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Purpose: Venous thromboembolism (VTE) comprises deep venous thrombosis (DVT) and pulmonary embolism (PE), which can lead
to death. VTE is an insidious disease with no specific symptoms and overlooked readily. We aimed to establish prediction models for
VTE in non-oncological urological inpatients to aid urologists to better identify VTE patients.
Patients and Methods: A retrospective analysis of 1453 inpatients was carried out. The risk factors for VTE had been clarified in
our previous study. A stepwise regression method was used to screen the relevant influencing factors for VTE and construct a logistic
regression prediction model to predict VTE. To validate the accuracy of the model, data from 291 patients from another cohort were
used for external validation.
Results: A total of 1453 inpatients were enrolled. Five potential risk factors (previous VTE; treatment with anticoagulants or anti-
platelet agents before hospital admission; D-dimer ≥0.89 μg/mL; lower-extremity swelling; chest symptoms) were selected by multi-
variable analysis with p < 0.05. These five risk factors were used to build a logistic regression prediction model. When p < 0.1 in the
multivariable logistic regression model, two additional risk factors were added: Caprini score ≥5 and complications, and all seven risk
factors were used to build another prediction model. Internal verification showed the cutoff values, sensitivity, and specificity of the two
models to be 0.02474, 0.941, 0.816 (model 1) and 0.03824, 0.941, and 0.820 (model 2), respectively. Both models had good predictive
ability, but prediction accuracy was 43.0% for both when using the data of the additional 291 inpatients in the two models.
Conclusion: Two novel prediction models were built to predict VTE in non-oncological urological inpatients. This is a new method
for VTE screening, and internal validation showed a good performance. External validation results were suboptimal but may provide
clues for subsequent VTE screening.
Keywords: non-oncological surgery, prediction model, urology, venous thromboembolism

Introduction
Venous thromboembolism (VTE) includes deep venous thrombosis (DVT) and pulmonary embolism (PE). VTE can
cause preventable morbidity and mortality in patients undergoing pelvic surgery, which increases the burden of care for
patients and society.1 VTE risk is particularly high in hospitalized patients because most of them have multiple risk
factors for developing VTE. VTE prevalence for hospital inpatients can be as high as 34.7% (15–40% for major
urological surgery), with fatal PE being documented in 9.4% according to autopsy studies.2

In recent years, many urologists have paid increasing attention to VTE development, especially in patients undergoing
surgical procedures for urological tumors because VTE is thought to be associated with different cancer types.1,3–5
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According to the literature, insufficient attention has been paid to non-oncological surgical procedures by urologists.
High-quality evidence is lacking, but VTE prevalence in non-oncological urologic surgery is not as low as postulated.
For major urological surgical procedures, the VTE prevalence varies from 0.3% to 10.8%; it is particularly high in open
recipient nephrectomy and open simple prostatectomy, with a prevalence of 1.3–5.3% and 2.7–10.8%, respectively.6

Therefore, more attention should be paid to non-oncological patients in surgical departments.
We aimed to build prediction models for VTE according to our previous research on risk factors.7 We also aimed to

help urologists identify more precisely patients with VTE and make appropriate clinical choices for non-oncological
urological inpatients because VTE is an occult disease without specific symptoms and can be overlooked readily in
urological clinics. We made use of statistical methods to build prediction models for VTE. A similar prediction model has
not been proposed to predict VTE in urological inpatients undergoing non-oncological surgical procedures. In addition,
we verified the accuracy of these two prediction models using internal and external data.

Materials and Methods
Study Population
This retrospective single-center study involved 1453 consecutive individuals admitted to the non-oncological urological
ward in Xiangya Hospital within Central South University (Changsha, China) from 1 January 2018 to
31 December 2018. Data were collected from the Electronic Medical Record System with approval of the Ethics
Committee of Xiangya Hospital (2019030078). All patients provided written informed consent to participate in the
study. In-hospital VTE events were defined as any episode of DVT or PE that appeared at any time from hospital
admission to hospital discharge and determined by appropriate imaging procedures (ultrasound, computed tomography,
pulmonary angiography).3

Exclusion Criteria
Patients were excluded if: (a) aged <18 years; (b) they were admitted for surgery to remove a malignant tumor; (c)
postoperative pathological findings showed a malignant tumor; (d) medical records were incomplete.

