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A B S T R A C T

Many authors adopt the Selected Computed Tomography (SCT) approach of the Advanced Trauma Life Support
(ATLS) for the management of multiple trauma patients. In the SCT approach, the initial physical examination is
followed by conventional radiography (cervical X-ray, chest X-ray, pelvic X-ray and Focused Abdominal
Sonography in Trauma (FAST)), and the computed tomography (CT) of the specific body regions if indicated. An
alternative to this traditional approach is the Whole-body Computed Tomography (WBCT) protocol, which
became widespread all over the world in the last two decades to minimize the rate of missed injuries and
decrease the mortality rate.

According to the literature, the WBCT approach is superior to the traditional SCT approach in the time of
imaging, diagnostic accuracy, and mortality rates. Conversely, WBCT increases the cancer risk due to additional
irradiation. Therefore, it is recommended that the WBCT protocol should be reserved for only severe multi-
trauma patients. However, further studies to define severe patients, and clinical decision criteria for WBCT are
needed.

Trauma is one of the most important causes of death in especially
young population around the world.1–3 Despite recent medical im-
provements, the mortality rate of multi-trauma patients is varied be-
tween 10% and 20%.4,5 As described initially in 1982, traumatic deaths
show a trimodal distribution pattern: immediate, early, and late
phases.6 The early phase is known as golden hours, and fatalities occur
within minutes to several hours following trauma. Today, we know that
the initial assessment and diagnostic efforts have to be as rapid and
accurate as possible to reduce mortality during the golden hours. Al-
though many authors adopt the traditional selected CT (SCT) approach
of the ATLS in multi-trauma patients, an alternative, the whole-body
computed tomography (WBCT) became widespread all over the world
in the last two decades to minimize the rate of missed injuries and
decrease the mortality rate.

According to the SCT approach, after the initial physical examina-
tion, conventional radiography (cervical X-ray, chest X-ray (CXR), and
pelvic X-ray) and focused abdominal sonography in trauma (FAST)
should be obtained. Then, computed tomography (CT) of the specific
regions were ordered if indicated. However, the SCT approach of the
ATLS is thought to be a time-consuming and subjective method ac-
cording to some physicians. They argue that the WBCT approach

decreases the mortality and morbidity with a quicker and more accu-
rate diagnosis, and is superior to the SCT approach. The WBCT ap-
proach consists of unenhanced head and cervical, and contrast-en-
hanced chest, abdomen, and pelvis CTs.

On the contrary, supporters of the SCT approach claim that the
evidence for the mortality and morbidity benefit of the WBCT approach
is insufficient, and patients are exposed to unnecessary and excess ra-
diation. Recently, the first randomized controlled study (REACT-2 trial)
has been published and it reported that no significant difference on
mortality between both approaches.7 However, the outcome of this
debate is still unclear with opposing arguments put forward about the
advantages and the disadvantages of the WBCT. Therefore, we aimed to
appraise the answers to some of the clinical questions mentioned above
in the light of the current evidence.

1. Are the physicians reliable in selecting regions to scan in SCT
approach?

It is argued that the rate of missed injuries is higher in SCT approach
compared to the WBCT approach since the SCT approach is based on
the subjective decisions of the physicians. Is it true? In 2015, Shannon
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et al. assessed the compatibility of the final WBCT diagnosis with the
clinical suspicions of trauma team leaders in 588 suspected polytrauma
patients.8 Suspected injuries were asked to the trauma team leaders
before evaluating the results of the WBCT. They found that twenty-four
of the 588 patients (4%) had injuries at WBCT that were not clinically
suspected by the trauma leader. Besides, unsuspected injuries were
severe (such as cervical injury, bilateral lung contusion, occult pneu-
mothorax, brain contusion) in eighteen of those 24 patients (75%),
which could cause failure of treatment and increase the morbidity. Si-
milarly, in another study with 329 patients, Smith et al. assessed the
ability of emergency physicians (EPs) to determine predefined clinically
significant injuries by traditional SCT approach.9 A pretest was per-
formed to EPs after their initial trauma evaluation before the WBCT,
and they were asked to stratify the injury risk in each body region of the
patient for a clinically significant injury as very low, low, intermediate,
high, or very high. Eight and sixty-four clinically significant injuries
were identified respectively in very low and low-risk groups. In another
study with a different methodology from previous studies, Salim et al.
preferred WBCT in the patients with no expected significant abnorm-
alities such that all of the patients were neurologically intact, hemo-
dynamically stable and had a normal abdominal examination with no
visible evidence of chest or abdominal injury. The only indication for
WBCT was defined as having a severe trauma mechanism. Eventually,
even these patients seemed to be mildly injured according to the initial
evaluation, treatments of 18.9% of these patients were changed based
on the abnormal WBCT findings.10 In two different prospective studies
which evaluated the significance of routine thorax CT in multi-trauma
patients with normal physical examination and normal chest X-ray, SCT
approach was reported to miss 16% and 52% of the clinical significant
injuries, which were entirely different.11,12

