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Abstract

Background—Although CT can be greatly beneficial, its relatively high radiation doses have

caused public health concerns.

Objective—To assess patterns in CT usage among patients aged less than 22 years in Northern

England during the period 1993–2002.

Materials and methods—Electronic data were obtained from radiology information systems of

all nine National Health Service trusts in the region.

Results—A total of 38,681 scans had been performed in 20,483 patients aged less than 22 years.

The number of CT examinations rose, with the steepest increase between 1997 and 2000. The

number of patients scanned per year increased less dramatically, with 2.24/1,000 population aged

less than 22 years having one scan or more in 1993 compared to 3.54/1,000 in 2002. This reflects

an increase in the median number of scans per patient, which rose from 1 in 1993 to 2 by 1999.

More than 70% of CT examinations were of the head, with the number of head examinations

varying with time and patient age.

Conclusion—The frequency of CT scans in this population more than doubled during the study

period. This is partly, but not wholly, explained by an increase in the number of scans per patient.
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Introduction

CT is an indispensable, sometimes life-saving, diagnostic tool with increasing clinical

application. In the United Kingdom, the number of CT scans increased by 39% between

1997/1998 and 2001/2002, whereas the number of conventional radiographic examinations

increased by only 1% in the same period [1]. By 2008, the number of CT examinations in

England alone (population 51 million) was more than 3 million per year [2].

Ionizing radiation from CT has become a public health concern, as there is a possible

attributable future cancer risk [3–11]. It is particularly worrisome that children receive

higher radiation doses than necessary if adult CT settings are used [12]. Surveys have

estimated that children under 15 years of age make up between 3% and 11% of patients

undergoing CT in Western Europe and North America [13–15]. The concerns regarding CT

in young people, coupled with the fact that few empirical data are available for risk

prediction, make studying potential risks associated with radiation exposure from CT in

young people an important area of epidemiological research. Younger patients are more

susceptible to the effects of radiation, both due to their longer post-irradiation life

expectancy and to the increased vulnerability of rapidly dividing cells [4]. To better

ascertain likely risks associated with CT radiation exposure in young people, a large cohort

study of individuals first scanned before 22 years’ of age in the United Kingdom is under

way. The primary objective is to assess the potential risks associated with CT radiation

exposure at a young age. In this first descriptive paper from the study, we describe trends

and patterns in CT usage in Northern England.

Materials and methods

Northern England as defined for this study includes the counties of Durham, Cumbria

(excluding Barrow-in-Furness), Northumberland, Tyne and Wear and the South Tees area of

North Yorkshire. The region includes nine National Health Service (NHS) hospital trusts,

including two neurosurgical centers, which vary in the size of geographical area covered,

number and type of patients treated, number and type of hospitals, the radiology

departments’ patient load and services provided, and public health and clinical

responsibilities. The estimated total population of the region is around 3 million, with an

estimated 800,000 of these under the age of 22 years. Population figures for the region were

obtained, as aggregated midyear population estimates, from the North East Public Health

Observatory. As different age bands were used for the official figures, pro rata adjustments

were made to allow estimation of age-group-specific populations. Electronic data from

radiology information systems (RIS) were obtained for patients who had had CT in any of

the nine trusts. The retrieved data included national and/or local patient identifiers, date of

birth, sex, postcode, and the date and type of CT examination(s). Patient identifiers were

used to identify patients having multiple procedures within one trust, while matching on

Pearce et al. Page 2

Pediatr Radiol. Author manuscript; available in PMC 2014 April 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



patients’ name, sex and date of birth was done to identify patients examined at more than

one trust.

The data included in this study cover the 10-year period from 1993 to 2002 for patients

under the age of 22 years. This age range was chosen to include all available data from an

ongoing epidemiological study of the potential risks associated with radiation exposure from

CT. Complete data were available across the entire study period for five trusts, including the

two largest. Four trusts were missing data for 1993–1994, three for 1995–1997, two for

1998–1999 and one for 2000. Where the installation of a RIS took place midway through a

year, a pro rata adjustment was used to estimate the total number of scans in that year.

Where RIS data were missing for early years of the study period, the number of scans in the

earliest year available (with complete or pro rata adjusted data) was taken to apply to all

previous years of CT operation in the trust. The highest number of scans in any one year for

these trusts by the above replacement of missing data was 215. Replacement of missing data

was done only to assess temporal trends (of numbers of scans and patients, by sex) and to

estimate rates of scans for the whole region. All other descriptive statistics are based on

actual data.

