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ABSTRACT
Objectives: To assess the following themes among
referring physicians: (A) importance of acquiring
information about previous diagnostic exposures;
(B) knowledge about radiation doses involved,
familiarity with radiation units and, age-related
radiosensitivity; (C) opinion on whether patients
should be provided information about radiation dose
and (D) self-assessment of appropriateness of
referrals.
Design: A prospective survey using a web-based
questionnaire.
Setting: International survey among referring
physicians.
Participants: Referring physicians from 28 countries.
Main outcome measures: Knowledge, opinion and
practice of the four themes of the survey.
Results: All 728 responses from 28 countries (52.3%
from developed and 47.7% from developing countries)
indicated that while the vast majority (71.7%) of
physicians feel that being aware of history of CT scans
would always or mostly lead them to a better decision
on referring patients for CT scans, only 43.4% often
enquire about it. The majority of referring physicians
(60.5%) stated that having a system that provides
quick information about patient exposure history would
be useful. The knowledge about radiation doses
involved is poor, as only one-third (34.7%) of
respondents chose the correct option of the number of
chest x-rays with equivalence of a CT scan. In total,
70.9% of physicians stated that they do not feel
uncomfortable when patients ask about radiation risk
from CT scans they prescribe. Most physicians
(85.6%) assessed that they have rarely prescribed CT
scans of no clinical use in patient management.
Conclusions: This first ever multinational survey
among referring physicians from 28 countries indicates
support for a system that provides radiation exposure
history of the patient, demonstrates poor knowledge
about radiation doses, supports radiation risk
communication with patients and mandatory provisions
for justification of a CT examination.

INTRODUCTION
Good medical practice has historically been
founded upon principles. The radiation
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Article focus
▪ How much value referring physicians attach to

obtaining information about previous radiological
examinations.

▪ Knowledge of referring physicians about the radi-
ation doses, exposure units and age-related
radiosensitivity.

▪ Opinion of referring physicians whether patients
should be provided information about radiation dose.

Key messages
▪ Although the vast majority of physicians feel that

knowing the previous history of CT scans would
lead them to a better decision on referring
patients for CT scan, only a few often ask about
it.

▪ Knowledge about radiation doses involved in
radiological examinations among referring physi-
cians is poor.

▪ It indicates support for a system that provides
radiation exposure history of the patient, sup-
ports radiation risk communication with patients
and mandatory provisions for justification of a
CT examination.

Strengths and limitations of this study
▪ This was the first ever prospective multinational

survey among referring physicians from 28
countries, including five of the top six most
populous countries, on a number of issues of
vital interest while referring a patient for CT
study. This study bears the bias typical with non-
anonymised surveys. It was preferred to ask for
contact email for seeking clarification which was
done wherever necessary. Authors were aware
about psychological aspects in respondents’
choice for some questions.
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protection principles, as laid down by the International
Commission on Radiological Protection (ICRP), are justi-
fication and optimisation.1 Justification requires that the
benefit for the patient must always outweigh the adjunct
radiation risk. While clinical professionals are competent
in estimating clinical benefit to an individual patient
from a radiological procedure, consideration of radiation
risk does not seem to have received the attention it
deserves. In the past, particularly prior to the introduc-
tion of CT, radiological examinations were mostly domi-
nated by plain X-rays (radiographs) where radiation
doses and, hence, risks were trivial. The modern
CT-based (including hybrid imaging such as positron
emission tomography/CT, single photon emission
CT/CT) and some of the nuclear imaging techniques
employ radiation, that is equivalent to several hundreds
of plain X-ray examinations and the frequency of recur-
rent use of these high-dose examinations is also high.2 3

Optimisation in radiological examinations falls within
the domain of radiological professionals. Much work has
been done globally and no week passes without some
papers on patient dose optimisation being published in
peer-reviewed journals, indicating significant momen-
tum. Referring physicians play an important role in justi-
fication and appropriateness. Justification requires that
the net benefit be positive. On the basis of papers that
have been published so far, 20–40% of CT scans could
be avoided if clinical decision guidelines were followed,
although some studies provide still higher figures.3–5

About 3.6 billion diagnostic radiological examinations
are being performed globally each year and the number is
expected to increase in future.6 There is no evidence to
indicate that inappropriate examinations are confined
to only a few countries. Even if one takes an average
figure for inappropriate examinations of 30%, it amounts
to 1.08 billion examinations per year. Such a large
magnitude demands international attention and action.
Appropriateness criteria and referral guidelines have been
around for several decades.7–10 Most of these have been
developed by radiology professionals with minimum, if
any, involvement of referring physicians. Studies in the UK
revealed very low awareness of the referral guidelines
issued by the Royal College of Radiologists.11 Studies from
other parts of the world also concur with the finding that
physician awareness and utilisation of appropriateness
guidelines are poor.12–15 The International Atomic Energy
Agency (IAEA) launched a project several years ago called
SmartCard/SmartRadTrack with the intention of tracking
radiation exposure history of patients16 and felt that
making available previous radiological examinations and
associated radiation dose may provide additional tools to
physicians in strengthening the process of justification.2

However, there are no data available on the importance
referring physicians attach to radiation exposure history
of patients.
The purpose of this first ever prospective multi-

national survey among referring physicians was to get
their opinion on the value they attach to obtaining

information about previous radiological examinations;
their knowledge about the radiation doses, exposure
units and age-related radiosensitivity involved; their
opinion whether patients should be provided informa-
tion about radiation dose; and self-assessment of appro-
priateness of their referrals.

