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Risk factor analysis and a new prediction iy

model of venous thromboembolism
after pancreaticoduodenectomy

Zhi-Jie Yin, Ying-Jie Huang and Qi-Long Chen’

Abstract

Aim The present study aimed to identify risk factors for venous thromboembolism (VTE) after pancreaticoduodenec-
tomy (PD) and to develop and internally validate a predictive model for the risk of venous thrombosis.

Methods We retrospectively collected data from 352 patients who visited our hospital to undergo PD from January
2018 to March 2022. The number of patients recruited was divided in an 8:2 ratio by using the random split method,
with 80% of the patients serving as the training set and 20% as the validation set. The least absolute shrinkage and
selection operator (Lasso) regression model was used to optimize feature selection for the VTE risk model. Multivari-
ate logistic regression analysis was used to construct a prediction model by incorporating the features selected in the
Lasso model. C-index, receiver operating characteristic curve, calibration plot, and decision curve were used to assess
the accuracy of the model, to calibrate the model, and to determine the clinical usefulness of the model. Finally, we
evaluated the prediction model for internal validation.

Results The predictors included in the prediction nomogram were sex, age, gastrointestinal symptoms, hyperten-
sion, diabetes, operative method, intraoperative bleeding, blood transfusion, neutrophil count, prothrombin time
(PT), activated partial thromboplastin time (APTT), aspartate aminotransferase (AST)/alanine aminotransferase (ALT)
ratio (AST/ALT), and total bilirubin (TBIL). The model showed good discrimination with a C-index of 0.827, had good
consistency based on the calibration curve, and had an area under the ROC curve value of 0.822 (P <0.001, 95%confi-
dence interval:0.761-0.882). A high C-index value of 0.894 was reached in internal validation. Decision curve analysis
showed that the VTE nomogram was clinically useful when intervention was decided at the VTE possibility threshold
of 10%.

Conclusion The novel model developed in this study is highly targeted and enables personalized assessment of VTE
occurrence in patients who undergo PD. The predictors are easily accessible and facilitate the assessment of patients
by clinical practitioners.
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Introduction

Pancreaticoduodenectomy (PD) is the primary treat-
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complexity of the surgical site, the wide range of the oper-
ative area, the difficulty of anastomosis, and the high ana-
tomical and technical requirements for the surgeon. With
the constant update of surgeons’ knowledge and advance-
ments in surgical techniques, the safety of surgery has
greatly improved, and the mortality rate associated with
the surgery has gradually reduced, with a reported mor-
tality rate of <6% [4]; moreover, the scope of application
has gradually widened. However, the postoperative com-
plications of PD include postoperative pancreatic fistula,
biliary fistula, hemorrhage, abdominal infection, delayed
gastric emptying after surgery, and venous thrombosis
[5], which lead to longer hospitalization days and higher
hospitalization costs, thereby delaying patients’ recovery
and increasing their financial burden.

Venous thromboembolism (VTE) is a common disease
that mainly includes deep vein thromboembolism (DVT)
and pulmonary embolism (PE), but it may also occur in
visceral veins and cerebral veins [6]. Risk factors of the
above diseases are common, including any factor can
cause venous blood stasis, venous endothelial injury, and
thrombophilia, are common and classified either heredi-
tary or acquired. Among the hereditary risk factors,
attention should be paid to factors that are relevant to
embolic disorders.For instance,whether there are factor
V leiden and prothrombin gene mutations,or deficiencies
of protein C and antithrombin in the patients. Acquired
risk factors are also more frequently observed. The identi-
fied risk factors include age, smoking, obesity, recent sur-
gery, trauma, fracture, long-term bed rest, long-distance
travel, acute infectious diseases, chronic obstructive pul-
monary diseases, malignant tumors, cardiovascular and
cerebrovascular diseases, hematological disorders, meta-
bolic diseases, and rheumatic immune diseases [6-9],
These risk factors may be present alone or in combina-
tion. Strong inducing factors for VTE include surgery and
active cancer, but most events are unprovoked. Surgery is
a common pathogenic factor of VTE, which may be due
to the combination of vascular endothelial injury caused
by surgery, hemodynamic changes, operation method,
operation time, vascular reconstruction, blood transfu-
sion during operation, and patients’ own factors. Cancer-
associated thromboembolism (CAT) is associated with
worse prognosis in cancer patients [10]. The incidence of
VTE in cancer patients also depends on the type of can-
cer (pancreatic cancer, gastric cancer, and primary brain
tumor have the highest risk) [11] as well as the patient’s
own factors and cancer treatment-related factors.

