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ABSTRACT

Introduction: Interventional cardiovascular procedures are increasingly complex, raising
concerns about heightened radiation exposure for both patients and healthcare
professionals. This exposure can lead to serious complications, including skin injuries,
cataracts, and cancer. A range of protective tools—such as lead aprons, thyroid collars
and glasses, ceiling-mounted shields, and table skirts—are available to minimize

occupational exposure. Effective radiation protection relies not only on equipment but

1
Page 1 of 24



also on procedural strategies such as improved beam collimation, reduced fluoroscopic
pulse rates, fluoroscopy intensity and the number of cine acquisitions, and maintaining
distance from the X-ray source. Staff education, ongoing training, and routine audits are
essential to ensure adherence to radiation safety protocols. While interventional
cardiology teams show general awareness and use of protective measures, significant
gaps remain—particularly in the consistent use of eye protection, personal dosimeters,
and standardized practices across cath labs. Strengthening these areas is critical to
promoting a unified national approach to radiation safety and safeguarding the long-
term health of Cath lab personnel.

Objectives: This position paper aims to raise operator awareness and propose novel
strategies for minimizing ionizing radiation doses, thus mitigating associated risks.
Methods and results: This working group conducted a review of the scientific literature
and the most recent international guidelines on radiation protection in cardiac cath labs.
Based on this analysis, effective protective measures and best practices were identified
and systematized, adapted to the Portuguese context.

Conclusion: Minimizing radiation exposure in the cath lab requires a comprehensive,
multidisciplinary approach that combines protective equipment, procedural
adjustments, and collaborative safety protocols to safeguard both patients and

healthcare providers without compromising clinical outcomes.

RESUMO

Introducdo: Os procedimentos de intervengao cardiovasculares sdao cada vez mais
complexos, suscitando preocupacdes quanto ao aumento da exposicdo a radiacdo para
pacientes e profissionais de saude. Esta exposicdao pode levar a complicacdes graves,
incluindo lesGes cutaneas, cataratas e cancro. Existe uma variedade de equipamentos
de protecdao — como aventais, colares tiroideus e 6culos de chumbo, escudos montados
e saias de mesa — que minimizam a exposicdo ocupacional. Uma protecdo radioldgica
eficaz depende ndo sé do equipamento, mas também de alteracdes nos procedimentos,
tais como a melhor colimacdo do feixe, uma menor taxa de pulso fluoroscépico, menor
intensidade da fluoroscopia e nimero de cineaquisicdes e o aumento da distancia entre
o operador e a fonte de raios-X. A educacao continua, a formacao e auditorias regulares

sdo essenciais para assegurar o cumprimento dos protocolos de seguranca radioldgica.
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Apesar de as equipas de cardiologia de intervengao demonstrarem uma
consciencializagdo dos protocolos de seguranca radioldgica e utilizacdo de medidas
protetoras, persistem lacunas significativas — sobretudo na utilizacdo consistente de
protecao ocular, dosimetros pessoais e prdaticas padronizadas nos laboratérios de
hemodinamica. O reforco destas areas é fundamental para promover uma abordagem
nacional unificada de seguranca radioldgica e proteger a saude a longo prazo dos
profissionais.

Objetivos: Este documento de posicdo visa aumentar a consciencializagdo dos
operadores e propor estratégias para minimizar as doses de radiacdo ionizante,
reduzindo assim os riscos associados.

Métodos e Resultados: Este grupo de trabalho realizou uma revisdo da literatura
cientifica e das recomendacdes internacionais mais recentes sobre protecao radioldgica
em laboratérios de hemodindmica. Com base nesta analise, foram identificadas e
sistematizadas medidas protetoras eficazes e boas praticas, adaptadas ao contexto
portugués.

Conclusdo: A minimizacdo da exposicdo a radiacdo nos laboratérios de hemodinamica
exige uma abordagem abrangente e multidisciplinar que combine equipamento de
protecdo, ajustes procedimentais e protocolos de seguranca colaborativos,
salvaguardando tanto os pacientes como os profissionais de salde, sem comprometer

os resultados clinicos.

