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Abstract

We aimed to evaluate the beneﬁt of whole-body computed tomography (WBCT) scanning for unconscious adult patients suffering
from high-energy multiple trauma compared with the conventional stepwise approach of organ-selective CT.
Totally, 144 unconscious patients with high-energy multiple trauma from single level I trauma center in North Taiwan were enrolled
from January 2009 to December 2013. All patients were managed by a well-trained trauma team and were suitable for CT
examination. The enrolled patients are all transferred directly from the scene of an accident, not from other medical institutions with a
deﬁnitive diagnosis. The scanning regions of WBCT include head, neck, chest, abdomen, and pelvis. We analyzed differences
between non-WBCT and WBCT groups, including gender, age, hospital stay, Injury Severity Score, Glasgow Coma Scale, Revised
Trauma Score, time in emergency department (ED), medical cost, and survival outcome.
Fifty-ﬁve patients received the conventional approach for treating trauma, and 89 patients received immediate WBCT scanning
after an initial examination. Patients’ time in ED was signiﬁcantly shorter in the WBCT group in comparison with the non-WBCT group
(158.62 ± 80.13 vs 216.56 ± 168.32 min, P = 0.02). After adjusting for all possible confounding factors, we also found that survival
outcome of the WBCT group was better than that of the non-WBCT group (odds ratio: 0.21, 95% conﬁdence interval: 0.06–0.75, P =
0.016).
Early performing WBCT during initial trauma management is a better approach for treating unconscious patients with high-energy
multiple trauma.
Abbreviations: ATLS = Advanced Trauma Life Support, CT = computed tomography, ED = emergency department, EDH =

epidural hemorrhage, FAST = focused assessment sonography in trauma, GCS = Glasgow Coma Scale, ICH = intracerebral
hemorrhage, ISS = Injury Severity Score, MSCT = multislice computed tomography, RTS = Revised Trauma Score, SAH =
subarachnoid hemorrhage, WBCT = whole-body computed tomography.
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1. Introduction

bleeding, or severe primary brain injury.[1] The detectable rate of
an initial physical examination for intra-abdominal injury
decreases to 16% in patients with unconsciousness after multiple

Over half of patients die within 24 h after major multiple trauma
including blunt abdominal or thoracic trauma with massive
Editor: Yong Eun Chung.

Z-JH contributed to this manuscript with idea and design as well as acquisition of data, analysis of data, and drafting and revising of the manuscript. S-DH contributed
to this manuscript with idea, design, analysis of data, and drafting and revision of the manuscript. C-JC contributed to this manuscript with acquisition and analysis of
the data, and drafting and revising of the manuscript. J-CY, D-CC, and C-MLiang contributed to this manuscript with idea and design as well as acquisition of data,
analysis of data, and drafting and revising of the manuscript. All authors read and approved the ﬁnal manuscript.
The study methods were reviewed and approved by the Institutional Review Board II of the Tri-Service General Hospital, National Defense Medical Center.
The authors have no funding and conﬂicts of interest to disclose.
a
General Surgery, Department of Surgery, Tri-Service General Hospital, National Defense Medical Center, b Trauma Surgery, Department of Surgery, Tri-Service General
Hospital, National Defense Medical Center, c Graduate Institute of Medical Sciences, National Defense Medical Center, d School of Public Health, National Defense
Medical Center, Taipei, Taiwan, ROC.
∗

Correspondence: Sheng-Der Hsu, General Surgery and Trauma Surgery, Department of Surgery, Tri-Service General Hospital, National Defense Medical Center, 325,
Sec 2, Chen-Kung Road, Neihu 114, Taipei, Taiwan, ROC (e-mail: f1233j@gmail.com).
Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
Medicine (2016) 95:37(e4653)
Received: 5 March 2016 / Received in ﬁnal form: 30 July 2016 / Accepted: 2 August 2016
http://dx.doi.org/10.1097/MD.0000000000004653

