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Abstract
Objectives: Whole body computed
tomography (WBCT) scanning for
trauma has gained popularity but its
role in low-risk patients is controversial. We aimed to determine the rate of
serious axial/truncal injury and emergency intervention in conscious, stable
patients undergoing WBCT for blunt
trauma in two non-trauma centre EDs
in the Victorian trauma system.
Methods: Retrospective cohort study
by medical record and radiology
report review. Patients were included
if they were conscious, haemodynamically stable adults presenting by
ambulance and having WBCT scan.
Exclusion
criteria
were
age
<16 years, no history of trauma,
Glasgow Coma Scale <14, systolic
blood pressure <90 mmHg and
intoxication with alcohol or drugs.
Data collected included demographics, clinical ﬁndings, results of
CT scans and emergency interventions (emergency truncal surgery,
transfer to a trauma centre and/or
transfusion within 24 h). The outcomes of interest were the rate of
deﬁned serious axial/truncal injury
and emergency interventions.
Results: One hundred and four
patients were studied. Median age

was 45 years; 67% were men.
Median injury severity score (ISS)
was 1.5 (interquartile range 0–5);
only one patient had an ISS ≥15.
Ninety (87%, 78–92%) patients had
no deﬁned serious injury. Five (5%)
patients had a deﬁned emergency
intervention – four trauma centre
transfers and one transfusion. Two
of these were not trauma-related.
Conclusion: The rate of serious
axial/truncal injury was low. The
high rate of normal scans makes it
likely that the risk:beneﬁt ratio
between injury identiﬁcation and
radiation related cancer risk is unacceptably high. This data supports a
selective CT strategy in low-risk
trauma patients.
Key words: imaging, trauma, whole
body computed tomography scan.

Background
Blunt trauma, including road
trauma, is a common cause of death
and injury. Imaging of trauma
patients has been an area of evolution and controversy. Recently
whole body computed tomography
(WBCT) scan, including head and
neck, chest and abdominopelvic CT
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Key ﬁndings
• The rate of serious axial/truncal injury was low challenging
the risk:beneﬁt ratio for whole
body CT scanning.
• The Victorian trauma system
pre-hospital risk assessment
algorithm is accurate in discriminating high- versus lowrisk trauma patients.
• This data supports a selective
CT scan approach in alert,
stable adult trauma patients.
scans, has gained popularity in
trauma centres for assessing patients
with severe trauma. The rationale is
that it affords earlier and more accurate detection of hidden injuries,
allowing earlier intervention and
potentially better outcome, but this
has not been conclusively proven.1
On the converse, it adds cost, carries
risks of adverse events such as acute
kidney injury and contrast-related
allergic reaction and represents signiﬁcant radiation exposure with its
associated cancer risk for what is, on
average, a young patient group. A
recent randomised controlled trial of
high-risk trauma patients failed to
show a reduction in mortality
between WBCT and standard imaging with selected CT scans for the
overall cohort and for the polytrauma and traumatic brain injury
subgroups.2 Recent studies have
challenged the role of WBCT in stable patients reporting that a selective
approach has similar outcomes.3–5
Although WBCT may have a role
in unstable or unconscious patients,
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the yield for signiﬁcant clinical
abnormality and the risk–beneﬁt
ratio of WBCT in the lower risk
trauma cohort is unclear. The practice of WBCT is probably most contentious in awake, stable patients at
low risk of life-threatening injury.
The State of Victoria, Australia has a
well-developed trauma system. The
system involves pre-hospital triage of
high-risk cases to major trauma centres according to a risk algorithm.6
Patients deemed at low risk by this
algorithm are transferred to the
nearest appropriate ED, which is
usually not a specialist trauma centre. The Victorian trauma system has
been shown to reduce mortality
compared to historical controls7 and
improve outcome from patients with
severe head injury comparable to a
similar health system that does not
have a trauma system.8 The nett
result of the Victorian trauma system
is that most metropolitan ED
receives trauma patients at low risk
of serious injury. We were unable to
identify any previous research specifically addressing the yield of WBCT
scans in a low-risk population as
deﬁned by pre-hospital trauma triage
criteria.
The objective of the present study
was to determine the rate of serious
axial/truncal injury in conscious, stable patients undergoing WBCT for
blunt trauma in a metropolitan, nontrauma centre ED within the Victorian trauma system.

Figure 1. Sample derivation. BP, blood pressure; GCS, Glasgow Coma Scale;
WBCT, whole body computed tomography.

