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ABSTRACT

The gender gap in interventional subspecialties is largely due to concerns about occupational radiation exposure. The belief that
it is not possible to continue working in cath labs during pregnancy is perceived by many female physicians as a barrier to develop
their career or fulfill their motherhood wishes. Many physicians are unaware of the doses of ionizing radiation that are harmful
for the fetus, which is the dose received by women who continue to work in cath labs throughout their pregnancies, or do not
know the existing regulations. The Interventional Cardiology Association of the Spanish Society of Cardiology (ACI-SEC), the Heart
Rhythm Association of the Spanish Society of Cardiology (ARC-SEC), the Spanish Society of Vascular and Interventional Radiology
(SERVEI), the Spanish Society of Neuroradiology (SENR), the Spanish Society of Medical Radiology (SERAM), and the Society of
the Spanish Group of Interventional Neuroradiology (GeNI) consider it necessary to draft this informative document and joint
position paper to provide female physicians with the necessary knowledge to make fully informed decisions on whether to choose
an interventional subspecialty or work exposed to ionizing radiation during their pregnancy.
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Exposiciéon ocupacional a radiacién ionizante en profesionales gestantes.
Documento de consenso de ACI-SEC/ARC-SEC/SERVEI/SENR/SERAM/GeNI

RESUMEN

ionizantes durante el embarazo.

La exposicion a radiaciones ionizantes subyace en la brecha de género existente en subespecialidades intervencionistas. La creencia
de que no es posible continuar trabajando en la sala durante el embarazo es percibida como un impedimento para el desarrollo
profesional o para llevar a cabo los deseos genésicos. Muchas profesionales desconocen qué dosis de radiaciones ionizantes son
deletéreas para el feto, cual es la dosis recibida si se mantiene la actividad en la sala durante el embarazo y cual es la normativa
vigente. Desde la Asociacién de Cardiologia Intervencionista de la Sociedad Espafiola de Cardiologia (ACI-SEC), la Asociacién del
Ritmo Cardiaco de la Sociedad Espafiola de Cardiologia (ARC-SEC), la Sociedad Espafiola de Radiologia Vascular e Intervencionista
(SERVEI), la Sociedad Espafiola de Neurorradiologia (SENR), la Sociedad Espanola de Radiologia Médica (SERAM) y la Sociedad
del Grupo Espanol de Neurorradiologia Intervencionista (GeNI) se considera necesario este documento informativo y de consenso,
para proporcionar a las profesionales el conocimiento necesario para tomar decisiones plenamente informadas en cuanto a la
eleccién o no de una subespecialidad intervencionista y la decisién de mantener o no una actividad con exposicidn a radiaciones

Palabras clave: Radiacién ionizante. Radiacidon ocupacional. Embarazo. Subespecialidad intervencionista. Profesionales mujeres.

Abbreviations

CSN: Spanish Nuclear Safety Council. EURATOM: European Atomic Energy Community. IR: ionizing radiation. RD: Royal Decree.

RP: radiological protection.

INTRODUCTION

The percentage of women in subspecialties with exposure to
ionizing radiation (IR) is significantly lower compared with men!®
in a society where women largely outnumber men in medical schools.
Only 25% of the members from the Interventional Cardiology
Association of the Spanish Society of Cardiology (ACI-SEC)®” are
women, 28% of the members of the Spanish Society of Vascular
and Interventional Radiology (SERVEI),® and 34.5% of professionals
accredited as electrophysiology specialists.” Similarly, in other
medical societies, such as the Society of the Spanish Working Group
of Interventional Neuroradiology (GeNI), the percentage of women
is even lower, currently at 22%.

One of the reasons for this gender gap is the belief that professional
activity is incompatible with IR exposure during pregnancies.!’?
There is a lack of knowledge about the IR doses that have delete-
rious effects on the fetus, the dose received by a pregnant worker
who remains active in the cath lab, and the current legislation on
this issue. Furthermore, there is no homogeneity in occupational
hazard prevention and radiological protection (RP) services across
various health care centers when issuing recommendations on
whether women are fit to continue working in an environment with
IR exposure once pregnancy has been declared. Thus, in some
centers, pregnant women can keep on working with IR exposure,
while in others they are removed from their positions. On the other
hand, women who decide to avoid working in an environment with
IR exposure during pregnancy and change positions within their
departments during gestation also face problems, as their career
development and remuneration are altered during that period. In
fact, they sometimes find little support when trying to come back
to their pre-pregnancy job. The confusion, lack of information, and
absence of unanimous criteria when determining the professional
occupation of women during this period influence their decision to
rule out training in these subspecialties and lead to their profes-
sional development being diminished or slowed down.