Overall, considering the limited evidence in the current literature,
management of multi-trauma patients with the traditional SCT ap-
proach seems to be based on physicians’ unreliable judgments.

2. Is the traditional SCT approach a time-consuming method?

Time is one of the critical components in of trauma management.
Therefore, WBCT supporters argue that the time spent during the SCT
protocol is higher, which may delay the diagnosis and definitive
treatment, and contribute to the emergency department (ED) over-
crowding. Evidence in the current literature seems to support this
claim. For instance, Huber-Wagner et al., in their two different studies
in 2009 and 2013, reported that the WBCT protocol shortened the time
from admission to CT by 10min.13,14 In another study in 2007, We-
ninger et al. reported that total ED time was significantly lower in the
WBCT group (Mean ± SD: 70 ± 17min) compared to the SCT group
(104 ± 21min).15 Hutter et al. reported the total ED time of
95.7 ± 63.0 min in the SCT, and 83.5 ± 49.2min in the WBCT group
in 2011.16

Finally, the first randomized controlled trial (RCT) on this topic
(REACT-2 trial) was published. In this study, aimed to assess the effect
of WBCT scanning compared with a SCT on mortality in patients with
multi-trauma. After sample size calculation for detection of a difference
in mortality of 5%, 540 patients with trauma were included and ran-
domized to each arm, and the primary outcome was determined as in-
hospital mortality rate. Secondary outcomes were defined as varied
clinically relevant time intervals during the trauma management and
these parameters were compared for each group. Finally, in the REACT-
2 trial, all durations, including the time from admission to the diagnosis
of a life-threatening injury, were found to be lower in the WBCT group
compared to the SCT group.7 Different studies reported similar results
except for the study by Mao et al. and their findings are presented in
Table 1.7,13–20

The WBCT approach does not include conventional X-rays, and re-
evaluation/re-examination procedures, which probably may be the
primary reason for shorter ED times. Besides, improvements in the CT

technologies increased the speed of the CT procedure. According to
Gordic et al. the mean time for the completion of trauma-related ima-
ging was 12min if the WBCT protocol is used. This time was reported as
75min in the SCT group.20 Ptak et al. reported the total scanning time
in WBCT with the single body protocol as 3min.21

Current evidence shows that time to imaging is significantly shorter
with WBCT compared to SCT approach, which was reported no more
than a few minutes with WBCT, while it was at least an hour even more
with SCT approach.

3. Does the WBCT approach reduce mortality?

The most crucial question is whether WBCT decreases the mortality
rate or not. Evidence of mortality benefit may nullify the effect of
factors such as radiation exposure, cost, and time. Hugner-Wagner et al.
published the first and the largest retrospective cohort in 2009 which
investigated the effect of WBCT approach on mortality.13 Authors cal-
culated the expected mortality rates in both groups (WBCT and SCT
groups) by using trauma and injury severity score (TRISS) and com-
pared predicted mortality rates (PMR) with recorded real mortality
rates (RRMR). PMR was 23.2%, and RRMR was 17.3% (p < 0.001) in
the WBCT group and PMR was 17.1%, and RRMR was 17.5%
(p= 0.66) in the SCT group. The RRMR was reported to be significantly
lower in the WBCT group. Hugner-Wagner at al. expanded their ret-
rospective cohort in 2013 and published a lower absolute mortality rate
in the WBCT group (17.4%) compared to the SCT group (21.4%).14