1

Hong et al. Medicine (2016) 95:37

Medicine

trauma involving head injuries.[2–5] Moreover, it is difﬁcult to
completely exclude abdominal or pelvic organ injury based on
physical examination or conventional radiographic images,
including plain ﬁlms of the chest, pelvis, lateral projection of
the cervical spine, or focused assessment sonography in trauma
(FAST) according to Advanced Trauma Life Support (ATLS)
standards.[6] The efﬁcacy and beneﬁt of organ-selective computed
tomography (CT) for managing patients with blunt thoracic or
abdominal trauma with stable hemodynamic conditions has been
well documented after a fast, initial examination.[7–11]
We require 1 suspected severely traumatized region after a
primary survey to order organ-selective CT for managing a
patient with multiple trauma. This requirement seems more
suitable for managing patients with a solitary region of trauma
than those with severe multiple trauma. In patients with
unconsciousness, organ-selective CT seems insufﬁcient to evaluate potentially lethal injuries. Therefore, the current trend is to
apply whole-body computed tomography (WBCT) increasingly
on managing patients with multiple severe injuries and
unconsciousness. It seems to improve the likelihood of
survival.[12–17]
However, WBCT has also been considered having more
unnecessary radiation exposure compared with initial plain ﬁlms
or organ-selective CT, thus possibly increasing cancer incidence.
But we still have no evidence to negate the theory. So we have to
evaluate the clinical outcomes of patients who underwent or did
not undergo WBCT (WBCT and non-WBCT groups, respectively) to determine whether the beneﬁts of WBCT scanning to
patients with multiple trauma and decreased consciousness can
overcome the risk of increased radiation exposure. This study
aimed to determine the effect of immediate and fast WBCT
scanning compared with standard conventional radiological
imaging on the clinical outcomes of patients with multiple
trauma.

Working of trauma team

Patient is unable to follow even simple commands
because of impaired consciousness (GCS score 3-8)

History: High energy trauma

Physical examination: suspicious two injured parts (including head)

Stabilized vital sign

Whole body CT scan
Figure 1. Protocol of performing whole-body computed tomography scan.

(WBCT group, n = 89) who were treated from January 2011 to
December 2013. These patients were managed by a trauma team
comprising surgeons with primary expertise in the following
surgical disciplines, chief resident of general, thoracic, cardiovascular, genitourinary, neurological, and orthopedic as well as the
physician attending trauma team leader on duty. The trauma
team treated patients meeting the following criteria: unconsciousness (patient is unable to follow even simple commands) and
Glasgow Coma Scale (GCS) < 8 points; initial hemodynamic
instability, systolic blood pressure < 90 mm Hg; fell from a height
of 6 m or from a second ﬂoor; gunshot to the head and trunk;
severe pelvic fracture; and suspected multiple injuries to vital
organs.
The exclusion criteria were any one of the following: patients
transferred from other medical institutions with a deﬁnitive
diagnosis, penetrating injury without blunt trauma, died in
emergency department (ED), incomplete conventional radiologic
work-up (including organ-selective CT or WBCT scanning) due
to persistent hemodynamic instability after adequate resuscitation.
This collected data about unconscious patients suffered from
multiple trauma are based on the working of trauma team. Loss
of some cases may happen without the working of trauma team.
This may be the selected bias from our study design.
Results are expressed as mean ± standard deviation. Analysis
of variance was used to analyze the confounding effects of age,
hospital stay, Revised Trauma Score (RTS), Injury Severity Score
(ISS), total hospital cost, and time in ED on the clinical outcomes
of the non-WBCT group compared with those of the WBCT
group. Gender and outcome (mortality or not) were compared
using the chi-squared test. A multivariate logistic regression
model was used to adjust for all confounding factors to decrease
interactional bias. Statistical analysis was performed using SPSS
Version 17.0 software for Windows (SPSS Inc., Chicago, IL). A
P value  0.05 was considered statistically signiﬁcant.

