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Abstract

Background: Radiation exposure due to computed tomography (CT) is on the increase due to
number of different CT examinations worldwide .Computed tomography is a valuable modality
for diagnosing many paediatrics disease conditions. Paediatric patients are considered to be at
higher risk of developing radiation-induced tumors due to increased tissue Radio-sensitivity.

Aim: to evaluate effective dose of paediatric patients in Aminu Kano Teaching Hospital and to
estimate lifetime attributable cancer risk .

Materials and method: Computed Tomography Dose Index volume (CTDIvol) and Dose Length
Product (DLP) were obtained from the CT console. Effective Dose (ED) was calculated using DLP
x age specific conversion factors recommended by ICRP 60. Cancer risk was estimated by
multiplying ED in each age group by the Biological Effects of Ionizing Radiation (BEIR) VII
conversion factor report The most recent standardized BEIR VII conversion factor (0.0001/mSv)
was used.

Results: Calculated mean CTDIvol was 46.85mGy mean DLP was 1825mGy.cm and mean ED
was 6.8mSv for all paediatric patients. Cancer risk for neonates (<lyears) was 85 in 100,000
population .And for the older age groups (>10years) was 58 in 100,000.

Conclusion: The Radiation doses were found to be higher when compared to standard reference
levels.
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Introduction

There is an increased global demand for
computed tomography (CT) Compared with
plain- film radiography, CT accounts for
relatively large doses of ionizing radiation,
with CT exposure currently representing the
largest man-made contribution of absorbed
dose to the general population [I]
Monitoring of CT radiation dosage is
therefore  of increasing  importance,
especially in paediatric imaging, as children
are more susceptible to the harmful effects of
ionizing radiation [1].

An international (IAEA) study has shown
that some countries are over-exposing
children to radiation when performing
computed tomography (CT) scans. These
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children are receiving adult-sized radiation
doses. In addition, the study showed that
paediatric CT scans occur more frequently in
Africa than in Asia and Eastern Europe. The
frequency has been attributed to the limited
availability of alternative medical imaging
techniques, such as MRI (magnetic
resonance image) and ultrasound, which do
not involve ionizing radiation, or because
some CT scans are performed unnecessarily
(2]

The combination of using adult parameters
and the higher radiation risk for children
compared with adults leads to a significantly
higher attributable lifetime cancer mortality
rate in children (Brenner et al., 2001a).
According to Brenner et al. (2001a), based on
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600,000 abdominal and head CT scans
performed annually in the US on children
under the age of 15 years, approximately 500
of these children might ultimately die of
radiation induced cancer [3].

Children are ten times more sensitive to the
effects of radiation than middle-aged adults
and girls are more radiosensitive than boys.
sites showed that 8% of all diagnostic
imaging procedures were CT scans, out of
which 15% are pediatric CT scan
examinations.(Kisembo et al 2015) . There
are several strategies to limit CT radiation
doses, which include performing necessary
examinations, limiting the region of coverage
and adjusting individual CT settings based on
indication, region imaged and size of the
child[4].

The use of CT scanning in paediatric
radiology departments has increased rapidly
worldwide over the past 15 years. kharbanda
et al.(2015). CT is now a standard modality
in assessing a variety of disorders in children
as well as for cancer detection and
surveillance, and evaluation of trauma and
inflammation  [5]. There has been
overwhelming increase in the availability of
use of CT scans in Nigeria. As such this study
therefore, aimed at assessing the effective
doses as well to estimate future cancer risks
in paediatric patients undergoing brain CT
examinations at AKTH.