METHODS
Survey participants
Since the survey was aimed at assessing the opinion of indi-
vidual referring physicians rather than the official position
of professional bodies, the questionnaire was sent to coun-
terparts of about 40 countries participating in medical
radiation protection projects of the IAEA. The counterpart
is a person nominated by the Government for the medical
radiation protection project. For each project with the
IAEA, the counterpart is nominated by the Government.
Counterparts were asked to forward the request to refer-
ring physicians in their country. There was no restriction
regarding whom the questionnaire would be forwarded to.
The only request was that it should be sent to physicians
who refer patients for radiological examinations and not
the radiologist or imaging physician. Wherever contact
points for the IAEA projects were not available, such as in
developed countries, the request was sent to personal con-
tacts, for example medical physicists or radiology collea-
gues, asking them to pass on the questionnaire to
referring physicians. Australia, Finland, India, Ireland,
Spain, the UK and the USA were countries contacted
through personal contacts and the rest through counter-
parts. The authors encouraged everyone to share the ques-
tionnaire with referring physician colleagues. This was
desired in order to widen the participant base. Owing to
differences in social and professional networks of counter-
parts and personal contacts, a variable number of
responses originated from different countries.

Survey contents
A questionnaire containing 22 questions was prepared.
These 22 questions were put together by the authors fol-
lowing wide interaction with referring physicians of
various specialties from different countries. The
Radiation Protection of Patients Unit (RPOP) of the
IAEA has been in touch with referring physicians in an
effort to increase appropriateness of referrals for radio-
logical procedures.17 The survey was not piloted.
However, in order to get an idea of the way it would be
received by participants, after the questionnaire was
populated with questions, the advice of a referring phys-
ician was sought. Twenty of these questions were
multiple-choice questions and two were open questions
for participants to provide free text answers. Table 1 lists
all 22 questions grouped in four themes, namely:
(A) Importance of acquiring information about previous
diagnostic exposures of patients; (B) Knowledge of phys-
ician about radiation exposure from diagnostic examina-
tions, familiarity with radiation units, and age-related
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Table 1 Breakdown of answers given by respondents to the questions of all subject areas

Subject area tested Question Possible answers All

physicians

Consultants Residents Developed

countries

Developing

countries

A. Importance of

acquiring information

about previous

diagnostic exposures

of patients

A.1. How often do you ask patients about

previous examinations involving radiation?

Never (N) 62 (8.5) 35 (9.5) 25 (7.4) 24 (6.3) 38 (11.0)

Occasionally (N) 350 (48.1) 173 (46.8) 173 (51.2) 185 (48.6) 165 (47.7)

Very often (P) 204 (28.1) 110 (29.7) 85 (25.1) 115 (30.2) 89 (25.7)

Always (P) 111 (15.3) 52 (14.1) 55 (16.3) 57 (15.0) 54 (15.6)

No answer 1 0 1 0 1

A.2. What is the purpose of asking about

previous examinations using radiation?

Clinical Need (N) 235 (32.4) 123 (33.2) 100 (29.7) 109 (28.6) 126 (36.5)

Radiation risk (P) 60 (8.3) 28 (7.6) 24 (7.1) 25 (6.6) 35 (10.1)

Both (NEU) 431 (59.4) 219 (59.2) 213 (63.2) 247 (64.8) 184 (53.3)

No answer 2 0 2 0 2

A.3. If a patient has undergone 10 or more

CT scans in last 2 years, will it affect your

decision in prescribing next CT scan if the

clinical indications are not so demanding?

Yes (P) 611 (84.3) 310 (84.0) 290 (85.8) 349 (91.6) 262 (76.2)

No (N) 55 (7.6) 23 (6.2) 25 (7.4) 12 (3.1) 43 (12.5)

I do not know (NEU) 59 (8.1) 36 (9.8) 23 (6.8) 20 (5.2) 39 (11.3)

No answer 3 1 1 0 3

A.4. If you know that a patient has

undergone only one CT scan in the last

2 years, will it make it easier for you to

prescribe next CT scan?

Yes (N) 432 (59.3) 218 (58.9) 197 (58.1) 211 (55.4) 221 (63.7)

No (P) 95 (13.0) 51 (13.8) 42 (12.4) 61 (16.0) 34 (9.8)

Not really (P) 164 (22.5) 76 (20.5) 88 (26.0) 101 (26.5) 63 (18.2)

I do not know (NEU) 37 (5.1) 25 (6.8) 12 (3.5) 8 (2.1) 29 (8.4)

No answer 0 0 0 0 0

A.5. How frequently do you come across

situations where clinical indications are

enough to prescribe CT scan irrespective of

history of CT scans?

