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ABSTRACT

Purpose: The superior diagnostic accuracy of CT makes it an attractive tool for initial trauma imaging. This meta-
analysis aimed to assess the evidence regarding the value of whole-body CT (WBCT) as part of the primary
survey, in comparison to conventional radiological procedures.

Methods: A comprehensive systematic search of the literature was conducted using keywords applied in Scopus,
Cochrane and PubMed databases. Articles were eligible if they contained original data comparing the use of
WBCT in the primary survey, with conventional radiological procedures. Outcomes included overall and 24 -h
mortality, emergency department (ED) time, intensive care unit (ICU) and hospital length of stay (LOS), and
multiple organ dysfunction syndrome/failure (MODS/MOF) incidence. Radiation dose, mechanical ventilation
duration and cost were evaluated qualitatively. Analysis was performed with Covidence, MedCalc Version
19.1.3. and Meta-Essentials.

Results: Fourteen studies were included. Statistical pooling demonstrated comparable rates between conven-
tional procedures and WBCT (OR = 0.854, CI = 0.715-1.021, p = 0.083) in 63,529 patients across 11 studies. A
significant finding favouring WBCT was discovered for ED time (SMD = -0.709, CI -1.198 to -0.220, p = 0.004).
Patients experienced similar 24 -h mortality rates (p = 0.450), MODS/MOF incidence (p = 0.274), and hospital
(p = 0.541) and ICU LOS (p = 0.457). WBCT is associated with increased radiation dose and mechanical ven-
tilation duration.

Conclusion: This review demonstrates that WBCT markedly reduces time spent in ED. No significant differences
in mortality rate are suggested. WBCT currently entails greater radiation dose and mechanical ventilation time.
Further research is necessitated to address limitations of predominately retrospective observational data avail-
able.




Introduction

More than 5 million people die from trauma injuries annually, accounting for 9% of global mortality and
the leading cause of death among people aged 1-45

Current practice relating trauma in emergency department is : Advanced Trauma Life Support (ATLS)
protocol .

Encompass a combination of fast and priority-based physical examination, plain x-ray of the chest and
pelvis, focused assessment with sonography for trauma (FAST), and supplementary selective region-
specific computed tomography (CT)

Problem statement: Time-consumption and misdiagnosis

Using traditional diagnostic protocols, the incidence of missed injuries or delayed diagnoses of
musculoskeletal trauma has ranged from 1.3 to 39%

In recent years, improvement in CT technology has seen highly accurate and rapid imaging of many
injury presentations.

The enhanced capability of Multi-slice computed tomography (MSCT) has prompted some practices in
developed countries to integrate whole-body CT into trauma management.



Whole-body computed tomography (WBCT) : CT scan of the head, cervical spine,
hest, abdomen and pelvis.

n average, WBCT exposes patients upwards of 20mSv (milliSieverts) of effective
radiation dose; for a 20-year-old female, a WBCT will create an estimated
additional lifetime risk of cancer of 1in 184 or a 99.45 % chance of having no
effect. This is comparable to the risk associated with radiation dose of 24 mSv in
the average 35-year-old male.

The need for justification of the dose whether the intervention improves health
outcomes.

Cost of imaging

The ever-evolving nature of radiology practice and technology therefore calls for
an update of the literature, such that the most current research in the application
of WBCT may inform clinical practice.



Methods

- The Preferred Reporting ltems for Systematic Reviews
and Meta- Analyses (PRISMA) statement was utilised to
oerform this meta-analysis

Sample : The databases Cochrane Library, PubMed, and Scopus were systematically searched
for literature published between 1947 until December 2019.

