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Abstract 

Background:  To assess awareness of ionizing radiation safety measures among Egyptian Urology Trainees and Urolo‑
gists and see the effect of radiation safety courses on the adoption of these measures.

Methods:  This Internet-based survey was conducted via https​://www.surve​ymonk​ey.com/ after approval by the 
Egyptian Urological Association (EUA). It was sent to all EUA members via email during December 2019. Participation 
was voluntary and questions included participants’ demographics such as age, gender, years of experience, level of 
training and type of practice. Other questions assessed some domains such as whether the participant had radiation 
safety courses, and the extent to which she/he is adopting these measures during daily practice.

Results:  A total of 142 Egyptian urology trainees and urologists responded to this electronic survey. The mean hours 
of fluoroscopy-guided endourologic procedures per week were 4.3 ± 2.1 h, and only 23% reported that they always 
wear protective lead aprons. In terms of the thyroid shield, X-ray protective gloves, eye googles, a total of 70% and 
89% and 89% reported that they never wore it, respectively. The ALARA principle was known by only 24% of respond‑
ents. About 94% denied receiving any radiation safety courses. Participants who received radiation safety course 
reported significantly shorter FT during URS (p = 0.04), PCNL (p = 0.03) and JJ insertion (p = 0.04) and were signifi‑
cantly more compliant (p = 0.02). In addition, the number of years of experience (< 5y,5-10y,10-15y, > 15y) and the cur‑
rent job level (resident, specialist, consultant, professor) was significantly associated with higher compliance with lead 
aprons (p = 0.006, p < 0.001, respectively). On regression analysis, previous radiation safety awareness courses were the 
only predictor of good compliance with radiation safety measures (OR = 2 ± 0.73, p = 0.009).

Conclusion:  There was a lack of awareness and implementation of radiation safety measures among all participants. 
Receiving radiation safety courses was the only predictor of good compliance with radiation safety measures.
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1 � Background
Over the past few decades, there was world-wide substan-
tial increase in the prevalence of urologic diseases which 
require ionizing radiation either for diagnosis, treat-
ment and follow-up. [1, 2]. In the United States, a report 
released by the NCRP (National Council on Radiation 

Protection and Measurements) in 2009 showed that the 
higher numbers of Computed Tomography (CT) scans, 
nuclear medicine, radiotherapy and fluoroscopy guided 
procedures have doubled the ionizing radiation exposure 
during 2006 compared with 1980s [3, 4]. Despite the fact 
that ionizing radiation plays crucial role in the modern 
urology practice, it is associated with potential hazards, 
either from direct cell death while applying high dose to 
sensitive organs such as skin and eye lens, or from DNA 
mutation which result in malignancy when cumulative 
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low doses are applied [5–7]. In 2015, two recent stud-
ies, one in the Lance Hematology and one in the British 
Medical Journal, reported direct and linear association 
between malignancy and protracted low dose ionizing 
radiation exposure among more than 300,000 radiation 
workers from USA, UK and France [8, 9].

Researchers and organizations did a lot of work to put 
regulations to keep ionizing radiation exposure to the 
minimum, such as the ALARA concept (“As Low As 
Reasonably Achievable [10], or modifying the diagnostic 
techniques such as the low-dose CT scan [11], or modify-
ing the interventions to be performed with lower radia-
tion using pulse fluoroscopy during URS and PCNL [12], 
or without radiation at all such as the Fluoroless Ureter-
oscopy [13], and Ultrasound-guided PCNL [14].

Several studies have shown a lack of awareness and 
implementation of radiation safety measures among 
European, American and Indian urology trainees [15–
17]. Similarly, other reports showed the same findings 
among Turkish and Brazilian operating room staff [18, 
19]. However, there is no data about the awareness and 
implementation of ionizing radiation safety measures 
among Egyptian trainees and urologists. Therefore, the 
purpose of this study was to assess this item and see 
whether radiation safety courses has an effect on adop-
tion of radiation safety measures. Our hypothesis was 
that there is a lack of awareness, training and imple-
mentation of radiation safety measures among Egyptian 
trainees and urologists and radiation safety courses could 
increase the compliance with radiation safety measures.

2 � Methods
2.1 � Study design
This Internet-based survey was created and delivered via 
a secure website https​://www.surve​ymonk​ey.com/. After 
being approved by the Egyptian Urological Association 
(EUA), this survey entitled “Urologist Radiation Protec-
tion Concepts during Fluoroscopy-guided Urological 
Interventions in Egypt” was sent to all EUA members via 
email during late December 2019 and Early January 2020. 
There was a notice that participation is appreciated, but 
not compulsory, and data will be used to check the neces-
sity for establishing radiation safety protocols by the EUA 
and will be published as a research article.