Very frequently (N) 292 (40.1) 153 (41.4) 136 (40.1) 149 (39.1) 143 (41.2)

Occasionally (NEU) 298 (40.9) 139 (37.6) 154 (45.4) 158 (41.5) 140 (40.3)

Rarely (P) 138 (19.0) 78 (21.1) 49 (14.5) 74 (19.4) 64 (18.4)

No answer 0 0 0 0 0

A.6. How often in your clinical practice do

you think knowing history of previous CT

scans will help in making a better decision?

Always (P) 160 (22.0) 87 (23.5) 67 (19.8) 63 (16.5) 97 (28.0)

Mostly (P) 362 (49.7) 175 (47.3) 177 (52.2) 198 (52.0) 164 (47.3)

Occasionally (N) 159 (21.8) 83 (22.4) 74 (21.8) 88 (23.1) 71 (20.5)

Rarely (N) 47 (6.5) 25 (6.8) 21 (6.2) 32 (8.4) 15 (4.3)

No answer 0

A.7. If a patient has undergone radiological

examinations such that estimated dose is

about 100 mSv, will this make it difficult for

you to prescribe another CT scan?

Yes (P) 484 (67.2) 263 (71.5) 215 (64.0) 238 (62.5) 246 (72.6)

No (N) 236 (32.8) 105 (28.5) 121 (36.0) 143 (37.5) 93 (27.4)

No answer 8 2 3 0 8

A.8. Do you think having a system by which

you have quick information about patients’

exposure history will be helpful?

Yes (P) 440 (60.5) 237 (64.1) 188 (55.6) 196 (51.4) 244 (70.5)

Maybe (NEU) 231 (31.8) 106 (28.6) 122 (36.1) 148 (38.8) 83 (24.0)

Not really (N) 56 (7.7) 27 (7.3) 28 (8.3) 37 (9.7) 19 (5.5)

No answer 1 0 1 0 1

A.9. Do you think that a CT scan should be

prescribed totally based on clinical indication,

irrespective of the age of the patient?

Yes (N) 249 (34.3) 124 (33.6) 116 (34.3) 106 (27.8) 143 (41.4)

No, I consider age to be an

important factor when making

a decision (P)

477 (65.7) 245 (66.4) 222 (65.7) 275 (72.2) 202 (58.6)

No answer 2 1 1 0 2

Continued
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Table 1 Continued

Subject area tested Question Possible answers All

physicians

Consultants Residents Developed

countries

Developing

countries

B. Knowledge about

radiation exposure

from diagnostic

examinations and

familiarity with

radiation exposure

units and age-related

radiosensitivity

B.1. Give a rough estimate of the equivalent

number of chest X-rays (PA) for abdomen CT

10 X-rays (N) 105 (14.5) 57 (15.6) 41 (12.1) 24 (6.3) 81 (23.7)

100 X-rays (N) 319 (44.1) 167 (45.6) 147 (43.4) 165 (43.3) 154 (45.0)

500 X-rays (P) 251 (34.7) 119 (32.5) 128 (37.8) 169 (44.4) 82 (24.0)

1000 X-rays (N) 48 (6.6) 23 (6.3) 23 (6.8) 23 (6.0) 25 (7.3)

No answer 5 4 0 5

B.2. Give a rough estimate of the equivalent

number of chest X-rays (PA) for (abdomen

+pelvic) X-ray

5 X-rays (N) 89 (12.3) 59 (16.1) 27(8.0) 20(5.2) 69 (20.2)

10 X-rays (N) 102 (14.1) 62 (16.9) 36(10.7) 25(6.6) 77 (22.6)

50 X-rays (P) 98 (13.6) 56 (15.3) 35 (10.4) 37 (9.7) 61(17.9)

100 X-rays (P) 91 (12.6) 52 (14.2) 35 (10.4) 48 (12.6) 43 (12.6)

500 X-rays (N) 203 (28.1) 82 (22.4) 121 (35.8) 155 (40.7) 48 (14.1)

1000 X-rays (N) 139 (19.3) 55 (15.0) 84 (24.9) 96(25.2) 43 (12.6)

No answer 6 4 1 0 6

B.3. Which imaging modality imparts the

highest radiation dose to the patient?

MRI (N) 16 (2.2) 7 (1.9) 9 (2.7) 7 (1.8) 9 (2.6)

CT abdomen(P) 675 (92.8) 352 (95.1) 316 (93.5) 372 (97.6) 303 (87.6)

Ultrasound (N) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Skull X-ray (N) 36 (5.0) 11 (3.0) 13 (3.8) 2 (0.5) 34 (9.8)

No answer 1 0 1 0 1

B.4. What is your assessment of radiation

dose in mSv for one chest CT scan?

