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Abstract
Objective: To analyze independent risk factors for postoperative venous thromboembolism (VTE) in patients after thoraco-
scopic lobectomy and establish a risk model for predicting thrombosis.
Methods: We selected 135 patients who underwent thoracoscopic lobectomy and assigned them to a VTE group (n= 31) and a
non-VTE group (n= 104) according to the presence or absence of postoperative VTE. Univariate and multivariate logistic regres-
sion models were built to identify independent risk factors for postoperative thrombosis. A nomogram to predict the risk of
thrombosis was generated, with the predictive performance of the model being evaluated by plotting calibration curve and
the receiver operating characteristic (ROC) curve.
Results: D-dimer on the first postoperative day and Caprini scores were independent high-risk factors for VTE after thoraco-
scopic lobectomy as revealed by univariate and multivariate logistic regression analyses (p< .05). The nomogram was evaluated,
and the fitting degree of calibration curve indicated good accuracy of the model in predicting thrombosis. The area under the
curve (AUC) value was 0.8654, suggesting favorable diagnostic efficacy of the model.
Conclusion: The D-dimer on the first postoperative day and Caprini scores were independent risk factors for VTE after thor-
acoscopic lobectomy. The nomogram that was generated to predict the risk of thrombosis had good accuracy and diagnostic
efficacy, which can guide individual risk assessment and management decisions in clinical practice.
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Introduction
Current treatments for lung cancer (LC) include surgical resec-
tion, immunotherapy, radiotherapy, and targeted therapy,
among which pneumonectomy is the best option for patients
with early-stage LC.1 In the early 1990s, video-assisted thor-
acoscopic surgery (VATS) lobectomy was, for the first time,
used for LC resection and became the gold standard for LC
surgery as its safety and feasibility were confirmed by mount-
ing clinical evidence.2 Thoracoscopic lobectomy can relieve
pain and accelerate recovery postoperatively in patients and
is associated with lower complication rates, mortality, and
costs into the bargain.3–5 Patients undergoing thoracoscopic
lobectomy have a complication rate of 58% lower and an
overall survival rate higher than those undergoing open lobec-
tomy (p < .001).6,7 On this basis, thoracoscopic lobectomy is

deemed safe and effective as a high-performance alternative
to open lobectomy.

Thoracoscopic lobectomy is beneficial in many aspects,
while postoperative complications may still occur to varying
degrees. Venous thromboembolism (VTE) is a serious compli-
cation after thoracoscopic lobectomy,8,9 and patients with
thrombosis are at high risk of critical symptoms including
pulmonary embolism, infarction, or chronic thromboembolic
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pulmonary hypertension. As a case report presented, a patient
with LC who underwent right lower lobectomy and mediastinal
lymphadenectomy developed thrombosis in the right lower
lobar pulmonary artery stump three months later.10 A patient
with small cell LC who underwent thoracoscopic left upper
lobectomy experienced epigastric abdominal pain and vomiting
16 days later and then received a diagnosis of propagation of
thrombus in the stump of the left superior pulmonary vein com-
plicated with splenic infarction as shown by contrast-enhanced
computed tomography (CT).11 Additionally, Kitajima et al12

reported a case of acute cerebral infarction due to stasis of
blood flow in the left upper pulmonary vein stump around
30 h after the left upper lobectomy. Thrombosis is often impli-
cated in poor outcomes. As demonstrated by Chen et al.,13 a
lower survival rate was observed in patients with thrombosis
than in those without thrombosis after pneumonectomy. In con-
clusion, thrombosis is prone to occur after thoracoscopic lobec-
tomy and increases the risk of death in patients, thus high
priority should be accorded in clinical practice. But studies on
predicting the risk of thrombosis after thoracoscopic lobectomy
are insufficient to fully elucidate risk factors.

In this study, the clinical data of patients who underwent
thoracoscopic lobectomy at Dongyang People’s Hospital from
July 2020 to October 2021 were statistically analyzed to inves-
tigate the risk factors for postoperative VTE. A nomogram was
generated in the combination of factors to predict the onset risk,
so as to guide the stratification of high-risk patients for adopting
effective prevention, diagnosis, and treatment, thereby acceler-
ating postoperative recovery.

