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Abstract

Objectives Whole-body computed tomography (WBCT)
plays an increasingly important role in the diagnostic assess-
ment of trauma room patients. It is still unclear whether
its use has led to changes of trauma room procedures and
patient outcomes.

Methods 1In a retrospective multi-centric study based on
the trauma registry of the German Trauma Society (Trau-
maRegister DGU®), we analysed patients with an ISS >9
between 2002 and 2013. Two periods of time, i.e. up to
3 years preceding (pre-WBCT) and up to 3 years follow-
ing the introduction of the WBCT (WBCT-group), were
assessed separately for every hospital (TR-DGU Project ID
2014-020).

Results 19,838 patients underwent treatment in 77 hospi-
tals. Of these, 5621 were assigned to the pre-WBCT group
and 11,307 to the WBCT group. Basic data did not differ rel-
evantly. The time spent in the trauma room decreased from
77.9 min (pre-WBCT) to 63.3 min (WBCT). Following the
introduction of the trauma scan, the number of diagnoses per
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patient increased from 4.6 to 5.1. The percentage of patients
who underwent surgery immediately after the completion
of trauma room procedures decreased from 44.5 to 39.1%.
There was an increase in mortality from 15.7 to 15.9%.
Conclusions Routine use of WBCT is not superior to a
combination of conventional radiography, ultrasound and
focused CT in terms of mortality. The entire process involv-
ing the introduction of the trauma scan and the further
development of algorithms has caused changes that can be
observed in the trauma room setting.

Keywords Multiple trauma - Tomography spiral
computed - Tomography X-ray computed - Algorithms -
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Background

Algorithms are intended to facilitate, standardise and structure
decision-making processes. Trauma room algorithms define
clear diagnostic and therapeutic priorities that are ultimately
directed at improving patient outcome. Diagnostic evalu-
ation is a crucial part of the management of patients in the
trauma room setting and helps physicians prioritise and target
treatment depending on the injuries identified. Conventional
radiography, ultrasound and computed tomography (CT) are
imaging modalities that are available in the trauma room. If
CT is the only initial imaging modality, CT findings must
be available as early as or earlier than the results of conven-
tional radiography and ultrasound. This condition was met in
1998 when technical advances in CT technology led to the
introduction of spiral and multi-slice computed tomography
(MSCT). This technique allows large volumes of image data to
be acquired within a short period of time [1, 2]. In recent years,
an increasing number of hospitals have used MSCT to obtain
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trauma scans (whole-body computed tomography, WBCT)
and have introduced WBCT as a standard diagnostic imaging
technique [5]. It should be noted, however, that a trauma scan
is associated with a high level of radiation exposure and that
acute life-threatening conditions can limit the use of diagnostic
procedures [3-5].

In 2004, Kanz et al. described how WBCT could be inte-
grated into the trauma room algorithms that had been devel-
oped at their institution and suggested that their approach
should be further developed and validated in a multi-centre
study on the basis of the TraumaRegister DGU® [2].

A number of studies that were conducted by different hos-
pitals reported in the past that WBCT reduced trauma room
times [3, 6]. In a retrospective study from 2009, Wurmb et al.
analysed the time required for the management of patients in
the trauma room in a level 1 trauma centre and found that
the total treatment time was 82 min for trauma patients who
underwent CT after the completion of basic diagnostic proce-
dures including conventional radiography and ultrasound in
the trauma room. By contrast, total treatment time was only
47 min for trauma patients who underwent only whole-body
MSCT during the initial diagnostic evaluation [3].

It is still unclear, however, whether the introduction of the
trauma scan led to changes when it comes to the number of
injuries detected, the body parts found to be involved, and
patient outcomes. Another aspect to be investigated is the
potential influence of the expected higher rates of diagnosis
and injury severity on the further indication-dependent man-
agement of patients (e.g. no surgery, immediate surgery, sur-
gery after initial stabilisation, transfer to the intensive care unit
or a regular ward).

