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Introduction
Use of fluoroscopy in gastrointestinal endoscopy is routine
practice for certain procedures, such as endoscopic retrograde
cholangiopancreatography (ERCP), offering diagnostic and
therapeutic guidance. Healthcare professionals (HCPs) mini-
mize radiation exposure by employing techniques including
pulsed fluoroscopy and image enhancement [1]. Moreover,
shielding and protective equipment, such as lead aprons, thy-
roid shields, and leaded glasses, play a pivotal role in safeguard-
ing vulnerable areas of the body [1, 2]. However, radiation
exposure during fluoroscopy-guided procedures can be highly
variable and not easily predicted. Studies have shown impor-
tant heterogeneity in radiation safety practices [3]. Further-
more, while guidance from the Centers for Disease Control

suggests that radiation doses should be “as low as reasonably
achievable” (ALARA) [4], adherence to this principle is also vari-
able. There are also limited data regarding radiation exposure in
gastrointestinal endoscopy and specific regulations are lacking,
particularly for individuals of childbearing age [5].

Therefore, it is imperative that fluoroscopy use in gastroin-
testinal endoscopy be thoughtfully evaluated, particularly in
relation to weighing the perceived benefits and potential risks.
The challenges and complexities associated with fluoroscopy
safety encompass considerations for physicians, nurses, techni-
cians, trainees, and the patient [1]. Presence of pregnant staff
in the room adds additional considerations, because radiation
exposure may have implications on the career choices of a
pregnant HCP, and the developing fetus.

27 Division of Gastroenterology and Hepatology, Ottawa

Hospital, Ottawa, Ontario, Canada

28 Department of Gastroenterology and Hepatology,

University of Virginia Medical Center, University of

Virginia School of Medicine, Charlottesville, Virginia,

USA

Key words

Pancreatobiliary (ERCP/PTCD), Cholangioscopy, Quality and

logistical aspects, Delphi technique, Fluoroscopy,

Radiation, Gastrointestinal endoscopy

received 7.5.2024

accepted after revision 30.9.2024

accepted manuscript online 07.10.2024

Bibliography

Endosc Int Open 2024; 12: E1315–E1325

DOI 10.1055/a-2427-3893

ISSN 2364-3722

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the Creative

Commons Attribution-NonDerivative-NonCommercial License, permitting copying

and reproduction so long as the original work is given appropriate credit. Contents

may not be used for commercial purposes, or adapted, remixed, transformed or

built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Corresponding author

Dr. Natalia S. Causada Calo, MD, MSc, St. Michael's Hospital,

University of Toronto, 16-046 Cardinal Carter Wing, 30 Bond

Street, Toronto, Ontario, M5B1W8, Canada

natalia.calo@unityhealth.to

ABSTRACT

Background and study aims Use of fluoroscopy in gastro-

intestinal endoscopy is an essential aid in advanced endo-

scopic interventions. However, it also raises concerns about

radiation exposure. This study aimed to develop consensus-

based statements for safe and effective use of fluoroscopy

in gastrointestinal endoscopy, prioritizing the safety and

well-being of healthcare workers and patients.

Methods A modified Delphi approach was employed to

achieve consensus over three rounds of surveys. Proposed

statements were generated in Round 1. In the second

round, panelists rated potential statements on a 5-point

scale, with consensus defined as ≥80% agreement. State-

ments were subsequently prioritized in Round 3, using a 1

(lowest priority) to 10 (highest priority) scale.

Results Forty-six experts participated, consisting of 34

therapeutic endoscopists and 12 endoscopy nurses from

six continents, with an overall 45.6% female representation

(n =21). Forty-three item statements were generated in the

first round. Of these, 31 statements achieved consensus

after the second round. These statements were categorized

into General Considerations (n =6), Education (n =10),

Pregnancy (n =4), Family Planning (n =2), Patient Safety (n

=4), and Staff Safety (n =5). In the third round, accepted

statements received mean priority scores ranging from

7.28 to 9.36, with 87.2% of statements rated as very high

priority (mean score ≥ 9).

