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Determine the level of knowledge and awareness of health professionals, medical students
and parents concerning possible risks associated with ionizing radiation in pediatric popula-
tion. A cross-sectional study has been conducted in two healthcare institutions and Faculty of
Medicine, by filling out two anonymous questionnaires (questionnaire 1 - medical staff and
medical students, questionnaire 2 - parents of the children). It included 254 respondents.
The majority of examinees assessed their knowledge about ionizing radiation as moderate.
Less than half clinicians, both specialists and residents, were informed about Image gently
campaign. Over 60 % of doctors assessed that diagnostic radiology procedures are often per-
formed unnecessarily in children. Even though 60-80 % of clinicians claimed they do inform
parents in everyday clinical practice, however over 70 % of parents affirmed that they had
never been informed about effects of ionizing radiation before diagnostic procedures. Be-
tween 50 % and 85 % of pediatricians and pediatric surgeons greatly underestimated the ef-
fective doses in computed tomography and fluoroscopy procedures. There were 58-100 % of
clinicians who were aware that computed tomography increases the risk of carcinoma devel-
opment. General knowledge of medical staff, medical students, and parents about ionizing ra-
diation and potential risks in pediatric population is poor. Therefore, organized education is

required.
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INTRODUCTION

Radiation originates from natural sources (cos-
mic radiation, ultraviolet radiation, and natural radio
isotopes) and artificial sources where radiological diag-
nostic procedures dominate, and represent about 15 %
of'total radiation [ 1]. In the USA the effective dose from
medical exposure already exceeded the contribution
from the natural background [2]. Children have a higher
radiosensitivity compared to adults due to: tissues with
higher mitosis rates, longer life expectancy, exposure to
scattered radiation as a consequence of body propor-
tions, and large proportions of hematopoietic bone mar-
row in all parts of the body, including the extremities
[3]. Therefore, radiation protection in pediatric radiol-
ogy is essential.

* Corresponding author; e-mail: jovan.lovrenski@mf.uns.ac.rs

A number of studies have shown potentially
harmful effects of ionizing radiation, predominantly
computed tomography (CT) and fluoroscopy among
pediatric population [4]. There are studies that also in-
dicate high percentage of unjustified CT examinations
among children, i. e., examinations without appropri-
ate indications [5]. Latent period for oncogenic effect
of radiation varies depending on the type of malig-
nancy (5-10 years for leukemia, about 30 years for
solid malignant tumors) [6]. With the same dose of
ionizing radiation, a child has 10-15 times greater risk
of developing carcinoma than an adult [7].

Organized effort in order to reduce exposure of
patients to ionizing radiation, as well as reduction of
radiation doses the patients are exposed to, is reflected
in optimisation of practice outlined in the As Low As
Reasonable Achievable (ALARA) concept and Image
gently campaign [8, 9], which significantly raised con-
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science of medical staff about potentially harmful ion-
izing radiation effects. However, studies show that pa-
tients and referring physicians are neither aware of the
amount of radiation patients receive during the exami-
nations nor of consequences that radiation might cause
[10-12]. Therefore, this topic is one of the most current
in contemporary medicine in general, and especially in
pediatric radiology.

The aim of this study was to determine the level
of knowledge and how well the medical staff, medical
students and parents in Serbian province Vojvodina
are informed about use and potentially harmful ioniz-
ing radiation effects in pediatric radiology. The addi-
tional goal is to evaluate the standpoint of doctors,
radiographers, nurses, medical students and parents
concerning the use of diagnostic radiology procedures
based on ionizing radiation in pediatric radiology.

MATERIALS AND METHODS

A cross-sectional study has been conducted at
the Institute for Child and Youth Health Care of
Vojvodina (Children's Hospital), Center for Radiol-
ogy, Clinical Center of Vojvodina, and Faculty of
Medicine Novi Sad. The research was approved by the
Ethical Board (February 10, 2016, Protocol No:
646-1). It included population of N-254 respondents
of both sexes, among who n-230 were medical stu-
dents and medical staff, and n-24 were parents. For re-
search purposes two questionnaires were formed in
accordance with the goals of the work. By question-
naires sociodemographic characteristics of respon-
dents have been collected (sex, level of education,
years of service), and the knowledge level and respon-
dents' standpoints have been assessed. Questionnaire
Number 1 (Appendix A) consisted of 34 questions and
was intended for:

—  third year students of medicine (before passing ra-
diology course) and fourth year students of medi-
cine (after passing radiology course),

— doctors specialists: pediatric surgeons, pediatri-
cians, anesthesiologists and radiologists,

— doctors residents in: pediatrics, pediatric surgery
and radiology, and

— radiographers and nurses

Questionnaire Number 2 (Appendix B) con-
sisted of 30 questions and was intended for parents of
children who were treated at the Children's Hospital
and who were exposed to some of the diagnostic pro-
cedures based on the ionizing radiation.