Search terms encompassed the following keywords:

[["WBCT" or "FBCT" or "TBCT" or "whole body computed tomography" or "full body
computed tomography" or "total body computed tomography" or "whole body CT" or "full
body CT" or "total body CT" or "panscan" or "pan computed tomography" or "pan CT" or
"whole body computed tomography" or "MSCT" or "MDCT" or "multi-slice spiral computed
tomography" or "multi-detector computer tomography" or "multi-slice spiral CT" or "multi-
detector CT"] AND [Trauma* or Wound* or Injur* or Shock* or Emergen* or "Multiple
trauma™*" or "Multiple injur*" or "Severe injur*" or "Severe trauma*" or Polytrauma or "Major
trauma*"]]. Furthermore, the reference lists of eligible studies and previous systematic
reviews were investigated for additional references. Search terms were limited to English

publications and human participants



clusion & exclusion criteria:

InClusion :

e Randomised or observational study design which compared WBCT during the primary
survey of trauma patients with conventional radiological procedures.

e Both prospective and retrospective studies

e WABCT as forming part of the intervention protocol, but it did not specifically have to be the
first modality utilised (ie. immediate).

e ‘conventional radiological procedures’ encompasses practices as defined by ATLS protocol
(conventional x-ray and FAST ultrasound followed by selective CT if required), or selective
CT solely (without preceding x-ray or FAST).

e Studiesinvolving patients experienced either blunt or penetrating mechanism of injury,
and inclusion criteria was not dependent upon a specified injury severity score (ISS) or age.

Exclusion:

e Editorial comments
e Reviews, opinion articles and non- English journals
e Previous meta-analyses



Outcomes:

imary outcome : overall mortality rate

e Mortality is defined as the frequency of occurrence of death during a specified interval.

e The specified interval : initial imaging took place to when the mortality status of the included
patient.

e Two studies which reported on 28 or 30-day mortality rather than true ‘overall mortality’, were

included in this analysis.
e sufficient period of time to assess mortality, given the established ‘trimodal’ distribution of trauma-

related deaths featured in literature.
e Theconcept is trauma-related deaths occur within a ‘golden hour’ (50-60 %), followed by a lesser

magnitude within 24 h (30 %).

Secondary outcomes : 24 -h mortality rate, time spent in the emergency department, hospital length of
stay (LOS), intensive care unit length of stay (ICU LOS), incidence of multiple organ dysfunction syndrome
(MODS)/multiple organ failure (MOF), radiation dose, duration of mechanical ventilation and cost.

e Quantitative analysis on the latter three outcomes was not included in the meta-analysis because
of an insufficient number of studies reporting on applicable figures. Thus, Qualitative analysis was
therefore conducted.



ata extraction & study quality assessment

ta was extracted independently by two reviewers (ESA and JMD).

- Characteristics of studies (publication year and study period, sample size, country, design), characteristics
of patients (age, Injury Severity Score (ISS), male %), and characteristics pertaining to the intervention and
outcomes.

Assessment of study quality was conducted using the Newcastle-Ottawa Scale (NOS) for non-randomised studies
and the Scottish Intercollegiate Guidelines Network (SIGN) Methodology Checklist for randomised controlled
trials.

- Recommended by the Cochrane Collaboration, the NOS is a risk of bias assessment tool validated for case-
control and longitudinal studies.

The tool comprises of a ‘star’ system depends on

i) the selection of study groups,

ii) group comparability, and

iii) determination of either the exposure or outcome of interest.

- SIGN is a popular method to ensure that the extent of a study’s internal and external validity is assessed.



tatistical analysis

e MedCalc for Windows, version 19.1.3 (MedCalc Software, Ostend, Belgium).

e Heterogeneity between studies was determined via implementation of the Chi-Square test
and Inconsistency Index - was calculated using both the 12 statistic with a threshold of >50 %,
and the Chi2 test with p<0.05 indicating significant heterogeneity.

e Random effects model was applied where these thresholds were exceeded, whilst the fixed
effects model was applied for all other outcome measures.

e Publication bias was assessed using Meta-Essentials: Workbook for meta-analysis.

- figures obtained from Egger’s test.

- whereby P-value <0.05 for this test indicated significant publication bias.



rotocol:

Some of the studies includes injury mechanisms of a penetrative source relative to blunt

trauma presentations.

e Baseline characteristics : age and gender

e Significant discrepancy in baseline ISS values was seen in five of the seven studies which
reported p-values, more often indicating greater ISS values for the WBCT cohort [28,39-41].
One study did not report ISS, but employed a propensity score to identify and normalise
possible confounders such as blood pressure, heart rate and Glasgow Coma Score (GCS).

e WABCT: Unenhanced scanning of the head prior to contrast enhanced imaging of the chest,
abdomen and pelvis.

e non-WBCT cohort : conventional ATLS protocol, though three studies featured selective CT
only.

e Fivestudies featured truly ‘immediate’ WBCT

e Seven studies featured an invervention protocol where done other modalities prior to WBCT.
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Results

A total of 2921 studies were identified through computerised literature search:
- 81 from Cochrane Library

-1890 from PubMed and

-950 from Scopus.

