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Abstract
Background. Despite the high volume of contrast-enhanced computed tomography (CECT) examinations, 
there is limited awareness about its risks among patients and little is known about the influence of patient 
information sheets.

Objectives. The objective of this study was to assess patients’ awareness and perception of risks related 
to CECT examination and how they are influenced by an information sheet.

Material and methods. A total of 263 adult patients scheduled for a CECT examination completed 
a questionnaire. The first page evaluated patients’ characteristics, their fear and awareness about examination-
related risks, and source of information. Page 2 contained the Zung self-rating anxiety scale. After reading 
the information sheet, patients completed page 3 that surveyed how their awareness and fear had changed.

Results. Nearly half of the patients underestimated the risk of secondary malignancy (n = 121, 46%), 
or the risk of renal impairment (n = 110, 42%). The vast majority (n = 227, 86%) stated that they were not 
instructed to maintain fluid intake up to 1 h before the procedure. After reading the information sheet, patients 
generally corrected their knowledge, but 195 (74%) reported experiencing greater fear (p < 0.0001). Fear 
was more pronounced in younger female patients who had not undergone CT previously. Patients feared 
the result more than examination-related risks. Most patients (n = 204, 78%) would feel uncomfortable 
before receiving the examination result.

Conclusions. Most patients do not assess risks related to CECT examination correctly. Although the in-
formation sheet improves patients’ understanding of CECT-related risks, it lacks empathically delivered 
reassurance and increases their fear. Fast communication of examination results would make patients feel 
more comfortable.

Key words: multidetector computed tomography, radiation exposure, patient education, test anxiety scale, 
patient preference
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Introduction

Over the last decade, the utilization of cross-sectional im-
aging by computed tomography (CT) has been increasing 
due to better availability, broader range of examinations, 
new treatments in oncology, and also medico-legal consid-
erations.1,2 Concerns about radiation exposure to the pop-
ulation3 resulted in  numerous technical innovations 
in the CT industry aiming at reducing the radiation dose, 
while maintaining adequate diagnostic performance.4,5

However, little effort has been devoted to the assessment 
of patients’ awareness, perception and attitude to radia-
tion exposure during CT examination and its associated 
risks.3,6 Scarce data showed that not only patients but also 
medical professionals have limited insight into the amount 
of radiation delivered during diagnostic procedures and 
their debated effect on human health.3,7,8 Communicat-
ing the potential hazards associated with radiation ex-
posure and contrast material administration, in addition 
to the uncertainty of the examination result, contribute 
to patients’ fear.3,9

In this study, we assessed patients’ evaluation of risks 
related to contrast-enhanced CT examination and the im-
pact that informing the patient has on their awareness and 
fear of the examination.

Methods

This questionnaire study was performed in accordance 
with the Helsinki Declaration and approved by the local 
Institutional Review Board. Written informed consent was 
obtained from all participants.

The study was performed in a single tertiary university 
hospital from May to June 2017. A total of 315 adult patients 
consented to complete a questionnaire while waiting for 
a scheduled contrast-enhanced CT examination of the ab-
domen and pelvis ± thorax. Patients with a physical or vi-
sual impairment preventing them from reading or com-
pleting the questionnaire were not addressed. The English 
translation of the questionnaire is in Appendix A.

Apart from questions related to patients’ characteris-
tics, we surveyed their awareness about radiation exposure 
and risks, and their fear of the CT examination. Patients 
also indicated sources of their information and particular 
pieces of information they had obtained. Page 2 contained 
the Zung self-rating anxiety scale.10 Patients then read 
the information sheet about the CT examination, including 
the presence of X-rays and their potential to induce cancer 
in a small fraction of cases. The risks of contrast material 
administration (adverse reaction, renal impairment) were 
explained. The last page of the questionnaire surveyed 
the way in which the awareness of radiation exposure, 
risks of CT examination and patients’ fear changed. Final 
questions related to the communication of the examina-
tion result.

Finally, a radiologist (LL) reviewed the examination re-
port and marked those with adverse result (disease pro-
gression or a major complication).

Statistical evaluation was performed with SPSS v. 19 
(IMB Corp., Armonk, USA) using Kendall’s tau-b bivari-
ate correlation (τ), χ2 test and Mann–Whitney U test as ap-
propriate. A p-value below 0.05 was considered significant.

Results

From 315 questionnaires, 263 (83%) were returned com-
pleted. Most patients (n = 239, 91%) had previously under-
gone at least 1 CT examination. Patient characteristics are 
listed in Table 1.

