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Abstract

Fluoroscopy-guided procedures (FGP) expose healthcare workers to low levels of ionizing radiation [8]. Although individual expo-
sures are modest, cumulative lifetime dose can become clinically relevant, and a clinician’s role strongly influences overall radiation
burden [1, 8]. This narrative review synthesizes research comparing occupational radiation patterns, epidemiologic cancer outcomes,
and biological indicators of radiation effects across major fluoroscopy-exposed groups. Studies from 1990 to 2025 were included if
they reported occupational dose estimates [1, 3, 7], cancer incidence or mortality [2, 4], or biomarkers of radiation-associated biologi-
cal damage [10,11].

Interventional cardiologists demonstrated some of the highest head and neck exposures, consistent with asymmetric cranial dose mea-
surements and reports of left-sided brain tumors [6, 11]. Radiologic technologists showed strong epidemiologic signals, including in-
creased brain cancer mortality and higher melanoma and breast cancer incidence [2]. Interventional radiologists generally experi-
enced moderate exposure, with modern data showing no clear rise in overall cancer mortality, although modeling studies indicate a
small but measurable lifetime risk [1, 3, 4]. Vascular surgeons and peri-procedural nursing and anesthesia personnel demonstrated
variable exposure patterns influenced by shielding and workflow [7, 8, 10]. Scatter measurements indicate that peri-procedural staff

may receive meaningful doses when positioned near the patient during active imaging [7].

Opverall, the literature shows that occupational radiation risk is not evenly distributed across fluoroscopy-exposed specialties [1, 2, 6].
These differences underscore the importance of consistent shielding, routine dosimetry, and updated studies that reflect contempo-

rary procedures and equipment [8, 9].
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Introduction

Fluoroscopy-guided procedures have become
more prevalent and essential in modern medicine due to
the technology’s real-time visualization and minimally inva-
sive nature [8]. As these procedures continue to advance
with technology and frequency of use, healthcare profession-
als experience chronic low-dose ionizing radiation exposure
[8]. Modern equipment and proper protective shielding
have helped to mitigate exposure and improve safety; how-
ever, measurable exposure remains a cause for concern re-

garding long-term cancer risk [1, 8, 9].

Most published literature evaluates radiation expo-
sure in single specialties rather than across the full procedu-
ral team. Interventional cardiologists often receive higher
head and neck exposure due to operator position during
coronary and electrophysiology procedures [6, 8, 11], while
radiologic technologists accumulate substantial lifetime ex-
posure due to their high procedural volume [2, 5]. Interven-
tional radiologists typically work in well-shielded environ-
ments, potentially reducing measured exposure compared
with other procedural specialties [1, 3, 8]. These differences
illustrate why occupational cancer risk may not be uniform

across fluoroscopy-guided professions.

Despite meaningful variation in workflow and
shielding between specialties, there is no comprehensive syn-
thesis comparing occupational cancer risk across all major
fluoroscopy-exposed groups. A cross-specialty evaluation
may help clarify which professional groups carry the great-
est risk and how modern procedural environments influ-

ence long-term outcomes.

The purpose of this narrative review is to compare
radiation exposure patterns, epidemiologic cancer findings,
and biologic indicators of harm across interventional cardi-
ologists, radiologic technologists, interventional radiolo-
gists, vascular surgeons, nurses, and anesthesia personnel.
Understanding these differences can guide safety practices

and highlight areas where further research is needed.
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Methods

A focused literature search was conducted using
PubMed and Google Scholar for studies published from
1990 to 2025. Search terms included interventional radiolo-
gy, interventional cardiology, radiologic technologists, fluo-
roscopy, occupational radiation, cancer risk, scatter radia-
tion, brain tumors, and DNA damage. A total of nine
studies met inclusion criteria and were evaluated qualitative-
ly [1-7, 10, 11]. Titles and abstracts were initially screened
for relevance, followed by full-text review to confirm inclu-
sion criteria. No language or geographic restrictions were

imposed.

