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Abstract

Background: Patients with pelvic and/or acetabular fractures are at high risk of developing thromboembolic (TE)
complications. In our study we investigate TE complications and the potential negative effects of concomitant
pelvic or acetabular injuries in multiple injured patients according to pelvic/acetabular injury severity and fracture
classification.

Methods: The TraumaRegister DGU® was analyzed between 2010 and 2019. Multiple injured patients with pelvic
and/or acetabular fractures with ISS > 16 suffering from TE complications were identified. We conducted a univariate
and multivariate analysis with TE events as independent variable to examine potential risk factors and contributing
factors.

Results: 10.634 patients met our inclusion criteria. The overall TE incidence was 4.9%. Independent risk factors

for the development of TE complications were sepsis, > 10 operative interventions, mass transfusion (> 10 PRBCs),
age > 65 years and AlS,gomen = 3 (@ll p<0.001). No correlation was found for overall injury severity (ISS), moderate
traumatic brain injury, additional injury to lower extremities, type B and C pelvic fracture according to Tile/AO/OTA
and closed or open acetabular fracture.

Conclusions: Multiple injured patients suffering from pelvic and/or acetabular fractures are at high risk of develop-
ing thromboembolic complications. Independent risk factors for the development of thromboembolic events in our
study cohort were age > 65 years, mass transfusion, AlS spgomen = 3, S€psis and > 10 surgery procedures. Among multi-
ple injured patients with acetabular or pelvic injuries the severity of these injuries seems to have no further impact on
thromboembolic risk. Our study, however, highlights the major impact of early hemorrhage and septic complications
on thromboembolic risk in severely injured trauma patients. This may lead to individualized screening examinations
and a patient-tailored thromboprophylaxis in high-risk patients for TE. Furthermore, the number of surgical interven-
tions should be minimized in these patients to reduce thromboembolic risk.
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Background

Thromboembolic (TE) events are relevant complications
during the treatment of multiple injured patients. TE
incidence among trauma patients ranges from 7 to 60%
depending on patient characteristics, trauma severity and
mechanism of injury [1]. Additionally, TE rates among
patients with pelvic and acetabular fractures have been
shown to reach up to 18% [2] and pulmonary embolism
(PE) is a common cause of death within the first 24 h
after trauma [3]. Injuries of the lower extremities and
the pelvic region are associated with significantly higher
rates of deep vein thrombosis (DVT) and PE compared to
a general trauma population [4]. It has also been shown
that severity of injury (according to Injury Severity Score,
ISS), number of surgical procedures, occurrence of pelvic
injury (according to Abbreviated Injury Scale, AIS>2)
and certain medical conditions (i. e. diabetes, renal fail-
ure) constitute independent risk factors for the develop-
ment of TE events [5].

So far, data on the relationship between pelvic and
acetabular injuries and TE events in multiple injured
patients are rare. The majority of the above stated lit-
erature is related to investigations in single pelvic or
acetabular injury. This is why we proposed our study to
investigate TE in multiple injured patients with focus on
potential negative effects of concomitant pelvic or ace-
tabular injuries. We therefore hypothesize that multiple
injured patients with fractures of the pelvis/acetabulum
develop more TE complications compared to the former
stated TE rates in the literature and the risk for TE com-
plications is dependent on pelvic/acetabular injury sever-
ity. Thus, a patient-tailored thromboprophylaxis could
possibly be reasonable.

Methods

TraumaRegister DGU® (TR-DGU)

The TraumaRegister DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft fiir Unfallchirurgie, DGU)
was founded in 1993. The aim of this multi-center data-
base is a pseudonymized and standardized documen-
tation of severely injured patients. Data are collected
prospectively in four consecutive time phases from the
site of the accident until discharge from hospital: (A) Pre-
hospital phase, (B) Emergency room and initial surgery,
(C) Intensive care unit and (D) Discharge. The documen-
tation includes detailed information on demographics,
injury pattern, comorbidities, pre- and in-hospital man-
agement, course on intensive care unit, relevant labora-
tory 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 reach the hospital with vital signs and die before
admission to ICU. The infrastructure for documenta-
tion, data management, and data analysis is provided by
AUC—Academy for Trauma Surgery (AUC—Akademie
der Unfallchirurgie GmbH), a company affiliated to the
German Trauma Society. The scientific leadership is pro-
vided by the Committee on Emergency Medicine, Inten-
sive Care and Trauma Management (Sektion NIS) of
the German Trauma Society. The participating hospitals
submit their data pseudonymized into a central database
via a web-based application. Scientific data analysis is
approved according to a peer review procedure laid down
in the publication guideline of TraumaRegister DGU®.