Types of CT examinations were grouped into six categories (head/neck, abdomen/pelvis,

chest, spine, extremities and miscellaneous) as suggested by Mettler et al. [16]. As the

number of scans including more than one part of the body was small, they were included in

the “miscellaneous” category. The term “multiple scans” used for reporting the results of

this study incorporates scans that involved more than one scan region as well as scans

performed in the same patients on separate occasions.

These data are described in relation to population estimates, temporal trends, patient age and

sex, and type of examination. Associations between categorical variables were assessed

using chi-square tests and correlations were assessed using Spearman rank tests. All

statistical analyses were performed using the statistical software package Stata, version 10

(Stata Corp., College Station, TX).

This study, as part of a larger retrospective epidemiological cohort study, was given a

favourable ethical opinion by the Newcastle and North Tyneside Local Research Ethics

Committee (akin to approval) and was approved by the National Information Governance

Board so as not to require individual patient-level consent. The study was conducted in

accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.

Results

A total of 38,681 scan records were abstracted from RIS records for 20,483 patients under

the age of 22 years for the period 1993–2002, inclusive. This included 15,481 scans (40%)

among 8,472 female patients (41%), 23,186 scans (60%) among 12,000 male patients

(59%), and 14 among 11 patients of unknown sex. When substituting for missing data in the

early years of the study period, the estimated numbers of patients and scans were 25,688 and

42,126, respectively. This represented 3 scanned patients/1,000 population aged less than 22

years, and 0.5 scans per individual aged less than 22 years over the 10-year study period.
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In the 10-year period, the number of scans/year more than doubled from an estimated 2,624

to 5,513. The most striking increase was seen in the years 1997–2000. The increase in the

number of patients scanned per year was less marked, rising from an estimated 1,896

patients in 1993 to 2,826 in 2002. These trends were observed for males and females, but the

rise was steeper for males as seen in Fig. 1. Similar trends were seen when treating missing

data as zeros (results not presented). Overall rates of patients having one or more CT scan(s)

rose from 2.24/1,000 in 1993 to 3.54/1,000 in 2002 (Fig. 2). For 2002, age-specific rates

were highest in infants and in patients aged 20 or 21 years (Table 1). In 2002, there were 11

scans/1,000 infants in the region, with similar rates in males and females. The variance

between scan rates for males and females increased with age, with increasingly higher rates

in males. Similar results were seen for rates of patients, with 5.6 infants/1,000 and

10.4/1,000 aged 20 or 21 years having one or more CT(s) in 2002 (Table 1). While increases

in numbers of recorded scans were seen across all age groups, the greatest increases over the

study period were in the older patients, most notably those aged 15 years and above (Fig. 3).

This was reflected by a positive association between the year a scan took place and the age

of the patient at the time of the scan (Spearman rho = 0.08, P < 0.0001).

A total of 73% of scans were of the head (including 514 scans of the neck in 354 patients),

with similar proportions in males and females (Table 2). The second and third most common

examination types were of the abdomen or chest, both accounting for 9% of all scans. The

miscellaneous group included 52 scans that were recorded as combinations of scans in other

groups. The majority (37) of these were of the chest and abdomen together, while the

remaining 15 involved the pelvis with either abdomen or chest.

The number of scans per year rose similarly for all scan types, particularly among those

aged over 15 years (Fig. 4). The number of chest scans in 1999 was twice the number in

1997. The number had doubled again in 2001. Similar increases were seen for scans of the

abdomen and pelvis, with smaller increases for scans of other sites.

There was a significant association between age at the time of the scan and the type of

examination (chi-square test, P < 0.001); 89% of CT scans in infants were of the head, with

the percentage of head scans falling with increasing age (Table 3).

Four percent of patients had more than five scans, while 10% of patients had more than three

scans (Table 4). The median number of scans per patient per year rose from one in 1993 to

two in 1999. In the years 1992–1997, 75% of scanned patients had one CT scan per year,

with 91% having one or two scans and 95% having three or fewer. In 1998, the proportion

of patients having only one scan fell to 65%, with 96% of patients having 1–4 scans. In

1999, the proportion of patients having only one scan fell to 49% and remained around 50%

for the rest of the study period.

Percentages were broadly similar for males and females across the range of numbers of

scans per patient (Table 4), with no significant association between sex and number of scans

(chi-square test, P = 0.19). In the 190 patients who had more than 10 CT scans, 2,059 scans

(67%) were of the head and/or neck, 501 (16%) of the abdomen or pelvis and 372 (12%) of

the chest. Again, percentages for males and females were similar (results not presented).