2. Methods
The Institutional Review Board of Tri-Service General Hospital,
National Defense Medical Center approved this retrospective
study without written informed consent. All patient records and
information in the registered trauma database had been
anonymized and deidentiﬁed prior to analysis. The approval
number is TSGHIRB No. 2-103-05-106. Our hospital is a level I
trauma center in Taipei, Taiwan, staffed with in-house attending
physicians and equipped with appropriate facilities to manage
patients with severe multisystem trauma. A trauma registry
established by our hospital in 2011 is used to analyze treatment
strategies and factors that inﬂuence the care of severely injured
patients, and it serves as a tool for the management and
monitoring of the quality of care. At the time the present study
commenced, the database contained records of 5242 patients
with trauma. Data show that the fast 256-slice WBCT has been
routinely performed in unconscious patients with multiple
trauma and stable vital signs since January 2012 according to
the protocol of performing WBCT scan that was established in
the same time (Fig. 1). The regions of WBCT scanning include the
head, neck, chest, abdomen, and pelvis. Before introducing
this management approach, we only performed organ-selective
CT in such patients after conducting a primary survey and a
conventional imaging study.
We enrolled patients age at least 20 years who had multiple
trauma and received conventional organ-selective CT (nonWBCT group, n = 55) or WBCT using the 256-slice system

3. Results
The 55 patients in the non-WBCT group underwent standard
conventional radiological imaging (including conventional
organ-selected CT) from January 2011 to December 2011
according to the ATLS guidelines. The 89 patients in the WBCT
group underwent fast WBCT scanning immediately after a
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Table 1

Table 2

Characteristics of patients in the non-WBCT and WBCT groups
(n = 144).
Parameters
Age†
Gender
Female
Male
Hospital day†
ISS†
GCS†
RTS†
Time in ED†
Emergent surgery
Outcome
Alive
Died
Total cost, USD

Non-WBCT (n = 55)

WBCT (n = 89)

P

40.62 ± 21.00

42.99 ± 19.62

0.694
0.863

17
38
25.64 ± 20.25
32.33 ± 9.69
7.5 ± 4.55
6.87 ± 1.95
186.56 ± 168.32
21 (38.1%)

25
64
21.21 ± 20.60
37.53 ± 15.33
6.6 ± 4.56
6.21 ± 1.89
108.62 ± 80.13
32 (35.9%)

39
16
12,305 ± 9406

68
21
10,472 ± 9448

Multivariate logistic regression analysis of confounding factors
between WBCT and non-WBCT groups.
Variables
Age
Gender
Female
Male
Hospital day
ISS
GCS
RTS
Time in ED
Outcome
Nondied
Died
Total cost, USD
7620
>7620

0.310
0.566
0.620
0.664
∗
0.020
0.966
0.591

0.688

ED = emergency department, GCS = Glasgow Coma Scale, ISS = Injury Severity Score, RTS =
Revised Trauma Score, WBCT = whole-body computed tomography.
†
Mean ± standard deviation.
∗
P < 0.05, statistically signiﬁcant.

Multivariate OR (95% CI)

P

1.01 (0.99–1.03)

0.252

1.00
1.11 (0.50–2.46)
0.9788 (0.9581–0.9999)
1.02 (0.99–1.05)
0.91 (0.78–1.06)
1.04 (0.71–1.54)
0.9956 (0.9917–0.9995)

Reference
0.802
∗
0.049
0.256
0.238
0.830
∗
0.031

1.00
0.21 (0.06–0.75)

Reference
∗
0.017

1.00
0.77 (0.30–1.98)

Reference
0.589

CI = conﬁdence interval, ED = emergency department, GCS = Glasgow Coma Scale, ISS = Injury
Severity Score, OR = odds ratio, RTS = Revised Trauma Score, WBCT = whole-body computed
tomography.
Median value of total cost of all patients: USD 7620.
∗
P < 0.05, statistically signiﬁcant.

