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Background: The incidence of deep vein thrombosis (DVT) in hepatocellular carcinoma 
(HCC) patients after laparoscopic hepatectomy (LH) is unclear, and there is no effective 
method for DVT risk assessment in these patients.
Methods: The data from the total of 355 consecutive HCC patients who underwent LH were 
included. A DVT risk algorithm was developed using a training set (TS) of 243 patients, and 
its predictive performance was evaluated in both the TS and a validation set (VS) of 112 
patients. The model was then used to develop a DVT risk nomogram (TRN).
Results: The incidence of DVT in the present study was 18.6%. Age, sex, body mass index 
(BMI), comorbidities and operative position were independent risk factors for DVT in the 
TS. The model based on these factors had a good predictive ability. In the TS, it had an area 
under the receiver operating characteristic (AUC) curve of 0.861, Hosmer-Lemeshow (H-L) 
goodness of fit p value of 0.626, sensitivity of 44.4%, specificity of 96.5%, positive 
predictive value (PPV) of 74.1%, negative predictive value (NPV) of 88.4%, and accuracy 
of 86.8%. In the VS, it had an AUC of 0.818, H-L p value of 0.259, sensitivity of 38.1%, 
specificity of 98.9%, PPV of 88.9%, NPV of 87.4%, and accuracy of 87.5%. The TRN 
performed well in both the internal and the external validation, indicating a good clinical 
application value. The TRN had a better predictive value of DVT than the Caprini score (p < 
0.001).
Conclusion: The incidence of DVT after LH was high, and should not be neglected in HCC 
patients. The TRN provides an efficacious method for DVT risk evaluation and individua-
lized pharmacological thromboprophylaxis.
Keywords: deep vein thrombosis, hepatocellular carcinoma, laparoscopic hepatectomy, 
nomogram

Introduction
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and 
pulmonary embolism (PE), is a common complication and second leading cause 
of death in cancer patients.1 A study based on the American College of Surgeons 
National Surgical Quality Improvement Program (NSQIP) database showed that the 
incidence of symptomatic VTE after hepatectomy was 2.9%.2 Several studies from 
Asia indicated that the incidence of perioperative VTE was between 14 and 57 per 
100,000 people per year and varied from region to region.3–5 Although the apparent 
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incidence of VTE in previous studies was not high, we 
hypothesized that asymptomatic VTE cases may often be 
overlooked. The available data suggested that the rate of 
distal DVT spreading to the popliteal vein or higher veins 
was 17.0%, with up to 5.8% progressing to PE without 
intervention.6 Numerous studies investigated potential risk 
factors for VTE,7–10 but the morbidity and risk factors of 
DVT after laparoscopic hepatectomy (LH) in hepatocellu-
lar carcinoma (HCC) patients remain unknown.11

Although laparoscopic surgery represents a significant 
improvement of surgical technique, it nevertheless comes 
with its own challenges and intraoperative adverse events 
may lead to an increase of perioperative complications.12 

For example, Sharma et al reported that pneumoperito-
neum and placing the patient in reverse Trendelenburg 
position resulted in venous stasis in lower extremities,13 

potentially leading to perioperative DVT and PE.14 To our 
best knowledge, there are no studies focusing on the 
relationship between LH and postoperative DVT.

The Caprini score is widely used in surgical depart-
ments to estimate the risk of DVT, and has been validated 
in over 250,000 patients in more than 100 clinical trials 
worldwide.15 Although the Caprini score provides an 
important reference for surgeons, it does not perform 
very well in stratifying HCC patients after hepatectomy,7 

and there are few effective tools for predicting the DVT 
risk of HCC patients after LH. The purpose of the present 
study was to assess the incidence of DVT and identify the 
relative risk factors in order to develop and validate a DVT 
risk nomogram (TRN) for HCC patients after LH.

