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Abstract

Objectives: To observe variation in imaging requests after publication of the Royal Col-
lege of Radiologists UK Paediatric Trauma Protocols in 2014, recommending limited
use of thoracic computed tomography (CT) to appropriately clinically risk stratified
children.

Method: A retrospective observational study using data from the Trauma Audit &
Research Network in the United Kingdom, for children (0-16 years of age) for the
years 2012-2021. Percentages were calculated to facilitate comparison between year
groups (under 1 year of age, 1-10 years of age, 11-15 years of age), and CT imag-
ing categories reviewed: (1) whole-body CT (WBCT); (2) abdominopelvic CT (CTAP)
with chest radiograph (CXR); (3) chest, abdomen, and pelvic CT (CTCAP) with CXR; (4)
CTCAP without CXR; and (5) other imaging.

Results: Increased use of the recommended protocol (CXR with CTAP) was observed
after guidance publication but was not sustained: infants under 1 year old, 0.0% in
2012, 7% in 2017, 0.0% in 2021; 1-10-year-olds, 4% in 2012, 13.9% in 2017, 5.5%
in 2021; 11-15-year-olds, 7.1% in 2012, 10.2% in 2017, 6.6% in 2021. Requests for
WABCT increased from 2012-2021 (all age groups, 2.4%, 2012, to 5.3%, 2021) and
requests for CTCAP were consistently at a higher level than that of the recommended
protocol.

Conclusion: The increased use of CXR with CTAP after publication of the guidelines,
was not sustained with a decreasing trend observed from ~2017, raising concern for

the ionizing radiation burden in this population.
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1 | INTRODUCTION

1.1 | Background

The Trauma Audit & Research Network (TARN) is the mandated
national clinical registry for traumatic injury and produces reports on
the standards of care and outcomes of patients treated at all trauma
receiving hospitals across England, Wales, and Ireland. It is the largest
registry in Europe, with over 1 million patient records, and as such
is able to support trauma research both nationally and internation-
ally. TARN allows an assessment of the impact of trauma guidance and
one such area, where there has been known variability, is imaging for
children.

In 2014 Royal College of Radiologists the (RCR) produced the Pae-
diatric Trauma Protocols® to give direction on the most appropriate
imaging methods for children presenting to the emergency depart-
ments in the United Kingdom, acknowledging that “children are not
small adults.”

With regards to imaging of the thorax, the guidance recommended
different protocols for more or less injured children. For unconscious
children or those with a mechanism of injury suggesting a high like-
lihood of thoracic trauma, the recommendations were for imaging
with whole-body computed tomography (WBCT). During high-velocity
crashes the relatively elastic tissues, and comparatively pliable ribcage,
allow for marked mediastinal mobility, resulting in serious injury of
tissues and organs with or without rib fractures.?2 However, for low-
velocity crashes the increased musculoskeletal flexibility is relatively
protective and imaging protocols were aimed at avoiding thoracic CT,
knowing that thoracic aortic injury and traumatic diaphragmatic rup-
ture are comparatively uncommon.3-¢ In addition, the soft tissues of
the chest (notably the thyroid and breast tissue) are particularly sen-
sitive to the effects of ionizing radiation (IR), with an overall estimated
risk of radiation-induced cancer as high as 1/500 exposed children.”

The recommendations were supported by studies that showed that
information obtained from CT examinations did not change patient
management.®? However, the results may have been skewed to those
with a lower probability of thoracic injury, emphasizing the need for
careful triage, clinical review, and patient selection.

Abdominal injury, and in particular solid organ injury (notably hep-
atic, splenic, and renal), is relatively common in children, and the RCR
guidelines advocate early imaging with contrast-enhanced CT. Ultra-
sound examination is readily accessible but the reported negative
predictive values of 50%-63% for FAST (Focused Assessment with
Sonography for Trauma) scans in unstable patients'® were not consid-
ered sufficient to justify inclusion in the national guidelines, although
local protocols may vary. The advised protocol in stable children is CXR
with abdominopelvic CT (CTAP), but for those clinicians who remain

concerned about missing subtle thoracic injury on the chest radiograph
(CXR), it is reported that 91% of clinically relevant pathology may be
identified in an abdominal CT, if imaging is commenced 1 cm above the
level of the diaphragm, avoiding a full thoracic CT and reducing the IR
dose.!?

After development of the guidelines, the protocols were dissem-
inated to all Trauma Units and Major Trauma Centres, published
in Clinical Radiology,*? and discussed at the Royal College of Emer-
gency Medicine (United Kingdom), with further educational material

distributed by social media.