primary survey from January 2012 to December 2013 according
to the protocol (Fig. 1). The patients’ characteristics are presented
in Table 1. The non-WBCT group spent a signiﬁcantly longer
time in ED compared with the WBCT group. There were no
signiﬁcant differences between the 2 groups in age, gender,
hospital stay, ISS, GCS, RTS, and survival outcome (Table 1).
Further, there was no signiﬁcant difference in costs for treating
the 2 groups (P = 0.388), but there was a decreasing trend of the
costs for treating the WBCT group compared with the nonWBCT group (Table 1).
Because these confounding factors had more of an effect on
group interaction, we used multivariate logistic regression model
to adjust for all parameters. We found that hospital stay, time in
ED, and mortality rates among patients in the WBCT group were
all signiﬁcantly lower compared with those of patients in the nonWBCT group (odds ratio [OR]: 0.9788, 95% conﬁdence interval
[CI]: 0.9581–0.9999, P = 0.049; OR: 0.9956, 95% CI:
0.9917–0.9995, P = 0.029; OR: 0.21, 95% CI: 0.06–0.75, P =
0.016, respectively) (Table 2).
After admission, we performed different follow-up examinations according to each patient’s new complaints, symptoms, and
signs. There were more undetected injuries to sites in the nonWBCT group compared with those in the WBCT group as
follows: intracranial hemorrhage (5.4% vs 1.1%), C-spinal/Lspinal injury (3.6% vs 0%), rib fracture (7.2% vs 0%), hemo/
pneumothorax (3.6% vs 1.1%), abdominal injury (14.4% vs
1.1%), pelvic bone fracture (3.6% vs 0%), major vessel injury
(1.8% vs 0%), and musculoskeletal injury (5.4% vs 0%)
(Table 3). Patients in the non-WBCT group required treatment
more frequently compared with those in the WBCT group for
injuries to the organs as follows: bowel (3.6% vs 1.1%), internal
iliac artery (1.8% vs 0%), and femoral neck fracture (3.6% vs
0%) (Table 4).

detecting spinal injury during secondary surveys. Some literatures
had suggested that the application of CT can be as a screening
and diagnostic tool, so CT could be used widely to replace
traditional radiography on managing trauma.[18,19] Managing
unconscious patients with undetermined thoracic and abdominal
examination results is one of the indications for WBCT.[20]

Table 3
Results of follow-up studies of patients after admission.
Event of delayed
diagnosis
Head
SAH
EDH
ICH
C-spinal injury
Dislocation/subluxation
Chest
Rib fracture
Hemothorax/pneumothorax
Abdomen
Liver injury
Spleen injury
Kidney injury
Bowel injury
Mesentary injury
Retroperitoneum hematoma
Pelvic bone
Pelvic bone fracture
Spine
L-spinal injury
Major vessel
Internal iliac artery
Muscle skeleton
Humeral head fracture
Femur neck fracture

4. Discussion
According to ATLS,[6] CT of the spine may be used as the method
of choice for radiographic assessment of an unconscious patient
who requires CT of the brain after suffering multiple trauma.
Many trauma centers now use CT instead plain ﬁlms for

January 2011
to December 2011
(total case no. 55)

January 2012 to
December 2013
(total case no. 89)

2 (3.6%)
1 (1.1%)
1 (1.8%)
1 (1.8%)
4 (7.2%)
2 (3.6%)
1
1
1
2
1
2

(1.8%)
(1.8%)
(1.8%)
(3.6%)
(1.8%)
(3.6%)

1 (1.1%)

1 (1.1%)

2 (3.6%)
1 (1.8%)
1 (1.8%)
1 (1.8%)
2 (3.6%)

