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Abstract

The aim of this review is to survey CT and MRI overuse in the paediatric emergency department (ED) population. CT 
is one of the most important modalities employed in the ED. Not surprisingly, its high accuracy, rapid acquisition and 
availability have resulted in overuse. An obvious limitation of CT is ionizing radiation; in addition there are economic 
implications to overuse. Studies from the last two decades have shown increase in paediatric ED CT utilization in the 
first decade, reaching a plateau forming around 2008, followed by a decrease in the last decade. This decrease occurred 
in conjunction with campaigns raising awareness to the risks of radiation exposure. Although a trend of decrease in 
overuse have been observed, great variability has been shown across different facilities, as well as among physicians, 
with more pronounced overuse in non-teaching and non-children dedicated EDs. The leading types of paediatric ED 
CTs are head and abdominal scans. Decision rules, such as PECARN for head injury and the Alvarado score for abdom-
inal pain, as well as using alternative imaging modalities, have been shown to reduce CT overuse in these two catego-
ries. MRI has the obvious benefit of avoiding radiation exposure, but the disadvantages of higher costs, less availability 
and less tolerability in younger children. Although anecdotally paediatric ED MRI usage has increased in recent years, 
only scarce reports have been published. In our opinion, there is need to conduct up-to-date studies covering paedi-
atric CT and MRI overuse trends, usage variability and adherence to clinical protocols.
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Introduction
CT is widely used in emergency departments (EDs) and is 
a vital component of rapid patient diagnostic evaluation.1 
It is an extremely informative technique which can be 
used in a variety of clinical applications and suits all age 
groups, although it can still be challenging due to a paucity 
of intrabdominal fat and lack of ossification (CT head, CT 
C-spine) in the very young. CT is characterized by short 
scan times and high quality of images. In addition CT is 
available and relatively affordable.2

Not surprisingly, the use of CT has been exponentially 
rising since its invention.3 In the USA, CTs contribute 
nearly half the population’s collective radiation dose 
from all medical X-ray examinations4 and in the UK CT 
accounts for up to 68% of the population’s collective radi-
ation dose.5

The increase use of CT can be attributed to several factors. 
Advancements in technology have resulted in decreased 
scanning times while maintaining high image quality.2 This 
is especially helpful in children, eliminating the need for 

sedation in many cases.6 Additionally, over the last 20 years, 
CT scanner availability has rapidly increased worldwide.7 
CT is more accessible in the ED due to designated scan-
ners.8 In addition, low availability of other imaging modali-
ties, such as MRI, CT is preferable by ED staff.9,10

Recent studies indicate that nearly a quarter of performed 
CT scans in the general population are inappropriate.11 
Reasons for unnecessary CT scans include lack of adher-
ence to clinical guidelines,12 repeated scans13 and CT 
preference over other imaging modalities.14 Specifically in 
children, unnecessary CT scans may result from commu-
nication barriers due to developmental age.15 Another 
source for CT overuse in children is lack of competence in 
non-paediatric-focused facilities.16,17 In addition, lack of 
standardized dosing to size variation in children can result 
in excessive radiation doses.18,19 A Recent study published 
in 2017 found that children received a double dose of radia-
tion in CT scans at non-paediatric hospitals in comparison 
to that received at paediatric trauma centres.20 A survey 
conducted among ED physicians showed unwarranted 
scans were performed due to consultant requests, in order 
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to appease the patient or their family, and as a defense against 
malpractice suits.21

Together with the rise in CT use, the interest in and knowledge 
about the potential harmful effects of ionizing radiation exposure 
on health have increased. Doses of ionizing radiation adminis-
tered by CT scans may cause DNA damage, and increase the life-
time risk of cancer.1,22,23 Children are at higher risk of developing 
cancer, due to their higher radio-sensitivity compared to adults 
and due to a longer life span following exposure to radiation.1 A 
study by Pearce et al demonstrated 2–3 fold increase in incidence 
of leukaemia and brain tumours in people who were exposed to 
radiation during their childhood.22 An 11 million cohort study 
by Mathews et al showed a 24% increase in overall cancer inci-
dence for people exposed to radiation from CT scans, especially 
when exposed at a young age.23 Miglioretti et al found that chil-
dren that have received high radiation doses from CT exhibit 
a small but significant increase in future cancer risk. The study 
estimated that more than 4800 future cancers could be induced 
by 1 year of paediatric CT imaging in the USA.24

In addition to the health risks involved, there are economic 
implications to CT overuse. Implementing decision rules for CT 
use could lead to substantial cost saving.25,26 Smits et al estimated 
cost savings of $120 million annually in the USA.25 CT overuse 
may also result in prolonged length of stay due to additional eval-
uation of incidental findings,27 and false-positive results.28

MRI has the obvious benefit of avoiding radiation exposure, but 
the disadvantages of higher cost, less availability than CT and 
also MRI may not be tolerated in young children (especially 
under age 5).29 Although, Feed and swaddle MRI is feasible 
without sedation up to 6 months of age.30

Anecdotally, MRI usage has increased in the emergency setting 
in recent years, perhaps due to radiation concerns raised in 
campaigns such as “Image Gently”31 and “As Low As Reason-
ably Achievable (ALARA)”,32 and perhaps with increase in the 
availability of the modality, but to date, only three single centre 
studies describing MRI utilization in paediatric EDs33–35 have 
been published, and further evidence-based research is needed.

This review aims to describe the state of the literature on the 
subject of CT and MRI overuse in the paediatric ED population, 
focusing in particular on the trends of practice in children in the 
ED in recent years, including the type of scans performed and 
factors associated with overuse.

Searches were carried out using PubMed. The search was 
restricted to articles in English. Key terms used were: CT, usage, 
overuse, paediatric, children, ED, emergency department, 
imaging. Articles determined to be relevant by their titles and 
abstract were included. References of the articles included were 
also reviewed for inclusion on the basis of their importance in 
the reviewed articles.

The meaning of the term “paediatric” and “child” in our review 
is patients in the age Group 0–18, excepting one of our sources 

that included 19-year-old patients36 and one study with an upper 
limit of 17-year-old.35

CT Utilization in the Paediatric 
Emergency Department
Table 1 summarizes major studies that surveyed CT overuse in 
the paediatric ED population published in the last decade, the 
time frame of these studies is the past two decades, up  to the 
year 2013.

Similarly to trends in the general population, the use of CT has 
increased in the paediatric population24,44 and in paediatric 
EDs in the last two decades.11,16,17,37 It is estimated that at least 
4 million CT scans are conducted each year on children in the 
USA.1 For example, a paediatric-specific study at a single insti-
tution found a large increase in ED CT utilization from 2000 to 
2006, specifically showing a 23% increase in head CT and a 49% 
increase in abdominal CTs.40

Having said that, in the last decade CT utilization in children has 
begun to decline.16, 24, 37, 38, 45 This trend correlates with increased 
awareness for radiation risk in children.1,22,38 Campaigns such as 
“Image Gently”31 and “ALARA”32 were started in order to increase 
awareness of the risks associated with advanced imaging and to 
provide protocols and recommendations for reducing radiation 
exposure in children. While a survey of radiologists and emer-
gency physicians from 2004 reported widespread underestima-
tion of radiation doses, and a disbelief in increased cancer risks,46 
in a survey from 2013, 98% of responders reported a change in 
their clinical practice induced by concerns about radiation expo-
sure.10 A study from 2014 demonstrated that emergency physi-
cians consider CT overuse to be a problem. The study further 
demonstrated that knowledge of past CT scans performed for 
the same indication affects physicians’ decision to order CTs, 
and that emergency physicians are interested in computerized 
imaging decision support mechanisms.47

A large study by Menoch et al, of CT utilization at 2 tertiary 
care paediatric EDs from 2003 to 2010 registered only minimal 
change in overall CT use from 2003 to 2010. Following 2008, an 
apparent decline in CT use was seen.38 Hoshiko et al collected 
data from 229 facilities in California from 2005 to 2012, and 
examined frequency of CT usage in paediatric patients. In the 
ED, CT utilization increased initially, peaked and started to 
decline after 2008.16 Lodwick et al collected data of more than 
12 million patients from 30 tertiary paediatric hospitals between 
2009 and2013, reporting that the rate of CT imaging decreased 
from 69.2 to 49.6 per 1000 encounters during the study period. 
Both head and abdomen/pelvis CT rates showed significant 
decreases over the study period.37

However, both Menoch et al38 and Lodwick et al37 conducted 
their studies in a paediatric-specific facilities, while most of CT 
imaging performed in children occurs at non-paediatric-specific 
facilities. In the USA, it is estimated that 85% of paediatric CT 
imaging performed in the ED is done at primarily adult facil-
ities.2 This is noteworthy, since variability in CT usage across 
different types of facilities has been demonstrated. Table 2 lists 

http://birpublications.org/bjr


3 of 11 birpublications.org/bjr Br J Radiol;91:20170434

BJRReview article: overuse of CT and MRI in paediatric emergency departments

Ta
b

le
 1

. S
um

m
ar

y 
o

f 
m

aj
o

r 
st

ud
ie

s 
co

nc
er

ni
ng

 C
T

 u
sa

g
e 

in
 p

ae
d

ia
tr

ic
 e

m
er

g
en

cy
 d

ep
ar

tm
en

ts
 in

 t
he

 la
st

 t
w

o
 d

ec
ad

es

N
um

be
r o

f 
pa

rt
ic

ip
an

ts
Ty

pe
 o

f f
ac

ili
ty

Im
po

rt
an

t fi
nd

in
gs

In
di

ca
tio

n 
fo

r C
T

Ty
pe

 o
f C

T
St

ud
y 

pe
ri

od

Lo
dw

ic
k 

et
 a

l, 
20

15
37

 
12

,5
31

,1
84

30
 te

rt
ia

ry
 p

ae
di

at
ric

 
ho

sp
ita

ls

Be
tw

ee
n 

20
09

 a
nd

 2
01

3,
 o

ve
ra

ll,
 h

ea
d 

an
d 

ab
do

m
en

 C
T 

us
e 

ha
s 

de
cr

ea
se

d.
 S

ig
ni

fic
an

t v
ar

ia
bi

lit
y 

in
 C

T 
us

ag
e 

ac
ro

ss
 te

rt
ia

ry
 

pa
ed

ia
tr

ic
 E

D
s w

as
 fo

un
d,

 e
ve

n 
w

he
n 

co
nt

ro
lli

ng
 fo

r c
as

e-
m

ix
 a

nd
 

ho
sp

ita
l v

ol
um

e.
A

ll
A

ll 
ty

pe
s

20
09

–2
01

3

H
os

hi
ko

 e
t a

l, 
20

14
16

3,
60

6,
02

2
22

9 
ED

s a
nd

 P
ED

s

A
n 

in
cr

ea
se

 in
 C

T 
ut

ili
za

tio
n 

w
as

 o
bs

er
ve

d,
 p

ea
ki

ng
 in

 2
00

8 
an

d 
de

cl
in

in
g 

aft
er

w
ar

ds
. Th

e 
de

cl
in

e 
ap

pe
ar

ed
 e

ar
lie

r a
nd

 w
as

 m
or

e 
pr

on
ou

nc
ed

 in
 te

ac
hi

ng
 h

os
pi

ta
ls.

