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Abstract

Objectives To identify imaging algorithms and indications,
CT protocols, and radiation doses in polytrauma patients in
Swiss trauma centres.

Methods An online survey with multiple choice questions and
free-text responses was sent to authorized level-I trauma cen-
tres in Switzerland.

Results All centres responded and indicated that they have
internal standardized imaging algorithms for polytrauma
patients. Nine of 12 centres (75 %) perform whole-body
CT (WBCT) after focused assessment with sonography for
trauma (FAST) and conventional radiography; 3/12 (25 %)
use WBCT for initial imaging. Indications for WBCT were
similar across centres being based on trauma mechanisms,
vital signs, and presence of multiple injuries. Seven of 12
centres (58 %) perform an arterial and venous phase of the
abdomen in split-bolus technique. Six of 12 centres (50 %)
use multiphase protocols of the head (n=3) and abdomen
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(n=4), whereas 6/12 (50 %) use single-phase protocols for

WBCT. Arm position was on the patient’s body during

scanning (3/12, 25 %), alongside the body (2/12, 17 %),

above the head (2/12, 17 %), or was changed during scan-

ning (5/12, 42 %). Radiation doses showed large variations

across centres ranging from 1268-3988 mGy*cm (DLP)

per WBCT.

Conclusions Imaging algorithms in polytrauma patients are

standardized within, but vary across Swiss trauma centres,

similar to the individual WBCT protocols, resulting in large

variations in associated radiation doses.

Key Points
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Introduction

The initial diagnostic evaluation, including a rapid and precise
physical examination of severely injured patients, represents
an important element of structured trauma management.
Traditionally, the imaging work-up of trauma patients consists
of a focused assessment with sonography for trauma (FAST)
and conventional radiography, eventually complemented by
computed tomography (CT) of specific body regions [1, 2].
In the past decade, the concept of whole-body CT (WBCT)
has gained increasing importance in the early phase of trauma
care, gradually replacing ultrasound and conventional
radiography [3-5].

Interestingly, there is still conflicting evidence regarding
the proper use and indication of WBCT in the literature [6].
For example, in a recent systematic review, Surendran et al.
[71 questioned the usefulness of WBCT in early trauma care
regarding a reduction of mortality. Another issue that must be
considered in regard to WBCT is the associated radiation
dose. Most previous studies did not determine radiation doses
of WBCT, but rather provided estimates or extrapolations [8].
However, it is mandatory to weigh the clinical usefulness of
the technique against the radiation exposure and the small
theoretical risk of cancer induction from ionizing radiation.
We assume that many clinicians and radiologists alike may
still be unfamiliar with the magnitude of radiation exposure
that is received during a WBCT examination and with the
factors that contribute to this radiation dose. This information,
however, is critical for the development of strategies allowing
for a reduction of patient exposure to be adherent to the as-
low-as-reasonably-achievable (ALARA) principle.

Still there exist a number of different imaging algorithms
and used modalities in the assessment of severely injured pa-
tients in different hospitals and countries. Smith et al. [9]
showed for the UK that less than a quarter (22 %) of trauma
centres implemented a WBCT-based algorithm and that hos-
pitals having a higher volume of trauma patients were more
likely to have algorithms including WBCT. Wiklund et al.
[10] showed for several Nordic countries that 84 % of the
hospitals had official guidelines for the indication of WBCT,
but that there exist major differences in how WBCT was
performed.

So far, it is not known which imaging algorithms for the
initial radiologic evaluation are applied in trauma centres in
Switzerland, including the knowledge about the use of differ-
ent imaging modalities, including CT. In addition, none of the
surveys mentioned above [9, 10] included a thorough assess-
ment of associated radiation doses from WBCT in the various
centres. Thus, the aim of this study was to identify the diver-
sity of imaging algorithms in trauma patients, including indi-
cations for WBCT, specific protocols for WBCT, and the ra-
diation doses in trauma centres in Switzerland.

Materials and Methods

We created an online survey about imaging algorithms in
polytrauma patients in October 2015. It was reviewed and
tested by a radiologist of our emergency radiology unit and
a revised version was sent to the selected hospitals.
Designated hospitals were the 12 level-I trauma centres in
Switzerland being authorized to treat seriously injured patients
with acute life-threatening injuries (according to the highly
specialized medicine (HSM) directive, 2011 [11]).
Participating radiologist being the section heads of emergency
radiology in the respective hospitals were invited by email to
undertake the web-based questionnaire devised using dedicat-
ed online software (www.surveymonkey.com). Hospitals that
did not reply until December 2015 were reminded through
email or phone call to ensure maximized answering frequency.

The survey comprised 25 multiple choice and free text
response questions focusing on usage of imaging algorithms,
imaging modalities, radiation dose exposures, CT and contrast
media protocols, and patient’s alignment of the arms (see sup-
plementary material, available online only). Additionally, in-
formation about the type of scanner and use of iterative image
reconstruction were obtained.

