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Introduction
Venous thromboembolism (VTE), including deep vein 
thrombosis (DVT) and pulmonary embolism (PE), is an 
important health problem that affects approximately 1 in 
1000 to 2 in 1000 individuals in the general population 
annually [1]. The risk of VTE is estimated to be approxi-
mately 4–6.5 times greater in cancer patients than in 
noncancer patients [2, 3]. Moreover, VTE is one of the 
leading causes of death in cancer patients [4]. Bladder 
cancer is one of the most common urological malignan-
cies [5]. Patients with bladder cancer have a high risk of 
VTE [6, 7]. The overall rate of VTE in patients with blad-
der cancer has been estimated to be 1.9–4.7%, ranging 

BMC Cancer

†Huitang Yang, Tonghe Zhang and Zhaoyang Li contributed equally 
to this work.

*Correspondence:
Hailong Hu
huhailong@tmu.edu.cn
Yankui Li
yankuili@tmu.edu.cn
1Department of Vascular Surgery, The Second Hospital of Tianjin Medical 
University, Tianjin 300211, China
2Center for Cardiovascular Diseases, The Second Hospital of Tianjin 
Medical University, Tianjin 300211, China
3Clinical Medical College, Hebei University, Baoding, Hebei 071000, China
4Department of Urology, The Second Hospital of Tianjin Medical 
University, Tianjin 300211, China
5Tianjin Key Laboratory of Urology, Tianjin Institute of Urology,  
Tianjin 300211, China

Abstract
Objective  In this study, we retrospectively analyzed the incidence of and risk factors for in-hospital venous 
thromboembolism (VTE) in patients with bladder cancer and explored measures to reduce the incidence of and/or 
prevent in-hospital VTE and mortality.

Methods  The clinical data of 5744 patients with bladder cancer who were admitted to the Second Hospital of Tianjin 
Medical University during a 5-year period were summarized and then analyzed to determine the risk factors for 
in-hospital VTE in patients with bladder cancer with the aim of identifying preventive measures.

Results  Univariate analysis revealed significant differences between the VTE group and the non-VTE group in terms 
of age, sex, Caprini score, surgical treatment status, tumor stage, D-dimer level, PT, APTT, and Hb (P < 0.05). Multiple 
factor analysis further confirmed that the Caprini score, surgical treatment status, D-dimer level, PT, and APTT were 
independent risk factors for VTE.

Conclusion  Analyses revealed that a high Caprini score, surgical treatment, an elevated D-dimer level, a short PT, 
and a short APTT were independent risk factors for in-hospital VTE in patients with bladder cancer and that active 
preventive measures should be implemented to reduce the incidence of in-hospital VTE as well as mortality.
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from 3 to 24.4% in patients undergoing cystectomy and 
3.1–7.9% in metastatic-stage patients, with variations 
depending on the type of treatment [8–10]. In the litera-
ture, multifactorial risk factors for VTE in patients with 
bladder cancer have been reported, including major sur-
gery, an advanced disease stage, an increased number of 
comorbidities, and a history of VTE [11–14]. Addition-
ally, the cross-talk between bladder cancer cells and the 
coagulation system has been shown to increase the risk 
of VTE in patients with bladder cancer [15–18]. How-
ever, the prediction of VTE occurrence based on relevant 
laboratory indicators and the Caprini score in bladder 
cancer patients remains to be further explored. This ret-
rospective study analyzed clinical data on in-hospital 
bladder cancer patients with VTE admitted to the Second 
Hospital of Tianjin Medical University between October 
2018 and October 2023, aiming to identify potential risk 
factors for in-hospital VTE. The findings are expected to 
benefit the management of in-hospital VTE in bladder 
cancer patients.

Materials and methods
Study population
In this study, the matched case-control method was used; 
97 patients who were admitted to the Second Hospital of 
Tianjin Medical University between October 2018 and 
October 2023 (n = 5744) and met the inclusion criteria 
were included in the VTE group, and 97 patients were 
randomly assigned to the non-VTE group at a ratio of 1:1, 
with age and sex used as the matching indices (Fig. 1).