The participating hospitals are primarily located in
Germany (90%), but a rising number of hospitals of other
countries contribute data as well (at the moment from
Austria, Belgium, Finland, Luxembourg, Slovenia, Swit-
zerland, The Netherlands, and the United Arab Emir-
ates). Currently, approx. 30,000 cases from more than
650 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.

The present study is in line with the publication guide-
lines of the TR-DGU and registered as TR-DGU project
ID 2020-035.

Definition and documentation of thromboembolic events
Clinically relevant TE events included deep vein throm-
bosis (DVT), pulmonary embolism (PE), myocardial
infarction (MI) and stroke. We grouped the observed TE
events into either venous TE (DVT, PE) or arterial TE
(MI, stroke). Thrombosis of a superficial vein or upper
extremity is defined as “other” The presence of an ongo-
ing thromboprophylaxis at the timepoint of confirmed
TE diagnosis is reported as either mechanical/chemical
thromboprophylaxis, or both. TE events after hospital
discharge are not part of the documentation of the Trau-
maRegister DGU® and therefore are not included in this
study.

Definition and documentation of fracture types, fracture
severity and injury severity

To investigate the influence of injury severity of pel-
vic and acetabular fractures in multiple injured patients
on TE complications the respective Abbreviated Injury
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Scores [6] (AIS, AlSpis ALS A cetabutum) @00d Tile/AO/OTA
classification [7] of pelvic fractures were used. We per-
formed a subgroup analysis of patients with additional
lower extremity fractures (ALS, ,yer Extremity=2 Or > 3) to
determine the effect of additional injuries to the lower
extremity on TE rates. Overall injury severity was calcu-
lated according the Injury Severity Score (ISS) [8].

Study Population, Inclusion and Exclusion Criteria
TraumaRegister DGU® data of patients with pelvic
or acetabular fracture treated between 2010 and 2019
were analyzed. Patients were included in our analysis if
records were complete regarding documentation of TE
events. Consequently, basic data sets that do not report
on TE events were not taken into account. The follow-
ing exclusion criteria were used: age <16 years, ISS<16,
death <24 h after admission, severe acute traumatic
brain injury (AISy,,q>4) and patients treated in a dif-
ferent hospital prior to admission or transferred early
(<48 h after admission) to another hospital.

In order to control for some confounding factors for TE
development such as anticoagulation, time of mechanical
ventilation, ICU- and hospital length of stay, we excluded
patients with severe acute brain injury (AISy,q>4).

Statistical analysis

Statistical analysis was performed with SPSS (IBM Inc.,
Version 24, Armonk, NY, USA). Continuous variables are
shown as mean =+ standard deviation (SD), incidence rates
as percentages and distributed data as median and inter-
quartile ratio (IQR), respectively. Differences in the study
population were compared with the y*-test for categorial
variables and the Mann—Whitney U-test for continuous
variables, respectively. A p value<0.05 was considered
significant. To identify independent risk factors for the
development of TE complications a multivariable logistic
regression analysis was used. The analyzed predictors are
shown in Table 1. Odds Ratios (OR) are presented with
95% confidence intervals (Cl,;). Nagelkerke’s R? was used
to describe the predictive power of the model.

Results

Population

The TraumaRegister DGU® (TR-DGU) consists of
353.899 datasets of patients documented between 2010
and 2019. After inclusion and exclusion criteria were
applied, 10.634 complete datasets were enrolled in our
final investigation (Fig. 1).

Patient characteristics

Table 1 shows demographic characteristics of patients
with (TE) and without TE (Non-TE) complications.
Our study population is homogenous concerning sex
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and mechanism of injury. Significant differences are
observed regarding age, pre-existing medical conditions,
overall injury severity, thoracic and abdominal injuries
as well as incidence of hemorrhagic shock and need for
mass transfusion (>10 PRBCs in the overall time course
of treatment), appearance of complications such as
organ failure and sepsis. No significant differences were
observed among patients with and without TE complica-
tions regarding the incidence of severe pelvic or acetabu-
lar fracture as well as lower extremity injuries. P-values
for each single parameter are documented in Table 1.

