6–12.5) and pulmonary embolism (PE) (0.2%, 95%CI 0–0.5). Multifactorial analysis showed that
age (≥ 70 years), history of varicose veins in the lower extremities, cardiac insufficiency, female sex, preoperative bowel obstruction,
preoperative bloody/tarry stool, and anesthesia time at least 180min were independent risk factors for postoperative VTE. The CRC-
VTEmodel was developed from these seven factors and had good VTE predictive performance (C-statistic 0.72, 95%CI 0.68–0.76).
Conclusions: This study provided a national perspective on the incidence and prevention of VTE after CRC surgery in China. The
study offers guidance for VTE prevention in patients after CRC surgery. A practical CRC-VTE risk predictive model was proposed.
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Background

Active cancer patients are at increased risk for venous throm-
boembolism (VTE), including deep vein thrombosis (DVT) and
pulmonary embolism (PE), with a prevalence of 1–20%[1]. VTE is
also a frequent and serious complication after colorectal surgery
due to specific procedural risk factors, including the unique
location of the lithotomy, the prolonged operation time, and the
pelvic dissection[2]. Radiologically and clinically diagnosed VTE
rates were up to 40% for DVT and 5% for PE after colorectal
cancer (CRC) surgery. VTE has serious consequences for
patients, including prolonged hospitalization, delays in cancer
treatment, post-thrombotic syndrome, and even death, resulting
in significantly increased healthcare costs[3].

Appropriate thromboprophylaxis reduces the risk of VTE in
settings such as hospitalization and major surgery and has
attracted significant public health attention. However, even after
receiving the thromboprophylaxis recommended by the guide-
line, VTE events occurred in 9.4% of patients who underwent
colorectal procedures[4]. The CERTAIN and the ACS NSQIP
studies showed relatively high rates of short-term thrombopro-
phylaxis (86.4–91.4%) and low incidences of VTE events
(2.0–2.2%) in patients after CRC surgery[5,6]. However, these
studies were conducted in the United States, making the results
impossible to extrapolate to Chinese patients.

In 2018, the DissolVE-2 study (13 609 patients), a multicenter
cross-sectional study in China, revealed that only 14.2% of
patients received thromboprophylaxis and 3.1% of those
received appropriate prophylaxis[7]. Although VTE events only
occurred in 0.3% of patients, the DissolVE-2 study was a retro-
spective analysis of patients admitted due to acute medical con-
ditions or surgery. The design can inevitably underestimate the
risk of VTE as some VTE events can be asymptomatic, and
patients generally suffer a higher risk of VTE after CRC surgery.
Therefore, a large prospective cohort study is needed to further
investigate both the VTE’s prevalence and thromboprophylaxis
practice in patients after CRC surgery in China.

In recent times, considerable attention has been paid to the
analysis of thrombotic risk assessment models (RAMs) with the

aim of reducing the incidence of VTE by implementing early
preventive measures in high-risk patients. The Caprini score is
currently the most commonly used assessment tool for predicting
postoperative VTE; however, its application in clinical practice is
complicated by a multitude of factors and additional risk factors.
Furthermore, as the Caprini score is predominantly employed in
retrospective studies to evaluate VTE risk in general surgery, the
present standard precautions for high-risk patients in most hos-
pitals often lead to inaccurate assessments[8,9]. Therefore, it is
imperative to undertake a prospective cohort study to validate the
accuracy of the Caprini score and to devise a model that specifi-
cally predicts the risk of VTE following CRC surgery.

Methods

Study design and population

The CRC-VTE trial was a prospective multicenter cohort study.
The study aimed to investigate the incidence of VTE events and
the practice of VTE prophylaxis in patients after CRC surgery in
China; identify clinically significant predictors of postoperative
VTE; develop a RAM to predict the occurrence of VTE after CRC
surgery; and assess the predictive value of the established CRC-
VTE model and do an external validation.

HIGHLIGHTS

• After colorectal cancer (CRC) surgery, 82.5% of the
patients were at high risk for venous thromboembolism
(VTE) and only 24.3% received appropriate prophylaxis.

• VTE incidence was 11.2% within 1 month after CRC
surgery. Most VTE events occurred within 5–9 days, and
78% were asymptomatic deep venous thrombosis events.

