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Abstract
Introduction Thrombo-embolic events after trauma are con-
sidered to be life-threatening complications. Our aim was to
determine the incidence of arterial and venous thrombo-
embolic events (TE) in severely-injured trauma patients, and
its associated risk factors by using a large trauma registry.

Methods Patients' data from the TraumaRegister DGU®
(TR-DGU) were screened for TE (DVT [symptomatic
deep vein thrombosis], PE [symptomatic pulmonary em-
bolism], MI [myocardial infarction], and stroke) through
the clinical course of severely injured adult trauma pa-
tients from January 2005 to December 2012. Univariate
analysis was used to compare the clinical outcomes (end-
points: mortality, ICU and hospital length of stay, venti-
lator days), and a multivariate regression analysis was
used to assess the independent risk factors associated
with each TE event.
Results From a cohort of 40,846 trauma patients, 1122
(2.8 %) patients developed a TE during their post-
traumatic clinical course (313, 0.8 % DVT; 425,
1.0 % PE; 160, 0.4 % MI and 231, 0.6 % stroke).
ICU length of stay [LOS], total LOS, days on mechan-
ical ventilation, and incidence of multiple organ failure
(MOF) and sepsis were significantly increased in pa-
tients with TE complications. Injury severity, major pel-
vic injury, and one or more operations were found to be
independent risk factors for the development of DVT.
Age≥60 years, male gender, and more than one opera-
tion were risk factors for PE development. For MI age
was the only significant risk factor. The occurrence of a
stroke is increased in patients with an age≥60 years,
major head injury (AIS head≥3), and more than one
operation. Finally, mortality rates were significantly
higher in the TE group when compared to the non-TE
cohort (21.8 % vs. 12.7 %; p<0.001).
Conclusion TE complications were associated with lon-
ger ICU and hospital stay as well as a higher mortal-
ity. Overall, age and repeated operations were the most
important risk factors for the development of TE
events.
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Introduction

Thrombo-embolic complications after trauma are considered
to represent significant contributors for morbidity and mortal-
ity [1]. Despite the widespread use of prophylactic protocols,
the incidence of DVT and PE is still high during the clinical
course post-injury [2]. Within the discipline of trauma and
orthopaedics, thrombo-embolic complications are the most
common preventable cause of in-hospital deaths [2]. Several
risk factors for developing thrombo-embolic complication
have been identified: age, long bone and pelvic fractures, spi-
nal cord and traumatic brain injuries, prolonged immobiliza-
tion, and delay of prophylactic management [3].

Thrombo-embolic complications in the post-injury phase
are venous and arterial. Several studies have explored the
venous complications but very few focused on the arterial
TE. Previous studies showed that venous and arterial
thrombo-embolic complications share a number of risk factors
in non-trauma patients [4]; however, trauma-specific risk fac-
tors for development of arterial thrombo-embolic events in
severely injured trauma patients are not yet fully elucidated.
Recent studies implicate traumatic brain injury as a risk factor
for ischemic stroke post-injury [5], and peri-operative haem-
orrhage for stroke and myocardial infarction [6].

Trauma patients differ based on type of injury, location, and
additional factors such as the individual’s sex, the length of the
interval between injury and surgery, the presence of shock at
time of presentation, and the presence of cranial injuries [7].
The identification of individual risk factors is proven to be
crucial for individual prophylaxis and therapy [8, 9], which
has been recently applied in practice through personalized
clinical management of thrombosis [4, 10].

Aims of this study were:

– To determine the incidence of different thrombo-embolic
complications, e.g. symptomatic deep venous thrombosis
(DVT), symptomatic pulmonary embolism (PE), myocar-
dial infarction (MI), and stroke in severely injured trauma
patients, and to compare the outcome of patients with and
without thrombo-embolic complications.

– To identify the associated risk factors for various
thrombo-embolic complications in a nationwide registry.

Materials and methods

Patients

Data were obtained by the TraumaRegister DGU® (TR-DGU,
German Trauma Society; Deutsche Gesellschaft für
Unfallchirurgie [DGU]). Patients documented between Janu-
ary 1st 2005 and December 31st 2012 were eligible. We

excluded children (age<16 years) and patients transferred
out within 48 hours. Patients with an Injury Severity Score
(ISS) of less than 9 points were excluded.