Currently, most of the domestic and international
VTE risk assessment scales are designed for surgical and
orthopedic patients. However, when assessing the risk of
VTE in surgical patients, not only patient-specific factors
but also surgery-specific factors should be considered.
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There is, unfortunately, no similar scale specifically for
patients undergoing PD. Surgeons mostly evaluate the
risk of thromboembolism after PD on the basis of the
Caprini scale [12, 13], the American College of Chest
Physicians (ACCP) VTE prevention guidelines, and other
available scoring models [14, 15] and empirically use
limb pneumatic pumps, low-molecular-weight heparin,
and other anticoagulant agents to prevent thrombosis.
VTE occurs in patients undergoing PD because of many
factors, and therefore, the preoperative and postopera-
tive evaluation scales should be different. Postoperative
patients are affected by many factors, such as the opera-
tion method, operation time, and other surgical fac-
tors. Moreover, the patient’s own factors could greatly
increase the risk of VTE after PD. Hence, it is necessary
to integrate the relevant VTE prevention and treatment
guidelines and the characteristics of PD to establish a
database of specific risk factors and acquired risk factors
of PD patients and the interaction of various factors to
improve the existing risk assessment model; this knowl-
edge can then be used to establish a VTE score scale for
PD patients, which can effectively differentiate high-,
medium-, and low-risk VTE patients, provide accu-
rate prediction, and enable individualized anticoagulant
treatment. This approach can effectively reduce the inci-
dence of VTE and bleeding after anticoagulation, thereby
improving the quality of life and prognosis of PD patients
to some extent.

The present study aimed to develop an effective and
simple prediction tool on the basis of single factor and
multifactor regression analyses, integrate multiple pre-
diction indicators, and use nomograms to transform
complex regression equations into visual graphs, which
can directly reflect the predicted value of individual out-
come events, that is, the probability of VTE. The purpose
here is to provide a reliable judgment for the occurrence
of VTE events after PD and, to a certain extent, to pro-
vide a reliable tool for clinicians to judge whether VTE
prevention and intervention treatments are required;
simultaneously, the prediction tool could facilitate to
provide effective help for reducing adverse events such as
VTE and bleeding after PD, thereby improving the qual-
ity of life and prognosis of PD patients to some extent.

Patients and methods

Patients and data collection

By using the case retrieval system, patients who under-
went PD in the First Affiliated Hospital of Xinjiang Medi-
cal University from January 2018 to March 2022 were
retrieved. The investigators included clinical staff of the
Department of Pancreatic Surgery of the First Affiliated
Hospital of Xinjiang Medical University and those with
clinical experience after professional training. Patients
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treated for PD with a complete history and description
of pathological findings and a clear imaging diagno-
sis of VTE in our ultrasound or radiology department
were included in our study. We excluded (1) patients
with a preoperative or previous history of VTE (n=3),
(2) patients with other recent surgical comorbidities
(n=1), (3) patients with severe liver and kidney diseases
(n=5), or (4) patients with hematological diseases and
those with missing key clinical information (n=0). Ulti-
mately, 352 PD patients were included in this study. All
data, including demographic, disease characteristics, and
treatment characteristics, were collected.

Statistical analysis

The number of patients recruited was divided randomly
in the ratio of 8:2, of which 80% of the patients were used
as the training set to establish the prediction model, and
the remaining 20% of the patients were used as the vali-
dation set to verify the accuracy of the model. All data,
including demographic, disease characteristics, and
treatment characteristics, were expressed by count (%).
The data were entered into an Excel spreadsheet. Statisti-
cal analysis was performed using SPSS version 26.0 soft-
ware (IBM, Armonk, NY, USA) and the R studio software
(version 4.2.1; https://www.rstudio.com).

The Least Absolute Shrinkage and Selection Operator
(Lasso) [16, 17] method was suitable for shrinking high-
dimensional data and filtering out the optimal predic-
tive features in risk factors from PD patients with VTE.
Characterised by variable selection and regularization
in the same process as fitting a generalised linear model,
Lasso regression selectively adjusts variables in mod-
els, especially those showing high levels of multicollin-
earity, to obtain optimal performance parameters and
avoids overfitting (through regularization) at the same
time.A multivariate logistic regression analysis was then
used to construct a new predictive model by incorporat-
ing the features selected in the Lasso regression model.
The features were regarded as odds ratio (OR) with 95%
confidence interval (CI) and as P-value. Subsequently, a
nomogram was plotted according to the results of logistic
regression.