Conclusions This study presents consensus-based state-

ments for safe and effective use of fluoroscopy in gastroin-

testinal endoscopy, addressing the well-being of healthcare

workers and patients. These consensus-based statements

aim to mitigate risks associated with radiation exposure

while maintaining benefits of fluoroscopy, ultimately

promoting a culture of safety in healthcare settings.

Supplementary Material is available at

https://doi.org/10.1055/a-2427-3893
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While the ALARA principle is a fundamental concept for
minimizing radiation exposure, a more thorough exploration is
needed to address the multifaceted dimensions of fluoroscopy
safety [4]. This study sought to establish a comprehensive,
consensus-based framework for enhancing the safety of all in-
dividuals participating in fluoroscopy-guided endoscopic
procedures. These statements aimed to prioritize the safety of
both HCPs and patients, while addressing the challenges posed
by repeated exposure. In doing so, we also strove to safeguard
well-being, enhance education, and foster the professional
prospects of HCPs.

Methods
Study design

This study employed modified Delphi methodology with three
rounds of surveys to develop expert-guided statements for use
of fluoroscopy in gastrointestinal endoscopy. The Delphi meth-
od is a research technique that harnesses the collective exper-
tise of a diverse group of individuals to reach agreement on a
particular subject. This is achieved through iterative rounds of
questionnaires with controlled feedback. The limited existing
literature and a lack of widely accepted practice standards
specifically addressing multifaceted challenges stemming
from repeated fluoroscopy exposure make this topic particular-
ly suited to using Delphi methodology. Considerations exten-
ded beyond safety, prompting the need for a comprehensive
approach. This study was deemed exempt from ethical approv-
al.

Delphi panel recruitment and selection process

A purposive sampling approach was used to recruit experts in
fluoroscopy-guided endoscopy. This approach aimed to be in-
clusive of all (HCPs) in the room, including therapeutic endos-
copists and endoscopy nurses. Recruitment criteria were devel-
oped to assist in the creation of the expert panel.

Therapeutic endoscopist eligibility

Internationally recognized expertise – Participants with inter-
nationally recognized expertise in advanced therapeutic endos-
copy, specifically in fluoroscopic-dependent endoscopic proce-
dures.

Publication record – Individuals with a track record (of more
than 15) endoscopy-related publications within the past 10
years.

Key opinion leaders – Experts who are considered key opi-
nion leaders in the field of endoscopy and hold national or inter-
national recognition.

Exceptional achievements – Individuals who have demon-
strated exceptional achievements within their respective
endoscopy departments, such as enhancing awareness about
fluoroscopy radiation and advocating for safer practices at the
institutional level.

Department heads and established researchers – Heads of
endoscopy departments, established researchers, and clini-
cians in the field of endoscopy (including hepatobiliary or any

fluoroscopic endoscopy) were invited to ensure a diverse range
of expertise.

Therapeutic endoscopists must have met at least one of the
aforementioned criteria to be included as a Delphi panelist. The
decision to prioritize a robust publication record and estab-
lished researchers is based on the understanding that individ-
uals with extensive scholarly contributions in endoscopy bring
a wealth of theoretical and practical insights. Their collective
experiences, coupled with their formal endoscopy training, un-
iquely positions them to reflect on the broader implications of
fluoroscopy use and advocate for quality statements.

Endoscopy nurse and technician eligibility

Nursing staff from tertiary centers – Nurses working in tertiary
centers known for their excellence in endoscopic research and
training worldwide were identified and invited to participate.

Unit leaders – In addition to nursing staff, unit leaders or in-
dividuals with a demonstrated role in leading endoscopy units
were considered eligible. This includes nurses who have shown
expertise and leadership in the development and implementa-
tion of advanced therapeutic endoscopy procedures.

Society involvement – Nurses who are actively involved in
endoscopic societies were identified through online databases,
society publications, professional conferences and meetings,
and collaboration networks. Their contributions and engage-
ment within these societies were considered as an additional
criterion for eligibility.

Research experience – Nurses who have conducted indepen-
dent research or have actively contributed to endoscopy-relat-
ed research studies were included in the recruitment process.
Their research experience encompasses areas such as patient
outcomes, procedural techniques, safety measures, or innova-
tions in endoscopy.

Fluoroscopy technicians – Nurses who are specifically train-
ed as fluoroscopy technicians and have experience in perform-
ing fluoroscopic-dependent endoscopic procedures.