Respondents were filling in the questionnaires
anonymously.

Statistical analysis was performed by using soft-
ware package SPSS (SPSS 21.0 for Windows, Inc.,
Chicago, Ill., USA). Descriptive statistics methods
and correlation analysis have been used in data pro-
cessing.

RESULTS

Questionnaire 1 was filled in by 230 respon-
dents, organized in 12 groups as it is shown in tab. 1.
Out of the total number of respondents, n-78 (34 %)
were males and n-152 (66 %) females. According to
the years of service, respondents were divided into 5
groups (tab. 2)

The Questionnaire 2 was filled in by N-24 par-
ents, n-19 (79 %) females and n-5 (21 %) males.
Among the respondents in the Questionnaire 2, n-15
(62.5 %) had high education, while n-9 (37.5 %) of
parents had secondary education.

How well the respondents were
informed about ionizing radiation

On the basis of 17 questions we assessed the
knowledge of respondents about the characteristics,
effective doses (ED) and potential harmful effects of
ionizing radiation in Questionnaire 1. The average
number of correct answers among the groups is shown
in fig. 1. There is statistically significant difference in
the number of correct answers (p < 0.01) between
medical students who passed the radiology course and
those who have not attended the course yet. Statisti-
cally significant difference between different groups
of specialists and residents was not determined. Radi-
ology residents had the greatest number of correct an-
swers. The worst scores were shown by those medical
workers who had over 20 years of service.

Most respondents assessed their knowledge
about ionizing radiation as moderate n-133 (58.7 %).
Radiographers assessed themselves best (56.5 % of
them assessed their knowledge as excellent), while
only 18.2 % of radiologists had the same opinion.
However, radiology residents, radiologists, pediatric
surgeons and pediatric surgery residents all showed

Table 1. The number of respondents by groups
in Questionnaire 1

Group N [%]
Pediatric surgeons 8 3
Pediatricians (Community health centre) 12 5
Pediatricians (Children's Hospital) 15 7
Anesthesiologists 5 2
Radiologists 11 5
Radiology residents 13 6
Radiographers 26 11
Pediatric residents 12 5
Pediatric surgery residents 4 2
Nurses 22 10
Students who have not attended radiology 51 )
course
Students who passed radiology course 51 22
Total 230 100
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Table 2. The number of respondents according to the
years of service in questionnaire 1

Years of service N [%]
With no experience (students) 102 44
Up to 5 years 29 13
From 6 to 10 years 33 14
From 11 to 20 years 21 9

Over 20 years 45 20
Total 230 100

better results than radiographers during testing.
50-80 % of clinicians assessed their knowledge as
moderate.

Although two thirds of respondents in Ques-
tionnaire 1 declared that they had the chance to be in-
formed about ionizing radiation (scientific article,
lecture), statistically significant difference in the
number of correct answers between this group and
the group of other medical workers was not found
(r=0.725,p>0.01).

With ALARA principle n-67 (29.1 %) of respon-
dents who filled in questionnaire were familiar
with, and only n-41 (18.7 %) of respondents were fa-
miliar with Image gently campaign. The percentage of
students who passed radiology course and were famil-
iar with ALARA concept significantly increased (2
%—25.5 %), as well as of those familiar with /mage
gently campaign (5.9 %—17.6 %), in comparison with

Anesthesiologist

1 m Image gently
2m ALARA

0% 20% 40% 60% 80% 100%

students who still had not attended radiology course.
In the group of parents an extremely small number of
respondents were informed about these two cam-
paigns (up to 4.2 %). Familiarity of clinicians with
these principles of protection against ionizing radia-
tion is shown in fig. 2.

Attitudes of respondents on the
use of ionizing radiation

Most surveyed referring physicians and radiolo-
gists considered that radiology methods based on
X-ray radiation have been excessively and unjustifi-
ably often used in children, pediatricians from the In-
stitute (n-9, 60 %), pediatric surgeons (n-6,75 %), an-
esthesiologists (n-5,100 %), radiologists (n-8, 72.7
%). Only n-3 (12.5 %) of parents share this attitude.
According to the opinion of n-140 (60.4 %) Question-
naire 1 respondents, both radiologist and clinician are
responsible for justification of CT examination per-
formed on a child.

Attitudes of the doctors about the need to inform
parents about potentially harmful effects of ionizing
radiation, and the real situation in everyday clinical
practice are shown in fig. 3.