Methodology
Patients
A retrospective study was conducted on consecutive HCC 
patients who underwent LH in our center from June 2016 
to January 2020. The inclusion criteria were: (1) LH and 
no conversion; (2) HCC diagnosed pathologically and no 
distant metastasis; (3) no previous treatment for HCC; (4) 
no history of other malignancies; (5) no history of VTE or 
vascular disease (for example, tube in blood vessel, heart 
disease, lung disease, leg swelling or visible varicose 
veins); (6) no perioperative pharmacological thrombopro-
phylaxis; (7) no acute infection, recent orthopedic surgery, 
serious trauma or stroke; (8) no recent pregnancy, birth or 
miscarriage; (9) lower extremity color Doppler flow ima-
ging examination within 3 days after operation; and (10) 
detailed and precise follow-up records. The patients from 

June 2016 to October 2018 were assigned to the Training 
Set (TS) and the others to the Validation Set (VS). The 
written informed consent for data use was obtained from 
all the patients. This study was approved by the Ethics 
Committee of Tongji Hospital, and was performed in 
accordance with the Declaration of Helsinki.16

Surgery Techniques
The type of hepatectomy was decided based on the tumor 
and liver condition for each patient, as described 
previously.17 The reverse Trendelenburg position was rou-
tinely applied, but the lateral position was used for right 
hepatectomy. Pneumoperitoneum pressure was maintained 
at 10–12 mmHg, and the Pringle maneuver was performed 
during surgery if necessary. Major hepatectomy was 
defined as the resection of three or more Couinaud seg-
ments, while minor hepatectomy was defined as the resec-
tion of fewer than three Couinaud segments. Portal 
hypertension was defined as the presence of either esopha-
geal varices or coexistence of splenomegaly with platelet 
counts < 100×109/L.18,19

Definition and Management of DVT
Proximal DVT was defined based on a thrombus present in 
the popliteal or more proximal veins, and distal DVT was 
based on a thrombus present in the calf veins,20 and 
diagnosed by lower extremity color Doppler flow imaging 
examination on the second or third day after surgery. 
Patients with both proximal and distal DVT were classified 
as having proximal DVT. Computed tomographic pulmon-
ary arteriography was performed when the patient pre-
sented suspicious symptoms of PE.21–23 All patients were 
subjected to intermittent pneumatic compression since the 
first day after surgery until ambulation, and were encour-
aged to accomplish early mobilization after surgery. The 
measures of early mobilization in our center were as 
follows: the patients are encouraged to accomplish mobi-
lization (for example, sitting up and moving limbs) on the 
bed by postoperative day 1, and get out of bed and walk by 
postoperative day 2. Anticoagulant therapy was performed 
in patients with DVT confirmed by imaging and no sig-
nificant bleeding risk. The therapeutic scheme of DVT was 
as follows: During hospitalization, the patients received 
low molecular weight heparin (LMWH), 4.25kU, subcuta-
neously, once a day and were examined by lower extre-
mity color Doppler flow imaging every five days until the 
DVT disappeared. After discharge, the DVT patients were 
administered Rivaroxaban, 15 mg twice daily for the first 
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21 days, and then switched to 20 mg daily (creatinine 
clearance ≥ 30 mL/min),24 and the lower extremity color 
Doppler flow imaging examination was performed once 
a month until the DVT disappeared. Multidisciplinary 
treatment was implemented if necessary. All the DVT 
patients received anticoagulant therapy and were followed 
up for at least 3 months.25

Statistical Analysis
All the data were analyzed using SPSS 22.0 (IBM 
Corporation, Armonk, NY, USA) and R version 3.6.3 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Continuous variables were expressed as means ± standard 
deviations (SD) and categorical variables were expressed 
as numbers and percentages. Continuous variables were 
compared using the Mann–Whitney U-test, while catego-
rical variables were compared using Pearson’s chi-squared 
or Fisher’s exact test (2-tailed). The significant variables in 
the univariate analysis were used for the binary logistic 
regression model to generate an algorithm for predicting 
the risk of DVT in the TS. Forward stepwise variable 
selection was applied to build the model with the Akaike 
information criterion (AIC) as the stopping rule. The area 
under the receiver operating characteristic curve (AUC) 
and the Hosmer-Lemeshow (H-L) goodness of fit test were 
used to assess the predictive ability of the model in both 
the TS and the VS The De Long test was used to compare 
the AUCs. The sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) and accu-
racy were calculated. The TRN was created in the TS 
using the “rms” R package (Appendix A1). Calibration 
curves based on 1000 bootstrap resampling iterations 
were used to examine the performance of the TRN in 
both the TS (internal validation) and the VS (external 
validation). Finally, the decision curve was plotted to 
evaluate the clinical application value of the TRN based 
on the net benefit at different risk thresholds. Differences 
with p < 0.05 were considered statistically significant.

