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PREAMBLE

The memberships of the Society of Interventional Radiology (SIR)
Safety and Health Committee and the Cardiovascular and Radiological
Society of Europe (CIRSE) Standards of Practice Committee represent
experts in a broad spectrum of interventional procedures from both the
private and academic sectors of medicine. Generally, these Committee
members dedicate the vast majority of their professional time to
performing interventional procedures; as such, they represent a valid
broad expert constituency of the subject matter under consideration. In
addition, the authors also include other experts in radiation safety.

Technical documents specifying the exact consensus and literature
review methodologies as well as the institutional affiliations and pro-
fessional credentials of the authors of this document are available upon
request from SIR, 3975 Fair Ridge Dr., Suite 400 N., Fairfax, VA 22033.
METHODOLOGY

SIR and CIRSE produce their safety-related documents using the
following process. Documents of relevance and timeliness are con-
ceptualized by SIR Safety and Health Committee members and the
CIRSE Standards of Practice Committee. A recognized expert is
identified to serve as the principal author for the document. Additional
authors may be assigned dependent upon the magnitude of the project.

An in-depth literature search is performed using electronic
medical literature databases. Then, a critical review of peer-reviewed
articles and regulatory documents is performed with regard to the study
methodology, results, and conclusions. The qualitative weight of these
articles is evaluated and used to write the document such that it
contains evidence-based data when available.

When the literature evidence is weak, conflicting, or contradic-
tory, consensus is reached by a minimum of 12 Safety and Health
Committee members. A modified Delphi consensus method (1,2) is
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used when necessary to reach consensus. For purposes of these docu-
ments, consensus is defined as 80% Delphi participant agreement on a
value or parameter. Recommendations are derived from critical eva-
luation of the literature and evaluation of empirical data from the
Safety and Health Committee and the Standards of Practice committee
members’ practices. Agreement was reached on all statements in this
document without the need to use modified Delphi consensus techniques.

The draft document is critically reviewed by the SIR Safety and
Health Committee and separately by the CIRSE Standards of Practice
Committee by means of telephone, conference calling, or face-to-face
meeting. The finalized draft from the committees is sent to the SIR
membership for further input and criticism during a 30-day comment
period. These comments are discussed by SIR’s Safety and Health
Committee and CIRSE’s Standards of Practice Committee, and
appropriate revisions are made to create the finished document. Before
its publication, the document is endorsed by the SIR Executive Council
and the CIRSE Executive Committee.
INTRODUCTION

All individuals are exposed to ubiquitous background radiation (3),
which is always present in the environment and results from radiation
emitted from naturally occurring radionuclides inside and outside of
the body, and from cosmic radiation. In addition, individuals may be
exposed to radiation from medical procedures, consumer products,
industrial radiation sources, and air travel, as well as from some edu-
cational and research activities (4). Individuals working in occupations
that use radiation sources or radioactive materials can also be exposed
as a result of proximity to these sources or materials (5).

Some of the most common occupations with potential for
radiation exposure are in medicine (staff involved in fluoroscopically
guided procedures, radiologic technologists, nuclear medicine technol-
ogists, radiochemists who prepare radiopharmaceuticals, brachythera-
pists, and nurses) (6). Worldwide, the mean effective dose for medical
workers with recordable dose during 2002 was 1.6 mSv, and for
interventional radiology or cardiology was 3.0 mSv (6). In the United
States, the mean annual effective dose for medical workers with
recordable dose during 2006 was 0.75 mSv (4). At a high-volume
hospital in the United States, the mean annual effective dose during
2011 for physicians involved in fluoroscopically guided interventions
(FGIs) was 1.6 mSv, and for technicians and nurses involved in FGIs
was 1.1 mSv (7).

FGI procedures are performed frequently throughout the world,
with the number of these procedures performed annually having in-
creased significantly during the past two decades (8). Effective doses
from occupational exposures resulting from FGI procedures are consis-
tently higher than in other medical applications. Occupational doses to
physicians performing these procedures vary widely depending on the
type of FGI procedure, the type of equipment used, the types of safety
features employed, as well as the training the physicians have received
(9–13).

For most radiation workers, the small risk of exposure to low-
level ionizing radiation is an accepted part of the job. However,
pregnant radiation workers may have heightened concerns about the
risks to their unborn child (14,15). These workers, including those who
are medical professionals (16), have many misconceptions about the
risks of ionizing radiation on the developing fetus (17). Even minimal
radiation exposure to the conceptus can provoke significant concerns
on the part of the expectant mother or her physician (18). Often,
workers receive misinformation concerning the reproductive and
developmental risks of radiation exposures from colleagues, physi-
cians, nurses, doctors in training, other health care professionals,
friends, the news media, or the Internet. For residents, fellows, physi-
cians, nurses, or technologists, pregnancy can exacerbate the stresses of
an already challenging work experience (19), along with the additional
worry of radiation exposure to the fetus (20). A lack of accurate
knowledge of the risks associated with such exposures, or misinfor-
mation regarding these risks can cause great anxiety (21,22), work-
related stress, and potentially even the unnecessary termination of preg-
nancy (22). A better understanding of these risks, and ways to reduce
them can help address concerns that may lead women to avoid these
professions. It should also help to counter potential discrimination or
work constraints that result from a worker’s pregnancy or potential
pregnancy.

Consideration is already given to all patients, including pregnant
women, who may need medical radiography. Guidelines to minimize
risk to the patient and conceptus exist (23,24). This guideline is
intended to assist interventionalists and their staff in managing and
counseling staff on pregnancy-related issues. An understanding of
radiation doses and associated risks is necessary to avoid potential
discrimination and unnecessary constraints on pregnant or potentially
pregnant women while protecting the conceptus. Interventionalists and
their staff should apply procedures in a manner that ensures consis-
tency with the recommendations in this guideline and the requirements
of their national, state, or political jurisdictions. When there are
discrepancies between these recommendations and legal requirements,
the more rigorous requirements should take precedence.

