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Purpose: The aim of this study was to investigate the epidemiology of trauma inpatients with ve-
nous thromboembolism (VTE) symptoms diagnosed using computed tomographic angiography
(CTA) in Korea.

Methods: In total, 7,634 patients admitted to the emergency department of Gachon University Gil
Medical Center, a tertiary hospital, and hospitalized between July 1, 2018 and December 31, 2020
were registered for this study. Of these patients, 278 patients who underwent CTA were enrolled in
our study.

Results: VTE was found in 120 of the 7,634 patients (1.57%), and the positive diagnosis rate of the
278 patients who underwent CTA was 43.2% (120 of 278). The incidence of VTE was statistically sig-
nificantly higher among those with severe head and neck injuries (Abbreviated Injury Scale, 3-5)
than among those with nonsevere head and neck injuries (Abbreviated Injury Scale, 0-2; P=0.038).
In a subgroup analysis, the severe and nonsevere head and neck injury groups showed statistically
significant differences in known independent risk factors for VTE. In logistic regression analysis,
the adjusted odds ratio of severe head and neck injury (Abbreviated Injury Scale, 3-5) for VTE was
1.891 (95% confidence interval, 1.043-3.430).

Conclusions: Trauma patients with severe head and neck injuries are more susceptible to VTE than
those with nonsevere head and neck injuries. Thus, physicians must consider CTA as a priority for
the diagnosis of VTE in trauma patients with severe head and neck injuries who show VTE-associ-

ated symptoms.
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INTRODUCTION

Venous thromboembolism (VTE), which clinically manifests as
pulmonary thromboembolism (PTE) and deep vein thrombosis
(DVT), is a significant cause of posttraumatic mortality and mor-
bidity [1-3]. Because trauma is a risk factor for VTE, prompt diag-
nosis of VTE is important for patients admitted due to trauma [4].
The overall incidence of VTE among trauma inpatients ranges
widely from 0.36% to 1.8%, depending on aspects of study design
such as the population and the nature of patients’ injuries [1,5-7].
VTE can be diagnosed using ultrasonography, magnetic reso-
nance imaging, and computed tomography (CT) [8]. Currently,
computed tomographic angiography (CTA) is the modality of
choice for VTE diagnosis owing to its high sensitivity and speci-
ficity (90% and 95%, respectively) [9-11]. Despite its usefulness,
CTA is expensive and poses a risk of contrast-induced allergic re-
actions or nephropathy, and a report has suggested that it can
cause delayed radiation-induced solid tumors. For these reasons,
routine evaluation using CTA is a difficult decision for physicians
[12-14]. Some rule-out criteria can help differentiate VTE. It has
been reported that patients who meet all eight criteria in the pul-
monary embolism rule-out criteria rule (e.g., age > 50 years, re-
cent trauma or surgery) do not require further evaluation, in-
cluding a D-dimer test, for a differential diagnosis of PTE [8,15].
Furthermore, the YEARS diagnostic algorithm can significantly
reduce the use of CT for the diagnosis of PTE in patients suspect-
ed to have acute PTE using the D-dimer level and three YEARS
items (clinical signs of DV'T, hemoptysis, PTE the most likely di-
agnosis) [16]. Wells’ criteria (clinical signs of DV'T, 3 points, heart
rate > 100 beats/min, recent surgery or immobilization; previous
PTE or DVT, 1.5 points, hemoptysis, malignancy; alterative diag-
nosis less likely than PTE, 1 point) are known to reliably exclude
DVT based on a score of below 1 [17]. However, the fact that
trauma patients often have VTE risk factors, such as the patho-
logic effects of trauma and a history of surgery, hinders the appli-
cation of the above criteria for diagnostic purposes [4]. VTE pre-
diction models can be applied to trauma patients. The Trauma
Embolic Scoring System and Greenfield risk assessment profile
can be used as appropriate calibration tools for predicting VTE in
severely injured trauma patients. The Trauma Embolic Scoring
System can predict VTE based on trauma patients’ Injury Severi-
ty Score (ISS), age, use of mechanical ventilation, obesity status,
and lower limb injuries [18]. The risk assessment profile can pre-
dict the likelihood of PTE by considering underlying conditions,
iatrogenic factors, Abbreviated Injury Scale (AIS) score, and the
Glasgow Coma Scale score [19]. However, although these predic-
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tion models can be used for prediction, they are inappropriate as
VTE rule-out criteria to reduce the use of CTA. Furthermore, re-
lated research on trauma patients in Korea is scarce.