The survey included 34 questions, and data collected 
were accessed only by the investigators without any per-
sonal identifiable information. The survey looked at par-
ticipants’ demographics including age, gender, years of 
experience, level of training, and type of practice. Other 
questions about knowledge of radiation hazards and the 
awareness, training, and implementation of ionizing radi-
ation safety measures were included (The questions could 
be accessed from the following link https​://www.surve​

ymonk​ey.com/r/823RV​W5). Other direct questions were 
included to ask about the knowledge of ALARA princi-
ple, whether the wear of Lead aprons is mandatory per 
hospital regulations, whether the weight of lead aprons 
can refrain participants from wearing it, whether a food 
is supplied to those at higher risk for radiation exposure, 
and the experience of witnessing a nurse or a urologist 
being treated for X-ray exposure related disease.

2.1.1 � Statistical analysis
Data were collected from the Survey Monkey, tabulated 
and analyzed using the SPSS version 22 from IBM. The 
Chi square test was used to compare different categori-
cal variables, and Kruskal Wallis test was used to com-
pare FT among different categories of participants, and 
Mann–Whitney U test was used to compare FT among 
participants who received radiation safety course and 
those who did not receive radiation safety course. All 
two tailed p values < 0.05 were considered statistically 
significant.

3 � Results
A total of 142 urology trainees and urologists responded 
to this electronic survey. Data regarding respondents’ 
demographics, current job level and years in practice are 
reported in Table 1.

Specialists represented more than 40% of our respond-
ents, followed by consultants 24%. The mean hours of 
fluoroscopy guided endourologic procedures per week 
were 4.3 ± 2.1 h. Most of urologists have been practicing 
or closely participating 4 (2.75–6) URS, 1(1–2) PCNL and 
5(2–6) double J insertion per week. The average Fluoros-
copy time (FT) was 125 ± 177 s per URS, 396 ± 542 s per 
PCNL and 62 ± 100 s per Double J insertion.

Regarding wearing protective lead apron during C-arm 
exposure, 23% reported that they always wear it, 38% 
sometimes wear it, and 13% rarely wear it. In terms of the 
thyroid shield and X-ray protective gloves and eye goog-
les, 70% and 89% and 89% reported that they never wear 
it, respectively (Fig. 1).

About 91% of urologists reported that they are not obli-
gated to wear these radiation protective shields by their 
hospital regulations and more than 94% denied receiving 
any radiation safety course by their institutions. Only 45% 
have reported reading a manuscript about methods of 
radiation protection, while 18% have participated in trials 
of using dosimeters for calculation of the estimated radi-
ation exposure during different surgeries. The ALARA 
principle was known by only 24% of respondents. Sev-
enty percent of participants chose gonads as the most 
sensitive organ to radiation, and 62% chose computerized 
tomography urinary tract (CTUT) as the imaging modal-
ity associated with highest radiation exposure (Table 1).

https://www.surveymonkey.com/
https://www.surveymonkey.com/r/823RVW5
https://www.surveymonkey.com/r/823RVW5
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Table 1  Baseline demographics of participants and demographics of radiation safety procedures and awareness

Variable Number 
(percentage)

Age

 25–34 52 (37)

 35–44 53 (38)

 45–54 21 (14)

 55–64 13 (9)

 65 +  3 (2)

Years in practice of urology

  < 5 years 21 (15)

 5–10 years 45 (32)

 10–15 years 26 (18)

  > 15 years 50 (35)

Current job level

 Resident 18 (13)

 Specialist 60 (42)

 Consultant 34 (24)

 Professor 30 (21)

Comorbidities

 Diabetes 9 (6)

 Hypertension 24 (17)

 Hyperuricemia 9 (6)

 Others 9 (6)

Are you obligated to wear these things by your hospital or not? Yes 13 (9)

Did you take any radiation safety course by your hospital? Yes 9 (6)

Have you ever read a manuscript about methods of radiation protection for Endourologists? Yes 46 (45)

Have you ever participated in using dosimeters for calculation of the estimated radiation exposure during different Endourologic 
procedures? Yes

26 (18)

Do you know ALARA principle? Yes 34 (24)

Do you complain about the weight of the lead apron shield? Yes 92 (65)

Would this complain refrain you from wearing such protective shields? Yes 53 (37)

Does your nursing staff receive food supplement for radiation exposure? Yes 30 (21)

Have you ever witnessed a urologist or nursing staff treated for X-ray exposure-related disease? Yes 30 (21)

Fig. 1  Percentage of all participants who use radiation protective equipment in terms of lead aprons, thyroid shield, X-ray protective gloves and 
X-ray protective eye goggles during Endourologic procedures
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About 21% reported incidents when nurses or urolo-
gists they know have been treated for X-ray exposure 
related diseases. Regarding the weight of the lead apron, 
65% reported that they complain from its weight, and 
37% mentioned that the lead apron heavy weight would 
refrain them from wearing it. Also, about 21% of urolo-
gist reported receiving food supplement prepared to 
counteract the radiation exposure by their hospitals 
(Table 1).