Endoscopy nurses must have met at least one of the above
criteria to be included as a Delphi panelist. We sought to as-
semble a diverse and qualified panel of endoscopy nurses and
technicians. We approached nursing professionals globally
who had championed radiation safety and/or possess formal
training in nurse endoscopy.

General eligibility

International representation – To achieve a well-balanced inter-
national consensus, a proportionate number of endoscopists
from low-resource settings were recruited, with less rigorous
requirements compared to established experts.

Proportional representation – To ensure diversity and repre-
sentation, efforts were made to include endoscopy nurses from
different regions and healthcare settings, including both devel-
oped and developing/low-resource nations.

It is imperative to acknowledge that our recruitment strate-
gy extended beyond professional qualifications alone, demon-
strating a commitment to inclusivity and diversity within our
expert panel. Deliberate efforts were made to ensure gender
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balance among our expert panelists and achieve geographic
representation.

Proactive measures were also taken to include female thera-
peutic endoscopists, to achieve more balanced representation
and foster a broader spectrum of insights. Additionally, our
approach aimed to incorporate geographic diversity, recogniz-
ing that practices and experiences in fluoroscopy-dependent
endoscopic procedures may vary across different regions.

In consideration of the special topics involving children, we
ensured the inclusion of a pediatric gastroenterology expert
(CW) on our panel. This deliberate choice aimed to bring
specialized knowledge regarding the unique considerations
related to pediatric patients within the scope of our study.

Delphi process
Statement generation

To facilitate establishment of statements for use of fluoroscopy,
a systematic and data-driven approach was adopted. Twenty-
seven objective prompts were provided to expert panelists
during Delphi Round 1 (Supplementary Data). These prompts
were crafted by the steering committee based on a compre-
hensive literature review [1, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17] which yielded five domains of focus: General Considera-
tions, Patient and Staff Safety, Education, Pregnancy, and Fam-
ily Planning. This literature review was conducted on Medline,
searching for articles related to fluoroscopy and radiation safe-
ty within gastrointestinal endoscopy from conception to May
13, 2023.After reviewing all relevant articles and identifying
common themes, the 27 prompts were generated after exten-
sive discussion among the steering committee, which consid-
ered the study objectives, target population and findings of
the literature review. The steering committee consisted of
members of the primary research team with extensive ERCP
expertise.

During Round 1, expert panelists including physicians and
nurses were asked to propose an unlimited number of state-
ments in response to the provided prompts. Verbatim state-
ments were then compiled to create an anonymous list of items
for evaluation by the steering committee. Similar issues
expressed in multiple responses were consolidated into a single
statement through discussions within the steering committee,
with independent mediation used to resolve conflicts, when re-
quired. Following the initial generation of potential statements,
related statements were grouped into the aforementioned five
categories based on their subject matter.

Special considerations

Upon reviewing the potential statements that were generated,
we developed a category focused on special considerations
(Supplementary Data), that was crucial to address nuanced
aspects related to specific patient groups. Indeed, the objective
was to outline these considerations, within specific contexts to
ensure recommendations cover not only general fluoroscopy
safety principles but also specific challenges associated with a
diverse patient population. We refer to the following patient
groups as ‘patients requiring special considerations.

Delphi process: Consensus and prioritization

In the second Delphi round, participants were asked to rate
each proposed statement on a 1 (low agreement) to 5 (high
agreement) point scale. Panelists were provided the opportu-
nity to offer feedback on the phrasing of potential statements,
provide rationales for their preferences, and/or propose addi-
tional statements. The mean rating of each statement (1 to 5)
was calculated. Consensus was defined a priori as at least 80% of
respondents assigning a statement a score of 4 or higher on the
5-point Likert scale. The term "consensus" was predetermined
in our study as the agreement criterion for item inclusion into
the final statements. We acknowledge that consensus can be
measured by various methods; however, our study operationa-
lized consensus based on a specified Likert scale threshold. This
predetermined criterion served as a foundation for identifying
statements that would be prioritized during the third and final
Delphi round. Steering committee members, blinded to the
identity of the respondent, met to review, and discuss the qua-
litative comments. When required, the wording of statements
was modified based on comments from the expert panel.

