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ABSTRACT

Purpose Whole-body CT (wbCT) has been established as an

internationally accepted diagnostic modality in multiple

trauma. Until 2011, a uniform CT scanning protocol was used

for all multiple trauma patients (pat.) at our hospital (OLD

protocol =OP). In 2011, 2 new differently weighted protocols

were introduced: TIME protocol (TP) for hemodynamically un-

stable pat. and DOSE protocol (DP) for pat. with stable vital

parameters. The aim of this study was to compare the original

“One-fits-all-concept” with the new, clinically oriented ap-

proach to wbCT.

Materials and Methods This study retrospectively evaluated

3 distinct wbCT protocols, looking at automatic exposure con-

trol variation (AEC; OP/TP) and arm positioning close to the

body/overhead (TP/DP). The analysis included waist circum-

ference (WC, cm), injury severity score (ISS), examination

time (ET, min), image noise (IN), and effective dose (E, mSv).

Normality of distribution was assessed with the Kolmogorov-

Smirnov test. Data are given as median and range. Test of sig-

nificance with Kruskal-Wallis test or Mann-Whitney-U-test.

Level of significance: 0.05.

Results 308 pat. were included in the study (77 % m; age:

46 a, 18 – 90 a; WC: 93 cm, 66 – 145 cm). ISS was 14

(OP; n = 104; 0 – 75), 18 (TP; n = 102; 0 – 75) and 9 (DP;

n = 102; 0 – 50). ET was 3.9min (OP; 3.3 – 5.6min), 4.1min

(TP; 2.8 – 7.2min) and 7.7min (DP; 6 – 10min). IN showed

no significant differences when comparing OP/TP but was sig-

nificantly reduced in DP. For a wbCT (vertex to ischium),

E could be reduced from 49.7mSv to 35.4mSv by optimizing

AEC (OP/TP). Through the overhead repositioning of the arms

in DP, a further reduction to 28.2mSv was achieved.

Conclusion AEC and arm repositioning have a crucial influ-

ence on image quality and dose. The presented clinical

approach is superior to the original concept.

Key Points:
▪ The use of 2 differently weighted wbCT protocols allows a

more flexible approach to the patient’s clinical presenta-

tion.

▪ The clinically adapted concept presented in this study

allows trauma care centers to reduce the collective dose.

▪ Whole-body CT is leading to exposure to relevant radiation

doses – further multicenter research is required.
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ZUSAMMENFASSUNG

Ziel Die Ganzkörper-CT (GKCT) ist als Primärdiagnostik in der

Versorgung von schwerverletzten Patienten (Pat.) weltweit

etabliert. Bis 2011 wurden alle Pat. in unserer Klinik mit dem

ALT-Protokoll (AP) untersucht. Seit 2011 werden 2 different

gewichtete Protokolle vorgehalten und adaptiert an den klini-

schen Zustand des Pat. eingesetzt. Bei instabilen Pat. wird das

ZEIT-Protokoll (ZP) und bei kreislaufstabilen Pat. das DOSIS-

Protokoll (DP) verwendet. Ziel dieser Studie war der Vergleich

des alten „One-fits-all-Konzepts“ mit dem neuen, klinisch

adaptierten Konzept.

Material und Methoden Diese retrospektive Studie eva-

luiert 3 in Einzelaspekten differente GKCT-Protokolle: Diffe-

rente Einstellung der Dosismodulation (DM, AP/ZP) und Arm-

lagerung am Körper/über Kopf (ZP/DP). Evaluiert werden

Bauchumfang (BU, cm), Injury-Severity-Score (ISS), Untersu-

chungszeit (UZ, min), Bildrauschen (BR) und effektive Dosis

(E, mSv). Test auf Normalverteilung mittels Kolmogorov-Smir-

nov-Test. Angabe der Ergebnisse als Median und Spannweite.

Signifikanzprüfung mittels Kruskal-Wallis- oder Mann-Whit-

ney-U-Test. Signifikanzniveau: 0,05.

Ergebnisse 308 Pat. erfüllten die Einschlusskriterien (77% m;

Alter: 46 a (18 – 90 a); BU: 93 cm (66 – 145 cm)). Der ISS lag

bei 14 (AP; n = 104; 0 – 75), 18 (ZP; n = 102; 0 – 75) bzw. 9

Punkten (DP; n = 102; 0 – 50). Die UZ betrug 3,9 min

(AP; 3,3 – 5,6min), 4,1min (ZP; 2,8 – 7,2min) bzw. 7,7min

(DP; 6 – 10min). Das BR zeigte im Vergleich AP/ZP keine sig-

nifikanten Unterschiede, lag beim DP jedoch signifikant nie-

driger. Für eine GKCT von Scheitel bis Sitzbein konnte im Ver-

gleich AP/ZP durch Optimierung der DM E von 49,7 auf

35,4mSv reduziert werden. Im Vergleich ZP/DP konnte durch

die Armumlagerung über Kopf E auf 28,2mSv weiter reduziert

werden.

Schlussfolgerung DMund Armlagerung haben entscheiden-

den Einfluss auf Dosis und Bildqualität. Das vorgestellte,

klinisch adaptierte Konzept ist dem ursprünglichen „One-fits-

all-Konzept“ überlegen.