Results
Clinicopathological Characteristics
The workflow was summarized in Figure 1. A total of 355 
consecutive patients were recruited in this study (TS: n = 
243, including 45 with and 198 without; VS: n = 112, 21 with 
and 91 without DVT). A total of 66 (18.6%) patients were 
diagnosed with DVT, including 40 (60.6%) with unilateral 
distal DVT, 24 (36.4%) with bilateral distal DVT and 2 

(3.0%) with unilateral proximal DVT. Two patients in the 
TS had ipsilateral proximal and distal DVT and were classi-
fied as having unilateral proximal DVT (Appendix A2). No 
PE occurred. The clinicopathological features of the patients 
are listed in Table 1. There were fewer elderly (112, 31.5%) 
and more male (286, 80.6%) patients. A total of 63 (17.7%) 
patients had a body mass index (BMI) of more than 25 kg/ 
m2. A total of 75 (21.1%) and 258 (72.7%) patients had 
comorbidities (diabetes and/or hypertension) and viral hepa-
titis (HBV or HCV), respectively. More than half of the 
patients (228, 64.2%) had a hematocrit grade ≥ 39. The 
mean platelet count (PLT) and international normalized 
ratio (INR) were 167.3 ± 51.9 x109/L and 1.1 ± 0.1, respec-
tively. A total of 60 (16.9%) patients had portal hypertension. 
Most of the patients had solitary tumors (303, 85.4%), and 
the maximum tumor size (MTS) was 4.3 ± 2.9 cm. 
According to the Barcelona clinic liver cancer (BCLC) 
scale, 326 (91.8%) patients had stage A disease, and 251 
(70.7%) patients received minor hepatectomy. Lateral posi-
tion during the operation was used in 133 (37.5%) patients 
and the mean operation time (OT) was 5.5 ± 1.7 hours. There 
were 95 (26.8%) patients who needed intraoperative transfu-
sion (IT) and 19 (5.4%) patients received hemostatic therapy. 
In the present study, the incidence of complications was 
27.3%, and 18 (5.1%) patients had major postoperative com-
plications (Clavien-Dindo classification ≥ 3). All patients 
recovered well and no deaths occurred due to surgery. The 
clinicopathological features of patients did not exhibit sig-
nificant differences between the two sets.

Development of the Risk Score 
Algorithm
Univariate analysis showed that age, sex, BMI, comor-
bidities, hematocrit grade, IT and operative position 
(OPP) were associated with DVT in the TS. However, 
only age, sex, BMI, comorbidities and OPP remained 
independent risk factors in multivariate analysis, and 
were consequently applied to develop a risk score algo-
rithm for predicting DVT (Table 2). We then compared 
the clinicopathological features of the patients with and 
without DVT (Appendix A3). The factors associated 
with DVT in the TS according to univariate analysis 
also exhibited significant differences between the 
patients with and without DVT, except for the use of 
hemostatics (p = 0.036), which was excluded in the 
multivariate analysis. We further assessed the predictive 
performance of the algorithm in both the TS and the VS. 
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In the TS, the model had an AUC of 0.861 with a 95% 
confidence interval (CI) of 0.802–0.920%, a H-L test 
p value of 0.626, sensitivity of 44.4% with a 95% CI of 
30.0%-59.9%, specificity of 96.5% with a 95% CI of 
92.6%-98.4%, PPV of 74.1% with a 95% CI of 53.4%- 
88.1%, NPV of 88.4% with a 95% CI of 83.2%-92.2%, 
and accuracy of 86.8% with a 95% CI of 82.5%-91.1%. 
In the VS, the model had an AUC of 0.818 with a 95% 
CI of 0.716–0.919, a H-L test p value of 0.259, sensi-
tivity of 38.1% with a 95% CI of 19.0%-61.3%, speci-
ficity of 98.9% with a 95% CI of 93.2%-99.9%, PPV of 
88.9% with a 95% CI of 50.7%-99.4%, NPV of 87.4% 
with a 95% CI of 79.0%-92.8%, and accuracy of 87.5% 
with a 95% CI of 81.4–93.6% (Appendix A4, Figure 2). 
There was no significant difference of the AUC between 
the two sets (p = 0.474).