A
ll

A
ll 

ty
pe

s
20

05
–2

01
2

M
en

oc
h 

et
 a

l, 
20

12
38

 
98

7,
93

2
tw

o 
te

rt
ia

ry
 c

ar
e 

PE
D

s
N

o 
sig

ni
fic

an
t c

ha
ng

e 
in

 o
ve

ra
ll 

C
T 

us
e 

w
as

 o
bs

er
ve

d 
fr

om
 2

00
3 

to
 2

01
0,

 h
ow

ev
er

 fo
llo

w
in

g 
20

08
 a

 d
ec

lin
e 

is 
ap

pa
re

nt
.

A
ll

A
ll 

ty
pe

s
20

03
–2

01
0

M
an

ni
x 

et
 a

l, 
20

12
39

 
16

1,
31

9
40

 p
ae

di
at

ric
 

ho
sp

ita
ls

Si
gn

ifi
ca

nt
 v

ar
ia

tio
n 

in
 p

ra
ct

ic
e 

ac
ro

ss
 p

ae
di

at
ric

 fa
ci

lit
ie

s, 
w

ith
 n

o 
co

rr
el

at
io

n 
to

 ra
te

s o
f s

ig
ni

fic
an

t h
ea

d 
in

ju
ry

.
H

ea
d 

tr
au

m
a

H
ea

d 
C

T
20

05
–2

00
9

La
rs

on
 e

t a
l, 

20
11

2
10

3,
25

0
G

en
er

al
 a

nd
 

pa
ed

ia
tr

ic
 E

D
s

O
ve

ra
ll 

C
T 

us
e 

ha
s r

eg
ist

er
ed

 a
 5

-fo
ld

 in
cr

ea
se

 d
ur

in
g 

th
e 

st
ud

y 
pe

rio
d.

 C
T 

sc
an

s w
er

e 
pr

im
ar

ily
 p

er
fo

rm
ed

 at
 n

on
-p

ae
di

at
ric

 
fa

ci
lit

ie
s.

A
ll

A
ll 

ty
pe

s
19

95
–2

00
8

Br
od

er
 e

t a
l, 

20
07

40
 

78
,9

32
Pa

ed
ia

tr
ic

 E
D

s

D
ur

in
g 

th
e 

st
ud

y 
pe

rio
d,

 C
T 

sc
an

 ra
te

s i
nc

re
as

ed
 b

y 
do

ze
ns

 o
f 

pe
rc

en
ta

ge
 p

oi
nt

s (
w

ith
 d

iff
er

in
g 

in
cr

ea
se

s f
or

 d
iff

er
en

t s
ca

n 
ty

pe
s)

, w
hi

le
 tr

ia
ge

 a
cu

ity
 re

m
ai

ne
d 

st
ab

le
.

A
ll

A
ll 

ty
pe

s
20

00
–2

00
6

Sh
ah

i e
t a

l, 
20

15
11

97
63

 u
nw

ei
gh

te
d 

ob
se

rv
at

io
ns

 
fo

r a
 to

ta
l o

f 
32

,4
32

,6
86

ED
s a

cr
os

s U
SA

Th
e 

st
ud

y 
pe

rio
d 

w
as

 m
ar

ke
d 

by
 a

n 
ov

er
al

l 2
-fo

ld
 in

cr
ea

se
 in

 C
T 

ut
ili

za
tio

n,
 p

ea
ki

ng
 at

 2
00

9,
 a

nd
 fo

llo
w

ed
 b

y 
a 

de
cl

in
e i

n 
20

10
. Th

e 
in

cr
ea

se
 w

as
 a

lso
 o

bs
er

ve
d 

w
he

n 
co

nt
ro

lli
ng

 fo
r d

em
og

ra
ph

ic
s 

an
d 

cl
in

ic
al

 v
ar

ia
bl

es
.

Fa
ll 

in
ju

rie
s

A
ll 

ty
pe

s
20

01
–2

01
0

Fa
hi

m
i e

t a
l, 

20
12

41
55

16
G

en
er

al
 a

nd
 

pa
ed

ia
tr

ic
 E

D
s

D
ur

in
g 

th
e 

st
ud

y 
pe

rio
d,

 a
bd

om
in

al
 C

T 
sc

an
 ra

te
s i

n 
ch

ild
re

n 
in

cr
ea

se
d 

17
-fo

ld
. U

ltr
as

ou
nd

 a
nd

 ra
di

og
ra

ph
 ra

te
s r

em
ai

ne
d 

co
ns

ta
nt

. F
ro

m
 2

00
6 

to
 2

00
8,

 C
T 

us
e 

pl
at

ea
ue

d.
A

bd
om

in
al

 
pa

in
A

bd
om

en
 C

T
19

98
–2

00
8

M
ie

sc
ie

r e
t a

l, 
20

15
42

  
53

40
Te

rt
ia

ry
 p

ae
di

at
ric

 
ho

sp
ita

l's
 E

D
s

C
T 

or
de

rin
g 

ra
te

s v
ar

ie
d 

sig
ni

fic
an

tly
 b

et
w

ee
n 

ph
ys

ic
ia

ns
 o

ve
r a

 
3-

fo
ld

 ra
ng

e.
H

ea
d 

tr
au

m
a

H
ea

d 
C

T
20

11
–2

01
3

A
de

lg
ai

s e
t a

l, 
20

14
17

51
48

Pa
ed

ia
tr

ic
 tr

au
m

a 
ce

nt
re

s a
nd

 re
fe

rr
al

 
ge

ne
ra

l E
D

s

A
 si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 C

T 
us

e 
w

as
 o

bs
er

ve
d 

du
rin

g 
th

e 
st

ud
y 

pe
rio

d,
 fr

om
 6

.8
 to

 4
2.

0%
. G

en
er

al
 E

D
s w

er
e 

m
ar

ke
d 

w
ith

 a
 m

or
e 

pr
on

ou
nc

ed
 in

cr
ea

se
 re

la
tiv

e 
to

 P
ED

s.
Tr

au
m

a 
in

ju
rie

s
C

er
vi

ca
l s

pi
ne

 
C

T
20

02
–2

01
1

N
eff

 e
t 

al
, 2

0
11

4
3

54
6

Pa
ed

ia
tr

ic
 a

nd
 

re
fe

rr
al

 h
os

pi
ta

ls

C
hi

ld
re

n 
w

ho
 in

iti
al

ly
 p

re
se

nt
ed

 to
 re

fe
rr

al
 h

os
pi

ta
ls 

w
er

e 
m

or
e 

lik
el

y 
to

 u
nd

er
go

 C
T 

sc
an

. Th
er

e 
w

as
 n

o 
co

nn
ec

tio
n 

be
tw

ee
n 

A
lv

ar
ad

o 
sc

or
es

 a
nd

 C
T 

us
ag

e.
A

bd
om

in
al

 
pa

in
A

bd
om

en
 C

T
19

99
–2

01
0

http://birpublications.org/bjr


4 of 11 birpublications.org/bjr Br J Radiol;91:20170434

BJR  Ohana et al

Table 2. Studies addressing the effect of the type of facility and physician training on CT usage in children in emergency depart-
ments

Teaching hospitals  vs non-teaching facilities

 �  Hoshiko et al16 An earlier and more considerable decline in CT rates was demonstrated in teaching hospitals during the study period (2005–
2012).

 �  Marin et al48 Non-academic non-paediatric EDs had higher odds of using any type of CT during injury-related visits [OR = 1.51, 95% CI 
(1.16 to 1.96)].

 �  Saito et al49 Children who were initially evaluated for appendicitis in a community hospital were about 4.5 times more likely to have a CT 
scan and were less likely to have an abdominal ultrasound as compared to an academic centre.

 �  Blackwell et al50 This study demonstrated no differences in CT use between teaching and non-teaching facilities (21% CT usage rate in each).

Paediatric-specific facilities vsgeneral hospitals

 �  Adelgais et al17 Cervical spine CT usage has increased particularly in children originally assessed at general EDs (from 6.8 to 42.0%), as 
compared to patients in paediatric specific facilities (from 3.5 to 16.1%) between 2002 and 2011.

 �  Wylie et al10 Paediatric training and higher paediatric volumes were associated with less frequent use of head CT.

 �  Blackwell et al50 CT was used more frequently in general EDs (22%) than in paediatric-specific EDs (13%) during the study period (1995–2003).

 �  Neff et al43 Patients who initially presented at a referral hospital were more likely to undergo CT scan for presumed acute appendicitis than 
patients presented at a children’s hospital. In addition, the Alvarado score has been effective in preventing unneeded CT scans in 
the children’s hospital, but was not taken into account in the referral hospitals.

 �  Michailidou et al51 Children that presented at a referral institution with acute abdominal pain had a 5-fold larger likelihood to receive a CT scan, 
compared to children presented at a paediatric ED.

Physician training type

 �  Stanley et al52 Physician training type was associated with variability in CT use, with the greatest overall rate of CT use in physicians with 
emergency medicine training alone, and the lowest overall rate of CT use in paediatric residents.