Dose<5 mSv (N) 82 (15.3) 62 (22.5) 20 (7.7) 22 (6.6) 60 (29.7)

5≤dose≤20 mSv(P) 304 (56.6) 149 (54.0) 156 (60.0) 224 (66.9) 80 (39.6)

20<dose≤30 mSv (N) 9 (1.7) 5 (1.8) 4 (1.5) 5 (1.5) 4 (2.0)

Dose>30 mSv (N) 142 (26.4) 60 (21.7) 80 (30.8) 84 (25.1) 58 (28.7)

No answer 191 94 79 46 145

B.5. Do you find the units used to express

radiation exposure confusing?

Yes (N) 260 (35.9) 135 (36.7) 112 (33.1) 119 (31.2) 141 (41.0)

No(P) 188 (25.9) 100 (27.2) 80 (23.7) 99 (26.0) 89 (25.9)

Somewhat (NEU) 277 (38.2) 133 (36.1) 146 (43.2) 163 (42.8) 114 (33.1)

No answer 3 2 1 0 3

B.6. How do you solve the confusion of

radiation units in your practice?

I seek education (P) 9 (2.1) 6 (2.3) 3 (1.9) 1 (0.5) 8 (3.4)

I seek consultation (P) 98 (22.8) 58 (22.3) 38 (24.4) 41 (20.7) 57 (24.6)

I find no solution/I do not

know (N)

132 (30.7) 71 (27.3) 58 (37.2) 81 (40.9) 51 (22.0)

I do some research (P) 65 (15.1) 35 (13.5) 31 (19.9) 23 (11.6) 51 (22.0)

Other (P) 126 (29.3) 90 (34.6) 26 (16.7) 52 (26.3) 65 (28.0)

No answer 298 110 183 183 115

B.7. Which age group is the most sensitive to

radiation?

Child(P) 671 (92.4) 341 (92.4) 311 (92.0) 351 (92.1) 320 (92.8)

Adolescent (N) 37 (5.1) 16 (4.3) 21 (6.2) 21 (5.5) 16 (4.6)

Adult (N) 2 (0.3) 1 (0.3) 1 (0.3) 0 (0.0) 2 (0.6)

Old (N) 16 (2.2) 11 (3) 5 (1.5) 9 (2.4) 7(2.0)

No answer 2 1 1 0 2

B.8. Which age group is the least sensitive to

radiation?

Child (N) 10 (1.4) 6 (1.6) 3 (0.9) 4 (1.1) 6 (1.7)

Adolescent (N) 12 (1.7) 6 (1.6) 6 (1.8) 5 (1.3) 7 (2.0)

Adult (N) 294 (40.6) 121 (32.9) 170 (50.3) 155 (40.8) 139 (40.3)

Continued
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Table 1 Continued

Subject area tested Question Possible answers All

physicians

Consultants Residents Developed

countries

Developing

countries

Old (P) 409 (56.4) 235 (63.9) 159 (47.0) 216 (56.8) 193 (55.9)

No answer 3 2 1 1 2

C. Opinions on

whether patients

should be provided

with information

about dose from their

medical exposure to

radiation

C.1. How often do you come across patients

who discuss the radiation dose issue with

you before getting the investigation done?

Very often (NEU) 31(4.3) 11 (3.0) 9 (2.7) 9(2.4) 24 (6.9)

Occasionally (NEU) 175 (24.1) 97 (26.3) 74 (21.8) 79 (20.7) 96 (27.7)

Very rarely (NEU) 343 (47.2) 175 (47.4) 165 (48.7) 193 (50.7) 149 (43.1)

Never (NEU) 178 (24.5) 86 (23.3) 91 (26.8) 100 (26.2) 77 (22.3)

No answer 1 1 0 0 1

C.2. Do you feel uncomfortable when a

patient asks you about radiation risk from the

CT scan that you are prescribing?

Yes (N) 58 (8.0) 31 (8.4) 22 (6.5) 13 (3.4) 45 (13.0)

No(P) 515 (70.9) 271 (73.4) 242 (71.6) 306 (80.3) 209 (60.6)

Mildly (NEU) 153 (21.1) 67 (18.2) 74 (21.9) 62 (16.3) 91 (26.4)

No answer 2 1 1 0 2

C.3. Should patients be provided information

about radiation dose in the report of a CT

examination?

Yes (P) 515 (71.0) 261 (70.9) 245 (72.5) 277 (72.7) 238 (69.2)

No (N) 144 (19.9) 81 (22.0) 53 (15.7) 68 (17.8) 76 (22.1)

I do not bother (NEU) 66(9.1) 26 (7.1) 40 (11.8) 36 (9.4) 30 (8.7)

No answer 3 2 1 0 3

C.4. If it was made mandatory that

physicians should give written justification

whenever a CT examination is prescribed,

will you be comfortable with that?

No problem with me (P) 348 (47.9) 170 (46.1) 176 (52.1) 211 (55.4) 137 (39.7)

I do not think it should be

required (N)

179 (24.7) 85 (23.0) 94(27.8) 105 (27.6) 74 (21.4)

It will be very helpful in

achieving better radiation

protection (P)

199 (27.4) 114 (30.9) 68 (20.1) 65 (17.1) 134 (38.8)

No answer 2 1 1 0 2

D. Self-assessment

of appropriateness of

referral

D.1. How often have you ordered a CT scan

that you subsequently realised was of no

clinical use in patient management?