Key words: Interventional Cardiology, Radiation, Radioprotection, Exposure, Risk

Palavras-chave: Cardiologia de intervencao, Radiacdo, Radioprotecdo, Exposicdo, Risco
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INTRODUCTION

In the last decades, percutaneous coronary and structural heart interventions have
rapidly expanded. Exposure to ionizing radiation is increasing as more progressively
more complex procedures are performed, such as multivessel and chronic total
occlusions (CTO) percutaneous coronary intervention (PCI), transcatheter heart valve
interventions and balloon pulmonary angioplasty.! Personnel at risk include the patient,
interventional cardiologists, nurses, technologists, ancillary operators such as
interventional echocardiographers and anesthesiologists, as well as fellows in training.>3
In cath labs, the primary source of ionizing radiation exposure for staff is scatter
radiation generated by the patient during fluoroscopic procedures. Direct exposure to
the primary x-ray beam is uncommon among personnel. The extent of scatter depends
on the patient’s radiation dose—commonly measured by the cumulative kerma-area
product (KAP)—as well as the operator’s proximity to the source and the adequacy of
protective shielding in use. lonizing radiation poses a risk to the entire team in the form
of tissue reaction and stochastic adverse effects. Tissue reaction effects including, for
example, cataracts and skin lesions, appear at established radiation doses where, below
a certain threshold, cell loss is insufficient to cause detectable tissue or organ injury;
stochastic effects are those that can occur at any dose level and whose probability of
occurrence is proportional to the received radiation dose (e.g., cancer development due
to somatic cell mutations).*2

Education and continuous training on radiation protection are essential components in
minimizing occupational exposure and ensuring patient safety in interventional
cardiology. Comprehensive training programs significantly increase awareness and
correct use of protective measures, leading to substantial reductions in radiation doses
received by healthcare workers. For instance, the International Atomic Energy Agency
(IAEA)? and the International Commission on Radiological Protection (ICRP)¥!! highlight
education as a fundamental pillar in radiation safety culture, recommending regular
competency assessments and updated training to adapt to evolving procedural
complexities. Despite the availability of protective equipment, gaps in proper usage and
monitoring often persist without adequate education, underscoring the need for

structured training initiatives and institutional support to enforce radiation safety
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protocols effectively. These measures not only protect staff from deterministic and
stochastic radiation effects but also contribute to sustaining high standards of patient
care.

Interventional cardiology professionals generally adhere to safety protocols and utilize
protective equipment, yet there is space for improvement, particularly in the areas of

eyewear protection and exposure monitoring.!?

OBIJECTIVES

This position paper aims to raise awareness among healthcare professionals working in
Portuguese cath labs about the potential health risks associated with occupational
exposure to ionizing radiation. The paper seeks to underscore the importance of a
culture of safety, reinforce current scientific evidence on radiation-induced health
effects, and present a set of practical, evidence-based recommendations designed to
reduce exposure. By promoting best practices in radiation protection, this document
aspires to support the long-term health and well-being of cath lab personnel, while

maintaining high standards of patient care.

RADIATION EXPOSURE AND AWARENESS

Teams in the cardiac cath lab need to consider minimizing radiation use and adhere to
the ALARA principle—as low as reasonably achievable. This principle dictates that even
minor doses of radiation should be avoided if they confer no direct benefit.13%4

Thus, interventional cardiology teams need to work to implement radiation protection
methods to reduce short- and long-term deleterious effects. According to Costa et al.,*2
there is still a lack of certified radiation protection education and training for all the cath
lab members. Nevertheless, the adoption of protection measures has been more
frequent, notably through the use of personal protective equipment, collimation,
reducing the distance to the radiation source, avoiding angled projections and using low-
dose protocols. The goal is not the absence of radiation, as precise imaging remains vital
for executing complex procedures safely and effectively, but the continuous assessment

of the balance between the radiation exposure-associated risks and its benefits.>16

5

Page 5 of 24



The whole-body dose limit for occupational exposure to ionizing radiation for cath lab
staff is 20 mSv per year, averaged over defined periods of five years, with no individual
annual exposure to exceed 50 mSv. In the United States, the National Council on
Radiation Protection and the Occupational Safety and Health Administration (OSHA)
permit a higher annual whole-body radiation exposure limit of 50 mSv.Y” However, the
ICRP recommends a more conservative limit of 20 mSv per year, averaged over a five-
year period.!! This lower threshold is increasingly cited in modern guidelines and is
widely regarded as the preferred standard for reducing long-term health risks.1%!

