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INTRODUCTION

Venous thromboembolism (VTE) encompasses deep vein 
thrombosis (DVT) of the leg or pelvis and pulmonary embolism 

(PE).1 Although the incidence of VTE is relatively low in Asian 
populations,2–6 recent literature suggests that it has been con-
sistently and rapidly increasing in Korea.7 

Trauma is one of the highest risk factors of VTE in hospital-
ized patients,1,8 and evidence from Western countries suggests 
that patients with trauma carry a 13-times higher risk of devel-
oping VTE, as compared to non-trauma patients.1 Particularly, 
several trauma-related risk factors, such as an injury severity 
score (ISS) of >8 (ISS>8), hip fractures, and isolated pelvic or ac-
etabular fractures that require surgery, have been described.9 
Accurate risk assessment as well as early and timely prophy-
laxis are essential to effectively prevent VTE in trauma pa-
tients.10 However, as trauma patients experience complex med-
ical and surgical conditions, with possible risks of hemorrhage, 
it is not easy to apply VTE prophylaxis in a clinical setting.11
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To aid health care providers in predicting patient needs and 
making appropriate decisions regarding VTE prophylaxis, a 
stratification scoring method with a predictive tool for the 
quantification of VTE risks is required. Currently, the Green-
field risk assessment profile (RAP) and trauma embolic scoring 
system (TESS) are available for VTE risk assessment in patients 
with trauma.12–14 The RAP, developed in 1997, estimates VTE 
risk using factors such as underlying conditions, iatrogenic 
factors, injury-related factors, and age.14 It assigns points for 
each factor, and the higher the score, the higher the risk of VTE. 
The TESS is a more recent and simpler tool for estimating VTE 
risk, especially in trauma patients. It was derived from a large 
cohort with a diverse trauma history and validated with data 
from the National Trauma Data Bank (NTDB).13 The TESS in-
cludes factors, such as age, ISS, preexisting obesity, ventilator 
use, and lower-extremity fractures, as predictors of VTE. Both 
methods have been validated for use in the prediction and 
prophylaxis of VTE among trauma patients in Western clinical 
settings.12,13,15,16 However, limited information exists on the ap-
plication of these methods in Korean trauma patients. Cur-
rently, there is no standard risk factor assessment or prophylax-
is protocol accepted for use in trauma patients in Korea. As the 
incidence of VTE and the involved risk factors may be different 
based on the ethnicity of patients, the validation of RAP and 
TESS in the Korean population is necessary before clinical ap-
plication. Accordingly, the purposes of this study were as fol-
lows: 1) to evaluate the incidence of VTE in patients with trau-
ma in Korea, 2) to assess the validity of RAP and TESS and 
compare the area under the receiver operating characteristic 
(ROC) curve (AUC), 3) to suggest a cut-off value for risk man-
agement in this population, and 4) to identify potential predic-
tors of the development of VTE in Korean trauma patients.

MATERIALS AND METHODS

Study design and sample
This retrospective cohort study used the data of trauma pa-
tients who were admitted to a regional trauma center between 
2010 and 2016. The trauma center is an academic medical cen-
ter, with approximately 2000 to 3000 trauma patients receiving 
in-patient trauma care per year. Permission to perform this 
retrospective study was obtained from the Institutional Re-
view Board (IRB # MED-MDB-18-066). 

Trauma patients who were eligible for entry into the Korea 
Trauma Data Bank (KTDB) based on the International Classi-
fication of Diseases, 10th revision (ICD-10) codes for trauma, 
starting with S or T, with the exclusion of those with superfi-
cial injuries (ICD codes of S00.–S90.XX, T00.X), foreign body 
entering through a natural orifice (T15.X–T19.X), or poisoning 
(T36.X–T65.X) were included in the analysis of this study. Eli-
gibility was assessed using the ICD trauma codes at the time 
of discharge. The study sample included those aged ≥18 years 

who had been hospitalized for at least 24 h in the center. Of the 
14339 trauma patients registered with the KTDB during the 
study period, 2387 were <18 years old, and 1033 were hospi-
talized for <24 h in the center; therefore, the aforementioned 
were excluded from the study. Moreover, we similarly exclud-
ed those with missing data on the ISS (n=823) and body mass 
index (n=624), both of which are necessary to calculate RAP or 
TESS. As a result, a final sample of 9472 trauma patients were 
analyzed in this study (Fig. 1).