At the beginning of the survey, the definition of
polytrauma was provided to the radiologists as follows:
Severely injured patient with two or more severe injuries
in at least two areas of the body or two or more severe
injuries in one body region [12].

To assess the radiation dose to trauma patients from CT we
asked for the dose-length product (DLP, in mGy*cm).
Hospitals were demanded to provide the average DLP of their
WBCT protocol (head CT and body CT separately, the latter
including the c-spine) of their last 10 polytrauma patients.
Hospitals performing CT scans of selected body regions for
initial radiologic evaluation were asked to provide the average
DLP of the examined body area of their last 10 polytrauma
patients.

To reach a conclusion, responders were asked about their
opinion regarding the need for national or international guide-
lines concerning the imaging algorithms for polytrauma
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patients. In addition, they were asked if their department
would be interested in adopting such new guidelines in the
future.

Statistical methods

Summation of data for comparison was made using basic
spreadsheet functions (Microsoft Excel 2010, Microsoft
Corp, Redmond, WA, USA). Data from 16 of the 25 questions
(64 %) were categorized as tick box answers (n=5) or as yes/
no answers (n=11). In addition, quantitative variables were
expressed as means =+ standard deviation for normally distrib-
uted and as medians + interquartile range for non-normally
distributed values. Percentages were used for categorical pa-
rameters; free-text responses were captured (n=9, 36 %).

The Mann-Whitney U test was used to test for differences
regarding radiation dose exposure with different alignment of
the patients’ arms. This test was also used for comparing the
radiation dose with the split-bolus technique vs. no split-bolus
technique. Multiphase CT acquisitions were compared with
single-phase CT protocols regarding radiation dose exposure.
Multiphase acquisition was defined as repetition of a CT scan
of a certain body region at different contrast phases. A two-
tailed p-value below 0.05 was considered statistically signifi-
cant. Data were analyzed using commercially available soft-
ware (IBM SPSS Statistics for Windows, Version 22.0, IBM
Corp, Armonk, NY, USA).

Results

Response rate

Of the 12 participating trauma centres, all (100 %) completed
the questionnaire. Initial response rate within our deadline was
75 %. The remaining centres answered the online survey until
the end of January 2016.

Number of trauma patients and initial radiologic work-up

Centres were asked to indicate the average number of acute
polytrauma patients, according to the definition mentioned

above, treated per week in the past month who underwent
imaging as part of their initial work-up. Six of the 12 centres
(50 %) responded that they had more than 10 polytrauma
patients per week, two centres (17 %) indicated 5-10
polytrauma patients per week, and four centres (33 %) less
than 5 polytrauma patients per week.

An internal standardized imaging algorithm for polytrauma
patients exists in each of the 12 centres. Eight of the 12 centres
(67 %) use WBCT after FAST and conventional radiography
for the initial radiologic work-up. One centre (8 %) uses
WBCT after FAST and whole-body radiography (Lodox
Xmplar-dr, Lodox Systems (Pty) Ltd, Johannesburg, South
Africa). Of the eight centres using FAST for the initial radio-
logic imaging work-up, three (38 %) perform extended FAST
for the additional rapid detection of pneumo- or hemothorax
and pleural effusion. Three centres (25 %) perform initial
WBCT without foregoing FAST and/or conventional
radiography.

Criteria for performing WBCT

The criteria used for deciding whether WBCT should be per-
formed are similar across centres and are based on the follow-
ing criteria: mechanism of injury, abnormal vital signs, pres-
ence of multiple injuries, and use of the Abbreviated Injury
Severity Score (AIS).

Three of the centres (25 %) used the criteria mentioned
above except for the AIS score.

Protocols for WBCT

All centres routinely use intravenous contrast media. A fixed
volume of contrast media is used in 10/12 centres (83 %),
whereas two centres (17 %) adapt contrast media doses to
the individual patient based on age, body weight, and renal
function.

The CT protocols of all 12 centres are presented in Table 1.
Six of the 12 centres (50 %) acquire WBCT in a single phase,
and six centres (50 %) use multiple phases for their WBCT
protocols. WBCT protocols with multiple phases are used for
images of the head and abdomen (head: non-enhanced and
arterial phase, n=3, abdomen: arterial and venous phase,

Table 1 Summary of the whole-

body CT protocols in the twelve Non-enhanced Arterial phase Venous phase Combined arterial and venous
trauma centres indicating body phase in split bolus technique
parts and phases of enhancement

Head 12 (80 %) 3 (20 %)* - -

C-Spine 433 %) 7 (58 %) 1.8 %)

Chest - 5 (42 %) - 7 (58 %)

Abdomen - 4 (25 %) 531 %) 7 (44 %)

*One centre uses CT angiography of the cerebral vessels.

