EXP ERT doi: 10.1590/S1677-5538.1BJU.2026.0176
OPINION

Vol. 52 (5): 20260176, September - October, 2026

Radiation Safety Practices and Occupational
Exposure AmongBrazilianUrologists:ANational
Survey

Vicktor B. P. Pinto ', Julyana K. M. Moromizato ', Veridiana Andrioli 2, Rui W. Mascarenhas Jr. 3,
Leonardo Seligra Lopes 4 Julia D. Souza ', Rafael Ehrenfreund %, Ricardo L. Vita ¢, Barbara V. L. A.
Melao 7, Roni C. Fernandes 8, Cristiano M. Gomes ', Karin M. J. Anzolch °

" Divisdo de Urologia, Faculdade de Medicina da Universidade de Sdo Paulo, Sdo Paulo, SP, Brasil; 2 Divisdo de Urologia e
Departamento de Cirurgia, Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brasil; 3 Divisdo de Urologia,
Universidade do Estado do Para, Belém, PA, Brasil; * Divisdo de Urologia, Centro Universitario FMABC, Santo André, SP, Brasil;
5 Clinica Uroldgica, Hospital Militar da Regido de Sao Paulo, Sdo Paulo, SP, Brasil; ° Hospital Moriah, Sdo Paulo, SP, Brasil; 7
Departamento de Oncologia do Hospital Adventista de Manaus, Manaus, AM, Brasil; ¢ Departamento de Urologia, Santa Casa
de Sédo Paulo, Sdo Paulo, SP, Brasil; ° Divisdo de Urologia do Hospital Moinhos de Vento, Porto Alegre, RS, Brasil

on behalf of the Sociedade Brasileira de Urologia (SBU)

COMMENTS

lonizing radiation is an integral component of contemporary urological practice (1). In daily routine, fluoros-
copy is frequently used to support diagnostic procedures such as retrograde pyelography, voiding cystourethrogra-
phy, and videourodynamics, as well as a wide range of therapeutic interventions (2). In addition to endourology and
stone disease management, including ureteral stent placement, ureteroscopy, and percutaneous nephrolithotomy,
fluoroscopic guidance may also be required in other settings, including sacral neuromodulation lead implantation and
selected reconstructive or functional procedures (3).

Although indispensable for procedural guidance and decision-making, recurrent occupational exposure raises
concerns about radiological safety in urology (1, 4). Occupational risk is primarily determined by cumulative radiation
dose, exposure geometry, and the consistency of protective measures applied during fluoroscopy-guided procedures
(2, 3). Interventional specialties are consistently among the most exposed groups in healthcare, and in urology the
frequency of fluoroscopy-guided procedures across various clinical settings may translate into substantial cumulative
exposure over years of practice (2, 4).

Core protection principles are grounded in the ALARA concept (“As Low As Reasonably Achievable”) and aim
to minimize radiation exposure by reducing fluoroscopy time, maximizing distance from the source, and optimizing
shielding while maintaining adequate image quality (1, 5). In clinical practice, these principles translate into consis-
tent use of personal protective equipment (PPE), including lead aprons, thyroid shields, gloves, and leaded eyewear,
along with individual dosimetry and institutional processes to ensure equipment integrity and exposure monitoring
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(1, 2). However, real-world adherence to these measures
remains heterogeneous and may be influenced by avail-
ability of protective equipment, workflow constraints,
local safety culture, and the degree of institutional over-
sight (1, 6).

In Brazil, available data on occupational ra-
diation exposure and radiation safety among urolo-
gists are still limited in scope, with previous nation-
wide efforts primarily focused on general behaviors
and use of protective and monitoring equipment (6).
Procedure-specific PPE use, availability of protective
equipment in different practice settings, dosimeter
adoption, and institutional monitoring processes
have not been comprehensively evaluated, limiting
the ability of institutions and professional societies
to prioritize and implement targeted interventions.

Recent contributions from Brazilian urologi-
cal research have also emphasized the importance of
understanding real-world practice patterns and iden-
tifying gaps between recommendations and clinical
practice across different domains of urology (7-9).