Measurements
Potential predictors of VTE were selected based on the results 
of previous studies.8-11,13 The medical records of the partici-
pants were used to acquire the required data, which included 
gender, age, initial systolic blood pressure (SBP), initial heart 
rate, initial base deficit, initial hemoglobin level, initial Glasgow 
coma scale (GCS), hospitalization period, status of intensive 
care unit (ICU) admission, status of VTE during hospital stay, 
and other variables that were included either in RAP or TESS. 
The first values of parameters, such as GCS, SBP, heart rate, 
base deficit, and hemoglobin level, which were measured im-
mediately after arrival at the hospital, were used. VTE was con-
firmed with CT angiography or compression ultrasound, and 
ISS was coded by certified trauma coordinators. 

RAP and TESS, as risk stratification scoring systems, were 
used to estimate the risk of VTE in trauma patients. RAP as-
signs points for factors such as underlying conditions, iatro-
genic factors, injury-related factors, and age. Adding the points 
for these factors produces a possible maximum score of 47. In 
this study, information regarding femoral central venous cath-
eterization >24 h was not available, and excluding this factor re-
sulted in a maximum possible RAP score of 45. TESS includes 
age, ISS, preexisting obesity, number of days on ventilation, and 
lower-extremity fractures as predictors of VTE; and the maxi-
mum possible TESS score is 14.

Statistical analysis
The data were analyzed with SPSS 22 (SPSS Statistics, IBM 
Corp., Armonk, NY, USA) and MedCalc 17.7 (MedCalc, Inc., 

n=14339

n=10919

n=9472

Trauma patients’ admission, 
from 2010 to 2016

Study cohort:
   • Aged 18 or above
   • Hospitalization ≥48 hrs

Exclusion (missing):
   • Injury severity score (n=823)
   • Body mass index (n=624)

Fig. 1. Flow charts.
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Mariakerke, Belgium). Data are presented as frequencies and 
percentages for categorical variables and means (±standard 
deviations) for continuous variables. Furthermore, a bivariate 
analysis was performed using chi-squared tests for categorical 
variables and t-tests for continuous variables. Rates of VTE by 
RAP and TESS scores are shown graphically. The predictive ac-
curacies of RAP and TESS for VTE events were evaluated with 
ROC curve analysis using MedCalc. ROC gives a graphical dis-
play by plotting sensitivity vs. 1-specificity for each point on 
the curve. The area under the AUC represents how well a test 
discriminates between those with VTE and those without 
VTE. AUC values less than 0.7, between 0.7 and 0.9, or higher 
than 0.9 were considered to indicate low, moderate, and high 
predictive accuracies, respectively.17 The differences in AUCs 
between RAP and TESS were compared by a z test, and the best 
cut-offs of ROC were identified by a maximal Youden’s index 

(sensitivity+ specificity-1). 
Logistic regression analyses were used to identify the pre-

dictors associated with the development of VTE in the partici-
pants,. First, univariate logistic regressions were performed 
using all variables included in Table 1. Independent variables 
found to be significantly associated with the development of 
VTE in the univariate regression analysis (p<0.01) are pre-
sented in Table 2, and were considered candidates for inclu-
sion in the following enter method of multiple logistic regres-
sion model. Before performing the multiple regression analysis, 
multicollinearity was examined using correlation coefficients 
(<0.8) and was determined not to be an issue of concern. All 
analyses were two-tailed, and p-values <0.05 were considered 
statistically significant.