Introduction
Accidents and injuries are the most common cause of death and
permanent disability among Germans under the age of 45 [1].
Optimal care of trauma patients plays a significant socioeconomic
role. Efficient emergency room care in the acute phase has a ma-
jor effect on the survival and long-term prognosis of patients with
multiple injuries. Exact knowledge of the pattern of injuries is
essential for treating in a targeted manner with defined priorities.
Computed tomography (CT) has optimal characteristics for trau-
ma diagnosis due to the short examination time and high sensitiv-
ity and specificity both for injuries as well as for trauma-indepen-
dent, treatment-relevant incidental findings. Whole-body CT
(wbCT) is considered as an independent predictor for the survival
of trauma patients and has therefore become internationally
established as the diagnostic method of choice [2 – 4]. Conse-
quently, a rapid increase in the number of whole-body CT exami-
nations in trauma patients has been observed in the last decade
(in 2016 79% of 33 374 patients entered in the TraumaRegister
DGU® underwent whole-body examination) [5, 6].

The main point of criticism regarding wbCT is the relevant
radiation exposure [7 – 9]. Particularly in young patients, there is
an increased stochastic risk of developing a radiation-induced
malignancy [10]. This is to be offset against the risk of death or
permanent damage as a result of the trauma [11]. Therefore, indi-
cation determination plays an important role in the selection of
the diagnostic concept (wbCT vs. diagnostic imaging performed
in steps including ultrasound, X-ray and targeted CT). The main
problem regarding indication determination is the high heteroge-
neity of the patient population in relation to the mechanism of
trauma, pattern of injuries and clinical presentation. Young
patients in particular can temporarily compensate for their circu-
latory situation despite serious injury thus masking the actual
severity of the injuries prior to sudden worsening of their condi-

tion. To prevent the risk of undertriage (underestimation of the
injury severity) with possibly fatal consequences for the patient
or medicolegal consequences resulting from mistreatment, the
indication for wbCT is often determined quickly at many hospitals
in the case of a corresponding mechanism of trauma. However,
experience in the daily radiology routine has shown that only
some patients examined with wbCT meet the definition of poly-
trauma according to Tscherne (“injuries to multiple regions of
the body suffered at the same time with at least one or the com-
bination of the individual injuries being life-threatening”). If the
inclusion criteria of the TraumaRegister DGU® (admission of a
trauma patient to the emergency room and further treatment at
an intensive care unit or intermediate care unit; emergency room
admission with exitus letalis prior to admission to the intensive
care unit; secondary transfer of a trauma patient with TraumaRe-
gister DGU® documentation having been started at the hospital
providing primary care) are taken into consideration, it can be
concluded that the number of patients examined with wbCT and
not entered in the TraumaRegister DGU® is significantly greater
than the number stated above [12].

There are various approaches to indication determination in
the literature: Some authors use the white paper or S3 guideline
criteria for admitting a patient to the emergency room
(▶ Table 1) while others developed special score systems [13 –
15]. To date, there is no final interdisciplinary consensus. This is
also shown in particular by the extensive discussion in the study
by Gupta regarding trauma surgery and emergency room doctors
[16]. There is a risk of an increased rate of wbCTwithout detection
of injury in the case of generalized use of wbCT based solely on
the mechanism of trauma. Therefore, almost 51 % of patients in
the Gupta study did not have any injury that could be detected
on CT and the injury severity score (ISS) was above 15 points in
only 20% of cases [16]. According to the definition of overtriage
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by Wurmb (ISS≥ 16 = polytrauma; ISS< 16 = overtriaged for wbCT),
the overtriage rate was 80% [17].

In many hospitals one single wbCT protocol is used for all trauma
patients. This “one-fits-all” concept was abandoned in our hospital
in 2011. Instead two differently weighted protocols are used adap-
ted to the patient’s clinical condition. The goal of the present study
is to evaluate three different wbCT protocols in relation to
examination time, image quality, and dose. The original “one-fits-
all” concept is compared to the new clinically adapted concept.

Materials and Methods
The present retrospective, monocentric and anonymized study
was approved by the responsible ethics committee.

All presented data were acquired in the period from 6/1/2010
to 6/1/2013 in the clinical routine of a tertiary care hospital for
trauma management with the status of a Level 1 trauma center.
There are 2 emergency rooms for treating seriously ill/injured pa-
tients with one of the two CT units at our hospital being installed
directly in one of the emergency rooms. Patient care is performed
directly at the CT table, with the patient being positioned in the
feet-first position for spatial-logistic reasons. The patient is reposi-
tioned by the emergency room team from the transportation
means used by emergency medical services to a CT-compatible
spine board. wbCT performed early after the primary survey has
been the established primary diagnostic method at our hospital
since 2003. Emergency room admission of trauma patients – and
also determination of the indication for wbCT – were performed
according to the criteria of the S3 guidelines (▶ Table 1) [13].

The inclusion and exclusion criteria and the wbCT scans exam-
ined in the study period are shown in ▶ Fig. 1. 308 evaluable data-
sets were included in the study. All evaluated wbCTscans were ac-
quired on the CT unit installed in the emergency room (Toshiba
Aquilion 32®, software version V3.20GR011, Toshiba Medical
Systems Europe, Zoetermeer, The Netherlands). Compliance tests

and regular consistency checks were performed according to § 16
of the X-Ray Ordinance. Iterative reconstructions were not avail-
able in the study period.

Three different wbCT protocols were evaluated in the study
period. The protocol referred to in the following as the “OLD
protocol” was used to 2011 for all trauma patients (group O).
With the goal of dose optimization, various changes were made
in 2011 and two new differently weighted protocols were created
(“TIME protocol” – group T and “DOSE protocol” – group D).
These were presented to the hospital’s own trauma committee
and have been used since 8/1/2011. The decision as to which of
the two new protocols was to be used was made as a function of
the patient’s clinical condition based on the decision algorithm
shown in ▶ Fig. 2.