909 duplicates were removed with the aid of EndNote X10 Software.

Fourteen studies were included in this meta-analysis ; however, two of these were solely analysed
qualitatively, due to a deficiency in eligible data for their reported outcome measure (dose) across
the pooled cohort as mentioned earlier.

Quantitative analysis was performed for the remaining twelve studies.

A diagram adapted from the PRISMA statement, summarising the search and screening
method, is presented in Fig. 1.
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Characteristics

Sample size

Heterogeneity

Random effects analysis

Egger’s test P-
value <0.05

ortality

63,539 adult patients across
11 included studies.

The WBCT portion of this
sample (34,811) - more
deaths and non-WBCT
(28,728)

Presence
(12=83.72,p<0.001)

No significant difference

No bias (p=0.482).

24 hour mortality

(20,374), 11,785 patients

Some heterogeneity

Implemented, A nonsignificant

No significant

cohort, 6339 in non-WBCT =
four included studies reporting
on length of stay in the ICU

present amongst studies
(12=91.06, p<0.0001).

two groups (Pool SMD=0.0801, CI -
0.131t00.291, p=0.457).

who underwent WBCT and (12=52.23 %, finding was discovered (Pooled publication bias
NWBCT 8589 p=0.0788) OR=0.886, Cl0.647-1.213, (p=0.142)
p=0.450).

ED time: Five studies produced a Significant Significantly shortened ED time was No significant
sample size of 12,395 in the heterogeneity demonstrated for WBCT. finding (p=0.152)
WBCT cohort and 6394 in (12=98.24 %,
the non-WBCT cohort p<0.0001).

ICU LOS 12,306 patients inthe WBCT Heterogeneity was No significant difference between the Non-significant

(p=0.130).




Hospital LOS

Five studies compared the hospital significant
length of stay experienced by heterogeneity was
patients. Sample size of 18,528 in detected (12=92.07 %,

the WBCT group (11,885 vs 6643). P<0.001).

significant effect with No significant finding for
application of this model publication bias (p=0.337).
(Pooled SMD=0.0815, ClI -
0.180t0 0.343, p=0.541).

InC¥lence of
MODS/MOF

the study by Huber-Wagner and significant

colleagues contributed to heterogeneity (12=94.39
approximately 98 % of the 18,010 %, p<0.0001).

sized sample .

Quantitative analysis of three | No significant finding for
studies : no significant publication bias was found
difference in the incidence of (p=0.858).

multiple-organ
disease/syndrome using the
random effect model (Pooled
OR=1.880,Cl0.607-5.828,

p=0.274)
Duration of five studies- Four of these highest mean ISS Huber-Wagner
mechanical demonstrated a greater ventilation amongst the included demonstrated the opposite
ventilation time for the WBCT . The mean pool effect from a substantially
number of days under mechanical larger sample size
ventilation across groups ranged
from O to 14.3 days though only two
studies demonstrated durations
above five days
Cost Both Hong et al. 2016 and Sierink et al. 2016 discovered, that the | James and colleagues found that the mean cost of a blunt

cost associated with the WBCT group was not significantly
greater and in fact, tended to be lower relative to non-WBCT.

trauma patient’s hospital stay increased by $4971 after the
WABCT protocol was introduced




Summary

e Inthe case of overall mortality, both of Huber-Wagner’s studies and Lang et al. 2017 were
excluded in favour of Palm et al. 2018, as the latter utilised an identical database that
provided a greater sample size, retrospective.

e Total of 11 studies were included in analysis of overall mortality.

e Withreference tothe NOS, all evaluated studies achieved maximum points in the selection category
,demonstrating a sound representation of the cohort relative to the real-world population. Seven
articles were not given maximum stars for comparability due to their inability to control for potential
confounders.

e Allstudies received maximum possible stars in the outcome category.

e After application of the SIGN checklist, Sierink et al. 2016 was deemed to be of high quality.