The pregnant or potentially pregnant worker should be aware
that careful planning, an understanding of the risks, and minimization
of radiation dose by employing appropriate radiation safety measures
can address many of her potential concerns and permit her, in most
cases, to safely perform procedures without incurring significant risks
to the conceptus.
DEFINITIONS

Absorbed dose is the energy imparted per unit mass by ionizing
radiation to matter at a specified point. For the purposes of radiation
protection and assessing dose to humans in general terms, the quantity
normally calculated is the mean absorbed dose to an organ or tissue.
When absorbed dose calculated in the context of pregnancy, the
radiation dose of interest is the absorbed dose to the conceptus and
not to the mother (22). The special name for the International System
of Units unit of absorbed dose is the gray (Gy), and it is defined as the
absorption of 1 J of ionizing radiation by 1 kg of organ or tissue.
Absorbed radiation dose to the conceptus is expressed in grays or
milligrays (1 Gy ¼ 1,000 mGy). For comparison with earlier units 1 Gy
is equal to 100 rad.

Administrative controls are controls that govern the way that work
is done, including timing of work, policies and other rules, and work
practices such as standards and operating procedures.

Air kerma is the energy from an x-ray beam that is transferred to
a unit mass of air in a small irradiated air volume. Air kerma is
measured in grays.

Conceptus describes the product of conception at any time
between fertilization and birth.

Deterministic Effect: see Tissue Reaction Dose is a general term
used to denote an amount of radiation. The particular meaning of the
term should be clear from the context in which it is used. In this
document, “dose” means the absorbed dose to tissue unless otherwise
specified.

Effective dose is the tissue-weighted sum of the equivalent doses in
all specified tissues and organs of the body. The effective dose is
intended for use as a protection quantity (eg, the prospective dose
assessment for planning and optimization in radiologic protection, and
demonstration of compliance for regulatory purposes). Effective dose is
measured in sieverts (Sv).

Engineering controls are methods built into the design or mod-
ifications of facilities, equipment, and procedures to minimize a hazard.

Equivalent dose is the mean absorbed dose from radiation in a
tissue or organ multiplied by a radiation weighting factor for that
radiation. Equivalent dose is measured in sieverts. This is the quantity
used by most European regulations to establish the dose limit.
According to the European Basic Safety Standards, the equivalent
dose to the unborn child should be as low as reasonably achievable
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(ALARA) and unlikely to exceed 1 mSv during at least the remainder
of the pregnancy (25).

A hazard is the potential for harm. In practical terms, a hazard
often is associated with a condition or activity that, if left uncontrolled,
can result in an injury or illness.

Kerma is kinetic energy released in matter is the energy from an x-
ray beam that is transferred to a unit mass of a specified material in a
small irradiated volume of that material (eg, air, soft tissue, bone).
Kerma is measured in grays. For the x-ray energies covered in this
guideline, the kerma produced in a small volume of material delivers its
dose to the same volume (this is not true for high-energy radiation
therapy).

Occupational exposure is radiation exposures to individuals
incurred in the workplace as a result of situations that can reasonably
be regarded as being the responsibility of management (radiation
exposures received by patients associated with their medical diagnosis
or treatment are excluded).

Personal equivalent dose is an operational quantity, Hp(d),
representing the dose equivalent in soft tissue at an appropriate depth
(eg, 10 mm) below a specified point on the human body.

Protraction (of dose) is the delivery of dose over an extended
period of time rather than over a brief period of time. Examples include
the doses received from some occupational work environments, from
continuous exposure to a radionuclide with a long half-life, and from
ubiquitous background radiation.

Qualified medical physicist/medical physics expert: in the United
States, a “qualified medical physicist” is an individual who is
competent to practice independently one or more of the subfields of
medical physics. The American College of Radiology recommends that
the individual be certified in the appropriate subfield(s) by the
American Board of Radiology in Diagnostic Radiological Physics or
Radiological Physics (8). Certification by the American Board of
Health Physics, or, in Canada, by the Canadian College of Physicists
in Medicine, may also be relevant for evaluation of conceptus dose and
risk determinations and evaluations. The qualified medical physicist
must also be familiar with the relevant clinical procedures.

In Europe, the recognized term is “medical physics expert.” It is
defined in European Directive 2013/59/Euratom (25) as “an individual
or, if provided for in national legislation, a group of individuals, having
the knowledge, training, and experience to act or give advice on
matters relating to radiation physics applied to medical exposure,
whose competence in this respect is recognized by the competent
authority.”

Stochastic effects are radiation effects that demonstrate an
increasing likelihood of occurrence with increasing dose, and whose
severity of occurrence is independent of dose (ie, there is no threshold
dose). Radiation induced cancers are examples of stochastic effects.
The cancer most closely associated with intrauterine exposure to
ionizing radiation is childhood leukemia (22).

Tissue reactions, also termed deterministic effects, are those for
which the severity of the resultant detrimental health effect is depend-
ent upon the dose of radiation, and for which a threshold usually exists,
below which detrimental health effects are not observed (see Threshold
Dose). The effect is not observed unless the threshold is exceeded,
although the threshold dose is subject to biologic variation. Tissue
reactions to the conceptus and individuals vary. In cases in which the
threshold dose for a tissue reaction is exceeded in an organ or tissue,
the severity of possible injury increases with increasing dose. Examples
of tissue reactions in children and adults include skin injury, hair loss,
and cataracts. Examples of tissue reactions in the conceptus may
include malformations, growth retardation, mental disability, and
microcephaly.