The same scan segments were used for all three protocols: one
native head/neck scan and one contrast-enhanced body scan. In
approximately 1/3 of all patients, a leg scan was additionally per-
formed. However, this is not included in the present publication.
While the body and leg scans were planned with an overlap in
group O, this overlapping was avoided in the new protocols
(T +D) (▶ Fig. 3).

All head/neck scans were examined without dose modulation
(= automatic exposure control = AEC) and without gantry tilting.
All three protocols used the existing AEC (SUREExposure3D™, Tosh-
iba Medical Systems Europe, Zoetermeer, The Netherlands) in the
body scan. The exact technical specifications of the three proto-
cols are shown in ▶ Fig. 4.

The arms were positioned close to the body in group O and the
complete wbCT scan was planned based on a long whole-body
scout. After simultaneous start of the scanner and contrast agent
via injector, the wbCT scan was performed automatically: After
acquisition of the native head/neck scan, an interscan delay and
a venous contrast-enhanced body scan were performed.

Group T used the same automatic examination procedure with
the arms close to the body. However, on the basis of a new refer-

▶ Table 1 Criteria for emergency room activation.

grade of recommendation A grade of recommendation B

unstable vital parameters apparent injuries type of accident

▪ systolic blood pressure less than
90mmHg (age-adapted in children)

▪ GCS less than 9
▪ respiratory problems/need for intubation

▪ penetrating injuries/gunshot wounds of
the body/neck region

▪ fractures of > 2 proximal long bones
▪ unstable thorax
▪ pelvic fractures
▪ amputation injury proximal to hands/feet
▪ spinal cord injury
▪ open cranial injury
▪ burns covering > 20% of the body surface

and degree ≥ 2b

▪ fall from a height of greater than 3m
▪ traffic accident with:

– front collision with intrusion of > 50 – 75 cm
– change in speed of delta > 30 km/h
– pedestrian/bicycle collision
– death of a vehicle occupant
– ejection of a vehicle occupant

Summary taken from the S3 guideline “Polytrauma/Schwerverletzten-Behandlung”. If at least one of these criteria is fulfilled, the trauma patient should
be treated in the pre-warned emergency room of a trauma care hospital. The grades of recommendation A, B and 0 correspond to the level of evidence
present during the development of the guideline and take the form of “shall”, “should” and “can” recommendations, respectively [13]. Many hospitals
use these criteria to decide whether or not to perform a whole-body CT scan.
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ence convolution kernel (FC17), the body scan was acquired with
a revised AEC setting (▶ Fig. 4).

Group D was examined with a divided protocol design: After
acquisition of a short scout, the native head/neck scan was plan-
ned and acquired. The patient’s arms were then positioned over-
head. The body scan was then planned and acquired on the basis
of a new long scout. This additional scout acquisition after arm
repositioning is absolutely necessary so that the device recognizes
the correct patient geometry for the body scan under considera-
tion of the arms and can thus ensure an appropriate AEC.

The sex and age of the patient on the examination day (differ-
ence between birth and examination date) were recorded. Waist
circumference was defined as the circumference of a region of in-
terest (ROI) at skin level at the height of the navel. (▶ Fig. 5a). The
injury severity was quantified via the ISS which was determined on
the basis of the radiology wbCT findings and the discharge letters
[18]. The examination time was calculated as the difference
between the parameters “study_time” (DICOM entry 0008|0030
– selection of the protocol at the CTunit) and the “acquisition_time”
of the last image of the axial primary acquisition (DICOM en-
try 0008|0032). Thus, the scout acquisition, examination plan-
ning, contrast delay, actual scan time, and repositioning of the
arms are taken into consideration. The objective image quality
was determined as the standard deviation of the Hounsfield units
in an ROI (= “image noise”). One ROI was placed in liver segment
VII and one in the aorta (▶ Fig. 5b) [19, 20]. The size and shape of
the ROI were individually adapted to include as many voxels as pos-
sible and rule out vascular calcification, liver vessels, and parenchy-
mal lesions (ROI circumference: Aorta 5.4 ± 1 cm; liver 9 ± 1.6 cm).
From the dose reports in the PACS, the scan length (difference be-
tween start and end position) and the dose length product (DLP)
were documented separately for the scans of the head/neck and
body. The maximum CT dose index (CTDImax) documented at that

time in the PACS dose reports is not suitable for a comparison to
the literature. Therefore, the CTDIvol was calculated as the quotient
of DLP and scan length. The effective dose (E) of the individual scans
was calculated as the product of the relevant DLP and the cor-
responding conversion factor (k-factor). The k-factors published by
Huda for the head/neck scan (kHead/Neck = 0.0045mSv/mGy*cm,
in relation to 16 cm head phantom) and the body scan
(kWhole-Body = 0.0154mSv/mGy*cm, in relation to 32 cm body phan-
tom) according to ICRP103 [21, 22] were used for this purpose.
E for a complete wbCT scan from vertex to ischium was calculated
as the sum of the individual values.

The statistical analysis was performed with SPSS (Version 16.0,
SPSS Inc., Chicago, IL, US). Extreme values (values outside the 3 rd
interquartile range) were excluded from the analysis. The Kolmo-
gorov-Smirnov test was used to test for normal distribution. Since
there was no normal distribution in all three groups in any com-
parison, nonparametric tests were exclusively used. Therefore,
results are specified as median and range (min-max). For better
comparability with the literature, the mean and standard devia-
tion (mean±SD) are additionally presented. The test for signifi-
cance was performed with the Kruskal-Wallis test or Man-
n-Whitney U-test. The level of significance was 0.05.