Calibration curves were drawn to assess the calibra-
tion of the VTE nomogram, which was then used to
compare the consistency of the model prediction with
the observed values. To estimate the discrimination
capability of the VTE nomogram, the C-index and the
area under the ROC curve were measured. The VTE
nomogram was internally validated to calculate a rela-
tively corrected C-index. Decision curve analysis was
performed to determine the clinical usefulness of the
VTE nomogram by quantifying the net benefit at dif-
ferent threshold probabilities. The net benefit was
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calculated by subtracting the proportion of true-pos-
itive patients from the proportion of false-positive
patients among all patients and by weighing the relative
harms of excluding the intervention against the nega-
tive consequences of an unnecessary intervention [18].

Results

Patients’ characteristics

Based on the defined inclusion criteria in this study,
352 patients with PD were included as subjects and
categorised taking the similar rate of venous thrombo-
embolism (VTE) in each group into consideration as
follows: 56 of 282 patients (about 22.2%) in the training
set developed VTE while approximately 22.8% in the
validation set, that is, 16 of 70 patients, had been suffer-
ing this disease, as shown in Fig. 1.

We evaluated 43 candidate variables and compared
each detection index between the training set and the
validation set. The results confirmed that the train-
ing set and the validation set showed statistically sig-
nificant differences in the blood group type, invasion
outside the primary site, and PT% (P <0.05), but no
significant differences were observed in the remaining
40 variables, (P >0.05). However, the blood group type,
invasion outside the primary site, and PT% are labora-
tory indices and cannot represent the characteristics
of the population; hence, they were not excluded in
the follow-up study. Table 1 shows all data of the study
patients, including the demographic, disease, and treat-
ment features of the two groups.

Non-VTE, 226

Fig. 1 Composition of the two groups
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Table 1 Comparison of general information of patients between the two groups

Demographic characteristics Traning (n=282) Validation (n=70) P

Age (years)
<60 143 (50.71%) 39 (55.71%) 0453
>60 139 (49.29%) 31 (44.29%)

Sex
Female 50 (17.73%) 8(11.43%) 0.203
Male 232 (82.26%) 62 (88.57%)

Tumor site
Head of pancreas 45 (51.41%) 31 (44.29%) 0.193
The ampulla of vater 68 (24.11%) 7 (24.29%)
Duodenum 27 (9.58%) 3(18.57%)
Biliary tract 42 (14.90%) 9 (12.85%)

Degree of tumor differentitation
Benign 41 (14.54%) 12 (17.14%) 0.620
Highly differentitated 23 (8.16%) 4 (5.72%)
Highly-moderately differentitated 2 (4.25%) 4(5.72%)
Moderately differentitated 03 (36.53%) 26 (37.14%)
Moderately-poorly differentitated 77 (27.30%) 14 (20.00%)
Poorly differentitated 26 (9.22%) 10 (14.28%)

Blood type
A 70 (24.82%) 6 (37.14%) 0.047
B 00 (35.46%) 17 (24.29%)
O 68 (24.11%) 21 (30.00%)
AB 44 (15.61%) 6 (8.57%)

Pian
No 169 (59.93%) 46 (65.71%) 0374
Yes 113 (40.07%) 24 (34.29%)

Jaundice
No 139 (49.29%) 41 (58.57%) 0.164
Yes 143 (50.71%) 29 (41.43%)

Lost weight
No 111 (39.36%) 25 (35.71%) 0.589
Yes 171 (60.64%) 45 (64.29%)

Gastrointestinal symptoms
No 233 (82.62%) 52 (74.79%) 0112
Yes 49 (17.38%) 18 (25.71%)

Drinking history
No 220 (78.01%) 52 (74.79%) 0.505
Yes 62 (21.89%) 18 (25.71%)

Hypertension
No 195 (69.15%) 49 (70.00%) 0.890
Yes 87 (30.85%) 21 (30.00%)

Diabetes
No 228 (80.85%) 59 (84.29%) 0.507
Yes 54 (19.15%) 11(15.71%)

Hepatitis B
No 276 (97.87%) 68 (97.14%) 0.714
Yes 6 (2.13%) 2 (2.86%)

Hepatitis C
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Table 1 (continued)

Demographic characteristics Traning (n=282) Validation (n=70) P
No 280 (99.29%) 69 (98.57%) 0487
Yes 2(0.71%) 1(1.43%)

Operative method
PD 217 (76.95%) 56 (80.00%) 0458
LPD 39 (13.83%) 6 (8.57%)
LPD+PD 26 (9.22%) 8(11.43%)