1.2 | Importance

Both at the time of developing the UK Pediatric Trauma Protocols and
more recently, studies have confirmed that early imaging with CXR,
in combination with the clinical examination, is appropriate and safe
when investigating thoracic trauma in children and adheres to the
ALARA principle (as low as reasonably achievable), with a reduction of

IR dose to radiosensitive tissues.

1.3 | Goals of this investigation

The study aimed to evaluate whether the RCR Pediatric Trauma Pro-
tocols (2014) had resulted in an observable and sustained reduction in
the use of pediatric CT chest across the United Kingdom when imaging
for trauma.

2 | METHODS

2.1 | Study design and setting

This was a retrospective observational study using the TARN database
for information related to children (0-16 years of age) for the
years 2012-2021, inclusive, before and after the release of the
guidance in August 2014. The time period commenced in 2012 at
the time of national service development for trauma centers, with
production of the RCR standards for imaging in severely injured
patients, and was limited to 2021 due to incomplete data set from
2022.

Children were included on the TARN database if they were injured
and either admitted to hospital for more than 72 h, admitted to an ICU,
or died in hospital; submissions to the TARN registry were carried out
by trained TARN programers linked to the ED at the admitting hospi-

tal. The outcome (lived or died) was recorded either on discharge from
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hospital or at 30 days, but patients who died at the scene of the
incident, and not transported to hospital, were not reported to
TARN.

Individual injuries were classified according to the Abbreviated
Injury Scale (AlS), which allowed an overall Injury Severity Score (ISS)
to be calculated retrospectively; it was not used in the acute setting.
The ISS is an anatomical score that measures the overall severity of
injured patients, giving a score between O to 75; scores are calculated
by adding together the squares of the 3 highest AIS scores in 3 pre-
determined regions of the body. Conventionally a child with an ISS of
>15is classified as “major trauma”with an ISS of 25 or more being the
most severe of injuries. Both the AIS and the ISS score were deter-
mined by trained coders within a quality assurance program using the

information sent to TARN from the admitting hospital.

2.2 | Selection of patients
There were approximately 4 million children presenting to EDs (major
trauma unit or trauma unit) each year between 2012-2021, with about
half of these after an injury, most of which were minor; data for patients
collected by TARN annually ranged between 2306 to 2836 children in
this time period.

All children (0-16 years of age) on the TARN data were included in
the study. The raw data were reviewed, duplicates entries identified
and removed by a senior TARN statistician, and percentages calculated

to facilitate comparison between the year groups.

2.3 | Measurements
Children were divided into 3 age categories (under 1 year of age, 1-
10 years of age, 11-15 years of age) and the following CT imaging

categories were reviewed:

WBCT

CTAP with CXR

Chest, abdomen, and pelvic CT (CTCAP) with CXR
CTCAP without CXR

Other imaging

A A

“Other imaging” refers to a combination of abdominal CT, or pelvic
CT, or chest CT, or abdominal radiograph, or pelvic radiograph on their
own, associated with CXR but without WBCT, and includes 2 by 2 com-
binations for example, CXR and no WBCT, or abdominal CT and chest
CT and so forth, that are not described in the STROBE (Strengthen-
ing the Reporting of Observational Studies in Epidemiology). They have
been grouped together because of the complexity of describing all the
possible image combinations in an audit directed to review trends in
imaging of WBCT and CTCAP, against the advised protocol of CXR with
CTAP.

The Bottom Line

In this study, the authors aimed to determine the adher-
ence to imaging guidelines for pediatric trauma victims in
the United Kingdom. An analysis of an existing trauma reg-
istry revealed that these recommendations were not being
followed and that pediatric trauma patients were poten-
tially being exposed to radiation from unnecessary computed
tomography scans. This is an important finding with critical

patient safety implications.

2.4 | Data analysis

An interrupted time series analysis’® was conducted to assess the
impact of the RCR guidelines and the period corresponding to the first
lockdown on the baseline trend use of CT on pediatric trauma patients.
A segmented regression model based on a generalized linear model,
predicting the use of CT was estimated and a discontinuity in the gradi-
ent (trend) or intercept (level) of the fitted model was tested for at the
quarterly time point of implementation of each tested period (Q3-2014
and Q1-2020).

The percentage of children imaged with WBCT was determined as
raw data and as a percentage of all children submitted to TARN, both
within and between the age groups. The percentages within each year
were undivided except for 2020/21, where the data were subdivided
into calendar months to observe whether a change in WBCT percent-
age of use had occurred during the 3 UK COVID-19 lockdown periods;
the lockdown periods were noted.