The aim of this study was to shed light on the epidemiology of
trauma inpatients with VTE symptoms diagnosed based on CTA
and to compare VTE-positive and VTE-negative patients to
identify the factors associated with VTE, thereby ultimately as-
sisting in the decision to perform CTA.

METHODS

Ethical statements
The study protocol was approved by the Institutional Review
Board of Gachon University Gil Medical Center (No. GBIRB

2021-230). The requirement for informed consent was waived.

Study design

For this retrospective study, the patient identifications of 7,634
patients admitted to the emergency department of Gachon Uni-
versity Gil Medical Center, a tertiary hospital, and hospitalized
between July 1, 2018 and December 31, 2020 were acquired from
the Korean Trauma Data Bank (KTDB). These patient identifica-
tions were entered into the picture archiving communications
system to determine whether CTA was performed. A total of 278
patients underwent CTA, and these patients were enrolled in our
study (Fig 1). Information regarding patient epidemiology was
selected in consideration of the factors associated with VTE re-
ported in previous studies [1-3,20-22]. From the KTDB, we ob-
tained the following information about patients who underwent
CTA: age, sex, ISS (mild and moderate, < 16; severe, 16-24; criti-
cal, >24), AIS (head and neck, face, chest, abdomen, extremities,
and pelvis), admission to the intensive care unit (ICU), and

length of ICU stay (days). An electronic medical record review

7,634 All trauma patients
admitted to hospital

7,356 Patients did not underwent
pulmonary CT arteriography or
femoral CT angiography

A4

A 4
278 Patients underwent
pulmonary CT
arteriography or femoral
CT angiography

|
v v

120 Venous 158 Venous
thromboembolism (+) thromboembolism (—)

Fig. 1. Flowchart of patient selection. CT, computed tomography.
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was performed to confirm that CTA was performed on patients
suspected of having VTE based on the attending physician’ clini-
cal decision regarding symptoms such as dyspnea; chest pain; hy-
poxemia; low oxygen saturation upon monitoring; high oxygen
demand; swelling, pain, erythema of the lower extremities; and
elevated D-dimer levels. Information regarding the use of a me-
chanical ventilator, length of mechanical ventilation (days), phar-
macologic prevention of VTE, use of intravenous (IV) tranexam-
ic acid, major surgery, pelvic fracture, lower extremity fracture,
spinal cord injury, and D-dimer levels were obtained from the
electronic medical record.

Definitions

In this study, an ISS score below 16 was considered to indicate a
mild or moderate injury, a score of 16 to 24 was considered in-
dicative of a severe injury, and a score 25 or higher was consid-
ered to indicate a critical injury [23-25]. The AIS uses a scale
from 1 to 5, with 1 for minor, 2 for moderate, 3 for severe (not
life-threatening), 4 for severe (life-threatening), and 5 for critical
(survival uncertain) [26]. In this study, an AIS score of 0 to 2 was
defined as indicating a nonsevere injury (no to mild injury), and
AIS scores of 3 to 5 were defined as indicating a severe injury (se-
vere to critical injury). The tertiary hospital used enoxaparin (40
mg or 60 mg, administered subcutaneously) as the standard pro-
tocol for the pharmacologic prevention of VTE in trauma pa-
tients. The hospital used IV tranexamic acid as a hemostatic
agent to prevent or manage early excessive bleeding.

Statistical analysis

Data were statistically analyzed using IBM SPSS ver. 24.0 (IBM
Corp., Armonk, NY, USA). A univariate analysis was conducted
for noncontinuous variables using the chi-square test, and
non-normally distributed continuous variables were analyzed us-
ing the Mann-Whitney U-test. The factors associated with VTE
onset were identified using logistic regression analysis. A P-value
lower than 0.05 was considered to indicate statistical significance.