The TraumaRegister DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft für Unfallchirurgie, DGU) was
founded in 1993. The aim of this multi-centre database is an
anonymous and standardized documentation of severely in-
jured patients. Data are collected prospectively in four consec-
utive time phases from the site of the accident until discharge
from hospital: (1) pre-hospital phase, (2) emergency room and
initial surgery, (3) intensive care unit and (4) discharge. The
documentation includes detailed information on demo-
graphics, injury pattern, comorbidities, pre- and in-hospital
management, course on intensive care unit, as well as relevant
laboratory findings including data on transfusion and outcome
of each individual. The inclusion criterion is admission to
hospital via emergency room with subsequent ICU/ICM care
or reaching the hospital with vital signs and dying before
admission to ICU.

The infrastructure for documentation, data management,
and data analysis was provided by AUC–Academy for Trau-
ma Surgery (AUC–Akademie der Unfallchirurgie GmbH), a
company affiliated with the German Trauma Society. The sci-
entific leadership is provided by the Committee on Emergen-
cy Medicine, Intensive Care and Trauma Management
(Sektion NIS) of the German Trauma Society. The participat-
ing hospitals submit their data anonymously into a central
database via a web-based application. Scientific data analysis
is approved according to a peer review procedure established
by Sektion NIS.

The participating hospitals are primarily located in Germa-
ny (90 %), but a rising number of hospitals of other countries
contribute data as well (at the moment from Austria, Belgium,
China, Finland, Luxembourg, Slovenia, Switzerland,
The Netherlands, and the United Arab Emirates). Currently,
approximately 25,000 cases from more than 600 hospitals are
entered into the database per year.

Participation in TraumaRegister DGU® is voluntary. For
hospitals associated with TraumaNetzwerk DGU®, however,
the entry of at least a basic data set is obligatory for reasons of
quality assurance and operative procedures. Data are submit-
ted to a central web-based database that is hosted by AUC
(Akademie der Unfallchirurgie GmbH) of the DGU (www.
traumaregister.de).

The present study is in line with the publication guidelines
of the TraumaRegister DGU® and registered as TR-DGU
project ID 2013–054.

Clinical data

Clinical data, including age, gender, Injury Severity Score
(ISS), ICU length of stay (LOS), hospital LOS, days on me-
chanical ventilator, and mortality rates were collected from the
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TR-DGU. All injuries were coded according to the Ab-
breviated Injury Scale (AIS, version 2005) and the ISS
was calculated from these codes. The ISS is an anatomical
scoring system that provides an overall score for patients
with severe injuries. Each injury is assigned an AIS se-
verity score, allocated to one of six body regions:
head/neck, face, chest, abdomen, extremities (including
pelvis), and external. Only the highest AIS score in each
body region is used. To calculate the ISS, the scores of the
three most severely injured body regions are squared and
added to give the ISS score.

Definitions and endpoints

Thrombo-embolic events

Thrombo-embolic events (symptomatic deep venous throm-
bosis (DVT), symptomatic pulmonary embolism (PE), myo-
cardial infarction (MI), and stroke) were documented by the
treating physician. All patients without documented TE were
included in the non-TE group. Use of prophylactic manage-
ment was reported briefly as Byes/no^ in case an event was
observed.

Coagulopathy and treatment

Coagulopathy was defined as prothrombin time (PT) test<
70 % of normal activity (Quick’s value), activated partial
thromboplastin time (aPTT)>40 sec, or platelet counts<100,
000/μl.

Shock at admission was defined as systolic blood pressure
(SBP)<90 mm/Hg. Haemostasis therapy through the first
48 hours was documented by treating physician and included
the application of fibrinogen, rFVIIa, prothrombin complex
concentrate, and fibrinolytic inhibitors. Furthermore, the num-
ber of transfused packed red blood cell (PRBCs) units was
reported.

Complications

Several complications during the clinical course were
assessed. The diagnosis of sepsis was made according to
the criteria of the American College of Chest Physicians/
Society of Critical Care Medicine (ACCP/SCCM) consen-
sus conference committee. Organ function status was eval-
uated according to the Sequential Organ Failure Assess-
ment (SOFA) score. With 3 or more points, an organ func-
tion was considered as failure, while multiple organ failure
(MOF) was defined as simultaneous failure of at least two
organ systems.

