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ABSTRACT

BACKGROUND: The international literature on physicians’
knowledge regarding radiation dosages and risks due to computed
tomography showed a widespread underestimation of diagnostic
radiation doses. Hence, the objective of this work is to assess the
awareness of pediatric residents and medical interns about
pediatric CT dose and possible risks.

METHODS: A cross-sectional study was conducted on May/2016
among year I to year III pediatric residents and 2015/2016 year
medical interns attaching Pediatrics Department during the study
period in Tikur Anbessa Specialized Referral and Teaching
Hospital. Data was collected by distributing standardized structured
questionnaires. Finally, after the data was checked for clarity and
completeness, it was analyzed by using SPSS sofitware.

RESULT: While the majority (76.3%) of the residents and interns
knew that children were more sensitive to radiation than adults,
93.7% did not know that there is currently no annual dose limit set

Jfor medical exposure of patients. The majority of the respondents
(81.3%) know the risk of cancer from CT scan, but most (60%) of
the respondents did not know that many imaging facilities still use
adult doses for pediatric patients. Furthermore, 18.8% thought that
magnetic resonance imaging involves ionizing radiation, and 8.9%
of the physicians associated ultrasound examinations with ionizing
radiation.

CONCLUSION : Within resident group, since the level of clinical
experience did not affect the outcome, we recommend that formal
education and training on awareness of radiation with special
concern on pediatric population is mandatory especially for
pediatric residents and pediatricians who are major caretakers of
children.

KEYWORDS: Computed tomography, radiation exposure,
awareness of radiation, pediatric CT dose, possible risks of
radiation.
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INTRODUCTION

In 1972, Computed Tomography (CT), a
technique that produces non-superimposed, cross-
sectional images of the body, was introduced into
clinical  practice  (1). Its  introduction
revolutionized diagnostic radiology, as it
experienced rapid technological developments
(fast acquisition and reconstruction times, spiral
acquisition mode, multislice capability). Its use
has also, in the last decade, grown considerably.
As a result, the numbers of examinations have
increased. By its nature, CT involves larger
radiation doses than the more common
conventional X-ray imaging procedures. This
relatively high dose modality, represents about 5—
10% of all X-ray examinations, but contributes
between 41% and 75% of the collective dose from
diagnostic radiology in some countries (2-4).

It is estimated that more than 62 million CT
scans per year are currently obtained in the United
States, including at least 4 million for children (2).
Most importantly, the largest increases in CT use
have been in the category of pediatric diagnosis
and this trend can only be expected to continue as
investigative medicine remains standard practice
for the next few years (5,6). Thus, CT continues to
form a major contribution to the -collective
diagnostic dose of the population.

The risk of cancer induction through CT
scans performed on children has received special
attention. Children are supposed to be at a higher
risk for developing cancer caused by ionizing
radiation compared to adults due to mainly the
increased radio sensitivity and a longer life span
after exposure. Though individual risks are small,
the increasing use of CT scans in children make
this an important public health problem.

The risks of pediatric CT have been assessed
in several studies. Israeli researchers estimated
that 9.5 lifetime deaths were associated with one
year of pediatric CT scanning (8). Brenner and co-
workers (2) estimated the lifetime cancer mortality
risk attributable to the radiation exposure from
abdomen or head CT in a one year old child based
on USA CT-practice is 1 in 1000 (0.18% for an
abdominal CT and 0.07% for a head CT) (2).

These figures were calculated on the assumption
that children were being imaged using adult CT
parameters; the risk would be lower if specific
pediatric CT protocols were uniformly adopted.

The international literature on physicians’
knowledge regarding radiation dosages and risks
due to computed tomography showed a
widespread  underestimation of  diagnostic
radiation doses (7-9). More concern has recently
been aired in recent studies that the knowledge of
referring doctors about radiation doses incurred
during diagnostic CT procedures is deficient (10-
17). Such information may be of particular
relevance when the expansion of CT technology is
considered. The advent of Multi Detector row CT
(MDCT) has allowed for faster imaging and the
use of more complex imaging protocols. In turn,
this has led to a rise in the number of CT
examinations performed per annum and
consequently in the amount of radiation to which
patients are exposed (18). These will increase
cancer incidence for exposed than for unexposed
people (19).