• The CRC-VTE risk score was developed involving seven
variables, which showed better predictive performance
than the Caprini score.
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Participants were continuously recruited from 46 centers in 17
provinces in China from May 2021 to May 2022. All partici-
pating centers were tertiary hospitals in major cities and all
received uniform training before the study is conducted. The
inclusion criteria were patients (1) at least 18 years old, (2)
diagnosed with CRC, and (3) who received CRC surgery,
including radical surgery, palliative surgery, and other limited
surgeries. Patients were excluded if they (1) underwent emergency
surgery, (2) were diagnosed with benign disease, and (3) suffered
VTE before surgery. The sample size was determined based on the
assumption that the perioperative incidence rate of VTE in
patients with CRCwas 24% (P), with an allowable error of 0.1 P
and α=0.05[10–12]. A total of 1217 cases were needed based on
the sample size estimation[13].

This study was conducted according to the principles of the
Declaration of Helsinki (as revised in 2013). Ethics Committee of
Capital Medical University Affiliated Beijing Friendship Hospital
approved the study protocol. All participants signed written
informed consent. The work has been reported in line with the
STROCSS criteria[14] (Supplemental Digital Content 1, http://
links.lww.com/JS9/A723).

Study procedure

Since this was an observational study, investigators did not
interfere with clinical decision-making during treatment.
Perioperative clinical data were collected using pre-designed
collection forms, and routine follow-up (21–28 days after sur-
gery) was provided. Preoperative data included patient demo-
graphics, VTE risk within 24 h of admission, medical history, and
baseline laboratory tests. Intraoperative information included
surgical method, anesthesia time, and bleeding. After the opera-
tion, laboratory tests and examination results, tumor informa-
tion, VTE risk, prophylaxis methods, and VTE events were
recorded during the 28-day follow-up. Data were entered into the
network filling system (https: //vte.dpclouds.com: 8081/login).

Outcomes

The primary outcomes were the status of the risk assessment and
prevention of VTE and the VTE events 28 days after surgery.
Secondary outcomes were VTE events within 5–9 days (early
stage) and 21–28 days (late stage) after surgery; predictors of
postoperative VTE; and the development of a prediction model
for 28-day VTE events after CRC surgery.

The risk of VTE was evaluated using the Caprini RAM[15].
Patients were classified into low-risk, medium-risk, or high-risk
groups based on Caprini RAM and assessed within 24 h of
admission and after CRC surgery. Prophylactic treatment for
VTE included drugs [low-molecular weight heparin (LMWH),
heparin, and oral anticoagulants] and non-pharmacological
techniques [graduated compression stockings (GCS), intermittent
pneumatic compression devices (IPCD), and other devices]. In
our cohort, we adhere to the ACCP-9 guidelines (Table S1,
Supplemental Digital Content 2, http://links.lww.com/JS9/A724)
for perioperative VTE prophylaxis in CRC patients.

The VTE events were DVT or PE. DVT was diagnosed based
on clinical symptoms (swelling and pain in the lower extremities,
tenderness behind the lower leg and/or medial thigh) and/or
routine screening of the lower extremities by color ultrasound or
venography. PE was diagnosed based on clinical manifestations
(dyspnea and shortness of breath), laboratory values (plasma

D-dimer), and computed tomography pulmonary arteriography
(CTPA). The VTE events were evaluated 5–9 days and
21–28 days after surgery. If the patient suffered a VTE event, they
will be seen further in vascular surgery and be evaluated for
thrombotic progression by ultrasound of both lower extremity
veins after 2 weeks.

Statistical analysis

Continuous variables are presented as means ± standard devia-
tions, and categorical variables are reported as numbers and
percentages. The incidence of VTE events after CRC and adverse
events during anticoagulation therapies was summarized as per-
centages and 95% confidence intervals (95% CI). Data were
separated into training and validation cohorts in the prediction
model. The training group consisted of eight provinces with a
sample size greater than or equal to 100 cases, while the valida-
tion group consisted of nine provinces with a sample size of less
than 100 cases. In the training cohort, univariate andmultivariate
logistic regression analyses were performed to test the associa-
tions of candidate variables with VTE after CRC surgery. A
variable was included in the final prediction model if the P-value
was ≤ 0.05 in the univariate analysis (indicative of VTE) andwith
a plausible association with VTE based on the Caprini RAM
scores. Weighted points, proportional to the β regression coeffi-
cient multiplied by 2 to the nearest integer, were assigned for the
factors determined in the multivariate analysis. The overall per-
formance of the model was assessed by the C-statistic, as well as
by the Brier score and Nagelkerke R2. The Brier score is an
evaluation function used to measure probability calibration, with
lower Brier scores indicating better calibration of predictions. The
Nagelkerke R2 is a generalized coefficient of determination,
similar to the R2 in linear regression analysis. It ranges between 0
and 1, with larger values indicating a higher proportion of var-
iance the model explains and greater accuracy of its predictions.
External validation was conducted in the validation cohort to
analyze the same performance metrics. Four risk categories were
created using this scoring system: low risk, intermediate risk, high
risk, and very high risk. The trend in the risk for VTE among risk
categories was evaluated by the Cochran–Armitage trend test.
Decision curve analysis was performed to evaluate the net clinical
benefit of the models, with zero indicating no benefit and values
greater than 0 indicating increased benefit[16].