TABLE 1. Demographics, cause of injury and rate of serious injury
Variable

Result (n = 104)

Age (IQR) (years)

45 (29–59)

Sex, n male, % (95% CI)

70, 67 (57–76)

Cause of injury (n, %)
Motor vehicle crash

52, 50

High fall

13, 12

Motorcycle crash

10, 10

Motor vehicle rollover

6, 6

Pedestrian vs vehicle

5, 5

Methods

Struck by object

5, 5

This is a planned sub-study of a retrospective cohort study performed
by medical record and medical imaging report review investigating use of
medical imaging in trauma patients.
It was conducted in two metropolitan teaching hospitals (not designated trauma centres) with a
combined annual adult ED census of
approximately 85 000. The study
hospitals have a trauma code alert in
place. Patients who meet pre-deﬁned
mechanism or clinical criteria trigger
activation of a trauma alert that primarily involves attendance by the
on-call surgical registrar to participate with ED clinicians in assessment
and treatment. Although WBCT is

Struck by person

4, 4

Pedal cyclist

2, 2

Low fall

3, 3

Animal related

1, 1

Other

3, 3

Injury severity score, median (IQR)

1.5 (0–5), range 0–26

Injury severity score distribution, n, % (95% CI)
0–1

52, 50 (40–60)

2–5

35, 34 (25–44)

6–10

12, 12 (6–20)

11–14

4, 4 (1–10)

≥15

1, 1 (0.05–6)

CI, conﬁdence interval; IQR, interquartile range.
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TABLE 2. Serious axial injury prevalence
n, % (95% CI)
(n = 100)

Injury
Head
Intracranial haemorrhage

0, 0 (0–4)

Skull fracture

0, 0 (0–4)

Pneumocephalus

0, 0 (0–4)

Major ocular injury

0, 0 (0–4)

Cervical spine
Fracture (stable)

4, 4 (1–10)

Fracture (unstable)

0, 0 (0–4)

Acute subluxation

0, 0 (0–4)

Chest
>2 rib fractures

5, 5 (2–11)

Displaced sternal fracture

1, 1 (0.5–6)

Haemothorax

0, 0 (0–4)

Pneumothorax requiring intervention

0, 0 (0–4)

Injury to heart or great vessels

0, 0 (0–4)

Mediastinal haematoma

0, 0 (0–4)

Chest wall injury with contrast extravasation

0, 0 (0–4)

Spine fracture

2, 2 (0.3–7)

Abdomen-pelvis
Solid organ injury

0, 0 (0–4)

Suspected hollow organ injury

0, 0 (0–4)

Intra-abdominal or retroperitoneal haematoma

0, 0 (0–4)

Fractured pelvis/acetabulum (excluding hip and
undisplaced pubic rami fractures)

1, 1 (0.5–6)

Abdominal wall contusion with extravasation of contrast

0, 0 (0–4)

Spinal fracture
No deﬁned axial/truncal injury

3, 3 (0.8–9)
90, 87 (78–92)

CI, conﬁdence interval.

not mandated for trauma patients
meeting or potentially meeting
trauma alert criteria, it is strongly
encouraged by the surgical service.
Patients were identiﬁed for screening
by a search of the Medical Imaging
Department database for patients having both chest and abdominal CT scan
for the period January 2015 to
February 2017 inclusive. Patients were
eligible for inclusion in the parent
study if they were conscious, haemodynamically stable adults who presented
as a result of trauma and underwent
at least chest and abdomen-pelvis CT.

Exclusion criteria were age <16 years,
no history of trauma, Glasgow Coma
Scale <14, systolic blood pressure
<90 mmHg and intoxication with
alcohol or drugs. For this sub-study,
patients were also excluded if they did
not arrive by ambulance and/or did
not undergo WBCT.
Deﬁnitions of serious injury were
based on those used by Ong et al.5
and included:
• Brain: intracranial haemorrhage
or contusion, skull fracture, pneumocephalus and ocular haemorrhage/globe injury.