Despite the increasing pediatric CT scan,
there are no studies done regarding awareness of
pediatric CT radiation dose and possible risks in
Ethiopia. Therefore, as part of a project to improve
radiation protection practice from CT, particularly in
the pediatric age group, we set out to study pediatric
residents’ and medical interns’ awareness of pediatric
CT radiation dose and possible risks in a cross-sectional
survey at our hospital. This was planned with the aim
of assessing awareness of physicians about justified use
of CT imaging in pediatrics, offering recommendations
on alternative diagnostic methods and giving emphasis
on physicians’ education pertaining to radiation safety.

MATERIAL AND METHODS

Study design: A cross-sectional study was
conducted by distributing a standardized
questionnaire. Multiple-choice survey comprising
14 items was distributed to 85 residents and
medical interns in the Pediatric Department at
Tikur Anbessa Specialized Referral and Teaching
Hospital in May 2016. The questionnaire was
divided into three main sections. The first two
questions were directed towards obtaining
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demographic information. The second section
assessed basic knowledge on the fundamentals of
ionizing radiation, including radiation risks and its
protection. The third section assessed the
participants’ ability to estimate the radiation dose
of common radiological procedures. For this
purpose, the effective dose of a postero-anterior
chest X-ray for a 5-year old child (0.006 mSv) was
considered to be 1 unit.

Source population: All year I to year III pediatric
residents and medical interns in the Pediatric
Department were included in the study. Those
who are unwilling to participate were excluded.

Sampling technique: The convenience sampling
method was used while subjects are selected
because of their convenient accessibility.

Data analysis: The data was checked for clarity
and completeness. Then, it was analyzed by using
password protected database for statistical analysis
using a commercially available software SPSS
version 21. In order to respect the study group's
bill of right, ethical considerations were taken into
account. Clear and detailed explanations were
given to the study population about the objective
of the study. Information was kept confidential by
not recording names of respondents.

Ethical considerations: The study was conducted
after approval by the Research and Ethics
Committee of the department, who is autonomous
to give ethical clearance for research proposal
below PhD levels.

RESULTS

In order to assess general radiation knowledge of
the study participants, 85 copies of the
questionnaire were distributed. Among the 85
copies distributed, 80 were filled and collected. A
total of 80 copies of the questionnaire were
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returned giving a response rate of 94%. Some
answers were missed for distribution of the
effective dose estimations in percentage.

The responding group comprised 47
pediatric residents and 33 medical interns.
Among the resdents who responded, 15 were
in their senior year (year III), 12 in year II and
the remaining 20 were in year I residency.
(Tablel).

Starting with the percentage of background
radiation for which medical radiation is
responsible, 17.5% of the answers were correct,
20% of the respondents underestimated the
answer, 3.8% overestimated the answer, and
58.8% responded ‘Do not know’ (Table 1). When
asked about the annual dose a patient is allowed to
receive when compared with radiation worker
93.7% did not know that there is currently no
annual dose limit set for patients (Table 1). While
the majority (76.3%) of the residents and interns
knew that children were more sensitive than adults
to the negative effects of radiation (correct answer
is 10 times), 20.1% underestimated the degree of
sensitivity while 3.8% do not know (Table 1).
Most (60%) of the respondents did not know that
many imaging facilities still use adult doses or do
not make adequate adjustments for pediatric
patients.

