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Significance of preoperative screening of deep 
vein thrombosis and its indications for patients 
undergoing urological surgery
Shuichi Tatarano , Hideki Enokida , Masaya Yonemori , Rumiko Eura , Hirofumi Yoshino , Hiroaki Nishimura , 
Yasutoshi Yamada , Masayuki Nakagawa
Department of Urology, Graduate School of Medical and Dental Sciences, Kagoshima University, Kagoshima, Japan

Purpose: Preoperative deep vein thrombosis (pre-DVT) is a risk of symptomatic venous thromboembolism (VTE) and a serious 
postoperative surgical complication. However, little is known about pre-DVT in patients undergoing surgery. This study aimed to 
investigate the incidence and screening criteria of pre-DVT in patients undergoing urological surgery.
Materials and Methods: Between 2015 and 2017, 320 patients admitted to our hospital for urological surgery were included in 
this retrospective study. All patients underwent preoperative D-dimer testing. Patients with elevated D-dimer (≥1.0 μg/mL) levels 
underwent lower-limb compression ultrasonography (CUS). Clinical parameters were analyzed as predictors of pre-DVT, and mod-
est cutoff value of D-dimer to predict pre-DVT were evaluated. 
Results: Of 320 patients, preoperative elevated D-dimer levels and DVT were found in 81 (25.3%) and 20 (6.3%) patients, respec-
tively. The positive predictive value (PPV) was 24.7% (20/81). ROC curve analysis revealed a cutoff D-dimer level of 1.8 μg/mL, yield-
ing a PPV of 40.7% for pre-DVT among patients with elevated D-dimer levels. Preoperative DVT was detected in 16 (7.6%, n=210) 
patients with malignancy, 3 (5.7%, n=53) with adrenal tumors, and in 1 (1.8%, n=57) kidney donor. An age of >70 years was sig-
nificantly associated with risk for pre-DVT (odds ratio, 2.81; 95% confidence interval, 1.12–7.19; p=0.0270). During a postoperative 
follow-up period of 90 days, no patient developed symptomatic VTE.
Conclusions: The incidence of pre-DVT was 6.3% in patients undergoing urological surgery. Elderly patients and/or a cutoff D-
dimer level of 1.8 μg/mL might be good indications for pre-DVT screening by CUS.
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INTRODUCTION

Venous thromboembolism (VTE) including pulmonary 
thromboembolism (PTE) can be a fatal complication after 
surgery. Previous studies have reported that postoperative 

VTE occur in 0.76%–1.0% and 0.42%–0.7%, respectively, in the 
analyses of large number of patients after undergoing uro-
logical surgery [1,2]. However, currently little is known about 
the correlation between ‘preoperative’ deep vein thrombosis 
(pre-DVT) and symptomatic VTE after surgery. Also, few 
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studies have reported on pre-DVT in patients undergoing 
urological surgery. Generally, pre-DVT should be considered 
an indication for anticoagulant treatment before surgery 
and a contraindication for use of an intermittent pneumatic 
compression device (IPC), which may cause life-threatening 
PTE [3]. Therefore, screening for pre-DVT might be useful 
for the prevention of postoperative VTE including PTE. 

The plasma D-dimer test is frequently used because it 
is easy to perform. However, its low specificity for detect-
ing pre-DVT requires additional diagnostic evaluations such 
as lower-limb venous compression ultrasonography (CUS). 
Therefore, other criteria might be needed for accurate iden-
tification of pre-DVT. This study aimed to investigate the 
incidence of pre-DVT in patients about to undergo urological 
surgery and to evaluate the utility of D-dimer testing and 
CUS as screening methods for pre-DVT.

MATERIALS AND METHODS

1. Statement of ethics
All procedures performed in studies involving human 

participants were in accordance with the ethical standards 
of  institutional and/or national research committee and 
with the 2013 Helsinki declaration and its later amendments 
or comparable ethical standards. The study protocol and in-
formed consent documents were reviewed and approved by 
the Institutional Review Boards of the Kagoshima Univer-
sity Hospital (approval number: 190216).

2. Study design
A total of 320 patients who were admitted to Kagoshima 

University Hospital for urological surgery between May 
2015 and December 2017 were considered eligible for this ret-
rospective study. D-dimer testing has been routinely applied 
to all patients at our hospital. 