Table 1. Characteristics of Participants (n=9472)

Variables Overall (n=9472) Non-VTE (n=9390) VTE (n=82) t or χ2 p value
VTE (yes) 82 (0.9)

PE (yes) 39 (0.4)
DVT (yes) 56 (0.6)

Gender (men) 6266 (66.2) 6211 (66.1) 55 (67.1) 0.031 0.860
Age (yr)‡ 51.03±18.50 51.01±18.49 53.84±18.62 -1.381 0.167
BMI ≥30 kg/m2‡ 385 (4.1) 380 (4.0) 5 (6.1) 0.388†

Malignancy (yes)‡ 217 (2.3) 214 (2.3) 3 (3.7) 0.438†

Coagulation abnormality‡ 1742 (18.4) 1719 (18.3) 23 (28.0) 5.140 0.023
History of VTE (yes)‡ 15 (0.2) 13 (0.1) 2 (2.4) 27.211 <0.001
Transfusion in 24 h ≥4‡ 1267 (13.4) 1235 (13.2) 32 (39.0) 46.960 <0.001
Surgical procedure >2 h‡ 2831 (29.9) 2807 (29.9) 24 (29.3) 0.015 0.902
Vascular repair‡ 20 (0.2) 20 (0.2)
AIS chest >2‡ 1649 (17.4) 1626 (17.3) 23 (28.0) 6.512 0.011
AIS head >2‡ 1888 (19.9) 1873 (19.9) 15 (18.3) 0.139 0.709
AIS abdomen >2‡ 852 (9.0) 835 (8.9) 17 (20.7) 13.920 <0.001
ISS‡ 10.70±9.50 10.65±9.46 16.78±11.91 -4.651 <0.001
GCS <8‡ 313 (3.3) 309 (98.7) 4 (1.3) 0.641 0.349
Lower extremity fracture‡ 3295 (34.8) 3249 (34.6) 46 (56.1) 16.559 <0.001
Pelvic bone fracture‡ 570 (6.0) 552 (5.9) 18 (22.0) <0.001†

Quadriplegia or paraplegia‡ 72 (0.8) 71 (0.8) 1 (1.2) 0.467†

Ventilator use (yes)‡ 1761 (18.6) 1716 (18.3) 45 (54.9) 71.960 <0.001
SBP (mm Hg) 130.63±23.67 130.72±23.65 120.37±24.01 3.949 <0.001
Heart rate (bpm) 86.45±15.41 86.40±15.36 92.21±19.49 -2.690 0.009
Hemoglobin* 13.04±2.12 13.04±2.12 12.54±2.39 2.154 0.031
Base excess* -2.10±4.23 -2.08±4.23 -3.79±4.23 3.498 <0.001
Days of hospitalization 21.96±26.07 21.71±25.83 50.10±36.48 -7.030 <0.001
ICU admission (yes) 2633 (27.8) 2590 (27.6) 43 (52.4) 25.024 <0.001
RAP 5.58±3.77 5.55±3.75 8.34±4.49 -5.610 <0.001
TESS 3.79±3.12 3.76±3.10 6.77±3.57 -8.720 <0.001
VTE, venous thromboembolism; PE, pulmonary embolism; DVT, deep vein thrombosis; BMI, body mass index; AIS, abbreviated injury scale; ISS, injury severity score; 
GCS, Glasgow coma scale; SBP, systolic blood pressure; ICU, intensive care unit; RAP, Greenfield risk assessment profile; TESS, trauma embolic scoring system.
Data are presented as mean±standard deviation or n (%).
*n may vary, †Fisher’s exact test, ‡Variables included in either RAP or TESS.
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RESULTS

Table 1 shows the demographic and clinical characteristics of 
the sample and differences in the characteristics owing to the 
development of VTE events. Of 9472 trauma patients, 66.2% 
were men, with a mean age of 51 years. The average ISS was 
10.70, and approximately 35% of the patients had fractures in 
their lower extremities.