A threshold dose is the lowest radiation dose at which a specified
tissue reaction is likely to occur. The International Commission on
Radiological Protection (ICRP) defines the threshold dose as the dose
estimated to result in only a 1% incidence of the specified tissue
reaction (26). Threshold doses differ among individuals as a result of
biologic variation. The threshold dose for skin injury also differs for
different anatomic sites of the same individual. With respect to
intrauterine exposure, threshold dose has been most closely estimated
for subsequent mental disability and microcephaly.
RISKS OF IONIZING RADIATION ON THE

CONCEPTUS

Despite the large amount of epidemiologic, clinical, and experimental
data, the risk associated with prenatal exposure to radiation remains
uncertain. The risk to the embryo or fetus for tissue reactions (ie,
deterministic effects, eg, birth defects, growth retardation, pregnancy
loss, mental retardation) from prenatal exposure to the common
sources of ionizing radiation in the United States (ie, environmental,
occupational, and medical) is generally very low (5). At doses to the
embryo or fetus lower than 100 mGy, the risk is small or possibly
nonexistent (5,18). This statement is based on extensive mammalian
animal studies and the few human epidemiologic studies conducted at
these low doses (5). It should be noted that ionizing radiation from
ubiquitous background sources or occupational exposure within
regulatory limits typically result in doses to the embryo and fetus
lower than 100 mSv (5). The risk of low doses of ionizing radiation on
the conceptus is often overestimated by practicing professionals (5).

It has long been known that the developing conceptus is highly
radiation sensitive (27). Exposure of the conceptus to higher doses of
ionizing radiation can potentially lead to two types of adverse health
effects, tissue reactions and stochastic effects. Tissue reactions result
from damage to multiple cells and may be severe enough to cause cell
sterilization or death. Stochastic effects originate from damage to single
cells that is sufficient to cause a mutation but that does not impair cell
division. Stochastic effects (principally cancer) increase in likelihood as
dose increases. Two factors must be addressed: the likelihood of an
adverse outcome and the severity of such an outcome (28,29).

The developing conceptus is radiation sensitive throughout the
prenatal period (30). The effects of radiation exposure on the conceptus
depend on multiple variables, including the gestational age, fetal
cellular repair mechanisms, and absorbed radiation dose level.
Higher doses of ionizing radiation can cause embryonic death,
congenital malformations, growth retardation, and neurologic
detriment (31). However, there is little support in the epidemiologic
literature for the hypothesis that very low doses of radiation adversely
affect pregnancy outcome (5). Much of the current knowledge of the
harmful effects of ionizing radiation is from the follow-up of atomic
bomb survivors, from patients who received radiation therapy for
nonmalignant conditions, and from animal studies. Considerable
uncertainty exists about the risks associated with radiation exposure
from medical imaging and image-guided interventional procedures.
Some of the current scientific basis for these effects on the conceptus is
discussed later in this document. A more extensive treatment of the
topic was published by the National Council on Radiation Protection
and Measurements (NCRP) as report no. 174 (5).

Radiation-related risks are present throughout gestation. The
magnitude of these risks is highly dependent on the gestational age
during which exposure takes place and the conceptus’ absorbed dose.
Biologic systems with a high fraction of proliferating cells show high
radiation responsiveness (27). Radiation risks are most significant
during preimplantation and organogenesis and the first trimester,
somewhat less in the second trimester, and least in the third trimester
(22,30).

Although there are limited epidemiologic studies of ionizing
radiation exposures in human pregnancies from which to determine
directly the no-adverse-effect level for developmental and reproductive
effects, there are extensive mammalian animal studies. These studies
support the conclusion that the no-adverse-effect level from acute
exposure for birth defects, growth retardation, pregnancy loss, and
other tissue reactions is a dose to the conceptus of approximately 200
mGy at the most vulnerable stage of pregnancy. Experimental data
indicate that the developmental effects of protracted and fractionated
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irradiation are less than the effects of acute irradiation (5). There is no
evidence that a radiation dose lower than 100 mGy during pregnancy is
associated with an increased incidence of congenital malformation,
stillbirth, miscarriage, growth, or mental disability (5,18).

Risks to offspring of medical radiation workers have been
investigated (32,33). These investigations have shown no statistically
significant or convincing evidence of an increased risk of cancer in
offspring of female medical radiation workers.
REGULATORY REQUIREMENTS AND OTHER

GUIDANCE

There are two overarching purposes of occupational radiation protec-
tion (26,34). The first is to prevent the occurrence of clinically
significant radiation-induced tissue reactions by adhering to dose limits
that are below apparent threshold levels. The second is to limit the risk
of stochastic effects, including cancer, to a reasonable level in relation
to societal needs, values, benefits gained, and economic factors. The
ICRP and NCRP further espouse three principles of radiation
protection (justification, optimization of protection, and dose limits)
as essential elements of a framework for meeting these objectives
(26,34). In this schema, justification is based on the expectation that the
potential benefits to society exceed the overall societal cost. Optimiza-
tion of protection is a process to ensure that the total societal detriment
from justifiable activities (such as the practice of medicine) is kept
ALARA, economic and social factors being taken into account. The
principle of dose limits applies exposure limits to individual workers to
ensure that procedures that are justified and optimized do not result in
individuals or groups exceeding levels of acceptable risk.