EDH = epidural hemorrhage, ICH = intracerebral hemorrhage, SAH = subarachnoid hemorrhage.
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access to CT data after the conventional approach step by step.
Fewer return visits for imaging can greatly reduce the associated
life-threatening risks because of the transfer and delays in the
deﬁnitive management of injured patients.
In our study, based on the same level of ISS and RTS, the
patients have signiﬁcantly reduced mortality risk when they
received WBCT compared with non-WBCT. The time spent in
ED in the WBCT group was also signiﬁcantly shorter compared
with that in the non-WBCT group statistically (Table 1).
Therefore, we concluded shorter time spent in ED due to
shortening the time to arrive at a decision for managing patients
can attribute to increasing patients’ survival rate and a delay in
performing appropriate surgery is a major cause of preventable
deaths in trauma management. The earliest possible identiﬁcation
of potential lethal organ injuries is mandatory for optimal trauma
care.[27–30] Therefore, early detection and deﬁnite management
for multiple trauma ensure more successful outcomes.
In the review of literatures, there is a signiﬁcant reduction in the
time from the patient’s arrival at ED to the initiation of
emergency surgery when compared a multislice CT (MSCT)based trauma algorithm with a conventional approach.[31]
Emergency surgery initiated after a mean time of 103 min in
their MSCT cohort. In our present study, the WBCT group spent
a mean time of 108 min in ED. A signiﬁcant reduction in
treatment time in ED was also reported when using an MSCTbased trauma algorithm.[32] There is a 40% reduction in
diagnostic work-up time using MSCT without ﬁrst performing
plain ﬁlm radiography.[33] Our studies, taken together with other
studies cited here, provide strong evidence that WBCT will
become the ﬁrst modality of choice worldwide for managing
unconscious patients with multiple trauma.
Another beneﬁt of WBCT for multiple trauma is signiﬁcantly
decreasing the case number of delayed diagnoses of injured sites.
In our present study, the number of delayed diagnosis is greatly
decreased from 25 (non-WBCT) to 3 (WBCT). Approximately 22
events in the non-WBCT group may have been detected earlier if
WBCT had been performed, including head, neck, chest,
abdominal, and pelvic injuries after excluding 3 instances of
musculoskeletal injuries (1 humeral head and 2 femoral neck
fractures). However, there were 3 delayed diagnoses in the
WBCT group, which we attributed to delayed epidural
hemorrhage (EDH), delayed pneumothorax, and delayed bowel
perforation. The number of delayed diagnosis of life-threatening
events is also decreased from 5 (non-WBCT) to 1 (WBCT) and
reached statistical signiﬁcance (P = 0.04 < 0.05). Besides, there is
signiﬁcantly increased number of unnecessary scan in the WBCT
group (Table 5), especially in the abdominal and pelvic scan (P =
0.047 < 0.05). But, because of the high frequency of medical
malpractice disputes, WBCT offer to promise to greatly decrease
the risk of medical staff from suffering legal problems in our
country.

Table 4
Cases of delayed diagnosis need surgery.

Event needs surgery

January 2011 to
December 2011
(total case no. 55)

January 2012 to
December 2013
(total case no. 89)

2 (3.6 %)
1 (1.8%)
2 (3.6%)
5/55 (9.0%)

1 (1.1%)

Bowel injury
Internal iliac artery
Femur neck fracture
Total number
∗

1/89 (1.1%)

P

∗

0.04

P < 0.05, statistically signiﬁcant.