Regarding the risk of cancer from CT scan,
the majority of the respondents (81.3%) knew
when asked about excess lifetime cancer risk for a
1-year-old child undergoing any CT exam (correct
answer, 1/1000) (7), 63% answered ‘Do not
know’. Of the respondents who attempted to
answer, 17% underestimated the risk while 20% of
the doctors gave the correct answer (Table 1).
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Table 1: Assessment of general radiation knowledge
General Radiation Knowledg Resident
Intern =33 Year [=20 Year[ =12  Year llI=15 Total=80
What percent of ionizing radiation is Contributed by Medical Radiation? #(%) #(%) #(%) #(%) #(%)
1.50% 2(6.1) 2(10.0) 0(0.0) 0(0.0) 4 (5.0)
5% 4(12.1) 3(15.0) 0(0.0) 0(0.0) 8(10.0)
15% 2(6.1) 1(5.0) 1(8.3) 1(6.7) 4 (5.0)
50% 0(0) 2(10.0) 4(33.3) 8(53.3) 14 (17.5)
90% 0(0) 0(0.0) 1(8.3) 2(13.3) 3(3.8)
I Don’t Know 25(75.8) 12(60.0) 6(50.30) 4(26.7) 47 (58.8)
Compared to Radiation worker, What is the annual dose of Patients? #(%) #(%) #(%) #(%) #(%)
The same 5(15.2) 3(15.0) 2(16.7) 1(6.7) 11(13.8)
More than 11(33.3) 7(35.0) 5(41.7) 11(73.3) 34 (42.5)
Less than 14(42.4) 9(45.0) 3(25.0) 1(6.7) 27 (33.8)
Unlimited 2(6.1) 0(0.0) 2(16.7) 1(6.7) 5(6.3)
I don't Know 1(3.0) 1(5.0) 0(0.0) 1(6.7) 3(3.8)
How does the radio sensitivity of a child compared to an adult? #(%) #(%) #(%) #(%) #(%)
The same 6(18.2) 2(10.0) 1(8.3) 0(0.0) 9(11.3)
Less radiosensitive 5(15.2) 1(5.0) 0(0.0) 1(6.7) 7 (8.8)
More radiosensitive 22(66.7) 15(75.0) 11(91.7) 13(86.7) 61 (76.3)
I don’t know 0(0.0) 2(10.0) 0(0.0) 1(6.7) 3(3.8)
Do we have to altered technical parameters to reduce the dose while imaging pediatric patients with
CT? #(%) #(%) #(%) #(%) #(%)
Yes 18(54.5) 6(30.0) 4(33.3) 4(26.7) 32 (40.0)
No 15(45.5) 14(70.0) 8(66.7) 11(73.3) 48 (60.0)
Do you think is there risk of developing cancer from CT scan #(%) #(%) #(%) #(%) #(%)
Yes 22(66.7) 18(90.0) 10(83.3) 15(100.0) 65 (81.3)
No 11(33.3) 2(10.0) 2(16.7) 0(0.0) 15 (18.8)
If yes for the above question, What is the approximate estimated risk of cancer for a 1 year old child
undergoing any CT exam? #(%) #(%) #(%) #(%) #(%)
No Excess Risk 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
1/1,000,000 2(9.1) 1(5.6) 1(10.0) 0(0.0) 4(6.2)
1/100,000 1(4.5) 1(5.6) 0(0.0) 0(0.0) 2(3.1)
1/10,000 1(4.5) 1(5.6) 1(10.0) 2(13.3) 5(7.7)
1/1,000 1(4.5) 3(16.7) 3(30.0) 6(40.0) 13 (20.0)
1/100 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
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Table 2. Continued....

Should we routinely discuss the radiation risks with the child’s family prior to a CT exam? #(%) #(%) #(%) #(%) #(%)
Yes 25(75.8) 16(80.0) 11(91.7) 15(100.0) 67 (83.8)
No 2(6.1) 4(20.0) 1(8.3) 0(0.0) 7 (8.8)
I am Not Sure 6(18.2) 0(0.0) 0(0.0) 0(0.0) 6 (7.5)

If you have chosen ‘No’, Which of the following ideas Affected your decision? #(%) #(%) #(%) #(%) #(%)
A. The decision should be left to the doctor because of lack of education of the patients’ families 0(0.0) 3(75.0) 1(100.0) 0(0.0) 4 (57.0)
B. I think CT does not cause a radiation dose that can pose a meaningful risk to the health of

patients 0(0.0) 1(25.0) 0(0.0) 0(0.0) 1(14.3)
C. There is no enough time for that because of work overload 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0)
D. This can cause excess anxiety in the patient’s family and can result in cancellation 1(50.0) 0(0.0) 0(0.0) 0(0.0) 1(14.3)
What do you think about dose of one brain or abdominal CT when compared with that of one CXR #(%) #(%) #(%) #(%) #(%)
Equal 0(0.0) 1(5.0) 0(0.0) 0(0.0) 1(1.3)
More than 31(93.9) 17(85.0) 10(83.3) 15(100.0) 73 (91.3)
Less than 1(3.0) 0(0.0) 0(0.0) 0(0.0) 1(1.3)
I don’t know 1(3.3) 2(10.0) 2(16.7) 0(0.0) 5(6.3)

Have you ever received any specific education on radiation in medical imaging? #(%) #(%) #(%) #(%) #(%)
Yes 22(66.7) 2(10.0) 2(16.7) 0(0.0) 26 (32.5)
No 11(33.3) 18(90.00 10(83.3) 15(100.0) 54 (67.5)
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On the question whether the risk of ionization
should be discussed with patients’ families, 83%
responded yes.7.5% were not sure and 8.8%
responded no for reasons given the next question.
Four possible ideas were given for the no response
for the respondents to choose. 57% responded that
the doctor should make the decision since [atients’
families lack knowledge on radiation hazards.
14.3% responded that if informed, patients’
families might get anxious and cancel the
radiological (CT) procedure. 14.3% said there was
no meaningful risk while the remaining 14.3%
showed concern about lack of education and the
possibility of creating anxiety in patients’ families.