For comparison of the 5 imaging subsets, both between and within
the 3 age groups, the data were formatted into a percentage of “all
imaging” (denominator) for each imaging category per year studied.
The percentage calculation was to allow proportional comparison, in
this descriptive observational study.

For simplicity all imaging abbreviations (WBCT, CXR with CTCAP,
CTCAP etc.) refers to the percentage of each unless stated otherwise.

All analyses were performed with the software Stata 16 (Stata-
Corp. 2019. Stata Statistical Software: Release 16. College Station, TX:
StataCorp LLC).

3 | RESULTS

The ISS varied for each year. The most common ISS was 9-15 (Table 1),
which varied between 52% and 56.5% of the total, with a mean of
54.3% (1SS 1-8, mean 12.8%; ISS >15, mean 32.6%).

The total number of children submitted to TARN annually varied
between 2306 and 2836 of whom only a small percentage were imaged
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All TARN Children England & Wales
2012-2021
(n =25,456)

Children exposed to thoracic, abdominal
and pelvic imaging - 2012-2021

(n =5855)
No WBCT WBCT
(n=4995) (n =860)
No Chest XR
= 1
Chest XR m=2Eai)
(n=1644) |
Chest, abdomen, pelvic CT Other imaging
and no Chest XR and no Chest XR
Chest XR + Chest XR + chest, Other imaging + (n=1423) (n=1928)
abdomen-pelvic CT abdomen and pelvic CT chest XR
(n =495) (n=690) (n =459)

FIGURE 1 STROBE reporting guideline. Abbreviations: CT, computed tomography; STROBE, Strengthening the Reporting of Observational
Studies in Epidemiology; TARN, Trauma Audit & Research Network; WBCT, whole-body computed tomography; XR, radiograph.

with WBCT, but this percentage doubled (2.4% in 2012, to 5.3% in
2021) (Table 2).

For all children imaged with WBCT the majority were in the 11-15-
year-old age group, with, consistently, <12% being infants, reflecting
the small number of infants under 1 year of age submitted to the TARN
database. As a percentage of childrenimaged within each age group the
figures are more closely aligned between the 1-10-year-old age group
and the 11-15-year-old age group; infants under 1 year of age show
relatively high percentages possibly skewed by the small numbers.

The introduction of the RCR guideline was associated with a drop
in the level of WBCT use (—=0.76; 95% confidence interval [Cl]:—1.61
to 0.09) (Figure 1) but did not reach statistical significance (P = 0.079)
although a statistically significant decreasing trend was observed up

TABLE 1 Percentage distribution of injury severity score per year.

ISS 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1-8 132 117 123 124 139 132 131 137 117 129
9-15 55.7 56.1 56.5 56.1 53.9 542 522 524 520 540
>15 311 322 312 315 322 326 347 340 331 331

Abbreviation: ISS, injury severity score.

to the end of the fourth quarter of 2019 (P = 0.013) (—0.14; 95% Cl:
—0.25 to —0.03). An increase in the level of WBCT use was observed
at the beginning of the first quarter of 2020 (1.49; 95% Cl:—0.23 to
3.20) (which corresponded to the time frame of the UK COVID-19 lock-
down) but not reaching statistical significance (P = 0.088). A reversal in
trend (increasing) was then observed, although not reaching statistical
significance (P =0.481) (0.144; 95% Cl: —0.27 t0 0.56).

The data for WBCT were refined for 2020/21 with the UK COVID-
19 lockdown periods marked. Two spikes in activity were observed that
corresponded to post-lockdown months. The ISS for the corresponding
months were reviewed; the median ISS interquartile range remained at
9 (range 9-19 for all months) for the years 2020/21.

3.1 | Infants under 1 year of age

Imaging with WBCT increased overall between 2012 to 2021, with a
slight reduction after 2014, between 2015 to 2019 (Table 3). Use of
CXR with CTAP was highest prepublication and ranged 3%-7% post-
publication but fell to zero in 2021. Use of CXR with CTCAP showed 2
peaks (prepublication, 2012, and postpublication, 2018). There was a
wide range in percentages for infants imaged with CTCAP (8%-33.3%)
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TABLE 2 Total number of children submitted to the trauma audit & research network database, the total number of whole-body computed
tomography per year, and percentage of children imaged with whole-body CT per year.