Therefore, ACI-SEC, the Heart Rhythm Association of the Spanish
Society of Cardiology (ARC-SEC), the Spanish Society of Vascular

and Interventional Radiology (SERVEI), the Spanish Society of
Neuroradiology (SENR), the Spanish Society of Medical Radiology
(SERAM), and the GeNI Society have deemed it necessary to prepare
this document, which is not only informative but also a consensus
document on those IR doses that have demonstrated deleterious
effects on the fetus, the average dosimetry received by a worker who
remains active in the cath lab during pregnancy, what the Spanish
current legislation actually says, and what advice and recommenda-
tions are considered reasonable for exposed professionals, in accor-
dance with available scientific evidence and current regulations.

The objective of this document is to provide professionals with the
necessary knowledge to make a fully informed decision on whether
to choose an interventional subspecialty and continue with their
job during gestation.

BIOLOGICAL EFFECTS OF IONIZING RADIATION ON THE
FETUS

IR interferes with cell multiplication, especially in tissues with a
high replication rate.'* Exposure to IR during the fetal period can
lead to intrauterine growth restriction, malformations, tumors, and
even fetal death. The risk depends on the magnitude and temporal
distribution of the exposure, as well as the gestational age at which
it occurs. Table 1 illustrates the IR-induced tissue reactions in the
embryo or fetus, according to the gestational period, and the radi-
ation threshold value.

Radiation exposure, measured by the magnitude "absorbed dose”
or kerma, is defined as the radiation energy received by an organ
or tissue per unit mass and measured in milligray (mGy). The same
absorbed radiation dose can cause a different biological effect
depending on the ionizing agent emitting it, hence the term "equiv-
alent dose,” which is the absorbed dose corrected by a weighting
factor measured in millisievert (mSv). Since the radiation weighting
factor for X-rays is 1, in this case, both the absorbed and the
equivalent doses are numerically equal, with 1 mGy of absorbed
dose being equal to 1 mSv of equivalent dose.'*
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Table 1. Tissue reaction to ionizing radiation in the embryo or fetus according to gestational period and threshold value

Gestational period Effect Estimated radiation threshold
Pre-implantation (0-2 weeks post-conception) Embryo death or no effect 50-100 mGy
Organogenesis (2-8 weeks) Congenital malformations (skeletal, eyes, genitals) 200 mGy
Growth retardation 200-250 mGy
8-15 weeks Severe intellectual disability (high risk of occurrence) 60-310 mGy
Decrease in intellectual quotient 20 1Q points/100 mGy
Microcephaly 200 mGy
16-25 weeks Severe intellectual disability (low risk of occurrence) 250-280 mGy

Adapted with permission from Cheney et al.”".

IR can cause deleterious effects through deterministic and stochastic
effects. The former have dose thresholds with intensity being
proportional to the magnitude of the radiation. They are constant,
reproducible, and related to moderate-to-high doses due to direct
damage to multiple cell lines. The term "tissue reaction”’® is recom-
mended as it better reflects the mechanism of damage and the
dose-response relationship. The latter have no dose threshold, are
caused by random damage to cellular genetic material, and show
as growth and multiplication changes. Although a linear risk-expo-
sure relationship with no minimum threshold is assumed, there is
greater uncertainty surrounding this relationship at low dose levels
(< 0.1 Gy).' Their severity is independent of exposure.

