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Introduction

Venous thromboembolism (VTE), which consists primarily 
of deep vein thrombosis (DVT) and pulmonary embolism 
(PE), is a common and severe complication leading 

to considerable morbidity and mortality in urological 

inpatients (1). The risk of death in patients diagnosed with 

VTE is 13.5 times higher than those without VTE (2). 

Moreover, the clinical signs and symptoms of VTE are 
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not specific to detect VTE in advance (3). Thus, it is of 
great importance to take adequate measures to predict and 
prevent VTE.

The Caprini risk assessment model (RAM) have been 
recommended for evaluating the risk of VTE for non-
orthopedic surgical patients (4). A recent research has shown 
that Caprini RAM based on individual risk factors, has a 
better predictive ability than Padua RAM in the evaluation 
of VTE (5). However, the validity of Caprini RAM should 
be questioned since a high proportion of non-oncological 
urological patients would be classified as moderate-risk or 
high-risk. D-dimer testing has also been used to predict the 
risk of VTE since it has been observed that D-dimer level is 
usually elevated in patients with VTE. Both sensitivity and 
negative predictive value (NPV) of D-dimer testing are high 
when using 0.5 μg/mL as the cut-off value (6). However, 
using a low D-dimer threshold is associated with poor 
specificity. This situation has limited the widespread clinical 
application of D-dimer testing (7). Moreover, recent studies 
have shown that the D-dimer level would significantly rise 
after urologic oncology surgery (8). To date, few studies that 
concerning the clinical significance of the D-dimer level 
and Caprini RAM have been conducted to predict VTE in 
non-oncological urological inpatients.

The purpose of this study was to investigate the 
appropriate threshold of D-dimer and Caprini RAM by 
retrospectively evaluating the predictive value of Caprini 
RAM and D-dimer in Chinese non-oncological urological 
inpatients.

We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-320).

Methods

Patients

This study reviewed the data of all inpatients who were 
admitted to the non-oncological unit of the Department of 
Urology, Xiangya Hospital, Central South University, from 
January, 2018, to December, 2018. No physical prophylaxis 
or drug prophylaxis was routinely used if the patient was not 
diagnosed with VTE before surgery. DVT was diagnosed 
by lower extremities ultrasounds, and PE was diagnosed by 
computed tomographic pulmonary arteriography (CTPA) 
when appropriate. Caprini score was evaluated for every 
hospitalized patient before surgery and 3 consecutive 

days after surgery. The highest score of Caprini RAM 
was selected before VTE. After admission, the D-dimer 
examination was routinely performed pre-operatively and 
post-operatively for all patients, and the highest D-dimer 
value was selected before VTE. Ultrasound for lower 
extremities was performed among patients if their D-dimer 
level or Caprini score indicated a risk of VTE according 
to VTE guidelines in Xiangya Hospital. On the other 
hand, ultrasound for lower extremities or CTPA would be 
prescribed to rule out VTE when some symptoms of those 
prone to suspect VTE were present. We consulted the 
VTE group in Xiangya Hospital for treatment options, as 
well as follow-up regimen if the patient was diagnosed with 
VTE by ultrasonography or CTPA. Ethical approval was 
given by the ethics committee of Xiangya Hospital, Central 
South University (2019030078). The study complies with 
the Declaration of Helsinki (as revised in 2013). This was 
a retrospective study; informed consent was not necessarily 
required. The retrospective data were collected through an 
electronic medical recording system through patients’ ID 
numbers. The exclusion criteria of the study were as follows: 
(I) age under 18 years old, (II) surgery to remove urological 
cancer during the current admission, (III) postoperative 
pathological examination revealing malignancies, (IV) 
incomplete record. The baseline demographics and clinical 
data of these patients were consistent with the previous 
study we had submitted to another journal. (Wang Z, 2020, 
unpublished data).

Caprini RAM

The Caprini RAM was used to evaluate VTE in this 
study. This rating scale included a total of 39 risk factors. 
The individual scores of each risk factor were summed to 
generate a cumulative risk score that defined the patient’s 
VTE risk level: low risk 1–2, moderate risk 3–4 and high 
risk ≥5.