Therefore, we conducted a national, cross-
sectional survey of Brazilian urologists to character-
ize self-reported sources and intensity of ionizing
radiation exposure, PPE use across common fluo-
roscopy-guided procedures, availability of protective
equipment, dosimeter use, institutional monitoring
practices, perceived health consequences, and ex-
pectations regarding the role of the Brazilian Society
of Urology (SBU) in promoting radiation safety. By
defining current practices and gaps, this study aims
to inform pragmatic, urology-centered strategies to
strengthen radiation safety in Brazil and provide in-
sights that may be applicable to similar practice set-
tings worldwide.

MATERIALS AND METHODS

Study design and survey development

This study was conducted as a national, cross-
sectional electronic survey designed to evaluate expo-
sure to ionizing radiation, use of protective measures, and
knowledge regarding radiation safety among Brazilian
urologists. The survey was developed by urologists with
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expertise in different subspecialties, aiming to iden-
tify the most relevant aspects of radiation exposure
and radioprotection in routine urological practice, as
well as institutional support and safety policies.

The initial draft of the questionnaire was re-
viewed by a panel of experienced urologists repre-
senting functional urology and voiding dysfunction,
benign prostatic hyperplasia, general urology, uro-
oncology, endourology, andrology and sexual medi-
cine, and pediatric urology. This multidisciplinary
review aimed to ensure content relevance, clarity of
wording, and clinical applicability of the proposed
items. Prior to nationwide dissemination, the survey
instrument underwent pilot testing among 12 prac-
ticing urologists to assess comprehensibility, esti-
mated completion time, and technical functionality
of the electronic platform. Minor revisions were made
based on feedback obtained during this phase.

The questionnaire consisted predominantly
of closed-ended, multiple-choice questions, with
selected items allowing open-ended responses. The
survey included sections addressing sociodemo-
graphic characteristics and professional practice pat-
terns; sources and frequency of radiation exposure;
use of PPE during residency and in current practice;
availability of protective equipment in healthcare in-
stitutions; use of dosimeters and institutional control
of radiation exposure; knowledge of radiation-related
health risks and self-reported complications poten-
tially related to radiation exposure; and perceptions
regarding the role of the Brazilian Society of Urology
in radiation safety education. The full questionnaire
is available in Figure-1.

Participants and survey distribution

All urologists registered with the Brazilian
Society of Urology were eligible to participate in the
study. Participation was voluntary and anonymous.
The survey was distributed electronically through of-
ficial SBU communication channels, including e-mail
and instant messaging platforms.

The invitation was sent to approximately 3,000
eligible urologists registered with the Brazilian Society
of Urology. The survey was open from July 9, 2025, to
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Figure 1- Survey questionnaire.
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The questionnaire included items on demographics, professional practice, radiation exposure, use and availability of personal protective
equipment, dosimetry, institutional monitoring, and perceptions regarding radiation safety.

Open-ended responses were collected for selected items.
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was conducted in accordance with national regula-
tions and international ethical standards for research
involving human participants.

Variables and outcomes

Collected variables included age, sex, geo-
graphic region of practice, years since completion of res-
idency, type of practice setting (private, public, or mixed),
and predominant urological subspecialty. Radiation-
related variables included self-reported sources of ra-
diation exposure, frequency of fluoroscopy use, distance
from the radiation source during procedures, use of PPE,
availability of protective equipment in institutions, use of
dosimeters, and existence of institutional monitoring of
radiation exposure and equipment safety.

Knowledge-related variables assessed aware-
ness of potential adverse health effects of ionizing ra-
diation, while perception-related variables explored at-
titudes toward radiation safety and the perceived role of
professional societies in promoting radioprotection.

Statistical Analysis

Quantitative variables were described using
measures of central tendency (means or medians) and
dispersion (standard deviations or interquartile ranges),
as appropriate. Qualitative variables were expressed as
absolute numbers and proportions. Comparisons be-
tween groups were performed using Student’s t test or
analysis of variance (ANOVA) for continuous variables,
and the chi-square test or Fisher's exact test for categori-
cal variables.

Logistic regression analyses were conducted to
explore factors associated with key outcomes related to
radiation safety practices and protective behaviors. Odds
ratios (ORs) with corresponding 95% confidence intervals
(Cls) were calculated. Analyses were based on complete
cases, with participants excluded from specific analyses
when data for the variables of interest were missing.