Intraoperative bleeding (> 500 ml)
No 157 (55.67%) 39 (55.71%) 0.995
Yes 125 (44.33%) 31 (44.29%)

Operation time (>600 min)
No 184 (65.25%) 44 (62.86%) 0.708
Yes 98 (34.75%) 26 (37.14%)

Blood transfusion
No 169 (59.93%) 40 (57.14%) 0671
Yes 113 (40.07%) 30 (42.86%)

Minus jaundice measures
No 224 (79.43%) 57 (81.43%) 0.710
Yes 58 (50.57%) 13 (18.57%)

Vascular resection
No 250 (88.65%) 64 (91.43%) 0.503
Yes 32(11.35%) 6 (8.57%)

History of abdominal surgery
No 202 (71.63%) 54 (77.14%) 0.354
Yes 80 (28.37%) 16 (22.86%)

Invasion outside the primary site
No 172 (60.99%) 40 (57.14%) 0.012
Yes 110(39.01%) 30 (42.86%)

Tumor size (2 3 cm)
No 134 (47.52%) 30 (42.86%) 0484
Yes 148 (52.48%) 40 (57.14%)

Blood vessel invasion
No 163 (57.80%) 45 (64.29%) 0323
Yes 119 (42.20%) 25 (35.71%)

Nerve invasion
No 103 (36.52%) 31 (44.29%) 0.231
Yes 179 (63.48%) 39 (55.71%)

Lymphatic metastasis
No 198 (70.21%) 51 (72.86%) 0.663
Yes 84 (29.79%) 19 (27.14%)

R1 resection
No 245 (86.88%) 50 (71.43%) 0.002
Yes 37(13.12%) 20 (28.57%)

Pancreatic duct dilatation
No 122 (43.26%) 29 (41.43%) 0.781
Yes 160 (56.74%) 41 (58.57%)

BMI (Z 25 kg/m?)
No 179 (63.48%) 42 (60.00%) 0.590
Yes 103 (36.52%) 28 (40.00%)

HGB (= 120 g/L)
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Table 1 (continued)

Demographic characteristics Traning (n=282) Validation (n=70) P
No 101 (35.82%) 29 (41.43%) 0.384
Yes 181 (64.18%) 41 (58.57%)

WBC (£ 10 x 10%/L)
No 28 (9.93%) 5(7.14%) 0474
Yes 254 (90.07%) 65 (92.86%)

Neutrophil count (<6.3 x 107/L)
No 55 (19.05%) 15 (21.43%) 0.718
Yes 227 (80.50%) 55 (78.57%)

Lymphocyte count (<3.2 x 10%/L)
No 5(1.77%) 1(1.45%) 1
Yes 277 (98.23%) 69 (98.55%)

PLT (10°/L)
<125 4(1.42%) * 0.092
125-350 234 (82.98%) 52 (74.79%)
2350 44 (15.60%) 18 (25.71%)

CA19-9 (>25 U/mL)
No 119 (42.20%) 30 (42.86%) 0.920
Yes 163 (57.80%) 40 (57.14%)

PT(s)
<9 7 (2.49%) 2 (2.86%) 0.855
9-15 263 (93.26%) 66 (94.28%)
215 12 (4.25%) 2 (2.86%)

APTT(s)
=23 1(0.35%) 1(1.43%) 0.546
23-38 258 (91.48%) 64 (91.43%)
238 23 (8.16%) 5(7.14%)

PT%
<75 66 (23.40%) 7 (10.00%) 0.041
75-120 187 (66.31%) 53 (75.71%)
2120 29 (10.28%) 10 (14.28%)

AST/ALT
=1 148 (52.48%) 42 (60.00%) 0.259
>1 134 (47.52%) 28 (40.00%)

Albumin (>35 g/L)
No 88 (31.21%) 28 (40.00%) 0.161
Yes 194 (68.79%) 42 (60.00%)

TBIL (>22 ummol/L)
No 91 (32.27%) 28 (40.00%) 0.221
Yes 191 (67.73%) 42 (60.00%)

TG (21.69 mmol/L)
No 126 (44.68%) 32 (45.71%) 0.876
Yes 156 (55.32%) 38 (54.29%)

PCT (<0.05 ng/mL)
No 237 (84.04%) 62 (88.57%) 0.343
Yes 45 (15.96%) 8(11.43%)

LPD laparoscopic pancreatoduodenectomy, PD open pancreatoduodenectomy, PT prothrombin time, BMI body mass index, HGB hemoglobinopathies, WBC white
blood cells, PLT platelet, APTT activated partial thromboplastin time, AST/ALT the aspartat aminotransferase (AST)/alanin aminotransferase (ALT) ratio, TBIL total
bilirubin, TG triglyceride, PCT procalcitonin
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Feature selection

In the training set, Lasso regression screened 13 poten-
tial predictors out of 43 candidate variables. These factors
were characterized by nonzero coefficients in the Lasso
regression model (Fig. 2A, B). These features included
sex, age, gastrointestinal symptoms, hypertension, dia-
betes, operative method, intraoperative bleeding, blood
transfusion, neutrophil count, PT, APTT, AST/ALT, and
TBIL.