In the third Delphi round, panelists were asked to rate state-
ments that reached consensus during the second round on a 1
(lowest priority) to 10 (highest priority) scale to prioritize the
statements. Round 3 also provided an opportunity for panelists
to offer feedback on the statements presented.

Surveys were created using the online platform Google
Forms. Participants received the surveys via email and were giv-
en 4 weeks to complete each round. A minimum response rate
threshold was established a priori. This threshold stipulated
that a minimum of 85% participation from the expert panel
was required to move forward to the next Delphi round. When
the response rate surpassed the predetermined threshold at
the 4-week mark, the research team proceeded to the next
study round. If the response rate fell below the specified
threshold, additional efforts were made to encourage partici-
pation from the remaining panel members. These efforts in-
cluded general reminder emails, personal messages, and/or ex-
tensions of the response deadline, aiming to increase the re-
sponse rate and obtain more comprehensive and generalizable
results.

Results
A total of 118 potential experts were identified, of whom 72
were excluded either because they did not respond or did not
meet the eligibility criteria (▶Fig. 1). Forty-Six experts (34 ther-
apeutic endoscopists and 12 endoscopy nurses) from 11 coun-
tries spanning six continents (Oceania, North America, South
America, Europe, Africa, and Asia) participated in the Delphi
study, with female representation accounting for 45.6% of the
experts (n =21). In the initial round, all participants responded,
achieving a 100% response rate. The second round yielded a
response rate of 97.83%, while the third round saw a response
rate of 95.65%.
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After the first round, 43 item statements were generated
and re-sent to the panel for voting in the second round, cate-
gorized into the following domains: General Considerations (n
=9), Education (n =14), Pregnancy (n =4), Family Planning (n
=4), Patient Safety (n =6), and Staff Safety (n =6). Of the 43 in-
itial statements, 31 (71%) achieved consensuses after the sec-
ond round and met the criteria for inclusion in the third round
of voting. The categories with accepted statements included
General Considerations (n =6), Education (n =10), Pregnancy
(n =4), Family Planning (n =2), Patient Safety (n =4), and Staff
Safety (n =5). All statements and their consensus ratings from
Round 2 are outlined in Supplementary Data – Table1.

In Round 3 of the Delphi study, the mean prioritization
scores for the 31 consensuses-based statements, which were
scored on a 10-point scale, ranged from 7.28 to 9.36, with
87.2% of statements rated as very high priority (mean score of
≥ 9) (▶Table1). Consensus-based statement 17 (“The benefits
of fluoroscopy-guided procedures must outweigh the potential
risks to the fetus. When possible, non-urgent procedures
should be deferred until after the first trimester of pregnancy”)
received the highest mean prioritization score of 9.36 ± 1.14
with 61.5% of the respondents rating this statement as very
high priority.
Consensus-based statement 1 (“Patient's medical history and
physical limitations should be carefully reviewed to determine
the suitability of fluoroscopy-guided procedures”, mean score
=8.51±1.68 priority ranking =13) received the highest number
of responses in the 9 to 10 range, with 87.18% of panelists
rating this statement as very high priority. Consensus-based
statement 9 (“Case-based learning should be implemented in
trainee curricula to educate trainees on fluoroscopy use in
real-world scenarios”) received the lowest mean prioritization
score of 7.28 ± 1.86 with only 51.3% of panelists considering
this statement to be very high priority.

The following consensus-based statements from each do-
main that had the highest mean prioritization ratings in round
3 include:

General considerations: Consensus-based statement 3 –
“Procedures involving the use of fluoroscopy should only be
performed by interventionists who are formally trained and ex-
perienced in fluoroscopy-guided endoscopic procedures”
(mean =9.15±1.14

Education: Consensus-based statement 23 – “Trainees
should have formal education on medical imaging, including
cholangiogram interpretation.” (mean =8.44 ± 1.39

Pregnancy: Consensus-based statement 17 – “The benefits
of fluoroscopy-guided procedures must outweigh the potential
risks to the fetus. When possible, non-urgent procedures
should be deferred until after the first trimester of pregnancy”
(mean =9.36 ± 1.14