The ICRP has also proposed revised dose limits to the lens of the eye of workers of 20
mSv per year averaged over five consecutive years (100 mSv in 5 years) and of 50 mSv
in any single year as well as an equivalent dose to the extremities (hands and feet) or to
the skin of 500 mSv in a year; these recommendations were adopted by the European
Union and Portugal.}%1%1819

The IAEA® highlights the importance of standardized dose descriptors in fluoroscopy-
guided procedures. These descriptors are essential for evaluating patient exposure,
guiding optimization strategies, and ensuring adherence to radiation safety standards.
Among the most relevant metrics is the air kerma at the patient entrance reference
point (Ka,r), which represents the cumulative radiation dose delivered to a predefined
reference point. This value serves as a proxy for estimating skin dose and assessing the
potential for deterministic effects. Another key descriptor is the kerma-area product
(PKA or DAP), which reflects the total energy delivered to the patient by integrating the
air kerma across the entire X-ray beam area. This metric is particularly relevant for
evaluating stochastic risk. Fluoroscopy time is also commonly used, providing a basic
indication of procedural duration and exposure potential, although it does not directly
guantify radiation dose. In procedures that involve digital subtraction angiography or
cine runs, the number of acquired images becomes an important metric, as each image
acquisition significantly contributes to the total dose. These dose descriptors are
typically available on modern fluoroscopy equipment and are crucial for both real-time
dose monitoring and retrospective analysis. They support informed decision-making

during procedures and play a key role in identifying opportunities for dose reduction.
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GENERAL RECOMMENDATIONS TO MINIMIZE EXPOSURE FOR PATIENTS AND

PROFESSIONALS

For patients, radiation exposure largely originates from the primary beam. Conversely,

for operators and other personnel, scattered radiation from the patient is the primary

source of exposure. Overall, adopting practices that protect the patient also minimizes

risks to health care professionals (Figure 1).2%21 To reduce radiation exposure effectively

for both patients and healthcare personnel, the following best practices should be

implemented during procedures involving ionizing radiation:

Avoid unnecessary use of ionizing radiation by ensuring proper justification for each
procedure (justification principle); when performed, procedures should follow the
ALARA principle—keeping radiation as low as reasonably achievable while still
ensuring diagnostic or therapeutic adequacy;

Make good use of time-distance-shielding principles: minimize exposure time,
maximize distance from the source as clinically possible and use appropriate
shielding;

Keep the X-ray tube below the table, not at the same level or above it;

Maximize, whenever possible, the distance between the X-ray tube and the patient;
Minimize the distance between the patient and the image receptor (image
intensifier or flat-panel detector);

Minimize both fluoroscopy and cine acquisition time;

Use pulsed fluoroscopy with the fewest pulses possible to obtain acceptable-quality
images;

Store fluoroscopy images when appropriate to prevent unnecessary repeat
exposures;

Utilize Last Image Hold (LIH) and Last Series Hold (LSH) features to reduce additional
radiation exposure;

Avoid irradiating the same skin area from multiple projections; vary beam angles to
distribute skin dose;

Oblique projections increase entrance skin dose (ESD), which increases the

likelihood of skin injury;
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e Minimize magnification mode utilization;

e Record the radiation dose received by the patient in the procedure report.

RECOMMENDATIONS TO MINIMIZE EXPOSURE SPECIFICALLY FOR PROFESSIONALS

Education and training, as well as proper utilization of protective equipment is
paramount for optimal radiation protection. Strategies to reduce occupational radiation

exposure are listed in Table 1.11,20-2°

Recommendations specifically for minimizing exposure for professionals

Use personal protective equipment

Use ceiling-mounted shields, side shields, lead curtains below the table and, if
possible, mobile cabins

Use protective screens for ancillary operators (e.g., interventional
echocardiographers and anesthesiologists)

Increase the distance to the radiation source

Keep hands away from the primary X-ray beam

Use personal dosimeters specific for every cath lab or institution

Update education and training in radiation protection periodically

Refer radiation protection doubts to radiation protection officer

Ensure the safe operation of fluoroscopy equipment through quality control measures
and employ proper equipment usage to minimize patient and team radiation

exposure

Promote clear communication and role awareness among all team members
regarding radiation safety
Encourage a safety culture where all staff are empowered to speak up about radiation

concerns

Table 1 Strategies to reduce occupational radiation exposure for professionals.