The last two questions of this section were
about education. Nearly, 32.5% of the respondents
recalled being educated on radiation exposure in
medical imaging, of these, 96.2% took formal
education most of these (88%) were medical
interns. A small percentage (3.8%) of respondents
had received informal education through personal
reading, unofficial discussions with their
colleagues, or the news media.

In order to assess the relative radiation doses,
participants were asked to compare dose of
abdominal or brain CT with CXR. A total of
91.3%  answered correctly while 2.6%
underestimates, and 6.3% of the participants did
not know the answers.

The second question assessed the dose
equivalents of different imaging procedures in
comparison to a conventional X-ray radiograph in
an adult (If the effective dose of an X-ray chest
examination in an adult is being defined as
reference, how much higher or lower is the dose
from other imaging procedures) .The dose of a
newborn due to an X-ray image was overestimated
by 46.3% of the responders (Table 2). On the
other hand, the radiation dose due to CT scan was
underestimated both in adults (26.3%) and
children (41.3%), and 21.3% of the participants
had no idea about pediatric as well as adult CT
dose compared with CXR. Furthermore, 18.8%
thought that magnetic resonance tomography
involves ionizing radiation, and 8.9% of the
physicians associated ultrasound examinations
with ionizing radiation.

Table 2: Distribution of the effective dose estimations in percentage

0<1 1 2-10 11-100 101-1000 >1000

Projection lower reference times times times times
higher higher higher Missing

Chest X-ray, Adult X

11.3
Chest X-ray, newborn % 12.50% 46.30% 26.30% 0.00%  2.50% 1.10%
Chest CT, Adult 2.5% 7.50% 16.30% 25% 15% 250%  31.20%
Chest CT children
(without dose adjustment) 2.5% 7.50% 20% 11.30% 33.80% 3.80%  21.10%
Abdomen CT, Children 2.5% 7.50% 20% 11.30% 33.80% 3.80%  21.10%
Abdomen MRI, Children 60% 2.50% 2.50% 3.80% 5% 5% 21.20%
Abdomen US, Children 70% 3.80% 2.50% 0% 1.30% 1.30%  21.10%
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DISCUSSION

Pediatric CT examinations are extremely
important and are required for the diagnosis and
treatment of many diseases in children. Despite its
high importance, it exposes children for high
burden of radiation if it is used unwisely.
Children are the most vulnerable population to the
deleterious effects of radiation. Though individual
risks are small, the increasing use of CT scans in
children make this an important public health
problem. Despite the increased use of pediatric
CT and the increasing number of papers and
campaigns regarding pediatric radiation issues,
there has not been an equal increase in the
awareness of physicians. Various studies had
documented deficiencies in knowledge among
medical students, doctors and paramedics about
their understanding of pediatric CT dose or the use
of equipment involved in the process (7). Our
survey also shows that physicians’ awareness of
the radiation doses imparted during pediatric CT
scanning and the consequent risks to the
individual patient is deficient. The level of
understanding of the basic concepts behind
radiological examinations and the knowledge of
radiation risks and protection were poor. The
majority of the participants (78.8%) either did not
know or underestimated the contribution of
medical radiation to the total radiation exposure of
patients. In one large survey done in Turkey in
2012, 83.5% of the respondents either did not
know or underestimated the contribution which is
more than ours (78.8%). The majority (76.3%) of
the residents and interns knew that children were
more sensitive to radiation than adults; 93.7% did
not know that there is currently no annual dose
limit set for medical exposure of patients. In order
not to restrict the benefits of X-rays which are
generally higher than radiation risk, no
international organization has provided a limit for
patient dose. The risk associated with radiation is
considered to be acceptable for medically justified
examinations. The pediatricians are responsible
for ensuring that the health benefit to the patient
from the examination is greater than the radiation
risks.
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Regarding radio sensitivity of children and excess
lifetime cancer risk, the result indicated that three-
fourth (76.3%) of the respondents know that
children are more radiosensitive than adults, and
20.1% underestimated the degree of sensitivity.
The majority of the respondents (63%) do not
know about the excess lifetime cancer risk for a 1-
year-old child undergoing any CT exam, 20%
answered correctly, and 17% underestimated it. In
one large survey done in Turkey in 2012, the
majority (76.3%) of the pediatricians knew that
children were more sensitive than adults to the
negative effects of radiation which is comparable
with our result while 43% underestimated the
degree of sensitivity which is better than ours (11).
In the same survey, regarding lifetime cancer risk
from pediatric CT, 44.7% had no awareness which
is better than our result, the majority (64.2%)
underestimated the risk which is more than ours,
and 11.8% answered that there was no increased
risk. Only 18.1% of the doctors gave the correct
answer, almost comparable with our result (4).
The survey from Germany in 2012 regarding
pediatric CT scan usage and awareness, only 3%
answered correctly about excess lifetime cancer
risk for a 1-year-old child from CT which is less
than our result and 13% did not respond to this
question which is still better than our result (10).
From this, we can see that there is still a big
knowledge gap among our physicians, and they
are exposing their patients to more risk than they
expect, even though 83.8% of the respondents
believed that the risks should be routinely
discussed with the child’s family when a pediatric
CT exam is requested. For the small group of
residents and interns (8.8%) who believed that the
risks should not be discussed under any
circumstances, the main concerns were the under
education of the families and the possible
stimulation of parental anxiety. From this point,
we conclude that a discussion including the words
‘cancer’ and ‘death’ might be challenging and
cause anxiety regardless of the level of education.
There is a risk that a much needed exam
might be canceled by an overly anxious family if
the necessity of the exams versus the risks is not
properly communicated. = Therefore, before
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providing information, the physicians themselves
need to be accurately educated on the issue.