Family Planning: Consensus-based statement 28 – “Foster
supportive environments that respect trainees' family planning
decisions and priorities by encouraging dialogue between trai-
nees and program directors” (mean =8.51 ± 1.47

Patient Safety: Consensus -based statement 26 – “The
distance between the flat-panel detectors and patients should
be minimal to reduce scattered radiation exposure” (mean =
8.79 ± 1.17

Staff Safety: Consensus-based statement 27 – “Ensure staff
compliance with safety guidelines and provide well-maintained
protective equipment, including lead aprons, shields, glasses,
and headwear to minimize fluoroscopy exposure risks and
long-term complications such as malignancy, cataracts, retino-
pathy and thyroid disease to foster a culture of safety among
healthcare professionals.” (mean =9.26 ± 1.07)

Discussion
This first-of-its-kind, international, multidisciplinary Delphi
study has yielded a series of consensus-based statements, orga-
nized in key domains, for safe and effective fluoroscopy use in
gastrointestinal endoscopy. In the domain of General Consid-
erations, there was unanimous agreement that a patient’s
medical history and physical limitations must be meticulously
reviewed, and procedures involving fluoroscopy should only be
performed by formally trained and experienced interventionists
or trainees under their direct supervision. Education emerged
as a critical domain, with consensus on mandates for formal ra-
diation safety training, education using a variety of teaching
modalities, and ongoing education for both trainees and staff

Identification and invitation of 118 potential experts

Expert eligibility assessment

Round 1 delphi (item generation)

Round 2 delphi (voted on 43 statements)

Round 3 delphi (31 statements ranked)

Qualitative analysis and generation of 2nd round 
survey items

Qualitative analysis and generation of 3rd round 
survey items

Excluded as eligibility 
criteria were not met 
or no response 
(n = 72)

▶ Fig. 1 Study flow diagram.
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to ensure maintenance of competence. The Pregnancy domain
highlights the importance of carefully balancing the benefits
and risks for pregnant persons undergoing fluoroscopy-guided
procedures, emphasizing a multidisciplinary approach and con-
siderations for physical well-being. Patient Safety recommen-
dations underscore the need for fostering supportive environ-
ments, monitoring fluoroscopy time, and exploring alternative
imaging modalities for pregnant patients. HCP safety recom-
mendations emphasize the provision of well-maintained pro-
tective equipment, limits on fluoroscopy room time, and com-
prehensive documentation of fluoroscopy doses.

Previous guidelines have focused on general considerations
regarding fluoroscopy use in gastrointestinal endoscopy with
the aim to minimize exposure; however, they do not compre-
hensively address the complexities associated with repeated
exposure [16, 17]. Indeed, the focus of this study was to
achieve expert consensus on key aspects of fluoroscopy prac-
tice in gastrointestinal endoscopy to minimize risks and priori-
tize the well-being of HCPs and patients. The Delphi panel em-
phasized the importance of education, including imaging inter-
pretation, and maintenance of safety standards. Furthermore,
the results underscored special considerations for groups for
whom exposure to fluoroscopy may be associated with an addi-
tional risk, such as pregnant persons or those planning a preg-
nancy [18]. This concerted effort aims to minimize risks of
fluoroscopy exposure and its derived potential long-term com-
plications, such as malignancy, cataracts, retinopathy, and thy-
roid disease [16, 17]. Some technical considerations outlined by
the expert panel emphasize the need for minimizing distance
between flat-panel detectors and patients to reduce scattered
radiation exposure. Furthermore, there was unanimous agree-
ment on regular modernization of fluoroscopy techniques
through integration of new tools, software, and low-dose
equipment. Regular inspections and performance testing of
fluoroscopy units following repairs or new installations are also
highlighted, emphasizing the importance of maintaining
equipment standards for optimal safety.