Personal protective equipment
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All professionals in the cath lab must be protected with, at least, a lead apron and
thyroid shielding. Lead aprons are essential for reducing radiation exposure among staff
and should provide a lead-equivalent thickness of at least 0.5 mm at the front and 0.25
mm at the back, in line with current recommendations.'” While two-piece aprons can
help distribute weight more evenly, increasing protection beyond these values
significantly adds to the physical burden. The use of lightweight or composite protective
materials in cath labs offers effective radiation shielding while significantly reducing the
weight of protective garments—up to 30% lighter than traditional lead aprons—thereby
improving comfort and reducing musculoskeletal strain, fatigue, and the risk of
orthopedic injury during prolonged procedures.'?° Personalized aprons improve
ergometry and optimize protection.'>2! Thyroid shielding is also recommended, as there
is a well-established association between radiation exposure and risk of thyroid cancer.
The protection of an area of approximately 300 cm? and a thickness of 0.25 to 0.5 mm
of lead is required for exposure reduction.? The use of leaded glasses should also be
encouraged. The goal of protective eyewear is to provide maximal shielding from front,
lateral and angular radiation. Radiation-induced cataracts are among the most frequent
problems, and the use of lead glasses reduces radiation risk by up to 98%.% Additional
personal protective equipment, such as caps and gloves, may be used in the cath
lab?'12%; however, protective gloves should never be placed in the path of the primary
x-ray beam. This is because the attenuation provided by leaded gloves is insufficient to
prevent significant radiation exposure to the hands, and their presence in the primary
beam can trigger the automatic exposure control system to increase the x-ray output,
paradoxically resulting in a higher radiation dose to the operator’s hands.'®3°
Additionally, the use of gloves in the primary beam may create a false sense of security,
leading to riskier hand positioning and increased cumulative exposure.3® Caps, gloves,
sleeves and boots were reported as the least accessible protection equipment within

the Portuguese cath labs.'?

Other protective equipment
There are other ways to reduce radiation exposure, particularly with the use of ceiling-
mounted shields, which allow significant protection for the upper trunk, especially the

head, thyroid and crystalline lens. The shield should be positioned near the patient to
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intercept scatter radiation at its origin, maximizing attenuation effectiveness.1%20-2
Table lead skirts offer effective protection of the operator's lower trunk, especially for
the gonads. A ceiling-suspended screen and a curtain shield under the table reduce
scatter radiation by approximately 80% to 90%.22

Additional commercially available devices, such as suspended or portable shields and
cabins, provide an opportunity to reduce radiation exposure as well as reduce the risk
of orthopedic lesions.

Artificial intelligence (Al) solutions are emerging and rapidly evolving as promising tools
to enhance occupational safety and reduce radiation exposure in cath labs. By enabling
real-time dose monitoring, optimizing imaging settings, and improving collimation
precision, Al helps limit unnecessary radiation.3! These technologies also support
workflow through automated alerts and improved use of protective equipment.3! While
their potential is clear, broader adoption will depend on continued research and

seamless integration into clinical systems.

PROCEDURAL ASPECTS

Angiography Equipment and Image Quality

General angiography system characteristics should be well understood to optimize

imaging quality and safety. The following aspects and recommendations should be taken

in account:

e Geometry: the X-ray tube and image receptor rotate around a point called the
"isocenter" where the anatomical region under study should be positioned.
Minimize the use of steep angles for the X-ray beam, as extreme angulations are
associated with higher cumulative air kerma at the patient entrance reference point
(Ka,r) values. Placing the C-arm within 0° to 20° angulation can significantly reduce
scattered radiation during fluoroscopic acquisition, with the left anterior oblique
(LAO) view showing the highest scatter exposure to the operator. Minimizing LAO
use greatly reduces both the patient and operator exposure;

e Fluoroscopy modes: pulsed fluoroscopy reduces patient radiation exposure by
allowing the operator to decrease both the number of x-ray pulses per second

