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Background: Venous thromboembolism (VTE) is an insidious disease with significant morbidity and 
mortality. We conducted a retrospective single-center study on patients who underwent thoracic surgery and 
developed a novel VTE risk assessment model (RAM).
Methods: Patients who underwent thoracic surgery between July 2016 and December 2017 (n=533) at 
the Beijing Chao-Yang Hospital were enrolled in this study. None of the patients received any prophylaxis 
perioperatively. Lower limbs Doppler ultrasonography was performed before and after surgery for deep 
venous thrombosis (DVT) confirmation. Patients with new postoperative DVT, typical symptoms of 
pulmonary embolism (PE), or high Caprini score (≥9) underwent further computer tomography pulmonary 
angiography (CTPA) examination for PE. Caprini, Rogers, Padua, and Khorana RAM were used for all of 
the patients. A novel RAM of VTE, which we called Chao-Yang VTE RAM, was developed according to the 
logistic regression analysis.
Results: The overall incidence of VTE after thoracic surgery was 8.4% (45 of 533). Among the 45 VTE 
patients, 86.7% have DVT and 13.3% have DVT + PE. Age ≥60 (OR 4.51, 95% CI: 2.09–9.71, P=0.000) has 
an independent risk factor for VTE. The areas under the receiver operating characteristic (ROC) curve of 
Caprini, Rogers, Padua, Khorana, and Chao-Yang models were 0.74 (P<0.0001), 0.52 (P=0.62), 0.69 (P<0.0001), 
0.64 (P=0.0017), and 0.80 (P<0.0001), respectively. The VTE incidence in the low-, moderate-, and high-risk 
groups predicted with Chao-Yang scores was 1.3% (3 of 230), 8.4% (14 of 166), and 20.4% (28 of 137); these 
were 1.6% (3 of 192), 11.9% (38 of 318), and 17.4% (4 of 23), respectively, when using the Caprini criteria. 
The high-risk group had a significantly higher incidence than the low- and moderate-risk groups (P=0.000). 
Additionally, as the number of risk factors increased, the incidence of VTE increased from 1.2% to 50.0%.
Conclusions: The incidence of VTE in patients who underwent major thoracic surgery was high in our 
series. Based on a retrospective single-center population study, we developed a novel prediction model to 
identify patients receiving thoracic surgery with different risks for VTE events.
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Introduction

Venous thromboembolism (VTE) is an insidious disease 
with significant morbidity and mortality. VTE is often 
undiagnosed or misdiagnosed because it lacks specific 

symptoms. VTE includes deep vein thrombosis (DVT) 

and pulmonary embolism (PE), which share common 

predisposing factors and represent similar entities at 

different sites and stages. DVT and PE are important causes 
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of unexpected death in hospitals. Therefore, VTE has been 
extensively studied worldwide in recent years (1-5).

It was shown that approximately 500,000 VTE events 
occur in the USA per year, almost half of which are 
related to recent or current inpatient care experiences. 
In the inpatients of Mayo Clinic from 2005 to 2010, the 
percentage of patients who received VTE prophylaxis or 
unnecessary VTE prophylaxis after evaluation increased 
from 40% to 90% (6). In thoracic surgery clinics, VTE is an 
insidious disease with nonspecific symptoms that are easily 
overlooked by inexperienced eyes.

There are a variety of risk assessment models (RAMs) 
for VTE in Western countries, including the Caprini 
RAM (7) (based on the modified scoring system used at 
Boston Medical Center; applicable for medical and surgical 
inpatients), Rogers RAM (8) (applicable for surgical 
inpatients except orthopedics), Padua RAM (9) (applicable 
for medical inpatients), and Khorana RAM (10) (applicable 
for oncological patients).