 �  Miescier et al42 Overall CT use at a specific paediatric hospital ED varied over a 3-fold range, with a significant variation even among the 
paediatric emergency medicine physicians group.

 �  Grim et al53 Emergency medicine physicians who saw adults and children used CT significantly more frequently (37% of children) in the 
evaluation of abdominal pain in children compared to paediatricians (15%).

and summarized studies that have addressed the effect of the 
type of facility and physician training on CT usage in children in 
emergency departments.

For instance, in Hoshiko et al study, CT rates varied between 
types of facilities, with an earlier and more considerable decline 
in teaching hospitals.16 Adelgais et al showed that CT usage has 
increased in particular in children originally assessed at general 
EDs, as compared to patients in paediatric specific facilities.17 
Another study estimated higher odds for CT ordering rates 
during injury related visits in non-paediatric trauma centres and 
non-academic EDs.48 Similar results are exhibited in a survey 
conducted by Wylie et al. Paediatric training and higher paedi-
atric volumes were associated with less frequent use of head CT, 
and community hospital practice was associated with frequent 
CT use.10

The typical injury pattern in children is usually confined to an 
isolated anatomical area rather than multiple sites; hence, the 
British RCR paediatric trauma guidelines advocate judicious use 
of targeted CT with relevant paediatric protocols. According to 
these guidelines, whole-body CT trauma protocols, which are 
used in adult patients, are not appropriate as a routine inves-
tigation in children. Only 3% of children undergone CT scan 
in a paediatric major trauma centre had a full body CT scan, 
compared with 9% undergone CT in an adult unit, demon-
strating the practice variation between these types of facilities.54

Explanatory factors that have been suggested include differences 
in evidence-based protocol implementation between academic 
and non-academic EDs, the application of adult guidelines to 
children in mixed population EDs, and greater comfortability 
of physicians with their diagnosis of children in EDs with large 
paediatric volumes.

Still, significant variability in CT use exists also across major 
paediatric hospitals, as demonstrated In Lodwick et al in their 
large-scale study. In this study, a significant inverse relationship 
between CT scan rate and hospital volume was found. Even after 
controlling for case-mix and hospital volume, 36% of the vari-
ability remain unexplained.37

Variability in CT related practices also exists between physi-
cians in the same facility. Shahi et al reported a wide varia-
tion in all types of CT ordering among emergency medicine 
physicians that was not associated with patient factors.11 These 
findings are congruent with a previous study that demon-
strated significant variation in physician use of common ED 
resources.55

The vast majority of CT scans performed in the ED are of the 
head and abdomen.2,37,38 One study estimated head CT scans 
as constituting 60%, and abdomen CT scans a further 20%.37 In 
this review we will concentrate on head and abdomen data, since 
they constitute the bulk of CT scans administered.

http://birpublications.org/bjr
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Head CT
Head trauma is the most common indication for CT in paedi-
atric patients.2,24,38 Traumatic brain injury (TBI) is a leading 
cause of morbidity and mortality among paediatric patients,56 
thus requiring prompt evaluation. Although paediatric head 
trauma is common, most children with head trauma suffer from 
only mild TBI,57 and the vast majority of CT scans are without 
evidence of brain injury.58,59 While mitigating overuse of CT is 
difficult due to the interplay of, on the one hand, the efficacy 
of CT in diagnosing life-threatening head injuries, and on the 
other hand, the low frequency of such injuries, overuse may be 
reduced by acknowledging the significance of history, physical 
examination and a period of observation to exclude severe head 
injuries.36,60

Head CT ordering rates in children exhibits great variability 
across a variety of factors.61, 62 A large study by Marin et al, which 
included 848 EDs, recorded significant variability among general 
EDs in CT use for paediatric head trauma, indicating the need 
for strategies to reduce variation and improve ED imaging prac-
tices for this population.61

The type of hospital that patients present to was found to be a 
contributing factor for variation in head CT practice. A higher 
CT scan rate of 2–2.4 fold was shown in general hospital EDs.39, 50

Stanley et al52 demonstrated a substantial variation in the use of 
head CT in children presenting to the ED with minor TBI, across 
25 general EDs in the USA. This variation was not explained 
by the rate of positive CT scans, or by the severity clinical find-
ings, implying overuse of CT. Children with low to middle risk 
received head CT scans at higher rates in suburban hospitals and 
non-children hospitals. In addition, the physician training type 
was associated with variability, with the greatest overall rate of 
CT use in physicians with emergency medicine training alone, 
and the lowest overall rate of CT use in paediatric residents.

A recent study by Miescier et al42 evaluated the variation in 
CT use for examination of head injury between physicians at 
a specific paediatric hospital ED. Overall CT use varied over a 
3-fold range from 12.4 to 37.3%. CT use rate varied significantly 
even among the paediatric emergency medicine physicians 
group. Less than 1% of patients who didn’t undergo CT scan had 
return visits to the ED, implying that lack of a CT scan did not 
result in high rates of misdiagnosis.

Several conjectures have been made regarding the underlying 
reasons for the variation in head CT usage. One explanation 
is better familiarity with up-to-date evidence-based studies in 
teaching hospitals, leading to decreased use of head CT. Another 
is variability in practices between purely paediatric EDs and 
general population EDs, in which there is a tendency to approach 
children in the same manner as adults, which are known to 
undergo imaging more frequently.63

For example, repeated CT scans once TBI is identified, a prac-
tice based on experience with adult patients, may not be justified 
in children.13, 64–66 There is evidence supporting the elimination 

of further imaging when paediatric patients are appropri-
ately monitored with neurologic examination and intracranial 
pressure monitoring.67 Yet, repeated CT scans are frequently 
performed.68, 69

In recent years, efforts have been made to develop validated 
clinical decision rules specifically for paediatric head trauma in 
an attempt to decrease CT use and decrease the variation in use 
among hospitals and physicians, without compromising patient 
care.59,70 The Paediatric Emergency Care Applied Research 
Network (PECARN) prospectively derived and validated a clin-
ical prediction rule,59 identifying patients at low risk of clini-
cally important njury who can be evaluated without a CT scan. 
This prediction rule has a very high, bordering on 100%, nega-
tive predictive value for clinically important TBIs, and is widely 
adopted.

Publication of the PECARN prediction rule resulted in numerous 
quality improvement projects, which led to considerable reduc-
tion in head CT use for paediatric head injury in academic paedi-
atric EDs,71, 72 and also in a community hospitals.73 Nigrovic et 
al demonstrated that the reduction in cranial CT rates was not 
associated with an increase in missed clinically important TBIs.72 
Jennings et al evaluated a QI project in a community ED, and 
showed an improvement in CT usage in most providers, although 
the variation among providers persisted.73

However, achieving reduction in CT overuse in the general 
medical community is probably hindered by the decreased like-
lihood of paediatric head trauma clinical guideline adoption 
in non-paediatric hospitals,39 and the general lack of consis-
tency in applying evidence-based decision instruments among 
physicians.74–77

Abdominal CT
Abdominal pain is a common complaint among children 
presenting to the ED. It is challenging to make a diagnosis in 
children with acute abdominal pain, due to the wide spectrum of 
differential diagnoses,78 ranging from emergent surgical causes 
to benign self-limiting conditions, in combination with difficul-
ties to obtain complete history from a young patient or interpret 
findings from physical examination. In particular, acute appen-
dicitis which is the most common surgical emergency in chil-
dren, is difficult to diagnose, and is also one of the most common 
reasons for malpractice litigation.79 Considering this, it is not 
surprising that imaging is frequently used for the evaluation of 
acute abdominal pain in children.

Indeed, a significant increase has been observed in CT utili-
zation for the diagnosis of acute appendicitis in the last two 
decades.38, 41, 80, 81 Broder et al found a 49% increase in abdom-
inal CT in the ED from 2000 to 2006.40 However, similarly to 
rates of general CT use, abdominal CT rates have plateaued 
between 2006 and 2008.41

Overuse of CT scans for abdominal pain may be due to applying 
adult medical practices to children.Grim et al showed that emer-
gency medicine physicians who saw adults and children used 
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CT significantly more frequently in the evaluation of abdominal 
pain in children.53

In order to mitigate the long-term problems associated with 
radiation exposure in children, protocols for limiting CT scan 
use in favour of ultrasound imaging have been developed, such 
as the Alvarado score—an established scoring system for acute 
appendicitis.82, 83

Ultrasound was found to be sufficient to confirm or rule out 
a surgical condition in approximately 97% of cases.84 Using 
ultrasound as the primary imaging modality in children with 
suspected acute appendicitis has been shown to be cost-effective 
and to reduce the number of CT scans ordered82,85,86 without 
resulting in inferior outcomes.87,88 However, in some situations 
a definitive diagnosis cannot be made by ultrasound, requiring 
further evaluation with CT or MRI.15

Blumfield et al89 evaluated the effect of an initiative to reduce 
radiation exposure by adjustment of paediatric CT protocols, 
utilizing ultrasound instead of CT as the first modality to eval-
uate acute appendicitis, increasing the availability of paediatric 
radiologist and establishing frequent teaching sessions that 
emphasize the ALARA (“As Low As Reasonably Achievable”) 
principle.32 This resulted in a reduction of 62.7% in the rate of 
abdominal CT phases per visit during the study period, concur-
rently with a rise in the number abdominal ultrasoundS scans 
ordered by the ED. A poll of ED physicians in this facility found 
that the most important factor in this CT usage reduction was 
communication with the paediatric radiologists.

Abdominal CT overuse is also related to variation in prac-
tice between facilities and physicians.43,49,51 Neff et al reviewed 
a cohort of 546 children who underwent appendectomy for 
presumed acute appendicitis.43 Patients who initially presented 
at a referral hospital were more likely to undergo CT scan 
than patients presented at a children’s hospital. In addition, the 
Alvarado score has been effective in preventing unneeded CT 
scans in the children’s hospital, but was not taken into account in 
the referral hospitals.