General effects of radiation during the embryonic
and fetal period

Evidence of these effects in humans comes from longitudinal
studies of survivors of nuclear disasters, pregnant women exposed
to medical or occupational radiation, and case-control studies of
childhood leukemias and tumors.'® The only experimental studies
have been conducted with animals.’® The magnitude of exposure
is the main determinant of damage. Thus, irradiation at moderate-
to-high doses can cause abortions, malformations, intellectual
disability, and intrauterine growth restriction;'”'® at low doses,
results are inconsistent. Damage varies depending on the stage of
pregnancy. Within the first few weeks of gestation, there is greater
radiosensitivity; each organ has critical weeks that are consistent
with its organogenesis.!? As the fetus matures, the damage progres-
sively decreases.'® Dose fractionation causes less damage than a
single dose of the same intensity but shorter duration.!®?°

Risk of fetal damage at moderate doses

Moderate doses are those between 100 mGy and 1 Gy. These have
been recorded mainly in nuclear disasters and medical procedures,
such as radiotherapy. These doses are not reached in the cath lab
setting. Up to the 4™ gestational week, doses of 0.1-0.2 Gy can be
lethal.'®!® Doses > 2 Gy at any stage of pregnancy are associated
with fetal death.?! This effect is an “all or nothing” phenomenon,
where a sufficiently intense aggression can cause the death of the
embryo or be completely repaired, given the high capacity for
repair and differentiation of pluripotent cells.’” The threshold for
the appearance of malformations stands between 1 Gy and 2 Gy,'*
highlighting alterations in brain development, ocular, musculoskel-
etal, and genital systems. The most sensitive period corresponds to
gestational weeks 8-25, followed by weeks 16-25. Fetal suscepti-
bility decreases significantly after the 26% gestational week.?"?
Doses > 200 mGy have been associated with intrauterine growth

restriction, low birth weight, shorter height, and decreased head
circumference.?’ Moreover, intellectual disability!” is associated
with high doses of radiation. The central nervous system is espe-
cially radiosensitive during gestational weeks 8-25, specifically
weeks 8-15, a period known as the “cortical sensitivity window".!?
Doses > 100 mGy are related to a decrease in intellectual quotient
and risk of severe intellectual disability. This effect has been
attributed to direct cell death and neuronal migration alterations.
The high plasticity and redundancy of brain tissue could be the
cause of the absence of effects below these doses. Doses < 100
mGy have not shown an association with fetal alterations or
abortions.??

Risk of fetal damage at low doses

Low doses are those < 100 mSv, especially < 50 mSv. These doses
can be reached in therapeutic procedures, while the doses involved
in occupational exposures, living in regions of widespread environ-
mental radiation, or frequently taking transatlantic flights are
negligible. The appearance of tumors throughout life is their main
stochastic effect, lacking safe minimum values.'®?* However,
confirming this effect and estimating its magnitude present great
methodological difficulties due to its low incidence rate, high
latency, and low number of irradiated pregnant women.'® For this
reason, results have been disparate.

Follow-up until 2012 of cohorts exposed to nuclear bombings found
a higher mortality rate due to solid tumors only from adulthood in
daughters of women exposed to this radiation, with an estimated
mean dose received by these pregnant women of 123 mGy.?® This
finding is only partially consistent with studies conducted in Europe
after the Chernobyl accident, which only found a possible increase
in thyroid tumors in uteri exposed to radioactive iodine release.?®
Nonetheless, there was not an increased risk of childhood
leukemia.?” In other nuclear accidents, studies of populations living
close to nuclear facilities or nuclear test sites have not found any
changes in the incidence rate of childhood cancer.!® Studies on
occupational exposures have not demonstrated an increased risk of
cancer after in utero exposures in the nuclear industry®® or medical
radiology.?’

Regarding the exposure of pregnant women to radiological tests,
most are case-control studies. One of the main sources was the
Oxford Survey of Childhood Cancer, from which the first studies
emerged linking in utero exposure to childhood cancer.?* This
research allowed for estimating a first absolute excess risk of cancer
mortality of 500-650/10 000 people/year/Gy, updated to a relative
risk excess of 51%/10 mGy for leukemia and 46%/10 mGy for other
solid tumors.’® In 1982, data from these studies were used to
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Table 2. Increased risk of malformations and childhood cancer according to
received dose

Embryo or fetus Ab of Ab of Absence of
doserv(mSv) malformations childhood malformations or
(%) cancer (%) childhood cancer (%)

0 96.00 99.93 95.93

0.5 95.99 99.92 95.92

1 95.99 99.921 95.92

5 95.99 99.89 95.88

10 95.98 99.84 95.83

Adapted with permission from Wagner et al.®’. The table was prepared assuming a dose
increase above existing environmental radiation.

estimate the probabilities of childhood cancer and malformations
according to the exposure level (table 2). These values are the most
widely used to this date.*"

A review of the main studies found an association between in utero
irradiation and leukemias or solid tumors, mainly in older cohorts.?!
However, longitudinal studies with cohorts of pregnant women
who underwent radiodiagnostic tests did not yield significant
findings.*?