Methods

Subjects
Patients who underwent thoracoscopic lobectomy at Dongyang
People’s Hospital from January 2017 to December 2022 were
selected. Information on clinical characteristics of patients
was collected, including age, gender, blood type, body mass
index (BMI), diabetes, hypertension, coronary heart disease,
preoperative D-dimer, preoperative carcinoembryonic antigen
(CEA), preoperative forced expiratory volume in 1 s (FEV1),
Caprini score, operation time, surgical site, D-dimer on the
first postoperative day, pathological type, and pathological
stage. Patients who met the following inclusion criteria were
deemed eligible: (1) patients were diagnosed as LC by patho-
logical examination; (2) patients received thoracoscopic lobec-
tomy; (3) patients received a diagnosis of postoperative
thrombus by vascular ultrasound. Exclusion criteria included:
(1) idiopathic thrombocytopenic purpura; (2) cerebral infarction
or myocardial infarction in the past year; (3) perioperative use
of anticoagulant drugs due to coagulopathy or other causes;
(4) preoperative thrombosis; (5) incomplete clinical data. As
per the inclusion and exclusion criteria, 135 patients who under-
went thoracoscopic lobectomy were included and assigned to a
VTE group (n= 31) and a non-VTE group (n= 104) according
to the presence or absence of postoperative VTE.

Construction and Evaluation of Nomogram
The risk factors of thrombosis after thoracoscopic lobectomy
obtained by multivariate logistic analysis were the basis of
nomogram construction. Discrimination evaluation of the
model was done by plotting receiver operating characteristics
(ROC) curves and calculating the area under the curve
(AUC). Regarding the calibration evaluation of the model, the
calibration curve of the predicted complication probability by
nomogram and the actual complication probability was
plotted to validate the consistency of the model.

Statistics
Statistical analysis was performed on SPSS 24.0 software.
Measurement data were expressed as mean ± standard devia-
tion, and an independent sample t-test was used; enumeration
data were expressed as N (%), and a chi-square test was used.
Logistic regression model was established with risk factors
at p < .1, and independent risk factors were determined.
Univariate and multivariate logistic regression models were
used for nomogram construction. The Caprini scores were cal-
culated and summarized postoperatively based on the modi-
fied Caprini risk assessment model. p < .05 meant statistical
significance.

Results

Patient Baseline Characteristics
135 patients who underwent thoracoscopic lobectomy were
included and assigned to the VTE group and the non-VTE
group according to the presence or absence of thrombosis.
The baseline information of patients was listed in Table 1.
Univariate analysis of patient clinical data presented signif-
icant differences in age, gender, coronary heart disease,
surgical site, D-dimer on the first postoperative day, preop-
erative FEV1, and Caprini score between the two groups (p
< .1). No significant differences were seen in other factors
(p > .1).

Results of Logistic Regression Analysis
By using variables with statistical differences between the two
groups as independent variables and thrombosis as the depen-
dent variable, multivariate logistic regression analysis was per-
formed, and a logistic model was built:

logit(P) =− 12.269− 0.063 xAge − 0.732 xGender

− 0.160xCoronary heart disease + 1.096xD−2−merpost 1st

+ 0.728xSurgiral site
+ .697xCaprin Score − 0.173xPreoperative FEV1

D-dimer on the first postoperative day (p= .000) and Caprini
score (p= .010) were independent risk factors for the develop-
ment of VTE after thoracoscopic lobectomy (Table 2).
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Establishment of a Nomogram for the Risk Model
A nomogram was developed to predict the risk of VTE after
thoracoscopic lobectomy based on the logistic regression
model (Figure 1). As depicted by the nomogram, the develop-
ment of postoperative thrombosis was mostly affected by
preoperative D-dimer, followed by Caprini score. The preoper-
ative D-dimer and Caprini scores as single scores were calcu-
lated, and the total score was accumulated. The probability of
postoperative thrombosis could be predicted according to the
total score. The calibration curve of the nomogram was
plotted and showed a tendency to be a standard curve,

indicating that the predicted value was basically in line with
the actual situation (Figure 2). As analyzed on the ROC
curve, the AUC value was 0.8654, suggesting that the model
had favorable accuracy and discrimination (Figure 3).