Ergonomic adjustments, such as use of adjustable tables,
supportive seating, and positioning aids, are identified as cru-
cial elements to minimize patients' physical strain, tailored to
factors like agility, stature, and specific procedural require-
ments. This focus on patient well-being aligns with the broader
objective of enhancing the overall safety and effectiveness of
endoscopy. In addition, it is imperative to extend the discussion
of ergonomics beyond patient considerations and incorporate
measures that address the well-being of endoscopists and nur-
ses. The ergonomics of the procedural setup, including posi-
tioning of the endoscopist and design of equipment interfaces
(e. g. two-piece lead aprons), should be meticulously addressed
to minimize physical strain and fatigue among HCPs and miti-
gate risk of injury [19, 20, 21, 22]. Research to further assess
the role of ergonomics for HCPs during endoscopy and fluoro-
scopy, including use of simulation (e. g. Simbionix, EndoSim or
ERCP Mechanical Simulator) to inform optimal design and edu-
cate providers, is warranted.

Education emerged as a central theme in this study, with
statements emphasizing its critical role in ensuring safe fluoro-
scopy use. It is suggested that only interventionists formally
trained and experienced in fluoroscopy-guided endoscopic
procedures should perform such procedures. The absence of a
formal curriculum or guide on how therapeutic endoscopy
training programs should provide education in safe and effec-
tive use of fluoroscopy is acknowledged [16]. Our expert panel
advocates for integration of fluoroscopy education into the
core curriculum for endoscopists, incorporating exposure com-
ponents into assessment tools, training modules, quizzes, and
feedback mechanisms. Fluoroscopy education should incorpo-
rate a variety of teaching methods such as case-based learning,
videos, online courses and webinars, and didactic sessions. Cur-
rent models of training used internationally take a structured
competency-based approach which incorporates the afore-
mentioned methods of educational integration into pre-proce-
dural knowledge acquisition and teaching, procedural skills de-
velopment in simulated or clinical settings, and assessment
phases where trainees are formally evaluated on procedural
benchmarks [23, 24, 25]. Formal education on medical ima-
ging, including cholangiogram interpretation, was also viewed
as being important. A survey-based study of 58 ERCP trainees
from the United Kingdom revealed that fewer than 40% of trai-
nees were aware of existing safety standards or average proce-
dural radiation doses and up to one-quarter of trainees did not
routinely wear thyroid protection or radiation protection gog-
gles [26]. Studies from Korea and Japan have demonstrated
similar findings, with more than one-quarter of respondents in
each respective study stating that they did not routinely wear
thyroid protection or radiation protection goggles [8, 27].
These findings highlight the need to enhance training in this
area, as was underscored by the Delphi panel in this study. In
addition, presence of a supervising endoscopist throughout
procedure, to offer guidance to trainees on fluoroscopy use
and best practices, was viewed as a crucial element of training.
Moreover, experts acknowledged the complexity of education
in radiation use, which should cover skill development at var-
ious levels. Finally, education regarding fluoroscopy safety, ef-
fective dose minimization, equipment-use, and maintenance
protocols should extend beyond endoscopy training. These ele-
ments should be incorporated into continuing professional de-
velopment education for staff.

Pregnancy and family planning considerations were priori-
tized highly by the Delphi panel. Rigorous assessment of a
patient's medical history and physical limitations, particularly
for pregnant individuals, is underscored. A multidisciplinary
approach involving gastroenterologists, radiologists, and
obstetricians is recommended when fluoroscopy is deemed
necessary during pregnancy. The consensus aligns with existing
literature [16, 28, 29, 30, 31], emphasizing the need to weigh
the benefits against potential risks and defer non-urgent proce-
dures until after the first trimester. However, it should be noted
that shielding of pregnant patients was not discussed in the
consensus-based statements.
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Concerns about radiation exposure may contribute to gen-
der disparity in therapeutic endoscopy. A US program directors'
survey revealed that these concerns dissuade women from pur-
suing advanced therapeutic endoscopy careers, emphasizing
the need for targeted education on safe fluoroscopy practices
during reproductive years [32]. Encouragingly, the study also
suggests that addressing barriers and introducing education in-
itiatives regarding radiation exposure could serve as a facilita-
tor. Similar findings have been reported in medical specialties
in which fluoroscopy is used heavily, such as interventional car-
diology and radiology [33, 34]. In this study, the panel highligh-
ted that HCPs should have full autonomy to decide if they want
to participate in fluoroscopy studies. Pregnant HCPs should be
able to decline to participate in such procedures if they do not
feel safe or comfortable doing so. In addressing family planning
among endoscopy staff, this study advocates for fostering sup-
portive environments and open dialogue, as evidenced by
endoscopy-focused studies that have revealed stigma sur-
rounding discussions about pregnancy and family planning
[23]. Practical measures, including reduced fluoroscopy room
time, evaluation of physical strain, supportive seating, and pro-
vision of fetal dosimeters and more frequent readings, are re-
commended to accommodate pregnant healthcare workers.
Future studies estimating the amount of exposure to radiation
adjusted to case complexity could facilitate planning schedules
for pregnant staff and trainees accordingly, if desired and need-
ed.

