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Computed Tomography (CT) is a IResavirtgj Xod 
for diagnosing I m  and injury in chldren (0 - 
12 years). The use of computed tomography 
scan of the head, abdomenlpehris, chest or spine 
in children has increased wer the last three 
decades [I]. ApproximateJy 5 to 9 million CT 
examinations are perfomad annually on children 
in the United States 121. The increased use of CT 
in pedatrics, combined with variability in 
radation doses, has resutted in many chilcken 
receiving a high dose of raBalh dudng 
dagnostic examination RadaRion dose is of 
particular concern in pediatric patsen& because 
children's rapidy dividing ceRs are more 
radiosensitive than those of adults 13). M o ,  
children have a longer lifetime to manifest 
potential radiation iqwieq some of which have 
long latency peiods before they are expressed. 
The potential for expression of radiationinduced 
cancer later in l ie is the primary concern in 
medical x-ray examination of pediatric pirtienls 
[3]. The banelits of pr- perfmrned and 
clinically justified CT examinations should always 
outweigh the associated risks for an individual 
child, m u s e  unnecessary exposwe is always 
associated with unwarranted Tisk Mi- 
radiation expowre from pedattic CT, whenewer 
pod#e, will reduce the projected number of CT- 
redated cancers If adult scan parameters are 
used to scan pediabic patients, tadation 
dose that would be redved by a child wll be at 
least doubled that of the ad& I-. 

Inherent in the design of advanced (high- 
technology) CT scanners providing many new 
applications are features that have the po2entld 
to increase radiation exposures to patients. This 
applies to the new muklice CT scanners naw 
in use in the work-place. Various puMcatians 

have eslimated the typical surface radiation 
doses to adults from maple CT dices, and they 
have documented doses as high as 30 - 70 mGy 
per head scan series and about 20 - 50 mGy per 
abdominal 6Can d a ~  [74. 

It is important to note that because of the high 
drrbion exposure potential d the presentday 
helid and m- Mid CT, Raddogists 
~ d b e t a w t a r e o f t h % r a c l i a t b n ~ d ( T T a n d  
work actively to keep patient's radiation exposure 
from CT as low as reasonably possible while 
achieving the required image quality and medical 
benefit 

Although controversy exists about the 
carcinogenic patentid of the relatively low levels 
of ionizing radiation exposum associated with 
some CT examinations. But taking into 
consideration the fact that the latency time for 
cancer induction in the range of doses received 
from CT is estimated to be 10 - 30 years [4] and 
the critical need for p r d d o n  of patients from 
radation hazards, estimation of the risk 
associated with CT exposure of patients, 
espeddy the padatric age group, is justified. 
Thii study is aimed st eatimabing the risk of 
cancer incidence M a t e d  with pediatric 
Qanial CT scan from a multi-alice CT scanner, 
newiy installed in one of the teaching hospitals in 
Nigeria. 

2. MATERIALS AND METHODS 

2.1 Study M g n  and Setting 

This is a uoss-sdonal study which was carried 
out at the Radidogy Department, University 
Cdege Hospitd, lbadan Nigeria. This center is a 
teaching (tertiary) hospital that renders medical 
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services to about 4-5 million poptddon in the 
South Western part of Nigeria The requests of 
dl pediatric patients referred for cranial CT were 
reviewed and j u d k d  by the zrttendng 
Radidogists before the procedure wm carried 
out Ethical approval was duly obtained from the 
instilutional ethical review committee before the 
commencement of the sludy. 

2.2 Study Population 

A total of 203 pediatric patients (aged 6 months - 12 years) who had cranial CT scan between 
the year 201 1 and 201 3 for various head injuries 
and ailments, wch as recurrent convulsion, 
meningitis, hearing loss, intracranial abscess, 
seizure disorder, macrocephaly, acute 
encephdopathy, respiratory dstress ek, were 
considered in thii study. Only patiertts who were 
newly referred for cranial CT were recruited and 
had their CT examination considered for thii 
study, while follow up examinalims were 
exduded for uniformity 

2.5 Data Collection 

The CT scanner used for dl pats- is; a 64 
multi-slice Aquilion scanner rnantdaciumi by 
Toshiba, USA The examindm datahchid 
parametere and dose quanlity parameters, such 
as age, sex, tube voltage (kVp), tow tube 
loadng (mAs), slice thihess, number of sficeis, 
CTL* Dose length product (DLP) and ather 
relevant data were extracted from the summary 
report stwed in the hard disk of the CT scanner 
computer system for each patient and propedy 
entered into a data cdeclion sheet, prepared for 
this study. The eikdve dose (rnSv) was 
thereafter determined using the extracted DLP 
and conversion factor from RLP to effectbe dose 
[lO]. This conversion factor incorporated the data 
from the recent publication by the intemationd 
Commission of Radialion Pmtedion Repart 103 
[I 11 and is a function of the applied voltage and 
the age of the patient The risk of cancer 
incidence from pedicrtric cranial CT was 
estimated from the effective close and the sex- 
6 ~ d f i c  risk COefiident The vd- Of sex- 
specific risk coeffiaent used in this study were 
13.7 % per Sv for female and 9.0 % per Sv for 
male as shown in the M index (an index of tatal 
cancer inddence risk) qualion 1121 Ma 

RiskInder, = eflecfiveOeaee(&)~9~0(% 1 Sv) 

AR the dose quantities (CTDL DLP, effective 
dose and cancer risk). estimated in this study 

analyzed wing the mfWare statistical 
package, IBM SPSS vemion 21, and the results 
are presented in tatJes and bar charts. 