Patients suffering from thromboembolic events had
higher morbidity and mortality rates. Overall mortal-
ity was 17.1% for the TE-group compared to 4.8% in the
group without thromboembolic events (p <0.001). Dura-
tion of mechanical ventilation, days spent in ICU as well
as overall hospital length of stay were significantly higher
among patients suffering from TE compared to patients
without a thromboembolic complication (mechanical
ventilation: 11.24+15.4 vs. 5.14+9.8 days; ICU: 21+23
vs. 11+ 14 days; overall hospital length of stay: 42+ 33 vs
29 £ 22 days; all p<0.001).

Thromboembolic events

521 of 10.634 patients suffered from a thromboembolic
event (4.9%). PE accounted for 1.8% and DVT for 1.5% of
cases, respectively. TE incidences are shown in Fig. 2. At
the timepoint of TE diagnosis 502 of 521 patients (96.4%)
were either under mechanical and/or pharmacological
thrombosis prophylaxis.

To evaluate a possible thrombogenic effect of addi-
tional injuries of the lower extremities among patients
with pelvic/acetabular fractures we analyzed TE rates of
a subgroup of patients with additional lower extremity
trauma defined as AIS; ., Exiremity = 2 0r > 3 (Table 2).

Patients suffering from combined pelvic/acetabular
and lower extremity trauma (AIS; g e; Exremity > 2) have a
significantly higher overall chance to develop TE events
(p<0.001). In a subsequent evaluation of different types
of TE we were able to show significant differences for
development of venous TE (p<0.001) but not for arterial
TE (p=0.778) complications.

Influence of pelvic/acetabular injury severity

on thromboembolic events

The influence of pelvic and acetabular fracture sever-
ity on the occurrence of TE complications among mul-
tiply injured patients was examined using AISp.ie
Tile/AO/OTA-classification [7] and  AIS, ccabulum:
Table 3 demonstrates the relationship between AISy,;,i
and the incidence of TE events in multiple injured
patients. Increasing injury severity and fracture com-
plexity, as represented by AIS;,., was associated
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Table 1 Demographics of patients with (TE) and without TE (Non-TE)

Non-TE TE p value

n=10,113 (95.1%) n=521 (4.9%)
Age (years; mean£S.D) 48+19 53+19 <0.001*
Age > 60 years, n (%) 2892 (28.6%) 203 (39.0%) <0.001*
Male sex, n (%) 6784 (67.1%) 371 (71.2%) 0.056
Concomitant diseases (ASA 3/4), n 1052 (11.8%) 78 (17.5%) 0.001*
Blunt mechanism, n (%) 9556 (98.4%) 496 (98.4%) 0.95
Accident mechanism
Car, n (%) 2676 (26.8%) 135 (26.0%) 0.71
Motorcycle, n (%) 1568 (15.7%) 91 (17.5%) 0.26
Bike, n (%) 522 (5.2%) 29 (5.6%) 0.71
Pedestrian, n (%) 1054 (10.5%) 59 (11.4%) 0.55
Fall from height (>3 m), n 2800 (28.0%) 141 (27.2%) 0.68
Low energy fall, n (%) 610 (6.1%) 24 (4.6%) 017
ISS (points; mean +S.D.) 28410 32412 <0.001*
AlS Head <3, n (%) 1801 (17.8%) 101 (19.4%) 0.36
AlIS Thorax >3, n (%) 8 (62.5%) 353 (67.8%) 0.015*
AlS Abdomen >3, n (%) 2390 (23.6%) 189 (36.3%) <0.001%
AlIS Spine >3, n (%) 1241 (12.3%) 87 (16.7%) 0.003*
AlS Pelvis >3, n (%) 6007 (69.3%) 375 (72.0%) 0.19
AlS Extremities >3, n (%) 8137 (80.5%) 432 (82.9%) 0.17
Legs injured (AIS > 2) 4607 (45.6%) 295 (56.6%) <0.001*
Shock (BP < 90 mmHg)
Prehospital, n (%) 1464 (16.3%) 107 (24.0%) <0.001*
ER, n (%) 1587 (16.6%) 133 (27.5%) <0.001*
Organ failure, n (%) 4088 (43.2%) 331 (66.3%) <0.001*
Multi organ failure, n (%) 2405 (25.4%) 242 (48.4%) <0.001*
OF respiratory, n (%) 1775 (18.8%) 180 (36.1%) <0.001*
OF coagulation, n (%) 1693 (17.9%) 168 (33 7%) <0.001*
Sepsis, n (%) 812 (8.7%) 127 (26.0%) <0.001*
Number of operative procedures, mean, S.D 45458 8.0+£9.8 <0.001*
Transfusion (y/n), n (%) 2408 (23.8%) 210 (40.3%) <0.001*
PRBC (n; mean=+S.D.) 14439 34+79 <0.001*
Infused volume prehospital (ml; mean+S.D.) 9434679 1046777 0.013*
Infused volume ER (ml; mean £S.D.) 172942000 2609+ 2757 <0.001*
Mechanical ventilation (days; mean £S.D.) 51498 112+154 <0.001*
ICU LOS (days; mean£S.D.) 11+14 21+23 <0.001*
Overall hospital LOS (days; mean £+S.D.) 29+22 42433 <0.001*
In-hospital mortality, n (%) 486 (4.8%) 89 (17.1%) <0.001*