Results
In the study period 308 patients fulfilled the inclusion and exclu-
sion criteria (age: 46 a, 18– 90 a; 46 ± 19 a). Neither gender distri-
bution (male: n = 238; = 77 %; P = 0.64) nor waist circumference
(93 cm, 66 – 145 cm; 94 ± 15 cm; P = 0.59) showed significant
differences between the three groups.

The results regarding ISS and examination time and the ISS dis-
tribution within the groups are shown in ▶ Fig. 6, 7. While the ex-
amination time varied only slightly between groups O and T, the

645
337

underage pa�ents (under 18 years old) 21
wbCT in transferred pa�ents 34
wbCT on second CT unit not in the emergency room 13
missing dose report in the PACS (due to database migra�on las�ng mul�ple months) 162
use of other wbCT protocols (22 were examined with the DOSE protocol with 1 arm overhead and 1 arm close to the body) 47
interrup�on in the examina�on procedure in the case of emesis 2
technical problems while performing the examina�on (in more than 75 % of these wbCT scans, one of the scouts was acquired in only 1 plane 18

relevant devia�ons from the previously defined scan segments (par�cularly shortening of the body scan with exclusion of the neck or 
lengthening of the body scan to include the legs)

40

308
OLD protocol (O) 104
TIME protocol (T) 102
DOSE protocol (D) 102

total number of examined polytrauma wbCT examina�ons
excluded data sets

included data sets

and not in 2 planes as planned)

▶ Fig. 1 This figure shows the number of whole-body CT scans performed in the study period and assessed by inclusion and exclusion criteria.
Furthermore, the number of included and excluded scans is given. Included in the study were all primary care patients who underwent whole-body
CT after severe trauma on our emergency room scanner using one of the established protocols. The following data sets were excluded: underage
patients, missing dose report in the PACS system, discrepancy between used and established CT protocol, technical problems occurring during the
scan and relevant deviation from the primarily defined scan length of the scan regions (▶ Fig. 3).
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examination time in group D was 3.6 minutes longer because the
automatic examination procedure was not used.

The results regarding objective image quality are specified in
▶ Fig. 8. There was no difference between groups O and T, while
significantly better image quality was seen in group D.

▶ Fig. 9 shows the determined dose values of the head/neck
and body scans. There were no significant or clinically relevant
differences in dose parameters between the three groups for the
head/neck scans. In contrast, significant dose reductions could be
achieved for the body scan. The comparison between groups O
and T shows that the DLP is 37 % lower (927 mGy*cm) under
optimized configuration of the AEC with the same image quality.
In the comparison between groups T and D, the DLP was able to
be reduced by an additional 29% (466 mGy*cm) by repositioning
the patient’s arms.

The average effective dose of a wbCT from vertex to ischium is
compared in ▶ Fig. 10 to the dose reference values of the Federal
Agency for Radiation Protection [23].

Conclusion
1. An optimized AEC setting can significantly reduce the radiation

exposure even in the case of older devices.
2. Due to the constant further development of CT devices by

manufacturers, existing protocols should be regularly reevalu-
ated and optimized.

3. An examination of the body with the arms overhead has a
longer examination time, but is superior with regard to image
quality and dose to an examination with the arms positioned
close to the body.

4. The clinically adapted dual concept with 2 differently weighted
wbCT protocols is superior to the use of a single protocol for all
patients (“one-fits-all concept”).

TIME ProtocolOLD Protocol

Pause with
arm repositioning

DOSE Protocol

arms
close to
the body

arms
over-
head

▶ Fig. 3 All of the three protocols evaluated in this study used the
same scan sections: An unenhanced head/neck scan planned from
vertex to thoracic vertebra 3 was followed by a contrast-enhanced
scan of the body region planned from orbital roof to ischium. If se-
vere injuries of the legs were suspected, a facultative subsequent
scan of the legs was added. In the OLD protocol, the body and leg
scans were planned with an overlap, which was explicitly avoided in
both new protocols. The leg scans are not presented in this study.
The OLD and TIME protocol had the same protocol design with arm
positioning alongside the body and automated consecutively run-
ning scans. The DOSE protocol had a modified protocol design with
a pause between the head/neck scan and body scan in which the
arms were repositioned over the head. To ensure operational relia-
bility of automatic exposure control, it is indispensable to acquire a
new scout after repositioning the arms.

Emergency Room Alert – Polytrauma

BODYCHECK
through Traumaleader

stable Patient 
▪no obvious, life-
 threatening injuries 
▪stable vital parameters

Injuries of the shoulders 
or arms

DOSE optimized Protocol
⊳ both arms in overhead 
 position

TIME optimized Protocol
⊳ both arms alongside 
 the body

Yes, bilateral

Yes, unilateral

DOSE optimized 
Protocol
⊳ 1 arm alongside
 the body, 
 1 overhead

unstable Patient 
▪obvious, life-
 threatening injuries
▪hemodynamically
 unstable patient

No

▶ Fig. 2 During emergency room treatment, the decision as to
which CT protocol should be used (TIME optimized versus DOSE
optimized Protocol) was made according to this scheme. In hemo-
dynamically unstable patients the TIME protocol was used and in
patients with stable vital parameters the DOSE protocol was used. If
injuries of one or both arms were present in the initial body check,
either the modified DOSE protocol with the injured arm alongside
the body or the TIME protocol with both arms alongside the body
was used.
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5. WbCT scans result in relevant radiation exposure. Multicenter
studies quantifying the average radiation exposure of a wbCT
scan are needed.