The upper limits for justified and optimized occupational expo-
sures are provided by a system of dose limits for radiation workers and
members of the public. Doses from ubiquitous background radiation
are not included in these dose limits. Occupational exposure is
controlled by a limit on the annual effective dose and on annual
equivalent doses to specific organs or structures (eg, lens of the eye,
hands) of individual workers as recommended by NCRP (34) and
ICRP (26,35) and promulgated by various regulatory agencies. For
example, in Europe, limits for occupational exposures are included in
the European Directive 2013/59/Euratom (25). In the United States, the
dose limit for occupational exposure to ionizing radiation from licensed
radioactive material is established by the Nuclear Regulatory
Commission (NRC) (36). Although these dose limits were established
for exposures to NRC-regulated radioactive material, individual states
have often adopted the dose limits for exposures from other sources of
ionizing radiation (37). However, the implementation methodologies
associated with limits and guidance varies from state to state in the
United States (15,38), so it is important for facilities to know and
follow local requirements.

Specific restrictions apply to the occupational exposure of
pregnant women (10). The ICRP recommends that the standard of
protection for the embryo and fetus should be broadly comparable to
that provided for members of the general public (26). The ICRP and
the European Commission recommend that, after a worker has
declared her pregnancy, her working conditions should ensure that
the equivalent dose to the unborn child is ALARA and unlikely to
exceed 1 mSv during at least the remainder of the pregnancy (25,26).
This is further mandated in the International Basic Safety Standards
(39).

In the United States, for occupational situations, the NCRP
recommends a monthly equivalent dose limit of 0.5 mSv to the embryo/
fetus (excluding medical and natural background radiation) once the
pregnancy is known (34). This is based on the expectation that a
monthly limit will control exposure during potentially sensitive periods
of gestation. The U.S. Environmental Protection Agency (40) guidance
is 5 mSv during the entire gestation period. The NRC (41) has a
regulatory limit of 5 mSv during the entire pregnancy of a declared
pregnant woman, with further guidance how to apply the limit. The U.
S. Department of Energy has also promulgated similar guidance (42).
The NCRP does not currently believe that specific controls are required
for occupationally exposed women who are not known to be pregnant
(34).

Regulatory requirements with respect to the declaration of
pregnancy must be followed. These differ among countries. Some
countries require a pregnancy to be declared (43). In the United States,
workers who do not wish to declare their pregnancy are not required to
do so (44–46). This is related to the right to privacy for the individual
expectant female: she is not required to make known that she is preg-
nant to her employer, even it if is obvious that she is (37). Of course,
formal declaration of a pregnancy by a pregnant worker permits
supervisors, if necessary, to take steps to control occupational exposure
to radiation to less than that permitted for a nonpregnant worker (5).
Although special rules apply for pregnant workers, key aspects of these
rules include privacy and fairness. Facility policies need to be
established for an institution (47), recognizing that declaration of
pregnancy is a personal issue that needs to be decided by the affected
individual (37).

In addition to establishing dose limits for workers and the
requirement that licensees use engineering controls and procedures
(ie, administrative controls) to the extent practicable to comply with the
ALARA principle, NRC (41) has also established the equivalent dose
limit for the embryo and fetus of an occupationally exposed woman. If
worker activities are such that an individual could receive more than
1 mSv (annual effective dose) from external sources or occupational
intake of radioactive material, the occupational radiation protection
program is required to have a fetal assessment program (43).
MONITORING PREGNANT OR POTENTIALLY

PREGNANT WORKERS

It is important to realize that the assessment of dose conducted as part
of the radiation safety program is meant to demonstrate regulatory
compliance with the established limits, not to calculate the true
equivalent dose received by the embryo or fetus (5). Conformance to
the dose limit is most commonly demonstrated through the use of a
single personal dosimeter worn under any protective apron by the
pregnant worker at waist level from the date the pregnancy is declared
until delivery (48). Sometimes an additional dosimeter is placed on the
mother’s abdomen, again under any radiation protective clothing (49).
At those centers where two-dosimeter worker monitoring systems are
used, workers who may become pregnant should wear the “inside”
dosimeter at waist level.

Occupationally exposed radiation workers who have declared
their pregnancy should be monitored monthly and provided with their
monthly dose record (5). This dosimeter overestimates actual dose to
the embryo and fetus because radiation attenuation by the mother’s
tissues is not considered (10,48). The dose to the embryo and fetus can
generally be approximated as one half of the personal equivalent dose
at 1 cm, Hp(10), for the dosimeter under the protective apron at the
abdomen/waist (50,51). External dosimeters are typically calibrated to
provide the dose at a depth of 1 cm.

The dosimeter should be evaluated monthly. When the dosimeter
shows an average value for personal dose equivalent, Hp(10), of less
than 0.1 mSv per month, the equivalent dose to the embryo and fetus is
in conformity with applicable ICRP and NCRP recommendations (48).
Electronic dosimeters could be used to provide rapid access to data
(52,53), along with the use of a dose-of-record accredited dosimeter
(54).

The employee has the option to request and wear an abdominal/
waist badge regardless of whether a pregnancy declaration has been
made. The fetus is most sensitive to radiation effects between 8 and 15
weeks of pregnancy (5,55). This period is often before the pregnant
worker announces her pregnancy to coworkers or supervisors, and
therefore she may wish to request a fetal badge before actually
declaring pregnancy. A worker who is contemplating pregnancy may
also request an abdominal/waist badge. Readings from this badge can
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help to establish the likely conceptus dose that would be received with a
normal work schedule.