RESULTS

A total of 7,634 trauma patients were registered in the KTDB
from July 1, 2018 to December 31, 2020. After excluding 7,356
patients who did not undergo pulmonary and/or femoral CTA,
278 patients were included in the final analysis (Fig. 1). Of 7,634
patients, 120 developed VTE, corresponding to an incidence rate
of 1.57% (120 of 7,634), and the positive diagnosis rate of the 278
patients who underwent CTA was 43.2% (120 of 278) (Fig. 1).
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The clinical characteristics of the VTE-positive and VTE-nega-
tive groups, as determined using CTA, were compared. The inci-
dence of VTE was significantly higher among those with severe
head and neck injuries (AIS, 3-5) than among those with nonse-
vere head and neck injuries (AIS, 0-2; P=0.038). There was no
statistically significant difference in age between the VTE-posi-
tive group (median, 66.5 years; interquartile range, 52.3-78.0
years), and the VTE-negative group (median, 63.6 years; inter-
quartile range, 43.0-80.3). The two groups also did not show sta-
tistically significant differences in sex, ISS, AIS (chest, abdomen,
extremities, and pelvis), pharmacologic prevention of VTE, use
of IV tranexamic acid, major surgery, pelvic fracture, lower ex-
tremity fracture, spinal cord injury, admission to the ICU, length
of ICU stay (days), use of a mechanical ventilator, length of me-
chanical ventilation (days), and D-dimer levels. Only two and
three patients in the severe injury AIS group (3-5) had AIS (face)
and AIS (other) scores, respectively, so those parameters were ex-
cluded from the results (Table 1).

Subgroup analyses were performed for head and neck injuries,
which showed a statistically significant difference between the
two groups. The severe head and neck injury and nonsevere head
and neck injury groups showed statistically significant differences
in ISS (P<0.001), use of IV tranexamic acid (P <0.001), lower
extremity fracture (P <0.001), spinal cord injury (P <0.001), ad-
mission to the ICU (P <0.001), length of ICU stay (days;
P <0.001), use of a mechanical ventilator (P <0.001), and length
of mechanical ventilation (days; P=0.018) (Table 2).

To analyze the factors associated with VTE onset, logistic re-
gression analysis was performed with age, sex, head and neck in-
jury, extremities or pelvis injury, and ISS. The adjusted odds ratio
for VTE was 1.891 (95% confidence interval, 1.043-3.430) in pa-
tients with severe head and neck injuries (AIS, 3-5) (Table 3).

DISCUSSION

Even though posttraumatic VTE is an important complication
considering its mortality and morbidity, the epidemiology of
VTE in trauma patients in Korea is not well known. In a large-
scale German study, Paffrath et al. [1] reported that the overall
incidence of VTE in inpatients with trauma was 1.8% (146 of
7,937). In their study of 450,000 trauma patients in the United
States, Knudson et al. [5] reported a VTE incidence of 0.36%
(1,602 of 450,375). Wong et al. [6] found that the incidence of
posttraumatic VTE in an Asian population was 0.39% (34 of
8,615) based on a Singaporean database. Boo et al. [7] reported
an overall incidence of VTE of 0.87% (82 of 9,472) among Kore-
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Table 1. Baseline characteristics and demographic features of patients