We started to perform WBCT frequently on unconscious
patients with suspected injuries to multiple organs when the
concept of WBCT was introduced in our hospital since January
2012. Initially, the cost effect of WBCT on patient with multiple
trauma was in doubt because of some studies report that WBCT
or CT of the torso may increase radiation exposure without
decreased mortality.[21,22] In the review of literatures, typical
doses from a single WBCT examination are approximately
16 mGy to the lung, 14 mGy to the digestive organs, and 10 mGy
to the bone marrow. The effective dose, which is the weighted
average of doses to all organs, is approximately 12 mSv.[23] In
general, WBCT is associated with greater radiation exposure
compared with organ-selective CT, and it potentially increases an
individual’s risk of cancer. To estimate radiation exposure, an
effective radiation dose is assumed to range from 10 to 20 mSv for
a WBCT, 5 to 16 mSv for a selective-organ CT, and 2 mSv for a
conventional radiography series (chest, vertebral column, and
pelvis). The radiation exposure in this subpopulation undergoing
our WBCT scan protocol is about 50 mSv according to CT
technician’s estimation. As to the attributable risk of cancer in the
lifetime, there is no deﬁnite estimation in this subpopulation until
now. In our review, for a multiphase abdomen and pelvis CT, the
median effective dose was 31 mSv, and for a 20-year-old woman,
the corresponding median adjusted lifetime attributable risk of
cancer was 4 cancers per 1000 patients (range = 0.83–11.1
cancers per 1000 patients).[24] So we only can estimate the
attributable risk of cancer is more than 0.4 % in our
subpopulation. Until now, only 1 study reported the cancer
mortality risk of WBCT in detail. The lifetime and attributable
cancer mortality risk of a single WBCT examination of a 45-yearold patient is about 0.08%.[25] In our study, although we did not
estimate the potentially harmful effects of increased radiation
exposure in detail, the mortality risk ratio in the WBCT group
compared with that in the non-WBCT group was reduced by a
factor of approximately 0.79 (reduced OR) (Table 2).
Fast, accurate, and comprehensive diagnosis is still the ﬁrst
mandatory criterion in unconscious, critically injured patients,
although having the small increased risk of developing cancer
years or decades later. Therefore, we consider WBCT as an
important management tool in unconscious patients with
multiple trauma after compared the beneﬁt of reduced immediate
mortality with the risk of cancer mortality in the future.
For blunt abdominal trauma, CT is more sensitive and speciﬁc
than diagnostic peritoneal lavage or FAST for detecting free
intraperitoneal ﬂuid or air, and it may detect active contrast
extravasation from vascular or visceral injuries. Moreover, if we
identiﬁed clinically stable patients with proven hepatic and
splenic injuries by intravenous contrast-enhanced CT, these
patients can be treated conservatively by trans-arterial embolization or monitoring in intensive care unit.[26] Further, trauma team
leader can save the time on negotiating with radiologists to gain

Table 5
Number of unnecessary scans: compare with these 2 groups.
Number of
unnecessary
scans
Head and neck
Chest
Abdomen and pelvis
Total
∗

4

January 2011 to
December 2011
(total case no. 55)

January 2012 to
December 2013
(total case no. 89)

12/55 (21.8%)
6/32 (18.8%)
6/29 (20.7%)
24/116 (20.7%)

20/89 (22.5%)
24/89 (27%)
47/89 (52.8%)
84/267 (34.1%)

P < 0.05, statistically signiﬁcant.