T One centre uses CT angiography of the cervical vessels.
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n=4). Seven of the 12 trauma centres (42 %) avoid multiple
phase acquisitions by using the split bolus technique for com-
bining the arterial and the venous phase of enhancement into
one spiral acquisition of the neck (n=1), chest (n=7), and
abdomen (n=7).

Renal excretory phase acquisitions are not implemented
routinely in any centre, but are added to the protocol on an
individual basis depending on the CT imaging findings.

Alignment of the arms

Five of the 12 centres (42 %) change the position of the arms
during WBCT: Arms are placed on the patient’s body or par-
allel to the body while scanning the head and were
repositioned above the head while scanning the torso.

Two centres (17 %) align the arms above the head during
the entire WBCT scan, two centres (17 %) position the arms
alongside the torso during the entire scan, and three centres
(25 %) place the arms on the patient’s body ventral to the chest
and upper abdomen during the entire scan (Fig. 1).

Radiation doses

The radiation doses of WBCT show a large variation
among centres and range between 1268 and
3988 mGy*cm (DLP) per examination (Fig. 2). Doses of
those WBCT protocols with arms positioned within the
scan field-of-view (FoV) were higher than those with arms
outside the scan FoV, however, the difference did not reach
statistical significance (p =0.58). Use of the split-bolus
technique was associated with lower DLP values for the
chest and abdomen compared to protocols without the
split-bolus technique (p <0.05). The radiation dose of
WBCT protocols employing multiple phases was higher
than those with a single phase only; however, the sample
size was too small to reach statistical significance
(p=0.20) (Fig. 3).

Fig. 1 Alignment of the arms 100%

during WBCT
80% -

60%
40%

20%

16.7%

0% - . -

CT scanners and use of iterative reconstructions

All centres used 64-slice or higher CT scanners for their
polytrauma patients. Three centres (25 %) use a 64-slice CT
system, eight (67 %) trauma centres use a 128-slice CT sys-
tem, and one centre (8 %) use a 256-slice CT system. Nine
centres (75 %) use a single-source CT machine and three
(25 %) use a dual-source CT machine (operated in the
single-source mode).

Iterative image reconstruction is a standard tool in nine
centres (75 %), one centre (8 %) uses iterative image recon-
struction in patients younger than 40 years only, and two cen-
tres (17 %) use filtered back projection reconstructions.

Need for national/international guidelines

Ten centres (83 %) indicated the need for developing national/
international guidelines for imaging of polytrauma patients.
Nine centres (75 %) are interested in adopting such national
or international guidelines for imaging of their polytrauma
patients (Fig. 4).

Discussion

Previous surveys performed in the United Kingdom and in
Nordic European countries mainly focused on the number of
hospitals with a WBCT-based trauma work-up and on WBCT
reporting attitudes including the presence of the radiologist
and the use of teleradiologic services [9, 10]. Other main is-
sues were the location of the emergency radiology CT scanner
[10], criteria for performing WBCT [9, 10], and radiation
doses of WBCT averaged over all included hospitals [10].
Our study focused on imaging algorithms for the initial
radiologic work-up in all authorized level-I trauma centres in
Switzerland. We investigated into the usage of conventional
radiography, FAST (including extended FAST), and CT in the
resuscitation room, with a main interest in the order of using

41.7%

25.0%

T . ]

16.7%

Above head during the whole Parallel to the body during Arms down when scanning On the patient's body during

scan

the whole scan head, up when scanning torso the whole scan
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Fig. 2 Dose-length products (in 43007
mGy*cm) from WBCT in all 12
trauma centres. Note the large
variation of the radiation doses
across centres
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these modalities. Since WBCT was used in all trauma centres,
we additionally evaluated the types of protocols and along
with this, the variations in associated radiation doses from
WBCT and the factors that contribute to these differences.
Despite conflicting data regarding the usefulness of WBCT
[6, 7], the conventional imaging algorithm in trauma patients
including FAST and conventional radiography is continuously
challenged by WBCT, which is reflected by its increased use
for the initial imaging evaluation [13]. Several studies have
shown that WBCT as initial imaging modality is clinically
feasible, allows for a reduction of time in the resuscitation
room by avoiding other imaging techniques such as conven-
tional radiography and that images obtained are of high

quality [14, 15]. The more frequent use of WBCT requires
the attention on the associated radiation exposure. Here, an
individual risk/benefit analysis of using CT needs to be done,
as, for example, severe injuries of the extremities may justify
an extended scan length and hence a higher radiation dose.
The reported high utilization rate of WBCT was also
reflected in our survey, where all centres did use WBCT as
part of their imaging algorithm: 25 % of the centres use
WBCT as the initial diagnostic tool, whereas 75 % use
WBCT after foregoing FAST and radiography. Extended
FAST was performed in 38 % of the centres, which represents
an extension of traditional FAST for detecting pneumo- or
hemothorax and pleural effusion in addition to intraperitoneal

Fig. 3 Radiation doses from
single phase vs. multiphase CT 40009
protocols in trauma patients
3500
3000
Ay
—1 2500
A
2000
1500
1000
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Fig. 4 Need for national/ 100% -

international guidelines and
interest in adopting such new
guidelines 80%

83.3%

60% -

40%

20%

0% +—

traumatic lesions. lanniello et al. [16] showed that extended
FAST has an excellent accuracy of 97.2 % for the detection of
pneumothorax in trauma patients.