Discussion
In the comparison between groups O and T, optimizing the AEC
results in a reduction in radiation exposure with a similar examina-
tion time and stable image quality. At an AEC setting identical to
that of group T, the repositioning of the patient’s arms and the
modified protocol design in group D result in a longer examina-
tion time with reduced radiation exposure and improved image
quality.

The patient group examined in the present study is to be con-
sidered representative compared to the TraumaRegister (annual
report 2016: MeanAge 51.4 a; 70% male) [6].

Since CT takes the patient’s habitus into consideration based
on scouts when using AEC, it has a direct influence on dose. Since
there were no significant differences regarding waist circumfer-

OLD (O) TIME (T) DOSE (D)

1. short head/neck scout
2. head/neck  Scan

     2. simultaneus start of contrast      2. simultaneus start of contrast 3. pause with arm reposi�oning
          injector and CT-unit           injector and CT-unit 4. long whole-body scout

5. simult. start of injector /CT-unit
6. automa�c consecu�ve scans

evitanevitanevitannacs kcen/daeh
yaleD s 06yaleD s 06yaleD s 06nacs ydob

yaleD s 08 .xorppayaleD s 08 .xorppayaleD s 08 .xorppanacs gel

Vk 021Vk 021Vk 021egatlov ebut
s 5,0s 5,0s 5,0emit noitator

citamotuacitamotuacitamotuanoitaerc RPM
citamotuacitamotuacitamotuaSCAP ot refsnart RPM

ydob eht ot esolcydob eht ot esolcydob eht ot esolcsmra
tube current 400 mA (AEC not ac�ve) 400 mA (AEC not ac�ve) 400 mA (AEC not ac�ve)

46CF46CF46CFlenrek noitulovnoc
mm 023mm 023mm 023VOF nacs

mm 5,0 x 23mm 5,0 x 23mm 5,0 x 23noitamilloc
656,0656,0656,0rotcaf hctip

daehrevoydob eht ot esolcydob eht ot esolcsmra
evitca CEAevitca CEAevitca CEAtnerruc ebut

UH 41UH 41UH 21eulav DS/rotcaf esion
Am 044 - 041Am 044 - 041Am 044 - 04stimil CEA

71CF71CF51CFlenrek noitulovnoc
mm 005mm 005mm 005VOF nacs
mm 1 x 23mm 1 x 23mm 1 x 23noitamilloc

448,0448,0448,0rotcaf hctip

head/neck scans    (no changes made to the head/neck scans between protocols)

body scan 

iden�cal se�ngs for all scans

contrast agent    (100 ml contrast agent + 20 ml NaCl with flow of 3 ml/s)

scouts    

examina�on procedure

     3. automa�c consecu�ve scans      3. automa�c consecu�ve scans

     1. long whole-body scout

acquisi�on of all scouts on 2 planes
manual adjustment of scout length according to landmarks of requested scans (→ Fig. 3) 

     1. long whole-body scout

▶ Fig. 4 Examination protocols. Collimation: detector rows × slice thickness; MPR: multiplanar reconstructions; AEC: automatic exposure control;
FOV: field-of-view.

▶ Fig. 5 aWaist circumference was defined as the circumference of
a freehand ROI at skin level at the height of the navel. b Objective
image quality was defined as “image noise” (= standard deviation of
Hounsfield units in an ROI). The ROIs were placed in liver segment
VII and in the aorta.
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ence between the three groups, there was no falsification of dose
values due to asymmetrical distribution of patients with a differ-
ent habitus among the groups.

Comparison of the three groups showed a clear injury severity
dynamic (▶ Fig. 7). In the OLD protocol previously used for all
patients, the ISS covers the complete range of 0 – 75 points. In
contrast, higher ISSs have been redistributed to group T and lower
scores to group D since implementation of the clinically adapted
procedure. This reflects the clinical triage done in our emergency
room. In total, the ISS was higher than 15 points in 139 patients,
theoretically resulting in overtriage of 54.9 % of patients accord-
ing to Wurmb [17]. The literature shows a broad range of pub-
lished ISS values: Huber-Wagner: ISS mean 28.8 ± 12.1 [2], Yaniv:

mean 13 ±11.2 [24] or median 5 (IQR 1 – 13) [16]. Differences can
be primarily explained by variations in study design. Many studies
on polytrauma wbCT neglect this important characteristic of trau-
ma patients. Therefore, future studies should additionally deter-
mine the more precise NISS (new ISS).

With the same protocol design, there was a similar examina-
tion time in groups O and T (approx. 4min). As a result of the
modified protocol design, the examination time in group D
increased to 7.7 minutes. A literature comparison is only possible
on a limited basis since the definitions of examination time vary.
The scan time (= time that radiation is emitted) is unsuitable as a
reference value (e. g. 35 – 65 s [25]). The definition of examination
time used in this study, i. e., the difference between protocol
selection at the CT device and acquisition time of the last axial
image of the primary acquisition, takes into account scout acqui-
sition, planning, scan time, contrast delay, and any arm reposi-
tioning and is thus a realistic variable. Extreme values (life-saving
procedures , reanimation) were excluded from the statistical
analysis. The optimal definition of examination time to be pre-
ferred by future authors was used by Yaniv and Bayer (difference
between acquisition time of the first scout image and the last axial
image) [24, 26]. The examination time of 14.1 ± 4.1 to 14.3 ± 9.5
minutes or 7:30 ± 2:52 min:s is comparable with the present
study. In the case of unstable patients requiring a short wbCT ex-
amination time, the protocol design of groups O and Twith an ex-
amination time of 4 minutes is a real time-optimized protocol.