3. RESULTS 

A W d 203 pedabic ~~ were considered 
in this study. Of these patients, 8 (4%) were of 
ages less than 1 year, 84 (41 %) were in the age 
range af 1- 5 years, 50 (25%) in the age range of 
5 1 0  ~ 8 1 8  and 61 (30%) in the age range of 10- 
15 years. In tams of gender, there were 95 
447%) female and 108 (53%) male patients in 
this study. The Computed Tomography dose 
i n k  (CTWd received by different pediatric age 
pups from the crank1 CT scan is presented in 
Takle 1. The range of CTWvd received by 
patients of all age groups showed that 36 (18%) 
patients had 1040 mGy by, 94 (46%) patients 
r d e d  5Cb1W1 mGy, 45 (22%) pathts had 
1m15Q mGy. Also 23 (11%) patier& had 150- 
2Wl mGy whas 5 (3%) palienbs received 2O(b-250 
mGy. The dose length produd (DLP) obtained 
f m  the procedure by different age group is 
presented in Table 2. Shc (3%) patients (all ages) 
r&ed DLP value that is less than 500 
mGy.cm, 28 (14%) patients received DW in the 
range of 500 - 1000 mGy.cm, 41 (20%) patients 
received DLP in the range of 1001-1500 
mGy.cm, 38 (19%) patients received 1501-2000 
mGy.cm, 44 (22%) received 2001-2500 
mGy.cm, 20 (10%) r d v e d  25013000 
mGy.cm, 16 (8%) received 3501- 4000 
mGy.cm, 3 (a) had 35016000 mGy.cm, 3 (2%) 
had 4001- 4500 mGy.cm and 4 (2%) patients 
had 4501- 5oWl mC3y.cn. The effedsve dose 
obtained from the product of DLP and the 
conversion Cdor ie presented in Table 3. In all 
ages, 55 (27%) patients had effective dose of 1 - 
5 W, 108 (53%) patients had 5 -10 mSv, 32 
(16%) patients had 10- 15 mSv, 7 (3%) patients 
had 15 20 mSv and only 1 (0.5%) patient had 21 - 25 mSv. The risk of cancer indudon (per 
million) bsaimated from Pediahic Ctanid CT with 
respecttoagegoupandsexispresentedin 
Table 4 and T a b  5 respectbe&. The dmated 
risk (per million) of cancer indudon with respect 
to ages: less than 1 year, 1 5  years, 5-1 0 years 
and 10-15 years are 100-2500, 1OCM000, 
1-2000 and 1oQ.XM0 respedvely. There is 
no oignificant difference in the rid< of cancer 
induction estimated with respect to the sex of 
patients, except that the number of male (108) 
pediatric patients eonsidered in Ws study is more 
than the female (95) pecSabic patients 
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500-1000 0 19 8 1 28 
1001-1 500 7 19 8 7 41 
1501 - 2000 1 16 14 7 38 
2001 - 2500 0 14 15 15 44 
2501 - 3000 0 6 2 12 20 
3001 - 3500 0 3 2 11 16 
3501 - 4000 0 1 0 2 3 
4001 - 4500 0 2 0 1 3 
4501 - 5000 0 1 0 3 4 
Total 8 84 50 61 203 

Table 3 The effective dose received from pediatric cranial CT scan 

&P group Effecth dose (mSv) Total 
1-5 5- 10 10- 15 15-20 2l-25 

1 0 5 3 0 0 8 

4. DISCUSSION 

Most cancers can be induced by ionizing 
radiation, and a linear doseresponse 
relationship has been noted for most sdid 
cancers [I 31. The risk of cancer obeys a linear no 
threshold risk model, which means that the 
smallest dose of radiation has the potential to 
cause an increase in cancer risk to humans. Risk 
of radiatiobrelated cancer k greateet fur 
individual exposed to radiation eady in life and 
this risk appears to pe&t throughout life [13]. 
Several factors affect the risk of cancer following 
radiation exposure. These indude gender status 
(male or female), age at the time of exposure to 
radiation, underlying disease and other potential 
carcinogenesis [la. In this study, the age at 
exwwre is found to be more sianificant to 

Table+ Esthakdrkkofcancerinduction 
frornpediabJccranialCTwlthrespedto Age 

AQe tame , Risk per million (x l(T&) 

< 1 year 100 - 2500 
1-5- 100-3000 
5-loyear 100-Moo 
10-15year 100-2000 

Also, maple eqmswes to ionizing radiation 
has been found to induce cancer in patient as 
reported by Mdn st al. [14], where multiple 
diagnostic x-ray examination was found to 
increase the risk of cancer among the exposed 
merits with increaging radiation dose. The host 
radiosensitive organs in children are thyroid 
dand, breast, bone marrow, brain and sldn. 