Review articles, guidelines, historical summaries,
and studies that did not provide primary occupational dose
or outcomes data were excluded from the analytic set but
were used for contextual background where appropriate [8,
9]. Due to heterogeneity in study design and outcome mea-
surement, results were synthesized qualitatively. This re-
view is narrative in nature and does not follow a formal sys-

tematic review framework such as PRISMA.

Radiation Exposure Basics in Fluoroscopy-Guided

Procedures

Scatter radiation reflected oft the patient is the pri-
mary source of exposure for operators during fluoroscopy-
-guided procedures [8]. Dose is influenced by patient size,
beam angulation, distance from the X-ray source, and fluo-
roscopy time [8]. It can be significantly reduced by appropri-
ate positioning and protective equipment such as lead
aprons, thyroid shields, ceiling-suspended shields, and lead-
ed eyewear [8]. Interventional radiology procedural suites
are generally better equipped with integrated fixed shielding
compared to cardiology laboratories or operating rooms,
which often rely on more mobile shielding [8]. Recent devel-
opments in automated exposure-modulation systems can
further reduce scatter by adjusting beam output in real time
[12]. These differences contribute to variation in exposure

across fluoroscopy-reliant specialties.
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Scatter Radiation Decreases With Distance

X-ray Tube

Operator

Figure 1: Conceptual Diagram of Scatter Radiation during Fluoroscopy

Figure illustrating the primary X-ray beam directed from the X-ray tube toward the patient, along with concentric rings represent-

ing decreasing scatter radiation intensity as distance increases. The operator stands in the typical position adjacent to the patient,

showing how proximity influences exposure. Ceiling-suspended shielding and other barriers (not shown) can further reduce scatter

dose. This conceptual schematic emphasizes the principle that scatter radiation decreases with distance from the patient.

Interventional Cardiologists

Interventional cardiologists consistently experi-
ence some of the highest cranial and upper-body exposures
among physicians performing fluoroscopy, largely due to
close, left-sided positioning near the X-ray source during
coronary and electrophysiology procedures [6, 8, 11]. Their
workstation position results in substantial asymmetric head
dose [6, 11]. Several studies have reported left-sided brain
tumor clustering and increased lens opacities among inter-
ventional cardiologists and associated staff, consistent with
chronic occupational radiation exposure [6, 11]. Higher cu-
mulative head dose and longer fluoroscopy times during

complex procedures further contribute to their risk [6, 8].
Radiologic Technologists

Radiologic technologists participate in a high vol-
ume of fluoroscopy-guided procedures and spend substan-
tial portions of the workday inside procedure rooms during
active imaging. Unlike interventional radiologists, who per-
form a limited number of cases per day, technologists fre-
quently assist in many more procedures across multiple

physicians and specialties. As a result, their camulative time
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exposed to scatter radiation is substantially higher, which
contributes to some of the greatest occupational doses re-
ported among imaging personnel [2, 5]. Their proximity to
the patient during image acquisition, equipment adjust-
ment, and room preparation during active fluoroscopy fur-

ther increases exposure opportunities.
e increased brain cancer mortality
¢ higher melanoma incidence

o higher female breast cancer incidence

in technologists performing fluoroscopically guid-
ed procedures [2]. Exposure has decreased in recent de-
cades due to improved technology and protection practices,

but cumulative lifetime dose remains significant [2, 5].
Interventional Radiologists

Modern interventional radiology suites integrate
optimized shielding, resulting in relatively low annual effec-
tive doses compared with other procedural specialties [1, 3,
8]. Modeled lifetime attributable cancer risks (LAR) for IR
physicians range from 0.22% to 0.63% above the general

J Radiol Nucl Med 2026 | Vol 3: 101



population baseline, with thyroid cancer comprising a subs-

tantial portion of modeled excess risk [1].