Experimental studies with mice have found an increase in ovarian
cancer with single doses of 0.25 Gy,** and lymphoma with single
doses of 0.18 Gy.** Other studies, however, have not found changes
to the incidence rate with doses of 2-3 Gy, except when these doses
were administered after birth.*

EUROPEAN AND SPANISH LEGISLATION

The exposure of workers to IR is regulated by both national and
international agencies. The European Atomic Energy Community
(EURATOM) is a European public organization that coordinates
nuclear energy research programs and develops regulations. These
regulations are based on guidelines from the International Atomic
Energy Agency, which, in turn, draws upon recommendations from
the International Commission on Radiological Protection. The latter
is an autonomous organization composed of experts in radiation
protection. The European Union EURATOM treaty sets out the RP
legislation that member states must adopt and transpose into their
own national laws.

In Spain, the only competent organization in matters of nuclear
safety and RP is the Consejo de Seguridad Nuclear, the Spanish
Nuclear Safety Council (CSN), an independent entity of the Spanish
General State Administration, which regulates the operation of
nuclear and radioactive facilities, proposing regulations and stan-
dards. The instructions from the CSN become binding after publica-
tion in the Spanish Boletin Oficial del Estado (Official State Bulletin).

In 2013, the International Commission on Radiological Protection
developed radiological protection (RP) guidelines for cardiology.
These guidelines were subsequently adopted by EURATOM in
Directive 2013/59.%° These guidelines and Article 10 of the
EURATOM Directive state that pregnancy does not imply the
exclusion of women from their job, but rather that working condi-
tions must be carefully evaluated to ensure the safe limit of 1 mSv
for the fetus throughout the pregnancy. This 1 mSv limit is estab-
lished because it is considered that the protection of the fetus
should be comparable to that of any person, who should not receive
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> 1 mSv in 1 year due to activities derived from the operation of
nuclear and radioactive facilities. The transposition of European
regulations in Spain is embodied in the form of Royal Decrees (RD).
The RD applicable to the occupational exposure of pregnant
workers are RD 298/2009°” and RD 1029/2022.%¢ The former incor-
porated Annex VIII, which details a list of agents to which pregnant
workers should not be at risk of exposure, including IR. This RD
specifies that pregnant workers may not carry out activities that
pose a risk of exposure to these agents if, according to the conclu-
sions obtained from risk assessment, this may endanger their health
or that of the fetus. Article 12 of RD 1029/2022 literally transposes
Article 10 of the EURATOM Directive, establishing the same limit
of 1 mSv during pregnancy. This RD repeals previous RD 783/2001
and 413/1997 on the protection of workers at risk of IR exposure,
as well as all norms of equal or lower rank that contradict or oppose
the provisions of this RD.

In 2016, the CSN approved the document "Protection of pregnant
workers exposed to IR in the health care setting”®” specifying that,
"as a general rule, the condition of pregnancy of an exposed profes-
sional does not imply her automatic withdrawal from work; what
is necessary is to review her working conditions to comply with
current regulations,” and that "pregnant workers may not carry out
activities that involve a risk of exposure to IR if, according to the
conclusions obtained in a risk assessment, there may be danger to
their safety, their health, that of the child, or that of the fetus.”
Furthermore, the document states that "from the moment a preg-
nant woman communicates her condition, the protection of the
fetus must be comparable to that of the rest of the population.
Therefore, the equivalent dose to the fetus must be as low as
reasonably achievable (ALARA criteria),’* so that it is unlikely to
exceed 1 mSv, at least from the communication of her condition
until the end of her pregnancy.” Although this dose of 1 mSv is
established for 1 cm depth, the actual depth at which the fetus is
located is greater, and dose attenuation occurs due to the abdominal
wall and the uterus. According to some models, the dose received
by the fetus is 0.27% of that measured by the surface dosimeter
during the first trimester, 0.23% during the second, and 0.17%
during the third trimester. Thus, the CSN establishes that, in prac-
tice, the limit during pregnancy is 2 mSv on the abdominal dosim-
eter, or an equivalent dose received by the fetus of 1 mSv. #4041

MEANS OF PROTECTION VS IONIZING RADIATION

Exposure to IR requires RP measures for both patients and the
health care personnel.*” Pregnant professionals must implement
extraordinary measures.