Similar findings were shown by Michailidou et al:51 children that 
presented at a referral institution had a 5-fold larger likelihood to 
receive a CT scan, compared to children presented at a paediatric 
ED, after controlling for patient’s characteristics and Alvarado 
scores. Similarly, Saito et al reported that children who were 
initially evaluated for appendicitis in a community hospital were 
about 4.5 times more likely to have a CT scan and were less likely 
to have an abdominal ultrasoundS as compared to an academic 
centre.49 Potential explanation for these observations might be a 
lack of ultrasound availability and adequately trained ultrasound 
technicians at community hospitals, especially at night.14

Patient-related factors associated with 
CT utilization
The significant variation in CT utilization across various types of 
EDs and even among major paediatric EDs suggests that addi-
tional factors, not merely clinical ones, may play a role in the 

decision to obtain CT imaging. However, only few studies have 
gone beyond basic trend analysis and tried to evaluate patient-re-
lated characteristics that may influence CT usage in paediatric 
patients.

Age
Among 10 studies that examined age, eight studies found 
that older age groups were more likely to undergo a CT 
scan.2,17,40,41,50,53,90,91 Possible explanations include ease of 
imaging in older patients, reduced concern about radiation risk 
and greater concern due to the common mechanisms of injury in 
adolescents. By contrast, two studies have reported greater utili-
zation rate in younger paediatric patients,11,48 suggesting diffi-
culty in obtaining reliable physical examinations and anamneses 
in young infants as a possible explanation.

Race
Among four studies that examined race, three studies found that 
white children were more likely to undergo a CT scan.41,90,91 
Race disparity was present, however, only in low risk patients, 
and was not observed for high risk patients,91 suggesting that 
CT overuse may also be racially motivated. However, one study 
reported no significant difference in CT use between patients of 
different races.2

Gender
Among five studies that examined gender, three studies found 
that males were more likely than females to undergo a CT 
scan,41,48,92 one study reported increased CT ordering rates 
for females,11 and another study did not find any correlation 
between gender and CT ordering rates.2

Table  3 lists and summarizes studies that have addressed the 
effect of demographic variables on CT usage in children in emer-
gency departments.

MRI utilization in the Paediatric 
Emergency Department
Anecdotal evidence suggests that MRI use has increased due to 
the recent decrease in CT utilization, and due to the principles 
of ALARA and the desire to Image Gently.31,32 Although present 
in the literature in an adult context, very little is recorded in the 
literature on MRI utilization in paediatric EDs.

Ramirez et al reported on MRI usage rates of 0.96% of visits in 
paediatric EDs.33 Their work suggests that there is an increasing 
trend in MRI utilization in the paediatric ED setting. In a report 
for a mixed adult and paediatric ED, MRI was performed during 
0.51% of ED visits.34

A retrospective study performed at a single-site urban PED 
conducted by Scheinfeld et al35 collected data of MRI usage in 
the PED between 2011 and 2015. They found a small but statis-
tically significant utilization increase trend during the study 
period, with MRI being performed during 0.23% of visits in 
2011 and 0.49% of visits during 2015. Of the MRI examinations 
performed, 90% were neuroradiology examinations, 6% were 
of the chest, abdomen or pelvis, and 4% were musculoskeletal. 
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Table 3. Summary of studies addressing the effect of demographic characteristics on CT usage in children in emergency depart-
ments

Age

 �  Larson et al2 CT use in the ED was greater in adolescents and school-aged children than in preschool-aged children and infants or toddlers 
during the entire study period (1995–2008).

 �  Adelgais et al17 Children 8 years and older were 1.5 times more likely to have a Cervical spine CT than younger children.

 �  Broder et al40 Increases in CT utilization were most pronounced in adolescents ages 13 to 17 years (62–731% increase across CT types in 
adolescents compared to 8–283% increase in children aged 3–12).

 �  Blackwell et al50 CT was used more frequently in the older age groups: 11–13% order rate in children up to 4 years, in comparison with 32% order 
rate in children aged 10 to 18 years.

 �  Fahimi et al41 The youngest age group (aged 0–3 years) had no significant change in the proportion undergoing CT scanning, whereas the 4- to 
12-year-old and 12- to 18-year-old groups exhibited significant increases in CT use (about 6-fold and 4-fold increases, respectively).

 �  Grim et al53 CT use was almost 2-fold greater in 12- to18-year-old children compared to 6- to 12-year-old children.

 �  Mannix et al90 Older age was associated with higher CT use in paediatric head trauma [OR = 1.3, 95% CI (1.1 to 1.5)].

 �  Marin et al48 Compared with infants, all age groups had decreased odds of any CT type.

 �  Shahi et al11 Patients aged 0–1 years had higher odds of CT utilization than patients aged 13–17 years [OR = 2.27; 95% CI (2.26–2.27)].

Race

 �  Fahimi et al41 Black children were one-half as likely to undergo a CT scan compared with white children [OR = 0.50, 95% CI (0.31–0.81)].

 �  Mannix et al90 White race was associated with higher CT use in paediatric head trauma [OR = 1.5, 95% CI (1.02 to 2.1)].

 �  Natale et al91 White children were more likely to undergo a CT scan. This race disparity was present, however, only in low risk patients, and was 
not observed for high risk patients.

 �  Larson et al2 There was no significant difference in CT use between patients of different races from 1995 to 2008, excepting 2007.

Gender

 �  Marin et al48 Male patients were more likely than female patients to undergo CT scan among all EDs [OR = 1.25, 95% CI (1.20 to 1.31)].

 �  Fahimi et al41 Male patients were overall more likely than females to undergo CT scan [OR = 1.46, 95% CI (1.11–1.92)].

 �  Shahi et al11 Male patients had lower odds of CT utilization than females [OR = 0.86; 95% CI (0.86–0.86)].

 �  Larson et al2 There was no significant difference in CT use between male and female patients from 1995 to 2008, excepting 2000.

Gadolinium contrast was used for 42% of examinations. MRI 
availability did not change during the study period, and therefore 
increase in MRI utilization rates cannot be attributed to higher 
availability. The increase was most notably in females, on week-
days, and after-hours. During the study period, neurological CT 
scan rates decreased significantly for PED, but a corresponding 
decrease was not found for musculoskeletal or trunk CT scans.

A small increase in abdomino-pelvic MRI rates was recorded 
in the final year of the study, with appendicitis as the most 
common indication for MRI imaging of the trunk. This may 
be related to increased desire to expose children to as little 
radiation as possible, and in light of publications empha-
sizing the use of abdominal MRI in children for appendicitis 
evaluation.93,94

As information on MRI utilization in children is scarce, more 
research is required to determine an overall picture with some 
confidence. If, however, the works cited here are an indication, a 
further increase in MRI utilization may become a reality, neces-
sitating on the one hand increasing off-hour employment of MRI 
radiologists, in response to growing demand, and on the other 
hand development of clinical protocols that may limit over usage 
of this expensive resource.

Discussion
CT scan rates have increased significantly in the last two decades, 
in the general population and in paediatric patients, due to 
higher availability and greater efficiency of available CT technol-
ogies. The availability of this technology has resulted in increased 
CT usage in paediatric emergency departments. There has not 
been a corresponding increase in children presenting to the EDs, 
or in positive findings and admission rates, suggesting that CT 
imaging is overused.

While a steady increase in CT utilization in children at the emer-
gency department has been observed for the past 20 years, with 
some estimates as high as 5-fold increase, a considerable body of 
evidence indicates this trend has changed, with a plateau forming 
around 2008, followed by a decrease. This decrease occurred in 
conjunction with campaigns raising awareness to the long-term 
risks of radiation exposure. Indeed, use of other imaging modal-
ities such as ultrasound and established decision rules have been 
shown to reduce CT imaging rates and were not associated with 
inferior outcomes.

The leading types of CT scans performed on children in the ED 
are head and abdominal scans, with utilization rates displaying 
the same trend as overall CT, including a decrease since 2008. 

http://birpublications.org/bjr


8 of 11 birpublications.org/bjr Br J Radiol;91:20170434

BJR  Ohana et al

References

	 1.	 Brenner DJ, Hall EJ. Computed tomography-
an increasing source of radiation exposure. N 
Engl J Med 2007; 357: 2277–84. doi: https://​
doi.​org/​10.​1056/​NEJMra072149

	 2.	 Larson DB, Johnson LW, Schnell BM, 
Goske MJ, Salisbury SR, Forman HP. Rising 
use of CT in child visits to the emergency 
department in the United States, 1995-2008. 
Radiology 2011; 259: 793–801. doi: https://​
doi.​org/​10.​1148/​radiol.​11101939

	 3.	 Levin DC, Parker L, Rao VM. Recent 
trends in imaging use in hospital settings: 
implications for future planning. J Am Coll 
Radiol 2017; 14: 331–6. doi: https://​doi.​org/​
10.​1016/​j.​jacr.​2016.​08.​025

	 4.	 Schauer DA, Linton OW. National council 
on radiation protection and measurements 
report shows substantial medical exposure 
increase. Radiology 2009; 253: 293–6. doi: 
https://​doi.​org/​10.​1148/​radiol.​2532090494

	 5.	 Hart D, Wall B, Hillier M, Shrimpton P. 
Frequency and collective dose for medical and 
dental X-ray examinations in the UK, 2008. 
London, UK: Health Protection Agency; 
2010.

	 6.	 Sacchetti A, Carraccio C, Giardino A, Harris 
RH. Sedation for pediatric CT scanning: 

is radiology becoming a drug-free zone? 
Pediatr Emerg Care 2005; 21: 295–7.