Historical radiologists exposed before shielding ad-
vances exhibited elevated leukemia and skin cancer rates
[9]. In contrast, modern epidemiologic studies do not show
clear increases in cancer mortality or incidence among con-
temporary IR physicians [4, 8, 9]. Prospective dose measure-
ments from early IR cohorts estimated annual fatal cancer
risk at less than 1 in 10,000 per year when proper protection

is used [3].
Vascular and Endovascular Surgeons

Vascular surgeons frequently perform fluoroscopy-
-guided procedures in operating rooms that rely on mobile
C-arms, similar to those occasionally used in interventional
radiology. However, the key difference is that interventional
radiology suites are specifically designed for fluoroscopic
work and incorporate fixed ceiling-suspended shields, table
skirts, and controlled room layouts, whereas operating
rooms generally lack these permanent protective structures
[8]. As a result, vascular surgeons and OR staff may experi-
ence greater variability in upper-body and ocular exposure,
especially during peripheral vascular interventions and en-
dovascular aneurysm repair, where mobile shielding is less
consistent and workflow often requires proximity to the pa-
tient [8, 10].

Although large-scale cancer studies in this group

are limited, biomarker work in operating room personnel

4

exposed to fluoroscopy has demonstrated increased chromo-
somal aberrations compared with unexposed controls [10].
Studies of posterior lens changes among fluoroscopy-ex-
posed physicians and staff have also identified radiation-as-

sociated lens opacities, highlighting potential risk [11].
Nurses and Anesthesia Personnel

Exposure among peri-procedural nursing and
anesthesia staff varies depending on their proximity to the
patient during monitoring or equipment adjustments.
Shielding use differs across institutions, and some workers
may receive meaningful scatter dose when standing near the
table during active fluoroscopy [7, 8]. Measurements show
that scatter exposure to anesthesia personnel can be measur-
able and occasionally significant during interventional radi-
ology and cardiology procedures, especially when protective

barriers are not consistently used [7].
Cross-Specialty Comparison

Interventional cardiologists often receive the high-
est head and neck doses due to positioning and fluoroscopy
time [6, 8, 11]. Radiologic technologists exhibit the
strongest epidemiologic cancer signals among fluoroscopy--
exposed healthcare groups [2]. Interventional radiologists
experience moderate exposure and lower observed modern
cancer incidence but retain measurable modeled lifetime
risk [1, 3, 4]. Vascular surgeons and peri-procedural staff
are understudied but demonstrate variable exposure pat-
terns, with measurable scatter dose documented in anesthe-

sia personnel during active fluoroscopy [7, 10].

Comparison of Occupational Radiation Exposure Across Specialties

Nurse/Anesthesia

Vascular Surgery

Radiologic Technologists

Interventional Cardiology

Interventional Radiology
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Figure 2: Relative Occupational Radiation Exposure across Fluoroscopy-Guided Specialties
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Bar graph comparing approximate exposure levels among interventional radiologists, interventional cardiologists, radiologic tech-

nologists, vascular surgeons, and peri-procedural nursing/anesthesia staff. Values were derived qualitatively by synthesizing expo-

sure trends reported in Lee et al. (1), Rajaraman et al. (2), Niklason et al. (3), Fetterly et al. (7), and Rozgaj et al. (10). These rela-

tive exposure categories reflect qualitative comparisons and are not intended to represent exact numerical dose values. Exposure

categories are illustrative and intended for comparative purposes rather than representing precise dose measurements.