Procedures
The demographic details and clinical data of all 1453 patients at baseline had been collected and the risk factors for VTE
clarified during our previous research.7 The main types of surgical procedures were percutaneous nephrostolithotomy,
ureteroscopic lithotripsy, retrograde intrarenal stone surgery (RIRS), transurethral resection of the prostate gland,
urethroplasty, and other types of non-oncological urological surgical procedures. We included all the items we are
interested in (including risk factors from published guidelines and the literature) to make this research more persuasive.
Once patients had been admitted to hospital, our hospital VTE team evaluated the patient comprehensively and took the
corresponding measures: stockings, mechanical compression, and pharmacological agents.

Each independent risk factor was given a specific score according to its odds ratio (OR) as a regression coefficient of
the equation. Then, the regression coefficient and the variable (X) were used to build models. A prediction model was
established for predicting VTE of a non-oncological urological surgical procedure by calculating a comprehensive score
for each patient.

Evaluations
To verify the accuracy of the models, another 291 inpatients admitted to the non-oncological urological ward from
1 January 2019 to 30 June 2019 were enrolled. Their related data had been collected. These data were used for
verification of these novel prediction models.

Statistical Analyses
Statistical analyses were undertaken using SAS 9.3 (SAS Institute, Cary, NC, USA). If p < 0.05 in the univariate
analyses, the related factors were inputted into the multivariable logistic regression model. A stepwise regression method

https://doi.org/10.2147/IJGM.S354288

DovePress

International Journal of General Medicine 2022:153316

Li et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


was employed to screen the relevant influencing factors for VTE and construct a logistic regression prediction model.
A receiver operator characteristic (ROC) curve was constructed to evaluate the accuracy and efficiency of the prediction
model. Statistical tests were deemed significant for p < 0.05 (two-tailed) but another prediction model was created using
p < 0.1 in the multivariable logistic regression model.

Results
Characteristics of Patients
A total of 1453 inpatients were enrolled in this study. The VTE prevalence in non-oncological urological inpatients was
2.3%, and comprised 32 DVT (2.2%), 4 PE (0.3%), 12 (35.3%) proximal, 23 (67.6%) distal, 6 (17.6%) symptomatic, and
25 (73.5%) asymptomatic cases. The following types of patients were more susceptible to VTE: older age; previous
VTE; history of varicose veins in the lower extremities; received any type of surgical procedure within 1 month; taking
anticoagulants or anti-platelet agents before hospital admission; had suffered preoperative bleeding; had preoperative
sepsis; high level of D-dimer; high Caprini Score; complications (any complications after urological surgical procedures
were considered, such as bleeding, sepsis, atelectasis, or incision infection); lower-extremity swelling; lower-extremity
pain; chest symptoms (swelling and pain in lower limbs, pain in lower limbs, decreased oxygen saturation (SpO2),
dyspnea, chest pain, or electrocardiography performance with unstable circulation).7

Prediction Model 1 for VTE
To establish a prediction model, we incorporated the above-mentioned risk factors into a multivariable logistic regression
model with p < 0.05, and used a stepwise regression method to screen the relevant influencing factors for VTE. Previous
VTE (X1), treatment with anticoagulants or anti-platelet agents before hospital admission (X2), D-dimer ≥0.89 μg/mL
(X3), lower-extremity swelling (X4), and chest symptoms (X5) were considered to be independent risk factors for VTE
(Table 1). The cutoff value for D-dimer was derived from our previous research.8 The logistic regression model was built
as Logit Pð Þ ¼ � 5:970þ 2:882 � X1þ 2:588 � X2þ 3:141 � X3þ 1:794 � X4þ 3:553 � X5. The probability model for
predicting VTE was p ¼ 1

1 þexp � � 5:970þ 2:882 � X1þ 2:588 � X2þ 3:141 � X3þ 1:794 � X4þ 3:553 � X5ð Þ½ �
.

Evaluation for Prediction Model 1
Next, the data for 1453 patients were inputted into this equation to evaluate the accuracy of this prediction model
(Table 2). Among the 1453 patients, 32 patients were predicted to have VTE, and they did; 1158 patients were predicted
not to have VTE, and they did not have VTE.

To further evaluate this model for discriminating VTE, first a ROC curve was created. Then, the area under the ROC
curve (AUC) was calculated and the cutoff point was determined (Figure 1). After calculation, the AUC curve was 0.915
(95% CI: 0.864–0.967). With regard to the cutoff point, the maximum value of sensitivity and specificity was 1.761 when

Table 1 Logistic Regression Prediction Model for Influencing Factors of VTE (p <0.05)

Risk Factors B Sig. OR 95% CI for EXP(B)

Lower Upper

Previous VTE (X1) 2.882 <0.001 17.854 5.446 58.526

Anticoagulants or anti-platelet agents before admission (X2) 2.588 <0.001 13.301 3.719 47.575

D-dimer, μg/mL (X3) 3.141 <0.001 23.135 8.180 65.437

Lower extremity swelling (X4) 1.794 0.024 6.016 1.270 28.500

Chest symptoms (X5) 3.553 0.001 34.907 4.569 266.709

Constant −5.970 <0.001 0.003

Abbreviations: B, regression coefficient; Sig., significance; OR, odds ratios; CI, confidence interval; VTE, venous thromboembolism.
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the sensitivity and specificity were 0.941 and 0.820, respectively. The corresponding cutoff value was 0.03824, which
meant that if the predicted value ≥0.03824, then the patient would be considered to be more susceptible to VTE.