The objective of our retrospective multi-centre study was
to analyse data from the TraumaRegister DGU® to assess
whether the introduction of the trauma scan led to changes
in terms of the number of injuries detected, the body parts
affected, the indication-dependent management of patients
following the completion of trauma room procedures, and
patient outcomes and thus to determine whether trauma room
processes before WBCT were different from those after the
introduction of the trauma scan as a standard imaging modal-
ity. We placed particular emphasis on determining the year in
which the trauma scan replaced conventional techniques as the
standard diagnostic imaging approach in the trauma room set-
ting individually for every hospital. We did not use a specific
year as a general cut-off year for the introduction of WBCT.
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Patients and methods
Trauma registry of the German Trauma Society

The trauma registry of the German Trauma Society (Trau-
maRegister DGU®) provided the data used (TR-DGU Pro-
ject ID 2014-020).

The TraumaRegister DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft fiir Unfallchirurgie, DGU) was
founded in 1993. The aim of this multi-centre database is the
pseudonymised and standardised documentation of diagnos-
tic procedures and care for severely injured patients.

Data are collected prospectively in four consecutive time
periods from the site of the accident until discharge from
hospital: (a) prehospital phase, (b) emergency room and ini-
tial surgery, (c) intensive care unit, and (d) discharge. Docu-
mentation includes detailed information on demographics,
injury patterns, comorbidities, prehospital and inhospital
management, the course on the intensive care unit, relevant
laboratory findings including data on transfusion, and out-
come. Included are patients who are admitted to hospital via
the resuscitation room and subsequently receive intensive or
intermediate care and patients who arrive at hospital with
vital signs and die before admission to the intensive care
unit.

The infrastructure for documentation, data management,
and data analysis is provided by the Academy for Trauma
Surgery (AUC-Akademie der Unfallchirurgie GmbH). Sci-
entific leadership is provided by the Committee on Emer-
gency Medicine, Intensive Care and Trauma Management
(Sektion NIS) of the German Trauma Society. Participating
hospitals submit their anonymised data to a central data-
base 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 Germany, but a rising number of hospitals of
other countries contribute data as well (i.e. Austria, Bel-
gium, 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 the 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 [7, 8]. In 2013, Helm et al.
reported that, since the creation of the TraumaRegister
DGU® in 1993, this registry had proved to be a valuable
tool for externally assessing the quality of the management
of patients with major trauma and that continuous quality
management, which involved identifying a problem, finding
a solution and assessing its impact, had improved the qual-
ity of patient care in the trauma room of a level 1 trauma
centre [9].
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Inclusion and exclusion criteria

The study is based on data that were provided between 2002
and 2013 by hospitals that had contributed data to the Trau-
maRegister DGU® for at least 5 years. In addition, documen-
tation during the period from 1 year preceding and 1 year
following the year in which the trauma scan was introduced
was required for inclusion. We collected and analysed data
only from patients who were admitted to the trauma room
with an Injury Severity Score (ISS) greater than or equal
to 9 and who either underwent surgery or were transferred
to the intensive care unit (ICU) following management
in the trauma room or died in the trauma room. In addi-
tion, only patients who underwent primary treatment at a
regional (level II) or supraregional (level I) trauma centre
were included.

Patient groups

When contributing data to the TraumaRegister DGU®, hos-
pitals can specify the diagnostic procedures performed in the
trauma room or operating room settings. They can indicate
whether a whole-body CT, abdominal ultrasound, conven-
tional radiography of the chest, pelvis or spine, or focused
CT was performed for diagnostic purposes. The time point
when whole-body multi-slice CT (i.e. the trauma scan) was
introduced in the trauma room setting was determined indi-
vidually for every hospital included in this study. The year
in which the WBCT replaced traditional imaging as the
standard diagnostic imaging approach in the trauma room
setting was determined individually for every hospital by
two independent examiners (MK and HP). When the two
examiners disagreed, the opinion of a specialist in biosta-
tistics (RL) was obtained and was the final determination.