According to the study protocol and in accordance with 
our institution, every study patient underwent preoperative 
D-dimer testing. Patients with elevated D-dimer (≥1.0 μg/

mL) levels underwent lower-limb CUS (Fig. 1). The following 
clinical parameters were assessed as possible predictors of 
pre-DVT: age, sex, body mass index, presence of malignancy, 
steroid use, and preoperative serum D-dimer level. We also 
assessed the prevalence of pre-DVT in patients stratified 
according to whether they were undergoing urological sur-
gery for malignancy or a benign condition. We performed 
receiver operating characteristic (ROC) curve analysis to 
determine a modest D-dimer cutoff value for detecting pre-
DVT. 

The patients underwent laparoscopic surgery (n=240), 
robotic surgery (n=44), or transurethral surgery (n=36) 
(Supplementary Table 1). Patients identified with pre-DVT 
were prescribed direct oral anticoagulant agents (DOAC) 
such as Edoxaban (30 mg, s.i.d for 3 weeks) or Apixaban (10 
mg, b.i.d for 1 week; followed by 5 mg, b.i.d for 2 weeks), and 
then underwent re-evaluation to confirm remission of DVT 
by using CUS. In case of insufficient remission of DVT at 3 
weeks, duration of DOAC was prolonged by the cardiologists. 
General anticoagulant prophylaxis for all patients was not 
used except for the patients with a past history of VTE. Me-
chanical prophylaxis methods such as use of IPC and com-
pression stockings were employed for each patient. However, 
IPC was only used for patients who were not identified with 
pre-DVT. 

3. Statistical analysis
The EZR (Saitama Medical Center, Jichi Medical Uni-

versity, Saitama, Japan), which is based on R (version 4.0.2; 
The R Foundation for Statistical Computing, Vienna, Aus-
tria) and R commander (version 2.7-0) were employed for sta-
tistical analysis in this study [4]. Logistic regression analysis 
was used for univariate and multivariate analysis for pre-
dicting DVT. The optimal cut-off value of the D-dimer level 
was determined by ROC curve analysis. A p-value <0.05 was 
considered to indicate statistical significance.

RESULTS

Our study cohort consisted of 210 patients with malig-
nancies and 110 with benign conditions (Table 1). Of 320 pa-
tients, preoperative elevated D-dimer levels and DVT were 
found in 81 (25.3%) and 20 (6.3%) patients, respectively (Fig. 
1). Among patients with elevated D-dimer levels, the positive 
predictive value (PPV) was 24.7% (20/81). The malignan-
cies included kidney cancer, upper tract urothelial cancer 
(UTUC), prostate cancer, and bladder cancer; and the benign 
conditions included patients with benign adrenal tumors 
and kidney donors. Among the 210 patients with malignan-

Surgical patients

Preoperative D-dimer test n=320

n=239 n=81

CUS of lower limbs

DVT negative n=61 DVT positive n=20

<1.0 g/mL� >1.0 g/mL�

Fig. 1. Study protocol. CUS, compression ultrasonography; DVT, deep 
vein thrombosis.
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cies, pre-DVT was detected in 13.4%, 5.6%, 8.7%, and 2.5% of 
the patients with kidney cancer, UTUC, bladder cancer, and 
prostate cancer, respectively. The patients’ clinical character-
istics and the number of patients with pre-DVT are shown 

in Table 2. Univariate and multivariate analyses of candi-
date clinical factors for predicting high D-dimer value (≥1.0 
μg/mL) are shown in Table 3. Among the significant predic-
tors for high D-dimer value identified by univariate analy-

Table 1. Preoperative DVT prevalence by disease/condition of study patients  

Patient disease Number of patients
Prevalence of DVT

Yes No
Malignant disease 210 16 (7.6) 194
   Kidney cancer 67 9 (13.4) 58
   UTUC 18 1 (5.6) 17
   Bladder cancer 46 4 (8.7) 42
   Prostate cancer 79 2 (2.5) 77
Benign disease 110 4 (3.6) 106
   Adrenal tumor 53 3 (5.7) 50
   Kidney donor 57 1 (1.8) 56
Total 320 20 (6.3) 300

Values are presented as number only or number (%).
DVT, deep vein thrombosis; UTUC, upper urinary tract cancer. 