Data were analyzed using SPSS V25.0 (IBM Corp, Armonk,
New York, USA) and the R software V4.2.1 (the R Foundation
for Statistical Computing, Vienna, Austria). A P-value <0.05 was
considered statistically significant. This study was registered with
ClinicalTrials.gov, number NCT04588805.

Results

Characteristics of participants

A total of 1920 patients were enrolled (Figure S1, Supplemental
Digital Content 2, http://links.lww.com/JS9/A724 and Table S2,
Supplemental Digital Content 2, http://links.lww.com/JS9/
A724), and 1836 were included in the analyses (36 were excluded
for preoperative VTE events, and 48 had missing data). Among
these patients, 205 were diagnosed with VTE during follow-ups
(Figure S2, Supplemental Digital Content 2, http://links.lww.
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com/JS9/A724). The baseline demographic and clinical char-
acteristics of the patients are shown in Table 1.

The mean age of the patients was 62.6 years, and 59.8% were
men. The mean body mass index (BMI) was 23.7 kg/m2. The
most common comorbidities were hypertension (31.6%) and
diabetes (14.3%). 31.4% of the patients had a history of major
surgeries. 95.6% of the patients received laparoscopic surgeries,
and 4.3% had open surgeries. Regarding tumor staging, 25.5%
of patients were at stages 0–I, 69.6% were at stages II–III, and
only 4.9% were at stage IV. In particular, 2.4% of the patients
had a history of malignancies other than CRC.

Current status of VTE risk assessment and prophylaxis

Within 24 h of admission for CRC surgery, 23.6% of the patients
were considered high risk for VTE. However, only 13.6% of
those patients received prophylactic treatments (Fig. 1A).
Reassessment of VTE risk within 24 h after CRC surgery revealed
that 185 (10.1%), 136 (7.4%), and 1515 patients (82.5%) were
at low, medium, and high risk of VTE, respectively. A total of
82.6% of the patients received prophylactic VTE treatments, and
24.3% received them appropriately. Appropriate prevention
refers to prevention in accordance with the ACCP-9 guidelines
(Table S1, Supplemental Digital Content 2, http://links.lww.com/
JS9/A724). Among high-risk patients, 83.9% (1271/1515)
received preventive treatments: 7.0% continued for more than
7 days, and 0.5% continued for 4 weeks (Fig. 1B, Table S3,
Supplemental Digital Content 2, http://links.lww.com/JS9/
A724).

A total of 65.9% (1210/1836) patients received prophylactic
anticoagulation therapies: LMWH (94.5%, 1143/1210) and
other anticoagulants (5.5%, 67/1210). A total of 57.8% (1061-
/1836) patients received non-pharmacologic prophylactic treat-
ment: GCS (44.8%, 475/1061), IPCD (26.2%, 278/1061), a
combination of GCS and IPCD (24.2%, 257/1061), or other
devices (4.8%, 51/1061) (Fig. 1C). Anticoagulants were started
mainly within 1–2 days after surgery (76.5%, 926/1210) and
continued for 1–5 days (51.2%, 619/1210) or 6–10 days (38.1%,
461/1210). Only 52 patients (4.3%) continued anticoagulant
therapy after discharge (Fig. 1D).