• Cervical spine: fracture, acute subluxation or dislocation.
• Chest: greater than two rib fractures or ﬂail segment, displaced
sternal fracture, haemothorax
requiring intervention, pneumothorax requiring intervention,
injury to heart or great vessels,
mediastinal haemorrhage, chest
wall contusion with contrast
extravasation, spinal fracture,
intraparenchymal lung haemorrhage or clinically signiﬁcant contusion
(hypoxia,
ventilation,
length of stay >2 days).
• Abdomen/pelvis: solid organ injuries, suspected hollow viscus
injury, intra-abdominal or retroperitoneal haemorrhage, fracture
of the spine or pelvis/acetabulum
(excluding femoral and undisplaced pubic rami fractures) and
abdominal wall contusion with
contrast extravasation.
Data were collected onto a speciﬁcally designed case record form,
which included patient demographics, mechanism of injury, initial
vital signs, clinical ﬁndings, results of
CT scans and emergency interventions deﬁned as emergency truncal
surgery, transfer to a trauma centre
and/or transfusion within 24 h of
admission. Abbreviated injury score
and injury severity score (ISS) were
calculated retrospectively by trained
coders. Records of patients with
deﬁned injuries were reviewed to
determine if there were clinical
signs in the relevant region that
would have prompted selective
imaging. Data collectors were not
blinded to the objectives of the
study.
The outcomes of interest are the
rate of serious axial/truncal injury in
patients undergoing WBCT for
trauma. This is an exploratory analysis. Previous research from higher
risk cohorts suggests that up to 89%
of WBCT had zero or one signiﬁcant
ﬁndings.5 We hypothesised that our
rate of deﬁned serious injury would
be <10%. We estimated that
100 patients would provide a conﬁdence interval width of 5%.
Ethics approval was obtained from
the Western Health Low Risk Ethics
Panel under the provisions of the
National Health and Medical Research
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Council quality assurance guidelines
(approval number QA2017.18).

Results
Derivation of the cohort is shown
in Figure 1. One hundred and four

patients were included with a
median age of 45 (interquartile
range [IQR] 29–59, range 17–89)
and 70 (67%) were men. Patient
demographics and cause of injury
are shown in Table 1. Rates of
deﬁned serious injury ﬁndings by

TABLE 3.

Details of patients with deﬁned adverse events

Patient
no.

Demographics and
mechanism

1

region and overall are shown in
Table 2. Ninety (87%, 95% conﬁdence
interval
[CI]
78–92%)
patients had none of the deﬁned
serious axial/truncal injuries. All
(14/14, 100%, 95% CI 73–100%)
injuries would have been identiﬁed

Deﬁned
adverse
event

Clinical ﬁndings

Injuries

68 year old man with
history of
arrhythmia on
dabigatran.
Arrhythmia
resulting in motor
vehicle accident

Tender over sternum,
tender lower
cervical spine;
neurologically
intact

Fractured spinous
process C7 (tip),
undisplaced sternal
fracture,
pericardial effusion
(increase in size)

Transfer to
trauma
centre

Considered too
complex for
community
teaching hospital
without
cardiothoracic
surgical service;
injuries not reason
for transfer

2

33 year old man, run
down by a car

Abrasions to back
with focal
tenderness over
lumbar spine,
abdominal
tenderness;
neurologically
intact

Fractured transverse
processes L1–4
bilaterally

Transfer to
trauma
centre

Patient considered to
require spinal
service not
available at
community
teaching hospital

3

25 year old man,
motor vehicle
accident with
rollover

Pain in thoracic spine
but no focal
tenderness or
neurology

Minor anterior
superior endplate
wedge compression
fractures T4, 5 and
7

Transfer to
trauma
centre

Patient considered to
require spinal
service not
available at
community
teaching hospital

4

89 year old woman,
hit by taxi, initially
stable

Locally tender left
ribs and left upper
quadrant, bruising
left hip

Multiple rib
fractures and
fractured pelvis,
became
haemodynamically
unstable

Transfer to
trauma
centre

Considered too
complex for
community
teaching hospital
potentially
requiring pelvic
surgery or
embolisation

5

67 year old man, fall
from roof

Clinically suspected
fractured hip or
femur

Fractured hip,
undisplaced pubic
rami fractures,
single rib fracture

Transfusion
within
24 h

Anaemic on
admission,
haematemesis on
day 1, dropped
haemoglobin
further requiring
one unit
transfusion;
transfusion not
related to trauma

Comment
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by selective imaging based on clinical ﬁndings.
Five (5%, 95% CI 2–11%)
patients had deﬁned emergency
interventions. These are summarised
in Table 3. There were no cases of
emergency truncal surgery. The rate
of trauma-related emergency intervention was 3% (3/104, 95% CI
0.8–9%), all transfers to a trauma
centre. Two of these were for access
to a spinal service, which is not
available at the study hospitals. Only
one (1%, 95% CI 0.05–6%) transfer
was for management of complex and
multi-system trauma.