The overall VTE rate was 0.87% (n=82), with 56 (0.59%) events 
of DVT and 39 (0.41%) events of PE. More patients with VTE 
than those without VTE had past histories of VTE (2.4% vs. 
0.1%; p<0.001), abnormal coagulation results (28.0% vs. 18.3%; 
p=0.023), four or more transfusion within 24 h of arrival (39.0% 
vs. 13.2%; p<0.001), abbreviated injury scale (AIS) chest >2 
(28.0% vs. 17.3%; p=0.011), AIS abdomen >2 (20.7% vs. 8.9%; p< 
0.001), lower extremity fracture (56.1% vs. 34.6%; p<0.001), 
fracture of the pelvic bone (22.0% vs. 5.9%; p<0.001), and ad-
mission to the ICU (52.4% vs. 27.6%; p<0.001). The average ISS 
and hospitalization period were significantly higher in those 
with VTE than in those without VTE. Overall, the average scores 
for RAP and TESS were 5.58 and 3.79, respectively, and the 
scores were higher in those with VTE. The average RAP scores 
for the non-VTE and VTE groups were 5.55 and 8.34, respec-
tively, and the average TESS scores for the non-VTE and VTE 
groups were 3.76 and 6.77, respectively.

The rates of development of VTE by RAP and TESS are shown 
graphically in Figs. 2 and 3, respectively. Generally, the rate of 
VTE increased with an increase in RAP or TESS scores. For 
those with a RAP score of 6, the rate of VTE was 1%, and the rate 
increased up to 4% for those with a RAP score of 13 (Fig. 2). In 
contrast, the rate of VTE was >1% for a TESS score of ≥6 (Fig. 3).

Fig. 4 presents the predictive accuracy of RAP and TESS based 
on AUCs. The AUC for RAP was 0.68 [95% confidence interval 
(CI)=0.67–0.69], which depicts low discrimination, while the 
AUC for TESS was 0.74 (95% CI=0.73–0.75), which depicts 
moderate discrimination. The difference in the predictive accu-
racy of the occurrence of VTE between RAP and TESS was sta-
tistically significant (Z = 2.202, p = 0.028). In this sample, the op-
timal cut-offs that produced the maximum discrimination for 
both scores were 6. Sensitivity and specificity at the cut-off of 
6 for RAP were 68.3% and 54.9%, respectively. In contrast, the 
cut-off TESS scores of 6 yielded a sensitivity and specificity of 
64.6% and 77.0%, respectively (Table 3).

Logistic regression analyses were performed to identify po-
tential predictors of VTE (Table 2). Significant predictor vari-
ables in the univariate regression analyses (p<0.01) were includ-
ed in the multiple regression analysis. Four variables were found 
to be statistically significant potential predictors of VTE occur-
rence, controlling for other factors in the model (χ2 of Hosmer-
Lemeshow goodness of fit test=14.088, p=0.079). These vari-
ables included a history of VTE, pelvic bone fracture, ventilator 
use, and the number of days of hospitalization. Trauma pa-
tients with a past history of VTE and pelvic bone fracture had 
respectively, a 17-fold [odds ratio (OR)=17.000; 95% CI=1.995–
144.872] and 2-fold (OR=2.059; 95% CI=1.050–4.038) increased 
risk of developing VTE compared to their counterparts. Venti-
lator care and a 1-day increase in hospitalization increased 
the risk of VTE by about 2.6 times (OR=2.621; 95% CI=1.375–
4.996) and 1.1 times (OR=1.009; 95% CI=1.004–1.014), respec-
tively, after adjusting for confounding factors in the model.

Table 2. Results of Logistic Regression Analyses for Predicting VTE Events

Variables
Univariate Analysis Multivariate Analysis

OR 95% CI p value OR 95% CI p value
Coagulation abnormality   1.740 1.071–2.824 0.025   0.840 0.466–1.513 0.561
History of VTE (yes) 18.033   4.004–81.212 <0.001 17.000     1.995–144.872 0.010
Transfusion in 24 h ≥4   4.226 2.701–6.613 <0.001   1.264 0.657–2.433 0.482
AIS chest >2   1.364 1.071–1.739 0.012   0.859 0.633–1.167 0.332
AIS abdomen >2   1.637 1.250–2.143 <0.001   0.985 0.721–1.347 0.925
ISS   1.046 1.030–1.062 <0.001   0.988 0.959–1.017 0.413
Lower extremity fracture   2.415 1.558–3.743 <0.001   1.385 0.804–2.387 0.241
Pelvic bone fracture   4.503 2.651–7.650 <0.001   2.059 1.050–4.038 0.036
Ventilator use (yes)   5.439 3.510–8.429 <0.001   2.621 1.375–4.996 0.003
SBP (mm Hg)   0.982 0.973–0.991 <0.001   0.994 0.985–1.004 0.239
Heart rate (bpm)   1.021 1.009–1.033 0.001   1.005 0.992–1.017 0.468
Hemoglobin   0.901 0.819–0.991 0.031   1.093 0.977–1.222 0.121
Base excess   0.927 0.888–0.967 <0.001   0.985 0.928–1.046 0.616
ICU admission (yes)   2.895 1.872–4.476 <0.001   1.047 0.621–1.764 0.863
Hospitalization period (days)   1.023 1.014–1.032 <0.001   1.009 1.004–1.014 <0.001
VTE, venous thromboembolism; AIS, abbreviated injury scale; ISS, injury severity score; SBP, systolic blood pressure; ICU, intensive care unit; OR, odds ratio; CI, 
confidence interval.
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DISCUSSION