Characteristic Total VTE (+) VTE () P-value
Total 278 (100) 120 (43.2) 158 (56.8)
Sex 0.738
Male 159 (57.2) 70 (58.3) 89 (56.3)
Female 119 (42.8) 50 (41.7) 69 (43.7)
Age (yr), median (IQR) 64.5 (47.5-80.0) 66.5 (52.3-78.0) 63.0 (43.0-80.3) 0.416
VTE . 120 (43.2) . .
Pulmonary thromboembolism 60 (50.0)
Deep vein thrombosis 96 (80.0)
ISS of patients 0.076
Mild and moderate (<16) 187 (67.3) 75 (62.5) 112 (70.9)
Severe (16-24) 61 (21.9) 34 (28.3) 27 (17.1)
Critical (>24) 30 (10.8) 11(9.2) 19 (12.0)
ATS of patients
Head and neck 0.038
0-2 220 (79.1) 88 (73.3) 132 (83.5)
3.5 58 (20.9) 32(26.7) 26 (16.5)
Chest 0.536
0-2 218 (78.4) 92 (76.7) 126 (79.7)
3-5 60 (21.6) 28 (23.3) 32(20.3)
Abdomen 0.338
0-2 251 (90.3) 106 (88.3) 145 (91.8)
3-5 27 (9.7) 14 (11.7) 13 (8.2)
Extremities and pelvis 0.447
0-2 141 (50.7) 64 (53.3) 77 (48.7)
3-5 137 (49.3) 56 (46.7) 81 (51.3)
Independent risk factor
Chemical prevention of VTE 94 (33.8) 40 (33.3) 54 (34.2) 0.883
Use of IV tranexamic acid 69 (24.8) 34 (28.3) 35(22.2) 0.237
Major surgery 226 (81.3) 100 (83.3) 126 (79.7) 0.448
Pelvic fracture 42 (15.1) 13 (10.8) 29 (18.4) 0.083
Lower extremity fracture 178 (64.0) 76 (63.3) 102 (64.6) 0.833
Spinal cord injury 33(11.9) 17 (14.2) 16 (10.1) 0.302
Admission to ICU 134 (48.2) 64 (53.3) 70 (44.3) 0.136
Length of ICU stay (day) 134 (100) 64 (47.8) 70 (52.2) 0.459
Median (IQR) 4.0 (2.0-10.0) 5.0 (2.0-10.0) 4.0 (2.0-8.3)
Use of mechanical ventilator 76 (27.3) 33 (27.5) 43 (27.2) 0.958
Length of mechanical ventilation (day) 76 (100) 33 (43.4) 43 (56.6) 0.635
Median (IQR) 4.0 (1.0-7.0) 4.0 (1.0-7.0) 3.0 (1.0-8.0)
D-dimer (n=204) 0.211
Elevation 202 (99.0) 89 (100) 113 (98.3)
Nonelevation 2(1.0) 0 2(1.7)
Median (IQR) 6,526 6,338 6,640 0.656
(3,600-14,261) (4,004-12,950) (2,480-14,806)

Values are presented as number (%), unless otherwise indicated.
VTE, venous thromboembolism; IQR, interquartile range; ISS, Injury Severity Score; AIS, Abbreviated Injury Scale; IV, intravenous; ICU, inten-
sive care unit.
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Table 2. Subgroup analysis between patients with severe and nonsevere head and neck injuries
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Characteristic Severe head and neck injury” Nonsevere head and neck injury” P-value
Total 58 (100) 220 (100)
VTE 0.038
- 26 (44.8) 132 (60.0)
+ 32(55.2) 88 (40.0)
Pulmonary thromboembolism 16 (50.0) 44 (50.0)
Deep vein thrombosis 28 (87.5) 68 (77.3)
ISS of patients <0.001
Mild and moderate (<16) 10 (17.2) 177 (80.5)
Severe (16-24) 29 (50.0) 32 (14.5)
Critical (>24) 19 (32.8) 11 (5.0)
Independent risk factor
Chemical prevention of VTE 15 (25.9) 79 (35.9) 0.150
Use of IV tranexamic acid 35 (60.3) 34 (15.5) <0.001
Major surgery 47 (81.0) 179 (81.4) 0.954
Pelvic fracture 10 (17.2) 32 (14.5) 0.610
Lower extremity fracture 21 (36.2) 157 (71.4) <0.001
Spinal cord injury 18 (31.0) 15 (6.8) <0.001
Admission to ICU 50 (86.2) 84 (38.2) <0.001
Length of ICU stay (day) (n=134) 50 (37.3) 84 (62.7) <0.001
Median (IQR) 9.5 (4.0-14.0) 3.0 (1.0-6.0)
Use of mechanical ventilator 37 (63.8) 39 (17.7) <0.001
Length of mechanical ventilation (day) (n=76) 37 (48.7) 39 (51.3) 0.018
Median (IQR) 5.0 (3.0-8.0) 2.0 (0.0-6.0)
D-dimer (n=204) 0.437
Elevation 47 (100) 155 (98.7)
Nonelevation 0 2 (1.3)
Median (IQR) 7,900 6,100 0.292
(4,760-1,4020) (3,417-14,556)
Values are presented as number (%), unless otherwise indicated.
VTE, venous thromboembolism; ISS, Injury Severity Score; IV, intravenous; ICU, intensive care unit; IQR, interquartile range.
 Abbreviated Injury Scale, 3-5; Y Abbreviated Injury Scale, 0-2.
Table 3. Logistic regression analysis for venous thromboembolism
. Unadjusted Adjusted
Variable - :
QOdds ratio 95% CI Odds ratio 95% CI
Age 1.008 0.997-1.020 1.012 0.999-1.025
Male sex 0.921 0.570-1.489 0.819 0.477-1.405
Head or neck injury
AIS (0-2) Reference Reference
AIS (3-5) 1.846 1.030-3.309 1.891 1.043-3.430
Extremities or pelvis injury = =
AIS (0-2) Reference
AIS (3-5) 0.832 0.517-1.338
ISS of patients - -
Mild and moderate (<16) Reference
Severe (16-24) 1.880 1.049-3.371
Critical (>24) 0.865 0.389-1.920