Predictive Nomogram for the Risk of 
DVT
We developed a TRN for simpler and more intuitive clin-
ical application (Figure 3A). According to the calibration 
curve (Figure 3B and C), the TRN performed well with the 
ideal model in both tested datasets. Furthermore, the TRN 
added a net benefit over either the “treat all” or the “treat 
none” scheme in the decision curve (Figure 4).

Application of the Caprini Score
We assessed the ability of the Caprini score to predict 
DVT after LH in HCC patients. However, we found that 
all the patients scored ≥ 5 and were defined as having 
a high risk of DVT (Appendix A5).26 The AUC of the 
Caprini score was 0.610, which was significant lower than 

Figure 1 Flowchart of study design.
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that of the TRN developed in the present study (p < 0.001 
vs the TS; p = 0.001 vs the VS) (Figure 2). What’s more, 
the decision curve of the Caprini score was closed to the 
curves of “treat all” and “treat none”, which means that 
almost no net benefit could be added by the Caprini score 
for predicting the risk of DVT (Figure 4).

Follow-Up and Outcomes of DVT 
Patients
All the DVT patients received anticoagulant therapy for at 
least 3 months. DVT disappeared within 1 month in 57 
(86.4%) cases, with chronic DVT remaining in 9 (13.6%) 
cases, including 3 unilateral distal, 5 bilateral distal and 1 
unilateral proximal DVT case.27 In another 6 (9.1%) cases, 
the DVT disappeared in the next two months, while 2 
(3.0%) unilateral distal DVT patients and 1 (1.5%) bilat-
eral distal DVT patient still had the thrombus after 3 

months (Table 3). No PE or major bleeding occurred 
during the treatment.

Discussion
There is increasing evidence that VTE is a significant 
cause of morbidity and mortality during the postopera-
tive period and the second leading cause of death in 
cancer patients.1,28,29 Several studies have found VTE 
rates after hepatectomy ranging from 2.4 to 4.6%.28,30,31 

However, we should pay attention to the fact that 
asymptomatic VTE cases may often be overlooked. 
Although the Caprini score, widely used in surgical 
departments, provides an important reference for 
surgeons,15 it has limitations when assessing the DVT 
risk of HCC patients after liver surgery.7 Moreover, the 
morbidity and risk factors of DVT in HCC patients after 
LH remain unknown.

Table 1 Clinicopathological Features of the Patients

Variables Total n = 355 TS n = 243 VS n = 112 p

Age (years) (≥ 60) 112 (31.5) 79 (32.5) 33 (37.5) 0.357

Sex (male) 286 (80.6) 190 (78.2) 96 (85.7) 0.096

BMI (kg/m2) (> 25) 63 (17.7) 45 (18.5) 18 (16.1) 0.575

Comorbidities (yes) 75 (21.1) 47 (19.3) 28 (25.0) 0.225

Virus hepatitis (yes) 258 (72.7) 183 (75.3) 75 (67.0) 0.101

Hematocrit grade (≥ 39) 228 (64.2) 153 (63.0) 75 (67.0) 0.465

PLT (x109/L) 167.3 ± 51.9 166.2 ± 52.7 169.6 ± 50.3 0.604

INR 1.1 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 0.060

Portal hypertension (yes) 60 (16.9) 41 (16.9) 19 (17.0) 0.983

Tumor number (multiple) 52 (14.6) 37 (15.2) 15 (13.4) 0.650

MTS (cm) 4.3 ± 2.9 4.2 ± 2.8 4.4 ± 3.2 0.795

BCLC stage (A) 326 (91.8) 223 (91.8) 103 (92.0) 0.950

Extent of hepatectomy (major) 104 (29.3) 70 (28.8) 34 (30.4) 0.573

OPP (lateral position) 133 (37.5) 91 (37.5) 42 (37.5) 0.993

OT (hour) 5.5 ± 1.7 5.4 ± 1.6 5.7 ± 1.8 0.463

IT (yes) 95 (26.8) 67 (27.6) 28 (25.0) 0.611

Hemostatics (yes) 19 (5.4) 14 (5.8) 5 (4.5) 0.614

Complication grade 97 (27.3) 70 (28.8) 27 (24.1) 0.564

≥ 3 18 (5.1) 12 (4.9) 6 (5.4)