Workers need to know their occupational dose to ensure that they
are working safely and within regulatory limits. Dose data will not be
accurate unless staff members always wear their dosimeters, wear them
correctly, and turn them in to be read at each monitoring frequency
(typically monthly). Proper placement of radiation badges and careful
monitoring of these badges, especially during pregnancy, should be
emphasized. Badges should not be left on protective garments (unless
the protective garment is specifically assigned to an individual), as
other workers may use the protective garment. This would result in
erroneous dose level attributed to the pregnant worker (15).
ESTIMATING RADIATION DOSE TO THE

CONCEPTUS FOR PREGNANT OR POTENTIALLY

PREGNANT WORKERS

Qualified medical physicists/medical physics experts should assist in
estimating radiation dose to the conceptus for pregnant or potentially
pregnant workers. Information about typical patient doses, C-arm
positions, and the worker’s position relative to the patient during FGI
procedures can be used to perform retrospective estimation of the
radiation dose to the surface of the woman’s abdomen or the uterus
during the first postconception weeks (53). The conceptus dose before
the declaration of pregnancy may be estimated by using data published
by Faulkner and Marshall (50), including ratios of dose to the uterus to
personal dosimeter readings for various x-ray tube potentials and
personal dosimeter positions. Similarly, Osei et al (56,57) used
computational methods to estimate the conceptus dose in a number
of typical fluoroscopic environments (varying tube position, beam
energies, and lead apron equivalent thicknesses). Their data demon-
strate that, in all situations, the ratio of the conceptus dose to the
personal dosimeter reading at waist level under an apron is always less
than 0.5 mSv, agreeing with earlier assumptions made by the ICRP
(22). Historical personal dose data can therefore provide a useful
estimate of the potential for conceptus doses. When necessary, more
detailed and accurate dose estimates can be made. For example,
Damilakis et al (53) have developed dose data for converting air
kerma values from occupational exposures to conceptus dose by using
Monte Carlo simulation and give a useful methodology for estimating
conceptus dose to electrophysiology cardiologists. An estimation of
maximum workload allowed for each month of gestation period
following pregnancy declaration can help to ensure compliance with
the conceptus dose limits and application of the ALARA principle (53).

Kim et al (11) reviewed occupational doses to operators
performing certain FGI procedures. Occupational dose per procedure
varied widely. Overall, mean operator radiation dose per case
measured over personal protective garments at the trunk ranged
from 2 to 1,600 μSv (median, 302 μSv). Under-apron measurements
at the trunk yielded the lowest doses per case, ranging from 0 to 240
μSv (median, 9 μSv). For cardiac catheterization procedures (9), the
mean dose per procedure measured over personal protective devices
ranged from 3.5 to 750 μSv at the trunk. Under-apron measurements at
the trunk yielded much lower doses per case, ranging from 0 to 16 μSv.
For a given procedure, there was variation in individual measurements,
even within the same institution. Not uncommonly, this variation was
as much as 10-fold. Factors that affect only operator dose are the
principal causes for the wide variation in operator dose normalized by
patient dose. Kim and Miller (58) determined that operator dose could
change several fold depending on the operator’s position with respect
to the patient and as much as an order of magnitude depending on the
use of radiation shielding. Current data show that under-apron
personal dose equivalent Hp(10) measurements are typically less than
250 μSv (with a median of approximately 10 μSv) per case. Therefore,
in most cases, the conceptus dose for these operators is likely less than
125 μSv, and generally less than approximately 5 μSv per case. With
proper use of radiation safety measures, current data do not justify
precluding pregnant physicians from performing FGI procedures. Of
course, any assessment of anticipated conceptus doses should be
performed based on current practice in the interventional radiology
suite or laboratory.

Although not addressed in this document, internally deposited
radionuclides may pose special problems for protection of the con-
ceptus because some radionuclides remain in the body for long periods
of time. Their transfer, and the doses delivered to fetal organs, are not
well known (34). It is important to limit the intakes of radionuclides by
pregnant women so the equivalent dose to the conceptus does not
exceed the recommended limit. For the present, the NCRP (34) has
recommended that the intake of radionuclides, once pregnancy is
known, be limited to approximately one twentieth of the values of the
annual limit on intake for workers. Detailed descriptions of assessment
methodologies for equivalent dose from radionuclides to the embryo
and fetus have been published (59).
MINIMIZING CONCEPTUS DOSE

Reduce Patient Dose to Reduce Operator Dose

(and Conceptus Dose)
Any practice involving radiation exposure should be justified. The
practice should result in a net positive benefit to the exposed individual
or society. When a procedure that uses radiation is justified, the
resulting doses to patients, occupational workers, and members of the
public should be optimized with regard to radiation protection. Doses
should be maintained within the ALARA principle, economic and
social factors taken into account (5,26). The pregnant worker and her
conceptus are best protected in a facility that uses best practices for
radiation safety (48,60).

Although risks from occupation exposure are considered minimal
as long as the regulatory dose limits are met, some of the more
complex, high-dose FGI procedures could result in annual effective
doses exceeding 20 mSv for a workload of 1,000 cases per year (10). As
efforts to effectively manage the dose that the patient receives from
such procedures continue (10), the dose to the performing physician
should also decrease as a result of the strong relationship between
patient and operator dose (61–64). Decreasing patient dose will typi-
cally result in a proportional decrease in scatter dose to the operator
and other personnel in the room (48,65,66). Therefore, techniques that
reduce patient dose will generally also reduce dose to the conceptus of
pregnant occupational workers. Table 1 (10,24,38,43,48,60,66–71)
provides a list of key considerations for dose reduction.

Use Personal Protective Garments/Shielding
In the medical environment, it is common practice for physicians,
nurses, and radiologic technologists to wear lead or lead-equivalent
aprons to keep their dose to a minimum (5,10,72). In addition, the
practice of maintaining as great a distance as possible from the source
of radiation consistent with providing good medical care should be
employed when possible (5,10,73,74). Protective wraparound aprons
with thyroid shields are the principal radiation protection tool for
workers in interventional radiology and cardiology (48,65,66). They
should be used at all times. Properly fitted aprons are of particular
importance for female operators and staff to provide adequate
shielding for the conceptus during pregnancy.