D-dimer measurement

D-dimer levels were measured in the Clinical Laboratory 
Center of Xiangya Hospital. Fresh plasma was used for 
these analyses. The results were expressed in μg/mL 
(fibrinogen equivalent units). According to the test results, 
patients with D-dimer level less than 0.5 μg/mL was 
categorized as non-VTE group. Otherwise, the patient was 
advised to be screened for the D-dimer again or undergo 
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ultrasonography for further diagnosis if necessary.

Statistical analysis

Statistical analysis was performed by the SAS version 9.3 
software (SAS Institute Inc, Cary, NC, USA). Quantitative 
data were expressed as the mean ± standard deviation and 
analyzed by the independent t-test. Qualitative data were 
expressed as a percentage (%) and analyzed by the χ2 test. A 
P value of <0.05 was considered to be statistically significant. 
The receiver operating characteristic (ROC) curve was 
plotted by referring to the sensitivity vs. 1-specificity of 
the D-dimer level and Caprini score. The areas under the 
curve (AUCs) and cut-off values were also calculated. Those 
higher than the cut-off value were positive, and those 
lower than the cut-off values were negative. Sensitivity, 
specificity, NPV, and positive predictive value (PPV) were 
used to estimate the value of these two methods based on 
the cut-off value. In addition, the Youden index, was used 
to evaluate the accuracy of the Caprini RAM and D-dimer 
testing in this study.

Results

A total of 1,453 non-oncological urological inpatients were 
enrolled in our study, which included 34 VTE and 1,419 
non-VTE patients from January, 2018, to December, 2018, 
in the non-oncological units of the urologic department. 
In a previous study submitted to another journal (under 
review), we suggested that D-dimer and Caprini score were 
two risk factors for VTE. When we compared the groups of 
VTE and non-VTE, significant differences were observed 
in the D-dimer level (P=0.001; Table 1) and Caprini score 
(P=0.000; Table 1).

We conducted a ROC curve analysis to evaluate the 
ability of the Caprini score to discriminate VTE and non-
VTE patients (Figure 1). Based on the ROC results, the 
AUC value of Caprini RAM was 0.73 (95% CI: 0.64–0.82; 
P=0.000), and the cut-off value was 5. In other words, 
when the threshold of the Caprini score was 5, the sum of 
sensitivity and specificity was the highest for discriminating 
VTE and non-VTE patients. A total of 841 patients had 
a Caprini score of less than 5, with the majority (833/841, 
99%) of these patients being in the non-VTE group; 
meanwhile, 612 patients had a Caprini score above or equal 
to 5, with a small minority (26/612, 4.2%) being in the 
VTE group (Table 2).

We further conducted ROC analysis to value the 
diagnostic power of the D-dimer in distinguishing VTE from 
non-VTE (Figure 2). Based on the statistical results, the AUC 
value of D-dimer was 0.86 (95% CI: 0.78–0.94; P=0.000), 
and the cut-off value was 0.89 μg/mL. This result means that 
when the threshold of D-dimer was 0.89 μg/mL, the sum of 
sensitivity and specificity was the highest for discriminating 
VTE and non-VTE patients. In total, 1,188 patients had 
a D-dimer level less than 0.89 μg/mL, and the majority 
(1,182/1,188, 99.5%) of these patients were in the non-VTE 
group; meanwhile 265 patients had a D-dimer level above or 
equal to 0.89 μg/mL, and a small minority (28/265, 10.6%) 
of these patients were in the VTE group (Table 3).

Table 1 Comparison of D-dimer (μg/mL) and Caprini score in VTE group and non-VTE group

Variate VTE Non-VTE

N 34 1419

D-dimer (μg/mL) 6.90±9.65 0.73±2.17

Caprini score 5.76±1.96 4.35±1.47

The D-dimer (μg/mL) and Caprini score were expressed as mean ± standard deviation. VTE, venous thromboembolism.
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Figure 1 ROC curve for Caprini RAM to discriminate VTE and 
non-VTE patients. ROC, receiver operating characteristic; RAM, 
risk assessment model; VTE, venous thromboembolism.
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The sensitivity, specificity, NPV, and PPV were 
described in Table 4 when threshold 5 and 0.89 μg/mL were 
correspondingly applied to Caprini RAM and D-dimer test. 
The ROC curve analysis was used to compare application 
the value of D-dimer with Caprini RAM. As shown 
in Figure 3, the AUC of the D-dimer was significantly 
higher than that of the Caprini RAM (AUC: 862±0.04 
vs. 0.73±0.05; 95% CI: 0.78–0.94 vs. 0.64–0.82), which 
indicated a higher forecast accuracy of the D-dimer. Also, 
the Youden index was 0.66 for D-dimer when the critical 
point was 0.89 μg/mL. However, the Youden index in the 
Caprini RAM was only 0.35 when the critical point was  
set at 5.