Compared with residents and specialists and consult-
ants, professors reported the lowest FT during PCNL 
(433 ± 384, 542 ± 751, 309 ± 220 vs. 194 ± 167 s; p = 0.01), 
respectively. Nevertheless, the FT was comparable 
among residents, specialists, consultants and professors 
during the URS and JJ insertion (p values > 0.05).

Compared with participants who did not receive radia-
tion safety course, participants who received radiation 
safety course had significantly shorter FT during URS 
(31 ± 17 vs. 131 ± 181; p = 0.04), PCNL (137 ± 84 vs. 

413 ± 556; p = 0.03) and JJ insertion (14 ± 4 vs. 65 ± 102; 
p = 0.04) (Table  2). Furthermore, participants who 
received radiation safety course were significantly more 
compliant for “always using the lead apron” (67% vs. 20%; 
p = 0.02). In addition, the number of years of experience 
(< 5y,5-10y,10-15y, > 15y) and the current job level (resi-
dent, specialist, consultant, professor) was significantly 
associated with the compliance for wearing lead aprons 
(p = 0.006, p < 0.001) (Figs.  2, 3). On regression analysis, 
previous radiation safety awareness courses was the only 
predictor of good compliance with radiation safety meas-
ures (OR = 2 ± 0.73, p = 0.009).

4 � Discussion
Fluoroscopy is considered an integral part of modern 
Endourology practice, especially Retrograde Intra-Renal 
Surgery and PCNL. In addition, there is continuing rise 
in the Urology diseases which require ionizing radiation, 

Table 2  Comparison between  participants who received radiation safety course and  participants who did not  receive 
radiation safety course in terms of the ability to reduce fluoroscopy time during Endourologic procedures

Participants who received 
radiation safety course (9)

Participants who didn’t 
receive radiation safety 
course (133)

p Value

Mean hours of fluoroscopy guided endourologic procedures per week? 5.7 ± 4.4 4.2 ± 6.2 0.1

URS URS/Week 5 (2.5–8.5) 4 (2.5–5) 0.3

Fluoroscopy time (FT) in seconds 
during URS

31 ± 17 131 ± 181 0.04

PCNL PCNL/Week 2 (1–3) 1 (1–2) 0.2

FT in seconds during PCNL 137 ± 84 413 ± 556 0.03

Double J (JJ) insertion JJ insertion/Week 6 (4–10) 4 (2–6) 0.1

FT in seconds during JJ insertion 14 ± 4 65 ± 102 0.04

Fig. 2  Percentage of compliance with lead aprons according to the years of experience
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either for diagnosis or treatment [1]. This raised the con-
cern about the potential hazards from radiation exposure 
in modern Urology practice, and the ways Urologists 
are protecting themselves. In one study, ionizing radia-
tion from medical sources was increased 6 times in the 
United States from 1982 to 2006 [20]. For instance, the 
mean effective radiation dose (ERD) was estimated 
between 0.82–26.0 mSv (average 9.2 mSv) during PCNL 
and higher doses correlated with increased stone bur-
den, prolonged operative time, multiple punctures and 
blood loss > 250  cc [21–23]. Despite all strategies which 
were described and were found to decrease Fluoroscopy 
exposure, such as ALARA principle, last image technol-
ogy, pulsed fluoroscopy, and foot pedal control, the use of 
protective equipment is still vital and can lead to signifi-
cantly lower radiation exposure as the use of lead apron 
lead to 96.5–99.5% attenuation of radiation, and the use 
of thyroid shield can decrease radiation exposure 23 
times [7]. We conducted this survey to assess the aware-
ness, training and implementation of ionizing radiation 
safety measures among Egyptian trainees and urologists 
and evaluate the safety measures taken during diagnosis 
and treatment in urology practice in Egypt. In the cur-
rent study, we had considerable number of responses 
from residents, specialists, consultants and professors. 
Regarding wearing protective lead apron during C-arm 
exposure, 23% reported that they always wear it, 38% 
sometimes wear it, and 13% rarely wear it. In terms of 
the thyroid shield and X-ray protective gloves and eye 
googles, 70% and 89% and 89% reported that they never 
wear it, respectively. Compared with participants who 
did not receive radiation safety course, participants who 
received radiation safety course had significantly shorter 
FT during URS (31 ± 17 vs. 131 ± 181), PCNL (137 ± 84 
vs. 413 ± 556) and JJ insertion (14 ± 4 vs. 65 ± 102).

