
Original Article

Venous thromboembolism in major trauma patients:
a single-center retrospective cohort study of the
epidemiology and utility of D-dimer for screening
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and Atsunori Nakao
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Aim: Venous thromboembolism (VTE) can be a life-threatening complication after major trauma. The aim of this study was to investi-
gate the epidemiology of VTE and to assess the usefulness of D-dimer for screening for VTE in major trauma cases among the
Japanese population.

Methods: We examined a single-center retrospective cohort of severely injured trauma patients who had been admitted to the
emergency intensive care unit at Okayama University Hospital (Okayama, Japan) from April 2013 through to March 2016. Venous
thromboembolism was confirmed by computed tomography angiography and computed tomography venography, which was deter-
mined based on the attending physician monitoring daily D-dimer levels. Independent risk factors for VTE were determined by multi-
ple logistic regression analysis. D-dimer levels were evaluated using area under the receiver operating characteristic curve (AUROC)
to predict VTE.

Results: The study cohort consisted of 204 trauma patients (median Injury Severity Score, 20). Of the 204 patients, 65 (32%) devel-
oped VTE. The median time from admission to VTE diagnosis was 10 days. In multiple logistic regression analysis, higher Injury Sever-
ity Score and the presence of lower extremity fractures were revealed to be a risk factor for VTE. D-dimer levels at day 10 showed
moderate accuracy, of which the AUROC was 0.785 (95% confidence interval, 0.704–0.866; P < 0.001). The cut-off that maximized the
Youden index was 12.45 lg/mL.

Conclusions: At least one of every three major trauma patients had potential development of VTE at a median of 10 days following
admission to the intensive care unit. D-dimer levels on day 10 can be a useful predictor of VTE.
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INTRODUCTION

VENOUS THROMBOEMBOLISM (VTE), which con-
sists of deep venous thrombosis (DVT) and pulmonary

embolism, is a common complication after major trauma
associated with increased mortality and morbidity.1,2 The
incidence of VTE after trauma is reported to vary from
0.36% to 58%, which depends on patient demographics,
study period, detection method, and use and type of VTE
prophylaxis.1,3–7 Incidence also significantly varies by race.

White et al. and Zakai et al. showed that African-Americans
had a significantly higher incidence of VTE compared to
Asian-Pacific Islanders.8,9 Wong et al.10 showed that the
incidence of symptomatic VTE in the Asian trauma popula-
tion was no less than that in Europe and North America.
However, the epidemiology of VTE in major trauma cases
among the Japanese population are poorly documented. In
addition, although D-dimer is useful in excluding DVT with-
out the need for further diagnostic imaging, its predictability
for VTE in major trauma has not been well established.11

We hypothesized that the incidence of VTE in a cohort of
Japanese patients with major trauma would be as high as that
of Europe and North America, and measuring daily D-dimer
levels would be applicable to those who developed VTE.
Therefore, the aim of this study was to: (i) investigate the
epidemiology of VTE, including identifying risk factors; (ii)
define the cut-off point of D-dimer levels for screening for
VTE in major trauma cases among the Japanese population.
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METHODS

Patients and study design

WE UNDERTOOK A single-center retrospective
cohort study of patients treated in the emergency

intensive care unit (ICU) at Okayama University Hospital
(Okayama, Japan). From April 2013 through to March
2016, consecutive trauma patients with an Injury Severity
Score (ISS) greater than 8 were included.1 Patients who
were younger than 16 years old or whose length of hospital
stay was <3 days were excluded.12 Patients who required
chronic dialysis, therapeutic anticoagulation for any reason,
or limitations in therapy due to severe traumatic brain injury
were also excluded. This study was approved by the
Okayama University Hospital ethical committee (ID 1610-
508).