All TARN submissions
Total number of WBCT

%WBCT

WBCT <1 year between
old within

WBCT 1-10 between
years within

WBCT 11-15 between
e within

2012
2415
59
24
6.8
18
35.6
10
57.6
12.8

2013
2435
78
32
9.0
28
47.4
14.4
43.6
1258

2014
2472
83
34
7.2
31
47.0
17.4
45.8
13.7

2015
2663
88
3.3
57
20
36.4
13
58.0
151

2016
2544
56
2.2
10.7
24
32.1

57.1
10

2017
2836
74
2.6
8.1
20
36.5
114
554
10.2

2018
2629
82
3.1
4.9
12
317
12
63.4
14.8

2019
2733
93
34
9.7
24
33.3
13.2
57.0
13.8

2020
2423
125
52
9
48
40.8
22
50.4
18.2

2021
2306
122
53
11
35
41.8
23
47.5
16.7

Further subdivision of WBCT by age group. For each age category the upper row (between) refers to WBCT undertaken relative to the age categories. For
each age category, the lower row (within) refers to WBCT compared to “all imaging.”
Abbreviations: CT, computed tomography; TARN, Trauma Audit & Research Network; WBCT, whole-body computed tomography.

TABLE 3 Children <1 year old: percentage in each imaging category per year.

2012 2013 2014 2015
WBCT 18 28 31 20
CXR+CTAP 0.0 12 5 8
CXR+CTCAP 18 16 10.5 12
CTCAP 227 16 53 8
Other imaging 41.3 28 48.2 52

2016 2017 2018 2019 2020 2021
24 20 12 24 48 35

4 7 3 52 4.3 0.0
12 13.3 18.2 7.8 8.7 27
20 88K 15 15.7 13 135
40 26.4 518 47.3 26 48.8

Abbreviations: CTAP, abdominopelvic computed tomography; CTCAP, chest, abdomen, and pelvic computed tomography; CXR, chest radiograph; WBCT,

whole-body computed tomography.

TABLE 4 Children 1-10years old: percentage in each imaging category per year.

2012 2013 2014 2015
WBCT 10 14.4 17.4 13
CXR+CTAP 4 8 6.2 7.3
CXR+CTCAP 15 155 13.8 14.2
CTCAP 285 25.9 223 25.3
Other imaging 425 36.2 40.3 40.2

2016 2017 2018 2019 2020 2021
8 114 12 13.2 22 23
11.8 13.9 10.5 10.2 5.6 5.4
14.5 10.1 9.6 13.2 8.6 5.4
218 24.5 19.7 213 26.3 231
43.9 40.1 48.2 42.1 37.5 43.1

Abbreviations: CTAP, abdominopelvic computed tomography; CTCAP, chest, abdomen, and pelvic computed tomography; CXR, chest radiograph; WBCT,

whole-body computed tomography.

over the 10-year period, although percentages were observed to be
stable about 13%-16% from 2018-2021.

3.2 | Children aged 1-10 years old

WBCT fell to the lowest percentage in 2016 (8%) but increased in
2020/21 (22% and 23% respectively) (Table 4). Use of CXR+CTAP
increased after 2014 (11.8% in 2016, and 13.9% in 2017) but reduced
to preguideline levels in 2020/21 (5.6% and 5.4%). Use of CXR with

CTCAP reduced after a peak in 2016. Use of CTCAP varied between
19.7% and 28.5% with no obvious trend. Use of both WBCT and CXR
with CTAP appeared consistently lower than that of CTCAP.

3.3 | Children aged 11-15 years

Use of WBCT was 12.8% in 2012, 10% in 2016, and had risen to 16.7%
in 2021 (Table 5). Use of CXR with CTAP rose slightly after publication
reaching 10.2% in 2017, but the highest percentage use was in 2014,
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TABLE 5 Children aged 11-15 years; percentage in each imaging category per year.
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
WBCT 12.8 12.8 13.7 15.1 10 10.2 14.8 13.8 18.2 16.7
CXR+CTAP 7.1 8.3 11.9 9.4 9.5 10.2 7.9 8.6 8.4 6.6
CXR+CTCAP 14.3 13.2 12 9.7 13.2 17.2 114 8.3 5.5 11.8
CTCAP 22.7 24.5 20.6 24.6 24.6 21.9 30.7 27.7 29.5 23.9
Other imaging 43.1 41.2 41.8 41.2 42.7 40.5 35.2 41.6 384 41

Abbreviations: CTAP, abdominopelvic computed tomography; CTCAP, chest, abdomen, and pelvic computed tomography; CXR, chest radiograph; WBCT,

whole-body computed tomography.

immediately before publication, at 11.9%; the trend was a reduction
in use by 2021 at 6.6%. Use of CXR with CTCAP showed a relatively
narrow change about a mean of 11.7%, with no obvious trend. Use of

CTCAP shows a marginal and questionably sustained increased in use.