As much as n-17, 70.8 % of questioned parents
claimed that they have never been warned about po-
tentially harmful effects of radiological examinations
and risk magnitude.
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Figure 3. Attitudes of doctors on
informing parents about potentially
harmful effects of ionizing radiation
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Figure 4. Percentage of doctors from
different groups who consider that
the effective dose of ionizing
radiation derived from radiological
procedures should be written on the
patient records
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Radiologists — 72.2 %, anesthesiologists — 60 %
and up to 26 % of pediatric surgeons and pediatricians
considered that detailed informing of parents might
cause problems in everyday clinical work.

Great majority of parents (n-17,70.8 %) declared
that there is little probability for them rejecting the ex-
amination if they knew about its potential harmful ef-
fects in advance. More than half of the parents (n-14,
58.3 %) would blame themselves if their child suffered
harm because of refusing some potential harmful diag-
nostic procedures, while only 4.2 % would blame doc-
tors.

The attitude of doctors about whether the effec-
tive dose of ionizing radiation (calculation based on
DLP and CTDI values available on the each CT device),
achild was exposed to during hospitalization, should be
placed on the discharge list, is shown in the fig. 4.

The knowledge of respondents in questionnaire
concerning the increasing risk of cancer development
as a result of CT scan is presented in tab. 3.

That there are doses of radiation carrying no risk
for children consider 37.5 % of pediatric surgeons,
41.7 % of pediatricians in Community health centre,
40 % of pediatricians at the Institute, 20 % of anesthe-
siologists, 18.2 % of radiologists and as much as 50 %
of pediatric residents.

How well the respondents are informed about the
effective doses of ionizing radiation

Doctors' attitude about the relation of magnetic
resonance imaging (MRI) examination and ionizing
radiation are shown in fig. 5. Respondents evaluated

Table 3. Percentage of affirmative answers in different
groups of respondents to the question whether CT increases
the risk of cancer development

Group N [%]
Pediatric surgeons 8 100
Pediatricians (Community health centre) 7 58,3
Pediatricians (Children's Hospital) 11 73,3
Anesthesiologists 5 100
Radiologists 11 100
Radiology residents 12 92,3
Radiographers 24 64
Pediatric residents 11 91
Pediatric surgery residents 4 100
Nurses 14 63,3
Students who have not attended radiology 25 49
course
Students who passed radiology course 35 68,6

the equivalence of one phase of head CT examination
in children, one phase of abdominal and pelvic CT ex-
amination, and barium meal examination with the
equivalent number of chest X-rays (CXR). Doctors'
answers are shown in figs. 6-8 (pillars 2 represent cor-
rect answers).

DISCUSSION

Everyday search for the balance between poten-
tial benefits and potential postponed adverse effects
which may arise when using diagnostic procedures
based on ionizing radiation, is one of the main goals of
contemporary pediatric radiology. This ought to be
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one of the basic topics in mutual communication and
cooperation among referring physicians, e. g. pediat-
ric surgeons, pediatricians and pediatric radiologists,
as well as other medical workers involved in diagnos-
tic process and in treatment of pediatric population,
but also among parents themselves who surely have
the right to know about potential risks of diagnostic
procedures their children are exposed to. An important
question is whether consciousness about harmful ef-
fects of ionizing radiation is sufficiently present in all
these groups and the goal of this study was in fact to
evaluate the real situation on the spot i. e. to obtain
more detailed access to the level of knowledge and at-
titudes of medical and non-medical staff (parents) on
this topic. To the best of our knowledge, this is the first
study of its kind not only in Serbia, but also in South-
eastern Europe, dealing with this topic for pediatric
population.

The greatest percentage of medical staff (50-80
%) estimated their knowledge about the ionizing radia-
tion as moderate. An evaluation of the level of knowl-
edge about ionizing radiation in all examined groups
was based on the number of correct answers to 17 ques-
tions in Questionnaire 1. Among the doctors not one
group has statistically singled out significantly, but the
best results were shown by the radiology residents,
which was quite expected, considering that they are
probably in the situation to have to follow all up-to-date
information in radiology. Medical staff with over 20
years of service had the least number of correct answers
which is also expected since the interest of the doctors
about contemporary up-to-date topics from their pro-
fession very often decreases with the increase of years
of service. This is in accordance with the Salerno et al.
study [13] where younger doctors also showed better
knowledge than their older colleagues, but not in con-
cordance with Dehghani et al., [14] study in which the
level of radiation awareness was not associated with job
experience. We also wanted to show the level of teach-
ing quality on this topic, including medical students in
our survey. Our study has shown statistically significant
difference among groups of students before attending
radiology course and after passing the same (5:8 correct
answers). But, even though they passed the radiology
exam, a small number of medical students (up to 25.5
%) had been informed about elementary principles and
campaigns connected with protection from excessive
usage of ionizing radiation in diagnostic purposes
(ALARA and Image gently). This indicates great poten-