	 7.	 OECD. Health at a glance. Paris, France: 
OECD Publishing; 2015.

	 8.	 Runde D, Shah K, Naraghi L, Godbout B, 
Kirschner J, Newman D, et al. Computed 
tomography utilization rates after the 
placement of a scanner in an emergency 
department: a single-center experience. 
Emerg Radiol 2014; 21: 473–8. doi: https://​
doi.​org/​10.​1007/​s10140-​014-​1217-1

	 9.	 Frush DP, Frush KS, Oldham KT. Imaging 
of acute appendicitis in children: EU versus 
U.S. ... or US versus CT? A North American 
perspective. Pediatr Radiol 2009; 39: 500–5. 
doi: https://​doi.​org/​10.​1007/​s00247-​008-​
1131-3

	10.	 Wylie MC, Merritt C, Clark M, Garro 
AC, Rutman MS, Chris M. Imaging of 
pediatric head injury in the emergency 
department. Pediatr Emerg Care 2014; 30: 
680–5. doi: https://​doi.​org/​10.​1097/​PEC.​
0000000000000227

	11.	 Shahi V, Brinjikji W, Cloft HJ, Thomas 
KB, Kallmes DF, Waleed B J. Trends in CT 
utilization for pediatric fall patients in US 
emergency departments. Acad Radiol 2015; 

22: 898–903. doi: https://​doi.​org/​10.​1016/​j.​
acra.​2015.​02.​016

	12.	 Klang E, Beytelman A, Greenberg D, Or J, 
Guranda L, Konen E, et al. Overuse of head 
CT examinations for the investigation of 
minor head trauma: analysis of contributing 
factors. J Am Coll Radiol 2017; 14: 171–6. 
doi: https://​doi.​org/​10.​1016/​j.​jacr.​2016.​08.​
032

	13.	 Howe J, Fitzpatrick CM, Lakam DR, Gleisner 
A, Vane DW, Rachel LD. Routine repeat 
brain computed tomography in all children 
with mild traumatic brain injury may result 
in unnecessary radiation exposure. J Trauma 
Acute Care Surg 2014; 76: 292–6. doi: https://​
doi.​org/​10.​1097/​TA.​0000000000000119

	14.	 Burr A, Renaud EJ, Manno M, Makris 
J, Cooley E, DeRoss A, et al. Glowing in 
the dark: time of day as a determinant of 
radiographic imaging in the evaluation of 
abdominal pain in children. J Pediatr Surg 
2011; 46: 188–91. doi: https://​doi.​org/​10.​
1016/​j.​jpedsurg.​2010.​09.​088

	15.	 Simanovsky N, Dola T, Hiller N. Diagnostic 
value of CT compared to ultrasound in 
the evaluation of acute abdominal pain in 
children younger than 10 years old. Emerg 

Decision rules, such as PECARN for head injury and the 
Alvarado score for abdominal pain, as well as using alternative 
imaging modalities, have been shown to be effective in reducing 
CT overuse in these two categories.

CT ordering rates exhibit great variability across facilities, facility 
types and even among paediatric focused facilities as well as 
among physicians. In addition to clinical factors, patient char-
acteristics may also influence the decision to administer a CT 
scan. Age, race and gender disparities in CT scan rates have been 
demonstrated; however, only a few studies have investigated such 
factors, and more work is needed along these lines.

MRI usage rates in paediatric emergency departments have 
scarcely been studied. The available evidence does suggest a small 
increase in MRI usage in recent years, which may be related to 
the desire to decrease exposure of paediatric patients to ionizing 
radiation. More studies are needed on this subject.

It should be noted that major studies surveying CT overuse in the 
paediatric ED population describe trends up to the year 2013, as 
can be seen in Table 1. As CT overuse has high medical implica-
tions, especially in children, and important economical implica-
tions, it is our opinion that there is a need to conduct up-to-date 
studies covering paediatric CT and MRI overuse trends, usage 
variability and adherence to clinical protocols.

To summarize, CT is an important modality employed in the 
ED, but its high accuracy, rapid acquisition and availability 
have resulted in overuse. Studies from the last two decades 
have shown increase in paediatric ED CT utilization in the first 
decade, followed by a decrease in the last decade. Although 
overuse decreased in the last decade, variability has been shown 
across different facilities, as well as among physicians, with more 
pronounced overuse in non-teaching and non-children dedi-
cated EDs. The leading types of paediatric ED CTs are head and 
abdominal scans. Decision rules, such as PECARN for head 
injury and the Alvarado score for abdominal pain, have been 
shown to reduce CT overuse in these two categories. MRI has 
the benefit of avoiding radiation, but the disadvantages of higher 
costs, less availability and less tolerability in younger children. 
Although anecdotally paediatric ED MRI usage has increased in 
recent years, only scarce reports have been published.

In conclusion, although a decrease in paediatric CT use has been 
registered, rates are still very high and still suggestive of overuse. 
The high degree of variability in CT ordering rates suggests 
places where overuse can be reduced by the introduction of deci-
sion rules and other imaging modalities, which have been shown 
to be effective.

http://birpublications.org/bjr
https://doi.org/10.1056/NEJMra072149
https://doi.org/10.1056/NEJMra072149
https://doi.org/10.1148/radiol.11101939
https://doi.org/10.1148/radiol.11101939
https://doi.org/10.1016/j.jacr.2016.08.025
https://doi.org/10.1016/j.jacr.2016.08.025
https://doi.org/10.1148/radiol.2532090494
https://doi.org/10.1007/s10140-014-1217-1
https://doi.org/10.1007/s10140-014-1217-1
https://doi.org/10.1007/s00247-008-1131-3
https://doi.org/10.1007/s00247-008-1131-3
https://doi.org/10.1097/PEC.0000000000000227
https://doi.org/10.1097/PEC.0000000000000227
https://doi.org/10.1016/j.acra.2015.02.016
https://doi.org/10.1016/j.acra.2015.02.016
https://doi.org/10.1016/j.jacr.2016.08.032
https://doi.org/10.1016/j.jacr.2016.08.032
https://doi.org/10.1097/TA.0000000000000119
https://doi.org/10.1097/TA.0000000000000119
https://doi.org/10.1016/j.jpedsurg.2010.09.088
https://doi.org/10.1016/j.jpedsurg.2010.09.088


9 of 11 birpublications.org/bjr Br J Radiol;91:20170434

BJRReview article: overuse of CT and MRI in paediatric emergency departments

Radiol 2016; 23: 23–7. doi: https://​doi.​org/​10.​
1007/​s10140-​015-​1351-4

	16.	 Hoshiko S, Smith D, Fan C, Jones CR, 
McNeel SV, Cohen RA. Trends in CT scan 
rates in children and pregnant women: 
teaching, private, public and nonprofit 
facilities. Pediatr Radiol 2014; 44: 522–8. doi: 
https://​doi.​org/​10.​1007/​s00247-​014-​2881-8

	17.	 Adelgais KM, Browne L, Holsti M, Metzger 
RR, Murphy SC, Dudley N. Cervical 
spine computed tomography utilization in 
pediatric trauma patients. J Pediatr Surg 
2014; 49: 333–7. doi: https://​doi.​org/​10.​1016/​
j.​jpedsurg.​2013.​10.​006

	18.	 Frush DP, Donnelly LF, Rosen NS. Computed 
tomography and radiation risks: what 
pediatric health care providers should know. 
Pediatrics 2003; 112: 951–7. doi: https://​doi.​
org/​10.​1542/​peds.​112.​4.​951

	19.	 Sorantin E, Weissensteiner S, Hasenburger 
G, Riccabona M. CT in children--dose 
protection and general considerations when 
planning a CT in a child. Eur J Radiol 2013; 
82: 1043–9. doi: https://​doi.​org/​10.​1016/​j.​
ejrad.​2011.​11.​041

	20.	 Nabaweesi R, Ramakrishnaiah RH, Aitken 
ME, Rettiganti MR, Luo C, Maxson RT, et al. 
Injured children receive twice the radiation 
dose at nonpediatric trauma centers 
compared with pediatric trauma centers. 
J Am Coll Radiol 2017; pii: S1546-1440: 
30825–6. doi: https://​doi.​org/​10.​1016/​j.​jacr.​
2017.​06.​035

	21.	 Weigner MB, Dewar KM, Basham HF, Rupp 
VA, Greenberg MR. Impact of education 
on physician attitudes toward computed 
tomography utilization and consent. J 
Emerg Med 2012; 43: e349–e353. doi: 
https://​doi.​org/​10.​1016/​j.​jemermed.​2011.​09.​
005

	22.	 Pearce MS, Salotti JA, Little MP, McHugh 
K, Lee C, Kim KP, et al. Radiation exposure 
from CT scans in childhood and subsequent 
risk of leukaemia and brain tumours: a 
retrospective cohort study. Lancet 2012; 380: 
499–505. doi: https://​doi.​org/​10.​1016/​S0140-​
6736(12)60815-0

	23.	 Mathews JD, Forsythe AV, Brady Z, 
Butler MW, Goergen SK, Byrnes GB, et al. 
Cancer risk in 680,000 people exposed to 
computed tomography scans in childhood or 
adolescence: data linkage study of 11 million 
Australians. BMJ 2013; 346: f2360. doi: 
https://​doi.​org/​10.​1136/​bmj.​f2360

	24.	 Miglioretti DL, Johnson E, Williams A, 
Greenlee RT, Weinmann S, Solberg LI, 
et al. The use of computed tomography 
in pediatrics and the associated radiation 
exposure and estimated cancer risk. JAMA 
Pediatr 2013; 167: 700–7. doi: https://​doi.​org/​
10.​1001/​jamapediatrics.​2013.​311

	25.	 Smits M, Dippel DW, Nederkoorn PJ, 
Dekker HM, Vos PE, Kool DR, et al. 
Minor head injury: CT-based strategies for 
management-a cost-effectiveness analysis. 
Radiology 2010; 254: 532–40. doi: https://​doi.​
org/​10.​1148/​radiol.​2541081672

	26.	 Nishijima DK, Yang Z, Urbich M, Holmes 
JF, Zwienenberg-Lee M, Melnikow J, et al. 
Cost-effectiveness of the PECARN rules 
in children with minor head trauma. Ann 
Emerg Med 2015; 65: 72–80. doi: https://​doi.​
org/​10.​1016/​j.​annemergmed.​2014.​08.​019

	27.	 Morgan AE, Berland LL, Ananyev SS, 
Lockhart ME, Kolettis PN. Extraurinary 
incidental findings on CT for hematuria: 
the radiologist’s role and downstream cost 
analysis. AJR Am J Roentgenol 2015; 204: 
1160–7. doi: https://​doi.​org/​10.​2214/​AJR.​14.​
12483

	28.	 Ahn MI. Lung cancer screening with low-
dose chest CT: current issues. Cancer Res 
Treat 2004; 36: 163–6. doi: https://​doi.​org/​10.​
4143/​crt.​2004.​36.​3.​163

