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Doctors in pediatric emergency 
departments (PEDs) are often 
encouraged to manage patients 
correctly in a short time and to 

decide proper care.1 Computed tomography 
(CT) has become an important diagnostic tool 
in the assessment and management of children in 
emergency care because of its diagnostic superiority.2

The overuse of medical imaging has become 
a source of great anxiety for parents, health 
professionals, and regulators due to its expense and 
the potential cancer risks associated with radiation 
exposure.2-8 Therefore, there needs to be a balance 
between making a timely diagnosis and minimizing 
the exposure of radiation. 

Recent studies revealed that CT use in the 
emergency department has continued to rise.9–15 No 
data is available from Oman.

The main objective of this study was to determine 
the trends in CT request and related outcomes in 
the PED, Royal Hospital, Oman, which is a tertiary 
650-bed teaching hospital.

M ET H O D S
We conducted a single-center, retrospective review 
of pediatric emergency visits to Royal Hospital, 
Oman, between 1 January 2010 to 31 December 
2014, to identify the trends in CT usage and their 
relation to PED outcomes. The Royal Hospital 
ethical committee approved the study protocol.

All CT modalities were available around the clock 
throughout the study period. The cost of a plain CT 
is about $210 per anatomic location. Informed verbal 
consent was obtained before the CT examinations. 
CT images were immediately transferred to the 
pediatric radiology department and PED through 
the picture archiving and communication systems 
and a formal written report was given shortly 
after. SOMATOM Definition Flash CT scanners 
(Siemens Healthcare, Forchheim, Germany) were 
used. The CT images were classified by body part 
into five groups: head, cervical, chest, abdomen, and 
others (face, orbit, and bones). A normal CT report 
was defined as: “the organs and structures being 
examined are normal in appearance”.
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A B S T R AC T
Objectives: To study and to establish the overall trends of computed tomography (CT) 
use and associated outcomes in the pediatric emergency department (PED) at Royal 
Hospital, Oman, from 2010 to 2014.  Methods: The hospital electronic medical record 
was retrospectively searched to find children (from birth to 12 years old) who had visited 
the PED and the number of CT requests between 1 January 2010 and 31 December 
2014. The types of CT examinations ordered were analyzed according to anatomical 
location and were as follows; head, abdomen/pelvis, chest, cervical spine/neck, and 
others.  Results: There were a total of 67 244 PED visits during the study period, 569 of 
which received 642 CT scans. There was a remarkable rise in CT uses per 1000 visits from 
7 in 2010 to 12 in 2014. There was a 56% hike in CT requests from 87 in 2010 to 175 in 
2014 while the number of pediatric emergency visits rose by about 28% from 11 721 to 
15 052. Although head CT scans were the most common, cervical spine CT scans had the 
highest rate of increase (600%) followed by the chest (112%), head (54%) and abdomen 
(13%). There were no significant changes in other CT scan requests. The cost of CT scans 
increased from $18 096 to $36 400 during the study period, which increased the average 
PED cost by about $2 per visit. The average time between a CT being requested and then 
performed was 1.24 hours.  Conclusions: CT use in the pediatric emergency department 
has risen significantly at a rate that markedly exceeds the growth of emergency visits. This 
is associated with an increase in PED costs and longer waiting times.
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The electronic medical record was reviewed to 
identify all pediatric patients (≤ 12 years old) who 
visited the PED and received CT scans during the 
five-year study period. For each visit, the following 
information were collected: (1) date and time of 
registration; (2) patient age and gender; (3) patient 
nationality; (4) patient registration number; (5) 
whether the patient underwent a CT scan and the 
type of CT request; (6) disposition location; (7) 
time of CT requested and performed; (8) date and 
time of disposition; and (9) CT cost.

CT scans were requested for six common chief 
complaints. They were head trauma, seizures, 
headache, acute central nervous system (CNS) 
infection, abdominal pain, and miscellaneous 
(ventriculoperitoneal shunt block, structural brain 
disorders, global developmental delay).

The majority of cervical, chest, and abdominal 
CTs were performed as a part of the standard care 
for road traffic accidents.

The PED was staffed with pediatric emergency 
consultants from 7:30 am to 11:30 pm. Registrars 
and medical officers present in the PED round the 
clock. During the study period, CT image requests 
were at the sole discretion of the ordering doctor as 
there were no formal clinical guidelines or protocols 
on CT utilization in PED. The radiology department 
was staffed by pediatric radiologists from 7:30 am to 
2:30 pm on weekdays and by registrars and medical 
officers outside these hours and at the weekend. 
There are no screening or approval processes from 
the imaging department regarding CT requests.