In the ESUT/EULIS survey, Tzelves and co-investi-
gators assessed the knowledge and compliance to wear-
ing ionizing radiation protective equipment among all 
attendees of 3 endourological meetings that took place 
in different European Countries between 2017 and 2018. 
They found good compliance with lead aprons (89.6%) 
and thyroid shields (84.4%), and very poor compliance 
with eye goggles (14.7%) and gloves (8.1%) [24]. In a study 
on Turkish Urology trainees and Urologists, the compli-
ance with lead aprons was 75.24%, thyroid shields was 
46.44%, eye goggles was 76.95%, and protective gloves 
was 66.67% [18]. Both studies showed higher compliance 
with lead aprons and thyroid shields compared with the 
current study.

Interestingly, respondents who received lectures on 
radiation safety in Tzelves et al. study were more compli-
ant [24]. This was congruent with the results in the cur-
rent study where previous radiation safety course was the 
only predictor of better compliance with radiation safety 
measures, and participants who received radiation safety 
courses were two fold more compliant that those who 
did not receive radiation safety courses (OR = 2 ± 0.73, 
p = 0.009). Furthermore, Tzelves et  al. did not find an 
association between the level of experience and the use 
of radiation safety measure [24], which coincide with the 
results of the current study.

In addition, Tzelves et  al. study reported that 25% 
of responders received radiation safety lectures, while 
only 6% in our study received radiation safety course. 
The compliance with radiation safety equipment among 
endourological society members was investigated by 
Elkoushy and colleagues, and compliance rate was 
97% for lead aprons, 68% for thyroid shields, 9.7% for 
protective gloves, and 17.2% for eye goggles [25]. This 
shows the severity of lack of radiation safety equipment 

Fig. 3  Percentage of compliance with lead aprons according to the current job level
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use among Egyptian Urology trainees and Urologists. 
In Elkoushy et al. study, 64% of urologists suffered from 
orthopedic problems [25]. This finding explains the suf-
fering from the heavy weight of Lead aprons and the 
need to have lighter ones to increase the compliance 
to wear it. This finding was similar to the current study 
where the 65% of participants reported that they com-
plain from heavy weight of Lead aprons, and 37% men-
tioned that the heavy weight would refrain them from 
wearing it.

In the current study, professors reported significantly 
shorted FT compared with other groups of residents, 
specialists and consultants. This may be explained by the 
fact that academic institutions might offer better expo-
sure for radiation safety measures and practices. Another 
explanation is that professors are academic staff, and they 
are used to attend international meetings, and they might 
have received some information about radiation safety 
measures during these meetings.

In another study by Harris and colleagues, a survey 
was sent to program directors for all Urology training 
programs in the US to assess radiation safety aware-
ness among urology. Out of 136 respondents, only 46% 
reported that radiation safety was part of their curricu-
lum, 94% believed that infertility was potentially related 
to ionizing radiation exposure [16]. In our study, only 
70% reported a relationship between ionizing radia-
tion and the function of the gonads. Furthermore, US 
residents showed excellent compliance for Lead aprons 
(97%) and thyroid shields (99%) [16]. In Another study 
on Urology residents from twenty European countries, 
the compliance with Lead aprons was 75%, and 55% of 
respondents received radiation safety education, and only 
50% know ALARA principle [15]. In our study, ALARA 
principle was only known by 24% of participants. Fur-
thermore, another study showed that only 15% of Indian 
Urology residents received radiation safety education and 
60% use radiation safety protective equipment [1s7].

This study has several limitations as bias may result 
from the nature of respondents whether they were from 
radiation safety lovers or haters. Another bias may result 
from the non-equality in the distribution of responders 
from residents, specialists, consultants and professors, 
and the group with previous radiation safety course was 
only 6%. In addition, participants with higher experi-
ence such as professors might have reported shorter 
FT. Finally, this questionnaire is not validated but it was 
created by experts in the field. Nevertheless, this is the 
first study to provide this detailed analysis of the effect 
of radiation safety courses on the adoption of radiation 
safety measures. Also, it carries a strong message and 
recommendation to all Urology program directors to 
include radiation safety lectures in the curricula and to all 

Urology associations to include radiation safety courses 
in their annual meetings.

5 � Conclusion
There was a lack of radiation safety awareness among 
Egyptian Urology Trainees and Urologist. Respondents 
who received radiation safety course showed signifi-
cantly shorter FT during Endourologic procedures, and 
previous radiation safety course was the only predictor 
of better compliance with radiation safety measures. We 
encourage all Urology program directors to include radi-
ation safety lectures in the curricula, and the EUA and 
Urology associations to include radiation safety courses 
in their annual meetings.
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