	29.	 Imler D, Keller C, Sivasankar S, Wang NE, 
Vasanawala S, Bruzoni M, et al. Magnetic 
resonance imaging versus ultrasound as 
the initial imaging modality for pediatric 
and young adult patients with suspected 
appendicitis. Acad Emerg Med 2017; 24: 
569–77. doi: https://​doi.​org/​10.​1111/​acem.​
13180

	30.	 Heller BJ, Yudkowitz FS, Lipson S. Can we 
reduce anesthesia exposure? Neonatal brain 
MRI: Swaddling vs. sedation, a national 
survey. J Clin Anesth 2017; 38: 119–22. doi: 
https://​doi.​org/​10.​1016/​j.​jclinane.​2017.​01.​034

	31.	 Goske MJ, Applegate KE, Boylan J, Butler 
PF, Callahan MJ, Coley BD, et al. The Image 
Gently campaign: working together to 
change practice. AJR Am J Roentgenol 2008; 
190: 273–4. doi: https://​doi.​org/​10.​2214/​AJR.​
07.​3526

	32.	 Sodhi KS, Krishna S, Saxena AK, Sinha A, 
Khandelwal N, Lee EY. Clinical application 
of 'J‘ustification’' and 'Optimization' principle 
of ALARA in pediatric CT imaging: "how 
many children can be protected from 
unnecessary radiation?". Eur J Radiol 2015; 
84: 1752–7. doi: https://​doi.​org/​10.​1016/​j.​
ejrad.​2015.​05.​030

	33.	 Ramirez J, Thundiyil J, Cramm-Morgan KJ, 
Papa L, Dobleman C, Giordano P.  
53: MRI utilization trends in a large tertiary 
care pediatric emergency department. Ann 
Emerg Med 2010; 56: S18–S19. doi: https://​
doi.​org/​10.​1016/​j.​annemergmed.​2010.​06.​
085

	34.	 Ahn S, Kim WY, Lim KS, Ryoo SM, Sohn 
CH, Seo DW, et al. Advanced radiology 
utilization in a tertiary care emergency 
department from 2001 to 2010. PLoS One 

2014; 9: e112650. doi: https://​doi.​org/​10.​
1371/​journal.​pone.​0112650

	35.	 Scheinfeld MH, Moon JY, Fagan MJ, 
Davoudzadeh R, Wang D, Taragin BH. MRI 
usage in a pediatric emergency department: 
an analysis of usage and usage trends over 
5 years. Pediatr Radiol 2017; 47: 327–32. doi: 
https://​doi.​org/​10.​1007/​s00247-​016-​3764-y

	36.	 Schonfeld D, Fitz BM, Nigrovic LE. Effect 
of the duration of emergency department 
observation on computed tomography use in 
children with minor blunt head trauma. Ann 
Emerg Med 2013; 62: 597–603. doi: https://​
doi.​org/​10.​1016/​j.​annemergmed.​2013.​06.​020

	37.	 Lodwick DL, Cooper JN, Kelleher KJ, Brilli 
R, Minneci PC, Deans KJ. Variation in 
utilization of computed tomography imaging 
at tertiary pediatric hospitals. Pediatrics 2015; 
136: e1212–e1219. doi: https://​doi.​org/​10.​
1542/​peds.​2015-​1671

	38.	 Menoch MJ, Hirsh DA, Khan NS, Simon HK, 
Sturm JJ. Trends in computed tomography 
utilization in the pediatric emergency 
department. Pediatrics 2012; 129: e690–e697. 
doi: https://​doi.​org/​10.​1542/​peds.​2011-​2548

	39.	 Mannix R, Meehan WP, Monuteaux MC, 
Bachur RG. Computed tomography for 
minor head injury: variation and trends in 
major United States pediatric emergency 
departments. J Pediatr 2012; 160: 136–9. doi: 
https://​doi.​org/​10.​1016/​j.​jpeds.​2011.​06.​024

	40.	 Broder J, Fordham LA, Warshauer DM, 
Ansley FL M. Increasing utilization of 
computed tomography in the pediatric 
emergency department, 2000-2006. Emerg 
Radiol 2007; 14: 227–32. doi: https://​doi.​org/​
10.​1007/​s10140-​007-​0618-9

	41.	 Fahimi J, Herring A, Harries A, Gonzales 
R, Alter H. Computed tomography use 
among children presenting to emergency 
departments with abdominal pain. Pediatrics 
2012; 130: e1069–e1075. doi: https://​doi.​org/​
10.​1542/​peds.​2012-​0739

	42.	 Miescier MJ, Dudley NC, Kadish HA, 
Mundorff MB, Corneli HM. Variation in 
computed tomography use for evaluation 
of head injury in a pediatric emergency 
department. Pediatr Emerg Care 2017; 33: 
156–60. doi: https://​doi.​org/​10.​1097/​PEC.​
0000000000000500

	43.	 Neff LP, Ladd MR, Becher RD, Jordanhazy 
RA, Gallaher JR, Pranikoff T. Computerized 
tomography utilization in children with 
appendicitis-differences in referring and 
children's hospitals. Am Surg 2011; 77: 
1061–5.

	44.	 Dorfman AL, Fazel R, Einstein AJ, Applegate 
KE, Krumholz HM, Wang Y, et al. Use of 
medical imaging procedures with ionizing 
radiation in children: a population-based 
study. Arch Pediatr Adolesc Med 2011; 

http://birpublications.org/bjr
https://doi.org/10.1007/s10140-015-1351-4
https://doi.org/10.1007/s10140-015-1351-4
https://doi.org/10.1007/s00247-014-2881-8
https://doi.org/10.1016/j.jpedsurg.2013.10.006
https://doi.org/10.1016/j.jpedsurg.2013.10.006
https://doi.org/10.1542/peds.112.4.951
https://doi.org/10.1542/peds.112.4.951
https://doi.org/10.1016/j.ejrad.2011.11.041
https://doi.org/10.1016/j.ejrad.2011.11.041
https://doi.org/10.1016/j.jacr.2017.06.035
https://doi.org/10.1016/j.jacr.2017.06.035
https://doi.org/10.1016/j.jemermed.2011.09.005
https://doi.org/10.1016/j.jemermed.2011.09.005
https://doi.org/10.1016/S0140-6736(12)60815-0
https://doi.org/10.1016/S0140-6736(12)60815-0
https://doi.org/10.1136/bmj.f2360
https://doi.org/10.1001/jamapediatrics.2013.311
https://doi.org/10.1001/jamapediatrics.2013.311
https://doi.org/10.1148/radiol.2541081672
https://doi.org/10.1148/radiol.2541081672
https://doi.org/10.1016/j.annemergmed.2014.08.019
https://doi.org/10.1016/j.annemergmed.2014.08.019
https://doi.org/10.2214/AJR.14.12483
https://doi.org/10.2214/AJR.14.12483
https://doi.org/10.4143/crt.2004.36.3.163
https://doi.org/10.4143/crt.2004.36.3.163
https://doi.org/10.1111/acem.13180
https://doi.org/10.1111/acem.13180
https://doi.org/10.1016/j.jclinane.2017.01.034
https://doi.org/10.2214/AJR.07.3526
https://doi.org/10.2214/AJR.07.3526
https://doi.org/10.1016/j.ejrad.2015.05.030
https://doi.org/10.1016/j.ejrad.2015.05.030
https://doi.org/10.1016/j.annemergmed.2010.06.085
https://doi.org/10.1016/j.annemergmed.2010.06.085
https://doi.org/10.1016/j.annemergmed.2010.06.085
https://doi.org/10.1371/journal.pone.0112650
https://doi.org/10.1371/journal.pone.0112650
https://doi.org/10.1007/s00247-016-3764-y
https://doi.org/10.1016/j.annemergmed.2013.06.020
https://doi.org/10.1016/j.annemergmed.2013.06.020
https://doi.org/10.1542/peds.2015-1671
https://doi.org/10.1542/peds.2015-1671
https://doi.org/10.1542/peds.2011-2548
https://doi.org/10.1016/j.jpeds.2011.06.024
https://doi.org/10.1007/s10140-007-0618-9
https://doi.org/10.1007/s10140-007-0618-9
https://doi.org/10.1542/peds.2012-0739
https://doi.org/10.1542/peds.2012-0739
https://doi.org/10.1097/PEC.0000000000000500
https://doi.org/10.1097/PEC.0000000000000500


10 of 11 birpublications.org/bjr Br J Radiol;91:20170434

BJR  Ohana et al

165: 458–64. doi: https://​doi.​org/​10.​1001/​
archpediatrics.​2010.​270

	45.	 Townsend BA, Callahan MJ, Zurakowski 
D, Taylor GA, David Z. Has pediatric CT at 
children's hospitals reached its peak? AJR Am 
J Roentgenol 2010; 194: 1194–6. doi: https://​
doi.​org/​10.​2214/​AJR.​09.​3682

	46.	 Lee CI, Haims AH, Monico EP, Brink JA, 
Forman HP. Diagnostic CT scans: assessment 
of patient, physician, and radiologist 
awareness of radiation dose and possible 
risks. Radiology 2004; 231: 393–8. doi: 
https://​doi.​org/​10.​1148/​radiol.​2312030767

	47.	 Griffey RT, Jeffe DB, Bailey T. Emergency 
physicians’ attitudes and preferences 
regarding computed tomography, radiation 
exposure, and imaging decision support. 
Acad Emerg Med 2014; 21: 768–77. doi: 
https://​doi.​org/​10.​1111/​acem.​12410

	48.	 Marin JR, Wang L, Winger DG, Mannix RC. 
Variation in computed tomography imaging 
for pediatric injury- related emergency visits. 
J Pediatr 2015; 167: 897–904. doi: https://​doi.​
org/​10.​1016/​j.​jpeds.​2015.​06.​052

	49.	 Saito JM, Yan Y, Evashwick TW, Warner 
BW, Tarr PI. Use and accuracy of diagnostic 
imaging by hospital type in pediatric 
appendicitis. Pediatrics 2013; 131: e37–e44. 
doi: https://​doi.​org/​10.​1542/​peds.​2012-​1665