Pearce et al. Page 4

Pediatr Radiol. Author manuscript; available in PMC 2014 April 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Of the 20,483 patients in this study, 484 (2.3%) had CT scans at two different trusts in the

region and four at three different trusts. Whilst most of the patients seen at more than one

trust included at least one of the two regional referral centers as one of the trusts in which

they had been scanned, 39 individuals underwent CT scans at two different non-regional

referral centers within the Northern Region. Of patients scanned at more than one trust, the

median number of scans/patient was four, with 20% having two scans and 27%, 11% and

11% having three, four or five scans, respectively.

Fourteen CT scanners in 13 hospitals were in use in the NHS trusts in Northern England in

1993 (with one hospital having a second specialist radiology department). By the end of

1997, this had risen to 18, and by the end of 2002, a total of 20 scanners were in use in 18

hospitals.

Discussion

While a number of previous publications have described trends in the use of CT, these have

described primarily adult populations [1, 17, 18]. Very little has been published regarding

trends and patterns in the use of CT in young patients. This study of electronic data from

radiology departments shows that the use of CT in young people in Northern England

increased over the 10 years 1993–2002. The greatest increase in the annual number of scans

was in the period 1997–2000. Although an increase was also seen in numbers of patients

having one or more CT(s), this was less pronounced. This difference is explained by the

increase in multiple scans per patient per year over the same time period. The most common

type of CT examination, particularly in infants, was of the head. The number of scans

increased similarly over time for all examination types. The temporal trends in our study

broadly mirror those seen in adult populations in the United Kingdom [1] and elsewhere

[17]. The general increase seen in CT usage partly reflects the increasing availability and the

nature of the technology. The increasing speed with which CT can be performed makes it

especially applicable in those children who would otherwise require sedation or anaesthesia

to keep them motionless for long enough to obtain diagnostic images. We obtained RIS data

from all nine NHS hospital trusts in Northern England. These included a large regional

center with four radiology departments, including one in the largest teaching hospital within

the region, a further large teaching hospital and seven smaller hospitals. Although data were

not complete over the entire study period, they were complete for the two largest trusts in

the region. The method chosen to estimate missing data was likely to be one of the most

conservative in terms of assessing increases in numbers of scans. By replacing missing

numbers of scans with the number in the earliest year available, we believe that this

overestimated the number of scans for the trusts with missing data for the early years of the

study period and hence reduced the magnitude of the trends. However, as the trusts with

missing data were those that performed relatively few CT scans, any overestimation is likely

to have had little overall effect on our results.

The increase in the number of scans was not associated directly with changes in the number

of scanners. At the time when the number of scans increased most steeply, there was an

increase of only one scanner across the entire region, and this was at one of the smaller

hospitals towards the end of the period.
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An alternative analytical approach may have been to use a formal time series analysis.

However, as we do not have complete data on examination type, age group or sex and chose

to only replace the missing data for years as with the small numbers in certain categories,

this might have introduced unacceptable imprecision. As these are the only data available to

this study, there were no other variables that could be included to identify further patterns.

Increases in CT usage in young people have been seen in other studies, although data are

very sparse and in some cases limited to certain examination types. In the years 1996–1999,

the number of abdominal and pelvic CT examinations among children nearly doubled in a

major United States hospital [4]. Markel et al. [19] demonstrated an increased use of CT for

paediatric blunt chest trauma in one trauma center in the United States in the years 2001–

2005. We found a similar increase, and we are able to demonstrate that the increase started

even earlier.

A primary driver of the increased number of scans in the period 1997–2000 was the

simultaneous increase in the number of multiple scans per patients. Multiple scans, for

example, may be more likely to occur in trauma patients in whom scanning different injured

areas could provide useful clinical information. The practice of CT scanning in the trauma

setting varies widely, for example, some centers place more reliance on US than on CT for

initial abdominal examinations. With shorter scan times, more scans can be done overall,

more regions in the same patient, and more complex scans (e.g., different contrast-

techniques) can be performed.

Furthermore, with trauma patients (suspected polytrauma) there has been a well-recognized

trend to scan more body parts per patient, both because CT is potentially useful and because

it is easy to perform once the patient is in the scanner. Indications for scans or evidence of

repeated scans were not available from electronic records and were, therefore, unavailable to

this study.

It is likely that changes in clinical practice caused most of these increases. National (United

Kingdom) guidelines and recommendations on the use of CT in young patients, particularly

for head injuries, include three published during the period of the largest increase seen in our

study [20–22]. It is likely that such guidelines would have been driven by existing changes

in clinical practice and, as such, would reflect a preexisting increase in CT usage. It might

then be expected that an additional increase would follow their publication. Given the

presumed higher incidence of head injury among the older patients in our study, changes in

guidelines and clinical practices resulting in increased use of CT in head trauma may also

explain the greatest increase in numbers of CT scans being in the older patients.