Materials and Method

This study was a prospective design and was
carried out in the radiology department of
Aminu Kano Teaching Hospital (AKTH)
.This study was conducted for a period of
6months from march 2018-september,
2018.convenience sampling technique was
adopted for the study. Aminu Kano teaching
hospital (AKTH) Kano state, Nigeria is
located northwest on latitude 11° 15! and
longitude 8° 29' of Nigeria.The hospital
provides specialist and general medical
services to patients from Kano metropolis
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and the various Local Government Areas
surrounding it. Primary source of was used in
the study being prospective, the data was
obtained from the recorded information
displayed on the CT console at Muhammadu
Sunusi radio-diagnostic centre in AKTH. All
pediatric patients that underwent brain CT at
Muhammad sunusi radio-diagnostic centre
that met with the inclusion criteria were
enrolled in the study. A 164-slice Toshiba
Aquilion CT scanner was used to obtained
data. It was in year 2008 that the CT machine
was manufactured and was installed in
2015.1t has a maximum kVp of 140 and
maximum tube current of 400mA and
inherent filtration of 2.7 Al equivalent. Data
collected on patient related parameters
include age, sex. Exposure related parameters
includes kilovoltage (kV), tube current, and
exposure time (mAs), slice thickness, scan
length, pitch, as well as CTDIvol and DLP
recorded on the CT using was extracted and
recorded using a data capture sheet designed
for the study. patient demographic
information namely, Gender, age was also
recorded from the radiological examination
request card. The CT scan machine calculates
and stores automatically the CTDIvol and
DLP doses of each CT examination carried
out in the CT console. This data was
prospectively recorded using a data capture
sheet from the console respectively. CTDIvol
and DLP were obtained from the CT console,
effective dose was calculated by using
E=K(conversion factor) x DLP .The
conversion factors were derived from ICRP
60(2005) Age-specific conversion factors to
obtain respective effective doses. The
Lifetime attributable risk (LAR) was
estimated by multiplying averages of
effective dose for each of the age-groups. The
most recent standardized BEIR VII
conversion factor (0.0001/mSv). It was
developed in the National Academies’
Biological Effects of Ionizing Radiation
(BEIR) VII Report, to estimate the lifetime
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attributable risk (LAR) incidence The model
is based on pooled analyses of Japanese
atomic bomb survivors and other medically
exposed cohorts, and it employs a linear non-
threshold risk model for low-dose radiation,
such as medical X-rays, assuming that the
cancer incidence is linear relative to the
radiation dose. Additionally, this LAR model

Radiation dose measurement

CTDIvol and DLP were obtained from the
CT console, effective dose was calculated by
using E=K(conversion factor) x DLP .The

Table 3.11.2 showing conversion factors used

assumes a period of 5 years selected as the
minimum latency for solid cancer [6].

All data were analyzed using SPSS Version
20.0, Chicago Version. Ethical approval was
obtained at Aminu Kano Teaching Hospital
Research  ethics  committee  before
commencing the study.

conversion factors were derived from ICRP
60(2005) Age-specific conversion factors to
obtain respective effective doses.

Age groups ICRP (60) Conversion factors
0-6month 0.0110
6month-3years 0.0067
3-6years 0.0040
6-10years 0.0032
>10years 0.0021

Results

A total number 0f 93 paediatric patients were prospectively enrolled in the study,comprising of
43 females and 50 males with mean and standard deviation of 6.74+4.78 .The age ranged from(less
than lyear) 0-15years. The scan length ranged from 14-35c¢m. The kV ranged from (100-120), mA
from (100-300) and rotation time of (0.5- 0.75) seconds. The percentages of male and female was

53.8% and 46.2% respectively.

Table 1: Comparison Of This Study With Standard Diagnostic Reference Level According To

European Commission (2015)

AGE DLP THIS STUDY CTDlvol THIS STUDY
GROUPS

<1 270-340 839.7 20-27 28.9

1-5 270-600 1670.1 25-40 42.9

6-10 105-370 1784.0 35-40 48.9
>10 200-205 2521.0 50 50.
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Table 2 :Comparison of this study with Standard Reference Level for different Countries
(Mulkens, Salgado And Bellinck, 2012)°
CTDIvol (mGy) according to Age groups

country <1(y) 1-5(y) 5-10(y) >10(y)
Switzerland(2005) 20 30 40 60
Germany(2006-2007) 33 40 50 60
UK(2003) 30 45 50 65
Belgium(2007-20009) 35 43 49 50
Objective dose 20 25 30 30-35
Optimization 2011
This study 28.56 42.81 48.9 58.85