(pulse rate) and the intensity (dose) of each pulse. Since total radiation dose is the
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product of pulse rate, pulse intensity, and exposure time, adjusting these
parameters can lead to substantial dose reductions. For instance, reducing the pulse
rate from 15 frames per second (fps) to 7.5 fps or lower, combined with a low-dose
setting, can decrease radiation exposure by at least 67% compared to standard
fluoroscopy.?®?® Implementing a low-radiation protocol resulted in significant
reductions in PKA —also referred to as KAP or DAP, all meaning air kerma-area
product, measured in Gy-cm? —alongside decreases in Kar, without increasing
procedural complications, fluoroscopy time, or contrast volume. Recent studies
state that PKA, KAP, and DAP are equivalent terms32-3%, representing the total
radiation energy related to stochastic risk, while Ka is often used as a surrogate for
the patient’s peak skin dose and reflects tissue effects3?, supporting the need to
report both in dose optimization protocols.

Fluoroscopy storage: this allows storing up to 500 fluoroscopy sequence images
without additional cine;

Cine acquisition should be limited as much as possible (accordingly with the ALARA
principle), as the radiation level usually is a factor of 10 higher than during
fluoroscopy;

Novel technologies, such as stent enhancement software, intracoronary imaging
and hybrid cardiovascular imaging are associated with reduced contrast usage and
radiation dose;

Filters assist in image quality and patient’s dose control. Edge filters allows a partial
reduction of the primary beam corresponding to low attenuation parts of the body;
Collimation adjustment: using collimators and focusing only on the fields of interest
reduces patient and operator’s dose and improves image quality; virtual
collimation, guided by software or Al, further enhances this by dynamically shaping
the x-ray beam in real time to limit exposure to only the necessary area.

Avoiding using magnification (e.g., decreasing the field of view by a factor of 2 will
increase the radiation dose by a factor of 4);

Anatomic programming: allows control of dose management and image quality,

selecting the anatomical region and patient size to be irradiated;
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e Digital acquisition: the Digital Images and Communications in Medicine (DICOM)
provides important information about the protocols used in the center for each
procedure;

e Robotic PCl may, after overcoming technical and financial challenges, be an option
to completely exclude professional radiation exposure in the cath lab.2%-%

e Radiation Dose Structured Report (RDSR): a standardized DICOM format that
automatically captures detailed radiation exposure data—such as cumulative air
kerma, KAP, fluoroscopy time, and technical settings—for each fluoroscopic or
interventional procedure. It enables accurate and consistent dose documentation,
supports cumulative dose tracking, facilitates integration with dose management
systems for real-time or retrospective analysis, and plays a key role in quality

assurance, regulatory compliance, and radiation safety in cath labs.’

Radiation exposure measurements and data

All cath lab members should have their radiation exposure monitored with a dosimeter.
According to the ICRP publication 118%° and the ICRP publication 139!, the use of at
least two dosimeters is recommended for exposed individuals:

e Primary personal dosimeter under the lead apron at chest level, directed toward

the radiation source;

e Second dosimeter located above the apron, at neck level;
Using these two dosimeters offers the most accurate available estimate of effective
dose. Additionally, the dosimeter worn under the apron serves as confirmation that
adequate protective shielding was consistently used.*!
Eye dose can be measured using a dosimeter worn over the lead apron at collar or neck
level, or with a separate dosimeter mounted on a plastic strip attached to a headband,
positioned near the temple closest to the X-ray source.!! Dosimeters positioned near
the eyes must be designed so they do not obstruct the wearer’s field of vision. An
additional dosimeter located on the hand region can be used.
Most healthcare professionals use whole-body passive dosimeters, typically read
monthly to assess cumulative dose.' While these devices are small and unobtrusive,

their lack of real-time feedback limits their effectiveness for dose optimization and
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behavioral guidance. A significant proportion of staff still do not use dosimeters
consistently??, highlighting the need for improved compliance and monitoring practices.
The introduction of active personal dosimeters (APDs), which provide immediate dose
rate feedback, enables staff to adjust behavior during procedures and adopt real-time
dose-reduction strategies.>'! APDs also support procedural analysis, correlate staff and
patient exposures, and help audit proper usage by recording exposure times.!