Table 2. Clinical factors according to patients with/without preoperative DVT

Variable
Total 

(n=320)
DVT

Yes (n=20) No (n=300)
Age (y) 65.8 (40.0–77.5) 67.0 (33.0–71.0)
Body mass index (kg/m2) 22.9 (15.4–32.2) 23.9 (16.8–30.3)
Sex
   Male 228 11 217
   Female 92 9 83
Hypertension
   Yes 183 10 173
   No 137 10 127
Diabetes mellitus
   Yes 59 3 56
   No 261 17 244
Hyperlipidemia
   Yes 81 7 74
   No 239 13 226
Malignancy
   Yes 210 16 194
   No 110 4 106
Current tobacco smoker
   Yes 73 2 71
   No 247 18 229
Steroid administered
   Yes 7 2 5
   No 313 18 295
Anticoagulant administered
   Yes 55 3 52
   No 265 17 248

Values are presented as median (interquartile range) or number only.
DVT, deep vein thrombosis. 
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sis, patients’ age >70 years (odds ratio, 2.93; 95% confidence 
interval, 1.64–5.31; p=0.0003) and patients with malignant 
disease (odds ratio, 2.09; 95% confidence interval, 1.08–4.25; 
p=0.0331) remained an independent predictor in the multi-
variate analysis (Table 3). 

In addition, among the significant predictors for pre-
DVT identified by univariate analysis, patients’ age >70 
years (odds ratio, 2.63; 95% confidence interval, 1.04–6.80; 
p=0.0405) remained an independent predictor in the multi-
variate analysis (Table 4). 

ROC curve analysis revealed a cutoff D-dimer level of 1.8 
μg/mL for a sensitivity and specificity of 70.5% and 65.0%, 
respectively (Fig. 2). When the cutoff value was applied at 1.8 
μg/mL, the PPV was raised to 40.7% for predicting pre-DVT 
among patients with elevated D-dimer levels.

Patients with a diagnosis of  pre-DVT who were pre-
scribed DOAC, such as Edoxaban or Apixaban for 3 weeks 
were confirmed to have regression of the thrombus and did 
not require IPC during the perioperative period. None of the 

study patients developed bleeding complications due to anti-
coagulant therapy.

Finally, all of  the patients with pre-DVT underwent 
urological surgery. During a postoperative clinical follow-up 
period of 90 days, no patient developed symptomatic VTE.

Table 4. Univariate and multivariate analyses of clinical factors for preoperative DVT

Variable
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value
Age >70 y 2.81 1.12–7.19 0.0270 2.63 1.04–6.80 0.0405
BMI >30 kg/m2 2.92 0.43–11.98 0.1839 - - -
Male, sex 2.14 0.83–5.35 0.1039 - - -
Hypertension 0.73 0.29–1.84 0.5037 - - -
Diabetes mellitus 0.77 0.18–2.39 0.683 - - -
Hyperlipidemia 1.64 0.60–4.17 0.3076 - - -
Malignancy 1.86 0.93–4.75 0.1203 - - -
Current tobacco smoker 0.36 0.06–1.28 0.1756 - - -
Steroid administered 6.56 0.90–32.8 0.0309 5.34 0.71–27.87 0.0604
Anticoagulant administered 0.84 0.19–2.62 0.7891 - - -

DVT, deep vein thrombosis; OR, odds ratio; CI, confidence interval; BMI, body mass index; -, not available.

Table 3. Univariate and multivariate analyses of clinical factors for D-dimer ≥1.0 μg/dL  

Variable
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value
Age >70 y 3.86 2.28–6.61 <0.0001 2.93 1.64–5.31 0.0003
BMI >30 kg/m2 0.88 0.20–2.98 0.8548 - - -
Male, sex 1.15 0.66–1.99 0.6118 - - -
Hypertension 1.53 0.91–2.61 0.1137 - - -
Diabetes mellitus 1.29 0.67–2.40 0.4302 - - -
Hyperlipidemia 1.17 0.65–2.06 0.5901 - - -
Malignancy 3.21 1.75–6.25 0.0003 2.09 1.08–4.25 0.0331
Current tobacco smoker 0.73 0.38–1.35 0.3291 - - -
Steroid administered 4.11 0.89–21.2 0.0684 - - -
Anticoagulant administered 1.99 1.06–3.69 0.0303 1.15 0.58–2.26 0.6791

OR, odds ratio; CI, confidence interval; BMI, body mass index; -, not available.
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Fig. 2. Receiver operating characteristic (ROC) curve with cut-off point 
for D-dimer level.
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DISCUSSION