In risk assessment, 25 (10%) patients underestimated ra-
diation exposure, 121 (46%) underestimated the risk of de-
veloping a secondary tumor and 110 (42%) underestimated 
the risk of renal impairment (Fig. 1). After reading the in-
formation, the patients generally corrected their evalua-
tion of the risks of carcinogenesis and renal impairment 
but were more likely to overestimate radiation exposure. 
Males (τ = 0.16, p = 0.010) and older (τ = –0.11, p = 0.029) 

Fig. 1. Assessment of CT-related risks by patients undergoing CT examina-
tion before and after being given information about the examination

Table 1. Patients’ characteristics

Patients, n 263

Age [years] 62 ±12

Gender (males) 99 (38%)

Malignant condition 237 (90%)

Education
basic education
high school
higher education
university

45 (17%)
118 (45%)
24 (9%)

76 (29%)

Number of previous CT examinations
0
1–2
3–4
≥5

24 (9%)
67 (25%)
74 (28%)
98 (37%)

Type of CT examination
abdomen + pelvis
thorax + abdomen + pelvis

81 (31%)
182 (69%)

Radiation exposure
dose-length product (mGy∙cm) 801 ±254



Adv Clin Exp Med. 2019;28(7):923–929 925

patients and those who had had previous experience with 
CT examination (τ = –0.21, p < 0.0001) tended to under-
estimate the risks of radiation exposure more (Table 2). 
Patients who had previously undergone CT examinations 
underestimated the possible impact of contrast material 
on renal function more (τ = –0.11, p = 0.033). Reading 
the information sheet confused 6% to 18% of patients, de-
pending on the question. The vast majority of patients 
(n = 227, 86%) stated that they were not instructed to main-
tain fluid intake up to 1 h before the procedure.

Sources of patients’ information are shown in Table 3. 
The most frequent source of information was the referring 
physician (67% patients).

Patients feared the result of the examination more than 
the injection of contrast material or the examination it-
self (p < 0.0001, Fig. 2). Fear of the CT examination was 
more pronounced in younger (τ = –0.22, p = 0.0003) and 
female patients (τ = –0.17, p = 0.0009). Patients who had 
previously undergone CT examinations feared the result 
of the examination less (τ = –0.17, p < 0.006). After read-
ing the  information sheet, 195 (74%) patients reported 
experiencing greater fear of the examination (p < 0.0001, 
Fig. 2), in particular females (τ = –0.24, p < 0.0001), younger 

patients (τ = –0.096, p = 0.0048) and those with a higher 
level of education (τ = 0.143, p = 0.012). Especially younger 
patients reported increased fear of the radiation expo-
sure and contrast material administration (τ  =  –0.22, 
p = 0.0003; τ = –0.14, p = 0.025, respectively). The majority 

Table 2. Patients’ responses according to age, gender, education, and number of previous CTs expressed as Kendall’s tau

Variable
Age

years
Gender

1 = female, 2 = male

Education
1 = primary school, 

4 = university

Previous CTs
number

tau p-value tau p-value tau p-value tau p-value 

Before reading the information 
sheet (1 = underestimate, 
2 = correct, 3 = overestimate)

radiation exposure –0.120 0.012 –0.147 0.011 0.069 0.212 –0.036 0.481

tumor development –0.108 0.029 0.156 0.010 0.042 0.464 –0.207 0.000

liver impairment –0.011 0.830 0.047 0.445 0.021 0.717 –0.076 0.167

renal impairment –0.001 0.988 0.040 0.499 0.038 0.505 –0.114 0.033

Improvement of knowledge after 
reading the information sheet 
(improved = 1, unchanged = 2, 
worse = 3)

radiation exposure –0.050 0.328 –0.016 0.794 –0.054 0.362 –0.013 0.818

tumor development –0.028 0.581 0.025 0.692 –0.047 0.428 –0.078 0.160

liver impairment 0.108 0.040 –0.074 0.246 –0.121 0.051 0.057 0.325

renal impairment 0.021 0.681 0.047 0.451 0.161 0.007 –0.209 0.000

Fear (1 = no fear, 2 = little fear,  
3 = great fear)

fear from CT examination –0.168 0.001 0.158 0.010 0.043 0.463 –0.063 0.247

fear from intravenous contrast 
material

–0.089 0.079 0.111 0.071 0.044 0.452 –0.047 0.389

fear from the examination result –0.049 0.314 0.184 0.002 –0.048 0.403 –0.131 0.014

Fear change after reading 
the information sheet (markedly 
decreased = 1, no change = 3, 
markedly increased = 5)

change in fear from 
the examination

–0.096 0.048 –0.235 0.000 0.143 0.012 0.036 0.496

Table 3. Sources of patients’ information and particular pieces 
of information they had obtained