CI, confidence interval; AIS, Abbreviated Injury Scale; ISS, Injury Severity Score.
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an trauma patients in their 2021 study. The overall incidence of
VTE among trauma inpatients found in this study was 1.57%
(120 of 7,634), which is similar to other results. Conventionally,
VTE incidence is known to be lower in Asian populations than
in Western populations [27]. Based on our and previous study
findings, there seems to be no marked difference in VTE inci-
dence among trauma patients in different populations.

Yumoto et al. [28] reported a VTE diagnosis rate of 32% (65 of
204) among patients with symptoms of posttraumatic VTE based
on CT performed at the physicians discretion. In our study, the
rate was 43.2% (120 of 278). Considering these diagnosis rates,
the diagnosis should be made aggressively in trauma patients
with VTE-associated symptoms.

The incidence of VTE among patients with head injuries has
been extensively studied. Van Gent et al. [29] reported that VTE
incidence was higher among patients with isolated traumatic
brain injuries who had higher mean head-AIS scores. Knudson
et al. [5] stated that a head-AIS score of 3 or higher was a signifi-
cant independent risk factor for VTE. Our results showed that
the VTE rate was higher among patients with severe head and
neck injuries (AIS, 3-5) than in patients with no to moderate
head and neck injuries (AIS, 0-2) (Table 1). Furthermore, logistic
regression analysis revealed that the adjusted odds ratio for VTE
was 1.891 (95% confidence interval, 1.043-3.430) in the severe
head and neck injury group (AIS, 3-5) (Table 3). Regarding these
results, Nekludov et al. [30] reported that elevated levels of inter-
leukin 6 are observed in the blood samples and cerebrospinal flu-
id samples of patients with isolated traumatic brain injuries and
that interleukin 6 may be associated with thrombus generation
by increasing the release of acute-phase reactants such as fibrino-
gen. Mackman [31] argued that after an injury, increased tissue
factor release activates the extrinsic clotting cascade. It seems that
this mechanism underlies the increased incidence of VTE among
patients with traumatic brain injury. Knudson et al. [5] found
that lower extremity fracture (AIS > 3), head injury (AIS >3),
and major operative procedures were independent risk factors
for VTE, and Yumoto et al. [28] reported that a higher risk of ISS
score, mechanical ventilation, and longer length of ICU stay were
risk factors for VTE. Myers et al. [22] also stated that the use of
tranexamic acid was an independent risk factor for VTE. These
risk factors are equivalent to the characteristics of patients with
severe head and neck injuries obtained through the subgroup
analysis in our study. Our subgroup analysis showed that the se-
vere and nonsevere head and neck injury groups differed signifi-
cantly in the ISS score, use of IV tranexamic acid, lower extremi-
ty fracture, spinal cord injury, admission to the ICU, length of
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ICU stay, use of mechanical ventilator, and length of mechanical
ventilation (Table 2). It is speculated that the incidence of VTE
may be higher among patients with severe head and neck injuries
because these patients already have various VTE risk factors. By-
rne et al. [32] reported that early pharmacologic VTE prophylax-
is can significantly reduce the incidence of VTE in patients with
traumatic brain injury and that pharmacologic VTE prophylaxis
can be initiated stably within 72 hours for patients who show sta-
ble intracranial hemorrhage on repeated head CT examinations.
As patients with head and neck injuries are highly likely to devel-
op VTE, early pharmacologic prophylaxis should be adminis-
tered to these patients.