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) a diagnosis of 
bladder cancer confirmed by pathology; (2) an imaging 
examination (ultrasound color doppler and computed 
tomography angiography) revealing the presence of VTE; 
(3) no relevant diseases affecting coagulation function; 
(4) no anticoagulant therapy prior to admission; and (5) 
complete imaging and clinical data. The exclusion crite-
ria included the following: (1) the use of drugs affecting 
coagulation within the past 3 months; (2) venous throm-
bosis associated with other cancers; (3) a diagnosis of 
VTE at the time of admission; (4) a poor general condi-
tion with a life expectancy of less than 6 months; (5) the 
presence of active bleeding; and (6) a history of VTE.

Data collection methods
The detailed clinical data of all the enrolled patients were 
collected from the hospital’s electronic medical record 
system, including but not limited to patient age; sex; 
history of smoking and alcohol consumption; history 
of hypertension and diabetes mellitus; body mass index 
(BMI); D-dimer level; thrombin time (TT); activated par-
tial thromboplastin time (APTT); fibrinogen (Fbg) and 

prothrombin time (PT); hemoglobin(Hb); platelet count; 
white blood cell count; and Caprini score.

Statistical methods
The data were analyzed using SPSS 26.0 statistical 
software. The quantitative data are presented as the 
means ± standard deviations, and t tests and ANOVA 
were used to compare differences between groups. Quali-
tative data are presented as frequencies and rates, and 
the chi-square (χ²) test was used to compare differences 
between groups.

In this study, the test level was set at 0.05. Risk factors 
with a two-sided P value < 0.05 in the univariate analysis 
were included in the multifactorial logistic regression to 
determine the independent risk factors for concurrent 
VTE in patients with bladder cancer.

Results
Among the 5744 patients, 97 (1.69%) experienced in-hos-
pital VTE. There were statistically significant differences 
in age, sex, and Caprini scores between the VTE group 
and the non-VTE group (P < 0.05). There were no statis-
tically significant differences between the two groups in 
terms of BMI, history of smoking, history of alcohol con-
sumption, and history of diabetes mellitus, hypertension, 
or VTE (P > 0.05) (Table 1).

D-dimer levels were higher in the VTE group than in 
the non-VTE group, and Hb, PT, and APTT were sig-
nificantly lower in the VTE group than in the non-VTE 
group (P < 0.01) (Table 2).

Statistically significant differences were observed in 
surgical treatment status as well as in surgical modal-
ity (P < 0.05). Statistical differences were also observed 
among different clinical stages of bladder cancer. How-
ever, there was no statistically significant difference 
among the different chemotherapy regimens (P > 0.05) 
(Tables 3 and 4).

A multifactorial logistic analysis was performed with 
age, sex, Caprini score, surgical treatment, tumor stage, 
D-dimer level, PT, APTT, and Hb as the independent 
variables, with the occurrence of VTE as the dependent 
variable. The results revealed that a high Caprini score, 
surgical treatment, an elevated D-dimer level, and a short 
PT and APTT were independent risk factors for VTE in 
patients with bladder cancer (Table 5).

Discussion
Patients with malignant tumors have a high incidence of 
VTE. The annual incidence of VTE is significantly greater 
in patients with malignant tumors (approximately 0.5%) 
than in the general population (approximately 0.1%), 
and patients with active malignant tumors account for 
approximately 20% of the total number of patients with 
VTE [19]. The complication of VTE not only affects the 
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quality of life of patients with bladder cancer but is sig-
nificantly associated with decreased survival time [11]. 
Previous studies have revealed an association between 
VTE and bladder cancer, but the extent and mechanism 
of this association have not yet been clarified [11]. It is 
possible to diagnose VTE if it is detected early, and VTE 
can be prevented if the relevant indicators are addressed. 
Prevention or early diagnosis can improve patient prog-
nosis and quality of life.