At the end of the procedure, an automatically generated report with the values of Ka,
and PKA should be included in the patient’s medical records; 20-2°

In case of exceeding the trigger levels for possible tissue reactions (peak skin dose (PSD)
>3 Gy, Kar = 5 Gy, PKA > 500 Gy.cm? or fluoroscopic time > 60 min), a clinical follow-up
is mandatory to evaluate relevant skin injuries.3>

PSD is the highest radiation dose received by a localized area of skin and is the most
important predictor of radiation-induced skin injuries, such as erythema, epilation, and
necrosis. The risk and severity of these effects increase with higher PSD. Although PSD
can't be directly measured in clinical settings, it can be estimated using air kerma and X-
ray geometry. Thus, PSD is a key parameter for identifying patients at risk, guiding real-
time dose management (e.g., adjusting beam angle, reducing fluoroscopy time), and
planning appropriate follow-up to prevent and manage skin injuries.'36

Tissue reaction follow-up is essential after high-dose procedures to detect and manage
delayed skin injuries. When radiation exceeds safety thresholds, proper documentation,
patient notification, and follow-up are required. 133>

After procedures where Kir exceeds 5 Gy, patients and their primary care providers
should be notified, and the patient educated about possible skin changes. A follow-up
phone call is recommended at 30 days, with an office visit if symptoms arise. For Ky,
above 10 Gy, a medical physicist should promptly estimate the PSD, and the patient
should return for a clinical exam 2 to 4 weeks postprocedure to check for skin effects. If
the PSD exceeds 15 Gy, this must be reported as a sentinel event, with hospital risk
management and regulatory agencies notified within 24 hours.!®> Personal dosimeters
results must be listed in the Registo Central de Doses of the Agéncia Portuguesa do
Ambiente.3®

The promotion of clinical audits is essential to stimulate optimization processes,

reinforce radiation protection measures, and ensure compliance with clinical guidelines
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and safety standards.!! By systematically evaluating current practices, clinical audits
help identify areas for improvement and support the continuous enhancement of

quality and safety in radiological procedures.

Special conditions

Heightened awareness of radiation risks is essential during complex fluoroscopy-guided
procedures3’ and when treating patients with higher body mass index (BMI) or larger
body size, as these scenarios are associated with increased radiation exposure to both
patients and staff.>1937 patients with obesity receive higher radiation doses due to
greater x-ray attenuation®, which prompts automatic exposure controls to increase tube
output, resulting in more scatter and higher operator dose.'’” In such cases, optimal
collimation to restrict the irradiated area, use of additional external shielding, and
minimizing fluoroscopy time are critical strategies to reduce exposure. %10

Complex procedures require longer fluoroscopy times and more imaging, further
elevating cumulative dose, so real-time monitoring of dose metrics (such as air kerma
and kerma-area product) and judicious use of dose-saving features (e.g., pulsed
fluoroscopy, low-dose modes) are recommended to maintain exposures as low as
reasonably achievable. 217,37

It is also recommended that operators remain vigilant regarding dose accumulation
during prolonged or technically challenging procedures, using the lowest acceptable
dose settings, minimizing field size, and documenting dose indices for quality assurance

and follow-up, especially when thresholds for deterministic effects may be

approached.”3’
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Radiation exposure during pregnancy and breastfeeding

Radiation exposure often discourages women from pursuing a career in interventional
cardiology.?®3° Generally, the risks of fetal exposure to ionizing radiation are highest at
the beginning of pregnancy and decrease as the fetus matures. The highest risk of
pregnancy loss is within the first two weeks, while organogenesis in weeks two to eight
weeks makes the embryo most vulnerable to malformations, growth retardation and
cancer.283840

The International Atomic Energy Agency (IAEA)*' and the ICRP** recommends a
cumulative dose < 1 mSv for the entire pregnancy (the same as the annual limit for public
exposure) and, accordingly with many European and North American directives,
pregnancy does not mandate exclusion from the cath lab.2%:3840-44

Despite guidelines from international and European authorities, the application of
policies on pregnancy and occupational radiation exposure varies widely between
countries.3? Current Portuguese legislation, despite different local legal interpretations,
states that the pregnant or breastfeeding professional must immediately inform the
radiation-generating device custodian and this entity must provide the necessary
mechanisms for monitoring and preventing fetal radiation-related lesions.*

The radiation safety principles and recommendations are similar to those for other
professionals, however; there are additional considerations, which include minimizing
time of exposure, maximizing distance, shielding and fetal and professional dosimeter
monitoring (Table 2).