Discussion
Recently, WBCT scans have gained
popularity in trauma centres for
investigation of patients suffering
severe trauma on the rationale that
they more quickly and accurately
identify injuries and allow earlier

intervention if required. Their impact
on patient outcome, compared to
selective CT scanning, is the subject
of some controversy2–5 and the risk
of adverse events is not negligible.
Although the logic underlying this
practice might be reasonable for
unconscious or critically ill patients,
it is more tenuous in conscious or
haemodynamically stable patients.
Our results show that patients
assessed as low risk by the prehospital component of the Victorian
trauma system have a low rate of
serious injury and that WBCT scan
has such a low yield as to be considered unjustiﬁed in this patient group.
Further the data suggests that a
selective imaging approach would
have identiﬁed all of the injuries
(Table 4).
We may in fact have overestimated
the number of signiﬁcant injuries by
using the conservative deﬁnitions
proposed by Ong et al.5 All of the

vertebral injuries identiﬁed were stable and treated conservatively as was
the mildly displaced sternal fracture.
If these are not regarded as signiﬁcant injuries, the rate of serious
injury in the cohort is 5% (5/104,
95% CI 2–11%). All multiple rib
fractures were suspected clinically,
none of them required mechanical
ventilation or surgical intervention.
Radiation exposure is associated
with cancer risk, although the
impact at doses less than 100 mSV is
controversial.9 Some experts believe
the excess cancer risk is approximately 5% per 1000 mSV and that
the risk associated with lower doses
can be linearly extrapolated from
this ﬁgure.9 The radiation associated
with WBCT has been calculated to
be 29.5 mSV – about 10 times the
background radiation dose.10 This
would equate to an excess cancer
risk of approximately 0.15% per
WBCT. However, it is not

TABLE 4. Presence of clinical features suggesting injury in patients with deﬁned injuries on WBCT
Clinical suspicion of injury

Chest

Abdomen/
Pelvis

Not examined,
in collar

Yes

Yes

Multiple rib fractures,
pelvic fracture

Yes

Yes

No

Yes

No

Displaced sternal fracture

Yes

C

No

Yes

Yes

No

Thoracic wedge fractures

Yes

D

No

No

No

Yes

Bilateral lumbar spinous
process fractures

Yes

E

No

No

Yes

Yes

T3 and 5 spinous process
fractures

Yes

F

No

No

No

Yes

Fracture L4 and 5

Yes

G

No

No

No

Yes

Burst fracture L1

Yes

H

No

Yes

Yes

Yes

C6 fracture with strain

Yes

I

No

Yes

No

No

C5 lamina fractures, C4
spinous process

Yes

J

No

Yes

Yes

No

C7 spinous process fracture

Yes

K

Yes

No

Yes

Yes

Multiple rib fractures

Yes

L

Yes

Not examined,
in collar

Yes

No

C7 fracture, multiple rib
fractures

Yes

M

No

No

Yes

Yes

Multiple rib fractures

Yes

N

No

No

Yes

No

Multiple rib fractures

Yes

Patient

Head

A

No

B

Neck

CT ﬁndings

Would selective imaging have
identiﬁed injury?

WBCT, whole body computed tomography.
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appropriate to compare WBCT with
no CT as trauma patients who
undergo selective imaging will also
have radiation exposure, estimated
to be about 13 mSV.10 The difference is an estimated excess cancer
rate of 0.065% or 6.5/10 000
patients for patients undergoing
WBCT compared to selective imaging.
Although this may seem a very small
number, our data and accumulated
research suggests that this additional
risk is being carried for no outcome
beneﬁt.1–5
Our data also conﬁrms that the
Victorian trauma system pre-hospital
risk assessment algorithm is accurate
with only one (1%) patient meeting
major trauma criteria being transferred to our non-trauma centre ED.
The present study has some limitations that should be considered when
interpreting the results. The most
important is that our results are not
generalisable to health systems without a mature trauma system including
a paramedic-based trauma triage
algorithm. However, they do provide
additional data supporting the effectiveness of such systems. Additionally,
data was collected retrospectively
with the inherent issues of data omission.11 We do not have data about the
outcome of patients who were transferred. Data collectors were not
blinded to the study objectives.

Conclusion
Our results show that patients
assessed as low risk by the prehospital component of the Victorian
trauma system have a low rate of
serious injury and that WBCT scan
has such a low yield as to be unjustiﬁed in this patient group. Further it
supports selective imaging as all
deﬁned axial/truncal injuries would
have been identiﬁed by a selective
imaging approach.
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