Efficacy and safety during VTE prophylaxis after CRC surgery

VTE events occurred in 205 patients (11.2%, 95% CI 9.8–12.7)
within 1 month after CRC surgery: 202 (11.0%, 95% CI
9.6–12.5) had DVT and 3 (0.2%; 95% CI, 0–0.5) had PE
(Table 2). During follow-up, 1743 patients (94.9%) completed
an ultrasound examination in the first postoperative review
(5–9 days after surgery), and 183 (10.5%, 95% CI 9.1–12.0)
developed VTE. A total of 1204 patients (65.6%) completed the
ultrasound examination in the second postoperative review
(21–28 days after surgery), and 22 (1.8%, 95% CI 1.5–2.8)
developed VTE. In patients with VTE, 78% of patients (160/205)
were asymptomatic. Of the 1188 patients who underwent
anticoagulation prophylaxis, 147 patients had VTE (12.4%),
while only 58 of the 648 patients who did not undergo antic-
oagulation prophylaxis had VTE (9.0%).

Treatments for VTE after CRC surgery are summarized in
Table 3. Of the patients who had confirmed VTE events, 76.1%
(156/205) received medical treatment, including anticoagulants
(150 patients, 73.2%) and interventional surgical treatment (6
patients, 2.9%). Subcutaneous LMWH was the most commonly

prescribed anticoagulant (78 patients, 38.0%), followed by oral
anticoagulants (53 patients, 25.9%). Regarding the clinical out-
come of VTE events, 49.3% of the patients had thrombus reso-
lution, and 50.7% developed unresolved thrombus.

The adverse events caused by prophylactic anticoagulants after
CRC surgery are shown in Table 4. The most common adverse
event was abnormal liver function due to heparin (7.2%, 85-
/1188, 95% CI 5.8–8.8), followed by bleeding (2%, 24/1188,
95%CI 1.3–3.0) and heparin-induced thrombocytopenia (0.4%,
5/1188, 95% CI 0.1–1.0). Twenty-four bleeding episodes
occurred: seven were major, and 17 were minor.

Risk factors and prediction models for short-term VTE after
CRC surgery

Figure 2 presents the development of the predictive risk model.
Patients were divided by sample size. Patients from provinces
with more than 100 patients were assigned to the training cohort;
otherwise, they were assigned to the validation cohort. Finally,
1515 patients (179 VTE events, 11.8%) and 321 patients (26
VTE events, 8.1%) were included in the training and validation
sets (Fig. 2A), respectively. The demographics and characteristics
of the patients are summarized in Table S4 (Supplemental Digital
Content 2, http://links.lww.com/JS9/A724).

In the univariate analysis (Table S5, Supplemental Digital
Content 2, http://links.lww.com/JS9/A724), the following 12
variables were identified as associated with the risk of VTE after
CRC: age, sex, length of hospital stay, history of varicose veins of
the lower extremity, history of cardiovascular and cere-
brovascular diseases, hypertension, cardiac insufficiency, pre-
operative intestinal obstruction, preoperative bloody or tarry
stool, preoperative D-dimer abnormality, anesthesia time, and
intraoperative blood transfusion (P<0.05 for each predictor).
Two variables (smoking, P=0.064; preoperative hemoglobin
≥ 100 g/l, P= 0.073) associated with VTE were also included in
multiple regression analyses based on the Khorana score and
other VTE assessment scales. Finally, 15 candidate predictors
were retained to develop the prediction model, and seven were
identified as predictors of VTE after CRC surgery (Table S6,
Supplemental Digital Content 2, http://links.lww.com/JS9/
A724).

Based on the adjusted β regression coefficient, the scores of the
selected predictors were assigned to integer scores: 2 points each
for age (≥70 years), history of varicose veins of the lower
extremity, and cardiac insufficiency, and 1 point each for female
sex, preoperative intestinal obstruction, preoperative bloody or
tarry stool, and anesthesia time ≥180 min (Fig. 2B and Table S5,
Supplemental Digital Content 2, http://links.lww.com/JS9/
A724). The developed RAMmodel (CRC-VTE score) had a good
overall performance in the training set (C-statistic 0.72, 95% CI
0.68–0.76) and the validation set (C-statistic 0.71, 95% CI
0.59–0.83), higher than that of the Caprini RAM score
(C-statistic 0.59, 95% CI 0.55–0.64) (Table S7, Supplemental
Digital Content 2, http://links.lww.com/JS9/A724). The decision
curve analysis also showed that the CRC-VTE score was superior
to the Caprini RAM score (Fig. S3, Supplemental Digital Content
2, http://links.lww.com/JS9/A724).