The total number of pediatric visits and the 
number of CT performed were assessed, and the rate 
of CT requests per thousand visits was calculated. 
The increased rate of CT scans performed was also 
calculated as follows15:

Increased 
rate of 
CT

=

Number of CT images per 
1000 visits in 2014 - Number 
of CTs per 1000 visits in 2010 ×100

Number of CTs per 1000  
visits in 2010

 The number of children who underwent multiple 
CT scans was also determined. Children that had 
several CT images on one occasion were recorded 
separately.

R E SU LTS
There were 67 244 PED visits in the five-year study 
period with 569 (344 boys and 225 girls) of these 
having a 642 CT scans [Table 1]. During the study 
period, there was an about 28% rise in the number of 
PED visits, from 11 721 in 2010 to 15 052 in 2014; 
39 039 (58%) were male, and 28 205 (42%) were 
female. Newborns to one-year-olds accounted for  
32 919 (49.0%) visits, 2–5 year olds 19 328 (28.7%), 
and 6–12 year olds for 14 997 (22.3%) of visits 
[Table 2]. Of the patients who received CT scans, 
573 were Omanis and 69 were expatriates. 

There was a 56% rise in the CT scan rate per 
1000 visits in five years from 7 in 2010 to 12 scans 
per 1000 visits in 2014. The rate of CT scans in the 
PED was out of proportion to the rate of increase in 
patient volume.

Head (n =537; 83.6%) and abdominal CT scans 
(n = 47; 7.3%) made up the majority of the total scans 
followed by cervical (n = 35; 5.5%), chest (n = 18; 
2.8%) and others (n = 5; 0.8%). Although head CT 
scans were the highest proportionally, cervical CT 
scans showed the highest rate of increase (600%), 
from two in 2010 to 18 in 2014, followed by chest 

Table 1: Sample characteristics of pediatric emergency department visits according to year.

Variables, n 2010 2011 2012 2013 2014 Total

Number of visits 11 721 13 637 12 806 14 028 15 052 67 244
Visits with CT scans 87 120 121 139 175 642
CT scan location

Head 72 102 108 113 142 537
Abdomen 9 9 6 10 13 47
Chest 3 3 3 1 8 18
Cervical 2 4 4 7 18 35
Other 1 2 0 2 0 5 
Visits with CT use, % 0.74 0.88 0.95 0.99 1.16 0.95

CT: computed tomography.
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CT scans (112%) from 3 to 8, head CT scans (54%) 
from 72 to 142, and abdominal CT scans (13%) 
from 9 to 13 for the same period. The others CT scan 
category remained constant [Table 3]. 

 Of the patient sample, 13 191 (19.6%) patients 
were admitted to the hospital. Among these patients, 
276 (44%) patients who received CT examinations 
were admitted compared to 20% of patients who 
did not have a CT scan. Eighty-one (12%) patients 
were transferred to other hospitals because of a 
lack of expertise at Royal Hospital and 285 (44%) 
were sent home. Among the 642 CT requests, 419 
(65.3%) were reported normal and 223 (34.7%) 
were reported abnormal (acute patients, 25%; 
chronic patients, 10%). Abnormal head CT scans 
found intracranial bleeds, increased intracranial 
pressure, space occupying lesion (SOL) in the brain, 
brain atrophy, and structural brain abnormalities. 

Abnormal abdomen CT scans detected intra-
abdominal bleeds, visceral injury, and SOL in the 
abdomen. Abnormal chest CT scans detected chest 
contusion, pneumothorax, and bleeds. A detailed 
description of all abnormal CT scan reports is 
beyond the scope of this study.

There was a progressive increase in emergency 
department CT scan costs in all study years from 
$18 096 in 2010 to $36 400 in 2014 with an average 
cost increase of $2 per visit [Table 4]. The average 
waiting time between a CT being requested and 
then performed was 1.24 hours. The minimum 
waiting time recorded was 25 minutes, and the 
maximum was six hours. The waiting time increased 
successively during the study period except in 
2012 during which had the shortest waiting time  
(1.19 hours). However, there was no statistically 
significant difference compared to other years. It 

Table 2: Demographic characteristics of the study population.

Characteristics 2010 2011 2012 2013 2014 Overall

Gender
Male 6828 7885 7412 8169 8745 39 039
Female 4693 5752 5344 5858 6307 28 205

Age, years
0–1 5970 6552 6069 6745 7556 32 919
2–5 3213 4051 3828 4065 4153 19 328
6–12 2558 3034 2835 3214 3356 14 997

Table 3: Rate of increase in computed tomography (CT) requests per 1000 visits by scan location.