Information Yes No

No food at least 5 h prior to CT 251 (95%) 12 (5%)

Can drink up to 1 h prior to CT 36 (14%) 227 (86%)

How CT examination proceeds 87 (33%) 176 (67%)

Contrast agent 144 (55%) 119 (45%)

Radiation burden 50 (19%) 213 (81%)

Alternative to CT examination 51 (19%) 212 (81%)

Information source yes no

Referring physician 176 (67%) 87 (33%)

Previous examinations 144 (55%) 119 (45%)

Internet 21 (8%) 242 (92%)

Friends, relatives, other patients 12 (5%) 251 (95%)

Radiology staff 18 (7%) 245 (93%)
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of patients (79%) reported that they had learned new in-
formation or had refined their knowledge. None of the pa-
tients refused to undergo the examination based on the in-
formation presented in the questionnaire.

Mean anxiety score rated by the Zung self-rating anxi-
ety scale was 34 points (interquartile range, 7 points), 
which is within the normal range (20–44 points). There 
was no correlation between the score and fear of the CT 
examination, contrast material administration or the re-
sult of the examination. Likewise, we found no correlation 
with fear reported after reading the information, or with 
the actual result of the examination (25% patients had pro-
gression of the disease or a major complication).

Two-thirds of patients stated that they would receive 
the  examination results from the  referring physician 
within 3 days. Most patients admitted that they would be 
uncomfortable before they receive the result. One-quarter 
of the patients would like to know the result within 1 h 
(Table 4).

Discussion

The first part of this study showed that roughly half 
of the patients do not evaluate radiation exposure as well 
as other risks related to CT examination correctly. Patients 

fear the result of the examination more than the poten-
tial risks associated with the examination. Supplying this 
information results in a better appreciation of the risks, 
but also increases fear, especially in younger women with 
a higher level of education.

In this study, patients had better awareness of the radia-
tion exposure with 66% being correct, compared to a study 
in emergency patients of a younger age conducted by Bauman 
et al. with 45%6 or even less in other studies.3,11,12 On the other 
hand, 46% patients were not aware of the impact of radiation 
on human health. The risks were underestimated, especially 
by older male patients with previous CT examinations. Simi-
larly to a study conducted by Singh et al., most participants 
were not educated about radiation exposure by their referring 
physician in any way.12 Our study showed that patients read 
and tried to comprehend information presented to them 
by the medical staff in print, which resulted in improved 
assessment of examination-related risks.

As shown in patients’ response to questions about their 
fear, they believe correctly that the result of the examina-
tion has a larger influence on their health compared to risks 
related to it. The risk of having an adverse result of the CT 
examination (25% in our sample) is greater than the risk 
of a severe adverse reaction to non-ionic contrast material 
(0.04%) or the risk of developing a secondary malignancy 
decades later (0.05%).11,13,14 After reading the information, 
patients generally experience greater fear irrespective 
of their general anxiety level measured by the Zung self-
rating anxiety scale.10 This effect is pronounced especially 
in younger women who had little experience with CT and 
therefore may require more counseling.

The information about the examination is primarily de-
livered by the referring physician (67% of patients in this 
study), who has a bond of trust and who can provide the pa-
tient with an information letter.17,18 In a study conducted 
by Caoili et al., 47% of the respondents were educated about 
CT by their physicians, and 70% of them regarded this in-
put as important.3 Although nearly all patients knew that 
they should abstain from food for 5 h, only 14% were aware 
that soft drinks are allowed up to 1 h before the examina-
tion. This recommendation, which may decrease the risk 
of contrast-induced nephropathy, should also be pointed 
out to the physicians.14

Table 4. Patients’ responses and preferences regarding the examination result

Question Response

I will know the result within
3 days week month >month

164 (62%) 76 (29%) 16 (6%) 6 (2%)

I will find out the result
by phone by post by e-mail by visiting the physician

79 (30%) 0 (0%) 0 (0%) 184 (70%)

I wish to know the result within
1 h 1 day 3 days 1 week

61 (23%) 88 (33%) 30 (11%) 84 (32%)

Before I know the result, I will be
comfortable mildly uncomfortable severely uncomfortable

58 (22%) 154 (59%) 50 (19%)

Fig. 2. Fear of CT examination before and after reading the information 
sheet
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Although information sheets may be distributed among 
patients (by the referring physicians) with the effect of im-
proving their understanding of CT-related risks, they may 
lack cognitive reassurance delivered with empathy that 
would decrease their fear.15 We believe that when com-
municating radiation concerns, medical professionals 
should inform the patients about its presence and reassure 
them that subtle health risks may be dismissed in the view 
of a much greater benefit of exposing an important finding 
that may guide their further treatment.9,16

Two-thirds of patients will receive examination results 
within 3 days, mostly when visiting the physician. In our 
experience, composing a report with a concise conclusion 
in a timely manner facilitates patient workflow in a clinical 
department and reduces the number of phone queries that 
interrupt work. Unfortunately, under normal circumstanc-
es, our department is unable to cope with ¼ of respondents 
requesting the report within 1 h.19 However, rapid com-
munication of the examination result would make patients 
feel more comfortable and might be regarded as an extra 
service.