Discussion

This study was designed to investigate the appropriate 
threshold of D-dimer and Caprini RAM and to compare 
the predictive values of these two methods in Chinese 
non-oncological urological patients in a tertiary hospital. 
D-dimer, which is one of the most reliable and accurate 
biochemical indicator, is widely used in the clinical diagnosis 
of VTE and is the most promising indicator that has been 

studied thus far. It has been recommended for the prediction 
of VTE by the guidelines of the American College of 
Chest Physicians (4). However, D-dimer testing is known 
to have high sensitivity but low specificity detection. 
These limitations have reduced its clinical application for 
predicting VTE, and the value of D-dimer for predicting 
thrombosis is controversial (9-11). Furthermore, few studies 
have investigated the appropriate threshold of D-dimer in 
non-oncological urological inpatients.

D-dimer, as a fibrin-related marker, usually increases 
in the process of thrombosis while several other factors, 
such as surgery (12), aging, malignancy, cardiovascular 
diseases, and renal dysfunction, may also be associated 
with an elevation of D-dimer (13,14). In our study, the 
D-dimer level of VTE patients was significantly higher 
than that of non-VTE patients (6.90±9.65 vs. 0.73±2.17; 
P=0.001). This result was consistent with previous studies 
(8,15). Traditionally, VTE would consider by clinicians if 
the D-dimer level is over 0.5 μg/mL (16,17). However, in 
the non-oncological urological department, the collected 
data showed a high proportion of inpatients with a D-dimer 
level higher than 0.5 μg/mL. ROC curve analysis of D-dimer 
demonstrated an AUC of 0.86, a sensitivity of 82.4%, 
a specificity of 83.3%, and an NPV of 99.5% when the 
appropriate threshold of D-dimer was set at 0.89 μg/mL. In 
other words, the appropriate threshold of D-dimer in non-
oncological urological patients was elevated to 0.89 μg/mL. 
These findings are consistent with researches conducted 
by other authors. For instance, Shi et al. reported that the 
appropriate threshold of D-dimer rose to 0.98 μg/mL, 
with a sensitivity of 83.9% and a specificity of 80.0% in 
urological tumor surgery inpatients (8). Additionally, Shi  
et al. revealed that the appropriate threshold of D-dimer 
rose to 1.5 μg/mL with a sensitivity of 87.5%, a specificity 
of 93.8%, and an NPV of 99.2% in gynecologic malignancy 
inpatients (18). Finally, a recent review found that the 
D-dimer was gradually increased with aging (19). To 
promote the appropriate application of D-dimer testing in a 
clinical setting, several strategies have been proposed, such 

Table 2 Use 5 as the threshold of Caprini score to discriminate VTE and non-VTE patients

Caprini score VTE group non-VTE group Total

≥5 26 (76.5%) 586 (41.3%) 612

<5 8 (23.5%) 833 (58.7%) 841

Total 34 1,419 1,453

VTE, venous thromboembolism.
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Figure 2 ROC curve for D-dimer to discriminate VTE and non-
VTE patients. ROC, receiver operating characteristic; VTE, 
venous thromboembolism.
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as using age-adjusted D-dimer interpretation and clinical 
probability-adjusted interpretation. Both of these options 
have increased the clinical application of D-dimer testing 
by raising the D-dimer threshold to categorize results 
as positive (20,21). This is somewhat different from the 
traditional threshold of 0.5 μg/mL. We speculate that these 
differences arise from the fact that the D-dimer threshold 
traditionally set at a low level to maximize sensitivity and 
NPV. In addition, these differences might have also been 
caused by the heterogeneity.