Also, 291 additional inpatients admitted to the non-oncological urological ward from 1 January 2019 to 30 June 2019
were enrolled to verify the accuracy and efficiency of the prediction model. The baseline characteristics of patients used
for external verification are shown in Table 3. The results for external verification are shown in Table 4.

Prediction Model 2 for VTE
To assess more potential risk factors for VTE, we let p < 0.1 and built a new prediction model. Compared with the first prediction
model, the newmodel included two novel variables: Caprini Score ≥5 (X6) and complications (X7) (Table 5). The cutoff value of
the Caprini score was derived from our previous research.8 The new model turned became

Logit Pð Þ ¼ � 6:433 þ 2:696 � X1 þ 2:507 � X2 þ 2:817 � X3 þ 1:597 � X4 þ 3:524 � X5
þ 0:886 � X6 þ 0:963 � X7;

and the probability model for predicting VTE became

Table 2 Comparison of Actual VTE and Predicted VTE (model 1)

Predicted VTE Observed VTE Overall

No Yes

No 1164 2 1166

Yes 255 32 287

Overall 1419 34 1453

Abbreviation: VTE, venous thromboembolism.

Figure 1 ROC curve of multivariable logistic regression prediction model 1. ROC curve to distinguish the cut-off value of the prediction model 1
Logit Pð Þ ¼ � 5:970þ 2:882 � X1þ 2:588 � X2þ 3:141 � X3þ 1:794 � X4þ 3:553 � X5.
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Table 3 Baseline Characteristics of Patients Used for External Verification

Characteristics No. of Patients VTE

n Incidence

Total 291(100.0%) 26(100.0%) 2.9%

Gender

Male 197(67.7%) 18(69.2%) 9.1%

Female 94(32.3%) 8(30.8) 8.5%

Age (years)

≤40 22(7.6%) 0(0.0%) 0.0%

41–65 167(57.4%) 13(50.0%) 7.8%

≥66 102(35.0%) 13(50.0%) 12.7%

Abbreviation: VTE, venous thromboembolism.

Table 4 Comparison of Actual VTE and Predicted VTE Using
Additional Data (model 1)

Predicted VTE Observed VTE Overall

No Yes

No 98 1 99

Yes 165 27 192

Overall 263 28 291

Abbreviation: VTE, venous thromboembolism.

Table 5 Logistic Regression Prediction Model for Influencing Factors of VTE (p <0.1)

Risk Factors B Sig. OR 95% CI for EXP(B)

Lower Upper

Previous VTE (X1) 2.696 <0.001 14.828 4.511 48.743

Anticoagulants or anti-platelet agents before admission (X2) 2.507 <0.001 12.266 3.422 43.972

D-dimer, μg/mL (X3) 2.817 <0.001 16.729 5.778 48.437

Lower extremity swelling (X4) 1.597 0.039 4.936 1.081 22.532

Chest symptoms (X5) 3.524 0.001 33.911 4.492 256.028

Caprini score (X6) 0.886 0.071 2.426 0.926 6.353

Complications (X7) 0.963 0.077 2.621 0.902 7.617

Constant −6.433 <0.001 0.002

Abbreviations: B, regression coefficient; Sig., significance; OR, odds ratios; CI, confidence interval; VTE, venous thromboembolism.

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S354288

DovePress
3319

Dovepress Li et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


p ¼
1

1 þ exp½� � 6:433þ 2:696 � X1þ 2:507 � X2þ 2:817 � X3þ 1:597 � X4þ 3:524 � X5þ 0:886�X6þ 0:963 � X7ð Þ

.

Evaluation for Prediction Model 2
Similar internal verification and ROC curves were used to evaluate the new prediction model. Also, a ROC curve was
created to evaluate the new model (Figure 2), (Table 6). The AUC was 0.941 (95% CI: 0.910–0.972). When the
sensitivity was 0.941 and specificity was 0.816, the sum of the sensitivity and specificity had a maximum value of 1.757,
and the corresponding cutoff value was 0.02474.