100 %

1m350 chest XTays
3 | 2M130 chest X1ays
3m30-80 chest X-Tays

Figure 8. Percentage distribution of
answers in different groups of
medical doctors to the question
about the equivalence of barium
meal examination with the number
of CXR (column 2 shows the correct
answers)

tial for further improvement of work with students in ra-
diology course. Our study has shown exceptionally low
knowledge about Image gently campaign and ALARA
principle among all other groups, except radiologists
and radiology residents. The campaign Image gently
which had been initiated by pediatric radiologists in
2006 has its aim to raise awareness about the main prin-
ciples of radiation protection such as medical examina-
tion justification, protection optimization and individ-
ual doses and risks limitations, while ALARA principle
advocates reduction of radiation doses that patients and
medical staff receive to the lowest possible level [8, 9].
Not even 20 % of pediatricians, e. g. referring physi-
cians who indicate radiological diagnostic procedures
almost every day, are familiar with /mage gently cam-
paign, while only 37.5 % of pediatric surgeons are in-
formed about it. Up to 8.3 % of pediatricians and 25 %
of pediatric surgeons have been familiar with ALARA
principle. Low level of knowledge about ALARA prin-
ciple has been shown in the Salerno ef al. [13] study
where only 27 % of surveyed doctors have heard of this
principle, in the Heyer et al. [15] study, only 15 % of pe-
diatricians, and in Hamarsheha et al. [16] study in
which only 6.1 % of medical doctors were familiar with
this principle, while we could not manage to find a sur-
vey in available literature, which dealt with Image
gently familiarity.

Being informed about ionizing radiation from
the scientific literature or lecture have reported three
quarters of respondents, but no statistical significant
difference in the number of correct answers in relation
to the group of respondents who did not have the
chance to complement their knowledge in this way
was found. Significantly lower percentage of respon-
dents (20 %) who have read scientific article about
ionizing radiation is mentioned in the study by
Abdullah et al. [17].

Extremely high percentage of surveyed medical
doctors in our study considers that radiology methods
based on ionizing radiation have been used exces-
sively often in children (41-100 % respondents in
groups). This is contrary to the opinion of parents
among who only 12.5 % considered that radiology
methods have been used excessively in children. This
fact points out an outstanding trust of parents in medi-
cal decisions and assessments.

A high percentage of medical doctors in our
study considered that parents should be informed
about potentially harmful effects of ionizing radiation
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before examining a child, but there was a smaller num-
ber of those who apply this in everyday clinical prac-
tice. Despite that, we were surprised by the high per-
centage of those medical doctors who claimed that
they inform parents about these facts and which was
over 60 % for almost all groups. It seemed to us that
this was in collision with everyday clinical experience
which was proved by analyzing questionnaire filled in
by parents. Over 70 % of them stated that they have
never been informed about potential consequences be-
fore radiological diagnostic procedures were per-
formed in their children. It seems that on this issue ra-
diologists have been the sincerest, admitting that they
very rarely inform parents or patients, i. e. only 9 % of
them answered this question affirmatively. In the Lee
et al. [18] study approximately similar percentage of
radiologists claimed that they inform the patients be-
fore examination itself (15 %), while that percentage
among medical doctors in other fields was 22 %. We
think that communication about the potential risks of
X-ray based diagnostic modalities between parents or
other caregivers and referring physicians/radiologist
should be a standard pre-examination procedure in all
children's hospitals. A proper communication seems a
right way to establish the relationship of trust between
parents and medical staff. However, high percentage
of radiologists (72.7 %) and anesthesiologists (60 %)
considered that more detailed informing of parents
might cause problems in everyday work, while per-
centage of pediatric surgeons and pediatricians with
this opinion was significantly lower (up to 27 %). It is
realistic to expect that if this informing was to be intro-
duced in everyday diagnostic protocol, it might lead to
problems in terms of rejecting necessary diagnostic
procedures because of parents' fear of their potential
harmful effects in children, but, in our opinion this is a
risk we should take because no one has more rights to
get all information about one's child than the parent
himself. We should, of course, think of a subtle way to
present potential risks to parents, but not to cause fear
among them or to attract negative media attention. En-
couraging fact is that over 70 % of parents in our study
would agree with indicated medical examination de-
spite the risks mentioned before it was carried out. We
consider that we have no right do disable parents'
choice. If parents refused a certain diagnostic proce-
dure to be performed on their child, and if, because of
that, certain consequences occurred for their child,
more than half of the parents in our research claimed
that they would blame themselves for it, but only 4 %
would blame the doctors. Nevertheless, this informa-
tion must be taken into consideration with a caution,
because cogitation and the state of consciousness is
significantly different in theory (questionnaire) and in
reality.