S.D. standard deviation, ASA Classification of American Society of Anesthesiologists, ISS Injury Severity Score, AlS Abbreviated Injury Scale, BP blood pressure, OF organ

failure, PRBC packed red blood cells, ER emergency room, LOS length of stay

with a significant increase in thromboembolic events
(p<0.001). This is similar when TE rates of patients
with pelvic injury are compared to fracture severity/
instability according to the Tile/AO/OTA-classifica-
tion of pelvic fractures (Fig. 3). TE incidences for type
A fractures were 4.1%, type B 4.3% and type C 6.2%,
respectively. The Chi’-test for linear trend shows an
increase of TE rates with increasing fracture severity

and instability of pelvic fractures represented by the
Tile/AO/OTA-classification (p <0.001).

Multiple injured patients without injury to the ace-
tabulum have TE rates of 4.6% compared to 5.5% for
multiple injured patients with AIS, . buum=2 and
11.0% with AIS, ciapuium = 3» respectively (Fig. 4). The
Chi’-test for linear trend was significant (p <0.019).
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TR DGU 2010 - 2019
n=352.899

TR DGU 2010 - 2019
Europe
n=351.049

n = 1850 outside Europe

n=200.858

complete datasets

n=150.191
no data on TE

n=66.001

exclusion criteria

exclusion criteria:
age < 16 years: n=17.773
ISS < 16: n = 66.434

death < 24 hours after admission: n

=643
AlS Head 2 4: n = 2702
transferred from another

hospital/early discharged: n = 47.305]

(overall n = 134.857)

n=10.634
inclusion criteria

n=10113 (95,1 %)

Non-TE

n=521(4,9 %)
TE

n =55.367 without pelvic or
acetabular injury

n=158
DVT

n=189
PE

n=52
Ml

n=56
Apoplex

Fig. 1 Inclusion process
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TE N = 521 (4.9 %)

DVT n =158
PE n =189

Ml n =52

Others n =116 Apoplex n =56

Fig. 2 Incidences of thromboembolic events (TE, n=521). DVT Deep
Vein Thrombosis, PE Pulmonary Embolism, M/ Myocardial Infarction

Influence of number of operative procedures

on thromboembolic events

8935 (84.02%) of 10.634 included patients had surgi-
cal treatment. Non-surgical treatment was performed
in 16.2% of the Non-TE group compared to 11.1% in the
TE group. TE rates in patients treated non-operatively
were 3.4%. This was found as well, when total numbers
of surgical procedures or grouped counts of surgeries
(Fig. 5) were analyzed. Increasing numbers of additional
procedures were significantly associated with the chance
to develop TE complications (1-2 surgeries: 3.3%; 3—4:
3.7%; 5—9: 5.8%; > 10: 10.4%).

Multivariate logistic regression model

Univariate analysis documented certain risk factors
increasing the chance for the development of thrombo-
embolic events in multiple injured patients and pelvic/
acetabular fractures. To determine whether the above
identified factors (i. e. age, sex, ISS, organ specific AIS,
fracture type, number of surgery procedures, transfusion
characteristics, sepsis) serve as independent risk factors
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Table 3 Total number and incidence of thromboembolic events
depending on injury severity of pelvic fractures according to
AlSpeyyis (Chi*-test for linear trend < 0.001)

Severity of pelvic Non-TE TE Overall
injury
AlS 2 3106 (95.5%) 146 (4.5%) 3252 (30.6%)
AIS 3 2496 (96.4%) 93 (3.6%) 2589 (24.3%)
AlS 4 3363 (94.7%) 189 (5.3%) 3552 (33.4%)
AIS5 1148 (92.5%) 93 (7.5%) 1241 (11.7%)
AIS Abbreviated Injury Scale
7%
6%
5%
4%
3%
2%
1%
0%
A B C
Tile/AO/OTA-classification
Fig. 3 Incidence of thromboembolic events depending on injury
severity of pelvic fractures according to Tile/AO/OTA-classification

for TE development a multivariate logistic regression
model with TE complication as dependent variable was
conducted among 10.626 datasets. The results are shown
in Table 4.