The CRC-VTE score classified the risks of short-term VTE
after CRC surgery into low risk (0–1 points), medium risk
(2–3 points), high risk (4–5 points), or very high risk (≥6
points) (Fig. 2C). The incidence of VTE in each risk category
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was 4.1%, 10.0%, 26.0%, and 42.3%, respectively
(Fig. 2D and Table S8, Supplemental Digital Content 2, http://
links.lww.com/JS9/A724). A significant trend of increasing risk
from the low-risk to the very high-risk group was observed
(P< 0.001, Cochran–Armitage trend test). The distribution of
CRC-VTE scores and VTE rates in the external validation
cohort is shown in Table S9 (Supplemental Digital Content 2,
http://links.lww.com/JS9/A724).

Here is an example of VTE risk prediction in a 72-year-old
woman who underwent CRC surgery based on the CRC-VTE
model. The patient had preoperative symptoms of intestinal

obstruction and was anesthetized for 200 min during the opera-
tion. The CRC-VTE score would be 5: 2 points for the female sex,
1 point for age ≥ 70 years, 1 point for preoperative bowel
obstruction, and 1 point for anesthesia time ≥180 min.
Therefore, this patient would be in the very high-risk group, with
a short-term VTE risk of 42.3% after CRC surgery.

Discussion

Major findings

To our knowledge, this is the first large-scale, prospective, mul-
ticenter study to systematically investigate the incidence and
prevention practice of short-term VTE after CRC surgery in
China. The three main findings were (1) after CRC surgery,
82.5% of the patients were at high risk for VTE, and 82.6% of
them received pharmacological or non-pharmacological pro-
phylaxis while only 24.3% of them received appropriate pro-
phylaxis, (2) the incidence of VTE was 11.2% within 1 month
after CRC surgery. Most VTE events occurred within 5–9 days,
and 78% were asymptomatic DVT events, and (3) a CRC-VTE
score involving seven variables was developed, which showed
predictive performance superior to that of the Caprini
RAM score.

Overall status of VTE risk and prophylaxis

The Caprini RAM score is a widely used VTE risk assessment
tool[15]. The percentage of patients at high risk increased from
23.4 to 82.5% after CRC surgery in this study based on the
Caprini RAM score. The risks of VTE increased in patients who
underwent laparoscopic surgery, major surgery (more than
45 min), and deep vein catheterization. Reasonable preventive
measures are needed to prevent VTE events after CRC surgery.
Although 82.6% of the patients received prophylactic treatments
for postoperative VTE in this study, less than 25% received them
appropriately. However, this rate is higher than in the DissolVE-2
study, which was 16.3%[7].

The ENDORSE study (n=33 797), a multinational cross-
sectional survey designed to assess the prevalence of VTE risk and
the proportion of patients at risk who received effective pro-
phylaxis in the acute hospital care setting, reported that almost
60% of surgical patients received ACCP-recommended
prophylaxis[17]. The percentages of patients who received
guideline-recommended prophylactic treatment for VTE in our
study and the DissolVE-2 study were much lower than in other
international studies. Several factors may contribute to lower
prophylaxis rates in Chinese patients, including surgeons’
awareness of VTE prophylactic guidelines and adherence to
consensus treatment[18].

Analysis of postoperative VTE prophylaxis

The ACCP guidelines recommend mechanical prophylaxis for
all postoperative patients, except for very low-risk patients.
Pharmacological prophylaxis should be added for those at
intermediate or high risk[19]. The effectiveness of mechanical
methods has been demonstrated to prevent DVT or PE.
Mechanical methods combined with drugs were superior to
using anticoagulants alone[20–22]. In our study, 57.8% and
65.9% of the patients received mechanical and pharmacolo-
gical prophylaxis, respectively. The rate of pharmacological

Table 1
Baseline characteristics of the cohort.