All statistical tests were two-sided, and a p value
< 0.05 was considered statistically significant. Statistical
analyses were performed using GraphPad Prism, version
10.0.01 (GraphPad Software, San Diego, CA, USA).
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RESULTS

A total of 325 urologists (83.0% men) complet-
ed the survey, representing 10.8% of Brazilian urolo-
gists who received the survey link. The median age
was 46 years [38-54]. Sociodemographic and practice
characteristics are summarized in Table-1. Denomina-
tors vary across analyses due to missing responses.

Among respondents, 421% completed their
urology residency more than 20 years ago, 24.5% com-
pleted it 10-20 years ago, and 33.4% completed it less
than 10 years ago. Most respondents (95.1%) reported
working at least part-time in private practice, while
197 (60.6%) reported some degree of involvement in
the public sector. Additionally, 112 (34.5%) worked in
university-affiliated hospitals, 221 (68.0%) in private
hospitals, and 94 (28.9%) in multidisciplinary clinics.

The distribution according to predominant
urological subspecialty is presented in Table-1, most
participants reported general urology (35.1%), fol-
lowed by endourology/stone disease (23.7%) and
uro-oncology (19.4%), while 11.1% reported a predom-
inant practice in voiding dysfunction/female urology.

Exposure profile

In terms of self-reported exposure sources,
most participants attributed the majority of their ion-
izing radiation exposure to surgical procedures (me-
dian 95% [80-100]), whereas a smaller proportion
was attributed to diagnostic examinations (median
5% [0-10]) and other activities (median 0% [0-0]).
Participants reported performing a median of 10 flu-
oroscopy-assisted surgeries per month [5-15]. Fluo-
roscopy workload differed significantly by predomi-
nant subspecialty (p<0.001), being highest among
endourology/stone disease practitioners (median 15
[10-20.5]) compared with general urology (median
10 [6-15]), uro-oncology (median 6 [5-10]), and void-
ing dysfunction/female urology (median 6 [3-10]).
During X-ray-guided examinations and procedures,
most urologists reported standing at a distance <1 m
(169/324, 52.2%) or 1-2 m (129/324, 39.8%) from the
radiation source.
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Table 1 - Participants' demographic and practice patterns.

Age (years) 46 [38-54]

Gender

Male 269 (83.0%)
Female 55 (17.0%)

Distribution by geographic Brazilian region

Southeast 162 (50.0%)
South 58 (17.9%)
Northeast 63 (19.4%)
Central-West 26 (8.0%)
North 15 (4.6%)

Time since residency completion

<10 years 108 (33.4%)
10-20 years 79 (24.5%)
> 20 years 136 (42.1%)

Workplace (admitted more than one option)

Some affiliation with private practice 309 (95.1%)
Some involvement in the public sector 197 (60.6%)
University-affiliated hospitals 12 (34.5%)
Private hospitals 221(68.0%)
Multidisciplinary clinics 94 (28.9%)

Predominant urological subspecialty

General urology / no predominant subspecialty 114 (35.1%)
Endourology / stone disease 77 (23.7%)
Uro-oncology 63 (19.4%)
Voiding dysfunction / female urology 36 (11.1%)
Andrology / sexual medicine 18 (5.5%)
Pediatric urology 9 (2.8%)
Renal transplantation 5 (1.5%)
Other 3(0.9%)

Values are presented as n (%) unless otherwise indicated. Age is reported as median [interquartile range]. Workplace variables allowed multiple
responses; therefore, percentages may exceed 100%. Denominators may vary across variables due to missing responses.
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Table 2 - Use of personal protective equipment (PPE) by procedure.

Procedure Lead apron, Thyroid shield, Leaded eyewear, Radiation-attenuating
median [IQR] median [IQR] median [IQR] gloves, median [IQR]
Retrograde ureteropyelography 100 [100-100] 100 [0-100] 0[0-0] 0[0-0]
Double-J stent placement 100 [90-100] 90 [0-100] 0[0-0] 0[0-0]
Distal ureterolithotripsy (small stones) 100 [90-100] 90 [0-100] 0 [0-0] 0[0-0]
Complex ureterolithotripsy 100 [100-100] 100 [50-100] 0[0-0] 0[0-0]
Flexible ureterorenolithotripsy 100 [100-100] 100 [50-100] 0[0-0] 0[0-0]
Percutaneous nephrolithotripsy 100 [100-100] 100 [75-100] 0 [0-0] 0[0-0]

Values represent the self-reported percentage of PPE use (0-100%) during each procedure and are presented as median [interquartile range].