Independent risk factors for the development of TE
were sepsis,>10 operations, mass transfusion (>10
PRBC:s), age > 65 years and AlS 4y gomen > 3 (all p<0.001).
No correlation was found for overall injury severity (ISS),
moderate traumatic brain injury (AIS;.,q=3), additional
injury to lower extremities, type B and C pelvic fracture
according to Tile/AO/OTA, closed (AIS 5 abutum =2) OF
open acetabular fracture (AIS, cciabuium = 3)-

Table 2 Incidence of thromboembolic events (TE), venous TE and arterial TE among patients with additional lower extremity trauma

defined by AIS

Without lower extremity trauma*  Additional AlS, ,er extremity 2 Additional AlS e, extremity > 3 pvalue
(n=5732) (n=1812) (n=2795)
TE 226 (3.9%) 105 (5.5%) 190 (6.4%) <0.001
Venous TE 131 (2.3%) 73 (3.8%) 118 (4.0%) <0.001
Arterial TE 61 (1.1%) 17 (0.9%) 29 (1.0%) 0.559

AlS Abbreviated Injury Scale

p value indicating difference in TE between patients without and additional lower extremity trauma (AlSLower Extremity > 2)

*AlISOor1
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12%
10%
8%
6%
4%
2%

0%
no acetabular injury 2 3

AIS (Acetabulum)

Fig. 4 Incidence of thromboembolic events depending on injury
severity of acetabular fractures according to AlS s cetapuium: AIS

Abbreviated Injury Scale

Discussion

In this study we sought to identify thrombogenic risk fac-
tors and predictors among multiple injured patients with
pelvic and/or acetabular fractures.

Available data regarding TE incidences among trauma
patients are inconsistent. These numbers strongly depend
on the respective trauma patient collective, including
injury mechanisms as well as injury severity. In a ret-
rospective study from the National Trauma Data Bank
(NTDB) of the American College of Surgeons incidences
for DVT and PE were 1.06% and 0.42%, respectively [9].
Paffrath et al. [5] documented venous TE rates of 1.8%
among 7937 trauma patients with an ISS>9 and Lichte
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et al. [4] published overall TE rates of 2.8% among 40.846
polytrauma patients. In comparison, the incidence of
thromboembolic events in our overall collective compris-
ing multiple injured patients with ISS> 16 and fractures
of the pelvis and/or acetabulum was 4.9%, which states a
considerable higher incidence.

To further appraise our higher rate of TE events in
multiple injured patients one can compare TE rates in
trauma patients with isolated pelvic / acetabular frac-
tures. Patients with isolated fractures of the pelvis or
acetabulum are also at high risk of developing a throm-
boembolic complication [3, 10-13] since these fractures
are often associated with injuries to pelvic and sacral ves-
sels and often require longer times of immobilization and
bed rest [10, 11]. Moed et al. [12] retrospectively ana-
lyzed 13.589 patients with pelvic and acetabular fractures
that were treated surgically and documented 113 (0.83%)
TE events (DVT: 0.51%; PE: 0.21%; both: 0.12%). Kim [13]
performed a scheduled CT-venography 7-14 days after
trauma in 55 patients with fracture of the pelvis and 40
patients with acetabular fracture. In his study 32 (33.7%)
of 95 patients developed a venous TE complication, PE
was present in 9 cases (9.5%). In a similar study, Sen et al.
found overall rates for TE events of 28.6% (DVT: 21.4%;
PE: 17.9%). Some literature even reports rates for DVT
of up to 61% and 10% for PE among traumatized patients
with pelvis and/or acetabular fractures [3]. The major dif-
ference between their studies and ours is that we report
on clinically suspected and then diagnostically con-
firmed TE complications, while the former stated studies

12%

10%

8%

6%

4%

2%

0%

none 1to2

3to4
Fig. 5 Influence of number of operative procedures on thromboembolic events

5to9 10 or more
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Table 4 Results of multivariate logistic regression model
(n=10.626)