Variables Overall (n= 1836)

Demographics
Age, years, mean (SD) 62.6 (11.8)
Gender, male, n (%) 1098 (59.8)
BMI, kg/m2, mean (SD) 23.7 (3.3)
Smoking, n (%) 366 (19.9)
ECOG score, n (%)

0 803 (43.7)
1 888 (48.3)
2 127 (6.9)
3 18 (0.9)

Disease history, n (%)
Hypertension 582 (31.6)
Diabetes 264 (14.3)
Hepatic insufficiency 16 (0.8)
Renal insufficiency 15 (0.8)
Cardiac insufficiency 41 (2.2)
CHD or cerebrovascular disease 172 (9.3)
Varicose veins 37 (2.0)
Lung disease 77 (4.1)
History of tumor in other sites 45 (2.4)
Previous surgical history (excluding ambulatory surgery) 578 (31.4)

Procedure
Operation approach, n (%)

Laparoscopic 1757 (95.6)
Open 79 (4.3)

Operation time, min, mean (SD) 212.3 (88.3)
Anesthesia time, min, mean (SD) 233.92 (101.0)
Intraoperative bleeding, ml, median (P25–P75) 50 (30–100)
Intraoperative blood transfusion, n (%) 119 (6.4)

Histological type of tumor, n (%)
Adenocarcinoma 1712 (93.2)
Mucous adenocarcinoma 88 (4.7)
Othersa 36 (1.9)

Differentiation grade, n (%)
Undifferentiated 33 (1.7)
Poorly differentiated 210 (11.4)
Moderately differentiated 1502 (81.8)
High differentiation 91 (4.9)

TNM staging, n (%)
Phase 0 103 (5.6)
Phase I 365 (19.9)
Phase II 625 (34.0)
Phase III 653 (35.6)
Phase IV 90 (4.9)

Preoperative length of hospital stays, n (%)
0–4 days 180 (9.8)
5–10 days 866 (47.2)
> 10 days 790 (43.0)

aOthers including squamous cell carcinoma and undifferentiated carcinoma.
BMI, body mass index; CHD, coronary heart disease; ECOG, Eastern Cooperative Oncology Group.
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prophylaxis was much lower than that of the CERTAIN
research conducted in the United States (91.4%)[5]. Since
approximately one-third of postoperative VTE can occur after
colorectal surgery[23,24], the duration of pharmacological
prophylaxis is actively discussed. The ENOXACAN II study
demonstrated that 4-week prevention with enoxaparin after
abdominal or pelvic cancer surgeries was more effective than
1-week prophylaxis in reducing the risk of venography-
confirmed DVT without increasing bleeding or other
complications[25].

Similarly, the ACCP guidelines recommend 4weeks of LMWH
for cancer patients undergoing abdominal or pelvic surgery after
excluding the risk of bleeding[19]. Our data showed that only

4.6% of patients received anticoagulants for more than 15 days,
and fewer (2.8%) continued treatment after discharge, much
lower than the 11.6% reported in the CERTAIN study. Possible
barriers to prolonging anticoagulant use include patient-specific
social factors, drug costs, prescribing patterns, and the incon-
venience of subcutaneous administration of LMWH[26].

Regarding the timing of prophylaxis initiation, the ACCP
guidelines recommend that medications be administered as soon
as the risk of definite bleeding is ruled out[19]. More than 75% of
the patients in our study received pharmacological prophylaxis
for VTE within 2 days after the operation. However, 20.3% of
the patients did not receive VTE prophylaxis until the third day
postoperatively or later, increasing the risk of VTE. More studies

Table 2
The incidence of VTE events.

Endpoints Overall (n= 1836) First stage (5− 9 days) (n= 1743) Second stage (21− 28 days) (n= 1204)

VTE, n (%; 95% CI) 205 (11.2; 9.8–12.7) 183 (10.5; 9.1–12.0) 22 (1.8; 1.5–2.8)
PE 3 (0.2; 0− 0.5) 3 (0.2; 0− 0.5) 0
DVT without PE 202 (11.0; 9.6–12.5) 180 (10.3; 8.9–11.9) 22 (1.8; 1.5–2.8)

Symptom of VTE, n (%; 95% CI)
Symptomatic events 45 (2.5; 1.8–3.3) 41 (2.4; 1.7–3.2) 4 (0.3; 0–0.8)
Asymptomatic events 160 (8.7; 7.5–10.1) 142 (8.1; 6.9–9.5) 18 (1.5; 0.8–2.3)

Data are shown as number (%; 95% CI).
DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.