	50.	 Blackwell CD, Gorelick M, Holmes JF, 
Bandyopadhyay S, Kuppermann N. Pediatric 
head trauma: changes in use of computed 
tomography in emergency departments in 
the United States over time. Ann Emerg Med 
2007; 49: 320–4. doi: https://​doi.​org/​10.​1016/​
j.​annemergmed.​2006.​09.​025

	51.	 Michailidou M, Sacco Casamassima MG, 
Karim O, Gause C, Salazar JH, Goldstein 
SD, et al. Diagnostic imaging for acute 
appendicitis: interfacility differences in 
practice patterns. Pediatr Surg Int 2015; 31: 
355–61. doi: https://​doi.​org/​10.​1007/​s00383-​
015-​3669-0

	52.	 Stanley RM, Hoyle JD, Dayan PS, Atabaki S, 
Lee L, Lillis K, et al. Emergency department 
practice variation in computed tomography 
use for children with minor blunt head 
trauma. J Pediatr 2014; 165: 1201–6. doi: 
https://​doi.​org/​10.​1016/​j.​jpeds.​2014.​08.​008

	53.	 Grim PF. Emergency medicine physicians’ 
and pediatricians’ use of computed 
tomography in the evaluation of pediatric 
patients with abdominal pain without 
trauma in a community hospital. Clin Pediatr 
2014; 53: 486–9. doi: https://​doi.​org/​10.​1177/​
0009922813517170

	54.	 The Royal College of Radiologists. Paediatric 
trauma protocols. London: The Royal College 
of Radiologists; 2014.

	55.	 Jain S, Elon LK, Johnson BA, Frank G, 
Deguzman M. Physician practice variation 

in the pediatric emergency department 
and its impact on resource use and quality 
of care. Pediatr Emerg Care 2010; 26: 
902–8. doi: https://​doi.​org/​10.​1097/​PEC.​
0b013e3181fe9108

	56.	 Vane DW, Shackford SR. Epidemiology 
of rural traumatic death in children: a 
population-based study. J Trauma 1995; 38: 
867–70.

	57.	 Faul M, Xu L, Wald MM, Coronado V, 
Dellinger AM. Traumatic brain injury 
in the United States: national estimates 
of prevalence and incidence, 2002-2006. 
Injury Prevention 2010; 16(Suppl 1): 
A268–A. doi: https://​doi.​org/​10.​1136/​ip.​
2010.​029215.​951

	58.	 Davis RL, Mullen N, Makela M, Taylor JA, 
Cohen W, Rivara FP. Cranial computed 
tomography scans in children after minimal 
head injury with loss of consciousness. Ann 
Emerg Med 1994; 24: 640–5. doi: https://​doi.​
org/​10.​1016/​S0196-​0644(94)70273-X

	59.	 Kuppermann N, Holmes JF, Dayan PS, 
Hoyle JD, Atabaki SM, Holubkov R, et al. 
Identification of children at very low risk of 
clinically-important brain injuries after head 
trauma: a prospective cohort study. Lancet 
2009; 374: 1160–70. doi: https://​doi.​org/​10.​
1016/​S0140-​6736(09)61558-0

	60.	 Nigrovic LE, Schunk JE, Foerster A, Cooper 
A, Miskin M, Atabaki SM, et al. The 
effect of observation on cranial computed 
tomography utilization for children after 
blunt head trauma. Pediatrics 2011; 127: 
1067–73. doi: https://​doi.​org/​10.​1542/​peds.​
2010-​3373

	61.	 Marin JR, Weaver MD, Barnato AE, Yabes 
JG, Yealy DM, Roberts MS. Variation in 
emergency department head computed 
tomography use for pediatric head trauma. 
Acad Emerg Med 2014; 21: 987–95. doi: 
https://​doi.​org/​10.​1111/​acem.​12458

	62.	 Klassen TP, Reed MH, Stiell IG, 
Nijssen-Jordan C, Tenenbein M, Joubert G, 
et al. Variation in utilization of computed 
tomography scanning for the investigation of 
minor head trauma in children: a Canadian 
experience. Acad Emerg Med 2000; 7: 
739–44. doi: https://​doi.​org/​10.​1111/​j.​1553-​
2712.​2000.​tb02260.x

	63.	 Stiell IG, Wells GA, Vandemheen K, Laupacis 
A, Brison R, Eisenhauer MA, et al. Variation 
in ED use of computed tomography for 
patients with minor head injury. Ann Emerg 
Med 1997; 30: 14–22. doi: https://​doi.​org/​10.​
1016/​S0196-​0644(97)70104-5

	64.	 Brown CV, Zada G, Salim A, Inaba 
K, Kasotakis G, Hadjizacharia P, et al. 
Indications for routine repeat head computed 
tomography (CT) stratified by severity of 
traumatic brain injury. J Trauma 2007; 62: 

1339–45. doi: https://​doi.​org/​10.​1097/​TA.​
0b013e318054e25a

	65.	 Hollingworth W, Vavilala MS, Jarvik JG, 
Chaudhry S, Johnston BD, Layman S, 
et al. The use of repeated head computed 
tomography in pediatric blunt head trauma: 
factors predicting new and worsening 
brain injury. Pediatr Crit Care Med 2007; 8: 
348–56. doi: https://​doi.​org/​10.​1097/​01.​PCC.​
0000270837.​66217.​3B

	66.	 Velmahos GC, Gervasini A, Petrovick L, 
Dorer DJ, Doran ME, Spaniolas K, et al. 
Routine repeat head CT for minimal head 
injury is unnecessary. J Trauma 2006; 60: 
494–501. doi: https://​doi.​org/​10.​1097/​01.​ta.​
0000203546.​14824.​0d

	67.	 da Silva PS, Reis ME, Aguiar VE. Value of 
repeat cranial computed tomography in 
pediatric patients sustaining moderate to 
severe traumatic brain injury. J Trauma 2008; 
65: 1293–7. doi: https://​doi.​org/​10.​1097/​TA.​
0b013e318156866c

	68.	 Brown CV, Weng J, Oh D, Salim A, Kasotakis 
G, Demetriades D, et al. Does routine serial 
computed tomography of the head influence 
management of traumatic brain injury? A 
prospective evaluation. J Trauma 2004; 57: 
939–43. doi: https://​doi.​org/​10.​1097/​01.​TA.​
0000149492.​92558.​03

	69.	 Tabori U, Kornecki A, Sofer S, Constantini 
S, Paret G, Beck R, et al. Repeat computed 
tomographic scan within 24-48 hours of 
admission in children with moderate and 
severe head trauma. Crit Care Med 2000; 
28: 840–4. doi: https://​doi.​org/​10.​1097/​
00003246-​200003000-​00038

	70.	 Maguire JL, Boutis K, Uleryk EM, Laupacis 
A, Parkin PC. Should a head-injured child 
receive a head CT scan? A systematic review 
of clinical prediction rules. Pediatrics 2009; 
124: e145–e154. doi: https://​doi.​org/​10.​1542/​
peds.​2009-​0075

	71.	 Bressan S, Romanato S, Mion T, Zanconato 
S, Da Dalt L, Sabrina R. Implementation of 
adapted PECARN decision rule for children 
with minor head injury in the pediatric 
emergency department. Acad Emerg Med 
2012; 19: 801–7. doi: https://​doi.​org/​10.​1111/​
j.​1553-​2712.​2012.​01384.x

	72.	 Nigrovic LE, Stack AM, Mannix RC, Lyons 
TW, Samnaliev M, Bachur RG, et al. Quality 
improvement effort to reduce cranial CTs 
for children with minor blunt head trauma. 
Pediatrics 2015; 136: e227–e233. doi: https://​
doi.​org/​10.​1542/​peds.​2014-​3588

	73.	 Jennings RM, Burtner JJ, Pellicer JF, Nair 
DK, Bradford MC, Shaffer M, et al. Reducing 
head CT use for children with head injuries 
in a community emergency department. 
Pediatrics 2017; 139: e20161349. doi: https://​
doi.​org/​10.​1542/​peds.​2016-​1349

http://birpublications.org/bjr
https://doi.org/10.1001/archpediatrics.2010.270
https://doi.org/10.1001/archpediatrics.2010.270
https://doi.org/10.2214/AJR.09.3682
https://doi.org/10.2214/AJR.09.3682
https://doi.org/10.1148/radiol.2312030767
https://doi.org/10.1111/acem.12410
https://doi.org/10.1016/j.jpeds.2015.06.052
https://doi.org/10.1016/j.jpeds.2015.06.052
https://doi.org/10.1542/peds.2012-1665
https://doi.org/10.1016/j.annemergmed.2006.09.025
https://doi.org/10.1016/j.annemergmed.2006.09.025
https://doi.org/10.1007/s00383-015-3669-0
https://doi.org/10.1007/s00383-015-3669-0
https://doi.org/10.1016/j.jpeds.2014.08.008
https://doi.org/10.1177/0009922813517170
https://doi.org/10.1177/0009922813517170
https://doi.org/10.1097/PEC.0b013e3181fe9108
https://doi.org/10.1097/PEC.0b013e3181fe9108
https://doi.org/10.1136/ip.2010.029215.951
https://doi.org/10.1136/ip.2010.029215.951
https://doi.org/10.1016/S0196-0644(94)70273-X
https://doi.org/10.1016/S0196-0644(94)70273-X
https://doi.org/10.1016/S0140-6736(09)61558-0
https://doi.org/10.1016/S0140-6736(09)61558-0
https://doi.org/10.1542/peds.2010-3373
https://doi.org/10.1542/peds.2010-3373
https://doi.org/10.1111/acem.12458
https://doi.org/10.1111/j.1553-2712.2000.tb02260.x
https://doi.org/10.1111/j.1553-2712.2000.tb02260.x
https://doi.org/10.1016/S0196-0644(97)70104-5
https://doi.org/10.1016/S0196-0644(97)70104-5
https://doi.org/10.1097/TA.0b013e318054e25a
https://doi.org/10.1097/TA.0b013e318054e25a
https://doi.org/10.1097/01.PCC.0000270837.66217.3B
https://doi.org/10.1097/01.PCC.0000270837.66217.3B
https://doi.org/10.1097/01.ta.0000203546.14824.0d
https://doi.org/10.1097/01.ta.0000203546.14824.0d
https://doi.org/10.1097/TA.0b013e318156866c
https://doi.org/10.1097/TA.0b013e318156866c
https://doi.org/10.1097/01.TA.0000149492.92558.03
https://doi.org/10.1097/01.TA.0000149492.92558.03
https://doi.org/10.1097/00003246-200003000-00038
https://doi.org/10.1097/00003246-200003000-00038
https://doi.org/10.1542/peds.2009-0075
https://doi.org/10.1542/peds.2009-0075
https://doi.org/10.1111/j.1553-2712.2012.01384.x
https://doi.org/10.1111/j.1553-2712.2012.01384.x
https://doi.org/10.1542/peds.2014-3588
https://doi.org/10.1542/peds.2014-3588
https://doi.org/10.1542/peds.2016-1349
https://doi.org/10.1542/peds.2016-1349