Oddsratio 95%Cl  pvalue
Age > 65 years 1.70 1.38-2.09 <0.001*
Male sex 1.21 0.99-1.48 0.065
ISS>25 1.09 0.85-1.40 0.50
AlS Head 3 1.02 0.80-1.29 0.90
AIS Thorax> 3 1.09 0.88-1.35 044
AIS Abdomen >3 138 1.11-1.71 0.004*
Lower extremity trauma (reference: 0.58

none)
AIS2 1.13 0.88-146 033
AIS>3 1.10 0.87-139 042
Tile/AO/OTA-classification (Ref: Tile A) 0.24
Tile B 1.03 0.79-1.34 083
Tile C 1.27 0.96-1.67 0.099
AlS Acetabulum 0.125
AlS 2 1.21 0.95-154 0.122
AlS 3 1.84 0.84-4.04 0.126
Number of operative procedures (refer- <0.001*
ence: 0)

1-2 0.98 0.70-1.36 0.89
3-4 0.96 067-1.37 082
5-9 1.34 0.95-1.87 0.092
>10 1.98 1.36-2.86 <0.001*
Sepsis 245 1.95-3.08 <0.001*
PRBC administered 0.008*
1-9 units 112 0.19-141 034
Mass transfusion > 10 units 1.72 1.22-2.42 0.002*

Nagelkerke's =0.071

Ref reference category, AlS Abbreviated Injury Scale, ISS Injury Severity Score,
PRBC packed red blood cell, CI confidential interval

* indicates significant results

explicitly looked for thromboembolism with scheduled
radiographic exams. In light of this, TE events in patients
with pelvic / acetabular fracture seem to be more com-
mon than it appears and could be a reason for the higher
incidence of TE complications in our study in compari-
son to other investigations of severely injured patients.

It has been widely published that patients with pel-
vic trauma are at high risk to develop thromboembolic
complications and e.g. age, prolonged immobilization
and excessive blood transfusion are further contributing
factors [14, 15]. Thromboprophylaxis is invariably rec-
ommended by guidelines worldwide in the treatment of
severely injured patients or trauma patients taken care of
in an ICU. In the absence of contraindications (e.g. active
bleeding, relevant traumatic brain injury) early pharma-
cologic thromboprophylaxis is recommended over the
use of mechanical prophylaxis (e.g. intermittent pneu-
matic compression). The routinely use of inferior vena

Page 8 of 12

cava filters for thromboprophylaxis is not recommended
in the respective guidelines and the placement of this
device is rather reserved for special circumstances [16—
20]. Since the vast majority of patients included in our
analysis were treated in German hospitals we can only
assume a pharmacological treatment according to the
German guideline [20], because details beyond the stated
presence or absence of mechanical/pharmacological
prophylaxis are not recorded in the TR-DGU. The adher-
ence to current guidelines in our cohort is supported by
the fact that 96.4% of patients suffering from TE received
prior thromboprophylaxis treatment. This is in line with
a recent survey on venous thromboembolism prophylaxis
after pelvic and acetabular fractures where—although
guidelines on thromboprophylaxis exist—no consensus
was reported on the actual treatment practices [21].

Published data suggest that TE development is associ-
ated with increasing age. In a study by Fuchs et al. [22]
age >40 years was identified as an independent risk factor
for thromboembolic complications. Similar, significantly
higher numbers of TE events in patients aged >60 years
were reported in a study by Lichte et al. [4] Further stud-
ies confirmed the relationship between TE complications
and increasing age [1, 9, 23, 24]. In line with the current
literature we identified age>65 years as an independ-
ent risk factor for TE complications in multiple injured
patients with fractures of the pelvis and/or acetabulum.

Previous studies have highlighted the influence of cer-
tain underlying medical conditions on the development
of thromboembolic complications. Especially pre-exist-
ing cardiac, respiratory or musculoskeletal disorders
place trauma patients at higher risk for complications,
i.e. thromboembolism. In the study by Paffrath et al. [5],
underlying medical disorders such as diabetes, renal fail-
ure, malignancies, congenital or acquired coagulation
disorders were independently associated with throm-
boembolic events. Our findings support the current
evidence. Patients with relevant pre-existing medical dis-
orders as defined by American Anesthesiologist's ASA
score of 3 or 4 were more likely to develop a TE compli-
cation in our study. Possibly, establishing risk scores and
identifying trauma patients at higher risk for TE develop-
ment could lead to a more individual and patient-tailored
antithrombotic therapy.