Use of personal protective equipment

Lead aprons are a primary barrier that protects the organs most
sensitive to radiation. They are designed to absorb and scatter
radiation, significantly reducing the dose received by personnel. A
lead apron, composed of a vest and skirt, with a lead thickness of
0.25 mm, is sufficient during gestation, as the overlap of the 2
layers of the skirt on the anterior abdominal wall provides protec-
tion equivalent to 0.5 mm, thus attenuating 98% of scattered radi-
ation, which is the main source of radiation. As the abdomen grows,
a larger apron should be used to ensure the double layer on the
anterior abdominal wall. There are specific aprons for pregnant
women that add an extra layer to the double layer of the skirt on
the anterior abdominal wall. During the first trimester, 0.5 mm lead
gonad shields can be internally attached to the lead skirt!**34%.
Although adding additional skirts or aprons would minimally
reduce radiation, it could lead to musculoskeletal problems. Both
during gestation and lactation, complete breast protection must be
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ensured, as breast tissue is particularly radiosensitive; for this,
aprons of the appropriate size for each worker should be used,
avoiding uncovered areas in the axillary region that could expose
the breasts.

Training and continuous education in RP

Health care personnel must be aware of the risks and available
protective measures. Working as far as possible from the radiation
source, raising the table as much as possible, and being as efficient
as possible with emitted radiation doses are basic measures in any
circumstance. If feasible, pregnant workers should avoid partici-
pating in long procedures, due to both IR exposure and prolonged
static standing. Similarly, since the embryo or fetus is more radio-
sensitive within the first gestational weeks, it is reasonable to
abstain from participating in examinations with IR exposure during
the first trimester.

The design of the work environment is critical. Cath labs must be
equipped with lead barriers and protective screens to minimize
exposure and reduce the amount of scattered radiation. They are
an indispensable protective tool during pregnancy, as they atten-
uate 99% of scattered radiation and reduce overall radiation expo-
sure by 50%-75%.4%4546

Finally, monitoring radiation exposure is an essential measure.
Personal dosimeters allow continuous monitoring of the received
radiation dose and record cumulative exposure. They ensure that
doses remain within the limits established by regulations and help
identify risk situations that require corrective measures. The history
of each worker's cumulative exposure helps identify trends. In the
case of pregnant women, there are dosimeters with real-time read-
ings*>*” that allow confirming that the permitted dosimetry is not
exceeded, both monthly and at any given time. The personal dosim-
eter must be changed monthly and worn in the appropriate place;
for the abdominal dosimeter, it will be under the lead apron to
record the equivalent dose received beneath it. Incorrect use of the
dosimeter prevents RP services from evaluating the dose the worker
receives in her usual work and, consequently, whether she can
continue working during pregnancy.

BACKGROUND RADIATION, OTHER DAILY LIFE RADIATIONS,
AND OCCUPATIONAL DOSE

Understanding the doses received by the population allows for
putting occupational doses into perspective. The average annual
exposure to background radiation ranges between 1 mSv and 2.3
mSv;'* this radiation comes from radon in the air, cosmic radiation
from space, and natural radioactivity in soil and building materials.
Radon is a radioactive gas emitted by soil and rocks that accounts
for 50% of a person's annual radiation dose, approximately 1.3
mSv.*® Radioactive materials from the Earth's crust, such as
uranium, thorium, and potassium, represent an average annual
exposure of 0.5 mSv. Cosmic radiation, from high-energy particles
from outer space that penetrate the atmosphere, represents an
average annual exposure of about 0.3 mSv at sea level. On a long-
haul flight, the average radiation is about 0.003-0.0097 mSv/h.*
Internal radiation from radioactive isotopes in food and water, such
as potassium-40 and carbon-14, generates an average absorbed
radiation dose of 0.3 mSv per year.”"°! Background radiation varies
depending on the area where one lives; for example, in some places
in Galicia (Spain), 1.45 mSv of annual environmental radiation is
reached.”? Considering these data and the dosimetric information
of workers who have maintained their activity in the cath lab
during pregnancy, the occupational dose received during pregnancy
can be even lower than the dose received as a result of background
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radiation.?®275%5% Similarly, a round-trip transatlantic flight can
expose a person to 0.1 mSv due to cosmic radiation at high altitude.
This IR dose is similar to that of a chest X-ray and greater than the
doses received by most interventional women who keep working
in the cath lab throughout pregnancy*’ (figure 1).