Data collection

The following data or possible risk factors for VTE were
recorded: age, sex, body mass index, mechanism of injury,
daily D-dimer levels, Abbreviated Injury Scale (AIS) for
each of the six body regions, presence or absence of specific
injuries (pelvic fracture, lower extremity fractures, and
spinal cord injuries), need for massive transfusions, which
was defined as transfusions of ≥10 units of red blood cells
delivered within 24 h after hospital arrival, need for major
surgery, ISS, central venous catheter placement days,
mechanical ventilation days, length of ICU and hospital
stay, and treatment of VTE.

Definitions

Proximal DVT and distal DVT were defined as occurring
above the knee and below the knee, respectively.13 Central
venous catheter-related thrombosis was defined according to
whether a catheter had been present in the same or a contigu-
ous venous segment within 72 h prior to the diagnosis.14

Major surgery was defined as one that lasted longer than
2 h.5

Patient management

Intermittent pneumatic compression devices were applied to
all patients after ICU admission unless complicated by leg
injury. In the absence of major or relative contraindications,
including active ongoing bleeding, coagulopathy, severe
head injury, or non-operatively managed solid organ inju-
ries, chemical prophylaxis was initiated according to the
decisions of the attending physician and operating team.

Chemical prophylaxis was defined as i.v. or s.c. low molecu-
lar weight or unfractionated heparin, or s.c. selective Factor
Xa inhibitor before any VTE diagnosis.15 Anticoagulant
therapy for VTE was initiated after diagnosis with computed
tomography (CT) unless the patient had a high risk of
bleeding.

Screening with CT scan was fully based on the attending
physician and team decision after considering the presence
or absence of any symptoms of VTE or daily D-dimer levels
and trends, that is, swelling or tenderness in one leg,
decreasing oxygen saturation, or the abrupt elevation or
upward trend of D-dimer levels after the third hospital day.
However, we did not have specific criteria or a definitive
guide to determine which patients underwent CT, in terms
of D-dimer levels.

Computed tomography imaging was carried out using an
Aquilion 64-row multislice CT (Toshiba Medical Systems,
Okayama, Japan). A total of 100 mL contrast material was
injected i.v. at a rate of 4 mL/s. Patients were scanned with
2-mm-thick sections from the external acoustic opening to
the costophrenic angle during the arterial phase and early
venous phase, which were 22 s and 120 s after the start of
the injection of contrast material, respectively. Computed
tomography venography was carried out with 3-mm-thick
sections from the diaphragm to the feet at 300 s after the
start of injection of contrast material. Presence of VTE was
interpreted by a radiologist. D-dimer levels were measured
using a latex agglutination assay (April 2013–23 March,
2014: CS-5100, Sysmex, Hyogo, Japan; 24 March, 2014–
March 2016: ACL TOP, Mitsubishi Chemical Medience,
Tokyo, Japan). Normal D-dimer level using this assay was
<1.0 lg/mL according to the manufacturer’s instructions.

Statistical analysis

Continuous variables are presented as median and interquar-
tile range values, whereas categorical variables are shown as
frequencies or percentages. Categorical variables were com-
pared using Fisher’s exact probability test. Mann–Whitney
U-test was used to evaluate variables with non-normal distri-
butions. For multiple comparisons with non-normal distribu-
tions, Kruskal–Wallis followed by Bonferroni post-test was
used. Multiple logistic regression analysis was undertaken to
identify risk factors for VTE adjusting covariates including
age, sex, chest AIS of 4 or 5, ISS, presence or absence of
spinal cord injuries or lower extremity fractures, and need
for massive transfusions, which were chosen based on previ-
ous studies.16 The predictive ability of D-dimer levels was
estimated based on area under the receiver operating charac-
teristic curve (AUROC). The suggested cut-off value was
determined using the Youden index. P-values <0.05 were
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considered statistically significant. All analyses were carried
out using IBM SPSS Statistics 22 (IBM SPSS, Chicago, IL,
USA).

RESULTS

Study cohort characteristics

DURING THE 3 -YEAR study period, a total of 460
trauma patients were admitted to the emergency ICU

of our hospital. Of them, 204 patients met the inclusion cri-
teria. Of the 204 patients, 99 (49%) were assessed for VTE
using CT imaging due to elevated D-dimer levels with likely
clinical probability, of whom 65 patients were confirmed to
have VTE. Figure 1 shows the derivation of the study
population and workup for VTE. In the entire cohort, the
incidence of VTE was 32% (65/204).