Figure 1.Caprini score risk stratification and prevention status of colorectal cancer (CRC) patients. (A) Risk stratification based on Caprini score and prophylaxis for
high-risk patients at admission. (B) Risk stratification based on Caprini score and prophylaxis for high-risk patients within 24 h after CRC surgery. (C) Postoperative
pharmacological and physical prophylaxis for CRC patients. (D) Start time and duration of drug prophylaxis after CRC surgery. GCS, graduated compression
stockings; IPCD, intermittent pneumatic compression devices; LMWH, low-molecular weight heparin; VTE, venous thromboembolism.
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are needed to evaluate the outcomes based on the timing and
duration of VTE prophylaxis in Chinese patients.

Incidence of postoperative VTE

Several large international retrospective databases have reported an
event rate of 1.1–2.5% of VTE after CRC surgery[5,6,23,24,27–38].
However, these studies have some limitations, such as a lack of
information on patient characteristics, details of previous medical
history, and the implementation of preventive measures. The rate of
symptomatic VTE in our prospective study was 2.5%, consistent
with the rates in these database studies, indicating that most of the
VTE events in the database studies were symptomatic. The inci-
dence of asymptomatic VTE events reported in the literature is
unexpectedly high, reaching 38%[39], much higher than the 8.6%
rate in our study.

The RISTOS project reported that 40% of the VTE events
occurred after 21 days of operation[40]. Another study found that
almost 33% of 30-day postoperative VTE were diagnosed after
discharge[23]. In contrast, only one-tenth of the VTE events
occurred after 21 days postoperatively in our study.
Anticoagulation is the cornerstone for preventing postoperative
VTE, but its clinical use is challenging in these fragile patients due
to concerns about bleeding. A meta-analysis found that 4.3% of
CRC patients receiving drug prophylaxis experienced post-
operative bleeding[41], higher than the 2.0% in our cohort.
Furthermore, the treatment of postoperative VTE events was
suboptimal in our study. Although most patients have asympto-
matic interstitial vein thrombosis, treating VTE events after CRC
surgery in Chinese medical centers deserves attention.

Risk factors for postoperative VTE

Thirty-four candidate predictors were evaluated, and seven
independent factors associated with VTE were identified. We
proposed the CRC-VTE score based on these independent vari-
ables. Advanced age, varicose veins in the lower extremities, and
cardiac insufficiency were critical predictors of VTE development
after CRC surgery. These are also significant risk factors based on

the Caprini RAM score[42]. Female sex is a substantial risk
factor[43]. In addition, the symptoms of CRC patients at admis-
sion, including preoperative bowel obstruction and bloody or
tarry stools, could predict the risk of postoperative VTE.
Preoperative bowel obstruction increases preoperative bed rest
and causes stagnant blood flow[44]. Persistent bloody or tarry
stools cause disturbances in the coagulation system and activate
exogenous and endogenous coagulation systems, all of which
promote thrombosis[44].

The effect of anesthetic drugs, peripheral venous vasodilata-
tion, and intravenous blood pooling also favored the formation
of DVT. Additionally, our study found that the duration of
anesthesia greater than 180 min was an independent risk factor
for the development of VTE. The longer the anesthesia time, the
higher the risk of VTE[45].

Prediction model for postoperative VTE

Currently, various scales, such as Caprini score[15] (for surgical
patients), Khorana RAM[46] (for outpatient cancer patients), and
Padua RAM[47] (for medical patients), are widely used for VTE risk
assessment. However, these scales are too general to accurately assess
the risk of VTE occurrence in specific oncology patients. Therefore,
personalized assessment of VTE has garnered attention due to its
simplicity, speed, and validity. For instance, Sultan et al.[48] devel-
oped a postpartum VTE risk assessment scale based on clinical
information from nearly 1 million women in the United Kingdom
and Sweden, which quantified the absolute risk of postpartum VTE
and was externally validated. Similarly, Jianchao Yao et al.[49]

developed the Sir-Run-Run-Shaw VTE RAM based on 541 patients
after CRC surgery in China, which included four scoring items and
risk stratification, but lacked external validation from multiple cen-
ters. Patients undergoing CRC surgery have a higher incidence of
VTE than those undergoing general abdominal surgery. However, a
simple, rapid, and efficient VTE risk assessment tool for CRC surgery
patients for widespread use in China is still lacking. Hence, we
conducted this prospective cohort study.

Risk stratification helps implement prevention strategies to
avoid over-prophylactic or under-prophylactic treatment. The
CRC-VTE score classified patients into low, moderate, high,
and very high-risk categories to predict postoperative VTE.
Mechanical prophylaxis (early ambulation or pneumatic pump
for the lower extremities) is recommended for low-risk
patients. LMWH or oral anticoagulants are recommended for
intermediate-risk patients. Non-pharmacological combined
with pharmacological prophylaxis is recommended for high-
risk and very high-risk patients.