< 3 79 (22.2) 58 (23.9) 21 (18.7)

Abbreviations: BMI, body mass index; PLT, platelets; INR, international normalized ratio; MTS, maximum tumor size; BCLC, Barcelona clinic liver cancer; OPP, operative 
position; OT, operative time; IT, intraoperative transfusion; TS, training set; VS, validation set.
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In the present study, we assessed the incidence of DVT 
in HCC patients after LH. Considering the high potential 
risk of VTE in HCC patients after hepatectomy, lower 
extremity color Doppler flow imaging was recommended 
within 3 days after surgery. As a result, 66 (18.6%) 
patients were diagnosed with DVT after LH, and all the 
DVT cases were asymptomatic. The incidence of DVT in 
the present study was much higher than what was found in 
previous studies, but it was in agreement with the results 
of a prospective study in Japan, with an incidence of 
24.3%.31,32 The studies with low incidence of VTE were 
retrospective and the diagnostic VTE examination was 
more likely to be performed in patients with certain symp-
tom or indications of VTE. Furthermore, the patients in the 
present study all had HCC, and 72.7% also had viral 
hepatitis. Studies have demonstrated that malignant tumors 

and chronic liver disease were related to hypercoagulabil-
ity and a high risk of VTE.33,34 What’s more, all the 
patients received LH, whereby the CO2 pneumoperito-
neum pressure could decrease cardiac output and increase 
peripheral vascular resistance, thus affected tissue perfu-
sion and leading to damage of vascular endothelial cells, 
which can finally result in hypercoagulability.35–37 No PE 
occurred in the present study, due to a number of possible 
reasons. Firstly, the patients were examined using lower 
extremity color Doppler flow imaging within 3 days fol-
lowing surgery, whereby anticoagulant therapy was 
applied in time after identifying DVT and was continued 
for at least three months. The early sufficient anticoagulant 
therapy might reduce the rate of distal DVT spreading and 
may thereby have prevented the occurrence of PE. 
However, asymptomatic PE may have been overlooked, 

Table 2 Factors Associated with the DVT in the TS

Variable Univariate Analysis Multivariate Analysis

OR (95% CI) p OR (95% CI) p

Age (≥60 vs < 60) 5.153(2.561–10.366) < 0.001 3.031(1.342–7.039) 0.008

Sex (female vs male) 2.651(1.368–5.136) 0.004 13.966(5.486–39.438) < 0.001

BMI (>25 vs ≤25) 3.215(1.555–6.648) 0.002 4.219(1.553–11.858) 0.005

Comorbidities (yes vs no) 4.437(2.173–9.060) < 0.001 9.033(3.654–23.966) < 0.001

Virus hepatitis (yes vs no) 0.670(0.329–1.366) 0.670

Hematocrit grade (≥39 vs <39) 0.349(0.180–0.677) 0.002

PLT, x109/L 1.003(0.997–1.009) 0.306

INR 0.988(0.018–53.261) 0.995

Portal hypertension (yes vs no) 1.539(0.691–3.427) 0.291

Tumor No (multiple vs single) 0.648(0.238–1.769) 0.398

MTS 0.913(0.791–1.054) 0.213

BCLC tumor stage (B vs A) 0.465(0.104–2.081) 0.317

Extent of hepatectomy (major vs 
minor)