Most states in the United States have criteria requiring 0.50-mm
lead-equivalent coverage, although some states may allow 0.25 mm
(38). The vest/skirt configuration is preferred by many operators to
reduce the risk of musculoskeletal/back injury (75–77). This wrap-
around style is typically 0.25-mm lead-equivalent, overlapping ante-
riorly, so that, when worn, the double thickness anteriorly provides 0.5-
mm lead equivalence. Transmission of xrays through a protective
apron depends on its elemental composition, its lead equivalency, and
the energy of the x rays. Christodoulou et al (78) found that
transmission of 70–100-kVp x rays through a selection of nominally
0.25-mm lead-equivalent composite or lead-free aprons was



Table 1 . Practical Actions to Control Dose to the Pregnant Patient and Conceptus When Performing Image-Guided Fluoroscopic

Interventions (10,24,38,43,48,60,66–71)

� Use all available information to plan the interventional procedure.

� Use available patient dose-reduction technologies.

� Position yourself in a low-scatter area whenever possible.

� Use protective shielding. Use aprons or standing portable shields to reduce conceptus dose when applicable depending on

exposure situation.

� Use appropriate imaging equipment whose performance is controlled through a quality-assurance program.

� Obtain appropriate training on radiation dose, ALARA techniques, conceptus risks, and overall radiation safety practices.

� Wear your dosimeters and know your dose.

� Strictly adhere to dosimetry and monitoring using a monitoring badge worn at the abdominal/waist under personal protective lead.

� Keep beam-on time to an absolute minimum.

� Remember that dose rates and scatter dose rates will be greater and dose will accumulate faster in larger patients.

� Keep the x-ray tube at maximal distance from the patient.

� Keep the image receptor (image intensifier or flat-panel detector) as close to the patient as possible.

� Do not overuse geometric magnification.

� Remove the grid during procedures on small patients or when the image receptor cannot be placed close to the patient.

� Always collimate as tightly as possible to the area of interest.

� When the procedure is unexpectedly prolonged, consider options for positioning the patient or altering the x-ray field or other

means to alter beam angulation so that the same area of skin is not continuously in the direct x-ray field.

� Keep the x-ray tube below the table whenever possible.

� Use low dose rate pulsed fluoroscopy.

� Use last-image-hold instead of spot fluorographic images to record the study and to plan technique.

� Minimize exposure from DSA by using as low a frame rate as possible and by limiting the number of images to the smallest number

necessary to achieve the diagnostic/therapeutic goal. Store fluoroscopic loops instead of performing DSA if the higher image quality

provided by DSA is not needed clinically.

� When performing DSA, step out of the room or behind a full-length standing portable shield.

ALARA = as low as reasonably achievable, DSA = digital subtraction angiography.
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approximately in the range of 4%–20%, whereas, for nominally 0.5-mm
lead-equivalent aprons, it was approximately in the range of 0.6%–7%.
These values can be compared with transmission of 70–100-kVp xrays
through 0.25 mm and 0.5 mm of pure lead of 5%–15% and 0.5%–5%,
respectively (78). Typically, standard anterior 0.5-mm lead-equivalent
apron decreases dose by a factor of 10–20 (79).

Very few individuals working in the interventional environment
accumulate as much as 1 mSv in a year as measured by a personal
dosimeter under the apron (10). The shielding provided by a standard
protective lead apron is usually sufficient to protect the embryo and
fetus for typical exposure to workers involved in interventional proced-
ures (80). Pregnant women can use standard aprons and change to a
larger size as needed, or use aprons specifically designed for pregnant
workers that can accommodate the enlarging abdomen (43). Pregnant
workers who desire additional radiation protection for their conceptus
can wear an additional lead apron or a maternity apron (37) with
double-lead inserts over the pelvis (1.0-mm lead equivalent). This could
decrease conceptus dose by an additional factor of approximately 10
compared with a standard lead apron (79,81), although its additional
weight may cause the worker significant fatigue and strain during the
course of lengthy procedures (20,82). The additional weight may also
increase the potential for musculoskeletal and back pain, or exacerbate
these symptoms, which are commonly encountered during a normal
pregnancy, even when aprons are not worn (43).
Operator Actions and Work Modifications
Additional restrictions may be imposed when an occupationally
exposed woman declares a pregnancy, depending on her job functions
and her historical prepregnancy dosimeter values (5). A recommended
approach for supervisors is to evaluate historical badge data, estimate
conceptus dose accumulated before declaration, and anticipate the
conceptus dose and the maximum workload allowed for each
month following declaration of pregnancy (53) (see Estimating
Radiation Dose to the Conceptus for Pregnant or Potentially Pregnant
Workers). With appropriate precautions, conceptus doses will typically
remain within recommended limits without changes in occupational
tasks (37).

The pregnant operator should make appropriate efforts to reduce
her exposure, consistent with the principle of optimization of protec-
tion. This includes minimizing fluoroscopy time (eg, possibly by
prohibiting less experienced individuals from operating the fluoroscopy
pedal or controls). Careful planning may reduce unnecessary fluoro-
scopy. Substituting ultrasound for fluoroscopy guidance may be helpful
as long as it does not affect patient care or procedure outcomes.
Whenever possible, the pregnant worker should step into the control
room during imaging runs (38), and, at minimum, should stand behind
a full-length leaded shield in the procedure room. Doubling the
distance between the operator and the radiation source will typically
reduce the exposure by a factor of four (10). If the pregnant operator
cannot step away from the table, movable lead shields could be used
and placed between the x-ray beam and the operator. The radiation
beam should be collimated as tightly as possible for the clinical task to
reduce scatter. Table 1 provides a list of key considerations for dose
reduction.