Kimura et al. conducted another study with a similar methodology in
5208 patients, and the difference between the real and estimated
mortality rates was shown to be higher in WBCT group (0.24 and 0.29,
respectively) compared to the SCT group (0.28 and 0.29, respec-
tively).22 In 2011, Hutter et al. in their retrospective cohort with 1144
patients, it was reported the mortality rates of the WBCT and SCT
groups as 15% and 8%, respectively (p < 0.001).16 On the contrary,
there are also several studies to report no difference in the mortality
rates of both approaches.15,17,18,23 Therefore, we think that the current
evidence from the retrospective studies is insufficient to conclude
whether there is a mortality benefit with the WBCT or not.

Nonetheless, several meta-analyses based on results of these studies
before the REACT-2 trial have supported that WBCT approach reduced
mortality of patients with multi-trauma. For example, in a meta-ana-
lysis was done by Caputo et al. with 25,782 patients, mortality rates of
WBCT and SCT approaches were found as 16.9% and 20.3% (p:0.0002),
respectively and it was found that pooled odds ratio for mortality rate
of 0.75 (95% CI, 0.7–0.9), favoring WBCT.24 Similarly, in different
meta-analyses were conducted by Jiang et al. with 26371 patients and
Chidambaram et al. with 32207 patients, pooled odds ratios were found
as 0.66 (95% CI, 0.52–0.85) and 0.79 (95% CI, 0.74–0.83).25,26 How-
ever, it is hard to say that this evidence is reliable as they were all based
on retrospective studies because of lacking RCT. Thus, in a Cochrane
meta-analysis was conducted in 2013, the authors stated that zero
studies with high-quality evidence included in quantitative synthesis.27

Eventually, Sierink et al. published the first well-designed rando-
mized controlled trial (REACT-2 trial) in 2016. In this study, after
sample size calculation for detection of a difference in mortality of 5%,
540 patients with trauma were included and randomized to each arm,
and the primary outcome was determined as in-hospital mortality rate.7

In-hospital mortality rates were similar in the WBCT and the SCT
groups (16% vs. 16%, p= 0.92, respectively). The subgroup analysis of
multi-trauma patients revealed a statistically insignificant 3% differ-
ence between the groups (22% vs. 25%, p= 0.46, respectively). At this
point, we should thoroughly understand what results of REACT-2 trial
exactly say. When we considered the target sample size of this study, we
can only assume that there is no difference of 5% between both groups
instead of there is no difference between both groups. Because the
target sample size of this study was calculated for the reduction of in-
hospital mortality of 5%. However, several meta-analyses reported that
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mortality differences between both groups as nearly 3%. If sample size
was calculated for reduction of 3% instead of 5%, it was calculated as
almost 1600 patients for each arm. Therefore, though the REACT-2 trial
has a well-designed methodology, to clarify on differences in mortality
rate between both approaches, we still need new RCTs with larger
sample size.

In conclusion, even though the majority of retrospective studies
reported that WBCT decreases the mortality rate, it is still a matter of
debate in the current literature. There is only one high-quality RCT
regarding this debate, to date, and it reported a statistically insignif-
icant difference between WBCT and SCT groups regarding in-hospital
mortality.