Statistical analysis

The statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS) (IBM Inc., Armonk, NY,
USA). Continuous variables are reported as mean and stan-
dard deviation (SD), and incidence rates as percentages. Mul-
tivariate logistic regression analyses were performed to assess
the risk factors associated with each TE event (PE, DVT, MI,
and stroke) as an dependent variable. The following variables
were considered as potential predictors for TEs: age, gender,
ISS, AIS head≥3, AIS thorax≥3, AIS abdomen≥3, AIS pel-
vis≥2, number of operations performed (none, one, more than
1), initial coagulopathy, shock on admission, hemostasis ther-
apy, and blood transfusion. Complete documentation of these
variables was mandatory for inclusion in the subgroup for
multivariate logistic regression analyses. Formal statistical
testing was largely avoided due to the large number of vari-
ables considered, and the multiplicity of testing if five sub-
groups are involved. Furthermore, the large sample size
(>1000 with TE, >39,000 in the control group) would result
in highly significant results even for minor and irrelevant dif-
ferences. Therefore, only selected aspects were tested (U-test
for continuous variables, chi-squared test for counts). A p-
value<0.05 was considered statistically significant.

Results

Demographics and characteristics of trauma patients

The overall study cohort consisted of 40,846 trauma patients
who met the inclusion criteria. Among them, 1122 (2.8 %)
patients developed a documented thromboembolic event dur-
ing their clinical post-traumatic course. Of these, 313 (28.6 %)
developed a symptomatic deep vein thrombosis (DVT), 425
(35.7 %) suffered a symptomatic pulmonary embolism (PE),
160 (14.3 %) had a myocardial infarction (MI), and 231
(21.4 %) had a stroke. Table 1 provides an overview of char-
acteristics of patients with and without TE. Blunt trauma was
predominant in both TE and non-TE cohorts (96.1 % and
95.3 %, respectively) as well as male gender (74 % and
73 %, respectively). Age was significantly higher in the TE
cohorts when compared to non-TE cohort, with exception for
the DVTsubgroup. ISS was statistically significantly higher in
the TE cohorts when compared to the non-TE cohort
(Table 1).

Comparison of injuries by body region

We next compared the AIS in the TE and non-TE cohorts, in
order to determine if specific body region injuries are associ-
ated with worse outcomes post-trauma in the sub-cohorts. Our
analysis didn’t show any relevant differences in head/neck,
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chest, and abdomen regions between the TE and non-TE
groups. However, we observed a significantly higher rate of
injuries in the extremities and especially pelvic body region of
patients who sustained a venous TE (DVT and PE) when
compared to non-TE patients (Table 1).

Clinical outcomes and in-hospital complications

Our data showed that the overall TE cohort had a statistically
significantly higher ICU LOS (P<0.001), hospital LOS
(P<0.001), and days on mechanical ventilator (P<0.001)
when compared to the non-TE cohort. Moreover, we observed
a higher prevalence of sepsis and MOF in TE cohorts when
compared to the non-TE cohort. Finally, mortality rates were
shown to be significantly higher in the PE,MI, and stroke sub-

cohorts when compared to the non-TE, while the DVT group
showed a significant lower mortality rate (Table 2).

TE correlate significantly with different parameters

Multiple factors, including magnitude of injury [11] and age
[12], can affect the outcomes of trauma. In this context, we
examined the impact of injury severity and age on the rates of
TE. Interestingly, our analysis showed a significant increase in
the rates of PE, DVT, and stroke with increasing of injury
severity while the rate of MI appeared to be unaffected by
injury severity (Fig. 1a). Furthermore, we observed a signifi-
cant increase in rates of MI and stroke with increasing age,
while DVTand PE showed a significant decrease in the elder-
ly (Fig. 1b).