The demographics of the study group are summarized in
Table 1. The patients with VTE was confirmed to be a
severely injured cohort with significantly higher ISS scores
and who required massive transfusions, major surgery,
mechanical ventilation, and longer length of ICU and hospi-
tal stay. Patients with VTE showed significantly higher D-
dimer levels on days 1, 5, 7, 10, and 14.

Time to event data for VTE is shown in Figure 2. The
median time from admission to VTE diagnosis was 10 days.
Venous thromboembolism was detected in 58 of the 65
patients at first CT examination and in 7 patients at the

second or third exam. Of the 34 patients in whom VTE was
not identified by CT image, 24 were examined by CT once
and 10 were examined twice.

Risk factors for VTE

Univariate analysis showed that risk factors for VTE
included older age, lower extremity fractures, massive
transfusions, chest AIS of 4 or 5, major surgery, higher
ISS score, prolonged placement of central venous catheter,
mechanical ventilation, and longer length of ICU or hospi-
tal stay (Table 1). In multiple logistic regression analysis,
higher ISS and the presence of lower extremity fractures
were revealed to be the significant risk factors for VTE
(Table 2).

Levels of D-dimer for VTE screening

Time-course changes of D-dimer levels among patients with
VTE, those without VTE by CT image, and those without
CT examination are provided in Figure 3. From days 1 to 3,
D-dimer levels substantially decreased in all groups.
Upward trend and higher D-dimer levels were confirmed
after day 3 among patients who were examined for VTE
using CT image regardless of the presence or absence of
VTE.

D-dimer levels at day 10, which was the median time
from admission to VTE diagnosis, showed moderate

Fig. 1. Flow diagram of study subjects, consisting of Japanese patients with major trauma, and workup for venous thromboembolism

(VTE). CT, computed tomography; ISS, Injury Severity Score; TBI, traumatic brain injury.
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accuracy; the AUROC was 0.785 (95% confidence interval
[CI]; 0.704–0.866; P < 0.001). The cut-off that maximized
the Youden index was 12.45 lg/mL with sensitivity and
specificity of 0.723 (95% CI, 0.645–0.785) and 0.803 (95%
CI, 0.720–0.869), respectively.

Treatment and outcomes

Of the 65 patients with VTE, 58 (89%) who were considered
to be at low risk of bleeding were treated with anticoagulants
immediately after diagnosis of VTE. Forty-two patients were

treated with unfractionated heparin followed by warfarin
(n = 9), and selective Factor Xa inhibitor (n = 6). All
patients were asymptomatic and had no clinical manifesta-
tions at VTE diagnosis through hospital discharge. All
patients in the cohort survived to hospital discharge.

DISCUSSION

THIS IS THE first study to investigate the epidemiology
of VTE in major trauma cases in Japan. We found that

VTE was detected in nearly one of every three major trauma

Table 1. Demographics of study patients with major trauma in whom D-dimer was retrospectively assessed for screening for

venous thromboembolism (VTE)

Characteristic All patients

n = 204

(+) VTE
n = 65

(�) VTE

n = 139

P-value

Age, years 49 (31, 67) 56 (40, 73) 43 (27, 67) 0.019

Male, n (%) 144 (71) 46 (71) 98 (71) 1.000

Body mass index, kg/m2 22.4 (20.3, 25.2) 22.8 (21.0, 25.7) 22.3 (20.2, 25.0) 0.371