4. Is it contraindicated to use WBCT approach for unstable multi-
trauma patients?

Even if the WBCT is the primary approach in the management of
trauma patients, it would be contraindicated in unstable patients ac-
cording to most of the physicians due to several reasons, such as the
need to move patients from the ED to the radiology, which is probably
far from trauma resuscitation room, or due to the precious time lost
during the work-up delaying the move to the operating room.
Therefore, the majority of retrospective cohort studies did not include
unstable trauma patients. Luckily, a few studies, including unstable
trauma patients, were published in recent years. In 2013, Huber-
Wagner et al. performed a subgroup analysis of unstable trauma pa-
tients in their retrospective study.14 They grouped unstable patients
into moderate (systolic blood pressure [SBP] on admission was between
90 and 110mmHg) and severe shock subgroups (SBP < 90mmHg).
The respective overall mortality rates in WBCT and SCT groups were
42.1% and 54.9% in severe shock (n=1821, p < 0.001), 18.1% and
22.6% in moderate shock subgroups (n= 4280, p < 0.001). There was
statistically significant mortality benefit with the WBCT approach in
both patient subgroups. In the same year, Wada et al. compared the
mortality rates of both approaches in trauma patients with an inter-
vention for emergency bleeding control, and they found a lower mor-
tality rate in the WBCT group (26.3% and 18.1%, p < 0.001).28 Fi-
nally, in retrospective study was conducted by Tsutsumi et al. with
unstable trauma patients, it was reported similar findings with the re-
sults of previous studies.29

The opposing argument for performing WBCT in unstable trauma
patients would be the long distance of the trauma bay to the CT
scanner. In 2014, Huber-Wagner et al. aimed to evaluate the impact of

the distance of the CT scanner from the trauma bay and found that
closer (< 50m) placement had a statistically significant positive effect
on the probability of survival of severely injured patients.30

To summarize, the evidence base for this question is weak, and there
are only a few WBCT studies including unstable multi-trauma patients.
Even though these studies reported a lower mortality rate with WBCT,
they are still inadequate to support the WBCT approach in unstable
trauma patients.

5. Does the WBCT approach expose patients to more radiation?

One of the most critical opposing arguments against the WBCT
protocol is the increased cancer risk due to excess radiation exposure.
The radiation dose exposed by the patients depends on the type of the
CT scanner (single vs. multiple detectors), operator and the protocol
used for WBCT screening. In a prospective study, in which patients were
managed according to the ATLS guideline, trauma patients received a
mean effective dose of 22.7 millisieverts (mSv). This study did not
compare WBCT with SCT, but regardless of the scanning protocol, they
aimed to draw attention to the increased risk of cancer and suggested
avoiding unnecessary CT scans.31 Despite the claims that the newer 64,
128 and 256-row multidetector computed tomography (MDCT) devices
expose patients to lower doses of radiation compared to single or 4-row
devices, Harrieder et al. demonstrated that the radiation exposure with
MDCTs was similar to the older generation of CTs because of the in-
creased duration of scans.32 In a multicenter study, it was found that the
actual radiation exposure was different at each medical center with the
same patient.33 They reported the mean effective dose of WBCT as
16.3 mSv (range: 8.9–26.0 mSv). In the literature, average radiation
doses with WBCT are reported between 10 and 31.8 mSv.33–35 Multi-
trauma patients are typically younger; therefore, they have a higher risk
of CT-induced cancer. Even though the exact cancer risk is unknown,
the estimated cancer risks are less than 1/100.000, 1/10.000, 1/1.000
and greater than 1/1.000 for the doses< 0.2 mSv, 0.2–2mSv,
2–20mSv, and> 20mSv, respectively.36 Brenner et al. examined the
radiation-related cancer mortality risk with single or WBCT, and found
an estimated lifetime attributable cancer mortality risk of 1/1250
(0.08%) for radiation doses of 10–20mSv if a single WBCT is performed
in a 45-year-old adult.34

To the best of our knowledge, there are only three studies com-
paring radiation doses of the WBCT and SCT approaches (Table 2). In
their retrospective before-after type cohort studies in multiple trauma
patients, Gordic et al. and Asha et al. compared the radiation doses of

Table 1
Comparing several time outcomes (minutes) between the WBCT and selective CT approaches.