We found that the criteria for deciding whether or not to
perform WBCT were similar across trauma centres and were
comparable to the situation in the UK [9] and in Nordic coun-
tries [10]. Most of the centres use the mechanism of injury
(100 %) and abnormal vital signs (100 %) as major criteria for
deciding whether or not to perform WBCT, followed by the
presence of multiple injuries (92 %) and by using a trauma
score (67 %).

As reflected by the results of our survey, there still exists no
consensus about the specific CT protocol for trauma patients.
Two recent studies indicated that a biphasic acquisition in-
cluding an arterial and venous phase of enhancement is nec-
essary for detecting traumatic contained vascular injuries of
the spleen [17, 18]. In line with this, 92 % of the trauma
centres in Switzerland perform a biphasic acquisition of the
abdomen. Interestingly, 58 % of the centres use the split-bolus
technique for obtaining both contrast phases in one acquisi-
tion. Although this technique combines the benefit of faster
image acquisition and radiation dose reduction, Stedman et al.
[19] recently raised concerns regarding this technique because
of splenic heterogeneity potentially affecting image
interpretation.

Alignment of the arms during CT scanning represents a
major issue in trauma imaging affecting image quality, speed
of data acquisition, and radiation dose [20, 21]. While several
studies showed that positioning of the arms alongside the pa-
tient’s body increases radiation dose exposure and decreases
image quality [20-23], there is still no agreement about the
most appropriate position of the arms, which is also reflected
by the results of our survey. Karlo et al. [24] showed a signif-
icantly better image quality of the liver and spleen when po-
sitioning the arms on a pillow ventrally to the chest compared
to aligning the arms alongside the patient’s body. The

u Do you think there is a need for
national/international guidelines?

® Would your department be interested in
adopting new guidelines?

25%

16.7%

downside of including the arms in the scan FoV is the signif-
icant increase in radiation dose, being approximately 20 %,
according to Karlo et al. [24], and 18 %, according to Brink
etal. [20]. That is explained by the higher tube current through
the use of automatic attenuation-based tube current
modulation.

Radiation dose of WBCT showed major differences across
all investigated trauma centres, with doses almost doubling
when comparing the centre with lowest to that with highest
dose. As expected, DLP values were higher for those proto-
cols including the arms in the scan FoV and for those who use
multiple phases and were lower in protocols employing the
split-bolus technique. Another reason for the observed varia-
tions in radiation dose is the different use of iterative image
reconstructions, which were not used by two centres and were
used only in patients below 40 years of age in one centre.

Based on these differences in doses being paralleled by
variations in protocols and arm alignment, the development
of guidelines for WBCT imaging in trauma patients should be
encouraged. Such guidelines — to our knowledge existing only
for head CT in trauma patients [25], but not for WBCT —
would guarantee updated protocols in all centres with opti-
mized radiation exposure. Based on our survey, 75 % of cen-
tres would be interested in adopting such new guidelines.

The following study limitations must be acknowledged.
First, to determine more detailed radiation dose exposures
for trauma patients, DLP values of each single body region
would have been required. However, because many centres
scan two or more body regions in the same spiral acquisition,
such values cannot be obtained. Second, our study points-out
the present usage of imaging algorithms in trauma patients and
provides neither solutions regarding the appropriate use of
WBCT nor answers about the effect of WBCT on patient
outcome. The questionnaire did not include questions about
the delivery of care to trauma patients nor about the location of
the CT scanner [26]. Also, the survey did not contain
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questions about the use of WBCT in hemodynamically insta-
ble patients. All these factors affect the decision whether or
not to perform WBCT and may also influence the CT
protocols.

Finally, our study was performed in trauma centres of a
relatively small European country with currently 8.4 million
inhabitants and a relatively well developed infrastructure (in-
dicated by the fact that all centres used 64-slice and higher CT
scanners) and health care system. Thus, our results may not be
generalizable to other countries.

In conclusion, imaging algorithms in polytrauma patients
are standardized within, but vary across trauma centres in
Switzerland. The same holds true for individual WBCT pro-
tocols, which results in considerable variations in associated
radiation exposure to trauma patients. The development of
guidelines regarding WBCT protocols, based on scientific ev-
idence, is strongly encouraged.
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