As a national trauma system establishment project launched 
in 2012 in South Korea, 15 regional trauma centers have been 
established to provide appropriate trauma management. Our 

center is a regional trauma center that was built in 2013 through 
government funding, similar to a level I trauma center in the 
United States (US), capable of treating 2000 to 3000 trauma 
patients every year. We created a VTE prevention protocol in 
2015. Based on our VTE protocol, intermittent pneumatic com-

Fig. 2. The relationship between Greenfield risk assessment profile (RAP) scores and the development of VTE in trauma patients. VTE, venous thrombo-
embolism.

Fig. 3. The relationship between trauma embolic scoring system (TESS) and the development of VTE in trauma patients. VTE, venous thromboembolism.
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pression (IPC) is to be applied to high-risk patients for VTE with 
no contraindication to IPC, and low-molecular-weight heparin 
(LMWH) is administered when the risk of bleeding is reduced. 
Prior to 2015, the VTE prevention protocol did not exist, but it 
was randomly implemented through IPC, compression stock-
ings, LMWH, and heparin. Likewise, our center is lacking in 
multiple aspects compared to the renowned trauma centers 
in the US and Europe. Despite these limitations, our study 
successfully assessed the prevalence and risk factors of VTE in 
approximately 9500 Korean patients with multiple traumatic 
events, using data accumulated over 7 years.

Trauma patients have a high risk of developing VTE. The in-
cidence of VTEs after trauma varies widely, ranging from <1% 
to 65%, depending on the demographics of the study popula-
tion, the nature of injuries, and various other factors.11,18,19 

Haut, et al.20, using NTDB data, reported that although the 
overall DVT rate was reported to be 0.76%, there was a differ-
ence in DVT rates between trauma centers that performed 
screening (1.18%) and centers that did not perform screening 
(0.35%). Similarly, Knudson, et al.11 used NTDB data and 
showed that the overall incidence of VTE was 0.36%. The inci-
dence of PE has been reported to be 0.13–20% by several stud-
ies.11,21 

The rate of VTE incidence is known to vary among different 

races and ethnicities. Specifically, the incidence rate in Asians 
is reported to be approximately 70% of the rate in other races. 
Moreover, several studies have shown that the incidence rate 
of VTE in Asians is 3–5-fold lower than that in Caucasians.22 Al-
though there are multiple, clinically helpful published guide-
lines for VTE, these guidelines are based on datasets that rarely 
include Asian populations; therefore, there are several limita-
tions to applying these guidelines in Asian countries. Specifi-
cally, in South Korea, very few studies have been conducted 
on VTE in trauma patients. Of these few studies, Jang, et al.7 
reported that the incidence rate of VTE in the Korean popula-
tion is merely 10–20% of that in the Caucasian population. In 
addition, there are very few studies assessing the VTE of trau-
ma patients in Asia, and the overall incidence rate of VTE in 
Korean trauma patients has never been reported. 