D-dimer is a soluble fibrin degradation product that 
is an important indicator of hypercoagulability and acti-
vation of the fibrinolytic system in vivo, and elevated 
D-dimer levels have been shown to be an indepen-
dent risk factor for VTE [20]. However, elevated plasma 

D-dimer levels lack specificity; in addition to venous 
thrombosis, infection, pregnancy, renal insufficiency, 
and other conditions can also cause elevated D-dimer 
levels [21]. The plasma D-dimer assay is simple and well 
validated, and D-dimer is still an irreplaceable screen-
ing indicator for bladder cancer-related VTE [22, 23]. In 
this study, the D-dimer level was 3.95 ± 10.12 mg/L in the 
VTE group and 0.47 ± 0.36 mg/L in the non-VTE group, 
indicating that the D-dimer level was significantly greater 
in the VTE group. This study revealed that the D-dimer 
level is not only an independent risk factor for thrombo-
sis but also an important monitoring index during the 
treatment and follow-up of patients with bladder cancer 
complicated by VTE.

Fig. 1  Flowchart for patient enrollment
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Hypercoagulability is an important risk factor for VTE 
in patients with bladder cancer. In this study, we fur-
ther analyzed the PT and APTT data of patients in the 
thrombosis group and nonthrombosis group, and the PT 

and APTT values in the VTE group were significantly 
lower than those in the non-VTE group (P < 0.001). The 
decreases in PT and APTT usually suggest that the blood 
is in a state of hypercoagulability, which may indicate 
insufficient quantity of or sensitivity to anticoagulant 
medication, although PT and APTT may be affected by a 
variety of factors and cannot be used alone to confirm the 
diagnosis of VTE.

In major urologic surgery, VTE is among the most seri-
ous complications [24]. The incidence of VTE in patients 
who undergo radical cystectomy is approximately 
6-24.4% [10], and the incidence of PE is about 2.5% [25]. 
If reconstruction of the inferior vena cava is required 
during surgery, such as in radical nephrectomy, the 
incidence of VTE is approximately 22% [26]. Although 
robot-assisted laparoscopic surgery is less invasive, 14% 
of patients who undergo this type of surgery are readmit-
ted to the hospital due to VTE, which is the most impor-
tant reason for postoperative readmission [27]. In this 
study, 88 (90.72%) patients in the VTE group received 
surgical treatment after admission, including 54 (61.36%) 
who underwent cystoscopic surgeries, 31 (35.23%) who 
underwent laparoscopic surgeries, and 3 (3.41%) who 
underwent open surgeries. Surgical treatment is an inde-
pendent risk factor for VTE, and appropriate mechanical 
and pharmacological prophylaxis should be administered 
to this group of patients according to their situation, as 
it is highly important for reducing the incidence of VTE 
and mortality [28–31].

The Caprini score is a widely used VTE risk assess-
ment tool [32]. The mean Caprini score in the VTE group 
in this study was 5.42 ± 1.57, which was significantly 
higher than that in the non-VTE group (4.16 ± 1.1), and 
the occurrence of VTE in patients with bladder cancer 

Table 1  Comparison of differences in general clinical data 
between the VTE group and the non-VTE group
Variable VTE group 

(n = 97)
Non-VTE 
group 
(n = 97)

t/χ² p

Age (y), Mean ± SD 72.37 ± 8.43 68.82 ± 11.97 -2.385 0.018*
Gender, n (%)
  male 74(76.29%) 85(87.63%) 4.218 0.040*
  female 23(23.71%) 12(12.37%)
BMI (kg/m2), 
Mean ± SD

24.19 ± 3.17 25.05 ± 4.47 1.541 0.125

Smoking, n (%) 44(45.36%) 40(41.24%) 0.336 0.562
Alcohol consump-
tion, n (%)

27(27.84%) 18(18.56%) 2.344 0.126

Hypertension, 
n (%)