To ensure that all hospitalized patients are being assessed 
and receive adequate thromboprophylaxis, individual VTE 
risk assessment plays an important role. These models 
are also widely employed in Asian populations because 
the acquired risk factors for VTE are similar in both 
Asian and Caucasians (11). However, criteria endorsed by 
guidelines from Western countries cannot be recommended 
directly for Chinese populations until they are definitely 
validated in multi-center, prospective validation studies in 
a large cohort. In this study, we applied several models to 
determine the possible risk factors for VTE in the Chinese 
thoracic surgical population. Subsequently, we tried to 
define risk stratification scores and develop a simply VTE 
RAM applicable to Chinese thoracic surgical patients. 
Then we established an individual prophylaxis strategy and 
reasonable VTE prophylaxis protocol.

Methods

Patients

This retrospective study was approved by the institutional 
research ethics committee of the Beijing Chao-Yang 
Hospital. Patients who underwent thoracic surgery at 
Beijing Chao-Yang Hospital were enrolled in this study 
(n=533). From July 2016 to December 2017, 837 patients 
had undergone thoracic surgery at the Department of 
Thoracic Surgery of Beijing Chao-Yang Hospital. Among 
these patients, 120 patients who missed VTE-related image 

or blood test; 168 patients who received perioperative 
prophylaxis; 7 patients who had been confirmed with VTE 
before surgery; 7 patients who died because of non-VTE-
related postoperative complications, and 2 patients who 
had superficial vein thrombosis (SVT) after operation were 
excluded from the study. General and operation information 
for patients and laboratory blood test results was collected.

Lower limbs Doppler ultrasonography was performed 
before and after surgery for deep venous thrombosis (DVT) 
confirmation. Patients with new postoperative DVT, typical 
symptoms of PE, or high Caprini score (≥9) underwent 
further computer tomography pulmonary angiography 
(CTPA) examination for PE. The VTE incidence was 
evaluated before discharge.

Caprini, Rogers, Padua, and Khorana RAM were applied 
for all of the patients. A novel RAM of VTE, which we called 
Chao-Yang VTE RAM, was developed according to the 
logistic regression analysis. We used the receiver operating 
characteristic (ROC) curve to discriminate patients with and 
without VTE. In this study, areas under the ROC curve of 
0.5–0.7, 0.7–0.9, and >0.9 were considered as low, moderate, 
and high discrimination, respectively.

Patients were divided into three categories according 
to their score: low-risk group (0–4 points), moderate-risk 
group (5–8 points), and high-risk group (≥9 points).

Inclusion criteria

The medical records of patients who underwent thoracic 
surgery were reviewed. The follow-up period ended upon 
patients’ discharge from the hospital.

Exclusion criteria

Patients with missing information, especially those who did 
not undergo VTE-related imaging or blood test before or 
after surgery; patients who had received any perioperative 
prophylaxis; patients who had been confirmed with VTE 
before surgery; patients who died because of non-VTE-
related postoperative complications, and patients who had 
superficial vein thrombosis (SVT) after operation.

Statistical analysis

SPSS 23.0 and SigmaPlot 12.0 software for Windows were 
used for statistical analysis. Continuous variables were 
expressed as the mean ± standard deviation (SD) or medians 
and were compared by either student’s t test or the Mann-
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Whitney U test. Categorical variables were compared by 
χ2 test or Fisher’s exact test. Single-factor analysis was used 
to define risk factors associated with VTE. We performed 
regression analysis and set the P value for selection as an 
independent variable at 0.05. The null hypothesis was 
rejected for P<0.05.

Results

From the Department of Thoracic Surgery, Beijing Chao-
Yang Hospital, Capital Medical University, 533 patients 
were enrolled in this study from July 2016 to December 
2017, including 285 male patients and 248 female patients. 
The mean age of these patients was 52.6 years. The overall 
incidence of VTE after thoracic surgery was 8.4% (45 of 
533). Among 45 VTE patients, 86.7% were DVT and 
13.3% were DVT + PE. Specifically, the incidence of VTE 
in patients who received lung surgery was 7.7% (34 of 
444), while the incidence of VTE after esophagus surgery, 
mediastinal surgery, and other surgery was 20.0% (6 of 30), 
5.0% (2 of 40), and 15.8% (3 of 19), respectively.