Study Study Design Subjects number Time definition WBCT Selective CT P value

- Sierink et al., in 20167 RCT 540 patients for each
groups

- Time to diagnosis of life-threatening
injuries (min)

50 (38–68)a 58 (42–78)a 0.001

- Time to end of imaging (min)
-Time in trauma room (min)

30(24–40)a

63(47–102)a
37 (28–52)a

72 (50–109)a
< 0.0001
0.067

- Huber-Wagner et al., in
200913

Retrospective study 4621 patients - Time from trauma-room admission to CT
(min)

35.5 (26.5)b 46.6 (37.5)b < 0.001

- Huber-Wagner et al., in
201314

Retrospective study 16719 - Time from hospital admission to CT (min) 24.6 (18)b 35.2 (25.6)b < 0.001

- Weninger et al., in 200715 Retrospective study 185 patients for each
groups

- ED time (min) 70 (17)b 104 (21)b 0.025

- Hutter et al., in 201116 Retrospective study 1134 patients - ED time (min) 83.5 (49.2)b 95.7 (63.1)b < 0.001
- Wurmb et al., in 201517 Retrospective study 318 patients - Time from ED to operation room 105 (85–133)a 120 (90–150)a < 0.05
- Mao et al., in 201218 Retrospective study 123 patients - ED time 124 (60)b 112 (72)b 0.359
- Hong et al., in 201619 Retrospective study 144 unconscious patients - ED time 108 (80)b 186 (168)b 0.020
- Gordic et al., in 201520 Retrospective study 120 patients for each

groups
- Time to complete trauma related imaging
(min)

12 (9)b 75 (232)b < 0.001

RCT: Randomized controlled study, ED: Emergency Department, CT: Computed tomography, WBCT: Whole body computed tomography.
a Median (IQR25%-75%).
b Mean (standard deviation).
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trauma-related imaging with the WBCT, and SCT approaches using the
data before and after the introduction of WBCT in their hospitals. In
both studies, the cumulative total effective radiation doses were sig-
nificantly lower in the non-WBCT group, which was reported by Gordic
et al. as 15.9 vs. 29.5mSv (p < 0.001). Asha et al. provided the rate of
patients who were exposed to a radiation dose of greater than 20mSv,
which was 76 patients (11.6%) in the WBCT, and 122 (19.6%) in the
SCT group.20,37 The last study is the REACT-2 trial, which reported a
lower median radiation exposure in the SCT group (20.6mSv, IQR:
9.9–22.1 vs. 20.9mSv, IQR: 20.6–20.9; p < 0.001). Although the
median radiation dose for the SCT group was higher than those re-
ported in the previous studies, it seems that WBCT increases the ra-
diation exposure significantly. Since the median radiation doses are
almost similar, trying to decrease the radiation exposure by WBCT with
newer protocols is reasonable.7

5.1. Is it possible to reduce the radiation dose of WBCT?

Fanucci et al. and Ptak et al. compared two WBCT protocols ac-
cording to the radiation dose emitted. They both found the mean dose
length product (DLP), which is a measure of CT tube radiation output/
exposure, to be lower than the sum of the DLPs of each of the individual
body segment scans with the single-pass protocol of the same
scanner.38,39

Geyer et al. measured the emitted radiation doses in 152 WBCT
scans performed by two separate 64-row MDCT scanners with different
brands, and found a statistically significant effective radiation dose
difference between the two devices (Mean ± SD: 24.4 ± 6.0mSv, vs.
17.2 ± 5.8mSv; p < 0.001).40

In summary, according to the evidence from the current literature,
the exposed radiation dose is increased significantly with the WBCT
approach compared to the SCT approach. The average radiation ex-
posure with WBCT is between 10 and 31.8 mSv, and in most cases, the
critical threshold of 20mSv for cancer risk is surpassed. The evidence
discussed in this review is based on studies performed with at least 64-
row MDCT scanners. Therefore, the emitted radiation doses would be
much higher if single-detector CTs were used. We can conclude that the
radiation dose emitted with the WBCT approach is highly variable and
depends on the scanning protocol, CT specifications (mono-/multi-de-
tector), brand and operator.