Table 3
Treatments and outcome of VTE events.

Treatments
and outcomes

Overall
(n= 205)

First stage
(5− 9 days)
(n= 183)

Second stage
(21− 28 days)

(n= 22)

Medical treatment,
n (%)

156 (76.1) 140 (76.5) 16 (72.7)

Anticoagulants 150 (73.2) 134 (73.2) 16 (72.7)
LMWH 78 (38.0) 73 (39.9) 5 (22.7)
Oral anticoagulants 53 (25.9) 42 (3.0) 11 (50.0)
LMWH plus oral
anticoagulants

11 (5.4) 11 (6.0) 0

Heparin 8 (3.9) 8 (4.4) 0
Interventional
surgical treatment

6 (2.9) 6 (3.3) 0

Outcomes, n (%)
Thrombus resolution 101 (49.3) 93 (50.8) 8 (36.4)
Unresolved
thrombus

104 (50.7) 90 (49.2) 14 (63.6)

Unresolved thrombus, thrombus does not dissolve and even develops mechanization.
LMWH, low-molecular weight heparin; n, number; VTE, venous thromboembolism.

Table 4
Adverse events of prophylactic anticoagulants.

Adverse events
Number of events

(total number= 1188)
Incidence
(95% CI)

Bleeding 24 2.0 (1.3–3.0)
Minor bleeding 17 1.4 (0.8–2.3)
Major bleeding 7 0.6 (0.2–1.2)

Abnormal liver function due
to heparin

85 7.2 (5.8–8.8)

HIT 5 0.4 (0.1–1.0)

HIT, heparin-induced thrombocytopenia.
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External validation was performed with a cohort of patients from
different regions, yielding a good result with an area under the curve
(AUC) of 0.71. The CRC-VTE score was compared with the Caprini
RAM score, resulting in an AUC of 0.72 and 0.59, respectively,
suggesting that the CRC-VTE score is better than the Caprini score
for the postoperative evaluation ofVTE. Furthermore, the CRC-VTE
score, which consists of only seven scoring items, is easier and faster
to use than the Caprini score. Indeed, the Caprini score was initially
developed to predict symptomatic VTE in hospitalized surgical
patients, and it may not be sensitive enough to detect asymptomatic
VTE. In contrast, our study established a model based on a pro-
spective cohort, which could better reflect the real-world scenario
and identify high-risk individuals for VTE. Therefore, the CRC-VTE
model may have higher accuracy and clinical relevance in predicting
the risk of VTE after CRC surgery compared to the Caprini score.

Limitations

Our study has several limitations. First, there was an even
regional enrollment of patients due to the distribution of
population density in China. More patients from eastern and
southern provinces were enrolled. Second, our follow-up per-
iod was limited to only 1 month, although VTE events
occurred most frequently within 1 month after surgery, a small

portion might have happened after the follow-up period and
was omitted. This has also led to the majority of observed VTE
treatment outcomes being no remission. Finally, external
validation was based on the study cohort. The predictive
model may not be generalizable to other patient populations or
countries. More studies with extended follow-up are needed to
validate the CRC-VTE score.

Conclusions

This study provides a national perspective on the clinical
practice of VTE prophylaxis and VTE incidence after CRC
surgery in China. Many patients were at high risk for VTE,
and VTE prophylaxis was underutilized. Most postoperative
VTE events occurred within 10 days and were asymptomatic
DVT events. A practical CRC-VTE score was derived invol-
ving seven predictors to identify at-risk patients. The findings
highlight areas of improvement in VTE management.

Ethical approval

Ethical approval has been obtained for this research study. The
relevant ethics committee is the Capital Medical University
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Figure 2. The model development overview. (A) Division of the training and validation sets. (B) Independent risk factors and corresponding scores associated with
VTE occurrence in patients after colorectal cancer (CRC) surgery. (C) VTE incidence was distinguished by score quartiles (low risk, 0–1; moderate risk, 2–3; high
risk, 4–5; very high risk, ≥6), with an exponential increase in VTE incidence among top-quartile patients. (D) Risk stratification based on the Caprini-CRC scoring
system. VTE, venous thromboembolism.
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