Table 3 :Comparison of other Studies done with this present Study

AUTHOR/YEAR | SAMPLE SIZE AGE RANGE CTDI DLP E.D
(mGy) (mGy.cm) (mSv)
Vawda et al 2015 30 0-10y 30-32 488-563
Vilar ef al 2016 - <]-15y
<1 - - )
1-5 - - 1.6
6-10 - - 1.8
11-15 - - 1.6
Sadigh et al 2015 100 <|8 36.1 583.6 -
Buls ez al 2010 - <1-15y
<] 35 280 -
1-5 43 473 -
5-10 49 637 -
10-15 50 650 -
Nitika er al 2015 - 2-16y 32.03 748.14 3.345
Kharbanda et al 2015 255 1-15y - - 2.68
Zoretic ef al2014 138 <]-18y 36.8+6.31 712+£92.6 1.06-7.38
Brady et al 2012 - 0-=10y
0-6m 18 250 24
6m-3y 20 200 1.9
3-6y 30 450 1.7
6-10y 40 650 1.9
=10y 45 700 1.4
Saravanakumar et al 2017 - <]-5y
<ly 20 352
1 -5y 38 505 -
This study 93 0- 15y 46.85 1825 6.8
<] 28.56 839.7 8.56
1-5 42.81 1670.0 7.76
6-10 48.90 1784.0 5.79
=10 58.85 2821.0 5.82
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Table 4: Mean Radiation doses of all Paediatric Patients

AGE MEAN MEAN MEAN
CTDIvol(mGy) DLP(mGy.cm) E DOSE(mSv)
<l-15Years 46.85 1825 6.8

Table 5 :Lifetime attributable Risk for each age group

AGE ED LAR PERCENTAGE (%)
GROUPS
<1 8.53 0.00085 0.009%
1-5 7.76 0.00078 0.008%
6-10 5.79 0.00058 0.006%
>10 5.82 0.00058 0.006%
Discussion Comparison of CTDivol from this study was

The role of ionizing radiation in the
promotion of human health is very similar to
a double-edged sword. The radiation safety
and  risk-benefit ratio of  various
interventional ~ radiological  procedures,
especially those with a higher dose of
radiation such as CT scanning, need a fairly
critical evaluation [7].

Correlation of doses obtained from this study
with standard DRL recommended by the
European commission (2005) was presented
in tablel. it observed that DLP values for
different age groups was far higher than DLP
values formulated by the EC, this can be
attributable to longer scan length from our
study which ranged from 14-35cm. More so
CTDivol was a bit higher than those from EC.
Highest DLP and CTDvol was observed in
>]10years and lowest was observed in
<lyears.these goes in line with studies by
buls et al. 2010 in which 0-15years of age
was selected where highest CTDIvol and
DLP was observed in 10-
15years,CTDIvol(50mGy)and
DLP(650mGy.cm).lowest scan length was
16.5cm while the highest was 17.8cm from
studies by vawda et al. 2016[8] for 0-10years
of age selected for the study .CTDIvol and
DLP increases with increased age for this
study which is in line with studies by su et al.
2016, saravanakumar ef al 2017 and brady et
al. 2012.

done in Table 2 with CTDivol reference
levels for different countries .lowest dose of
CTDivol was found to be lower in objective
dose optimization (Belgium, 2011).it depicts
that as age increases CTDivol increases .this
goes in line with studies of Brady
(2012)[9].Across the Age groups CTDivol
was found to be lower than this study in
Switzerland and dose optimization in
Belgium .While lower CTDivol was found to
be higher than  from this study in
Switzerland Germany and UK.