0.657(0.306–1.413) 0.282

OPP (lateral vs supine) 3.529(1.801–6.916) < 0.001 3.648(1.581–8.837) 0.003

OT 0.875(0.704–1.087) 0.228

IT (yes vs no) 2.284(1.163–4.485) 0.016

Hemostatics (yes vs no) 1.834(0.548–6.137) 0.325

Complication grade (≥3 vs <3) 1.500(0.389–5.779) 0.556

Abbreviations: TS, training set; DVT, deep vein thrombosis; BMI, body mass index; PLT, platelets; INR, international normalized ratio; BCLC, Barcelona clinic liver cancer; 
Tumor No, tumor number; MTS, maximum tumor size; OT, operative time; OPP, operative position; IT, intraoperative transfusion; OR, odds ratio; CI, confidence interval.
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and it was reported that peripheral PE was usually found in 
patients with few or no symptoms.38 Prasad and colleagues 
suggested that anticoagulant therapy had little benefit for 
peripheral PE and increased the incidence of adverse 
events.39 In the present study, we found that the rate of 
disappearance of unilateral distal DVT was higher than 
that of bilateral distal DVT on the 30th day of anticoagu-
lant therapy (92.5% vs 79.2%), while the two DVT loca-
tions had similar rates of disappearance on the 90th day of 
anticoagulant therapy (95.0% vs 95.8%).

In the present study, age, sex, BMI, comorbidities and 
OPP were independent risk factors of DVT after LH in 
HCC patients. Advanced age, high BMI and comorbidities 
(including diabetes and hypertension) have been reported 
to be associated with DVT in several studies.40–50 

However, whether female sex is an independent risk factor 
for DVT in cancer patients is controversial. Turley and 
colleagues found the male sex was significantly associated 
with VTE after hepatic resection.2 It was also reported that 
female sex was a risk factor for VTE in cancer patients34 

and in chronic liver disease patients.33 Naess and collea-
gues stratified patients by sex and age, which indicated 
that women between the ages of 20 to 60 had a higher 
absolute risk of VTE than men, and the VTE risk 
increased with age.51 In the present study, the risk of 
DVT was significantly higher in women than in men 

(p < 0.001, odds ratio (OR) = 13.966), which may be 
due to a number of reasons. Firstly, women were more 
prone to inactivity due to pain after surgery, which is 
a significant risk factor for DVT.52 Secondly, women had 
a higher age than men among both the overall patients and 
the DVT group (overall: 57.4 ± 9.3 vs 54.9 ± 10.9, p = 
0.032; DVT group: 57.3 ± 8.5 vs 54.5 ± 11.1, p = 0.040). 
In the present study, we firstly found that OPP during LH 
was significant associated with the development of DVT. 
During LH, the patients were usually in a reverse 
Trendelenburg and right oblique position when the right 
hepatectomy was performed. Due to the change of position 
and CO2 pneumoperitoneum, the venous return was 
reduced, resulting in venous stasis in lower extremities,13 

which is one of the main risk factors for perioperative 
DVT and PE.14

The Caprini score might need to be modified for our 
study population due to its poor predictive performance. 
All patients in this study scored ≥ 5 on the Caprini 
scale, and were defined as having high risk of DVT, 
which means that all the patients should receive phar-
macological thromboprophylaxis. Well-developed guide-
lines are available in the West, while routine 
pharmacological thromboprophylaxis in Asia is more 
controversial.53 Compared to the Western population, 
the Asian population has a significant lower incidence 

Figure 2 The ROC curves of DVT risk score algorithm and Caprini score. 
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the receiver operating characteristic curve.
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of VTE, even among subjects who live in the same 
region,54 and physical prophylaxis can be an effective 
and safe method for VTE prevention, which is preferred 
by Asian physicians in clinical practice.3,55 Accordingly, 
physical prophylaxis rather than chemoprophylaxis was 
adopted in our center, and the incidence of DVT was 
18.6%, although most thrombus cases presented in the 

calf veins. However, a published study suggested that 
the rate of distal DVT spreading to the popliteal vein or 
higher veins was 17.0%, with up to 5.8% leading to PE 
if no intervention was performed.6 What’s more, antic-
oagulation rather than surveillance was recommended 
for high-risk patients with distal DVT.25,56 In our 
study, all the DVT patients had more than one high 