Fig. 1 Number of trauma scans
per year. Data for the years

—3 to — 1 were used to form
the pre-WBCT group. Data

for the years 1-3 following the
introduction of the trauma scan
as a standard imaging modality
in the trauma room setting were
used to form the WBCT group.
The year 0 is the year in which
WBCT was introduced
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Up to 3 years before (pre-WBCT group) and up to 3 years
after the introduction of the trauma scan (WBCT group) as
a standard imaging procedure were analysed and compared
(Fig. 1). The year in which the trauma scan was introduced
was excluded from analysis since this year was usually a
period of transition associated with a mixture of both imag-
ing approaches. A maximum variation of 30% in both the
pre-WBCT and the WBCT group provided the basis for
decision. In addition, there had to be an increase in the
WBCT rate by at least 50% or to at least 60% in the year
following the introduction of WBCT when compared to the
year preceding the introduction of the trauma scan. On the
basis of these inclusion and exclusion criteria, two groups
of patients were formed. The pre-WBCT group of patients
were managed in the trauma room setting during the 3 years
preceding the introduction of the trauma scan as a stand-
ard imaging modality and underwent diagnostic procedures
such as conventional radiography, abdominal ultrasound and
focused CT. The WBCT group consisted of patients who
were treated in the trauma room setting during the 3 years
following the introduction of whole-body multi-slice CT as
the primary diagnostic imaging modality.

Biostatistical methods and data analysis

In consultation with a biostatistician affiliated with the Trau-
maRegister DGU®, we decided not to test between-group
differences for statistical significance since even small dif-
ferences that were of no clinical relevance were likely to
be statistically significant on account of the large number
of cases. For this reason, differences of clinical importance
were termed “relevant”. The 95% confidence intervals (CI)
were calculated.
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Results

We were able to analyse 19,838 cases from 77 hospitals.
Of these cases, 5621 patients (28.3%) were managed before
the routine use of the trauma scan (pre-WBCT group) and
11,307 patients (57.0%) after the introduction of the trauma
scan in the trauma room (WBCT group). A total of 2910

Table 1 Demographic data and injury severities for the two patient
groups, sequence of imaging modalities and time periods spent in the

trauma room

Parameter Pre-WBCT group WBCT group
Demographic data
Number (1) 5621 11,307

Male patients
Age (years)
ISS (points)
Blunt trauma

72.772.1-73.3]
43.0 [42.1-43.9]
23.7[23.1-24.3]
94.7 [94.4-95.0]

Time spent in the trauma room until

Any radiography (min)
Transfer to ICU (min)
Transfer to the OR (min)

Emergency surgery or death
(min)

Completion of treatment for

12.8 [11.9-13.7]
84.3 [81.0-87.6]
83.5[80.0-87.1]
43.2 [36.5-49.8]

81.7 [66.3-97.2]

722 [71.6-72.8]
46.6 [45.9-47.2]
23.9[23.4-24.3]
95.3[95.0-95.6]

10.0 [9.5-10.6]

65.7 [63.6-67.9]
67.6 [64.9-70.2]
35.9[30.3-41.4]

71.6 [55.2-87.9]

other reasons (min)
Sequence of radiography
52.7 [52.0-53.4]
4.3 [4.0-4.6]

51.9 [51.2-52.7]
2.4 [2.2-2.7]

Radiography before CT
CT before radiography

All results are expressed in percent, unless otherwise indicated. The
upper and lower limits of the 95% confidence intervals [CI] are given
in square brackets

WBCT whole-body computed tomography, ISS Injury Severity Score,
CT computed tomography, ICU intensive care unit, min minutes,
OR operating room, AIS Abbreviated Injury Scale, RISC II Revised
Injury Severity Classification (version II)

Fig. 2 A marked increase in 100%
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patients (14.7%) underwent an imaging procedure in the
year in which the trauma scan was introduced and were not
included in this analysis.

The mean age of the patients in the pre-WBCT group
(43.0 years [42.1-43.9]) was slightly lower than that of the
patients in the WBCT group (46.6 years [45.9-47.2]). The
majority of patients were male. The mean Injury Sever-
ity Score (ISS) remained almost unchanged and was 23.7
[23.1-24.3] before and 23.9 [23.4-24.3] after the routine use
of the trauma scan. These results show that there were no
relevant differences between the two patient groups in terms
of demographics and injury severity (Table 1).