There was no difference in terms of sex between patients 
with and without VTE. However, the mean surgery age of 
patients who developed VTE was significantly greater than 
of those without VTE (64.29 versus 51.52 years, P=0.000). 
Furthermore, the BMI in VTE patients was higher than in 
those without VTE (24.78 versus 23.24 kg/m2, P=0.013). 
We also found that operative time and intraoperative 
bleeding of VTE patients were higher than those of non-
VTE patients (197.11 versus 143.63 min, P=0.000 and 
257.56 versus 152.99 mL, P=0.000). Postoperative VTE 
incidence was correlated with an increased American Society 
of Anesthesiologists (ASA) score. The VTE incidence in the 
1 and 2–5 ASA scores was 2.5% and 9.5%, respectively. The 
high-ASA patients had a significantly higher incidence of 
VTE than low-ASA patients (P=0.036). The VTE incidence 
in patients with cancer diseases after surgery was 12.2% (36 
of 296), which was higher than those with benign diseases 
3.8% (9 of 237), P=0.001. Furthermore, VTE incidence in 
patients who received open surgery was higher than in those 
who received video-assisted thoracic surgery (VATS) (15.1% 
versus 6.5%, P=0.003) (Table 1).

We found that the levels of pre-operative D-Dimer in 
patients who developed VTE after thoracic surgery were 
much higher than in patients without VTE: 0.69 versus  
0.41 mg/L FEU, P=0.000; but red blood cell (RBC) counts 
in patients who developed VTE after thoracic surgery were 
much lower than in patients without VTE: 4.32 versus 

4.54×1012/L, P=0.028. However, there were no differences 
in terms of the levels of white blood cell (WBC) (6.29×109/L  
versus 6.42×109/L, P=0.60), platelet (PLT) (259.29×109/L 
versus 241.61×109/L, P=0.24), in patients with and without 
VTE (Table 2).

Following regression analysis, we found that age ≥60 (OR 
4.51, 95% CI: 2.09–9.71, P=0.000) was independent risk factor 
for VTE. And ASA ≥2 (OR 1.34, 95% CI: 0.29–6.25, P=0.71); 
pathology (Benign =0 or Cancer =2) (OR 1.80, 95% CI: 0.79–4.11, 
P=0.16); operative procedures (VATS =0 or Open =2) (OR 
1.51, 95% CI: 0.72–3.19, P=0.28); operative time (>180 min) 
(OR 1.82, 95% CI: 0.85–3.89, P=0.13); intraoperative bleeding 
(>200 mL) (OR 1.54, 95% CI: 0.64–3.71, P=0.34); D-Dimer 
>0.55 (mg/L FEU) (OR 1.69, 95% CI: 0.77–3.72, P=0.19); 
RBC <4.0×1012/L (OR 1.71, 95% CI: 0.78–3.75, P=0.18); and 
BMI (≥30 kg/m2) (OR 2.21, 95% CI: 0.59–8.30, P=0.24) were 
not independent risk factors for VTE (Table 3).

A novel RAM of VTE was developed according to the 
regression analysis and based on clinical experience. We 
called this new RAM the Chao-Yang VTE RAM (Table 3). 
The areas under the ROC curve of Caprini, Rogers, Padua, 
Khorana, and Chao-Yang models were 0.74 (P<0.0001), 
0.52 (P=0.62), 0.69 (P<0.0001), 0.64 (P=0.0017), and 0.80 
(P<0.0001), respectively (Figure 1). In the Caprini model, 
when the Youden index was >5.5, the sensitivity and 
specificity were 0.76 and 0.64, respectively. Similarly, in 
the Rogers model, when the Youden index was >14.5, the 
sensitivity and specificity were 0.53 and 0.54, respectively. 
For the Padua model, when the Youden index was >3.5, 
the sensitivity was 0.36, and the specificity was 0.93. For 
the Khorana model, when the Youden index was >0.5, the 
sensitivity was 0.78, and the specificity was 0.48. Finally, 
with the Chao-Yang model, when the Youden index was 
>5.5, the sensitivity and specificity for the prediction of 
VTE were 0.91 and 0.57, respectively (Table 4).