In this study, we attempted to analyze epidemiological differ-
ences among patients with posttraumatic VTE-associated symp-
toms based on their diagnosis of VTE using CTA. No statistically
significant differences were found between VTE-positive and
VTE-negative patients in known risk factors for VTE, except for
the severity of head and neck injuries. Knudson et al. [5] identi-
fied age >40 years, lower extremity fracture (AIS >3), head inju-
ry (AIS >3), >3 days on ventilation, venous injury, and major
operative procedures as independent risk factors for VTE. In our
study, the characteristics of the patients who underwent CTA
were as follows: the median of total age, 64.5 years (interquartile
range, 47.5-80.0 years); major surgery, 81.3% (226 of 278); lower
extremity fracture, 64.0% (178 of 278); the median of the length
of mechanical ventilation, 4.0 days (interquartile range, 1.0-7.0
days). This shows that patients who underwent CTA had the
abovementioned risk factors for VTE. The attending physician
probably considered CTA for patients at high risk of VTE, such
as immobilized patients undergoing major orthopedic surgery.
Therefore, patients with similar epidemiological characteristics
were enrolled in this study. Hence, the lack of a statistically signif-
icant difference in the known VTE risk factors between the
VTE-positive and VTE-negative groups, with the exception of
head and neck injury severity, may have been because CTA was
performed on symptomatic patients who already had VTE risk
factors. This study is significant in that it sheds light on the need
to consider CTA for VTE diagnosis in trauma inpatients with se-
vere head and neck injuries who have VTE risk factors and show
relevant symptoms.

D-dimer is known to be a useful parameter for avoiding un-
necessary tests, such as CT, by ruling out VTE based on its high
negative predictive value [28,33,34]. However, trauma patients
have elevated D-dimer levels due to the pathological process of
trauma itself [21]. Matsumoto et al. [35] reported that there were
no significant differences in the D-dimer level among patients
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with spinal cord injuries, which are considered severe traumatic
injuries, according to their DVT diagnosis results. In our study,
the median D-dimer level was 6,338 ng/mL (interquartile range,
4,004-12,950 ng/mL) in the VTE-positive group and 6,640 ng/
mL (interquartile range, 2,408-14,806 ng/mL) in the VTE-nega-
tive group, showing that these patients had markedly elevated
D-dimer levels relative to the normal values, even considering
age-adjusted D-dimer cutoft values. Two patients in the negative
group had values below the cutoff value, and the negative group
had a higher median value (Table 1). Thus, according to our re-
sults, the D-dimer level is inadequate as a single screening factor
for VTE detection in trauma patients. Yumoto et al. [28] reported
that VTE occurred within a median of 10 days from hospitaliza-
tion in trauma patients and that the D-dimer level after about 10
days of admission had moderate accuracy as a predictor of VTE
onset. We observed during our data collection that D-dimer test-
ing was sometimes not performed and serial examinations were
rarely performed in trauma patients. Serial D-dimer levels from
admission to 10 days later may be meaningful for trauma pa-
tients anticipated to have a prolonged hospital stay.

This study has a few limitations. First, this was a retrospective
study, and the final analysis was performed on patients who un-
derwent CTA. The decision to perform CTA was made at the
discretion of the clinician based on patients presentation of signs
or symptoms known to be risk factors for VTE. However, this
leaves our study vulnerable to selection bias, as patients who de-
veloped VTE without undergoing CTA were not included. Thus,
prospective studies with a strict study design including screening
tests such as venous ultrasound for an early diagnosis of VTE are
required.

Second, this was a single-center study. While data from 7,634
patients registered in the KTDB were reviewed, only 278 patients
were enrolled in the study due to the rare nature of the disease.
Thus, a large-scale multicenter study is needed to produce more
statistically significant results.

In conclusion, there is no marked difference in the incidence of
VTE among inpatients with trauma across populations. Trauma
patients with severe head and neck injuries were found to be
more susceptible to VTE than those with nonsevere head and
neck injuries. Thus, attending physicians must consider CTA as a
priority for the diagnosis of VTE in trauma patients with severe
head and neck injuries who show VTE-associated symptoms.
Aggressive and routine measurements for VTE can effectively re-
duce the incidence of clinically significant VTE and enable an
early diagnosis of VTE in trauma patients. Attending physicians
should be aware of and predict VTE risk factors and symptoms
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in trauma patients, and healthcare facilities should develop a
VTE prevention and diagnosis protocol for this group of patients.
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