Imaging modalities

The percentage of patients who underwent CT scanning
(focused CT, WBCT) increased from 74.0% [73.3-74.6]
to 93.3% [92.9-93.6]. At the same time, the percentage of
patients who underwent radiography of the chest decreased
from 84.2% [83.7-84.7] to 60.3% [59.6-60.9], radiography
of the spine from 61.1% [60.4-61.8] to 12.5% [12.1-13.0],
and radiography of the pelvis from 68.7% [68.0-69.3] to
46.4% [45.7-47.0]. The percentage of patients who had a
Focused Assessment with Sonography in Trauma (FAST)
remained almost unchanged (pre-WBCT group: 87.8%
[87.4-88.3]; WBCT group: 88.0% [87.6-88.5]) (Fig. 2).
When radiography and CT were used as imaging modali-
ties, the use of computed tomography alone increased from
13.4% [12.9-13.9] to 40.1% [39.4-40.9] and the use of
radiography alone decreased from 29.6% [28.9-30.2] to
5.5% [5.2-5.8]. When both CT and radiography were used
as diagnostic tools, the percentage of patients who under-
went a combination of these imaging modalities remained
unchanged. There was no difference in the sequence in
which the two diagnostic procedures were performed.

— WBCT
= = Chest X-Ray
=== Spine X-Ray

— Pelvic X-Ray

Year(s) before and after the implementation of WBCT
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Time spent in the trauma room

After the introduction of the trauma scan as a standard
imaging modality, the mean time to initial CT decreased
from 35.1 min [33.6-36.6] to 24.2 min [23.6-24.8].

There was a reduction in the mean total time spent in
the trauma room from 77.9 min [75.7-80.2] to 63.6 min
[62.0-65.1]. A more detailed analysis of time manage-
ment is displayed in Table 1.

Patterns of injury

Following the introduction of the trauma scan as a stand-
ard imaging modality, the mean number of diagnoses
increased from 4.6 [4.5-4.7] to 5.1 [5.0-5.2] per patient.
The percentage of patients with serious injuries, i.e. inju-
ries with an Abbreviated Injury Scale (AIS) > 2, increased
as well: injuries to the head from 49.2% [48.5-49.9] to
55.2% [54.5-55.9], injuries to the chest from 51.5%
[50.8-52.2] to 58.7% [58.0-59.4], and injuries to the
spine from 25.7% [25.1-26.4] to 30.4% [29.8-31.1]. By
contrast, there was a minor decrease in the percentage of
patients with serious injuries to the pelvis (AIS >2). The
percentage of patients with serious abdominal injuries
(AIS > 2) remained almost unchanged.

Intra-hospital transfer

Before the trauma scan was introduced as a standard imag-
ing modality, a mean percentage of 44.5% [43.7-45.3] of
patients underwent surgery immediately after completion of
treatment in the trauma room. After the introduction of the
trauma scan, the percentage decreased to 39.1% [38.3-39.9].
Likewise, the percentage of patients who required emer-
gency surgery or died during trauma room management fell
from 6.8% [6.4-7.2] to 5.1% [4.7-5.5]. At the same time,
the percentage of patients who were directly transferred to
the ICU rose from 46.2% [45.4-47.0] to 54.4% [53.6-55.2].
In addition, there was a minor decrease in the percentage of
patients whose treatment in the trauma room was discontin-
ued for other reasons (e.g. transfer to a regular ward) from
2.5% [2.3-2.8] to 1.3 [1.2-1.5].

Outcome

Mortality was 15.7% [15.2-16.3] in the pre-WBCT group
and 15.9% [15.4-16.4] in the WBCT group. The mortality
rate can be compared with the Revised Injury Severity Clas-
sification (version II) (RISC II) score, which is calculated
to predict mortality. The RISC II score was 15.7 for the pre-
WBCT group and 15.2 for the WBCT group (Fig. 3).

The mean length of ICU stay decreased by 1.7 days from
10.6 days [10.0-11.2] to 8.9 days [8.6-9.3]. Likewise, the
mean length of hospital stay decreased by 3.7 days from
25.3 days [24.1-26.4] to 21.6 days [20.9-22.3].