The VTE incidence in the low-, moderate-, and high-
risk groups predicted with Chao-Yang scores was 1.3%  
(3 of 230), 8.4% (14 of 166), and 20.4% (28 of 137); these 
were 1.6% (3 of 192), 11.9% (38 of 318), and 17.4%  
(4 of 23), respectively, when using Caprini criteria. The 
high-risk patients’ group had a significantly higher incidence 
than the low- and moderate-risk groups (P=0.000) (Table 5).  
Additionally, as the number of risk factors increased, the 
incidence of VTE increased from 1.2% to 50.0% (Figure 2).

Discussion

In the last decade, VTE has gained increasing interest 
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worldwide. A number of RAMs for VTE have been 
developed by professional societies and institutions. VTE is 
common in the thoracic surgical population (12,13) because 
thoracic surgery typically involves many large blood vessels 
and is highly invasive. In addition, each existing model 
includes many different risk factors, which require that the 
reviewer is extremely familiar with the patient’s history and 
laboratory test results and that the reviewer dynamically 
scores in a timely fashion when risk factors change. 
Furthermore, there are many problems with these models 
if they are directly employed in the Chinese population 
because the consensus has been achieved based on Western 
populations (14). However, no VTE RAM specific for 

Chinese thoracic population is available, thus leading us to 
the retrospective study.

Overall, 8.4% patients after thoracic surgery developed 
VTE, which was higher than previously thought in the 
thoracic surgical population (7). The main type of VTE 
was DVT, and there was no pure PE; all PE was caused by 
DVT. Blood clots first formed in the lower extremities and 
then migrated to the pulmonary vessels. So lower-extremity 
ultrasonography for all patients after thoracic surgery was 
an effective method to detect VTE after surgery (15,16). In 
subgroup analysis, 7.7% patients after lung surgery, similar 
with previous study (17), and 20.0% patients after esophagus 
surgery developed VTE. The incidence of VTE after 

Table 1 General and operation information of patients

Variable VTE(+) (n=45) VTE(−) (n=488) Z value/t value/χ2 value P value

Sex 0.42 0.52

Male 22 263

Female 23 225

Age (years) 64.29±8.15 51.52±14.99 −5.95 0.000

BMI (kg/m2) 24.78±4.05 23.24±3.46 −2.47 0.013

ASA 4.41 0.036

1 2 79

2−5 43 409

Operative procedures 8.85 0.003

VATS 27 387

Open 18 101

Operative time (min) 197.11±79.63 143.63±68.78 −4.42 0.000

Intraoperative bleeding (mL) 257.56±320.44 152.99±263.88 −4.05 0.000

Pathology 11.91 0.001

Benign 9 228

Cancer 36 260

Table 2 Laboratory blood test results for patients

Variable VTE (+) (n=45) VTE (−) (n=488) Z value/t value/χ2 value P value

D-Dimer (mg/L FEU) 0.69±1.03 0.41±0.75 −4.16 0.000

WBC (×109/L) 6.29±2.33 6.42±2.41 −0.53 0.60

RBC (×1012/L) 4.32±0.60 4.54±0.54 −2.19 0.028

PLT (×109/L) 259.29±85.34 241.61±70.48 −1.18 0.24

VTE, venous thromboembolism.
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esophageal surgery was much higher than the incidence 
of VTE after lung surgery. Compared with lung surgery, 
esophagus surgery had a longer operative time and longer 
stay in bedtime after operation; these were risk factors to 

developed VTE (18). This study still has bias; in our study, 
83.3% was lung surgery, and only 5.6% was esophagus 
surgery, because the background and intervention between 
the patients who underwent lung surgery and other surgery 
was different. In our later work, we need to increase the 
data of other types of surgery.