The occurrence of typical artifacts with the patient’s arms
close to the body is generally known and is common in obese pa-
tients (▶ Fig. 11). The definition of objective image quality used in
this study provides values for organ-specific image noise and is
used to compare the protocols evaluated here. In the case of dif-
ferences regarding CT unit, AEC functionality, and ROI position,
comparison of the individual values with other studies is not use-
ful. Other studies with a similar method come to the same conclu-
sion: wbCT scans with the patient’s arms close to the body have
worse image quality and a higher dose than scans with the
patient’s arms overhead [19, 20].

Since the head/neck scans were examined with the same set-
ting, no differences could be identified between the groups as
expected. It must be noted here that the neck was overexposed
when examining this region with a constant tube current and a
dose for intracranial image quality. This is reflected in the dose
values that exceed the dose reference values of the Federal Agen-

Median Range Median Range Median Range
MW ± SD MW ± SD MW ± SD

3,93 (*) 3,3 - 5,63 4,1 (*) 2,8 - 7,17 7,72 (*) 6 - 10 s s s

3,98 (*) ± 0,45 4,27 (*) ± 0,83 7,73 (*) ± 0,82

14 (*) 0 - 75 18 (*) 0 - 75 9 (*) 0 - 50 s s s

17,2 (*) ± 16,5 21,3 (*) ± 16,1 10,7 (*) ± 10,5

OLD (O) TIME (T) DOSE (D) P-Values

ISS

O - T  O - D  T - D

ET
in min

▶ Fig. 6 This figure presents the results of examination time and ISS as median and range. For comparison mean value and standard deviation are
given additionally. s = significant; ns = not significant.
* In the analysis of examination time, some extreme values (values out of 3 rd IQR) were excluded from further analysis (group OLD (O): 3, group
TIME (T): 3, group DOSE (D): 2).

▶ Fig. 7 The ISS was calculated using the findings of the whole-
body CT scan and diagnoses from the hospital discharge letter [18].
The OLD protocol was used for all patients in the sense of a “one-
fits-all” concept. Since 2011, two new and differently weighted CT
protocols have been implemented (▶ Fig. 2). From this data it is
evident that more severely injured patients were found in the TIME
group, and more minorly injured patients in the DOSE group. This
reflects the triage carried out in the emergency room.
The box represents the interquartile range (IQR) which contains the
middle 50 % of the ISS values. The line across the box indicates the
median. The whiskers (lines that extend from the upper and lower
edge of the box) represent the highest and lowest values which are
no greater than 1.5 times the IQR. Outliers are values beyond the
whiskers between 1.5 and 3 times the IQR.
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cy for Radiation Protection (▶ Fig. 9, 10) [23]. This aspect was
identified as an object of future protocol optimization.

Comparing body scans shows similar scan lengths between
groups T and D which are shorter than those in group O. This is a
reasonable result of the increased planning by technologists in the
new protocols since the overlapping of body and leg scans is to be
explicitly avoided.

In the group comparison of dose values, significant dose re-
ductions (▶ Fig. 9) were achieved both by optimizing the AEC
using current software (O-T) and by repositioning the patient’s
arms (T-D). Both aspects are considered relevant variables influ-
encing dose and image quality [19, 20, 27, 28]. In the case of an
identical AEC setting, the difference in the positioning of the arms
between groups T and D is the only possible explanation for the
variations in image quality and dose (▶ Fig. 4). The dose reduction

Median Range Median Range Median Range
MW ± SD MW ± SD MW ± SD
17 11,1 - 39,5 16 (*) 10,5 - 35,3 14 9,7 - 19,9 ns s s

18,6 ± 5,3 17,3 (*) ± 4,8 14,1 ± 2,2
19,4 7,5 - 56,3 18,3 (*) 11,3 - 30,4 14,7 10,9 - 18,9 ns s s
21 ± 6,9 19,2 (*) ± 4,1 14,6 ± 1,8

IN Leber   
(in HU)

O - T O - D T - D

 IN Aorta   
(in HU)

P-valuesDOSE (D)TIME (T)OLD (O)

▶ Fig. 8 The objective image quality was defined as image noise (= IN = standard deviation of Hounsfield units in a ROI). The respective ROIs were
placed in one slice at the level of the upper abdomen in liver segment VII and in the aorta. In addition to the results (Median/Range) mean value and
standard deviation are presented for better comparison to literature. s = significant; ns = not significant.
* In the analysis of image noise, some extreme values (values outside of the 3 rd IQR) were excluded from further analysis (group TIME (T): aorta-2,
liver-4).