11 of 11 birpublications.org/bjr Br J Radiol;91:20170434

BJRReview article: overuse of CT and MRI in paediatric emergency departments

	74.	 Bautista AB, Burgos A, Nickel BJ, Yoon 
JJ, Tilara AA, Amorosa JK. Do clinicians 
use the American college of radiology 
appropriateness criteria in the management 
of their patients? AJR Am J Roentgenol 2009; 
192: 1581–5. doi: https://​doi.​org/​10.​2214/​
AJR.​08.​1622

	75.	 Cabana MD, Rand CS, Powe NR, Wu AW, 
Wilson MH, Abboud PA, et al. Why don't 
physicians follow clinical practice guidelines? 
A framework for improvement. JAMA 1999; 
282: 1458–65.

	76.	 Sood R, Sood A, Ghosh AK. Non-evidence-
based variables affecting physicians’ test-
ordering tendencies: a systematic review. 
Neth J Med 2007; 65: 167–77.

	77.	 Tunis SR, Hayward RS, Wilson MC, Rubin 
HR, Bass EB, Johnston M, et al. Internists’ 
attitudes about clinical practice guidelines. 
Ann Intern Med 1994; 120: 956–63. doi: 
https://​doi.​org/​10.​7326/​0003-​4819-​120-​11-​
199406010-​00008

	78.	 McCollough M, Sharieff GQ. Abdominal 
pain in children. Pediatr Clin North Am 2006; 
53: 107–37. doi: https://​doi.​org/​10.​1016/​j.​pcl.​
2005.​09.​009

	79.	 Selbst SM, Friedman MJ, Singh SB. 
Epidemiology and etiology of malpractice 
lawsuits involving children in US emergency 
departments and urgent care centers. Pediatr 
Emerg Care 2005; 21: 165–9.

	80.	 Frei SP, Bond WF, Bazuro RK, Richardson 
DM, Sierzega GM, Reed JF. Appendicitis 
outcomes with increasing computed 
tomographic scanning. Am J Emerg Med 
2008; 26: 39–44. doi: https://​doi.​org/​10.​1016/​
j.​ajem.​2007.​06.​027

	81.	 Tsao K, St Peter SD, Valusek PA, Spilde TL, 
Keckler SJ, Nair A, et al. Management of 
pediatric acute appendicitis in the computed 
tomographic era. J Surg Res 2008; 147: 221–4. 
doi: https://​doi.​org/​10.​1016/​j.​jss.​2008.​03.​004

	82.	 Rezak A, Abbas HM, Ajemian MS, 
Dudrick SJ, Kwasnik EM. Decreased use 

of computed tomography with a modified 
clinical scoring system in diagnosis of 
pediatric acute appendicitis. Arch Surg 
2011; 146: 64–7. doi: https://​doi.​org/​10.​
1001/​archsurg.​2010.​297

	83.	 Adibe OO, Amin SR, Hansen EN, Chong 
AJ, Perger L, Keijzer R, et al. An evidence-
based clinical protocol for diagnosis of acute 
appendicitis decreased the use of computed 
tomography in children. J Pediatr Surg 2011; 
46: 192–6. doi: https://​doi.​org/​10.​1016/​j.​
jpedsurg.​2010.​09.​087

	84.	 Simanovsky N, Dola T, Hiller N, Tamar D, 
Nurith H. Diagnostic value of CT compared 
to ultrasound in the evaluation of acute 
abdominal pain in children younger than 10 
years old. Emerg Radiol 2016; 23: 23–7. doi: 
https://​doi.​org/​10.​1007/​s10140-​015-​1351-4

	85.	 Wan MJ, Krahn M, Ungar WJ, Caku E, Sung 
L, Medina LS, et al. Acute appendicitis in 
young children: cost-effectiveness of US 
versus CT in diagnosis-a Markov decision 
analytic model. Radiology 2009; 250: 
378–86. doi: https://​doi.​org/​10.​1148/​radiol.​
2502080100

	86.	 Russell WS, Schuh AM, Hill JG, Hebra A, 
Cina RA, Smith CD, et al. Clinical practice 
guidelines for pediatric appendicitis 
evaluation can decrease computed 
tomography utilization while maintaining 
diagnostic accuracy. Pediatr Emerg Care 
2013; 29: 568–73. doi: https://​doi.​org/​10.​
1097/​PEC.​0b013e31828e5718

	87.	 Miano DI, Silvis RM, Popp JM, Culbertson 
MC, Campbell B, Smith SR. Abdominal CT 
does not improve outcome for children with 
suspected acute appendicitis. West J Emerg 
Med 2015; 16: 974–82. doi: https://​doi.​org/​
10.​5811/​westjem.​2015.​10.​25576

	88.	 Thirumoorthi AS, Fefferman NR, Ginsburg 
HB, Kuenzler KA, Tomita SS. Managing 
radiation exposure in children-reexamining 
the role of ultrasound in the diagnosis of 
appendicitis. J Pediatr Surg 2012; 47: 2268–

72. doi: https://​doi.​org/​10.​1016/​j.​jpedsurg.​
2012.​09.​018

	89.	 Blumfield E, Zember J, Guelfguat M, 
Blumfield A, Goldman H, Jonathan Z. 
Evaluation of an initiative to reduce 
radiation exposure from CT to children 
in a non-pediatric-focused facility. Emerg 
Radiol 2015; 22: 631–41. doi: https://​doi.​
org/​10.​1007/​s10140-​015-​1335-4

	90.	 Mannix R, Bourgeois FT, Schutzman SA, 
Bernstein A, Lee LK. Neuroimaging for 
pediatric head trauma: do patient and 
hospital characteristics influence who gets 
imaged? Acad Emerg Med 2010; 17: 694–700. 
doi: https://​doi.​org/​10.​1111/​j.​1553-​2712.​
2010.​00797.x

	91.	 Natale JE, Joseph JG, Rogers AJ, Mahajan 
P, Cooper A, Wisner DH, et al. Cranial 
computed tomography use among children 
with minor blunt head trauma: association 
with race/ethnicity. Arch Pediatr Adolesc Med 
2012; 166: 732–7. doi: https://​doi.​org/​10.​
1001/​archpediatrics.​2012.​307

	92.	 Roudsari BS, Psoter KJ, Vavilala MS, Mack 
CD, Jarvik JG. CT use in hospitalized 
pediatric trauma patients: 15-year trends in 
a level I pediatric and adult trauma center. 
Radiology 2013; 267: 479–86. doi: https://​doi.​
org/​10.​1148/​radiol.​13120865

	93.	 Dillman JR, Gadepalli S, Sroufe NS, 
Davenport MS, Smith EA, Chong ST, 
et al. Equivocal pediatric appendicitis: 
unenhanced MR imaging protocol for 
nonsedated children-a clinical  
effectiveness study. Radiology 2016; 279: 
216–25. doi: https://​doi.​org/​10.​1148/​radiol.​
2015150941

	94.	 Koning JL, Naheedy JH, Kruk PG. 
Diagnostic performance of contrast-
enhanced MR for acute appendicitis and 
alternative causes of abdominal pain in 
children. Pediatr Radiol 2014; 44: 948–55. 
doi: https://​doi.​org/​10.​1007/​s00247-​014-​
2952-x

http://birpublications.org/bjr
https://doi.org/10.2214/AJR.08.1622
https://doi.org/10.2214/AJR.08.1622
https://doi.org/10.7326/0003-4819-120-11-199406010-00008
https://doi.org/10.7326/0003-4819-120-11-199406010-00008
https://doi.org/10.1016/j.pcl.2005.09.009
https://doi.org/10.1016/j.pcl.2005.09.009
https://doi.org/10.1016/j.ajem.2007.06.027
https://doi.org/10.1016/j.ajem.2007.06.027
https://doi.org/10.1016/j.jss.2008.03.004
https://doi.org/10.1001/archsurg.2010.297
https://doi.org/10.1001/archsurg.2010.297
https://doi.org/10.1016/j.jpedsurg.2010.09.087
https://doi.org/10.1016/j.jpedsurg.2010.09.087
https://doi.org/10.1007/s10140-015-1351-4
https://doi.org/10.1148/radiol.2502080100
https://doi.org/10.1148/radiol.2502080100
https://doi.org/10.1097/PEC.0b013e31828e5718
https://doi.org/10.1097/PEC.0b013e31828e5718
https://doi.org/10.5811/westjem.2015.10.25576
https://doi.org/10.5811/westjem.2015.10.25576
https://doi.org/10.1016/j.jpedsurg.2012.09.018
https://doi.org/10.1016/j.jpedsurg.2012.09.018
https://doi.org/10.1007/s10140-015-1335-4
https://doi.org/10.1007/s10140-015-1335-4
https://doi.org/10.1111/j.1553-2712.2010.00797.x
https://doi.org/10.1111/j.1553-2712.2010.00797.x
https://doi.org/10.1001/archpediatrics.2012.307
https://doi.org/10.1001/archpediatrics.2012.307
https://doi.org/10.1148/radiol.13120865
https://doi.org/10.1148/radiol.13120865
https://doi.org/10.1148/radiol.2015150941
https://doi.org/10.1148/radiol.2015150941
https://doi.org/10.1007/s00247-014-2952-x
https://doi.org/10.1007/s00247-014-2952-x