The employer of a declared pregnant worker must evaluate the
work situation and ensure that conceptus dose is kept below the
maximum permissible level during the remaining gestation period.
Efforts should be made to keep conceptus doses within the ALARA
principle. When sound radiation safety practices are maintained,
pregnant individuals involved in most FGI procedures generally do
not need to limit their time in the procedure room to remain below
the dose limit for the conceptus (10). Indeed, the exclusion of
pregnant workers from fluoroscopic procedures solely on the
basis of radiation risks to the conceptus cannot be justified on
scientific grounds, may alter the contribution that female employees



Table 2 . Spontaneous Pregnancy Risks in General Population

(17,59)

Type of Risk

Spontaneous

Risk*

Risk of very early pregnancy loss (before first

missed period)

�1 in 3

Risk of spontaneous abortion in known-

pregnant women

�1 in 7

Risk of major congenital malformations �1 in 33
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will make to the specialty (43,83,84), and may encourage job
discrimination (53).

When a worker is pregnant a redelineation of roles has been
suggested, with redistribution of responsibilities where possible (30,38).
This approach is typically not required on the basis of radiation
protection, and its implementation depends on the facility’s being
sufficiently large and flexible to be able to accommodate the change
without adversely affecting patient care (85). An ethical consideration
is also involved, as another worker would have to incur additional
radiation exposure instead of the pregnant worker (22). Of course, a
worker’s right to a safe and supportive work environment stands (20).
A pregnant worker may request a change to a job outside the FGI unit.
Risk of severe mental disability �1 in 200

Risk of childhood leukemia per year �1 in 25,000

Risk of early- or late-onset genetic diseases �1 in 10

Prematurity �1 in 25

Growth retardation �1 in 33

Stillborn �1 in 50–250

Infertility � 1 in 15

couples

*Spontaneous risks facing an embryo at conception (ie, 0 mGy

radiation dose).
EDUCATION AND TRAINING

Every employer has an obligation to provide information on hazards to
its employees, and to establish mechanisms to maintain a safe and
healthful work environment. Many countries, including all European
Union member states, mandate Occupational Health and Safety
Management Systems (86). In the United States, these programs are
called Workplace Injury Illness Prevention Programs, and are
mandatory in 15 states (86). Employers are typically required to
provide hazard awareness training to their employees upon initial
hire and then periodically, usually annually, thereafter. Because
ionizing radiation has long been identified as a workplace hazard,
policies and procedures should be in place for anyone who routinely
works around sources of ionizing radiation. Anyone who is
occupationally exposed to ionizing radiation should be informed of
this fact (5). In the United States, the NRC (87) requires that all
individuals likely to receive an annual effective dose of 1 mSv or more
from working around radioactive material in the course of their
employment be instructed in the health protection issues associated
with exposure to radiation. Many useful overall guidelines for training
in radiation protection and management have been developed for
interventional radiology and cardiology (10,24,48,60,73,74,88,89). As
with other radiation workers, all persons potentially exposed to
radiation in a fluoroscopy suite should use safe radiation safety
practices (5,90,91).

Optimization of protection can be achieved through continuing
education and training of physicians in radiation physics and radiation
protection (11,92,93). It has been shown that increasing operator
awareness can lead to marked decreases in occupational dose (94,95).
Increasing physicians’ awareness of radiation dose levels, determinants
of dose, and protective measures to reduce dose can be improved by
providing regular training in radiation protection. Indeed, an oper-
ator’s awareness of radiation exposure could result in a marked
decrease in his or her occupational dose (58).

Written maternity and declared pregnant worker policies are
recommended because workers need to know what is expected of them
and that they will receive unbiased consideration. Decisions about
working in a radiation environment need to be made by the employer,
in setting up facility policy, and by the employee, in making personal
choices (37). All new workers should be provided the facility policy.
A female employee has the right to know the potential radiation
hazards to her unborn child before she is pregnant and also (in those
countries in which a declaration of pregnancy is voluntary) before she
decides to formally declare her pregnancy (53). Female radiation
workers should be informed about radiation doses during pregnancy
and should be provided with accurate information on risks in order to
be able to make prudent decisions regarding family planning and their
career.
COUNSELING PREGNANT OR POTENTIALLY

PREGNANT WORKERS

Counseling on the risks to the conceptus from exposure to ionizing
radiation is an important part of a radiation protection program for
pregnant workers. A potentially pregnant or declared pregnant worker
may be extremely concerned about the outcome of the pregnancy
following exposure to occupational radiation, and a counseling session
with her (and the father, if possible) is often useful. A calculation of
conceptus exposure by a qualified medical physicist/medical physics
expert can be informative and reassuring (17). In the United States,
upon formal written declaration of pregnancy by a woman, the
employer is required to provide counseling that includes the potential
effects of radiation exposure to the embryo and fetus (5). Counseling by
a qualified medical physicist/medical physics expert should be available
at all institutions.