Regarding occupational doses, the periodic reports issued by the
CSN provide information on the dose received by workers exposed
to IR in Spain. According to these reports, in 2023, 127 234 workers
in Spain were dosimetrically controlled,” of whom 96% received
< 1 mSv, with 0.6 mSv/year being the average dose received by
workers in medical radiodiagnostic centers. Even so, to make an
informed decision, we need to know the doses received by inter-
ventional women who continue working in the cath lab during
pregnancy. Table 3 illustrates the doses reported through question-
naires or direct interviews with women who continued working in
the cath lab during pregnancy; although this information is very
limited due to the small number of exposed pregnant workers, the
doses registered on abdominal dosimeters are < 1 mSv in all
cases, 12:43,45

However, the dose received by a worker depends on the number
and type of procedures performed, whether she is the primary
operator, the patient's body mass, the fluoroscopy-cine time, tech-
nical aspects of the X-ray machine, and the radiation protection
measures adopted. Therefore, if the worker decides to keep on
working in the cath lab during pregnancy, the received dose can
be reduced by modifying usual activity, keeping it as low as
possible, below the maximum permitted by the current legislation.
Regarding on-call duties, when deciding whether to continue
performing them during gestation, the worker should take into
consideration that most procedures performed during these will be
therapeutic, and some of them can be prolonged, leading to greater
exposure and long periods of standing.

DISCUSSION

One of the duties of scientific societies is to respond to the problems
and concerns of the professionals they represent promoting initia-
tives that reduce gender bias in the workplace. According to surveys
and published works, occupational exposure to IR is one of the
reasons that lead to a gender bias in subspecialties such as inter-
ventional cardiology, electrophysiology, or interventional
radiology.'°® The belief that pregnant workers cannot perform
activities with occupational IR exposure causes professionals to
perceive difficulties in these subspecialties in reconciling profes-
sional development with motherhood, which leads them to self-ex-
clude. However, considering the review of doses that have demon-
strated biological effects on the fetus®*?75%5% there is no risk of
abortion with received doses < 50 mSv, nor risk of deterministic
effects, such as malformations or intellectual disability with doses
< 60 mSv.'®%% We should remember that the rate of early sponta-
neous abortion in pregnancies known to women is 10%-20%,%"
which is a multifactorial event. Regarding stochastic effects, there
is no evidence either of a higher risk with doses < 50 mSv.>%7

Occupational exposure to IR during pregnancy is regulated in
Europe by directives that take into consideration the recommenda-
tions of the International Commission on Radiological Protection.
In Spain, the regulations governing the dose that the fetus can
receive due to the mother’s occupational activity during pregnancy
are included in several RD and have been developed following the
recommendations made by the CSN.*"*° The fetus is considered a
member of the general population and, like anyone else, cannot
receive > 1 mSv/year. This postulate is one of the most conserva-
tive ones, since the International Commission on Radiological
Protection establishes this limit of 1 mSv for the fetus, and the
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Figure 1. Central illustration. Comparison between ionizing radiation doses causing stochastic or deterministic effects in the fetus, doses due to natural or
medical radiation sources, and occupational doses.' (Created with BioRender.) CT, computed tomography; IR, ionizing radiation; Rx, X-rays.