Comparison of observed mortality and predicted mortality (RISC I1)

n=1336 n=1936 n=2317 n=2902
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15%

mortality

14%
13% +
12%

11% 7

17,4% 16,3% 14,3% 16,7%

year(s) before and after the implementation of WBCT

Fig. 3 Observed mortality rates (grey columns) and 95% confidence
intervals for the 3 years (Pre 3, Pre 2 and Pre 1) preceding trauma
scan introduction, the year in which the trauma scan was introduced
(0), and the 3 years following trauma scan introduction (Post 1, Post 2
and Post 3). Cumulative data for the 3-year period preceding trauma
scan introduction (Pre 3 to Pre 1) and for the 3-year period follow-

n=3345

n=3617 n=4254 n=5588 n=11215

*
17% +
16,37%
16% 15,95% 15,78% * 15,7%
i 10% i 15,35% 3

14,63%

16,4% 16,2% 15,1% 15,7% 15,9%

1 2 3 pre- WBCT

WBCT

summary

ing the change in the trauma room algorithms and the introduction of
multi-slice computed tomography (MSCT) of the whole body (Post 1
to Post 3) The transverse bars show predicted mortality rates (RISC
II) for the different periods. Red bars indicate that observed mortal-
ity was higher than predicted mortality. Green bars indicate that
observed mortality was lower than predicted mortality
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Discussion

The purpose of our study was to analyse data from the
TraumaRegister DGU® to assess whether the introduc-
tion of the trauma scan in the trauma room led to major
changes in terms of the time spent in the trauma room,
the indication-dependent management of patients, intra-
hospital transfer, and patient outcome.

We were able to show that the changes in the trauma
room algorithm are associated with significant improve-
ments in a number of important parameters such as the
time spent in the trauma room, time to initial surgery, and
transfer to the ICU. Positive effects were noted during the
entire hospital stay until discharge. Similar results were
reported by Wutzler et al. [10]. Our results show that one
reason for the reduction in trauma room time is the shorter
duration of imaging in the WBCT group and thus the faster
availability of diagnoses that provide the basis for deci-
sions about further diagnostic procedures and treatment.
In a retrospective analysis, Wurmb et al. demonstrated
that rapid diagnosis in the trauma room setting was an
important component of the high-quality management of
polytrauma patients [3].

Trauma scans were found to be associated with a higher
rate of diagnosis than a combination of conventional radi-
ography and focused CT. In our analysis, we found a clear
increase in the number of detected injuries for almost all
body parts investigated. This applies in particular to inju-
ries to the head, chest and spine. The number of injuries
that were detected in the region of the abdomen remained
unchanged. Sierink et al. regarded these additionally
detected injuries as incidental findings that would have
remained undiscovered without the use of whole-body CT.
They reported that a total of 186 incidental findings were
identified in 143 of 321 patients who underwent WBCT in
the trauma room. These findings were grouped into three
categories, depending on their severity. The majority of
incidental findings were found to have no relevance to the
further management of patients [11]. In 2012, Venugopal
et al. too reported that WBCT identified unexpected findings
in 66% of emergency department trauma patients and that
WBCT results differed from clinical findings in 73% of these
patients [12]. In a very recent study, Linder et al. found that
high-energy trauma patients who were mentally alert, who
were not intoxicated and who had only minor injuries did not
benefit from WBCT. The risk of missing relevant injuries is
low whereas the risk of developing radiation-induced cancer
is significantly increased in young patients [13].

On the whole, we found in our study that the introduc-
tion of the trauma scan as a standard diagnostic procedure
in the trauma room setting was accompanied by changes in
patient management processes. They were associated with
some decreases in the rate of the surgical procedures that
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were performed immediately after trauma room management
and in ICU and regular ward length of stay.

Outcome

Contrary to what was generally expected, the mortality rate
reported for the initial years following the introduction of the
trauma scan did not improve when compared with the rate
that was calculated for the investigated years preceding the
routine use of WBCT. A comparison of the RISC II scores
for the two periods even showed that observed mortality was
higher than predicted mortality. Version II of the RISC score
was developed when the observed mortality was found to be
below the mortality rate that was predicted on the basis of
RISC. RISC II now includes a few more relevant prognostic
factors and can be calculated even for patients for whom
some data are missing [14].

By contrast, Ruchholtz et al. analysed data that had been
entered into the TraumaRegister DGU® during the period
from 1993 to 2005 and reported a significant decrease in
the mortality of trauma patients [15]. A comparison of our
study and the study by Ruchholtz et al. showed that there
was only a 3-year overlap between the two long study peri-
ods and that there were differences in inclusion criteria (e.g.
injury severity).