46(47.42%) 45(46.39%) 0.021 0.886

Diabetes mellitus, 
n (%)

30(30.93%) 22(22.68%) 1.681 0.195

History of VTE, 
n (%)

2(2.06%) 2(2.06%) 0.000 0.992

Caprini score, 
Mean ± SD

5.42 ± 1.57 4.16 ± 1.12 -6.441 < 0.001**

*p < 0.05 **p < 0.01

Table 2  Comparison of laboratory indicators between the VTE 
group and the non-VTE group
Variable VTE group 

(n = 97)
Non-VTE 
group (n = 97)

t/χ² p

D-dimer level 
(mg/L), Mean ± SD

2.44 ± 3.00 0.47 ± 0.36 -3.384 0.001**

PT (s), Mean ± SD 11.45 ± 1.45 13.12 ± 1.43 8.091 < 0.001**
APTT (s), 
Mean ± SD

27.62 ± 6.45 35.58 ± 4.22 10.149 < 0.001**

TT (s), Mean ± SD 17.37 ± 1.20 18.11 ± 3.54 1.926 0.056
Fbg (g/L), 
Mean ± SD

3.50 ± 1.11 3.66 ± 1.93 0.740 0.460

Platelet count 
(×109/L), 
Mean ± SD

223.09 ± 80.49 228.47 ± 67.90 0.503 0.615

Leukocyte 
count (×109/L), 
Mean ± SD

6.80 ± 2.38 6.43 ± 1.99 1.51 0.134

*p < 0.05 **p < 0.01

Table 3  Comparison of treatment modalities between the two 
groups
Variable VTE 

group(n = 97)
Non-VTE 
group(n = 97)

t/χ² p

Surgical treatment, 
n (%)

88(90.72%) 41(42.27%) 51.109 < 0.001**

Surgical procedures, n (%)
  Cystoscopy 54(61.36%) 35(85.37%) 11.239 0.004**
  Laparoscopy 31(35.23%) 3(7.32%)
  Open surgery 3(3.41%) 3(7.32%)
Drug treatment, 
n (%)

40(41.24%) 16(16.49%) 14.460 < 0.001**

Drug treatment modalities, n (%)
  Immunotherapy 8(17.78%) 1(5.88%) 7.512 0.111
  Chemo-
therapy plus 
immunotherapy

17(37.78%) 3(17.65%)

  Chemotherapy 11(24.44%) 10(58.82%)
  Targeted therapy 4(8.89%) 2(11.76%)
*p < 0.05 **p < 0.01

Table 4  Comparison of tumor clinical stages between the two 
groups

VTE group (n = 97) Non-VTE group (n = 97) t/χ² p
Tumor Clinical Stage, n (%)
I 28(28.87%) 43(46.24%) 13.139 0.004**
II 39(40.21%) 40(43.01%)
III 23(23.71%) 8(8.60%)
IV 7(7.22%) 2(2.15%)
*p < 0.05 **p < 0.01
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was not limited to the postoperative stage. The biologi-
cal properties of the tumor itself, the implementation of 
multiple interventions during cancer treatment, and a 
patient’s own coagulation status may promote the occur-
rence of VTE [33]. Therefore, the role of the Caprini 
score in the assessment of VTE risk in patients with blad-
der cancer should not be limited to a single point in time 
but should be used as a dynamic monitoring tool to con-
tinuously guide clinical decision-making (Table 6).

According to the recommendations in the current 
guidelines, prophylactic anticoagulants should be initi-
ated for hospitalized patients with a confirmed diagnosis 
or suspected case of bladder cancer if there are no con-
traindications [35, 36]. In patients with urogenital pelvic 
tumors who do not undergo prophylaxis, the incidence of 
postoperative VTE is greater than 20%, and most cases 
occur after discharge from the hospital [37], which is 
why drug prophylaxis for VTE should be continued for 
4 weeks after major abdominal or pelvic surgery [37]. 
Pariser et al. reported that continuous administration of 
enoxaparin for 28 days after cystectomy led to a decrease 
in the incidence of VTE from 12–5% [38], suggesting 
that all patients should receive prophylactic anticoagu-
lants for at least 28 days after radical cystectomy and that 
although anticoagulation increases the risk of bleeding 
somewhat, most patients still benefit from extended pro-
phylactic anticoagulation after surgery [39]. Studies have 
shown that Vitamin K antagonist (VKA) for anticoagula-
tion increases the risk of bleeding by 2–6 times in cancer 
patients and therefore is not recommended [40].