Very often (P) 11 (1.5) 4 (1.1) 4 (1.2) 2 (0.5) 9 (2.6)

Often (P) 93 (12.8) 32 (8.7) 55 (16.3) 45 (11.8) 48 (14.0)

Rarely (N) 620 (85.6) 332 (90.2) 279 (82.5) 334 (87.7) 286 (83.4)

No answer 4 2 1 0 4

Answers given by all physicians are shown. Percentages as fractions of total responses to each answer are provided in parentheses. The number of physicians who did not provide an
answer to each question is also shown. The notations (P), (N), (NEU) beside the possible answers represent the coding of responses for the evaluation of the themes represented by each
group of questions.
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radiosensitivity; (C) Opinion on whether patients should
be provided information about radiation dose and
(D) Self-assessment of appropriateness of referrals. The
questions in the questionnaire were randomised and the
themes were not provided to participants to avoid bias.
Demographic information pertaining to specialty, subspe-
cialty and level of experience (resident and consultant)
besides country and contact particulars was also collected.

Survey administration
The survey was coordinated by the IAEA. It was primarily
planned for online data entry through Google spread-
sheets. Microsoft Word (Microsoft, Corporation,
Redmond, Washington, USA)-based copies were also
made available to those who found it more convenient.
The distribution of questionnaire files and links to the
online Google form started at the end of August 2011
and pooling of answers was started in mid-November
2011. The participants completed this questionnaire
online and no restriction was imposed in terms of con-
sultation with other colleagues or looking up literature.

Survey analysis
Responses from radiologists, radiation oncologists and
nuclear medicine physicians were excluded from the
analysis. Numbers of respondents who selected a specific
answer in a question and the corresponding percentages
of each answer were estimated as a fraction of the total
number of physicians who answered the specific ques-
tion. For the open question B.4, ‘What is your assess-
ment of radiation dose in mSv for one chest CT scan?’,
the answers received were classified in the following
range: <5, 5 to ≤20, 21 to ≤30 and >30.
A meeting was held at the IAEA headquarters in

Vienna on 26–28 September 2011 in which 19 partici-
pants from 16 countries and among them a representa-
tive of the WHO were present. In total, 58% were
referring physicians. This meeting provided an oppor-
tunity to obtain valuable feedback on the interpretation
and presentation of the study results.17

Two-tailed Fisher’s exact test was used in order to
assess whether there were statistically significant differ-
ences in answers between physicians working in devel-
oped versus developing countries and residents versus
consultants. Classification of countries in developed and
developing follows the International Monetary Fund
(IMF) classification as presented in the IMF report:
‘World Economic Outlook: Slowing growth, rising risks’
of September 2011.18 During the analysis, possible
answers for each question were characterised as positive
(P), negative (N), or neutral (NEU) and pooled for
each one of the themes (A, B and C; table 1). If the
positive answers per theme per participant were more
than the negative ones, the participant’s position was
counted as positive for the respective theme.
The opposite occurred where most of the responses
were negative. A participant providing equal numbers of
positive and negative answers in a theme was counted as

neutral for the respective theme. If a participant had
provided no answer in some question(s) those were not
coded and thus not counted. Statistical calculations were
carried out using QuickCalcs, GraphPad Software online
calculator (GraphPad Software, Inc, La Jolla, California,
USA).19 Probability values lower than 0.05 were consid-
ered to represent statistically significant differences.

Role of the funding source
There was no funding source for this work. The corre-
sponding author had full access to all the data in the
study, and had final responsibility for the decision to
submit for publication.

RESULTS
Demographic data
A total of 767 responses were received. Thirty-nine were
excluded as they were from radiologists, nuclear medi-
cine physicians, or radiation oncologists. Thus, 728 per-
taining to only referring physicians were used for further
analysis. Responses originated from 28 countries. In total,
381 (52.3%) responses were from developed countries
and the remaining 347 (47.7%) from developing coun-
tries. Figure 1 exemplifies the relative magnitude of the
two groups of physicians. The distribution of responses
under the developed countries category and the number
of responses (in parentheses) is: Australia (1), Cyprus (3),
Czech Republic (268), Finland (90), Ireland (1),
Slovenia (4), Spain (1), the UK (1), the USA (12).
Accordingly, for 347responses from developing countries,
Armenia (2), Bulgaria (1), Brazil (26), China, Peoples
Republic of (5), Croatia (37), Macedonia, Former
Yugoslav Republic of (41), Georgia (2), Hungary (14),
India (50), Indonesia (24), Iran (16), Kazakhstan (15),
Lebanon (12), Lithuania (2), Malaysia (14), Moldova,
Republic of (4), Pakistan (43), Philippines (21) and
Sri Lanka (18). Of 728 respondents, 339 (46.6%) were
residents, 370 (50.8%) were consultants and 19 (2.6%)
did not provide data about level of expertise. An overview
of all the answers for each question is given in table 1.