Interestingly, the incidence rate of DVT in the trauma pa-
tients included in our study was similar to the prevalence of 
DVT (0.24–0.76%) reported in US-based studies using NTDB,11,20 
unlike previous studies which showed the prevalence of DVT 
in an Asian population to be lower than that in a Caucasian 
population.7,22 Specifically, a VTE screening tool was not used 
during the data collection period of this study. Considering the 
outcome of NTDB analysis, which stated that the incidence 
rate of VTE in trauma centers without screening protocol was 
approximately 3-fold lower than that of those performing screen-
ings,20 active diagnoses of VTE using a screening tool will prob-
ably result in an increased incidence rate of VTE in Korean 
trauma patients, compared to the outcome of this study. 

The symptoms of VTE are non-specific and unclear; there-
fore, it is difficult to predict the disease and perform examina-
tions solely based on the symptoms. Nonetheless, VTE can 
induce multiple health risks in the patient and PE, in particu-
lar, is a dangerous condition that can be fatal. Therefore, it is 
crucial to predict the possible onset of VTE and prevent the 
condition by monitoring the risk factors of VTE. Multiple 
studies have previously introduced tools to predict potential 
VTE development. The Wells score and Caprine score are 
widely used tools to predict VTE. Although not as many stud-
ies have been performed, there are scoring systems that can 
predict VTE in trauma patients. The TESS, published by Rog-
ers, et al.,13 recommends wearing venous compression boots 
for low risk patients (TESS score of 3–6) and mechanical & 
chemical prophylaxis for higher risk patients (predictive inci-
dence rate of VTE 5–20%; TESS score of ≥7). Greenfield, et al.14 
compiled the RAP for thromboembolism. Using the modified 
Delphi technique, the authors classified known risk factors 
into four categories: underlying conditions, iatrogenic factors, 
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Fig. 4. Comparison of the area under the ROC curve (AUCs) of ROC 
curves. ROC, receiver operating characteristic; RAP, risk assessment 
profile; TESS, trauma embolic scoring system; CI, confidence interval.

Table 3. Comparison of AUCs between RAP and TESS Scores

AUC 95% CI p value Cut-off Sensitivity (95% CI) Specificity (95% CI) Comparison
RAP 0.68 0.67–0.69 <0.001 6 68.3 (57.1–78.1) 54.9 (53.9–55.9)

p=0.027
TESS 0.74 0.73–0.75 <0.001 6 64.6 (53.3–74.9) 77.0 (76.1–77.9)
RAP, Greenfield risk assessment profile; TESS, trauma embolic scoring system; AUC, area under the receiver operating characteristic curve; CI, confidence interval.
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injury-related factors, and age. They defined high risk as a RAP 
score of >5, and in those patients, the incidence of VTE was 2–3 
times that reported in the literature. 

In this study, we assessed the validity of RAP and TESS, which 
have validated applicability in Caucasian trauma patients, as 
predictive tools of VTE risk in Korean trauma patients to dem-
onstrate their clinical utility. In our study, the optimal cut-off 
for RAP and TESS scores was 6. The outcomes of this study 
have shown that increased RAP and TESS scores were corre-
lated with increased VTE rate, with VTE rates of 1% and 1.5% 
for RAP and TESS scores of 6, respectively. In addition, TESS 
scores were more useful than RAP scores. Based on these re-
sults, we believe that RAP and TESS scores can be equally ap-
plied to Korean trauma patients.

The risk factors of VTE in trauma patients are well known, 
and the risk factors in our study are similar to the known risk 
factors. The risk factors identified in the Asian population were 
similar to these factors, including increased ISS, head injury, 
pelvic injury, and spinal cord injury.8-11,23 Based on the multi-
variate analysis of this study, VTE history, pelvic bone fracture, 
number of days on ventilator, and hospitalization period were 
the only significant risk factors. These results indicate that the 
prevention and diagnosis of VTE are crucial in patients with a 
pelvic bone fracture who are under long-term ventilator care. 
However, other risk factors from multiple previous studies were 
not significant in this study, probably due to the retrospective 
nature of this study. In the future, a prospective, multi-centered 
study should be performed to confirm our findings. In addi-
tion, our research had several limitations. First, in this study, 
the VTE diagnostic protocol was not routinely performed dur-
ing data collection. Since VTE was diagnosed based on symp-
toms or medical examinations for other purposes, not all VTE 
cases were screened. Second, since the medical records of pa-
tients over a 7-year period were used, missing data were inevi-
table. Third, due to the limitations of retrospective review, we 
cannot completely exclude the issue of causal inference be-
tween the time of data collection and VTE occurrence. Despite 
these limitations, our study newly identified that the incidence 
rate of VTE in Korean trauma patients is, in fact, similar to that 
in US-based trauma centers. In addition, we demonstrated 
that a higher risk of VTE was observed in Korean trauma pa-
tients requiring long-term ventilator treatment and hospital-
ization due to pelvic bone fracture. Finally, we confirmed that 
RAP and TESS—which are renowned diagnostic tools for 
trauma patients—can be useful as predictive tools for VTE oc-
currence in Korean trauma patients. 