Based on regression analyses and clinical experience, 
we established the Chao-Yang VTE RAM. This model 
considered the following: (I) patient features such as age 
and BMI; (II) clinical test results such as RBC counts and 
D-Dimer levels; (III) intraoperative features such as ASA 
scores, operative time, intraoperative bleeding, and operative 
procedure (open versus VATS); and (IV) postoperative 
features, such as histopathology analysis. After a single-
factor analysis, we included independent variables in the 
logistic regression model, which had univariate significant 
differences and independent variable that was clinically 
considered to be closely related to the dependent variable. 
We found that age ≥60 was an independent risk factor 
for VTE. In addition, ASA ≥2, cancer, and open surgery, 
operative time >180 min, intraoperative bleeding >200 mL, 
D-Dimer >0.55 (mg/L FEU), RBC <4.0×1012/L, and BMI 
(≥30 kg/m2) were risk factors for VTE, but there were no 
differences in PT APTT INR in our previous study (19).  
According to the OR value of regression analysis, we set the 

Table 3 Regression analysis of Chao-Yang risk factors based on VTE status

Chao-Yang risk 
factors

Chao-Yang 
score

VTE(+) (n=45) (%) VTE(−) (n=488) (%) B S.E. Wald OR
95% CI for OR

P value
Lower Upper

ASA ≥2 1 43 (95.6) 409 (83.8) 0.29 0.79 0.14 1.34 0.29 6.25 0.71

Pathology (benign =0 
or cancer =2)

2 36 (80.0) 260 (53.3) 0.59 0.42 1.93 1.80 0.79 4.11 0.16

Operative procedures 
(VATS =0 or open =2)

2 18 (40.0) 101 (20.7) 0.41 0.38 1.17 1.51 0.72 3.19 0.28

Operative time  
(>180 min)

2 21 (46.7) 105 (21.5) 0.60 0.39 2.35 1.82 0.85 3.89 0.13

Intraoperative 
bleeding (>200 mL)

2 15 (33.3) 65 (13.3) 0.43 0.45 0.91 1.54 0.64 3.71 0.34

D-Dimer  
>0.55 (mg/L FEU)

2 13 (28.9) 71 (14.5) 0.53 0.40 1.72 1.69 0.77 3.72 0.19

RBC <4.0×1012/L 2 13 (28.9) 65 (13.3) 0.54 0.40 1.80 1.71 0.78 3.75 0.18

BMI (≥30 kg/m2) 2 4 (8.9) 15 (3.1) 0.79 0.68 1.37 2.21 0.59 8.30 0.24

Age (≥60 years) 5 34 (75.6) 164 (33.6) 1.51 0.39 14.79 4.51 2.09 9.71 0.000

VTE, venous thromboembolism.
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Figure 1 ROC curves of Caprini, Rogers, Padua, Khorana, and 
Chao-Yang RAM. ROC, receiver operating characteristic; RAM, 
risk assessment model.
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score to our Chao-Yang RAM.
Comparing Chao-Yang RAM with Caprini, Rogers, 

Padua, and Khorana RAM, Chao-Yang RAM, and Caprini 
RAM had a high area under the ROC curve. Chao-Yang 

RAM and Caprini RAM were 0.80 and 0.74, respectively 
(P<0.0001). They provided a moderate discrimination of 
patients with and without VTE. Furthermore, when we set 
the Youden index as the cutoff value, Chao-Yang RAM and 
Caprini RAM both did not have a very high specificity. After 
we adjusted the model with risk stratification, we determined 
0–4 points, 5–8 points, and ≥9 points to represent low-risk, 
moderate-risk, and high-risk groups, respectively (7,20). 
The Chao-Yang model and Caprini model were effective 
in predicting VTE events in the low-risk (1.3% versus 
1.6%), moderate-risk (8.4% versus 11.9%), and high-risk 
(20.4% versus 17.4%) groups, especially in the high-risk 
group correlated well in identifying patients at high risk for 
VTE. In our study, because we need to get a real-world rate 
of VTE after thoracic surgery, we excluded 168 patients 
receiving perioperative prophylaxis. However, in the real 
world, the patients after thoracic surgery (especially in high-
risk patients) often take some prophylaxis, so our result of 
high-risk groups rate of VTE was lower than the real world, 
but the results were still high, suggesting that we should pay 
more attention to patients who are at high risk.
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Figure 2 Incidence of VTE according to the number of Chao-
Yang RAM risk factors. VTE, venous thromboembolism; RAM, 
risk assessment model.