The majority of the residents and interns
(60%) did not know about the fact that many
imaging facilities still use adult doses or do not
make adequate adjustments for pediatric patients
which is also comparable with the result from the
survey done in Turkey in 2012 (60.3%). This
misinformation might result in physicians’
requesting more than the necessary number of
pediatric CT examinations and exposing their
patients to more radiation risk.

There are no restrictions to the use of X-rays
in children, provided that the clinical benefits
exceed the small potential radiation risks. Some
organs in children have higher radiation sensitivity
than in adults. Children also have a longer life
expectancy. Therefore, imaging techniques that do
not use ionizing radiation should always be
considered as an alternative.  Children’s
radiological procedures should be individually
planned and limited to what is sufficient for a
correct diagnosis.

While making dose estimations, 8.7% of the
respondents marked US and 18.7% marked MRI
as techniques involving ionizing radiation. A
survey from Ethiopia in 2012 revealed that 5.3%
and 7.1% of physicians thought that abdominal US
and MR involved radiation, respectively (7).
About 21.3% think that MRI has more radiation
than X-rays (Table-2). These will lead them to
order more X-ray examination for pediatric
patients, which intern leads to unnecessary
radiation. Although the risk with single X-ray
study is mostly very small, it is a question of
minimization of risk. Imaging examinations
utilizing non-ionizing radiation such as MRI or
ultrasound (US) should always be considered for
appropriateness. Unlike X-rays, they are not
known to increase the risk for cancer. In a similar
survey from Germany, 12.9% thought that
magnetic resonance imaging involves ionizing
radiation, and 3.1% of the physicians associated
ultrasound examinations with ionizing radiation
(10). The awareness about ultrasound and MRI in
our survey was less than that of the above surveys.
This difference is likely to be due to the

characteristics of the study group, which included
only limited groups (pediatric residents and
medical interns).

Regarding effective dose estimations and
comparisons of groups, pediatric residents had a
better understanding of children’s radiation
sensitivity than medical interns. Residents were
also better than medical interns at estimating
radiation doses though there is no significant
difference between senior and junior residents at
estimating radiation doses. This survey found that
pediatric residents and interns were not adequately
aware of the pediatric CT dose as well as general
radiation. Our survey result is almost comparable
with many of the surveys done world-wide most
of which are done few years back and almost all of
them showing poor awareness of physicians about
pediatric CT. From this, we conclude that there is
still a significant knowledge gap among
physicians even among pediatric residents who are
major caretakers of children regarding pediatric
CT and general radiation, its risks and essential
protection methods at Tikur Anbessa Specialized
Teaching Hospital.

The majority of the study group were residents
who would soon practice pediatric in the country. The
problem we observed will affect the community they
will serve. Hence, we recommend that formal
education and training on awareness of radiation
with special concern on pediatric population is
mandatory especially for pediatric residents and
pediatricians who are major caretakers of children.
It is also better to re-educate physicians about
radiation relevant to medical imaging and their
clinical role to provide accurate information to
their patients.
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