PPE: personal protective equipment.

Patterns of personal protective equipment (PPE)

The estimated use of PPE varied substantially
according to the type of equipment and procedure
(Table-2). Lead apron use was consistently high across
all assessed procedures, with median values of 100% in
all scenarios (IQR 90-100 or 100-100). Thyroid shield use
was lower and more variable, with median use ranging
from 90% [0-100] during double-J stent placement and
distal ureterolithotripsy to 100% [50-100] in more com-
plex endourological procedures and 100% [75-100] dur-
ing percutaneous nephrolithotripsy. In contrast, leaded
eyewear and radiation-attenuating gloves were rarely
used in any of the evaluated procedures, with median
use of 0% [0-0] throughout.

Thyroid shield use varied according to time
since residency completion, with lower adherence
among respondents who completed residency >20
years ago (Kruskal-Wallis p=0.014; Spearman p=-0.175,
p=0.0015). No significant association was observed for
lead apron, leaded eyewear, or radiation-attenuating
glove use (all p>0.20).

Monitoring practices and institutional policies for
radiation protection

Regarding individual dose monitoring, 57/324
(17.6%) reported using a dosimeter. Dosimeter use
was more frequent among urologists reporting higher
monthly volumes of fluoroscopy-assisted surgeries
(=10/month vs <10/month; OR 2.96, 95% CI 1.52-5.76;
p=0.001).
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All respondents who answered the ques-
tion regarding the importance of monitoring agreed
(fully or partially) that urologists’ radiation exposure
should be controlled (302/302, 100%). However, the
reported presence of institutional processes for PPE
maintenance and verification was limited: 52/324
(16.0%) reported any periodic control (annual, semi-
annual, or quarterly), while 120/324 (37.0%) reported
no control and 152/324 (46.9%) did not know. Simi-
larly, regarding monitoring of individual radiation ex-
posure, 202/324 (62.3%) reported that no monitoring
is performed in their services, 73/324 (22.5%) did
not know, and 49/324 (15.1%) reported some form of
monitoring (with or without a defined periodicity).

Concerning PPE availability in the main work-
place, lead aprons for surgeons were reported to be
available in 100% of procedures by 232/322 (72.0%),
and in 50-99% of procedures by 76/322 (23.6%). Thy-
roid shields were reported to be available in 100%
of procedures by 165/321 (51.4%) and in 50-99% by
105/321 (32.7%). Consistent thyroid shield use was
more frequent when thyroid shields were reported
as available in 100% of procedures (OR 1.92, 95% CI
115-3.20; p=0.012). In contrast, leaded eyewear was
reported as unavailable by 268/324 (82.7%).

Pregnancy-related radiation safety practices
Among female respondents (n=55), 54 an-

swered additional questions addressing reproductive

and pregnancy-related radiation safety. Regarding
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participation in procedures involving ionizing ra-
diation during pregnancy (or suspected pregnancy),
most reported avoiding all radiation-exposing proce-
dures (21/54, 38.9%), while 3/54 (5.6%) reported con-
tinuing to participate with strict PPE use and abdomi-
nal shielding, 3/54 (5.6%) reported avoiding exposure
only during the first trimester, and 2/54 (3.7%) reported
avoiding only specific procedures; 25/54 (46.3%) re-
ported never having been pregnant. Only 6/54 (111%)
reported having received formal counseling on the re-
productive and gestational risks of ionizing radiation
(during residency or in professional practice), whereas
27/54 (50.0%) reported only informal guidance and
21/54 (38.9%) reported no guidance. In current prac-
tice, formal institutional policies restricting or remov-
ing pregnant professionals from radiation rooms were
reported by 9/53 (17.0%), while 11/53 (20.8%) described
an informal consensus, 9/53 (17.0%) reported that this
depended on leadership or service, and 24/53 (45.3%)
reported no guidance or policy.