Over 70 % of radiologists considered that the to-
tal effective dose of ionizing radiation deriving from
radiological diagnostic procedures performed during

hospitalization should be recorded, while only up to
50 % of pediatric surgeons and pediatricians shared
this opinion. This is, surely, the question which attracts
numerous medico-legal aspects and would certainly
open wide possibilities for lawsuits against medical
doctors, but, on the other hand, it would significantly
increase the responsibility and awareness of all the
participants who take part in indicating diagnostic pro-
cedures, primarily of clinicians and radiologists. The
risk of not performing the examination should be part
of decision-making [19].

Studies have shown that CT examinations form
about 13 % of all radiological procedures, but are re-
sponsible for as much as 70 % of total exposure to radi-
ation, which makes them the carriers of radiation in
medicine [20, 21]. As much as 30-40 % of CT exami-
nations in pediatric population did not have appropri-
ate indications [5]. In spite of evident harmful effects
of ionizing radiation, there is an increasing number of
CT examinations in children's hospitals of about 23 %
[22]. This might be avoided by using imaging guide-
lines, such as the pediatric trauma protocol [23].

All radiologists, anesthesiologists, pediatric sur-
geons and pediatric surgery residents knew that CT in-
creases the risk of carcinoma development in children,
while pediatricians were aware of this fact in 58-73 %,
depending on the place of employment. This can be
explained by the fact that a lecture was organized on
two occasions for pediatric surgeons and anesthesiolo-
gists on the topic of ionizing radiation in pediatric radi-
ology. The study of Madrigano et al. [24] also showed
a connection between teaching activities and superior
knowledge about ionizing radiation. Yurt et al. [25]
study has shown that 93.5 % of surveyed medical staff
knew that CT examination increases the risk of carci-
noma development, which showed greater awareness
of medical workers comparing it with ours, primarily
among the doctors specialists. A relatively large num-
ber of pediatric surgeons and pediatricians (about 40
%) are not aware that there are no doses of ionizing ra-
diation without risk for children. The studies have
however shown that three radiographs in children's
age are already enough to increase the risk of acute
lymphoblastic leukemia development for about three
times [26].

It was surprising that in every group of doctors
there was at least one who was not familiar with the
fact that MRI is not based on ionizing radiation, which
is, by all means, a better result than in Abdellah et al.
[17] study in which 65 % out of 80 surveyed doctors
did not know that MRI does not emit X-rays. There
was also a study by Faggioni et al. [27] revealing a
high percentage of medical students, who did not cor-
rectly, identified MRI, and even ultrasound as radia-
tion-free procedures.

When evaluating the effective doses of radiation
used for head, abdomen and pelvic CT examination, as
well as for barium meal examinations, and which are



J. Lovrenski, et al.: Tonizing Radiation in Pediatric Radiology Do Medical ...
196 Nuclear Technology & Radiation Protection: Year 2019, Vol. 34, No. 2, pp. 189-200

expressed in the equivalent number of CXR, the high-
est percentage of clinicians and radiologists underesti-
mated ionizing radiation doses. The only exception
was the question about the dose for head CT in chil-
dren which was correctly answered by most radiolo-
gists. Among the doctors who mostly underestimated
radiation doses in CT examinations of head, and abdo-
men and pelvis in children, pediatricians were in great-
est number (75-90 %). Only 10-20 % of radiologists
could evaluate radiation doses in CT examinations of
abdomen and pelvis and in barium meal examinations
accurately, which is in compliance with Lee et al. [18]
study in which radiation doses have been underesti-
mated by as much as 71 % of surveyed radiologists and
66 % of the rest of surveyed doctors specialists [18].
Our study is also in concordance with Salerno et al.
[13] study which has shown that high percentage of
pediatricians, as much as 78 % underestimated radia-
tion doses in abdominal CT examinations. In our re-
search, reference doses for CT examinations were de-
termined on the base of an annual investigation
whereby it should be emphasized that we use ex-
tremely developed and advanced pediatric CT proto-
cols. The effective dose evaluation for barium meal
fluoroscopic examination was based on literature in-
formation [28].

The major drawback of our research represents a
relatively small number of respondents. We consider
that similar research should be carried out on the
whole territory of our country, which would enable
more comprehensive insight into current knowledge
of both medical staff and parents about ionizing radia-
tion, but it would also create guidelines for further
steps in education on this topic and in modernization
of diagnostic algorithms, primarily in terms of more
rigorous criteria for indication of CT procedures, but
also for other diagnostic procedures in pediatric radi-

ology.