Development of an individualized prediction model

Table 2 shows the results of the logistic regression analy-
sis for sex, age, gastrointestinal symptoms, hypertension,
diabetes, operative method, intraoperative bleeding,
blood transfusion, neutrophil count, PT, APTT, AST/
ALT, and TBIL. A model that incorporated these inde-
pendent predictors was developed and presented as the
nomogram (Fig. 3).

Performance of the VTE risk nomogram in the study cohort
The calibration curve of the VTE risk nomogram for the
prediction of VTE risk in patients undergoing PD showed
a good agreement in the training set (Fig. 4). The area
under the receiver operating characteristic curve (AUC)
for the prediction nomogram was 0.8218 (P<0.001,
95%confidence interval:0.761-0.882), with a sensitivity of
0.839 and a specificity of 0.717(Fig. 5), which showed that
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the prediction model had good accuracy. The C-index for
the prediction nomogram was 0.827 for the training set,
and it was confirmed to be 0.894 through internal vali-
dation; this finding suggested that the model had good
discrimination ability. Thus, the performance of the VTE
risk nomogram indicated that it had a good prediction
capability.

Clinical application
The decision curve analysis for the medication nonadher-
ence nomogram is presented in Fig. 6. The decision curve
showed that if the threshold probability of a PD patient
was > 10%, then the use of this VTE nomogram to predict
VTE risk adds more benefit than the scheme. Within this
range, the net benefit was comparable with several over-
laps on the basis of the VTE risk nomogram.

The decision curve shows that the predictive model has
a high clinical application if the threshold probability for
PD patients is > 10%, respectively.

Discussion

In our present study, we combined the relevant domestic
and international guidelines for the prevention and treat-
ment of VTE after PD. According to the characteristics
of PD, 43 candidate variables were chosen. Of these, 13
variables with nonzero coefficient characteristics were
screened out by Lasso regression. These 13 variables

43 43 40 34 18 3

Coefficients

-8 -7 -6 -5 -4 -3

Log Lambda

Fig. 2 A Optimal parameter (lambda) selection in the Lasso model used five-fold cross-validation through the minimum criteria. Dotted vertical
lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the minimum criteria (the 1-SE criteria). B Lasso coefficient
profiles of the 43 features. A coefficient profile plot was generated against the log(lambda) sequence. A vertical line was drawn at the value selected
using five-fold cross-validation, where optimal lambda resulted in 13 features with nonzero coefficients. Lasso least absolute shrinkage and selection

operator, SE standard error
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Table 2 Prediction factors for VTE in patients undergoing pancreatoduodenectomy
Intercept and variable Prediction model 95%Cl
B P-value Odds ratio Lower Upper

Intercept — 10.8864 0.9901 1.87E-05 NA 4.00E4-60
Sex 0.7131 0.1018 2.04 0.859 4.798
Age — 13973 0.0003 2472 0.111 052
Gastrointestinal symptoms 05174 0.2401 1.677 0.695 3.953
Hypertension 0.3451 0.3705 1412 0.658 3.003
Diabetes 0.4653 0.2724 1.593 0.684 3.639
Operative method

LPD 0.0553 0.9186 1.056 0.345 2.959

PD+LPD —1.9675 0.0669 0.139 0.007 0.771
Intraoperative bleeding 1.2920 0.0005 3.64 1.771 7.787
Blood transfusion 0.3361 0.3658 1.399 0.673 2.909
Neutrophil count —1.0978 0.0069 0334 0.149 0.742
PT(s)

9-15 — 1.9420 0.1871 0.143 0.008 4.207

215 —3.7631 0.0514 0.023 0.0004 1.222
APTT(s)