Role of the Brazilian Society of Urology (SBU)

Most respondents supported an active role
for the SBU in addressing ionizing radiation expo-
sure. Suggested actions included educational cam-
paigns on radiation risks and best practices (113/324,
34.9%), advocacy with medical entities (95/324,
29.3%), and advocacy with healthcare institutions to
improve the availability of PPE (96/324, 29.6%). Nota-
bly, 276/324 respondents (85.2%) selected the option
“all of the above,” indicating support for a combined
strategy encompassing education and institutional
advocacy. Only 3/324 (0.9%) believed that the SBU
should have no role in this matter. One participant
did not respond to this question.

Radiation-related health concerns

Regarding the development of clinical con-
ditions potentially associated with ionizing radiation
exposure, 32/324 (9.9%) reported at least one condi-
tion. The most frequently reported conditions were
cataract (3.7%), thyroid malignancy (2.5%), infertility
(2.2%), and skin cancer (2.2%), followed by having a
child with congenital malformations (1.5%), leukemia
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and other myelodysplastic disorders (0.9%), and lym-
phoma (0.6%). Among respondents reporting any con-
dition, 50.0% considered it highly or moderately likely
that lifetime ionizing radiation exposure contributed to
the development of their condition (Figure-2).

DISCUSSION

This national survey provides a contempo-
rary overview of radiation exposure patterns, pro-
tective behaviors, institutional monitoring practices,
and pregnancy-related safety considerations among
Brazilian urologists. The findings demonstrate a per-
sistent gap between awareness of radiation risks and
the consistent implementation of structured radio-
protection strategies in daily practice. PPE use var-
ied according to procedural complexity: lead apron
adherence was nearly universal, and thyroid shield
utilization was higher in complex endourological
procedures. However, leaded eyewear and radiation-
attenuating gloves were virtually absent. When com-
pared with previous national data, partial improve-
ment is evident: in the nationwide survey by Borges
et al. (2015) (6), 84.4% of respondents reported con-
sistent lead apron use and 53.9% reported thyroid
protection. In the present study, conducted roughly
a decade later, apron adherence approached univer-
sal levels and thyroid shield use demonstrated higher
median rates. Nonetheless, the continued absence of
eye protection and the low prevalence of dosimeter
use indicate that radiation safety remains incomplete
and that key anatomical risk sites (lens, hands, thy-
roid) are still insufficiently protected.

Individual dose monitoring represents one of
the most critical deficiencies identified. Only 17.6% of
respondents reported personal dosimeter use, more
than 60% indicated the absence of institutional ex-
posure monitoring, and nearly half were unaware of
periodic PPE integrity verification. Although higher
fluoroscopy workload was associated with greater do-
simeter use, radiation protection cannot rely on sub-
jective perception of exposure alone. As highlighted in
recent educational reviews on radiation safety in urol-
ogy (10), sustainable safety culture requires structured
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Figure 2 - Patterns of Radiation Exposure, Personal Protective QSafety Gaps Among Brazilian Urologists.

PPE = personal protective equipment.

training, systematic monitoring, and institutional ac-
countability. Contemporary dosimetry data reinforce
this concern. Measurable scatter radiation exposure
has been demonstrated across multiple profes-
sional roles during endourological procedures, with
significant correlations between dose-area product
and staff exposure (3). Systematic analyses have also
shown substantial variability in effective radiation
doses to urologists and have emphasized the impor-
tance of shielding and structured education in re-
ducing occupational exposure by up to 94-100% (2).
Together, these findings further suggest that cumula-
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tive exposure may be underestimated, particularly in
high-volume settings.

The biological risks of chronic radiation
exposure, including cataract formation, radiation-
induced skin injury, and increased malignancy risk,
are well documented (3, 4, 11, 12). Although causality
cannot be established from self-reported data, the
fact that 9.9% of respondents reported at least one
medical condition potentially associated with radia-
tion exposure underscores the perceived and poten-
tial occupational impact. Half of these respondents
considered radiation exposure a likely contributing
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factor, highlighting not only biological concerns but
also psychological and professional implications.