Importance of acquiring information about previous
diagnostic exposures of patients
Table 2 presents results against each theme of the
questionnaire. Responses to question A.1 showed that

Figure 1 Graphic representation of the relative size of the

groups of survey participants originating from developing and

developing countries.
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physicians rarely ask patients about previous radio-
logical examinations (never 8.5% and occasionally
48.1% against very often 28.1% and always 15.3%). In
question A.2, nearly two-thirds (67.7%) preferred to
choose the purpose of asking about previous radio-
logical examinations as ‘both’ radiation risk, and clin-
ical need or radiation risk only. In question A.3, the
vast majority of physicians (84.3%) state that their
decision would be affected if they knew that a patient
has undergone 10 or more CT scans in the last 2
years. The situation is similar for question A.7 where
67.2% stated that they would find it difficult to pre-
scribe a next CT scan to a patient who has already
received a dose of about 100 mSv. The answers to
question A.4 also concurred with the idea that
patients who have received higher doses are harder to
be referred for a next examination. In question A.5,
‘How frequently do you come across situations where
the clinical indications are enough to prescribe a CT
scan irrespective of the previous history of CT scans?’,
the choice ‘rarely’ was opted by a very small number
of respondents (19.0%), and an almost equal number
of responses were for ‘very frequently’ (40.1%) and
‘occasionally’ (40.9%). Two-thirds (65.7%) considered
patient age to be an important factor in their
decision-making for referring patients for CT investiga-
tions (A.9).
The vast majority of physicians (71.7%) stated that

knowing the history of previous CT scans would always,
or mostly, help them in making a better decision (A.6).
This concurs with their opinion expressed against question
A.8, that a system providing them with quick information
about patient exposure history will be helpful (60.5%).
Only 7.7% responded ‘not really’ in question A.8, thus
indicating strong support for utility of tracking. Figure 2
depicts the percentages for all answers in question A.8.

For theme A, overall 65.1% of physicians had a posi-
tive position regarding the importance of acquiring
information about previous patient exposures (table 3).
This study did not find any statistically significant differ-
ences among physicians in different categories.

Knowledge about radiation units and age-related
radiosensitivity
Only one-third (34.7%) of respondents chose the correct
option of the number of chest X-rays with equivalence of
an abdominal CT scan. Over half (58.6%) of the physi-
cians underestimated the abdominal CT scan dose (in
terms of chest X-ray equivalent). Only a small percentage
(13.6% and 12.6%) provided the correct answer of 50
and 100 X-ray equivalence, respectively (B.2). Figure 3
shows how random the received answers were. Overall,
47.4% of participants overestimated the dose from
abdominal and pelvic X-rays. In question B.3, the vast
majority (>90%) of respondents answered correctly on
which imaging modality imparts the highest radiation
dose. Surprisingly, 2.2% of respondents chose a totally
incorrect answer (MRI), with another 5% choosing

Table 2 Position of respondents regarding the themes tested in this study

All physicians Consultants Residents

Developed

countries

Developing

countries

(P)

(N) or

(NEU) (P)

(N) or

(NEU) (P)

(N) or

(NEU) (P)

(N) or

NEU (P)

(N) or

(NEU)

A. Importance of acquiring

information about previous

diagnostic exposures of patients

474

(65.1)

254

(34.9)

246

(66.5)

124

(33.5)

220

(64.9)

119

(35.1)

253

(66.4)

128

(33.6)

221

(63.7)

126

(36.3)

B. Knowledge about radiation

exposure from diagnostic

examinations and familiarity with

radiation exposure units and

age-related radiosensitivity

468

(64.3)

260

(35.7)

256

(69.2)

114

(30.8)

200

(59.0)

139

(41.0)

259

(68.0)

122

(32.0)

209

(60.2)

138

(39.8)

C. Opinions on whether patients

should be provided with

information about dose from their

medical exposure to radiation

588

(80.8)

140

(19.2)

299

(80.8)

71

(19.2)

280

(82.6)

59

(17.4)

320

(84.0)

61

(16.0)

268

(77.2)

79

(22.8)

The numbers of positive against negative and neutral positions pooled together are given. The numbers in parentheses are the respective
percentages within each group of physicians as a fraction of the total number of participants belonging to the respective group.
P, positive; N, negative; NEU, neutral.