A survey conducted by the European Heart Rhythm Association (EHRA) highlighted
limited awareness of regulations related to occupational radiation exposure—especially
during pregnancy—and inconsistent application of fundamental radiation protection
practices.* Thus, radiation protection training should be mandatory for all staff exposed
to radiation, including pregnant professionals, with content that is regularly updated

and compliant with current guidelines. 44
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Radiation safety principles and recommendations for pregnant and breastfeeding

professionals

Unborn and breastfed children limit for radiation exposure is < 1 mSv / annually

Keep exposure as low as reasonably possible (ALARA principle)

In addition to the standard personal dosimeters, use fetal dosimeter under the lead

at waist level

Real-time radiation dosimeters should be available to allow prompt action in case of

excessive radiation exposure

Use lead aprons specifically designed for pregnancy: lightweight lead aprons with a

minimum of 0.5 mm lead equivalency

Use novel radiation protection systems as upper and lower-body shields and lead-free

systems as mobile cabins

Limit use of fluoroscopy with hybrid cardiovascular imaging

Table 2: Strategies for reducing occupational radiation exposure among pregnant and

breastfeeding professionals.
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CONCLUSION

The harmful effects of radiation exposure are widely recognized and efforts to minimize
them as much as possible should be made, as complete avoidance is unfeasible. The
primary source of radiation for the operator is the scatter from the patient, thus
decreasing the radiation dosage used during the procedure will yield benefits for both
parties.

Creating a radiation safety program for cath labs requires the collective involvement of
physicians, technologists, medical physicists, radiation protection officers, quality
assurance personnel and hospital administration, with the aim of enhancing safety for
patients and health care providers.

Relying solely on radiation protection tools does not offer optimal safeguarding for staff
members; instead, employing a comprehensive combination of tools, as outlined in this
paper, proves to be the most effective approach. Research indicates that integrating
lead glasses, thyroid collars, aprons, and table lead skirts significantly diminishes
operators’ radiation exposure. Procedural adjustments, such as enhanced beam
collimation, decreased fluoroscopic pulse rate, and increasing operator distance from
the x-ray source, are equally critical in reducing the overall procedure dosage. However,
it is vital to ensure that diagnostic and therapeutic outcomes are not compromised

amidst these efforts.
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FIGURES AND TABLES

GOOD PRACTICES FOR RADIOLOGICAL PROTECTION

IN THE CATH LAB

High dose level

—
==

Low dose level

Keeping the Image Intensifier as close to the
patient as possible ensures less radiation
exposure for the operator.

High dose level

—
=

Low dose level

Keeping the X-ray tube as far away from the
user as possible ensures a lower dose at the
skin entrance.

Inverse Square Law of Distance
Doubling the distance to the source
reduces the dose by a factor of 4
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4 3 equipment protection
| devices
Dose limits in professionals
Occupational Exposure (ICRP 118)
i a 5-year period

per year
Annual equivalent dose
Crystalli in, hands and

Use personal protective equipment: lead apron, thyroid
shielding and leaded glasses with side protection.
Keep aprons properly hung.

Keep the door closed during the procedures.

Asingle dosimeter worn under the lead apron allows the
effective dose to be estimated.
An additional dosimeter on top of the thyroid shield allows
of the dose to the lens.

Figure 1: Good pratices for radiological protection in the cath lab. LAO: left anterior oblique; PA: postero-anterior; RAO: rigth anterior oblique. Adapted and autorized from Boas Prdticas de Protegdo Radiologica num

Laboratério de Hemodindmica, Escola Superior de Tecnologia da Saiide de Coimbra.
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Figure 1.
Good
practices

for

radiological protection in the cath lab. LAO: left anterior oblique; PA: posteroanterior;

RAO: right anterior oblique. Adapted and authorized from Boas Prdticas de Protegéo

Radiolégica num Laboratdrio de Hemodinédmica, Escola Superior de Tecnologia da

Saude de Coimbra.
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