Median Range Median Range Median Range Median Range
MW ± SD MW ± SD MW ± SD MW ± SD
34,7 29,2 - 42,1 93,9 80,9 - 107,9 91,9 78,9 - 108,4 91,9 81,9 - 106,4 s s ns
35 ± 1,7 94,2 ± 5,3 91,8 ± 5,3 91,6 ± 5,4

70,4 70,3 - 70,6 26,9 17,2 - 30,2 17 10,4 - 28,2 12,1 10,4 - 29,6 s s s
70,4 ± 0,1 26,3 ± 2,3 17,8 ± 5,4 14,8 ± 5,3
2437 2054 - 2965 2512 1388 - 2969 1585 892 - 2679 1119 859 - 3030 s s s
2464 ± 123 2481 ± 268 1633 ± 520 1360 ± 513

11 9,2 - 13,3 38,7 21,4 - 45,7 24,4 13,7 - 41,3 17,2 13,2 - 46,7 s s s
11,1 ± 0,6 38,2 ± 4,1 25,2 ± 8 21 ± 7,9

head/neck scan
DOSE (D) 

body scan
P - values

TIME (T)

E (mSv)

OLD (O)

scan length 
(cm)

DLP 
(mGy*cm)

CTDIvol  
(mGy)

O-T O-D T-D

▶ Fig. 9 This figure presents the dose evaluations of the single scans as median and range. Mean values and standard deviation are given for better
comparison to literature additionally. Scan length and dose length product (DLP) incl. overranging. The effective dose E was calculated using con-
version factors according to the ICRP103 [21, 22]. Because of identical settings in the head/neck scans, no differences were found among the three
groups (reference to the 16 cm head phantom). In contrast, through optimization of automatic exposure control (comparing group OLD with TIME)
and through repositioning of the arms (comparing group TIME with DOSE), significant dose reductions were achieved in the body scan (reference
to the 32 cm body phantom). s = significant; ns = not significant.

sec�on 1 OLD (O) TIME (T) DOSE (D) sec�on 2
DLP-DRVold   

(in mGy*cm)
DRV old -       

EHuda (in mSv)
DLP-DRVnew   

(in mGy*cm)
DRVnew -      

EHuda (in mSv)

 CCT 950 2,28 850 2,04
 Caro�d angio (600) (6,42) 600 6,42
 Thorax 400 8,16 350 7,14
Upper abdomen 450 7,34 360 5,87
 Pelvis (so� �ssue) 450 6,44 400 5,72

total 49,7 mSv 35,4 mSv 28,2 mSv (30,64 mSv) 27,19 mSv

CCT/neck CT

neck and trunk CT

11 mSv 11 mSv 11 mSv

38,7 mSv 24,4 mSv 17,2 mSv

▶ Fig. 10 In section 1 for each protocol the effective doses of the single scan regions (▶ Abb. 9) were added to calculate the mean effective dose
for a whole-body CT scan from vertex to ischium. For reference in section 2, the dose reference values (= DRVs) of the German Federal Office for
Radiation Protection are shown in column DLP-DRVold and column DLP-DRVnew (updated in 2016). There was no value in the old DRV for the CTscan
of the neck region. The corresponding value of the new DRV was used instead. The DRVs were multiplied with conversion factors according to
ICRP103 [21, 22] to calculate “effective dose reference values”, shown in column DRVold-EHuda and DRVnew-EHuda. The aim was to generate a max-
imum limit for an elective whole-body CT scan. All effective doses found in this study exceeded the current DRVs. When using whole-body CT as an
emergency diagnostic modality in multiple trauma, it is, however, acceptable to exceed the DRV.

1148 Reske SU et al. Whole-Body CT in… Fortschr Röntgenstr 2018; 190: 1141–1151

Technique and Medical Physics

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



resulting from the repositioning of the patient’s arms was 7mSv
according to Brink which is comparable with the present study
(7.2mSv) [20]. However, such values cannot be generalized since
significant differences can occur when examining the same pa-
tient on a device by the same manufacturer simply due to the
use of a different AEC setting. It can thus be concluded that exist-
ing protocols must be regularly reevaluated and optimized due to
the constant further developments made by CT device manufac-
turers.

The dose reference values of the Federal Agency for Radiation
Protection were updated in 2016 and provide guidelines to be
observed during typical examinations of standard patients (body
weight 70 ± 3 kg) [23]. Depending on the indication, habitus, and
special aspects (metal implants) and particularly in the case of
emergency diagnostic imaging, it is acceptable to exceed the
dose reference values. ▶ Fig. 10 shows that the doses particularly
in groups O and T were above the current dose reference values,
with the doses published here being acquired in the validity peri-
od of the old dose reference values between 2011 and 2013.
Additional protocol optimizations have since been performed
and are the subject of a planned follow-up study.

The general opinion in the literature is that wbCT from vertex
to ischium corresponds to approx. 10 – 20mSv [13]. The present
values as well as the speculation of Ruchholtz (30.05mSv) contra-
dict this [9]. Harrieder describes a broad range of dose values for
wbCT in the literature [29]. From our point of view there are many
reasons for this:
1. There are various wbCT protocols partially with multiphase

scans and multiple overlaps.
2. Many studies publish only dose values for body scans neglect-

ing the head/neck scans.
3. Some studies provide data regarding radiation exposure [19,

20, 24, 27, 29], while others use phantom studies and others
provide estimated values that cannot be reproduced.

4. Dose values are published in a highly varied and sometimes
incomplete manner. In addition, different k-factors based on
either tissue weighting factors according to ICRP 60 or the
current ICRP 103 are used [21, 22, 30]. Depending on the
published, dose-relevant parameters, conversion and thus
comparability with other studies can be limited or even im-
possible. Converting the published values using the k-factors
from Huda to values comparable with this study would result in
dose values of 41.1 –49.5mSv [25], 26.2 –28mSv [29], 15.7 –
20.2mSv [27], 11.4– 28.2mSv [20] or 12.4 – 18.2mSv [24]. It
must be explicitly noted here that the last three studies
provided values only for body scans but not for head/neck
scans. To date, no anonymized retrospective multicenter eval-
uation of this topic has been performed.