Figure 2 Overall answers of participants regarding their

opinion on whether having a system by which they would

have quick information about patient-exposure history would

be helpful (question A.8.).
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another incorrect answer of skull X-ray. In open question
B.4 on ‘What is your assessment of radiation dose in mSv
for one chest CT scan?’, overall, 56.6% answered ‘dose is
between 5 and 20 mSv’ which was considered to be the
correct range. Almost 75% of physicians stated that they
find radiation units confusing (35.9% confusing and
38.2% somewhat confusing). For the open question B.6,
‘How do you solve the confusion of radiation units in
your practice?’ the answers received were found to
belong in one of the following categories: I seek consult-
ation, I seek education, I do some research, I find no
solution/I do not know. A large number of physicians
(298) did not answer and 30.7% of those who answered
responded that they do not solve the problem at all.
A satisfying 92.4% of participants answered correctly to

question B.7, concerning the most radiosensitive patient
group. In question B.8, regarding the least radiosensitive
group of patients, 56.4% of participants answered correctly.
A considerable percentage of 40.6% erroneously answered
that the least radiosensitive group is adult patients.
Tables 2 and 3 show that significantly more consul-

tants (69.2%) than residents (59.0%) provided more
correct than wrong answers in the questions of theme B
and, thus, they appeared to be more knowledgeable
about radiation doses and age-related radiosensitivity
(p=0.0048). Similarly, physicians coming from developed
countries were significantly more knowledgeable than
those from developing countries (p=0.0304).

Opinions on whether patients should be provided
information about their radiation dose and risks
The majority of physicians (71.7%) stated that they very
rarely or never come across patients who discuss the
radiation dose issue with them. In total, 70.9% stated
that they do not feel uncomfortable when patients ask
about radiation risk from CT scans they prescribe. In
question C.3, 80.1% of participants stated that informa-
tion about radiation dose in CT should be provided to
patients in the report of the examination or that they
would not bother if patients were provided with that
information. In question C.4, 27.4% of physicians stated
that mandatory written justification of CT scans would
be very helpful in achieving better radiation protection,
while another 47.9% appeared to have no problem with
that, thus totalling to 75.3%.
Significantly more physicians from developed coun-

tries were found to be positive regarding the notion of
theme C in favour of providing patients with information
about dose prior to their radiation exposure (p=0.0238).
Overall, 80.8% were positive regarding theme C, in
favour of providing information to patients.

Physicians’ self-assessment of appropriateness of referral
The majority of physicians answered that they have
rarely prescribed a CT scan which they subsequently rea-
lised was of no clinical use. Only 8.7% of consultants
think that on retrospective hindsight they often or very
often ordered a CT scan of no clinical usefulness.
Significantly more residents provided similar answers in
comparison with senior consultants (16.3%, p=0.0027).

DISCUSSION
This was the first ever prospective multinational survey
among referring physicians from 28 countries, including
five of the top six most populous countries, on the value
they attach to obtaining information about previous
radiological examinations; their knowledge about the
radiation doses, exposure units, and age-related radiosen-
sitivity involved; opinion whether patients should be pro-
vided information about radiation dose; and
self-assessment of appropriateness of their referrals. It is
clear that while the vast majority (71.7%) of physicians

Table 3 Statistical analysis results for the different themes and groups of physicians studied in this work

Theme Groups under

comparison

p Value Statistically

significant

A. Importance of acquiring information about previous

diagnostic exposures of patients

Consultants Residents 0.6923 No

Developed

countries

Developing

countries

0.4836 No

B. Knowledge about radiation exposure from diagnostic

examinations and familiarity with radiation exposure

units and age-related radiosensitivity

Consultants Residents 0.0048 Yes

Developed

countries

Developing

countries

0.0304 Yes

C. Opinions on whether patients should be provided

with information about dose from their medical

exposure to radiation

Consultants Residents 0.5610 No

Developed

countries

Developing

countries

0.0238 Yes

Figure 3 Overall answers of participants regarding their

estimation of equivalent number of chest X-rays for

(abdomen+pelvic) X-ray (question B.2.).
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feel that knowing the history of CT scans would always or
mostly lead them to a better decision on referring
patients for a CT scan (A.6), only 43.4% often ask about
it (A.1). Significantly more physicians in developing
countries (36.5%) than in developed countries (28.6%)
claimed to ask about previous examinations for clinical
purposes only (p=0.0261). Under the IAEA SmartCard/
SmartRadTrack project, manufacturers of imaging equip-
ment have been motivated to provide the possibility of
display on the computer screen of all previous radio-
logical examinations a patient has undergone by clicking
on a patient identifier. Accordingly, a separate question
on the utility of such a system was included. The
majority of referring physicians (60.5%) stated that
having a system which provides quick information about
patient exposure history would be useful. It was also
deemed necessary to have the referring physician’s
views on whether the considerations for CT examination
referral are based solely on clinical considerations, or
whether the radiation risk forms part of the process of
justification. About two-thirds (65.7%) of respondents
felt that a patient’s age (from radiation risk perspective)
should form part of the justification process in
addition to clinical history. Unfortunately, 16 physicians
in the study counted MRI as the imaging modality that
delivers the highest radiation dose to patients. Although
the number is small (16 of 728=2.2%), it is nevertheless
rather disappointing that the level of awareness is so
poor as not to know that radiation from MRI machines
is not the same as X-rays. This question was deliberately
designed to be unambiguous and strong so as to remove
fence sitters and, thus, the authors did not anticipate
anyone to choose MRI. Strangely, such a response was
not restricted to residents, but there were also consultants
from five different countries. Luckily, there were zero
responses in favour of ultrasound against the same ques-
tion. A considerable 26.4% of physicians in this survey
gave high estimates of radiation dose to patients of
more than 30 mSv for a chest CT. This is not so surpris-
ing, as most physicians have little or no idea about dose
in mSv and their answers would have been based on
purely guess work. Only about one-third (34.7%) could
provide the correct answer against equivalence of
chest X-ray for an abdomen CT scan and 26.2% for
another question indicating equivalence of chest X-ray to
abdomen and pelvic X-ray in terms of radiation dose.
Surprisingly, 2.2% stated the right age group for highest
sensitivity to radiation as old age rather than childhood.
Physicians in developing countries were found to be less
knowledgeable about theme B of the questionnaire. This
indicates the need for increasing awareness in the devel-
oping countries of the world. It is very encouraging
that physicians overall appeared to be comfortable
with provision of information about radiation dose to
patients. A considerable fraction (75.3%) supports the
view to make it mandatory for physicians to give
written justification whenever a CT examination is
prescribed.