Location 2010 2011 2012 2013 2014 Rate of increase

Total CT scans per 1000 visits 7.42 8.79 9.44 9.90 11.62 56
Head 6.14 7.47 8.43 8.05 9.43 54
Abdomen 0.76 0.65 0.46 0.71 0.86 13
Cervical spine 0.17 0.29 0.31 0.49 1.19 600
Chest 0.25 0.21 0.23 0.071 0.53 112
Other 0.04 0.14 0.00 0.14 0.00 -

Table 4: Association between computed tomography (CT) utilization and PED outcomes.

Variables 2010 2011 2012 2013 2014 Overall

Visits 11 721 13 637 12 806 14 028 15 052 67 244
CT cost* 18 096 24 960 25 168 28 918 34 600 133 542
Average cost rise per visit* 1.54 1.83 1.96 2.06 2.14 2
Mean waiting time, hours 1.20 1.33 1.19 1.23 1.27 1.24
Admission with CT scan 37 51 63 52 73 276
Admission without CT scan 2292 2526 2346 2990 3037 13 191

*In USD.
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was noted that 200 (35.1%) patients who received 
CT scans required sedation (using midazolam, 
ketamine and chloral hydrate) to perform the 
scan. The procedure was carried out according to 
procedural sedation guidelines, and no immediate 
complications were reported because of either the 
procedure or sedation.

D I S C U S S I O N
We identified a significant rise in CT scan use in 
the PED at our hospital compared to the growth 
of patient volume during the study period. This is 
the first study in Oman to determine any trend. 
Approximately 12 patients per 1000 visits had a CT 
scan in 2014 compared to seven patients in 2010. 
The increase in CT scans was associated with an 
increased admission rate, high costs to the PED, and 
a longer emergency stay.

Our results were similar to those of other 
studies.9–15 Factors that probably contributed to the 
overuse of medical imaging include easy access, the  
noninvasive nature of the test, advances in imaging 
and CT machines resulting in reduced scanning time 
and high-resolution 3D images, and the reduced 
need for sedation.16–18 There are also increasing 
pressure on doctors to perform scans from over-
worried parents. Additionally, physicians’ themselves 
may lack awareness of the radiation risks and rising 
incidence of medico-legal issues.19–21

 CT scans yield a remarkable source of ionizing 
radiation exposure. A single CT scan provides from 
0.03 to 69.2 mSv of radiation22 depending on the 
age of exposure, gender, image type, and body part 
irradiated. The effective radiation doses for children 
are higher than those for adults if same radiation 
parameters are used, due to their smaller body 
size. Moreover, the risk of death from radiation-
induced malignancies is considered high for the 
pediatric population because of their longer life 
expectancy.22–24 CT scan with an effective dose of 
10 mSv may be associated with an increase in  cancer 
risk of about 1 chance in 2000.3,22–27

All recent studies demonstrated the remarkable 
rise in CT cost.9–15 Our study also showed that CT 
usage raised the PED cost by an average of $2 per  
visit. 

In this study, the average waiting time was  
1.24 hours for children who underwent CT and 
43% of patients who required CT were admitted to 

hospital compared to those who did not request a 
scan (20%).

Appropriate utilization of medical imaging could 
yield potential benefits in both financial savings 
and reducing radiation exposure. Since doctors 
and parents have been found to underestimate 
the radiation risk,19,20 media such as billboards, 
placards, and television adverts could be used in 
the emergency and radiology department to make 
current information regarding the radiation risk and 
possible long-term consequences more available, 
both to clinicians and parents. Additionally, 
CT scans should be performed only when it is 
necessary and alternative diagnostic modalities 
should be considered whenever possible, including 
ultrasonography and magnetic resonance imaging 
(MRI). Moreover, both the physician and the 
radiologist must assess whether the benefits to the 
patients outweigh the risks associated with the 
radiation. If a CT scan is determined to be the only 
modality of choice for a specific clinical scenario, 
meticulous optimization of the exam should 
be performed by using dose-saving techniques, 
scanning the indicated area, and avoiding repeat and 
multiphasic exams. Finally, an appropriate imaging 
guideline must be published.28,29

This study has few limitations. First, it was a single 
center study and may not reflect the patterns of CT 
use across the country and Gulf region. Secondly, 
it did not specifically assess the clinical usefulness 
or radiation risk from CT use for the patients. 
Finally, given the small starting numbers, percentage 
increases may be misleading. However, the principal 
aim of this study was to assess the trends of CT usage 
in the pediatric population in Oman.

C O N C LU S I O N
The rate of CT utilization per 1000 visits increased 
by 56% from 2010 to 2014 and was associated with 
higher emergency department costs and longer 
waiting times.
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