Table 3. Published data on occupational doses of pregnant workers with ionizing radiation exposure

No. of pregnancies/No. of

Country . N Protection used Dose received during gestation Outcome
interventional workers
Spain 15 pregnancies / 11 interventional Standard vest + skirt (7/15) Background dose (8/15) 14/15 normal gestations
cardiologists or electrophysiologists Extra skirt or additional gonadal 0.2 mSv (2/15) 1/15 placental insufficiency
protection (8/15) <1 mSv (3/15)
Not reported (2/15)
France 8 pregnancies / 5 interventional Standard vest + skirt (5/8) Background dose (7/8) 8/8 normal gestations
cardiologists or electrophysiologists Additional mobile protective 0.2 mSv (1/8)
screen (3/8)
New Zealand Isolated cases of pregnancies in Information not available in Monthly monitoring described with All gestations reported as normal
interventional cardiologists and the study abdominal dosimeter clearly below
electrophysiologists the dose threshold
Australia 21 pregnancies / 11 interventional 2 pregnancies left the cath lab Monthly monitoring described with Outcomes reported as comparable

cardiologists or electrophysiologists

for 6-9 weeks

abdominal dosimeter clearly below
the dose threshold

to those of the non-exposed
population

National Council on Radiation Protection and Measurements estab-
lishes a threshold limit for the fetus of 5 mSv.°® This is so because,
in the United States, employers prioritize the rights of pregnant
workers from an anti-discrimination perspective, while European
legislation policies prioritize fetal safety. Australia and Israel set the
bar at 1 mSv throughout pregnancy too, and Japan sets a threshold
limit of 2 mSv.*

Both deterministic and stochastic effects present a threshold for
onset several orders of magnitude higher than occupational doses.
Furthermore, they are very far from the doses received by profes-
sionals who have kept on working in the lab during pregnancy,
since in none of the published works has the received dose been
> 1 mSv.*® Table 2 illustrates the spontaneous risk of congenital
malformations in newborns (4%) and the spontaneous probability
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of a child developing cancer in childhood (0.07%). The increase in
the probability that the fetus will have a malformation at birth or
develop cancer in childhood if it receives 1 mSv during gestation
would be 0.008% above the spontaneous risk, that is, an extremely
low increase in risk.*’

In Europe, Austria, Hungary, Italy, Portugal, and Romania have not
transposed the EURATOM directive into their own legislations and
do not allow women to work in the lab during pregnancy.*® Further-
more, in Spain, the occupational risk prevention and RP services
of some centers, in full compliance with Annex VIII of the 2009
RD,?" declare the worker "unfit” to keep on working during preg-
nancy. However, this measure would not be justified for several
reasons. Firstly, because the 2009 RD specifies that a pregnant
worker may not carry out activities that pose a risk of exposure if,
according to the conclusions obtained from the risk assessment, this
may endanger her safety or health or that of the fetus, which is not
the case if the dose threshold of 1 mSv is respected. Secondly,
because the 2022 RD establishes that the working conditions of
pregnant women shall be such that the equivalent dose to the fetus
should be as low as reasonably achievable, in such a way that the
dose does not exceed 1 mSv, at least since the worker communi-
cated her condition until the end of pregnancy, which implies that
it is possible to continue working during pregnancy if said limit is
not exceeded. A third reason would be that, as stated in the health
surveillance guide for occupational risk prevention prepared by the
Spanish Ministry of Health, Consumer and Social Welfare, the
preferred way to communicate the results of health surveillance,
from an occupational risk prevention perspective, is in the form of
preventive recommendations.” This document only considers that
the qualification of "unfit” should be applied when there is a high
probability of harm to the health of the worker or to any third
parties and workplace adaptation is not possible, recommending in
all other cases the qualification of "fit with adaptation measures"”.*”
As we have seen, in the case of occupational exposure to IR, the
probability of harm to the health of third parties (fetus) is not high,
since occupational doses are < 1 mSv. Moreover, workplace adap-
tation is possible by providing the worker with an abdominal
dosimeter, even with real-time reading, to closely monitor the dose
received, thus increasing protection with a specific lead apron for
pregnant women or with gonadal shields, and even excluding the
pregnant woman from procedures associated with high IR doses,
while preserving her usual activity in the cath lab. Therefore, the
qualification that should be given to workers exposed to IR when
they become pregnant is “fit with adaptation measures”.”

Of note that declaring a professional "unfit” to perform her job
during pregnancy removes her from her usual work environment
interrupting her working projects and procedures in which she is
involved. Furthermore, sometimes after pregnancy and maternity
leave, women are not easily reintegrated into the professional
projects they were developing in their departments before gesta-
tion. All this constitutes a situation of workplace inequality, a
slowdown in professional development, and a loss of opportunities
compared with their male colleagues, an unjustified prejudice if we
adhere to the scientific evidence and current Spanish legislation.