In our descriptive analysis higher numbers of TE
complications were associated with increasing injury
severity (ISS) and injuries to the trunk (thorax, abdo-
men, spine). Our multivariate logistic regression model
revealed (severe) abdominal injury (AIS,pgqomen=3) as
an independent risk factor for the occurrence of throm-
boembolism. The relevance of overall injury severity
as a risk factor for TE complications has been widely
studied [5, 25-28]. In contrast, sufficient evidence on
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different injury patterns or injury localizations associated
with higher thrombogenic risk among multiple injured
patients is missing. Data suggesting higher thromboem-
bolic risk exists for thoracic, spinal, abdominal, pelvic
and lower extremity trauma as well as penetrating inju-
ries in polytrauma patients [4, 9, 25, 28-33]. Our data
suggest higher TE rates associated with injuries to the
thorax, abdomen and spine in multiple injured patients
with pelvic or acetabular injury. However, in our collec-
tive, multivariate logistic regression found that severity
of pelvic or acetabular injury is not an independent risk
factor for TE complications in multiple injured patients
with pelvic or acetabular injury. This is true despite our
significantly higher rates of TE complications in patients
suffering from more than serious acetabular injury
(AISpcetabuium =3) or more then severe pelvic injuries
(AISpeyis > 4). One reason and possible explanation might
be that these patients also suffer from relevant hemor-
rhage, coagulopathy, which already proved to be an inde-
pendent risk factors for TE complications in our study
cohort. Also, supposedly, patients with trauma to the
trunk are more likely to suffer from TE events because of
higher numbers of hemorrhage in that cohort, increas-
ing number of operative procedures and longer time of
immobilization [4, 9, 25, 28—-33]. As hemorrhage, exten-
sive surgery and sepsis are common complications in
patients with abdominal injury, these patients pose an
intensive thrombogenic risk [1]. As expected, neither in
our univariate nor the multivariate analysis moderate
traumatic brain injury had an impact on thromboembolic
complications. These finding are in line with the current
literature [34].

Multiple traumatized patients with pelvic/acetabular
fractures often suffer from internal or external bleed-
ing and hemorrhagic shock [5, 10, 35]. Hence, resuscita-
tion often requires transfusion of high amounts of blood
products [4, 5]. In the present study either the presence
of hemorrhagic shock or the need for mass transfusion
(=10 PRBCs) significantly increased the thromboem-
bolic risk.

Differences concerning thromboembolic complica-
tions with regard to pelvic and acetabulum fracture type
or severity are little investigated in the literature. Our
univariate analysis revealed higher TE rates with increas-
ing fracture complexity of pelvic/acetabular injuries.
In contrast, multivariate analysis did not identify pel-
vic and acetabular fractures as independent risk factors
for TE development. Bagaria [36] observed that injuries
to posterior structures in type B and C pelvic fractures
are associated with kinking of iliac and femoral vessels
thus, supposedly, promoting DVT and PE. In a study
by Kim et al. [13], vertical sheer type injuries accord-
ing to the Young-Burgess classification were associated
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with significantly higher chance for thromboembolism
when compared to anterior compression type and lat-
eral compression type pelvic injury. When the relation-
ship between thromboembolism and acetabular fracture
was examined, dominantly posterior localized fracture
types according to Judet-Letournel were associated with
higher TE rates. Similar results were reported by Sen
et al. [11] with higher TE numbers related to increasing
fracture instability and complexity of pelvic and acetab-
ular fractures. Our results are in line with this literature
showing higher thromboembolic risk with increasing
injury severity of pelvic and acetabular fractures (accord-
ing to AlSp.is and AIS, .abuum) as Well as fracture
instability of pelvic injuries (according to Tile/AO/OTA-
classification). As shown, especially pelvic fractures with
AISpyis > 4/Tile C as well as severe acetabular fractures
with AIS, cetabulum =3 represent a group of fractures in
patients with mainly high-energy injury mechanism,
highly unstable fracture situation, high percentage of
hemorrhages, high numbers of required operative pro-
cedures and prolonged time of immobilization. Multi-
ple injured patients with high-energy injury mechanism,
injuries to predominantly posterior pelvic and acetabular
structures, relevant blood loss and the need for repetitive
operative treatment are at high risk for the development
of thromboembolic complications.

Interestingly, in our multivariate logistic regression
analysis injury severity of pelvic or acetabular fracture
was no independent risk factor for TE complication.
Our explanation for this finding is that acetabular/pelvic
injury increases TE risk as shown above when our mul-
tiple injury patient collective with mandatory pelvic/
acetabular fractures has been compared to published
research with overall multiple injured patient studies. In
multiple injured patients with acetabular or pelvic inju-
ries the severities of these injuries seem to have no fur-
ther impact on thromboembolic risk. Importantly, in this
context, more relevance seems to lay on risk factors like
hemorrhage, mass transfusion, sepsis, abdominal injury
etc. that have an imminent influence to exaggerate TE
development in these patients. Further research might
suggest adapted thrombosis prophylaxis or the establish-
ment of screening examinations in this group of patients.
This is somewhat supported by Lowe et al. who found rel-
evant incidences of venous thromboembolism in pelvic
and lower extremity trauma despite adherence to modern
venous thromboembolism prophylaxis protocols [37].