23-38 17717 0.9893 1.30E4+05 1.83E—61 NA

238 9.7665 0.9911 1.74E+04 4.88E—-53 NA
AST/ALT 0.5509 0.1224 1.734 0.868 3.537
TBIL — 05344 0.1618 0.589 0.275 1.243

B is the regression coefficient

Cl confidence interval, LPD laparoscopic pancreatoduodenectomy, PD open pancreatoduodenectomy, PT prothrombin time, APTT activated partial thromboplastin
time, AST/ALT The aspartat aminotransferase (AST)/alanin aminotransferase (ALT) ratio, TBIL total bilirubin

were integrated, and nomograms were drawn accord-
ingly. The complex regression equations were trans-
formed into visual graphs to visually reflect the predicted
value of individual outcome events, that is, the probabil-
ity of VTE. The model evaluation showed the following
results: C-index was 0.827, the calibration curve showed
good consistency, the AUC of the ROC curve was 0.822
(P<0.001, 95%confidence interval:0.761-0.882), with
a sensitivity of 0.839 and a specificity of 0.717, and the
internal validation C-index was 0.894. These indica-
tors showed that the model was relatively accurate. The
prediction model could provide a reliable judgment for
the occurrence of VTE events after PD. The model also
achieved individualized predictions, and thus, clinicians
can use this tool to assess patients for their participa-
tion in clinical trials. Moreover, this study was the first to
apply a nomogram to predict VTE after PD.

The risk factor analysis revealed that female gender,
age>60 years, presence of preoperative gastrointesti-
nal symptoms, complications of hypertension and dia-
betes, use of laparoscopic pancreaticoduodenectomy
(LPD) as the operation method, intraoperative hemor-
rhage >500 mL and blood transfusion; preoperative neu-
trophil count>6.3 x 10°/L; PT<9 s, APTT of 23-38 s,

AST/ALT >1, and TBIL>22 pumol/L may be the risk fac-
tors for VTE in patients undergoing PD.

In this study, we found that the female gender might be
a risk factor for VTE after PD. A significant difference is
observed in the patient composition ratio between male
and female patients, and this finding may be attributed
to the high incidence of pancreatic cancer and other dis-
eases that require treatment with PD in males [19, 20].
Therefore, the prevalence rate of VTE in the two groups
was compared. As shown in Table 3, the prevalence rate
of VTE in female patients in the training and validation
sets was 30% and 37.5%, respectively, which was much
higher than those for male patients.

Previous studies [8] have shown that the incidence rate
of VTE increases markedly with age for both male and
female patients and for both DVT and PE. The incidence
rates are somewhat higher in females during childbear-
ing years, while the incidence rates are generally higher
in males after the age of 45 years; thus, the incidence rate
may vary by gender according to age and exposure to
gender-specific triggers [21]. Interestingly, a large cohort
study [22] in Sweden found that males have a higher inci-
dence of first-ever VTE than females. Risk factors for
VTE may differ between male and female patients. The
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Fig. 5 The area under the receiver operating characteristic curve
(AUQ) for the prediction nomogram. The ROC curve was measured
to discriminate the performance of the VTE nomogram. The area
under the receiver operating characteristic (ROC) curve (AUC) for
the prediction nomogram was 0.822 (P <0.001, 95%confidence
interval:0.761-0.882), with a sensitivity of 0.839 and a specificity of
0.717
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Fig. 6 Decision curve analysis for the VTE prediction nomogram. The
y-axis represents the net benefit. The blue line indicates the VTE risk
Nomogram: the thin line represents all PD patients who developed
VTE, while the thick line represents all PD patients who did not
develop VTE

Swedish cohort study also found that hypertension seems
to have a protective effect on the future incidence of VTE
in males, but not in females. Our present study showed
that hypertension might be a risk factor for postop-
erative VTE, and in agreement with the Swedish cohort
study, male patients with hypertension had a lower risk
of future incidence of VTE, while female patients with
hypertension had a significantly higher risk for VTE than
male patients. This finding indicates that hypertension
may play different roles according to gender in patients
with VTE, and future research should focus on under-
standing this difference in detail.