4 | LIMITATIONS

All children on the TARN registry were included, but those not fulfill-
ing the TARN criteria (admitted to hospital for >72hours, admitted to
an ICU, or died in hospital) were not included. Thus, children admitted,
imaged, and discharged in under 72 hours would have been missed. It
was not possible to retrogradely determine these figures from the reg-
istry, which would require prospective data collection of all children
undergoing emergency imaging in the United Kingdom.

Penetrating injury makes up less than 5% of pediatric trauma in the
United Kingdom,'* but due to the method of data collection it was not
possible to separate penetrating from blunt trauma, although the UK
imaging recommendations for imaging are different.

The number of infants included on the registry was small, and
percentage calculations were observed to have a wider range when
compared to the other age groups, which made reviewing trends less

accurate.

5 | DISCUSSION

In the years after guidance publication, local audits to assess
compliance®® showed improved adherence to the suggested protocols
after dissemination and education.

This study is the first national UK observational study using the
TARN database spanning 10 years, including the UK COVID-19 lock-
down periods. The study showed that the use of WBCT was a small
percentage of those on the TARN database, which in turn was a small
percentage of children presenting to the ED in the United Kingdom.
However, by 2020-21, this percentage had increased from the prepub-
lication figures for each age group (for all children combined: 3.2% in
2013,t05.3%in 2021).

The interrupted time series of the quartile percentage use of WBCT
during the study period showed a reduction after 2014, suggesting
there was an impact from the guidelines, with the lowest use of WBCT

observed in 2016. Between 2017-19, there was a no significant varia-
tion in WBCT, but a doubling of the prepublication levels was observed
in 2020 (Figure 2). This corresponded to the months of the COVID-
19 pandemic and UK lockdowns, even though the ISS of patients
presenting to the ED remained close to the 10-year mean.

The timing of the increase activity in ED¢ after the opening up
of society during the COVID-19 pandemic, when personal protec-
tion equipment (PPE) measures were still in place in health care
settings, corresponded to the months that showed activity spikes
for WBCT in Figure 3. A possible explanation was that wearing
PPE hampered accurate assessment and triage, which translated
into a tendency to inflate clinical concerns. Further work is needed
to substantiate this hypothesis and support service development if
validated.

The use of the suggested protocol (CXR with CTAP), although not
suitable for all patients, fluctuated both within and between the dif-
ferent age groups over the 10-year period. Due to the limitations of
the study, the percentages within the youngest age group were too
small to reach a meaningful conclusion, but both the 1-10-year-old
and 11-15-year-old age groups showed an increase in the percent-
ages in the years post publication with a reduction in use by 2020-21.
These post-guidance publication peaks and subsequent fall in use of the
recommended protocol suggest that clinicians need reminding of the
recommendations, with further information dissemination and educa-
tion required both at a national and local level. A recent study showed
that the use of a thoracic imaging decision tool reduced the use of
CT in pediatric acute trauma by 50%” without an increase in missed,
clinically significant, injuries.

The high percentage of children and young people imaged with a
combination of WBCT, CTCAP, and CTCAP with CXR suggests that
there is continued clinical reluctance to rely solely on the CXR to
exclude clinically significant pathology despite multiple studies to the
contrary.’®1? Because this was an observational study of trend, the
findings of a reduction in the use of the recommended imaging pro-
tocol, suggests an unnecessary IR burden on the pediatric population,
raising concern for the development of IR-induced pathologies in this
population.

This retrospective observational study of the UK national database
from TARN (2012-2021) showed an initial fall followed by an increas-
ing trend in the use of thoracic CT imaging for children presenting to
the ED with trauma, whether this was with WBCT or CTCAP, with or
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FIGURE 2 Aninterrupted time series shows the quarterly time series for the percentage use of WBCT over the period 2012 to 2021. Before
the implementation of the RCR guideline, there is a statistically significant increasing trend of CT use (P = 0.002), (0.15; 95% confidence interval:
0.06-0.24). Abbreviations: CT, computed tomography; RCR, Royal College of Radiologists; WBCT, whole-body computed tomography.
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FIGURE 3 WABCT percentage of 2020/2021 during the 3
lockdown periods in the United Kingdom. The months of the
lockdowns are indicated by the orange line. Abbreviation: WBCT,
whole-body computed tomography.

without chest radiography. This is contrary to the RCR recommended
pediatric protocol guidelines.

These observations, even with the limitations of this study, are con-
cerning for an unnecessarily high IR population burden, with implica-
tions for the development of iatrogenic pathology in this radiosensitive
group.

The authors recommend the use of image decision-making tools, the
evidence-based pediatric trauma protocols, and starting abdominal CT
examinations 1 cm above the level of the diaphragm, as suggested by
Patel et al. (2010).
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