EMcer indudon than the ga*  of the 1, the fight of r@dy imeming fmquncy of 
patient pediabic CT examinations in most diagnostic 
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centers in Nigeria, Ws study did estimate the ridc 
of cancer in children following exposwe to 
ionizing radiation from a multipk! dice CT 
scanner. Some of the measurable quantities 
used in this study to estimate the risk of cancer 
assodated with pedattic cranial CT scan are 
namely, volume computed tomography dose 
index (CTDkol), dose length product {DLP) and 
effective dose. 

As seen in Table I, the range of CTDhrd 
receivedbypatientsofallagegoupswas10- 
250 mGy while the range received by majority d 
patients (46016) was 50 - 150 mGy. This value is 
higher than the values 60 mGy and 20 - 60 mGy, 
published in for p e d a c  head CT in the 
UK [15] and Switzerland [Iq rsspedively. In this 
study only few ped~atric patients (18.4 received 
optimum CTDlvd of 10 - 50 mGy that is within 
the internationally a c c e w e  dose for head CT 
scan whik the rest afthe palknb (82'?!) received 
higher CTDlvol. 

Table 5. Estimated risk of cancer induction 
from p e d i i c  uanSsl CT with respect to Sex 

Risk permillSon (~14" )  Sex 
Femde Mak 

100 - 500 8 I S  

2500 - 3000 3 3 
Total 95 108 

In Table 2, the DLP values from all padie& 
ranged from about 500 - 5000 mGy.cm. This 
range is higher than the range d DLP (about 930 - 1300 mGy.cm) published in literature for 
pediatric head CT scan [lfil. It can be seen in 
Table 2 that the DLP (mGy.cm) received by the 
highest number (frequenq) of patients from 
various age groups were 1001 - 1500 for age c 
1 year, 500-1500furages 1-5- 2001 - 
2500 for ages 5 - 10 years and 2001 - 2500 
for ages 10 - 15 years. In all, only 37% of 
pediatric patients received optimal vdue of DLP 
while the rest of the patients (63%) received 
higher value. 

The effective dose (ED) is a quantity that was 
introduced for radiation protection purposes and 
espeaaQy for radiation workera iiowevet, it ha6 
been extensively used to report the risk of 
radiation exposure from medid examinations 
involving ionizing radiation [17]. In this study, the 

range of ED received by patients of all age 
groups was 1 - 25 mSv, whereas majority of the 
patients (53%) rtceived 5 - 10 mSv. This ED is 
thrice the value (1.71 - 274 mSv) reported in 
literatures [18 - 191 from pediatric head CT. 
Going by this value, only 27% of patients 
considered in this mdy received optimal 
effective dose from cranial CT while the rest of 
the patients (73%) received higher ED. 

From this study, the &mated risk d cancer 
indudion in pafienb in the age group 1-5 years 
westhe hi&@ with a cancer risk of 100-3000 
per million. However, when the risk of cancer 
induction was estimated with respect to the sex 
[20] of patients1 it was observed that there was , 
no significant erence  in frequency in both 
sexes. 

Several precautions have been suggested in 
literatures [4&] for dose reduction practice in 
pediatric CT imeng. These in&& adjustment 
of technicd parameters (mAs, kVp, pitch factor 
and others), the use of alternative medical 
imaging if the diagnostic yield of CT is expected 
to be small, judaous seledion d scan 
parameters that vviP provide acc~pakde images 
at lower radiation exposure to patient, spacing of 
CT slices and dice thickness while maintaining 
diagnostic image q u d i  among others. 

In this study, the high risk of cancer inadence 
observed from the estimated value can be 
atbibuted to high exposure parameters used for 
pdatric patients that ere almost similar to those 
selected for adua patients. Also a 
pediatric protoool waf used for dl pediatrics 
patients regardess of the age. This may be due 
to lack of dedicated pediatric CT scannet and 
Mned pediatric CT scanner operator at the 
center. FurWer gtudy is aimed at esbbtiihment 
of safe prrrtocde for pediairic CT imaging to 
assist operators in their choice of technical 
parameters for patient exposure during medical 
X-ray examination. 

Thii study shewed a high risk of cancer 
incidence among pediatric patie& referred for 
cranial CT exanhtion in our hospital. This is 
majody due to lack of appropriate e m u r e  
parameters for dffwent pedatric age groups on 
the CT sarnner and norr-availabili of trained 
pediatric CT operator. This cdls for a concerted 
effort by the Orwemment and the hospitals to 
provide CT scanners with appropriate protocol 
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approved for pediatric studies and to put 
neceswy emphasis an W n g  d CT operators 
in pediatric imaging. We also wggeeit the 
involvement d Medical Physicist in CT dose 
measurement in centers where pediabic imaging 
is carried out, to stem thii tide. 
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