Table 1: Typical Occupational Radiation Dose Ranges, Major Cancer Signals, and Key Supporting Literature across Fluoros-

copy-Guided Procedural Specialties

Technologists (RTs) substantial

Typical ional D K
Specialty ypical Occupational Dose Range Main Cancer Signals Y
(per year) Citations
. U No strong increase in modern
Interventional Low-to-moderate; varies with . e
Radiology (IR) shielding and case complexity cancer mortality; modeled lifetime [1,3:4]
cancer risk small but nonzero
Interventional Higher cranial dose due to Reports of left-sided brain tumors;
. e -6
Cardiology (IC) operator positioning elevated head/neck scatter exposure
Radiologic Variable; cumulative dose may be Increased brain cancer mortality;

increased melanoma; increased [2,5]
breast cancer

Vascular Surgery

Variable depending on shielding

Limited epidemiologic data;
chromosomal or DNA damage -

during monitoring

and OR layout reported in some studies
Nursing / Anesthesia Generally lower th'an phys%cu'ln L1m1te<.1 epidemiologic data; early
Personnel operators; varies with proximity biomarkers of DNA or -

chromosomal damage

Exposure categories are qualitative and synthesized from published dosimetry and epidemiologic literature rather than direct nu-

merical dose measurements.

Discussion

The studies reviewed here point to the same cen-
tral idea: different specialties accumulate radiation different-
ly, and it mostly comes down to the kind of work they do ev-
ery day. People who stand near the patient for many cases—-
like radiologic technologists or interventional cardiologist-
s—naturally pick up more scatter over the years. Mean-
while, interventional radiologists, vascular surgeons, and
peri-procedural staff show broader variation depending on
how their workspaces are arranged and how consistently
they have access to shielding. This uneven pattern suggests
that workflow choices matter at least as much as the fluoros-

copy machine itself.

Looking across the literature, it’s also obvious that

some groups have been studied far more thoroughly than
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others. Technologists and interventional cardiologists ap-
pear repeatedly in large datasets, but long-term information
for nurses and anesthesia teams is still limited, even though
they often work close to the table. Another challenge is that
many existing studies rely on older equipment or partial
monitoring, so the numbers don’t always reflect present--
day fluoroscopy workflows. More consistent and modern
dosimetry data would help clarify which roles still face high-

er risk.

At the same time, new imaging systems may help
bring these exposure differences down. Some of the latest
fluoroscopy platforms use Al-based beam-shaping tools
that automatically tighten the X-ray field and optimize out-
put frame-to-frame. Early work shows this approach can re-
duce dose without harming image quality [12]. As these sys-

tems become more widely used, especially in centers per-
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forming high volumes of cases, they may offer a realistic

way to lower cumulative exposure for all team members
Limitations

This review is limited by heterogeneity across avail-
able studies, including design differences, small sample
sizes, and variability in exposure measurement. Many
studies rely on historical or self-reported dose data, which
may not reflect current practices [1, 2, 8, 9]. Cancer out-
comes such as brain tumors are rare, limiting statistical pow-
er [2, 4, 9]. Biomarker and ocular studies often include
small samples and may not generalize across all specialties
[10,11]. As a narrative review, article inclusion was not ex-
haustive. Survivor bias may also influence observed cancer
outcomes, as individuals who remain in fluoroscopy-inten-
sive careers may differ systematically from those who leave
due to health concerns. In addition, publication bias toward
positive or statistically significant findings may over repre-
sent associations between radiation exposure and cancer

risk in the available literature.

Conclusion

Occupational radiation exposure differs meaning-
fully across fluoroscopy-guided procedural specialties. Inter-
ventional cardiologists and radiologic technologists exhibit
the highest exposure patterns and concerning epidemiolog-

ic signals [2, 6, 11]. Interventional radiologists generally ex-
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perience lower observed cancer incidence but retain measur-
able modeled lifetime risk [1, 3, 4]. Vascular surgeons, nurs-
es, and anesthesia personnel have variable but non-trivial ex-
posure profiles, particularly in settings with limited shield-
ing [7, 10]. Improvements in shielding consistency, work-
flow optimization, and dosimetry use could reduce expo-
sure across specialties. Future research should focus on
large contemporary cohorts, biomarker and ocular studies,
and cross-specialty comparisons to refine long-term occupa-

tional risk.
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