Most CT scans in our study were of the head, in line with a study in young patients in Israel

[9]. This contrasts studies of populations including all age groups, which report abdomen

and pelvis as the most common scan regions [13, 23]. This suggests differing uses of CT in

younger and older populations. Although outside the years covered by this study, a survey of

paediatric CT practices in Germany during 2005 and 2006 found that just over 50% of

paediatric CT examinations were of the brain [24], which is lower than in our study. The age
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distribution in the German study was uniform, although only three age categories were used,

with no delineation between infancy and other ages of early childhood.

Concerns have been raised that the use of CT is not always justified in young people [5, 6,

25–28]. In particular, the use of CT in trauma (multiple scan regions), seizures, chronic

headaches and suspected appendicitis in children has been questioned [28–35].

The numbers of multiple scans may have increased if patients moving (both in terms of care

and residence) between trusts were scanned at both. However, given that only 488 patients

moved between trusts in this study, this cannot explain the increase in either total number of

scans per year or in numbers of multiple scans per year.

With such little knowledge about the use of CT in young populations around the world, it is

important to report such trends and patterns, as in this report of data collected up to 2002 in

our ongoing epidemiological study.

Conclusion

The use of CT in young people in Northern England more than doubled in the period 1993–

2002. There was a particularly large increase in the number of scans observed in the period

1997–2000. This is partly, but not wholly, explained by higher numbers of multiple scans

per patient. The majority of scans performed in this age group were of the head, but the

percentage of head scans decreased with increasing age. The results presented here are part

of an ongoing epidemiological study into the long-term health effects of using CT in young

people, in which patients are being matched to national-level cancer registry data.
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Fig. 1.
Number of CT scans/year, and number of patients scanned with CT/year in a cohort of patients under 22 years of age in

Northern England 1993–2002 inclusive, by sex
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Fig. 2.
Rates of CT scans per year per 1,000 population aged less than 22 years in a cohort of patients in Northern England 1993–2002

inclusive, by sex
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Fig. 3.
Number of CT scans/year by age group in a cohort of patients under 22 years of age in Northern England 1993–2002 inclusive

(age intervals differ in length)
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Fig. 4.
Head and/or neck CT scans/year in patients under 22 years of age in Northern England 1993–2002 inclusive (age intervals differ

in length)
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Table 2

Number of CT scans by sex and type of examination in a cohort of patients under 22 years of age in Northern

England 1993—2002

Scan region
All

N (%)
Males
N (%)

Females
N (%)

Head and/or neck 28,326 (73) 16,811 (73) 11,503 (74)

Abdomen and/or pelvis 3,467 (9.0) 2,109 (9.1) 1,358 (8.8)

Chest 3,443 (8.9) 2,058 (8.9) 1,384 (9.0)

Spine 1,420 (3.7) 942 (4.1) 478 (3.1)

Extremities 1,352 (3.5) 899 (3.9) 453 (2.9)

Miscellaneous 610 (1.6) 321 (1.4) 288 (1.9)

Unknown 63 (0.2) 46 (0.2) 17 (0.1)

Total 38,681 (100) 23,186 (100) 15,481 (100)

a
The patient’s sex was unknown for 14 scans (12 head, 1 chest and 1 miscellaneous)
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Table 4

Numbers of multiple scans/patient, by sexa

Number of scans Total
N (%)

Males
N (%)

Females
N (%)

1 12,401 (61) 7,207 (60) 5,186 (61)

2 5,407 (26) 3,137 (26) 2,267 (27)

3 679 (3.3) 428 (3.6) 251 (3.0)

4 1,035 (5.1) 640 (5.3) 395 (4.7)

5 177 (0.9) 104 (0.9) 73 (0.9)

6 290 (1.4) 165 (1.4) 125 (1.5)

7 69 (0.3) 49 (0.4) 20 (0.2)

8 135 (0.7) 76 (0.6) 59 (0.7)

9 25 (0.1) 15 (0.1) 10 (0.1)

10 75 (0.4) 53 (0.4) 22 (0.3)

11–20 153 (0.8) 101 (0.8) 52 (0.6)

>20 37 (0.2) 25 (0.2) 12 (0.1)

Total 20,483 (100) 12,000 (100) 8,472 (100)

a
The sex was unknown for 11 patients (eight had one scan, three had two scans)
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