CONCLUSIONS

Medical staff has not shown a satisfactory level
of knowledge about ionizing radiation in pediatric ra-
diology, which was especially illustrated by underesti-
mation of effective doses for CT and fluoroscopy ex-
aminations by almost all clinicians, as well as by an
extremely low percentage of clinicians, especially pe-
diatricians, who have not even heard about ALARA
principle and Image gently campaign. An extensive,
organized education is required for medical staff,
since the awareness of potential adverse effects of ion-
izing radiation in pediatric population might have an
important influence on everyday clinical practice and
indications for radiological diagnostic procedures.
Our study also showed that there is still room for im-
provement of communication skills, in order to share
information about the potential risks of X-ray based

radiological procedures with parents/caregivers. Ra-
diologists and referring physicians should be much
more familiar with all potential adverse effects of ion-
izing radiation, the approximate effective doses of
procedures they indicate, as well as with referral pedi-
atric diagnostic guidelines. This might reduce a gen-
eral medical radiation exposure of children, one of the
most vulnerable populations to radiation effects.
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APPENDIX A Questionnaire 1

Circle just one answer to every offered question.

1)  Ibelong to the following group of respondents:
a) pediatric surgeon
b) pediatrician (Community health centre)
¢) pediatrician (Children's hospital)
d) anesthesiologist
e) radiologist
f) radiology resident
g) radiographer
h) pediatric resident
i) pediatric surgery resident
j) nurse
k) student who has not attended radiology course
1) student who passed radiology course
2) Sex:
a) male
b) female
3)  Years of service:
a)up to S
b) 6 to 10
c) 11 to 20
d) over 20
4)  Degree of education:
a) secondary school
b) college
¢) university
d) master's degree/ doctorate
5)  How would you assess your knowledge on ionizing
radiation used for most frequent radiological diagnos-
tic procedures:
a) excellent
b) moderate
¢) weak
d) it is completely irrelevant for everyday clinical work
6)  Have you ever read scientific article about potentially
harmful radiation effects in medicine:
a) yes
b) no
7)  Have you heard of ALARA principle:
a) yes
b) no
8)  Have you been acquainted with /mage gently cam-
paign:
a) yes
b) no
9)  Thelargest source of man-made radiation in everyday
life is the one which originates from:
a) cosmic radiation
b) inhalation of radioactive substances
¢) medical diagnostic procedures
d) nuclear power plant
10) Does by moving away from the source of ionizing ra-
diation the effective dose received by medical staff or
parents change if they are not behind the lead wall:
a) yes
b) no
11)  Is body mass important parameter which influences
on effective dose of ionizing radiation a child will
recieve:
a) yes
b) no
¢) I don't know
12) Is the age important parameter that affects effective
dose of ionizing radiation the child receives:
a) yes
b) no
¢) I don't know
13) Do you think that radiological methods based on
X-rays (e.g. CT or radiographs) are excessively used
in children:
a) yes
b) no
¢) sometimes
d) I don't know
14)  Are children more sensitive to ionizing radiation than
adults:
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a) yes a) 5 years
b) no b) 15 years
¢) I don't know ¢) 40 years

15)  Are there doses of ionizing radiation that carry no risk d) 30 years

for children:
a) yes
b) no
¢) I don't know
16) If the same CT protocol is used for children as for
adults, the effective dose is:
a) the same for a child and for an adult
b) slightly higher for a child
¢) 2 to 3 times higher for a child
d) up to 10 times higher for a child
17)  CT examination increases the risk of developing can-
cer:
a) yes
b) no
¢) I don't know
18)  Who is responsible for justification of performed CT
examination in children:
a) competent clinician (pediatrician/pediatric
surgeon/neurologist/physiatrist)
b) radiologist
¢) responsibility is mutual
19) Do you think that parents should be informed about
potentially harmful effects of ionizing radiation in
children before examination:
a) yes
b) no
¢) maybe
d) I don't know
20) Do you inform the parents about potentially harmful
effects of ionizing radiation:
a) always
b) often
¢) rarely
d) never
21) Do you consider that parent has the right in deciding
about performing potentially harmful ﬁiagnostic pro-
cedure:
a) yes
b) no
22) Do you consider that detailed informing of parents
could cause problems in everyday work:
a) yes
b) no
¢) maybe
d) I don't know
23) Do you consider that detailed informing of parents
could endanger benefit of the patient:
a) yes
b) no
¢) maybe
d) I don't know
24)  Who do you think should announce the diagnosis to
parent concerning his child:
a) radiologist
b) doctor who treats the child
¢) it doesn't matter
25) Do you think that the effective dose of ionizing radia-
tion that the child received during hospitalization
should be put on the discharge list:
a) yes
b) no
¢) I don't know
26) Forreceiving identical dose of ionizing radiation, one
year old child has greater risk of developing carci-
noma than adult:
a) twice
b) 10 to 15 times
¢) 50 times
d) 3 times
27)  The latency period for radiation-induced leukemia is
approximately:

28) The latency period for radiation-induced solid malig-
nant tumors is at least:
a) 30 years
b) 20 years
¢) 50 years
d) 10 years
29) 2-3 head CT scans in children up to 15 years of age:
a) increase the risk of developing a brain tumor 10 times
b) don't increase the risk of developing a brain tumor
¢) increase the risk of developing a brain tumor 3 times
30) Onephase ofhead CT scan in children is equivalent to
up to:
a) 30 chest X-rays
b) 80 chest X-rays
c) 140 chest X-rays
d) 280 chest X-rays
31) One phase of abdomen and s pelvis CT scans in chil-
dren is equivalent to up to:
a) 100 chest X-rays
b) 200 chest X-rays
¢) 400 chest X-rays
d) 600 chest X-rays
32) Head MRI scan in children is equivalent to up to:
a) 5 chest X-rays
b) 1 chest X-ray
¢) 0 chest X-rays
d) 10 chest X-rays
33)  Voiding cystourethrography is equivalent with up to:
a) 5 chest X-rays
b) 15 chest X-rays
¢) 60 chest X-rays
d) 150 chest X-rays
34) Gastroduodenal radiography is equivalent to about:
a) 30 chest X-rays
b) 80 chest X-rays
¢) 130 chest X-rays
d) 350 chest X-rays

APPENDIX B Questionnaire 2

1) Sex:
a) male
b) female
2)  Degree of education:
a) secondary school
b) college
¢) university
d) master's degree/doctorate
3)  Haveyoueverheard or read about potentially harmful
radiation effects in medicine:
a) yes
b) no
¢) I'm not sure
4)  Have you ever heard of ALARA principle:
a) yes
b) no
5)  Have you been acquainted with "Image gently" cam-
paign:
a) yes
b) no
6)  Does by moving away from the source of ionizing ra-
diation, the effective dose received by medical staff or
parents change if they are not behind the lead wall:
a) yes
b) no
7)  Which of the following procedures your child was ex-
posed to:
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a) radiography
b) fluoroscopy
¢) CT (computed tomography)
d) MRI (magnetic resonance imaging)
e) US (ultrasound)
8)  CT scan increases the risk of developing carcinoma:
a) yes
b) no
¢) I don't know
9)  Are children more sensitive to ionizing radiation than
adults:
a) yes
b) no
¢) I don't know
10)  Arethere doses of ionizing radiation that carry no risk
for children:
a) yes
b) no
¢) I don't know
11) Have you asked for explanation from your doctor
about why a certain radiological diagnostic procedure
has to be performed on your child:
a) always
b) often
¢) rarely
d) never
12) Do you think that you have the right in making deci-
sion on performing radiological diagnostics based on
X-ray radiation on your child:
a) yes
b) no
¢) I don't know
13) Have you ever asked your doctor if there was some
other diagnostic method which was not based on radi-
ation, but which could give similar diagnostic result
on your child:
a) yes
b) no
¢) I don't know
14) Had the doctor always examined the child before
sending him/her to do a radiography:
a) yes
b) no
¢) I don't know
d) the child has never been sent to do a radiography
15) Had the doctor always examined the child before he
sending him/her to CT scan:
a) yes
b) no
¢) I don't know
d) the child has never been sent to CT scan
16) Had the doctor always examined the child before
sending him/her to ultrasound examination:
a) yes
b) no
¢) I don't know
d) the child has never been sent to ultrasound examination
17) Have any of the doctors warned you about the poten-
tial harmful effects of diagnostic procedures based on
radiation your child has been exposed to:
a) always
b) often
¢) rarely
d) never
18) Would you like to be warned:
a) yes
b) no
¢) I don't know
19) Ifsomeone should talk to you about potential harmful
effects of radiation on your child, that would be:
a) clinician
b) radiologist
¢) nurse
d) any of them
20) The probability that you would refuse the examina-
tion on your child based on X-ray radiation if some-
one pointed to the potential risks is:

a) high
b) low
¢) it depends on urgency
d) the doctors know what they are doing and I do not
question their opinion
21)  Which of the offered methods are not based on poten-
tially harmful X-ray radiation:
a) X-ray scans
b) CT scans
¢) ultrasound
d) MRI scans
e) correct answers are ¢ and d
22) If your child needed an examination which carried a
high dose of radiation, would you give your consent to
1t:
a) yes, if that examination is really necessary and there is
no alternative, less harmful examination
b) if there is examination that would give similar diagnostic
results and is not harmful, but it is not available in the
hospital, I would be even ready to pay for that examination
somewhere else, only to avoid to expose my child to
radiation
¢) I wouldn't give my consent
d) I don't know
23) Are, in yur opinion, radiological methods based on
X-ray radiation (e. g. radiography or CT) excessively
and unreasonably often used in children:
a) yes
b) no
¢) sometimes
d) I don't know
24) If you refused performing some potentially harmful
diagnostics and if your child suffered harm due to de-
layed diagnostics or because of the lack of proper di-
agnostics, who would you blame for that:
a) myself
b) doctors
¢) nobody
d) I don't know
25)  Would you like to learn more about harmful effects of
radiation in medicine:
a) yes
b) no
26) Who do you think should tell the parent diagnosis of
his child:
a) radiologist
b) the doctor who is treating the child
¢) anyone, as far as one tells me the whole thruth
27) Do you think that the dose of radiation a child re-
ceived during hospitalization should be put on the dis-
charge list:
a) yes
b) no
¢) I don't know
28) One phase of head CT scan in children is equivalent
with up to:
a) 30 chest X-rays
b) 80 chest X-rays
¢) 140 chest X-rays
d) 280 chest X-rays
29) One phase of abdomen and pelvis CT scans in chil-
dren is equivalent with up to:
a) 100 chest X-rays
b) 200 chest X-rays
¢) 400 chest X-rays
d) 600 chest X-rays
30) Head MRI scan in children is equivalent with up to:
a) 5 chest X-rays
b) 1 chest X-ray
¢) 0 chest X-rays
d) 10 chest X-rays



J. Lovrenski, et al.: Tonizing Radiation in Pediatric Radiology Do Medical ...
200 Nuclear Technology & Radiation Protection: Year 2019, Vol. 34, No. 2, pp. 189-200

Jopan TOBPEHCKMN, Cama 3AXOPJAHCKU, Muna CTPAXNHWh,
HNBan BAPT' A, Anekcangpa JTOBPEHCKMU, bpanucniaBa BPECTOBAYKUW CBUT/IULIA

JOHM3YJYRE 3PAYELE Y IEAUJATPUICKOJ PAIUOJOTININ
Jla 11 MeIUIMHCKO 0c00/be H POAUTE/bH 3HAjy TOBOJBHO — pernoHanHa cryauja y Cpoujn

Ium ucrpaxkuBama OHO je a ce YTBPAU HUBO 3HAWa M CBECTU 3[[PAaBCTBEHMUX pPajHUKA,
CTyJieHaTa MENIMHE U POJIUTEIha O TOTEHIIM]jAJIHO IIITETHOM JIejCTBY joHn3yjyher 3Hauema. CripoBefieHa je
CTYyAiMja Ipeceka y ABe 3[paBCTBEHe yCTaHOBE U MeaNIMHCKOM (haKynTeTy, MOMOhy /1Ba YIMUTHHUKA KOjH CY
KOHCTpPYHCAHH 3a MOTpede OBOT MCTpaXxuBarma (YOUTHHK 1 Cy HOMyHaBaly 3[APAaBCBTBEHU PAJHULA U
CTY[ICHTH MEIMIMHE, a YIIUTHUK 2 POAUTEIbH Jlele Koja Cy Oua U3J103KeHa PAAUOIOIIKUM IUjarHOCTUIKUAM
nponeaypama). ObyxBatuna je 254 ucnuraHuka. BehuHa mcnuraHuka NpolleHMIIa je CBOje 3HAaWE O
joHm3yjyheM 3pauemy Kao ocpeirme. Mame Off NOJOBHHE KJIMHMYapa, CHelUjalucTa M jekapa Ha
CrelMjanu3alyjy je ymo3HaTo ca KammawmoM "Image gently". Bume og 60 % nekapa cmaTpa fma ce
paJMoJIoNIKe MPOoIelype YecTO HeomnpaBfaHo Kopucte koj feue. Mako 60-80 % knmHWYapa TBpAH fa
uH(popMuIy popuTesbe, oko 70 % popuTeba je MOTBPJUIO N1a HAKaja HUCY OMIM MHPOPMUCAHH O
eq)eKTI/IMa ]0HH3y]yher 3pavera Mpe pajjuosomKor MjarHOCTHIKOT TNOCTYNKa. H3meby 50 % u 85 %
nefMjaTapa u ie4jux Xupypra 3HauajHo je IOTHEHUIIO queKTHBHy 03y KOJ KOMn]yTepCKe ToMorpaduje u
penarenockonckux nperiuepa. On 58 % o 100 % knuHUYApa je CBECHO Jia KOMITjyTepcka ToMorpaduja
nosehaBa puU3MK Ofi pa3Boja KapUMHOMa. 3Hame MCIUTAHUKA O JOHU3yjyheM 3pauewmy U HEroBUM
TMOTEHIMjaTHIM IITETHUM e(eKTuMa y TEeANjaTPUjCKO] MOMyJaluju je HEIOBOJHHO, T€ je MOTpeOHa
OpraHmM3oBaHa eflyKauyja.

Kwyune peuu: jonusdyjyhe 3apauerve, ileoujaitipuja, yiuuiHuKk, meOUUUHCKo ocobswe, poouitiesmu, Cpbuja