There are a number of assessment schemes for 
evaluating VTE. These include Caprini (22), Kucher (23),  
Padua (24), and Wells (25), among many others. Two RAMs 

are recommended to predict VTE in the ninth edition of 
the clinical practice guidelines developed by the American 
College of Chest Physicians (26). Caprini RAM is suggested 
for non-orthopedic surgical patients, While Padua RAM 
is recommended in internal medicine patients for VTE 
risk assessment. These assessments are also recommended 
by the Chinese expert consensus on the prevention of 
venous thrombosis (4). Furthermore, several clinical 
studies in China have demonstrated that Caprini RAM 
is more applicable for Chinese patients than other risk  
assessments (5,27).

All the patients enrolled in our study were evaluated 
for the risk of VTE by the Caprini RAM. The Caprini 
score of VTE patients was significantly higher than that 
of non-VTE patients (5.76±1.96 vs. 4.35±1.47; P=0.000). 
These results are consistent with previous studies (28,29). 
However, the stratified system of Caprini RAM seems 
unable to sufficiently discriminate VTE in non-oncological 
urological inpatients since most inpatients would be 
classified as moderate-risk or high-risk, a fact which has also 
been observed in other studies. Chen et al. reported that 
Caprini score 4 could be considered as the suitable DVT 
cut-off level for Chinese internal medicine and surgical 
patients (5). Shi et al. reported that a Caprini score over 
7 may a be better predictor of the occurrence of VTE for 
malignant tumor patients (18). In our study, ROC analysis 
demonstrated that the AUC of Caprini score was 0.73, 
and the appropriate threshold was 5. The threshold had a 
sensitivity of 76.5%, a specificity of 58.7%, and an NPV 
of 99.0%. This discrepancy might be due to the fact that 
Caprini RAM was designed for a Western population, and 

Table 3 Use 0.89 μg/mL as the threshold of D-dimer to discriminate VTE and non-VTE patients

D-dimer (μg/mL) VTE group non-VTE group Total

≥0.89 28 (82.4%) 237 (16.7%) 265

<0.89 6 (17.6%) 1,182 (83.3%) 1,188

Total 34 1,419 1,453

VTE, venous thromboembolism.

Table 4 Sensitivity, specificity, NPV, and PPV of Caprini RAM and D-dimer when the threshold was set at 5 and 0.89 μg/mL, respectively

Variate Sensitivity (%) Specificity (%) NPV (%) PPV (%)

Caprini score 76.5 58.7 99.0 4.2

D-dimer 82.4 83.3 99.5 10.6

NPV, negative predictive value; PPV, positive predictive value; RAM, risk assessment model.
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Figure 3  ROC curve for D-dimer and Caprini RAM to 
discriminate VTE and non-VTE patients. ROC, receiver 
operating characteristic; RAM, risk assessment model; VTE, 
venous thromboembolism.
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the variety of diseases we studied was differed from those 
studies in Western countries. Furthermore, compared to 
large-scale studies, the number of cases was limited in our 
study.

A Caprini score being discordant with the levels of 
D-dimer may lead to an incorrect or confused VTE 
diagnosis, and thus the relationship between the two 
methods in predicting VTE requires further clarification. 
Based on the ROC analysis, the AUC of the D-dimer was 
significantly higher than that of the Caprini RAM (AUC: 
0.86±0.04 vs. 0.73±0.05; 95% CI: 0.78–0.94 vs. 0.64–0.82), 
which indicates a higher prediction accuracy of the D-dimer.

There are several limitations of our study that should be 
addressed. First, our study was a retrospective study, and 
we did not conduct a prospective sample size calculation. 
In this respect, our study was merely exploratory in nature. 
Second, although many types of diseases were collected 
in our study, the number of patients suffering from each 
disease was small. Third, the cases collected in our study 
were ranged widely in age, and we cannot rule out age as a 
potential confounding factor. Finally, due to the limitation 
of the experimental conditions, we only investigated the 
inpatients while outpatients were not included in the study. 
Therefore, further researches on the risk factors of VTE 
for different diseases and different ages in non-oncological 
urological patients is needed.

Conclusions

The appropriate threshold of D-dimer in Chinese non-
oncological urological inpatients rose to 0.89 μg/mL. The 
risk score of the Caprini RAM above 5 was found to be 
the optimal VTE cut-off for Chinese non-oncological 
urological inpatient in this single-center study. The 
D-dimer level, an objective laboratory indicator, had more 
application value than the Caprini RAM in predicting VTE 
among hospitalized non-oncological urological patients. 
However, further verifications on the D-dimer testing by 
multicenter studies are still required.
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