This study has the  following limitations. It was per-
formed in patients from a single center undergoing 1 par-
ticular type of CT examination. Selection of patients may 
have been affected by convenience sampling bias by not in-
cluding those who would not cope with the questionnaire. 
Because of the paucity of similar studies, we were unable 
to comment on trends in patients’ awareness, perception 
and attitude to contrast-enhanced CT examinations.

Conclusions

More than half of the patients do not evaluate radia-
tion exposure and other risks related to CT examination 
correctly. Although information sheet improves patients’ 
understanding of CT-related risks, it may lack empatheti-
cally delivered reassurance and increase fear especially 
in younger women with higher level of education and with-
out previous experience with CT. Patients are primarily 
educated by their referring physicians who frequently fail 
to communicate important points. Patients generally fear 
the result of the examination more than potential risks 
associated with the examination. Most patients would be 
uncomfortable before they receive the examination result.
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Appendix A: Questionnaire 

FIRST PAGE 

1. Gender  Female  Male   

2. Education   Basic school  High school  Higher education University 
 
 

3. How many previous CT examinations 
have you undergone?  0  1  2  3  4  more 

 
 

4. What is the radiation exposure 
associated with CT examination? 

None  Low 
(eg. chest x‐ray, 

flight)

Moderate 
(eg. annual radiation 

background) 

High 
(eg. radiotherapy) 

 
 

What impact can your CT examination have on your health? 

5a.   Tumor development  No risk  Low risk  Moderate risk  High risk 

5b.   Liver impairment  No risk  Low risk  Moderate risk  High risk 

5c.   Renal impairment  No risk  Low risk  Moderate risk  High risk 
 
 

6.   From CT examination, I have  No fear  Little fear  Great fear 

7.   From intravenous contrast material, I have  No fear  Little fear  Great fear 

8.   From the examination result, I have  No fear  Little fear  Great fear 
 
 

What information about the CT examination were you given by the referring physician?   

9a.  I should abstain from food at least 5 hours prior to the examination   
9b.  I can drink up to one hour prior to the CT examination   
9c.  How CT examination proceeds   
9d.  Contrast material administration   
9e.  Radiation burden   
9f.  Whether there is an alternative to the CT examination   
 
 

I have information about the CT examination from   

10a.  the referring physician   
10b.  previous examinations   
10c.  the internet   
10d.  friends, relatives, other patients   
10e.  the radiology staff   

Appendix A: Questionnaire
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AFTER READING INFORMATION FOR PATIENTS 

1. What is the radiation exposure 
associated with CT examination? 

None  Low 
(eg. chest X‐ray, 

flight)

Moderate 
(eg. annual radiation 

background) 

High 
(eg. radiotherapy) 

 

What impact can your CT examination have on your health? 

2a.   Tumor development  No risk  Low risk  Moderate risk  High risk 

2b.   Liver impairment  No risk  Low risk  Moderate risk  High risk 

2c.   Renal impairment  No risk  Low risk  Moderate risk  High risk 

 

3a.  From CT examination, I have  No fear  Little fear  Great fear 

3b.   From intravenous contrast material, I have  No fear  Little fear  Great fear 

3c.   From the examination result, I have  No fear  Little fear  Great fear 
 

After reading information about the examination   

4a.  I learned completely new information   

4b.  I updated my knowledge about the examination   

4c.  I learned nothing new   

4d.  I am still decided to undergo the examination   

 

5.  
After reading information about the 
examination, my fear from the 
examination 

markedly 
decreased

somewhat 
decreased 

did not 
change  

somewhat 
increased 

markedly 
increased 

 
 

6a. I will receive the examination result within  three days  one 
week  a month  more than a 

month 

6b. I will receive the examination result  by phone  by post  by e‐mail  by visiting the 
physician 

6c. I wish to know at least a preliminary result within one hour  one day  three days  one week 

 

 7.   Before I receive the examination 
result, I will be  comfortable  mildly 

uncomfortable 
severely 

uncomfortable 

 