Discussion
Thoracoscopic lobectomy is the main approach for LC treat-
ment and can achieve satisfactory clinical efficacy, but postop-
erative complications such as VTE are prone to arise. Risk
factors for VTE include surgical approach, anesthesia, and
patient stress.14,15 Clinical interests have grown up around the
theme of causes of postoperative thrombosis after thoracoscopic
lobectomy, but no consensus is reached on the independent risk
factors for postoperative thrombosis after thoracoscopic lobec-
tomy and its prevention. In this study, D-dimer on the first post-
operative day and Caprini scores were independent risk factors
for postoperative VTE after thoracoscopic lobectomy as identi-
fied by univariate and multivariate analyses.

D-dimer is associated with the prognoses of LC patients, and
elevated postoperative serum D-dimer levels increase the risk of
postoperative thrombosis in LC patients. Wang et al.16 reported
that up to 87.17% (523/600) of patients undergoing lung tumor
surgery have postoperative VTE, and postoperative D-dimer
levels differ substantially between the VTE group and the
non-VTE group. Additionally, Yao et al.17 confirmed that at
24 h after thoracoscopic surgery, hypercoagulation, and progres-
sively elevated D-dimer are observed, but the impact is less than
thoracotomy. D-dimer is the smallest fibrinolysis-specific degrada-
tion product known in the circulation,18 and its elevated level is
generally indicative of hypercoagulation and secondary hyperfibri-
nolysis.19 Serial postoperative testing of D-dimer levels combined
with risk factors associated with thrombosis allows well evaluation
of VTE occurrence. Caprini score is a valid and reliable predictive
tool for assessing the risk of thrombosis. Zhou et al.20 revealed that
the Caprini score identifies 84.3% of VTE cases, whereas the
Padua Prediction score only identifies 49.1% of VTE cases,
besides, the Caprini risk level is associated with in-hospital and
6-monthmortality. Chen et al.21 observedVTE in 10 of 117 patients
who underwent pneumonectomy, and Caprini score is proportional
to the VTE ratio, indicating the superior performance of Caprini
score in predicting VTE. Thence, serial assessment of perioperative
Caprini scores is effective in reducing the incidence of thrombosis

Table 2. Variables in the Logistic Regression Equation.

Factors β SE p OR 95%CI

Age −0.063 0.052 .227 0.939 0.849–1.040
Gender −0.732 0.667 .272 0.480 0.130–1.776
Coronary heart −0.160 0.703 .820 0.852 0.215–3.383
D-dimer post first 1.096 0.272 .000 2.991 1.755–5.097
Surgical site 0.728 0.588 .216 2.071 0.654–6.558
Caprini Score 1.697 0.655 .010 5.457 1.513–19.689
Preoperative FEV1 −0.173 0.710 .059 0.808 0.209–3.383
Constant −12.269 4.429 .006 0.000

Note: The bold value indicates p < .05, which is statistically significant.

Table 1. Patient Baseline Characteristics.

Patients Characteristics
VTE group
(n= 31)