On the other hand, it is still unknown if this difference in the ra-
diation doses exposed is turned into a mortality risk by cancer in real-
life. The advancement in technology and adjustments in the current
scanning protocols promising a lowered overall exposed radiation ac-
cording to the existing literature. However, further studies are needed
to explore the best WBCT scanning protocol balancing image quality
with radiation exposure. WBCT is associated with higher radiation ex-
posure and may increase the cancer risk; therefore, clinicians should be
aware that routine use of WBCT in all multi-trauma patients is not
reasonable. Unfortunately, it is unclear in whom to prefer WBCT over
SCT regardless of the concerns for increased cancer risk.

6. Is there any decision criteria present for the WBCT approach?

Even though limited, there are efforts to develop WBCT decision
rules in multi-trauma patients. Davies et al. suggested a model in order
to detect significant injuries as a decision rule for WBCT. This model
included the following criteria: clinical signs in more than one body
region, Glasgow Coma Score (GCS) < 14, presence of hemodynamic
abnormality (SBP < 100mmHg, or heart rate > 100 bpm), presence
of respiratory abnormality (respiratory rate > 24 breaths/min, or
pSO2 < 93%), and mechanism of the injury. The accuracy or the area
under the curve (AUC) of the receiver operating characteristic (ROC) of
this model was reported as 0.82, with the sensitivity and specificity
values of 79% and 71%, respectively.35 Similarly, Hsiao et al. con-
ducted a retrospective diagnostic decision rule study in 660 traumaTa
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patients to detect multi-region injury with WBCT. The independent
predictors of a multi-region injury determined by the multivariable
logistic regression analysis were as follows: male sex, GCS<9, me-
chanism of the injury (fall > 5m, and being a cyclist). The accuracy
(AUC) of this model was reported as 0.74 (95% CI: 0.67–0.80) to pre-
dict multi-region injury.23 In another study, Babaud et al. evaluated the
utility of Vittel criteria to detect the need for a WBCT, which was used
to define a patient with severe trauma. The independent factors they
reported were GCS> 13, the presence of penetrating trauma, and re-
suscitation with more than 1000mL of colloids.41

Overall, despite all the above evidence, there is still no robust de-
cision criteria to prefer WBCT in the management of multi-trauma pa-
tients.

7. Summary key comments

Do physicians miss clinically significant injuries when SCT approach was
preferred?

Although evidence in the current literature is limited, it seems that
misdiagnosis rate is higher when multi-trauma patients were managed
with traditional SCT approach.

Is traditional SCT approach really a time consuming method?
Current evidences robustly tell us that time of trauma related ima-

ging in WBCT is significantly less when compared with SCT protocol
such that this time was reported as a few minutes in WBCT protocol,
while it was around a hour or more in SCT protocol.

Does WBCT approach reduce mortality?
Although majority of previous retrospective studies’ results showed

that WBCT reduces mortality, there is no clear consensus on mortality
data based on contradictory results in the current literature. There is
only one high quality RCT answering this question that there was non-
statistically significant difference between WBCT and SCT groups terms
of in-hospital mortality. We believe that it is still needed further RCTs
with larger sample sizes.

Is WBCT contraindicate in unstable multi-trauma patients?
There are only a few studies included unstable trauma patients

scanned with WBCT. Although these studies reported that WBCT re-
duces mortality of these patients, it is hard for now to defend suggesting
CT scan for unstable trauma patients with these weak evidences.

Does WBCT expose more radiation?
Current literature tells us that WBCT increases radiation dose sig-

nificantly when compared with SCT approach so that this significant
additional radiation caused by WBCT seems to be related with in-
creased cancer risk. This clear data warns us about not performing
WBCT routinely.

Do we have decision criteria on using WBCT approach?
We still don't have strong rule-out criteria for decision of WBCT.

Current literature suggests WBCT for seriously injured multi trauma
patients but describing seriously injured patient is hard with previous
studies.

Key conclusion
WBCT approach seems superior to traditional SCT approach in

subjects of time of trauma related imaging, diagnosis accuracy and
mortality rates. But we believe that performing WBCT for all multi
trauma patients is not favorable because of having serious additional
radiation dose. It is sensible to prefer WBCT in seriously injured multi
trauma patients but we need further studies defining seriously injured
patients and strong rule-out criteria for decision of WBCT.
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