In conclusion, the incidence rate of DVT and PE in Korean 
trauma patients, assessed by our center, was 0.59% and 0.41%, 
respectively. These rates were extremely similar to the incidence 
rates of DVT in US-based trauma centers. Moreover, RAP and 
TESS, which are renowned predictive tools, demonstrated their 
potential as clinical tools to predict VTE occurrence in Korean 
trauma patients. Moreover, patients with pelvic bone fracture 

undergoing long-term ventilator treatment should be more 
carefully examined for possible VTE occurrence. However, 
since information regarding VTE in Korean trauma patients is 
limited, additional analyses, using a more accurate and larger 
dataset, should be performed for appropriate prevention and 
diagnosis of VTE in Korean trauma patients. Specifically, a 
well-planned, prospective study with appropriate protocol and 
screening tools should be conducted in the near future.

AUTHOR CONTRIBUTIONS

Conceptualization: Jonghwan Moon. Data curation: all authors. For-
mal analysis: all authors. Investigation: all authors. Methodology: 
Sunjoo Boo, Hyunjin Oh, Kyungjin Hwang, and Jonghwan Moon. 
Project administration: all authors. Resources: all authors. Software: 
all authors. Supervision: all authors. Validation: all authors. Visualiza-
tion: all authors. Writing—original draft: Sunjoo Boo, Hyunjin Oh, 
and Jonghwan Moon. Writing—review & editing: Sunjoo Boo, Hyun-
jin Oh, and Jonghwan Moon. Approval of final manuscript: all au-
thors.

ORCID iDs

Sunjoo Boo http://orcid.org/0000-0002-0402-614X
Hyunjin Oh http://orcid.org/0000-0003-3756-8962
Kyungjin Hwang http://orcid.org/0000-0002-5922-4186
Kyoungwon Jung http://orcid.org/0000-0001-7895-0362
Jonghwan Moon http://orcid.org/0000-0002-4630-3301

REFERENCES

1. Heit JA. Epidemiology of venous thromboembolism. Nat Rev Car-
diol 2015;12:464-74.

2. Yeo DXW, Junnarkar S, Balasubramaniam S, Tan YP, Low JK, Woon 
W, et al. Incidence of venous thromboembolism and its pharma-
cological prophylaxis in Asian general surgery patients: a system-
atic review. World J Surg 2015;39:150-7.

3. Nakamura M, Yamada N, Ito M. Current management of venous 
thromboembolism in Japan: current epidemiology and advances 
in anticoagulant therapy. J Cardiol 2015;66:451-9.

4. Yhim HY, Jang MJ, Bang SM, Kim KH, Kim YK, Nam SH, et al. In-
cidence of venous thromboembolism following major surgery in 
Korea: from the Health Insurance Review and Assessment Ser-
vice database. J Thromb Haemost 2014;12:1035-43.

5. Lee CH, Lin LJ, Cheng CL, Kao Yang YH, Chen JY, Tsai LM. Inci-
dence and cumulative recurrence rates of venous thromboembo-
lism in the Taiwanese population. J Thromb Haemost 2010;8:1515-
23.

6. Cheuk BLY, Cheung GCY, Cheng SWK. Epidemiology of venous 
thromboembolism in a Chinese population. Br J Surg 2004;91: 
424-8.