A notable and innovative aspect of this study
is the detailed assessment of pregnancy-related ra-
diation practices, an area that has been infrequently
addressed in urological surveys. Formal counseling
regarding reproductive risks was uncommon, and
institutional policies restricting radiation exposure
during pregnancy were inconsistently reported. Al-
though most pregnant or previously pregnant re-
spondents avoided radiation-exposing procedures,
strategies varied and were frequently based on in-
formal arrangements. This variability gains further
relevance in light of the increasing representation of
women in urology globally (13, 14). As the proportion
of female urologists grows, the need for structured
and transparent reproductive radiation safety frame-
works becomes progressively more critical. Recent
literature supports the feasibility of pregnancy-com-
patible fluoroscopic practice when protective strate-
gies are rigorously applied. Koolik et al. (2025) em-
phasized adherence to ALARA principles with lead
shielding and low-dose protocols (5), while Song et
al. (2025) quantified uterine exposure during PCNL
and demonstrated that active dose-reduction strate-
gies allow procedures to remain within recommend-
ed fetal exposure thresholds (15). Together, these
findings suggest that safe practice during pregnancy
is achievable, but only within clearly defined insti-
tutional protocols that explicitly address role alloca-
tion, shielding, and dose monitoring.

Our data further indicate that radiation safe-
ty behavior is strongly influenced by infrastructure.
The association between equipment availability and
its use suggests that adherence is not solely an in-
dividual decision. The reported absence of leaded
eyewear in most workplaces illustrates how structur-
al limitations directly constrain compliance. Radia-
tion protection therefore requires both professional
awareness and institutional commitment, including
investment in appropriate PPE and routine mainte-
nance and monitoring processes.

The present study has several limitations. As
a voluntary survey with a response rate of 10.8%, it is
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subject to selection and self-reporting bias, and re-
spondents may not fully represent the broader Brazil-
ian urologist population in terms of practice patterns,
access to equipment, or attitudes toward radiation
safety. However, this response rate is consistent with
those commonly observed in large-scale web-based
surveys among physicians, particularly when partici-
pation is voluntary and no incentives are provided.
Importantly, the sample included urologists from all
geographic regions of Brazil and across diverse prac-
tice settings, including public and private sectors as
well as academic and non-academic institutions,
supporting the heterogeneity of the sample and sup-
porting the external validity of the findings. Objective
radiation dose measurements were not performed
and perceptions of exposure and risk may be dis-
torted in either direction. We also did not perform
stratified analyses according to geographic region,
city size, or predominant practice setting (public
vs private vs mixed), which may influence both ac-
cess to protective equipment and institutional safety
culture. No causal relationship between reported
health conditions and radiation exposure can be
established. Finally, although the survey provides
a comprehensive national overview, these findings
reflect the Brazilian context and cannot be directly
extrapolated to other countries or healthcare sys-
tems without consideration of local infrastructure,
regulations, and training environments.

Despite these limitations, this study has sev-
eral strengths. It represents a comprehensive, con-
temporary national assessment of radiation expo-
sure and radioprotection practices among Brazilian
urologists, encompassing diverse practice settings
and subspecialties through the institutional reach of
the SBU. The survey instrument underwent multidis-
ciplinary expert review and pilot testing, supporting
content validity and clinical applicability. Important-
ly, the study evaluated not only personal protective
equipment use but also institutional infrastructure,
dosimetry practices, and pregnancy-related poli-
cies—domains that have seldom been examined si-
multaneously in prior surveys. By integrating behav-
ioral and structural variables and identifying factors
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associated with protective practices, the findings
provide data that may inform targeted educational
and institutional strategies to enhance radiation
safety in Brazilian urology.

Although foundational protective measures
such as lead apron use are widely incorporated,
comprehensive radiation safety culture remains
underdeveloped. Systematic monitoring, broader
PPE adoption, structured pregnancy policies, and
institutional oversight are necessary to ensure that
increasing reliance on fluoroscopy is accompanied
by proportional commitment to occupational health
and long-term risk mitigation.

CONCLUSIONS

This national survey reveals that, although
radiation protection is widely recognized as impor-
tant, its structured application in Brazilian urology
remains inconsistent. Limited use of dosimetry, het-
erogeneous institutional monitoring, inconsistent
availability of PPE, and insufficiently defined preg-
nancy policies indicate that radioprotection is not
yet fully integrated into routine practice. These find-
ings reinforce the need for targeted educational ini-
tiatives and institutional standardization, supported
by active engagement of professional societies and
renewed emphasis on the ALARA principle to en-
sure sustained protection of both medical personnel
and patients in fluoroscopy-guided urological care.
Although focused on Brazil, these findings may be
informative for other settings with similar resource
constraints and practice patterns.
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