Table 1 Demographic data, and clinical characteristics of general thrombo-embolic and non-thrombo-embolic cohorts (thrombo-embolic cohort n=
1,129; non-thrombo-embolic cohort n=39,717)

Characteristic DVT PE MI Stroke Thrombo-embolic
event (TE)

Non-thrombo-embolic
event (non-TE)

No. of cases 313 425 160 231 1,129 39,717

Age 47.7 54.1 66.8 58.5 53.8 48.0

Male (%) 75.8 72.8 75 64.1 74.0 72.8

Blunt trauma (%) 96.4 96.6 96.8 95.1 96.1 95.3

ISS 28.4 26.9 24.1 28.8 27.7 23.7

AIS head ≥3 (%) 44.1 44.0 52.1 76.7 53.2 47.9

AIS chest ≥3 (%) 56.5 56.5 54.6 45.7 53.8 47.7

AIS abdomen≥3 (%) 24.6 23.3 16.0 12.9 20.3 14.9

AIS extremity≥3 (%) 47.9 41.4 25.8 29.7 29.3 32.1

AIS pelvis≥2 (%) 31.9 25.9 19.6 19.8 25.1 19.4

Operation (%) 93.3 88.3 68.9 84.2 86.6 78.4

Blood transfusion (%) 24.6 25.4 13.5 21.1 24.7 17.4

Mass transfusion (≥10 PRBCs) (%) 5.4 5.6 2.5 5.2 5.5 3.7

Shock on admission (%) 13.2 16.1 13.7 15.5 15.8 11.3

DVT deep vein thrombosis, PE pulmonary embolism, MI myocardial infarction, ISS Injury Severity Score, AIS Abbreviated Injury Scale,

Table 2 Clinical outcomes and in-hospital complication of general thrombo-embolic and non-thrombo-embolic cohorts (thrombo-embolic cohort n=
1,129; non-thrombo-embolic cohort n=39,717)

Outcomes and complications DVT PE MI Stroke Thrombo-embolic
event (TE)

Non-thrombo-embolic
event (non-TE)

Hospital mortality (%) 3.2* 27.1* 33.7* 29.7* 21.8* 12.7

Sepsis (%) 23.4 20.5 20.8 19.1 22.1* 12.9

MOF (%) 42.7 51.0 56.1 61.3 53.4* 25.7

ICU LOS (days) 20.4±19.2 18.6±18.6 16.3±18.6 20.0±17.0 19.6±19.4* 9.0±11.9

Mechanical ventilation (days) 13.2±16.5 12.5±16.4 11.1±15.2 14.0±14.1 13.4±16.7* 5.1±9.5

Hospital LOS (days) 52.4±37.8 36.9±27.8 29.6±27.5 30.4±26.6 37.8±31.4* 22.2±22.6

DVT deep vein thrombosis, PE pulmonary embolism, MI myocardial infarction, LOS length of stay

Results are presented as means±SD. * P<0.001 vs. non-TE
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Risk factors associated with TE

To identify risk factors associated with different TE events by
multivariate regression analysis we used a subgroup which is
characterized in Table 3. We were able to identify several risk
factors associated with different TE events (Table 4). Our

analysis showed that the magnitude of injury as reflected by
the ISS score, existence of major pelvic injury, and need for
one or more operations were independent risk factors for de-
velopment of DVT. Furthermore, age≥60 years, male sex, and
the need for more than one operation were identified as risk
factors for PE. In case of MI, age≥60 years was the most
important factor. Finally, stroke development showed to be
dependent on age, major head injury (AIS head≥3), and the
need for more than one operation.

Discussion

During the past decades, improvements in the management of
trauma patients through rapid transport to trauma centres, ear-
ly resuscitation, and the use of damage control approaches
have shifted the outcomes from mortality to morbidity which
are associated with prolonged ICU and in-hospital LOS,
MOF, sepsis, and thrombo-embolic complications.

The main results of the present study were as follows:

& The overall incidence of thrombo-embolic events was
2.8 %.

& Pulmonary embolism was diagnosed most frequently
(35.7 %), followed by DVT (28.6 %), stroke (21.4 %),
and MI (14.3 %).

& Several independent risk factors for the different entities of
TE complications were identified; age>60 years (OR
1.98) and more than one operation were the most impor-
tant risk factors (OR 2.04).