The importance of delineating clear pathways for implemen-
tation of the generated consensus-based statements into ac-
tionable changes in clinical practice should be acknowledged.
It is evident that the statements provided, while highlighting
essential principles, lack specificity regarding the responsible
parties and practical steps for execution. To address this, we
propose a pragmatic approach to enhance applicability of these
recommendations. First, the responsibility for fostering a sup-
portive environment and open dialogue between trainees and
program directors should be shared among key stakeholders
within the healthcare institution, including department heads,
trainees, human resources, and program directors. Initiating
conversations regarding family planning and accommodating
HCPs should be a collaborative effort, with clear guidelines
provided by the institution on how these discussions can be
conducted. Practical measures, such as provision of fetal dosi-
meters and evaluation of physical strain, should be overseen
by occupational health and safety committees, involving input
from endoscopy unit managers and relevant HCPs.

Implementation of consensus-based statements related to
fluoroscopy education and ongoing professional development
should involve endoscopy training program directors, continu-
ing medical education coordinators, and accrediting bodies.
These entities should work collectively to integrate radiation
safety education into the core curriculum, develop assessment
tools, and establish mechanisms for ongoing training and as-

sessment. Clear communication channels and standardized
protocols should be established to ensure that the responsibil-
ity for education and adherence to safety statements is distrib-
uted effectively among endoscopy unit leaders, training pro-
gram directors, and individual HCPs.

Although this study contributes valuable insights, it has sev-
eral limitations. The modified Delphi procedure has an inherent
potential for selection and response biases [35]. Selection bias
may be present in this study due to selective participant re-
cruitment from tertiary expert centers, recruitment of multiple
nurse participants from the same departments, and exclusion
of certain categories of HCPs who may perform endoscopy,
such as technicians in countries such as the United States and
radiologists from centers where ERCP is performed with dedica-
ted radiologists. The exclusion of certain categories of HCPs
may have led to omission of important topics in the prompts
and final consensus statements. In particular, the topic of diag-
nostic reference levels (DRLs) was not included in the verbatim
responses, and posed a challenge given the lack of globally es-
tablished thresholds within interventional endoscopy from ma-
jor societies and guidelines. However, previous studies have de-
scribed DRLs in specific populations, such as the large multicen-
ter study based in Japan by Hayashi et al., which described me-
dian/third quartile threshold values in ERCP of 69/145 mGy, 16/
32Gy cm2, and 11/20 minutes for air kerma at the patient en-
trance reference point, air kerma area product, and fluoroscopy
time, respectively [15]. Dedicated practice guidelines incorpor-
ating DRLs from recent studies are urgently needed in order to
make uniform and evidence-based recommendations.

Last, this study does not delve deeply into the implementa-
tion process for the consensus-based statements or their im-
pact on clinical practice and patient outcomes, which should
be considered in future research and practice guidelines. It
has, however, highlighted priority domains in fluoroscopy-as-
sisted endoscopy practice that are shared globally, and has
identified strategies to implement changes, particularly in the
education domain.

Conclusions
In conclusion, this global collaborative effort represents a mile-
stone in defining standards for gastrointestinal endoscopy-
related fluoroscopy. The consensus-based statements estab-
lished in this study underscore the critical importance of educa-
tion, technical considerations, and a multidisciplinary approach
to ensure safe and effective use of fluoroscopy in therapeutic
endoscopy procedures with special considerations in subpopu-
lations of patients and HCPs. Ongoing efforts are essential to
create and implement evidence-based guidelines into daily
practice with a focus on enhancing patient and healthcare
worker safety in the evolving landscape of gastrointestinal
endoscopy.
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