P
0.942
0.466
∗
0.047
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[12] Hilbert P, Lefering R, Stuttmann R. Trauma care in Germany: major
differences in case fatality rates between centers. Anaesthesist 2010;59:
700–8.
[13] Huber-Wagner S, Lefering R, Qvick LM, et al. Effect of whole-body CT
during trauma resuscitation on survival: a retrospective, multicentre
study. Lancet 2009;373:1455–61.
[14] Kanz KG, Korner M, Linsenmeier U, et al. Priority-oriented shock
trauma room management with the integration of multiple-view spiral
computed tomography. Unfallchirurg 2004;107:937–44.
[15] Ruchholtz S, Lefering R, Paffrath T, et al. Reduction in mortality
of severely injured patients in Germany. Dtsch Arztebl 2008;105:
225–31.
[16] Tillou A, Gupta M, Baraff LJ, et al. Is the use of pan-computed
tomography for blunt trauma justiﬁed? A prospective evaluation.
J Trauma 2009;67:779–87.
[17] Wurmb TE, Fruhwald P, Hopfner W, et al. Whole body multislice
computed tomography as the ﬁrst line diagnostic tool in patients with
multiple injuries: the focus on time. J Trauma 2009;66:658–65.
[18] Rhee PM, Bridgeman A, Acosta JA, et al. Lumbar fractures in adult blunt
trauma: axial and single-slice helical abdominal and pelvic computed
tomographic scans versus portable plain ﬁlms. J Trauma 2002;53:663–7.
[19] Brown CV, Antevil JL, Sise MJ, et al. Spiral computed tomography for
the diagnosis of cervical, thoracic, and lumbar spine fractures: its time
has come. J Trauma 2005;58:890–5.
[20] Salim A, Sangthong B, Martin M, et al. Whole body imaging in blunt
multisystem trauma patients without obvious signs of injury: results of a
prospective study. Arch Surg 2006;141:468–73.
[21] Ahmadinia K, Smucker JB, Nash CL, et al. Radiation exposure has
increased in trauma patients over time. J Trauma Acute Care Surg
2012;72:410–5.
[22] Sise MJ, Kahl JE, Calvo RY, et al. Back to the future: reducing reliance on
torso computed tomography in the initial evaluation of blunt trauma.
J Trauma Acute Care Surg 2013;74:92–9.
[23] International Commission on Radiological Protection. 1990 Recommendations of the International Commission on Radiological Protection.
Publication 60, International Commission on Radiological Protection.
Oxford, England: Pergamon; 1991.
[24] Smith-Bindman R, Lipson J, Marcus R, et al. Radiation dose associated
with common computed tomography examinations and the associated
lifetime attributable risk of cancer. Arch Intern Med 2009;169:2078–86.
[25] Brenner DJ, Elliston CD. Estimated radiation risks potentially associated
with full-body CT screening. Radiology 2004;232:735–8.
[26] Leidner B, Adiels M, Aspelin P, et al. Standardised CT examination of the
multitraumatised patient. Eur Radiol 1998;8:1630–8.
[27] Clarke JR, Trooskin SZ, Doshi PJ, et al. Time to laparotomy for intraabdominal bleeding from trauma does affect survival for delays up to 90
minutes. J Trauma 2002;52:420–5.
[28] Acosta JA, Yang JC, Winchell RJ, et al. Lethal injuries and time to death
in a level I trauma center. J Am Coll Surg 1998;186:528–33.
[29] Thoburn E, Norris P, Flores R, et al. System care improves trauma
outcome: patient care errors dominate reduced preventable death rate.
J Emerg Med 1993;11:135–9.
[30] Tien HC, Spencer F, Tremblay LN, et al. Preventable deaths from
hemorrhage at a level I Canadian trauma center. J Trauma 2007;62:
142–6.
[31] Weninger P, Mauritz W, Fridrich P, et al. Emergency room management
of patients with blunt major trauma: evaluation of the multislice
computed tomography protocol exempliﬁed by an urban trauma center.
J Trauma 2007;62:584–91.
[32] Hilbert P, Zur NK, Hofmann GO, et al. New aspects in the emergency
room management of critically injured patients: a multi-slice CT-oriented
care algorithm. Injury 2007;38:552–8.
[33] Rieger M, Sparr H, Esterhammer R, et al. Modern CT diagnosis of acute
thoracic and abdominal trauma. Anaesthesist 2002;51:835–42.

In clinical practice, more examinations involving imaging
studies would lead to higher costs for maintaining an ED. In our
study, we found that the cost incurred by the WBCT group was
not signiﬁcantly higher compared with that incurred by the nonWBCT group. In contrast, the cost of WBCT tended to decrease
compared with that of non-WBCT (Table 1).
The main strength in this study is to supply a strong evidence
that the WBCT scan for a unconscious patient with multiple
trauma is suitable and safe if we can follow a good and standard
protocol of performing CT in trauma cases. The limitations are
that randomized control study is difﬁcult to be carried out in an
emergent moment in our country because a detail work-up
and medical information supplied are always requested by any
patient’s family arrived at ED.

5. Conclusions
The WBCT scanning could be recommended as a standard
diagnostic approach for initial trauma care after adequate ﬂuid
resuscitation in these comatose patients. It promises to
signiﬁcantly increase the survival probability of comatose
patients with multiple trauma.
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