Discussion

Firl§Bmeta-analysis of current published literature including a higher-level source of evidence (RCT)
and 6f good quality.

In this meta-analysis,
- Nosignificant difference : overall mortality, and most of the secondary outcomes (24 -h

mortality, ICU LOS, Hospital LOS, Incidence of MODS/MOF) in patients who experienced whole-
body CT in comparison to the standard radiological protocol.
- WBCT was observed to significantly reduce ED times.

This study finding is consistent with that obtained in the recent RCT , though recent meta-analyses
concluded that the application of WBCT significantly reduces mortality rate.

Wada et al. 2013 [45], which demonstrated significant favourability towards WBCT use;
however was excluded from our quantitative analysis, as the research design compared
conventional procedures against a combination of WBCT with the same conventional protocols .
This may therefore indicate that the high accuracy and prompt scanning time offered by WBCT,
may rather serve as a suitable addition to conventional protocols, given patient dose can be
justified.

Penasco et al. 2018 was also not included in quantitative synthesis, on the grounds that its
relatively high mean age was not generalisable to the target population.



Table 3
Dose experienced by patients in WBCT vs non-WBCT samples.

Study Cases (n) Outcome Dose (mSv)
WBCT Non-WBCT WBCT Non-WBCT

Asha et al. 2012 624 656 n>20 mSv (%) (CI) 122(19.6) (16.6—22.7) 76 (11.6) (9.1-14.1)
Gordic et al. 2015 120 120 Mean 29.5 15.9

Sierink et al. 2016 541 542 Median (IQR) 21 (20.9-25.2) 20.6 (11.8—27.6)
James et al. 2017 206 220 Mean (SD) 28.1 (14.3) 19.9 (18.9)

SD Standard Deviation CI Confidence Interval n>20 mSv (%) the proportion of trauma patients receiving a radiation dose >20 mSv.

WBCT was observed to reduce ED times in all included studies- for faster diagnosis for definitive
treatment and lessening the impact of ED overcrowding

Patients in the WBCT group exhibited higher ISS values - indicate that patients considered less severely
injured were placed in the non-WBCT cohort, and thus expectantly experienced better prognosis.
Furthermore, imaging of greater diagnostic quality more accurately identifies injuries that contribute to
the magnitude of ISS; hence, rather than ideally being independent of injury severity, a greater degree
and accuracy of imaging undesirably yields greater injury scores

Some studies shows reduction of mortality in WBCT patients likely had an inverse effect on the
incidence of MODS/MOF and prolonged days under mechanical ventilation.

Though four studies reported on dose via differing outcome measures, dose levels were significantly
lower in the non-WBCT cohort. The issue of clinical dose justification remains somewhat controversial.
Sierink et al. demonstrated that although dose was higher during the primary survey in the WBCT
cohort, however able to justified- due to decreased diagnostic accuracy of conventional methods



Limitation

e Inlarge proportion of patients (46 %) in the non-WBCT group experienced sequential CT
scans which ultimately eventuated in a non-immediate WBCT . This may introduce bias in
the result interpretations, as noted lesser in mortality due to the increased amount of non-
immediate WBCT scans in the conventional radiological procedure group.

e WBCT is likely more readily available in more developed countries and/or specialised
trauma institutions and therefore, mortality differences may be more truly representative of
the institution’s coexisting resources, staff experience and protocol-driven nature.

e Discrepancies in protocol and imaging pathway, specific parameters including slice
thickness, rotation time, table speed contrast and distance from the scanner to the ED were
not regularly stated.

e Primary assessment by emergency physicians - patient selection, and the decision to obtain
necessary imaging by the treating team was not standardised across studies.



Conclusion

e Thevalue of WBCT and non-WBCT : no significant value added in outcomes based on:

overall mortality, 24 -h mortality, ICU length of stay, Hospital length of stay and incidence
of MODS/MOF for trauma patients.

e While, WBCT is associated with increased radiation dose and longer duration of
mechanical ventilation.

e However, WBCT offers an advantage in shortening ED times.
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