VTE is one of  the most common causes of  periopera-
tive death and should be prevented or identified as soon as 
possible. A previous study of patients undergoing surgery 
for femoral neck fractures reported that the majority of 
patients identified with postoperative DVT already had 
a thrombus before surgery [5]. In that study, the patients 
who developed pulmonary embolism had a relatively small 
thrombus in the soleal and gastrocnemius intramuscular ve-
nous plexi. Therefore, small peripheral DVTs should be tak-
en seriously, and the use of IPC should be avoided in order 
to prevent postoperative VTE. The Caprini risk assessment 
model for postoperative VTE, which was introduced in 1991 
[6], has been validated in over 250,000 patients in more than 
100 worldwide clinical trials [7]. However, data on the pres-
ence of pre-DVT in patients undergoing urological surgery 
are limited. In this study, we determined an incidence of pre-
DVT of 6.3% in 320 patients undergoing urological surgery. 
With regard to a screening method for DVT, the D-dimer 
test is easy to perform and useful for outpatients. Because 
of its high negative predictive value and high sensitivity, 
we use the D-dimer test to rule out DVT. However, its poor 
specificity requires additional diagnostic evaluations such 
as lower-limb venous CUS [8]. Taira et al. [9] reported that 
patients with a negative D-dimer (<0.5 μg/mL) test who are 
at low risk for DVT might not require additional costly im-
aging studies. However, the appropriate cutoff values of D-
dimer for ruling out DVT remain unclear. In this study, we 
set a D-dimer cutoff value of 1.0 μg/mL, which is the upper 
limit of the reference value at our hospital lab for screening 
pre-DVT by lower-limb venous CUS. Therefore, we cannot be 
certain that DVT is absent in patients with low preoperative 
D-dimer level (between 0.5 and 1.0 μg/mL). 

Also, little is also known about the correlation of pre-
DVT with postoperative VTE in patients undergoing 
urological surgery. Schomburg et al. [10] found a high rate 
of  subclinical DVT (13.9%) in the precystectomy popula-
tion. Some of these DVTs may progress to VTE during the 
postoperative period, because VTE is common after radical 
cystectomy (2 %–9%) [10,11]. In our study, we also found high 
rates of pre-DVT in patients with kidney (13.4%) and bladder 
cancer (8.7%); however, none of the patients developed symp-
tomatic VTE after surgery after surgery as was reported in 
the previous reports [6,7]. Of course, not only pre-DVT but 
also other factors such as medications, surgery, and length of 
hospital stay must be considered as causes of postoperative 
VTE. Various patient’s cares during the perioperative period 
might lead to decreased incidence of postoperative VTE even 

in patients with pre-DVT. 
Regarding the clinical factors related to pre-DVT, in 

previous studies, some clinical risk factors related to pre-
DVT have been reported. Patients with increased age, rheu-
matoid arthritis, a history of major surgery, and history of 
cancer treatment may be at an increased risk of pre-DVT 
in patients undergoing total hip arthroplasty [12]. Elderly 
people aged >75 years, female sex, and D-dimer ≥1.0 μg/mL 
were risk factors in patients with colorectal cancer [13]. In 
general, patients with history of DVT, steroid administered, 
thrombophilia like high phospholipid antibody syndrome 
are specific indications for pre-DVT screening. In our study, 
multivariate analysis of candidate clinical characteristics re-
lated to pre-DVT showed that age >70 years was a risk fac-
tor. Therefore, an elderly patient seems to be at considerable 
risk for pre-DVT before urological surgery, and preoperative 
screening by CUS for DVT should be applied to the elderly 
patient. However, those patients undergoing short time sur-
gery, who does not require perioperative IPC because of the 
very low risk of perioperative VTE, could be excluded from 
this screening. 

The screening fee for CUS is approximately 40 US dol-
lars per patient in Japan. Furthermore, it takes 30 minutes 
per patient to screen DVT by CUS. The real benefit of DVT 
screening test is to avoid postoperative VTE which may be 
caused by perioperative IPC. However, it might be necessary 
to set new indications in order to reduce cost and time for it. 
Considering the cost- and time-effectiveness of screening, it 
might be useful to establish a D-dimer cutoff value to ≥1.8 
μg/mL for screening, because the PPV was raised to 40.7% 
for detecting pre-DVT in our cohort. Understanding the 
presence of pre-DVT might help us to determine the indica-
tions for preoperative anticoagulant therapy and avoiding 
the use of perioperative IPC.

The limitations of this study are the small sample size 
and retrospective design. Therefore, further studies are 
needed to clarify the correlation between pre-DVT and post-
operative VTE.

CONCLUSIONS

There was a high incidence of pre-DVT in patients un-
dergoing urological surgery. This study proposes the specific 
indications of the patients who should undergo pre-DVT 
screening by CUS (age of >70 years and/or D-dimer ≥1.8 μg/
mL). DOAC treatment for patients with pre-DVT and no use 
of IPC for those patients might prevent postoperative VTE.
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