Table 3, shows other studies done in
comparison with this study. Vilar et
al.2016.[10] studies and this study shows
similar trend in which the highest Effective
Dose was found within the lowest age groups
(neonates) which were <lyear 1.7mSv.and
lowest ED was observed in 11-15years and 1-
5 years age groups which is 1.6mSv
respectively .however in this study Effective
Dose between 6-10years was highest and
with slightly increased in >10years which is
5.82mSyv.from our study mean effective dose
deviates from findings by kharbanda et a/[11]
and Nitika et al [12] in which the effective
dose was lower which are 2.68mSvand
3.345mSv.both studies stated that as Age
increases Effective dose decreases .This
could be as a result of variability regarding
the protocols and radiation exposure to
paediatric within the age group of >10years.
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The mean CTDivol and DLP from this study
are significantly higher than studies by
Sadigh et al[13], which shows lower value of
mean CTDIvol and DLP across all age
groups the mean CTDivol and DLP was
36.ImGy and 583.6mGy.cm respectively.
This shows that the mean doses from this
study are far higher and could be as a result
of different scanning protocols.

According to Buls et al [14], CTDivol and
DLP values for <lyears age group was
slightly higher than for this study which was
35mGy and 280mGy.cm, for 1-5 years
greater than for our study which was 43mGy
and 473mGy.cm, while in 5-10years they
were closely similar to that of our study
which was 499mGy and 637mGy.cm while in
10-15years was lower than that of our study
which was 50mGy.cm and 650mGy.cm.
Mean CTDIvol and DLP for all age-groups
by Nitika et al was lower than for this study
with difference of 14.82mGy for the mean
CTDlIvol the mean CTDIvol for Nitika and
our study is 32.03mGy.cm and46.85mGy
respectively while mean effective Dose was
lower than for this study. Mean Effective
dose for all age groups by kharbanda et a/
was 2.68mSv and was found to be lower than
for this study which was 6.8mSv [8].

The calculated mean Effective Dose across
age groups from this study was found to be
within the range from studies by Zoretic et al
[15] which was 1.06-7.38mSv while for this
study is 6.8mSv While the mean CTDIvol
and DLP were lower than for this study which
were 368+6.31mGy and
712.92+1825mGy.cm.respectively.for  this
study mean CTDIvol and DLP were
46.35mGy and 1825mGy.cm respectively.

In relation to Brady et al [9]studies, CTDivol
and DLP for 0-6month ( CTDIvol=45mGy
and DLP=700mGy.cm) was lower than from
this study this could be because of the age
grouping .however from 6month-3years & 6-
10years effective dose remain
same(1.9mSv).Lowest Effective Dose was
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found to be in highest age groups( >10years
age groups )which was 1.4mSv and was
different from this study where Effective
Dose increased in the highest age group and
was found to be 5.82mSv .

Studies by saravanakumar et al[16] shows,
CTDivol & DLP increased with increased
age and was found to be lower than for our
study This could be as a result of fewer age
groups .The result for saravanakumar et al
showed mean CTDIvol and mean DLP for
<lyear was 20mGy and 352mGy.cm
respectively and for 1-5y mean CTDIvol and
DLP was 38mGy and 505mGy.cm. In table 5
distributions of age groups with their lifetime
attributable risk was presented .Age groups
of <I years (neonates) the risk was found to
be highest. Risk factor was 0.00085 which
means in 85 out 100,000 there will be
potentially an excess of cancers observed in a
population of 100,000. LAR Equates
potential increased run of 0.009% in neonates
over base rate risk.

For the higher age group (>10years) the risk
was found to be lower (0.00058) which
means 58 out of 100,000 will potentially have
an excess of cancers observed in a population
of 100,000.This shows there will be
additional 6 cancers in a population of
100,000.

Conclusion

Radiation doses was found to be higher
which is alarming and calls for optimization
of paediatric protocol in AKTH.
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