Therefore, greater efforts must be made by scientific societies, the
CSN, and the Spanish Ministry of Health to promote the dissemi-
nation of knowledge about the deleterious effects of IR, the doses
that cause them, and the doses to which pregnant women with
occupational exposure are exposed. Initiatives are needed to recog-
nize, make visible, and solve the difficulties these professionals
face. It's also crucial to engage officials at the Spanish Ministry of
Labor, as they oversee occupational risk prevention services. The
goal is to raise awareness about the need for clearer regulations
regarding pregnant professionals in laboratory settings. This would
eliminate any ambiguity about their legal permission to continue
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working, provided the radiological protection department approves
based on their dosimetry history.

In any case, when making a decision in this regard, we should
remember that information on the dose received by workers who
kept working in the cath lab during pregnancy comes from a small
number of interventional cardiologists and electrophysiologists, and
that information comes only from surveys and observational data.
Of note, there are few studies on the health of the offspring of
women who have maintained activity with IR exposure during
pregnancy, and the available data are not consistent due to the
small number of irradiated women and the low incidence and high
latency of the effects. Similarly, the value of 1 mSv should not be
considered a strict regulatory threshold; what should be attempted
is that, once the worker has notified the pregnancy, her working
conditions are such that it is unlikely that the fetus will receive a
dose > 1 mSv during the remainder of the pregnancy.

The decision to keep on working in the cath lab and performing
on-call duties during pregnancy must be made freely by the worker
after consulting with her health care professionals, and based on
scientific information, her dosimetric history, her physical and
emotional state, and the correct use of RP measures. This choice
can have both physical (exposure to unwanted doses of ionizing
radiation or musculoskeletal discomfort from wearing a lead apron)
and emotional implications. Of note, 10%-20% of pregnancies end
in spontaneous abortion, due to mostly multifactorial and often
unknown causes, not necessarily attributable to occupational radi-
ation exposure per se. This situation can lead to a feeling of "retro-
spective guilt,” as can the possible appearance of medical problems
in the fetus or child, even if there is no scientific evidence linking
said condition to occupational exposure. Therefore, it is a reality
that making the decision involves a great silent emotional burden
and a significant internal conflict and must be free from external
pressures and accompanied by adequate emotional support for all
pregnant women, whatever their decision.

Since the current legislation allow pregnant workers to continue in
their workplace as long as dose limits are respected, while contem-
plating the possibility of requesting a workplace adaptation without
radiation exposure, it is essential to preserve each woman's freedom
of decision, preventing her from being removed from the cath lab
against her will and ensuring, in all cases, a safe and understanding
working environment. For those who choose not to be exposed to
radiation during gestation, it is crucial to facilitate not only work-
place adaptation but also full reintegration into their previous job
and projects after maternity leave, including training in techniques
that may have been incorporated during their absence.

Promoting this flexibility and institutional support is key to preventing
sex discrimination and attracting and retaining female talent in inter-
ventional subspecialties where women are still a minority. Occupa-
tional radiation should not be perceived as a factor incompatible with
pregnancy per se, but rather as a manageable circumstance based on
autonomy, knowledge, fetal safety, and respect.

CONCLUSIONS

The fear of IR effects on the fetus is one of the reasons many female
workers dismiss training in an interventional subspecialty. However,
both the European directive and current Spanish law state that
pregnant women should not be excluded from their jobs, provided
the fetus is protected like any other individual and its maximum
occupational radiation dose during gestation does not exceed 1 mSv.

The doses received by professionals who maintain their activity
with IR exposure during pregnancy do not exceed the 1 mSv limit
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in any of the published studies, placing them at an order of magni-
tude 50 or 100 times lower than those that have demonstrated
deleterious effects on the fetus. Abdominal dosimeters allow close
monitoring of the doses received by workers with occupational IR
exposure, ensuring that the limit established by regulations is not
exceeded. Therefore, according to the CSN, any worker with occu-
pational IR exposure, under working conditions where it is improb-
able that the fetus will receive a dose > 1 mSv, can feel safe in
her workplace as long as she responsibly abides by the recommen-
dations of the RP department and correctly uses the abdominal
dosimeter.
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