Table 4 ROC area and Youden index and corresponding sensitivity and specificity

Variable ROC area Youden index Sensitivity Specificity P value

Caprini 0.74 >5.5 0.76 0.64 <0.0001

Rogers 0.52 >14.5 0.53 0.54 0.62

Padua 0.69 >3.5 0.36 0.93 <0.0001

Khorana 0.64 >0.5 0.78 0.48 0.0017

Chao-Yang 0.80 >5.5 0.91 0.57 <0.0001

ROC, receiver operating characteristic.

Table 5 VTE incidence in the low, moderate, and high risk* based on Chao-Yang and Caprini RAM

Variable VTE(+) (n=45) VTE(−) (n=488) Z value/t value/χ2 value P value

Chao-Yang 40.66 0

0−4 3 227

5−8 14 152

≥9 28 109

Caprini 19.20 0

0−4 3 189

5−8 38 280

≥9 4 19

*, low risk [0−4], moderate risk [5−8], and high risk [≥9]. VTE, venous thromboembolism; RAM, risk assessment model.
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Notably, the Chao-Yang model was more accurate 
in predicting VTE events in the high-risk group, which 
requires clinicians to be vigilant for VTE in individuals 
scoring ≥9 points. Compared to Caprini RAM, Chao-Yang 
RAM was based on surgery clinical practice and had fewer 
risk factors, so it was easier to use.

Additionally, as the number of risk factors increased, the 
incidence of VTE increased from 1.2% to 50.0%. Some 
studies (21) have suggested that stratification of patients 
with the VTE model would facilitate management of 
different patients with specific VTE prophylaxis strategies 
[e.g., encourage early exercise or mechanical prophylaxis 
for patients with low-risk, intermittent pneumatic 
compression (IPC), or low molecular weight heparin 
(LMWH) prophylaxis for patients with moderate risk (22), 
or concomitant IPC and LMWH prophylaxis for patients 
with high risk (23)], thus preventing under- and over-
prophylaxis. However, another study (6) suggested that 
hospitalization-related VTE attack rates did not change 
significantly, despite the initiation of comprehensive VTE 
evaluation and prophylaxis for those patients. The duration 
of hospital stays and inpatient VTE prophylaxis duration in 
that study were 3 days and 70 h, respectively, and 75% VTE 
events occurred after discharge (median time 19.5 days). 

Moreover, each model is directed by different guiding 
strategies, which are grossly classified into collective 
strategy [i.e., VTE prophylaxis is applied to patients with 
the same condition, which is seen in the American College 
of Chest Physicians (ACCP) guideline recommendations 
for VTE risk assessment for orthopedic patients (24)] or 
individual strategy [i.e., VTE prophylaxis is recommended 
based on risk assessment for every single patient, which is 
seen in the ACCP guideline recommendations for VTE risk 
assessment for emergency general surgical patients (25)]. 
Individual strategies are increasingly recommended for 
clinical practice. Further studies should focus on ambulatory 
patients and inpatients with a high risk of developing VTE, 
establishing prevention strategies on case-by-case bases and 
designing proper VTE prophylaxis protocols.

Ideally, each population should be served by specific 
VTE assessment and recommended prophylaxis. However, 
no RAM has been recently validated in Asians. To develop a 
preferable and validated Asian model through collaborative 
efforts, further studies are required (11). Currently, the 
criteria for VTE risk stratification are highly sensitive but 
poorly specific, resulting in almost all oncological patients 
being rated as high-risk (26).

In summary, we developed a Chao-Yang VTE RAM and 

compared it with other widely accepted models in a Chinese 
thoracic surgery cohort. This model had adequate power in 
identifying patients with different risks for VTE events and 
was somewhat better than the Caprini model. Therefore, 
the Chao-Yang model may be applicable in predicting the 
occurrence of VTE in Chinese patients receiving thoracic 
surgery. However, this study was carried out in only one 
large center, which limits its usefulness and dissemination. 
Hopefully, this model will be further validated in a large, 
multi-center, retrospective validation study before providing 
benefits for Chinese patients.
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