Low-molecular-weight heparin (LMWH), owing to its 
long half-life, high bioavailability, and lack of need for 

frequent coagulation monitoring, has become the first-
line drug for VTE prophylaxis recommended in several 
guidelines [41, 42]. Non-vitamin K antagonist oral anti-
coagulants (NOACs) have a wide therapeutic window, 
can be administered orally, and do not require frequent 
coagulation testing, making them more convenient than 
LMWH and VKA for prophylactic anticoagulation in 
patients with malignant tumors, especially outpatients 
[43]. However, owing to the small number of studies on 
the efficacy and safety of NOACs for VTE prevention 
after cancer surgery, there is no direct evidence sup-
porting the replacement of LMWH with NOACs for the 
prevention of postoperative VTE in patients with cancer, 
and the highest dose of LMWH is still recommended for 
prophylaxis in patients with postoperative VTE accord-
ing to current guidelines [42].

This study has a few limitations. It was a retrospective 
study from a single center, which might cause selection 
bias and limit the generalizability of the study results. So, 
the clinical applicability and reproducibility of risk fac-
tors for in-hospital VTE in patients with bladder cancer 
still need to be confirmed. Further prospective, multi-
center studies may be beneficial to further validate our 
findings.

Conclusion
This study revealed that a high Caprini score, surgical 
treatment, an elevated D-dimer level, and a short PT and 
APTT are independent risk factors for in-hospital VTE 
in patients with bladder cancer, and preventive measures 
should be initiated for patients with bladder cancer to 
reduce the incidence of in-hospital VTE, morbidity, and 
mortality.

Abbreviations
VTE	� Venous thromboembolism
Hb	� Hemoglobin
DVT	� Deep vein thrombosis
Fbg	� Fibrinogen
PE	� Pulmonary embolism
BMI	� Body mass index
PT	� Prothrombin time

Table 5  Binary logistic regression analysis of independent risk factors for VTE in patients with bladder cancer
Variable Beta. SE z Wald χ2 p OR 95% CI
Age -0.021 0.045 -0.476 0.226 0.634 0.979 0.897 ∼ 1.069
Gender 1.267 0.944 1.342 1.801 0.180 3.549 0.558 ∼ 22.568
Tumor stage -0.319 0.478 -0.668 0.446 0.504 0.727 0.285 ∼ 1.854
Surgical treatment 3.654 1.028 3.555 12.639 < 0.001** 38.628 5.152 ∼ 289.586
D-dimer 4.941 1.137 4.346 18.886 < 0.001** 139.877 15.066 ∼ 1298.646
PT -0.825 0.377 -2.190 4.795 0.029* 0.438 0.209 ∼ 0.917
APTT -0.415 0.116 -3.572 12.756 < 0.001** 0.661 0.526 ∼ 0.829
TT 0.192 0.146 1.311 1.718 0.190 1.212 0.909 ∼ 1.614
Hb -0.005 0.021 -0.257 0.066 0.797 0.995 0.954 ∼ 1.036
Caprini score 1.149 0.451 2.549 6.497 0.011* 3.154 1.304 ∼ 7.629
*p < 0.05**p < 0.01

Table 6  Risk of VTE in the included patients [34]
Risk level Total score 

(Caprini)
VTE group 
(n = 97)

Non-VTE 
group 
(n = 97)

Low risk 0–1 0 0
Medium risk 2 0 8
High risk 3–4 1 58
Very high risk ≥ 5 96 31
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