Not only were the internal verification and ROC curves of the two models similar, but also the external verification
results were similar. The same 291 inpatients were included to verify the accuracy and efficiency of the new prediction
model (Table 7).

Discussion
Although VTE is a rare event, it can be life-threatening or cause a series of health problems. Patients with VTE have
a greater mortality rate than those without VTE.9 Also, hospitalization is a major risk factor for VTE.10 In the 1990s,
when anticoagulation treatment for inpatients was not as sophisticated as it is today, some studies showed VTE
prevalence to be 10–30% for hospitalized patients but, interestingly, more non-surgical inpatients died than surgical
inpatients.11,12 Our previous research and other studies have demonstrated that a VTE event is not rare in non-
oncological urology, and can be associated with a significantly higher rate of transfer to the intensive care unit, longer
recovery, greater medical costs, and higher risk of death.6,13 Hence, early diagnosis of VTE can circumvent many
problems because it is preventable The risk of VTE development should be distinguished by a reliable scoring system to
avoid the threat of health issues and financial burden caused by VTE.

Various risk-assessment models (RAMs) are available to stratify risk degree in Western countries (eg, Rogers,14

Padua,15 Khorana,16 Caprini).17 Although RAMs for VTE in Western countries have been verified by large-scale,

Figure 2 ROC curve of multivariable logistic regression prediction model 2. ROC curve to distinguish the cut-off value of the prediction model 2
Logit Pð Þ ¼ � 6:433 þ 2:696�X1 þ 2:507 � X2 þ 2:817 � X3 þ 1:597 � X4 þ 3:524 � X5 þ 0:886 � X6 þ 0:963 � X7.
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multicenter studies in Asia and the Caprini Score may be suitable for Chinese people,18,19 our previous study indicated
that the Caprini Score over-evaluates VTE risk, and that more efforts are required to focus on building a preferable and
validated Asian model. In addition, the current RAMs for VTE show a limited ability to predict VTE development in
many common types of cancer.12

Models are used commonly to diagnose a disease. Such models can rapidly and effectively identify a high-risk group
from a large group of patients, and appropriate medical treatment can be undertaken. However, only a few prediction
models for VTE are available in urology. Shi et al found that D-dimer ≥1 μg/mL on postoperative day (POD) 1 and
Charlson Comorbidity Index ≥2 were associated independently with VTE in patients who underwent a surgical procedure
for a urological tumor. Also, the plasma level of D-dimer on POD1 can predict VTE development.20 Bezan et al
established a stratification model for VTE for patients with testicular germ-cell tumors. They used clinical stage (cS) and
retroperitoneal lymphadenopathy to divide patients into four groups: cS IA-B, cS IS-IIB, cS IIC, and cS IIIA-C. Each
group corresponded to a related specific prevalence of VTE, and this model was validated closely with an external
cohort.21 A prediction model for VTE of non-oncological urological patients was not found upon searching commonly
used databases (PubMed, EMBASE, China National Knowledge Infrastructure, Wanfang database, OVID, Springer) until
2 December 2022, which indicates a lack of attention in this important matter.

Consensus guidelines for VTE in urology have been updated and risk has been stratified, but they are not fully
developed and are underutilized. More appropriate guidelines should be considered.22 The European Association of
Urology and Canadian Urological Association have published guidelines on perioperative thrombosis and thrombopro-
phylaxis in the urology setting in recent years; they provide thromboprophylaxis guidelines for oncological and non-
oncological surgical procedures. However, the proof of recommendations is weak.23,24 To reduce the potential waste of
medical resources and to identify VTE inpatients in non-oncological urology, we established two similar prediction
models. These models could provide some information for physicians to distinguish VTE inpatients initially and
formulate appropriate strategies.

Variables which showed a significant difference between VTE inpatients and non-VTE inpatients in non-oncological
urology were identified.7 Then, we these variables were incorporated into multivariable logistic regression models to

Table 7 Comparison of Actual VTE and Predicted VTE Using
Additional Data (model 2)

Predicted VTE Observed VTE Overall

NO Yes

NO 97 0 97

Yes 166 28 194

Overall 263 28 291

Abbreviation: VTE, venous thromboembolism.