& ISS was only an independent risk factor for DVT but not
for PE or arterial thrombo-embolism.
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Fig. 1 Impact of injury severity (ISS) (a) and age (b) on the incidence
rates of thrombo-embolic events

Table 3 Characterisation of the selected cohorts for the multivariate regression analysis

Characteristic DVT PE MI Stroke Thrombo-embolic
event (TE)

Non-thrombo-embolic
event (non-TE)

No. of cases 182 269 104 150 833 26194

Male (%) 78.6 81.8 75.0 63.3 74.5 73.2

Age ≥60 (%) 25.8 41.6 67.3 52.7 41.3 28.8

ISS 27.6 26.5 24.2 28.4 27.2 23.3

AIS head ≥3 (%) 37.4 39.8 46.2 74.0 49.9 45.9

AIS thorax ≥3 (%) 55.5 55.0 54.8 44.7 53.4 48.6

AIS abdomen ≥3 (%) 25.3 24.2 19.2 14.7 20.4 14.9

AIS pelvis ≥2 (%) 35.2 26.8 23.1 21.3 26.1 19.6

One operation (%) 13.2 15.6 26.9 17.3 15.8 20

More than one operation (%) 82.4 72.9 45.2 66.7 71.8 59.0

Coagulopathy (%) 30.2 32.7 29.8 34.0 33.9 26.4

Blood transfusion (%) 28.0 29.4 14.4 22.7 27.5 19.4

Shock on admission (%) 13.7 17.8 13.5 15.3 16.4 11.1

Haemostasis therapy (%) 18.1 18.6 14.4 14.7 19.6 10.8

DVT deep vein thrombosis, PE pulmonary embolism, MI myocardial infarction, ISS Injury Severity Score, AIS Abbreviated Injury Scale
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Venous TE incidence in our study population is in line with
previous published results in severely injured trauma patients
[3, 13] as well as the distribution of PE and DVT [13, 14].
Only isolated studies reported about lower incidence rates. In
contrast to the venous TE, the incidence of post-traumatic
arterial TE isn’t fully elucidated. Accordingly, our data
showed that arterial TE complications were responsible for
approximately one third of the post-traumatic TE events, with
stroke being more common than MI, which urge the need for
specific prophylaxis strategies. Furthermore, arterial TE com-
plications (MI and stroke) are associated with higher mortal-
ity, longer hospital and ICU stay, and severe complications
such as sepsis and MOF. Previous studies reported similar
results for post-traumatic stroke [5, 15], whereas data regard-
ing MI in trauma patients is scarce. However, our data is not
sufficient to clarify a causative effect for the TE event itself. In
this context, the higher overall injury severity in the TE groups
has to be considered.

Several factors associated with TE development in the
post-injury clinical course have been described [5, 16, 17];
however, most of those studies focused on venous complica-
tions (DVT and PE), while arterial TE (MI and stroke) risk
factors weren’t fully clarified [3, 8, 17–19]. In our trauma
patients set, male gender was the only risk factor for PE and
overall TE events, which is in agreement with previous studies
that showed a weak gender impact on the development of TE
complications [5]. Furthermore, age has been described as a
significant factor for development of venous TE complica-
tions [20]. This has been associated with the increased inci-
dence of comorbidities (e.g. congestive heart failure,

malignancy, varicose veins) which predisposes patients to
thrombosis [20]. Our analysis showed that age is a risk factor
for PE but not for DVT development.

The ISS correlates linearly with outcomes in the post-
traumatic clinical course, as well as with the late complica-
tions. Our analysis showed that ISS is the main predictive
factor for venous thrombo-embolic complications [3, 13]. In
addition, DVT rates showed to be affected by pelvic injuries
and number of operations needed; however, pelvic injury was
identified as an independent risk factor for development of
DVT [21]. Furthermore, previous studies identified lower
leg injuries and the length of immobilisation as relevant risk
factors for the development of DVT [22], while other studies
[14, 23] didn’t find such correlations. This discrepancy to our
results might be due to different classifications of pelvic inju-
ries. Additionally, it is well known that number of operative
interventions has a relevant impact on the risk to develop TE
events after trauma [3, 19, 23]. In our study we identified the
presence of more than one operation as an independent risk
factor for DVT and PE.