Blunt mechanism of injury, n (%) 200 (98) 65 (100) 135 (97) 0.309

D-dimer, lg/mL

Day 1 19.5 (5.4, 45.7) 25.2 (10.9, 77.7) 13.4 (4.6, 40.5) 0.002

Day 5 6.4 (3.3, 11.3) 9.7 (5.5, 13.3) 5.2 (2.8, 8.9) <0.001
Day 7 10.0 (5.8, 18.0) 13.6 (8.0, 22.5) 7.7 (3.9, 13.6) <0.001
Day 10 13.0 (7.7, 24.9) 20.8 (13.2, 27.9) 9.3 (5.9, 13.5) <0.001
Day 14 13.7 (8.7, 22.7) 19.5 (11.5, 29.2) 9.7 (7.0, 14.0) <0.001

Head AIS of 4 or 5, n (%) 74 (36) 28 (43) 46 (33) 0.211

Chest AIS of 4 or 5, n (%) 51 (25) 26 (40) 25 (18) 0.002

Abdominal AIS of 4 or 5, n (%) 10 (5) 5 (8) 5 (4) 0.295

Pelvic fracture, n (%) 41 (20) 17 (26) 24 (17) 0.189

Lower extremity fracture, n (%) 47 (23) 22 (34) 25 (18) 0.020

Spinal cord injury, n (%) 12 (6) 6 (9) 6 (4) 0.203

Required MTs, n (%) 35 (17) 22 (34) 13 (9) 0.009

Major surgery, n (%) 127 (62) 49 (75) 78 (56) 0.009

Injury Severity Score 20 (13, 30) 30 (18, 38) 17 (13, 26) <0.001
CVC placement, days 7 (2, 11) 7 (4, 11) 6 (0, 12) <0.001
Length of ICU stay days 8 (4, 17) 15 (8, 25) 5 (3, 12) <0.001
Length of hospital stay, days 18 (12, 28) 26 (19, 34) 15 (8, 22) <0.001
Mechanical ventilation, n (%) 120 (59) 53 (82) 67 (48) <0.001
Mechanically ventilated days 3 (0, 15) 13 (5, 25) 0 (0, 6) <0.001
CT, n (%) 99 (49) 65 (100) 34 (24) <0.001
VTE, n (%) 65 (32)

PE, n (%) 33 (16)

Proximal DVT, n (%) 44 (22)

Distal DVT, n (%) 34 (17)

CRT, n (%) 22 (34)

Chemical prevention for VTE, n (%) 17 (8) 6 (9) 11 (8) 0.788

P values were calculated using Fisher’s exact probability test or Mann–Whitney U test. Data are number (%) or median (interquartile range).
AIS, Abbreviated Injury Scale; CT, computed tomography; CVC, central venous catheter; CRT, central venous catheter-related thrombosis;

DVT, deep venous thrombosis; ICU, intensive care unit; MT, massive transfusion; PE, pulmonary embolism.
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patients at a median of 10 days following ICU admission.
Higher ISS and the presence of lower extremity fractures
were identified as the significant risk factors for VTE among
a cohort of severely injured trauma patients. Our results also
suggested that D-dimer levels at 10 days following admis-
sion could be a useful predictor of VTE.

Venous thromboembolism potentially leads to life-threa-
tening complications after traumatic injury, which remains
a major problem worldwide.1,2 However, the epidemiology
of VTE after major trauma in Japanese patients has not
been well evaluated. Niikura et al.17 showed that the inci-
dence of VTE in Japanese patients with pelvic and/or lower
extremity fractures was 19%, whereas Masuda et al.18

showed that the incidence of DVT with cervical spinal cord

injury was 10%. Our study found that the incidence of
VTE among a cohort of trauma patients with severe injury
(median ISS, 20) was 32%, which was as high as previ-
ously reported, or higher.1–7

Diagnosis and incidence of DVT depends on the method
of detection. Either Doppler or duplex ultrasound screening
have been used as the gold standard in major studies.11,12,14

Although ultrasound can be carried out at the bedside non-
invasively without contrast material, the diagnostic accuracy
is extremely sensitive to the experience of the examiner.19

Also, associated injuries often limit the complete screening,
which possibly leads to poor accuracy in the detection of
DVT.20 Combined CT pulmonary angiography and CT
venography, as used in our study, have advantages over
ultrasound in terms of one test for both DVT and pulmonary
embolism and high diagnostic accuracy.