We hypothesized that the choice of surgical method,
the amount of intraoperative bleeding, and the volume
of blood transfusion are risk factors for the develop-
ment of VTE after PD. We found that the choice of LPD
as the surgical method may be a risk factor for postop-
erative VTE in PD patients, while conversion to open
laparoscopic surgery (LPD + PD) was not a risk factor for
postoperative VTE in PD patients; this finding may be
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related to the longer duration of LPD and compromised
blood return due to increased abdominal pressure from
the establishment of the pneumoperitoneum. In a retro-
spective study, Brent et al. [23] found that as compared
to open distal pancreatectomy, minimally invasive distal
pancreatectomy was associated with a higher incidence
of postoperative VTE in patients. However, no similar
studies have reported the relationship between the choice
of surgical approach for PD and the development of
VTE after PD. Furthermore, our study reached the same
conclusion as previous studies [24, 25] that periopera-
tive RBC transfusion may be significantly related to the
development of new or progressive postoperative VTE,
independent of several hypothetical confounding fac-
tors. These findings, if confirmed, should reinforce the
significance of strict management of perioperative trans-
fusion practices. Heavy intraoperative bleeding is corre-
lated with blood transfusion; this clearly indicates that
intraoperative bleeding is a risk factor for VTE after PD.
This implies that surgeons should closely monitor such
patients. Moreover, because abdominal bleeding is also a
common postoperative complication of PD, it is clear that
the development of VTE is a cumulative effect of various
factors. In summary, surgical factors play a crucial role in
the development of VTE in PD patients postoperatively.
There is an increasing consensus that thromboembo-
lism is closely linked to inflammation, and it is possible
that inflammation is involved in the initiation of throm-
bosis. We also found that preoperative neutrophil counts
may be relevant to the formation of VTE after PD. Mau-
racher et al. [26] showed that neutrophils may enhance
thromboembolism by releasing neutrophil extracellular
traps (NETs) to enhance thrombosis. In addition, acti-
vated neutrophils release proteases that degrade anti-
coagulant tissue factor (TF) pathway inhibitors, thereby
increasing TF activity and activation of the coagulation
pathway. Plasma guanosine levels of plasma citrullinated
histone H3, a biomarker of NET formation, are associ-
ated with VTE in patients with pancreatic cancer (PC).
Elevated neutrophil count is a non-specific biomarker
of inflammation [27]. A multicentre retrospective study
[28] showed that postoperative intraperitoneal infection
increased the risk of Splanchnic vein thrombosis (SVT).

Table 3 Comparison of the prevalence of VTE in sex between two groups

Training set Validation set
VTE Non-VTE Prevalence rate (%) VTE Non-VTE Prevalence
rate (%)
Female 15 35 300 5 375
Male 41 191 17.7 6 56 9.7
Total 56 226 19.8 61 12.8
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The study also drew our attention to the fact that local
inflammation played an important role in the develop-
ment of SVT, which was associated with mortality at
90 days postoperatively. In summary, inflammation may
be a precursor of thrombosis; hence, anti-inflammatory
treatment may be a protective factor for VTE and could
provide new strategies for thromboembolism prevention.
This hypothesis needs to be confirmed in prospective
studies.

Obstructive jaundice [29] is a common clinical symp-
tom of a lesion occupying the head of the pancreas, lower
bile duct, and duodenal papilla. In the present study, we
included TBIL, PT, and APTT, which are indicators of
liver function to a certain extent, to investigate whether
these factors could be used as predictors of VTE after PD.
We found that elevated TBIL level was associated with
postoperative VTE development in PD patients. Interest-
ingly, in other studies [30], bilirubin was found to have
anti-inflammatory effects along with antioxidant effects.
A retrospective case—control study by Cervellin et al. [31]
established a significant relationship between low TBIL
levels and PE. Mustafa et al. [32] showed that the pres-
ence of a genetic variant of the heme oxygenase 1 gene
increased the risk of VTE recurrence. Bilirubin inhibits
collagen-induced platelet activation, vascular smooth
muscle cell migration and proliferation, platelet aggre-
gation, and neoplastic endothelial formation. Does this
indicate that we obtained a wrong result? We, however,
are not convinced that our result might be inappropriate.
For example, although bilirubin has anti-inflammatory
properties and inhibits platelet aggregation, it is unde-
niable that most patients undergoing PD have obstruc-
tive jaundice, and some of these patients often have
varying levels of elevation of the tumor marker CA19-9.
The tumor marker CA19-9 has been shown to predict
the incidence of VTE in PC patients [33]. This may be
related to the fact that elevated CA19-9 level may acti-
vate platelets and neutrophils, among other mechanisms,
to activate the coagulation pathways and increase blood
hypercoagulability. This indicates that VTE events occur
following the interaction of multiple factors. Further
experiments are required to verify whether bilirubin
plays a protective or promotional role in the development
of VTE in PD patients.