Table 6 Comparison of Actual VTE and Predicted VTE (model 2)

Predicted VTE Observed VTE Overall

NO Yes

NO 1158 2 1160

Yes 261 32 293

Overall 1419 34 1453

Abbreviation: VTE, venous thromboembolism.
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build a prediction model for VTE. The variables which were screened out eventually were previous VTE (X1), treatment
with anticoagulants or anti-platelet agents before hospital admission (X2), D-dimer ≥0.89 μg/mL (X3), lower-extremity
swelling (X4), and chest symptoms (X5). Most of the variables have been demonstrated to be independent risk factors for
VTE, such as previous VTE,25 high D-dimer value,20 and chest symptoms.26 The prediction model was
Logit Pð Þ ¼ � 5:970þ 2:882 � X1þ 2:588 � X2þ 3:141 � X3þ 1:794 � X4þ 3:553 � X5. Unlike other prediction mod-
els, we first tried to use logistic regression to build a VTE prediction model. This approach enables the risk of VTE to be
calculated directly using a formula. It is a simple procedure and could be automated.

We focused mainly on hospitalized patients to increase the awareness of non-oncological urologists to VTE during
a patient’s hospitalization and ignored patients who had been discharged from hospital. However, more than three-
quarters of all thrombosis episodes occur after hospital discharge and occur in approximately half of patients when
anticoagulation prophylaxis has been discontinued, so these are important factors that merit attention.27

ROC curves were created to evaluate the accuracy and efficiency of the prediction model to predict VTE events in
non-oncological urological inpatients. The cutoff point of this model was 0.03824, with an AUC of 0.915, a sensitivity of
0.941, and specificity of 0.820. This model is considered to have a high degree of accuracy of predicting VTE in non-
oncological urological inpatients according to our statistical data. The score is correlated positively with VTE risk.
Hence, the higher the score, the greater is the VTE risk. Furthermore, the data of 291 additional inpatients were used to
verify this prediction model, and the accuracy was 43.0%: the clinical-application value of this value was not sufficient.
However, the sensitivity and specificity were 96.43% and 37.2%, respectively, so this model could be used in VTE
screening. Despite the limited clinical-application value of this model, it could be employed to exclude VTE and could
greatly help VTE screening in non-oncological urological inpatients.

A new prediction model was created using p < 0.1 in the multivariable logistic regression model. There were
three main reasons why the p-value was widened. First, the sample size was too small and some potential risk
factors would be eliminated, so we wanted to evaluate more potential risk factors for VTE. Second, the new
variables proved to be important independent risk factors, especially the Caprini Score.19,28 Third, widening of the
p-value can provide clues for follow-up studies of VTE. The new prediction model became

Logit Pð Þ ¼ � 6:433 þ 2:696 � X1 þ 2:507 � X2 þ 2:817 � X3 þ 1:597 � X4 þ 3:524 � X5
þ 0:886 � X6 þ 0:963 � X7:

The results of internal verification, external verification, and ROC evaluation were similar (the accuracy was 43.0 for
both models). However, the new prediction model had a larger AUC (0.941 vs 0.915) in the ROC analysis and a higher
sensitivity (100% vs 96.43%), which indicated that the new prediction model might be superior.

Overall, VTE is a potentially life-threatening disease and merits greater attention from non-oncological urologists.
A few prediction models have been established for VTE and achieved good results. We built two similar prediction
models using previous research data. This is the first time that logistic regression prediction models for VTE screening
using p < 0.05 and p < 0.1, respectively, have been built. The internal verification achieved very good results, with high
specificity and sensitivity. However, the external verification was inferior and may have been caused by: (i) the total
amount of validation data being small, which might have caused a bias; (ii) changes in hospital policies, such as VTE
education for patients. Nevertheless, the new VTE prediction models described here could have a certain role in VTE
screening in the urology setting.

The present study had four main limitations. First, the models were based only on the whole-year case data of 2018 in
a tertiary hospital, so the sample size was relatively small. The number of clinical cases will be expanded in the future to
optimize the model. Second, some patients with VTE were missed due to unclear screening methods, which resulted in
a bias. Third, the data used to validate the model came from patients who had a complete set of diagnostic images, so
there may have been some limitations and biases. Fourth, this was a single-center, retrospective study; multi-center,
large-scale studies are needed to establish more accurate models. Nevertheless, these are the first two prediction models
of VTE for urological non-oncological inpatients. As such, they will provide intuitive assessment of VTE development
before, during, and after urological non-oncological surgical procedures.
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Conclusions
Based on analyses of our previous studies of risk factors, we established, for the first time, two similar prediction models
for assessing the development and risk of VTE for non-oncological urological inpatients. These prediction models
exhibited excellent accuracy during internal verification, but had poor clinical-application value during external verifica-
tion. Therefore, to build better prediction models for VTE, large-scale, multicenter studies are required. Nevertheless,
these two prediction models can be used as screening tools for VTE by urologists.
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