Hilbert et al. reported differences in mortality rates
between trauma centres [16]. The mortality rate reported
for the top ten trauma centres was only half as high as that
reported for the bottom ten centres. This study too was based
on data from the TraumaRegister DGU®. The years covered
by the study (from 2004 to 2007) are included in our study
period. There are, however, a number of differences in inclu-
sion criteria.

We found that the length of stay in the ICU and in hospi-
tal decreased. Weninger et al., who conducted a retrospec-
tive analysis in 2007, reported a similar result. They too
observed a decrease in the length of ICU stay and hospital
stay. Moreover, they observed that patients who underwent
MSCT had fewer complications such as multi-organ fail-
ure than patients who were managed before the introduc-
tion of MSCT. Weninger et al. too compared two groups.
One group of patients underwent diagnostic procedures
such as conventional radiography, FAST and focused CT,
the other group underwent whole-body multi-slice CT [6].
We obtained similar results on the basis of an analysis that
was multi-centred and in which the time point when WBCT
was introduced in the trauma room setting was determined
individually for every hospital.

On the whole, our results confirm once again that the
use of the trauma scan for almost all trauma room patients
(i.e. trauma room patients with an ISS >9) is not sufficient
to improve survival as a parameter of outcome. This may
be attributable to the group of patients with minor injuries
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since Huber-Wagner et al. reported that WBCT increased the
probability of survival especially in severely and critically
injured patients [17, 18]. Sierink et al. conducted a prospec-
tive randomised multi-centre study and investigated out-
come and the time spent in the trauma room [19]. The study
included 1083 trauma patients (mean ISS =20) who were
managed between 2011 and 2014. These patients underwent
either immediate WBCT or conventional imaging and selec-
tive CT scanning. The authors found no significant differ-
ence in 30-day mortality (16% for both imaging approaches).
The same applies to results obtained in a subgroup analysis
for patients with polytrauma and patients with traumatic
brain injury. Similar to our study, Sierink et al. reported that
the primary use of WBCT led to a significant reduction in
the time spent in the trauma room from 72 to 63 min.

Limitations

One limitation of our study was our method of determin-
ing the year in which the trauma scan was introduced as a
standard imaging modality. For some hospitals, it was dif-
ficult to identify a clear increase in the annual number of
WBCT scans and it was impossible to establish whether the
trauma scan had been introduced at the beginning or the end
of the year identified. The exact time point, however, has a
considerable influence on the number of cases and thus on
what year we considered to represent the introduction of
the trauma scan. Since we examined a very large number
of cases and did not include the year of introduction in our
analysis, this limitation is likely to play only a minor role.

The introduction of the trauma scan can be assumed to
have led to changes and improvements in hospital algo-
rithms. As a result, the changes that we observed were not
necessarily caused by the introduction of the trauma scan
alone but rather by a combination of the trauma scan and
associated modifications of trauma room processes [3]. The
entire process is thus responsible for changes in the manage-
ment of patients in the trauma room setting.

On the one hand, using different inclusion criteria, e.g.
only intubated and mechanically ventilated patients or vice
versa only spontaneously breathing patients the results of
our study turn out differently. On the other hand, the used
inclusion criteria fit from our point of view best with the
treatment reality in German trauma rooms.

Conclusions

Our study shows that the trauma scan is not superior to a
combination of conventional radiography, ultrasound and
focused CT in terms of mortality in a non-selected popula-
tion of patients (ISS >9). Against this background, more
importance should be placed on decision trees that are

independent of imaging modalities and allow trauma team
leaders to decide on an individual basis whether a patient is
a candidate for a trauma scan. Our study also showed, how-
ever, that the introduction of the trauma scan as a standard
imaging modality led to a relevant reduction in almost all
trauma room processes and enabled trauma teams to make
faster treatment decisions. We observed an increase in the
number of diagnoses per patient. Since we were also able to
prove that the introduction of the trauma scan was associated
with a relevant decrease in the length of ICU stay and hos-
pital stay, trauma teams should adhere to current practices
and procedures until the aforementioned decision trees are
available.
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