Our study is the first to use AST/ALT to assess the
occurrence of VTE. AST and ALT are well-known cir-
culating biomarkers for reflecting liver injury. The AST/
ALT ratio is also known as the De Ritis ratio [34]. It was
first proposed for studying the etiology of hepatitis and is
often used to differentiate between the different causes of
liver diseases, such as the fatty liver. Currently, the AST/
ALT ratio is used as a validated biomarker for nonliver
diseases such as cardiovascular diseases, cancer, type
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2 diabetes, and other diseases [35, 36]. The AST/ALT
ratio reflects impaired liver function; however, its eleva-
tion does not necessarily accurately reflect the severity of
liver diseases. Hepatic impairment leads to a decrease in
the levels of coagulation factors II, V, VI, IX, and X. This
reduces coagulation and predisposes to bleeding tenden-
cies. This is, however, contradictory to the results of our
present study. The increase in the De Ritis ratio, on the
one hand, increases the viscosity of the blood, and on
the other hand, indicates the possibility of inflammation;
thus, these parameters are associated with an increased
risk of VTE. The AST/ALT ratio is an economical and
readily available laboratory indicator that can be used in
clinical monitoring of postoperative VTE in PD patients
and also demonstrates the feasibility of our predictive
model.

The shortened activated partial thromboplastin time
(APTT) and prothrombin time (PT) are increasingly
and frequently referred to as potential risk factors [37]
for VTE. But our nomogram showed that this generally
acknowledged point of view may be biased to a certain
extent. In our study, the PT shortening was shown to be
associated with the development of VTE whereas APTT
was found to be the opposite. It seemed that APTT
shortening is incorrelate with the development of VTE.
The multivariate analysis demonstrated a comparatively
wide confidence interval for APTT, which we considered
as a consequence of the insufficient sample size, as shown
in Table 4. However, we did not integrate the groups
because APTT and VTE directly reflect the abnormali-
ties in the coagulation system. The APTT has been used
clinically to monitor the efficacy of anticoagulation [38],
but whether prolongation of APTT is an absolute con-
traindication to anticoagulation deserves contempla-
tion. As stated by Bachler et al. [39], the prolongation of
APTT may lead to the deficient anticoagulation amount
prescribed or even the absence of anticoagulation ther-
apy, so the clinical significance of the APTT must be
re-evaluated.

The essential goal of surgical extirpation of cancer is to
achieve RO resection, as margin-positive specimens are
associated with poor long-term survival [40]. In addition,
positive margins are strongly associated with disease
recurrence and metastasis [41]. Therefore, we included
the surgical resection margin as one of the factors to be
investigated in the study and compared the prevalence
rate of VTE in the two groups.. As shown in Table 1, the
composition ratios of the two groups are statistically dif-
ferent (P <0.05). When Lasso was applied to filter vari-
ables, surgical margins failed to remain their correlation
with VTE. However, the retrospective nature of this
study could not allow us to assume incoherence with
the occurrence of VTE. Previous studies [42, 43] were
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Table 4 Comparison of the prevalence of VTE in PT and APTT between two groups
Training set VTE (%) Validation set VTE (%)
VTE Non-VTE VTE Non-VTE
PT(s)
<9 1 2 333 2 0 100.0
9-15 54 213 20.2 14 52 21.2
215 1 1 77 0 2 0.0
APTT(s)
=23 0 1 0.0 1 0 100.0
23-38 55 203 213 14 50 219
238 1 22 4.5 1 4 20.0

keen to explore the relationships between positive surgi-
cal margins and overall survival, for instance, the study
performed by Eurola et al. [42], which unfortunately
discovered no associations in their univariate analysis.
Although the results were not satisfactory, this might
provide a new path for future large-population prospec-
tive studies.

Thus, VTE after PD occurs due to a combination of
various factors. Hence, a relatively accurate assessment
will help physicians to determine the probability of VTE
in patients and to intervene in a timely manner to avoid
adverse outcomes. The development of models for sur-
gery-related VTE is a reflection of individualization and
precision, which is a future trend. There are, however,
several risk factors for VTE; therefore, the determination
of the underlying cause is the key to prevent VTE events,
and this aspect will be the topic of future research.

Limitations

Our present study has several limitations. First, our study
is retrospective in nature and cannot eliminate bias in
the data, the sample size was small and did not achieve
a minimum of 10 patients for each risk factor. Second,
our data are obtained from a single institution. Thus, the
obtained data are not representative of all Chinese PD
patients. Third, data collection was incomplete, and the
risk factor analysis did not include all potential factors
affecting VTE. Finally, although we assessed several vari-
ables, the effects of undetermined confounders cannot
be ignored. To overcome these limitations, external vali-
dation and prospective multicenter studies with a large
number of patients are required.

Conclusion

In summary, the predictors required for the model devel-
oped in the present study are clinically accessible; more-
over, the previous complex regression equations have
been transformed into intuitive graphs, thus making the

predictive model more readable and convenient for cli-
nicians to assess patients. The application of the model
needs to be validated in future prospective studies.
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