A comparison of a “one-fits-all” concept with the clinically adap-
ted concept using the latest hardware and software yields the fol-
lowing points:

Supplementing the prior exclusive use of a protocol with the
patient’s arms close to the body for all patients (TIME protocol)
with the addition of a DOSE protocol makes it possible to examine
stable patients according to the ALARA principle with an adequate
dose and better image quality. This results in reduced collective
radiation exposure which particularly benefits slightly injured
patients who were overtriaged in the emergency room.

In the case of the previous sole use of a DOSE protocol with re-
positioning of the patient’s arms overhead for all patients, parti-
cularly severely injured, hemodynamically unstable patients ben-
efit from the addition of a TIME protocol due to the reduced
examination time and the more time-efficient care. Higher radia-
tion exposure is acceptable for these patients during emergency
diagnostic imaging.

By using differently weighted wbCT protocols, each patient’s
clinical situation can be approached with greater flexibility on an
individualized basis.

In patients with a relevant mechanism of trauma, there is an
alternative diagnostic concept consisting of the combination of
ultrasound, X-rays of the skeleton of the trunk and if necessary
subsequent CT of individual body regions. Adding up the litera-
ture values yields an effective dose of 3.32 mSv for X-ray imaging
of the cervical spine, thoracic spine, lumbar spine, thorax, and pel-
vis [31]. This corresponds to 1/10 the dose of one wbCT
(▶ Fig. 10). Imaging of the thorax p. a. corresponds to 0.02mSv.
Therefore, one wbCT at 30mSv would equal 1500 chest X-rays.

According to the Federal Agency for Radiation Protection, the
average annual radiation exposure in Germany from natural and
civilization-based sources is 4mSv. Trauma patients are often
very young, and they have often only encountered natural radia-
tion exposure (2.1mSv). wbCT with 30mSv would therefore cor-
respond to natural radiation exposure of 14.3 a.

Limitations
The basic limitations of this study are its retrospective, monocen-
tric, unblinded, and non-randomized design.

▶ Fig. 11 The figure demonstrates different examples of single sli-
ces of body scans with arms over the head (group DOSE – ex. a) and
arms close to body (group TIME – ex. b–d). Characteristic beam-
hardening artifacts due to the positioning of the arms are present
and can significantly impact the interpretation of the diagnostic
procedure, especially in obese patients.
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Particularly in obese patients, there is high variability regarding
the position of the navel. Therefore, future studies should deter-
mine the waist circumference along the X-axis not based on the
navel as in this study but based on bony landmarks (e. g. L3).

In the case of examinations with the arms close to the body,
the actual body volume exposed to radiation is represented in-
completely through the waist circumference. Therefore, no cor-
relations between waist circumference and dose are presented in
this study.

The definition of examination time that is used in this study is
susceptible to outliers, e. g. due to prolonged emergency room
care. The definition used by Yaniv and Bayer is to be given prefer-
ence for future studies [24, 26].

In the analysis of examination time, no differentiation was
made between wbCT with and without a leg scan. This results in
inaccuracies in the examination time in patients who underwent
a leg scan (frequency: T > O > D) of approx. 20 s (5 s interscan
delay with respect to the body scan and a scan time of approx.
15 s for leg scans). This explains the difference in examination
time between groups O and T in particular.

The examination of all patients on a CT-compatible spine
board is a further limitation as it can have a significant effect on
dose and image quality [32]. This was not evaluated in this study.
Since all patients were examined in this way, this represents a
systematic error and is to be ignored within this study.

Conclusion
Acute care of polytraumas is an interdisciplinary challenge for
trauma centers. There are usually interdisciplinary guidelines for
procedures that can differ significantly between various hospitals.
Diagnosis via wbCT is an important component of a total concept
and is subject to complex influences and interactions. In addition
to technical factors of the CT unit (manufacturer, product,
software options, maximum scan length, iterative reconstruc-
tions) and the actual device settings (tube voltage, rotation time,
AEC), spatial, logistic, and interdisciplinary aspects (CT in the
emergency room or separate rooms, emergency room care
procedures, head/feet-first position, arm position, contrast re-
gime) also affect the protocol design. Due to this high complexity
and based on the focus compromises must always be made com-
pared to elective standard protocols for individual body regions.
There are many publications addressing protocol optimization in
wbCT, for example in relation to the manufacturer, in relation to
the device, in relation to individual aspects of protocol design,
and in relation different designs compared to one another. A mul-
ticenter study more precisely quantifying the average radiation
exposure caused by wbCT is not yet available.

Additional research regarding the topic of indication determi-
nation is also needed to develop a practical concept that rules out
undertriage to the greatest extent possible and keeps the overt-
riage rate relatively low. The present study describes a clinically
adapted concept that can be integrated between indication
determination and the performance of wbCT. It allows a more
flexible approach to individual aspects of trauma patients in the

emergency room and provides an option for lowering the collec-
tive radiation exposure even when performing wbCT.

CLINICAL RELEVANCE OF THE STUDY

▪ The present study describes a concept for wbCT in patients

with multiple injuries: The use of 2 differently weighted

protocols allows a more flexible approach to the clinical

presentation of trauma patients in the emergency room.

▪ The time-optimized wbCT protocol targets severely injured

patients. The focus is on the shortest possible examination

time with compromises being made regarding image

quality and radiation exposure.

▪ The dose-optimized wbCT protocol targets more slightly

injured, possibly overtriaged patients. The focus is on the

lowest possible radiation exposure with the use of as many

dose reduction options as possible.

▪ The clinically adapted concept presented here may be a

further step in improving the acute care of trauma patients

in Germany with the goal of reducing the collective dose.
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