This study was the first to identify the independent risk
factors for development of arterial thrombo-embolic compli-
cations in the clinical course post-injury. Age showed to be a
significant risk factor for developing MI and stroke in a large
homogeneous group of severely injured patients. Our results
are in line with other studies with heterogeneous study popu-
lations of non-surgical populations and surgical patients. In
accordance with our study, age was identified as a crucial risk
factor for MI, and cerebral infarction development in non-
traumatic settings [16]. However, patients with traumatic brain

Table 4 Independent risk factors for development of DVT, PE, MI, stroke, or any thrombo-embolic event from a multivariate logistic regression
analysis

Risk factor DVT (OR) PE (OR) MI (OR) Stroke (OR) Any TE (OR)

Male sex n.s. 1.85*** n.s. n.s. 1.19*

Age≥60 years n.s. 2.23*** 5.35*** 2.50*** 1.98***

ISS (per point) 1.021** n.s. n.s. n.s. 1.012**

Head injury (AIS≥3) 0.68* 0.71* n.s. 2.85*** n.s.

Thoracic injury(AIS≥3) n.s. n.s. n.s. n.s. n.s.

Abdominal injury (AIS≥3) n.s. n.s. 1.95* n.s. n.s.

Pelvic injury (AIS≥2) 1.61** n.s. n.s. n.s. n.s.

One operation 2.94** n.s. n.s. n.s. 1.38*

More than one operation 5.18*** 1.94** n.s. 2.12** 2.04***

Coagulopathy n.s. n.s. n.s. n.s. n.s.

Blood transfusion n.s. n.s. 0.48* n.s. n.s.

Shock on admission n.s. n.s. n.s. n.s. n.s.

Haemostasis therapy n.s. n.s. n.s. n.s. 1.47**

DVT deep vein thrombosis, PE pulmonary embolism, MI myocardial infarction, ISS Injury Severity Score, AIS Abbreviated Injury Scale, n.s. not
significant

The odds ratio (OR) is presented for significant results. *P<0.05; ** P<0.01; *** P<0.001
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injury (TBI) are at higher risk to develop a stroke during
their hospital stay without correlation to age [5]. Similar
to venous TE, an increased number of operations was an
independent risk factor for the development of stroke but
not for MI. Moreover, pelvic injuries were found to be
less important in developing arterial TE when compared
to venous TE.

Severity of traumatic bleeding was measured by shock
on admission as well as the amount of PRBCs received to
stabilize the homeostatic conditions. Interestingly, our re-
sults didn’t show a significant effect for shock or blood
transfusion in developing stroke or MI. In regards to MI,
we observed a protective influence of RBC transfusion.
This suggests that a liberal transfusion regime in patients
with preexisting coronary disease is of importance to re-
duce the incidence of ischemic complications. On the oth-
er hand, shock on admission, which in trauma patients is
mainly caused by haemorrhage, does not seem to increase
the risk for MI in our study.

Coagulopathy in bleeding trauma patients is often associ-
ated with disseminated intravascular coagulation (DIC). Ac-
cordingly, we assessed the impact of trauma coagulopathy on
the development of TE events. Our analysis showed that co-
agulopathy doesn’t influence the risk for either venous or ar-
terial TE events. Moreover, use of coagulation factors was an
independent risk factor for the development of TE events.
Nevertheless, we weren’t able to identify the individualized
risk factors for each factor due to the small number size. Sev-
eral studies have demonstrated that FVIIa might represent a
risk factor in certain patients groups [24], while others weren’t
able to find evidence in applying fibrinogen concentrate or
rFVIIa [25] associated with a higher risk for thrombotic
complications.

Limitations

We recognize several limitations in our study. Although
there is an internet-based integrated plausibility check,
data quality and completeness of the documented param-
eters tend to be lower in registries as compared to pro-
spective clinical studies. Comorbidities as well as medi-
cation were not documented in the TraumaRegister
DGU®. The documentation of TEs was largely limited
to the level of Bpresent / not present^. Some details that
could prove these complications (like mode of detection)
were collected in a limited amount from 2005–2009 only.
Thus the rate of TE reported here is based on clinically
relevant events documented in the patients’ files, and not
on a systematically and equally applied diagnostic pro-
cess. Moreover, our study design is only able to show
associations; the proof of causal relationships needs other
methodological approaches.

Conclusion

In conclusion, the present study confirms that trauma patients
have an altered clinical outcome if they suffer from thrombo-
embolic complications. The most important risk factors are
age>60 and multiple surgeries.
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