The probability of developing a thromboembolic
event increases with the number of operative proce-
dures among trauma patients. The present study sug-
gests an increased risk for the development of a TE
complication among multiple injured patients with pel-
vic and acetabular fractures with increasing numbers of
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surgical procedures performed in the course of treat-
ment. When > 10 operations were required, patients were
under significantly higher risk to suffer from thrombo-
embolic complications. Pathophysiological mechanisms
that drive prothrombotic factors in patients with multi-
ple surgeries remain unclear. Evidence exists in trauma
patients that, on a molecular level, a procoagulatory met-
abolic state (acute traumatic coagulopathy) caused by the
initial trauma is intensified by repetitive surgical trauma
[13, 38—-40]. Furthermore, patients requiring multiple
operative procedures might have longer times of immo-
bilization, mechanical ventilation and 1CU-length of stay
that are also associated with TE development [4, 5, 22,
24, 32].

Thromboembolic events among multiple injured
patients are a devastating complication during recovery.
When compared to Non-TE patients, patients suffering
from thromboembolic complications had significantly
higher mortality and morbidity in our investigation.
Besides the acute injury, complications during the course
of treatment promote the development of thromboem-
bolism. This is especially true for septic complications.
Our data suggest sepsis to be a major prothrombotic fac-
tor in polytraumatized patients with 26.5% compared to
8.7% of patients suffering from sepsis in the TE-group
and Non-TE-group, respectively. Multivariate regression
analysis revealed sepsis as an independent risk factor for
development of thromboembolism. In a study by Paffrath
et al. [5], presence of sepsis almost tripled the chance to
suffer from TE complications. Other authors report simi-
lar results identifying septic complications as key factor
for thromboembolic events [41, 42].

The current study has several limitations. Clinically
inapparent thromboembolism and thromboembolism
diagnosed after hospital discharge were not part of the
documentation of the TraumaRegister DGU®. There-
fore documented incidences represent only clinically
relevant TE complications. Supposedly, the incidence of
thromboembolic events in our study population might
be underestimated. Furthermore, no information can be
given regarding advantages or disadvantages of different
mechanism or substances of thromboprophylaxis as only
the presence or absence of mechanical/pharmacologi-
cal prophylaxis is recorded. This is why we are not able
to comment on the type or substance administered for
pharmacological prophylaxis or the mechanical device
used. Additionally, we cannot report on efforts made to
evaluate coagulability (e.g. thrombelastography) or to
ascertain thromboprophylaxis (e.g. anti-Xa monitor-
ing), since these parameters were not documented in
the TR-DGU. On the other hand, measuring anti-Xa or
thrombelastography for thromboembolic risk estima-
tion is not part of the routine [20]. Types of acetabular
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fractures are only differentiated in either “none’, “closed”
(AISAcetabulum=2) or “open" (AISAcetabulum=3)‘ The hlgh
variability of fracture morphology as described in the
classification of acetabular fractures by Judet and Letour-
nel is therefore not documented in the TraumaRegister
DGU® so that our reported results concerning acetabular
fractures have to be interpreted accordingly.

Conclusion

Multiple injured patients with ISS>16 suffering from
pelvic and/or acetabular fractures are at high risk of
developing thromboembolic complications. Additional
fractures to the lower extremities potentially intensify
this effect. Independent risk factors for the develop-
ment of thromboembolic events in our study cohort
were age>65 years, mass transfusion (>10 PRBCs),
AlIS \pdomen =3, sepsis and>10 operative procedures.
Thus, in our cohort of multiple injured patients with
acetabular or pelvic injuries the severities of these inju-
ries seem to have no further impact on thromboembolic
risk. Importantly, in this context, more relevance seems
to lay on the above-mentioned risk factors that have an
imminent influence to exaggerate TE development in
these patients. In conclusion, our study highlights the
major impact of early hemorrhage, septic complications
and abdominal injury on thromboembolic risk in severely
injured trauma patients.

Further research among multiple injured patients is
needed to ascertain predictors and patients at risk for
thromboembolic complications which might possi-
bly lead to individualized screening examinations and a
patient-tailored, intensified, thromboprophylaxis.
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