As CT is not always available, however, D-dimer is often
used for VTE screening.21 Niikura et al.22 showed the use-
fulness of D-dimer in predicting VTE in patients with pelvic
or lower extremity fractures that require surgery. The cut-off
level of D-dimer was 15.2 lg/mL at day 7 after injury. Our
results suggested that the measurement of D-dimer at
approximately 10 days after trauma could be helpful in
determining further diagnostic research to identify VTE.

Various risk factors have been identified as being associ-
ated with VTE in trauma patients.1,5,23–25 Our results, in
which higher ISS and the presence of lower extremity frac-
tures were the significant risk factors for VTE, were consis-
tent with data from prior studies.16

Fig. 2. Time-to-event data for venous thromboembolism in Japanese patients with major trauma. Black bar indicates median value.

The median time from admission to venous thromboembolism diagnosis was 10 days.

Table 2. Multiple logistic regression analysis of risk factors

for venous thromboembolism in Japanese patients with

major trauma

Risk factor Odds ratio (95% CI) P-value

Age 1.02 (1.00–1.03) 0.078

Sex, male 1.33 (0.62–2.88) 0.464

Chest AIS of 4 or 5 1.24 (0.53–2.94) 0.622

Spinal cord injury 1.65 (0.43–6.29) 0.462

Lower extremity fracture 2.19 (1.02–4.70) 0.044

Injury Severity Score 1.06 (1.02–1.10) 0.004

Massive transfusion 2.38 (0.98–5.80) 0.055

AIS, Abbreviated Injury Scale; CI, confidence interval.
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This study has several limitations. First, there were no
defined criteria in terms of D-dimer levels to perform CT
imaging, which was considered to be a weak point of this
retrospective study. Although the patient group that did not
undergo CT, who were considered unlikely to have VTE,
showed significantly lower D-dimer levels over the clinical
course compared with the CT group, it might be insufficient
to exclude the diagnosis of VTE. Heterogeneity of traumatic
injuries would prevent CT examination for all patients at a
proper time with strict protocol adherence. Second, we mea-
sured only short-term outcomes. Although the rate of VTE
in patients with pelvic fractures, vertebral fractures, or spinal
cord injuries was highest in the first 3 months after injury,26

the risk of VTE persists for up to 1 year in patients with
traumatic brain injury.27 Some patients in our study might
be discharged prior to development of VTE. Third, introduc-
tion of thromboprophylaxis and initiation of anticoagulants
for VTE were completely at the attending physician’s discre-
tion and operating team; therefore, we could not suggest any
optimal management for VTE from our study. Finally, con-
sideration of the cost-effectiveness of VTE management
should be required.

Nevertheless, we were the first to investigate the epidemi-
ology of VTE and confirm the clinical effectiveness of
D-dimer for screening for VTE in major trauma cases among
Japanese patients. The incidence of VTE in major trauma
was as high as previous reports, or higher.

Assessment of this life-threatening complication after
major trauma using D-dimer assay may be helpful for risk
management in the rehabilitation setting. Future studies are
required to identify further effective VTE screening and
management strategies.

CONCLUSIONS

OUR FINDINGS SUGGESTED that VTE was assu-
med to be potentially detected in nearly one of

every three major trauma patients at a median of 10 days
following ICU admission. Higher ISS and the presence
of lower extremity fractures were determined as signifi-
cant risk factors for VTE among a cohort of severely
injured trauma patients. Our results also suggested that
D-dimer levels at 10 days following admission could be
a useful predictor of VTE.

Fig. 3. Changes in D-dimer levels from time of injury to day 14 among Japanese patients with major trauma. Patients are grouped

according to the presence of venous thromboembolism ((+) VTE), without VTE by computed tomography (CT) imaging ((�) VTE), and

without CT examination ((�) CT). *P < 0.05, significant difference between (+) VTE and (�) VTE groups. †P < 0.05, †††P < 0.001,

significant difference between (�) VTE and (�) CT image groups.
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