Although referring physicians from many parts of the
world participated in this study, it is anticipated that the
results produced are indicative of the global situation,
but certainly further research is needed to evaluate the
situation within each country. Regarding the global situ-
ation, the high number of respondents could be consid-
ered to be giving a representative overview of the
situation. It is expected that for countries with diverse
socioeconomic environments, physicians’ experience,
training and knowledge, there would be variations. This
study also bears the bias with non-anonymised surveys.
It was preferred to ask for contact emails for seeking
clarification which was done wherever necessary. The
authors were conscious about psychological aspects or
self-interest in respondents’ choices for some questions
in groups A and C. For example, question A.7. could
induce thoughts of liability to a physician’s mind.
Question D.1. is another example as it asks physicians to
assess the quality of their own practice. It should be
stressed here that the voluntary basis on which this study
was conducted softens the effect on results. The study
was based on voluntary response from the participants
and thus it was impossible to estimate possible non-
response bias. Possible selection bias and corresponding
unknown uncertainties could be existing in this work.
However, the authors believe that this effect was mini-
mised by the free dissemination of the online survey link
and electronic document file among physicians without
any intervention from the authors and the fact that the
respondent did not know the purpose of the survey as
the title of the survey was: IAEA Questionnaire for
Referring Physicians on Diagnostic use of Radiation. It
did not mention ‘patient exposure tracking’.
The topic of accounting for previous radiological

exposures being relatively new, even with the radio-
logical community where technology has only recently
started providing solutions for tracking, not much pub-
lished literature was anticipated. However, studies on
information about physicians’ utilisation of imaging
appropriateness guidelines were identified, most of
them stating that the clinicians’ use of guidelines is poor
and their awareness about such tools is limited.12–15

Studies including information on lack of clinicians’
knowledge about radiation dose were also found.20 21 All
these studies were performed within a single country.
We identified only one study addressing justification
practice of clinicians in Norway.22 This is the first ever
prospective multinational survey among referring physi-
cians from 28 countries, including five of the top six
most populous countries. Participants in this survey com-
prised a representative sample of physicians coming from
developed as well as developing countries. The numbers of
participants from developed and developing countries were
comparable (381 against 347). The same holds true for the
number of participants at different levels of experience (370
consultants against 339 residents). The participants from
Czech Republic were many as the counterpart had utilised
the attendance of referring physicians in a mandatory
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training course and distributed the questionnaire at the
beginning of the course to participants.
To the best of our knowledge, there is no multinational

study evaluating so many aspects of physicians’ practice
regarding radiation utilisation and its appropriateness.
This study elucidated that while referring physicians con-
sider it important to know about previous radiological
examinations, they barely do it in practice. Our results
demonstrate poor knowledge of physicians on radiation
doses involved in CT examinations, some among them
thinking that MRI involves the highest radiation dose to
patients, and lack of awareness on the least radiosensitive
age. Some aspects of these results agree with the results
presented by Borgen et al22 that physicians tend to under-
estimate the doses of high-dose modalities such as CT
dose. With growing awareness among patients and their
need to know about radiation risks, it was pleasant to
learn that 70.9% of physicians do not feel uncomfortable
when patients ask about radiation risk. Further, much as
though regulatory provisions are not particularly liked
and voluntary methods should be given priority, the
counter move to defensive medicine which makes physi-
cians comfortable in asking for CT examinations rather
than not asking may possibly be to regulate and request
special justification while referring a patient for a CT
scan. This is in line with the view expressed by Brenner
and Hricak4 asking for legislative provisions in the light
of compelling and continuing overprescription of CT
scans. Interestingly, 75.3% of respondents in this survey
support the view to make it mandatory for physicians to
give written justification whenever a CT examination is
prescribed. Further research could include more detailed
studies to assess the situations and possible differences
within single countries or among countries. These studies
could help in elucidating the details regarding the tem-
plate for implementation of dose tracking in clinical set-
tings locally and at higher levels.
A small component of this work was presented at the

Beebe Symposium entitled ‘Tracking Radiation Exposure
from Medical Diagnostic Procedures’ organised by the
National Academies, USA on 8–9 December 2011,
Washington DC.
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