Non-VTE group
(n= 104) p

Age 64.7± 6.0 60.1± 9.4 .002
Gender: .061
Female 22 (71.0%) 54 (58.7%)
Male 9 (29.0%) 50 (41.3%)
Blood type: .112
A 13 (41.9%) 36 (34.6%)
AB 5 (16.1%) 5 (4.8%)
B 6 (19.4%) 31 (29.8%)
O 7 (22.6%) 32 (30.8%)
Hypertension: .250
No 19 (61.3%) 75 (72.1%)
Yes 12 (38.7%) 29 (27.9%)
Diabetes: .270
No 27 (87.1%) 97 (93.3%)
Yes 4 (12.9%) 7 (6.7%)
Coronary heart disease: .097
No 27 (87.1%) 87 (83.7%)
Yes 4 (12.9%) 17 (16.3%)
Preoperative D-dimer: 0.88± 0.51 0.91± 1.53 .642
D-dimer post first 2.83± 2.11 1.26± 0.77 .000
Operation time: 138.1± 46.6 149.9± 39.4 .163
Surgical site: .086
left 7 (22.6%) 41 (39.4%)
right 24 (77.4%) 63 (60.6%)
Caprini Score: .001
6 0 (0.0%) 1 (1.0%)
7 4 (12.9%) 54 (51.9%)
8 23 (74.2%) 42 (40.4%)
9 4(12.9%) 7(6.7%)
Pathological type: .207
adenocarcinoma 30 (96.8%) 93 (89.4%)
else 1 (3.2%) 11 (10.6%)
Pathological stage: .994
I 28 (90.3%) 94 (90.4%)
II 2 (6.5%) 7 (6.7%)
III 1 (3.2%) 3 (2.9%)
BMI 23.5± 2.8 22.8± 2.6 .200
Preoperative FEV1 2.12± 0.47 2.36± 0.61 .049
Preoperative CEA 3.72± 2.27 3.41± 3.93 .674

*VTE: venous thromboembolism; BMI: body mass index; FEV1: forced
expiratory volume in 1 s; CEA: carcinoembryonic antigen. The bold value
indicates p<.05, which is statistically significant.
Note: The bold value indicates p < .05, which is statistically significant.
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and mortality of critically ill patients, improving patient prognosis
and quality of life.22 Together these findings confirm that
D-dimer levels on the first postoperative day and Caprini scores
can be key indicators for postoperative thrombotic screening, sug-
gesting that a combination of these two indicators is highly sensi-
tive for identifying patients who may benefit from prevention.

In this study, a predictive model was successfully constructed
with D-dimer levels on the first postoperative day and Caprini
scores on the basis of multivariate regression analysis.
Meanwhile, the calibration curve and ROC curve suggested that
the nomogram had favorable predictive performance and discrimi-
nation. Clinicians can stratify patients at high risk of postoperative

Figure 1. Nomogram of high-risk factors for thrombosis after thoracoscopic lobectomy.

Figure 2. Calibration curve of the nomogram.

4 Clinical and Applied Thrombosis/Hemostasis



thrombosis referring to this model and be prepared to take targeted
preventive measures. High-risk patients are encouraged to receive
regular checkups for early detection and treatment. A growing
body of research is done on the prevention of postoperative throm-
bosis after thoracoscopic lobectomy. Chen et al.23 determined that
self-heating calf sleeves (SHCSs) prevent postoperative VTE in
patients undergoing thoracoscopic lobectomy, and SHCS is a sat-
isfactory prophylaxis method to improve venous blood flow and
thus alleviate venous stasis in the lower extremities. Nakano
et al.24 reported that cases with thrombus formation in the pulmo-
nary vein stump as shortened by ligating the pulmonary vein at the
pericardial reflection after left upper lobectomy are substantially
fewer than those not treated with the ligation method (p= .010),
demonstrating that the proximal ligation method is markedly
linked to less thrombus formation in the pulmonary vein stump.
Thus, stratifying patients at high risk for postoperative thrombosis
after thoracoscopic lobectomy facilitates the implementation of
prevention measures and reduces patient harm and economic
burden.

Taken together, D-dimer level on the first postoperative day
and Caprini score are independent risk factors for VTE after
thoracoscopic lobectomy. In this study, the predictive model
shows good accuracy and discrimination and is beneficial
for clinical screening of high-risk groups, thus interventions
can be taken correspondingly to improve patient prognosis.
This model is valuable in clinical applications. However,
this study still has some limitations. This study is a single
center, retrospective study, which may have bias. Secondly,
the limited sample size and the lack of external validation
of the nomogram allow unavoidable errors. A multi-center,
large sample-size clinical study is ongoing to optimize and
validate the model.
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