7. Jang MJ, Bang SM, Oh D. Incidence of venous thromboembolism 
in Korea: from the Health Insurance Review and Assessment Ser-
vice database. J Thromb Haemost 2011;9:85-91.

8. Rogers FB, Cipolle MD, Velmahos G, Rozycki G, Luchette FA. Prac-
tice management guidelines for the prevention of venous throm-
boembolism in trauma patients: the EAST practice management 
guidelines work group. J Trauma Acute Care Surg 2002;53:142-64.

9. Chu CC, Haga H. Venous thromboembolism associated with 



527

Sunjoo Boo, et al.

https://doi.org/10.3349/ymj.2021.62.6.520

lower limb fractures after trauma: dilemma and management. J 
Orthop Sci 2015;20:364-72.

10. Geerts WH, Bergqvist D, Pineo GF, Heit JA, Samama CM, Lassen 
MR, et al. Prevention of venous thromboembolism: American Col-
lege of Chest Physicians evidence-based clinical practice guide-
lines. Chest 2008;133:381S-453S.

11. Knudson MM, Ikossi DG, Khaw L, Morabito D, Speetzen LS. 
Thromboembolism after trauma: an analysis of 1602 episodes 
from the American College of Surgeons National Trauma Data 
Bank. Ann Surg 2004;240:490-6.

12. Allen CJ, Murray CR, Meizoso JP, Ginzburg E, Schulman CI, Lineen 
EB, et al. Surveillance and early management of deep vein throm-
bosis decreases rate of pulmonary embolism in high-risk trauma 
patients. J Am Coll Surg 2016;222:65-72.

13. Rogers FB, Shackford SR, Horst MA, Miller JA, Wu D, Bradburn E, 
et al. Determining venous thromboembolic risk assessment for pa-
tients with trauma: the Trauma Embolic Scoring System. J Trauma 
Acute Care Surg 2012;73:511-5.

14. Greenfield LJ, Proctor MC, Rodriguez JL, Luchette FA, Cipolle 
MD, Cho J. Posttrauma thromboembolism prophylaxis. J Trauma 
Acute Care Surg 1997;42:100-3.

15. Ho KM, Rao S, Rittenhouse KJ, Rogers FB. Use of the Trauma Em-
bolic Scoring System (TESS) to predict symptomatic deep vein 
thrombosis and fatal and non-fatal pulmonary embolism in se-
verely injured patients. Anaesth Intensive Care 2014;42:709-14. 

16. Meizoso JP, Karcutskie CA 4th, Ray JJ, Ruiz X, Ginzburg E, Namias 
N, et al. A simplified stratification system for venous thromboem-
bolism risk in severely injured trauma patients. J Surg Res 2017; 
207:138-44.

17. Fischer JE, Bachmann LM, Jaeschke R. A readers’ guide to the in-
terpretation of diagnostic test properties: clinical example of sep-
sis. Intensive Care Med 2003;29:1043-51.

18. Geerts WH, Code KI, Jay RM, Chen E, Szalai JP. A prospective study 
of venous thromboembolism after major trauma. N Engl J Med 
1994;331:1601-6.

19. Knudson MM, Collins JA, Goodman SB, McCrory DW. Thrombo-
embolism following multiple trauma. J Trauma 1992;32:2-11. 

20. Haut ER, Chang DC, Pierce CA, Colantuoni E, Efron DT, Haider 
AH, et al. Predictors of posttraumatic deep vein thrombosis (DVT): 
hospital practice versus patient factors-an analysis of the National 
Trauma Data Bank (NTDB). J Trauma 2009;66:994-1001.

21. Barrera LM, Perel P, Ker K, Cirocchi R, Farinella E, Morales Uribe 
CH. Thromboprophylaxis for trauma patients. Cochrane Database 
Syst Rev 2013;(3):CD008303.

22. White RH, Keenan CR. Effects of race and ethnicity on the inci-
dence of venous thromboembolism. Thromb Res 2009;123 Suppl 
4:S11-7.

23. Wong TH, Koh MP, Ng J. Symptomatic venous thromboembolism 
in Asian major trauma patients: incidence, presentation and risk 
factors. Eur J Trauma Emerg Surg 2013;39:495-500.