Figure 3 The nomogram based on the DVT risk score algorithm and the calibration curves of the TRN. The nomogram based on DVT risk score algorithm (A), the 
calibration curves of TRN in the TS (B) and in the VS (C). To use the TRN, the predicted DVT risk is on the scale of 0 to 400, and a vertical line is drawn upward to the 
points line to determine the score received for each variable (eg sex female = 100 points). Then the total score is obtained, which corresponds to a predictive probability of 
DVT on the predicted incidence line at the bottom of the nomogram. 
Abbreviations: TRN, DVT risk nomogram; BMI, body mass index; OPP, operative position; DVT, deep vein thrombosis; TS, training set; VS, validation set.
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risk factor (active cancer, inpatient status, etc.) that 
supported anticoagulation. In conclusion, there are cur-
rently no suitable tools to evaluate the risk of DVT after 
LH to guide individualized treatment in HCC patients. 
Here, we developed the TRN, which exhibited good 
performance in predicting the risk of DVT after LH in 
HCC patients. Furthermore, the decision curve showed 
that TRN had a better clinical application value than the 
Caprini score in the study population. Hence, by allow-
ing an accurate evaluation of DVT risk, the TRN might 
be helpful in guiding the individual treatment with 
pharmacological thromboprophylaxis in clinical practice.

Finally, there are also a number of limitations to this 
study. Firstly, this is a retrospective study containing 

a small sample of 355 HCC patients from a single 
center, and the predictive performance of TRN needs 
to be further validated in other centers. Additionally, 
there was no clear evidence which patients would ben-
efit from the lower extremity color Doppler flow ima-
ging examination, and not all the patients routinely 
received lower extremity color Doppler flow imaging 
examination after surgery (Figure 1). As a result, we 
might have missed some asymptomatic DVT patients. 
Additionally, no DVT screening was performed before 
surgery, which might have affected the accuracy of 
postoperative DVT incidence. In addition, although the 
lower extremity color Doppler flow imaging examina-
tion is recommended as the preferred method for clini-
cally suspected DVT, its accuracy is reduced in the 
diagnosis of intramuscular venous thrombosis.57 

Finally, the effects of physical thromboprophylaxis, 
including intermittent pneumatic compression and early 
mobilization performed in all patients after surgery, 
were not explored in the present study.

Conclusions
The TRN consisting of five independent risk factors could 
accurately predict the risk of DVT following LH in HCC 
patients, and thus can help guide individualized pharma-
cological thromboprophylaxis during the perioperative 
period of LH.

Figure 4 The decision curve analysis for TRN and Caprini score. 
Abbreviations: TRN, DVT risk nomogram; DVT, deep vein thrombosis.

Table 3 The Cumulative Number of DVT Disappearance

Variables Unilateral 

Distal DVT  

n (%)

Bilateral 

Distal 

DVT  

n (%)

Unilateral 

Proximal 

DVT  

n (%)

Bilateral 

Proximal 

DVT  

n (%)

0th day* 40(60.6) 24(36.4) 2(3.0) 0

5th day* 20(55.6) 14(38.9) 2(5.5) 0

10th day* 10(50.0) 8(40.0) 2(10.0) 0

30th day* 3(33.3) 5(55.6) 1(11.1) 0

60th day* 2(40.0) 2(40.0) 1(20.0) 0

90th day* 2(66.7) 1(33.3) 0 0

Note: *Days after anticoagulant therapy. 
Abbreviation: DVT, deep venous thrombosis.
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Abbreviations
DVT, deep vein thrombosis; HCC, hepatocellular carcinoma; 
LH, laparoscopic hepatectomy; TS, training set; VS, valida-
tion set; TRN, DVT risk nomogram; BMI, body mass index; 
AUC, area under the receiver operating characteristic curve; 
PPV, positive predictive value; NPV, negative predictive 
value; VTE, venous thromboembolism; PE, pulmonary embo-
lism; NSQIP, national surgical quality improvement program; 
LMWH, low molecular weight heparin; AIC, Akaike infor-
mation criterion; H-L, Hosmer-Lemeshow; BMI, body mass 
index; PLT, platelets; INR, international normalized ratio; 
MTS, maximum tumor size; BCLC, Barcelona clinic liver 
cancer; OT, operation time; IT, intraoperative transfusion; 
OPP, operative position; CI, confidence intervals; OR, odds 
ratio; ROC, receiver operating characteristic curve.
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