Counseling should include a discussion of the risks present during
every pregnancy as well as the potential risks in a nonexposed
population (Table 2) (17,59). Nonexposed women are those who do
not work with radiation, and are exposed only to natural background
radiation. Background radiation is ubiquitous and is typically approx-
imately 0.75–1 mSv during gestation (96). It is important to note that,
even in a nonexposed population, risks to the pregnancy are not minor
(30). They include a 15% or higher spontaneous abortion rate, a 1%–

6% incidence of a major malformation, a 4% intrauterine growth
retardation rate, and a 4%–10% incidence of genetic diseases
(17,22,97,98). It is also important to include in the discussion that,
without additional radiation exposure, the lifetime risk for the
conceptus of developing cancer is approximately one in three, the risk
for fatal cancer is approximately one in five (22), and the natural risk of
childhood cancer is less than one in 500 (98). When the potential
spontaneous risks in a nonexposed population have been discussed, a
qualified medical physicist/medical physics expert should provide
information about the estimated probability of delivering a child free
of radiation-related adverse outcomes based on estimated conceptus
doses, and should compare these probabilities versus those for a zero
conceptus dose (Table 3) and versus the occupational and declared
pregnant worker limits. Counseling should include a discussion of the
“all-or-none” principle of teratology to avoid needless interruption of
pregnancy out of unfounded fear of an adverse pregnancy outcome
(5,99). Framing the discussions in these ways can help to maximize
information transfer while minimizing fear. The counseling team must
listen carefully to the worker’s questions and take as much time as is
necessary to ensure that she understands the complex information
being presented.

Women should be counseled that conceptus doses maintained
below the regulatory guidance of 5 mSv (in the United States) or 1 mSv
(in the European Union) over the course of pregnancy present no



Table 3 . Probability of a Live Birth without Malformation or without Childhood Cancer as a Function of Radiation Dose (22,31)

Dose to Conceptus No Malformations (%) No Childhood Cancer (%) Neither (%)

0 mSv 96.00 99.93 95.93

0.5 mSv 95.999 99.926 95.928

1.0 mSv 95.998 99.921 95.922

2.5 mSv 95.995 99.908 95.91

5.0 mSv 95.99 99.89 95.88

10.0 mSv 95.98 99.84 95.83

50.0 mSv 95.90 99.51 95.43

100.0 mSv* 95.80 99.07 94.91

*For conceptus doses 4100 mSv, consult a qualified medical physicist/medical physics expert for risk estimates.
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measurably increased risk of prenatal death, malformation, or impair-
ment of mental development compared with the background incidence
of these entities (22), as exposure to less than 50 mSv has not been
associated with an increased rate of fetal anomalies or pregnancy loss
(18,97,100). Although termination of pregnancy is an individual
decision, and is affected by many factors, it should be emphasized
that conceptus doses less than 100 mSv should not be considered a
reason for terminating a pregnancy (17,22,98,100,101). In an extremely
rare case of conceptus doses greater than 100 mSv, the qualified
medical physicist/medical physics expert should refer to available
national and international guidance (5,22) when providing counseling.
RECOMMENDATIONS

The pregnant or potentially pregnant worker should be aware that
careful planning, understanding of the risks, and minimization of
occupational radiation dose by employing appropriate radiation safety
measures can address many of her potential concerns and permit her, in
most cases, to safely perform procedures without incurring significant
risks to the conceptus.

Each facility should have a written radiation safety policy/
program for pregnant and potentially pregnant workers that addresses:
declaration of pregnancy, occupational exposure, dosimeter use and
readings, duties, and risk/benefit of additional shielding. Institutions
have an obligation to publish or make their policies known regardless
of the employee’s pregnancy status at the time of the request. In the
United States, policies need to recognize that declaration of pregnancy
is a personal issue that needs to be decided by the affected individual
with appropriate information. In other countries, a declaration of
pregnancy may be mandatory.

All individuals likely to receive an annual effective dose of 1 mSv
or more from FGI-related work must be instructed in the health
protection issues associated with exposure to radiation. Female
radiation workers should be informed about radiation doses during
pregnancy as well as accurate information on risks to arrive at prudent
decisions regarding their career and family planning.

No specific controls (or limits), other than those already required
for all radiation workers, are required for occupationally exposed
women who are not known to be pregnant. After a worker has declared
her pregnancy, her working conditions should ensure that the addi-
tional dose to the conceptus is maintained below 0.5 mSv per month
during the pregnancy. The aim should be to control exposure during
the entire gestation period so that it is ALARA, but in any case below
5 mSv (in the United States) or 1 mSv (in the European Union).

Occupationally exposed radiation workers who have declared
their pregnancy should be monitored monthly and provided with their
monthly dose record. Conformance to the dose limits should be
demonstrated through the use of a personal dosimeter worn by the
pregnant worker at waist level under any protective apron from the
date the pregnancy is declared until delivery. When such dosimeters
show an average value for personal dose equivalent, Hp(10), of less
than 0.1 mSv per month, the equivalent dose to the conceptus would be
in conformity with the applicable ICRP and NCRP recommendations.
The employee has the option to request and wear an abdominal/waist
dosimeter regardless of whether a pregnancy declaration has
been made.

Exclusion of pregnant workers from fluoroscopic procedures
solely on the basis of radiation risks to the conceptus cannot be
justified on scientific grounds. A pregnant worker may request a change
to a job that does not involve fluoroscopy or computed tomography
(CT). However, this approach is typically not required on the basis of
radiation protection, and its implementation depends on the facility
being sufficiently large and flexible to be able to accommodate the
change without adversely affecting patient care.

Workers need to know their occupational dose to ensure that they
are working safely and within regulatory limits. Dose data will not be
accurate unless workers always wear their dosimeters, wear them
correctly, and turn them in to be read at each monitoring frequency
(typically monthly). The proper placement and careful monitoring of
these radiation badges should be emphasized, especially during
pregnancy.

With proper radiation safety measures, current data do not justify
precluding pregnant workers from performing FGI or CT-guided
procedures. An assessment of anticipated conceptus doses should be
performed based on current practice in the interventional radiology
suite or laboratory. Qualified medical physicists/medical physics
experts should assist in estimating radiation dose to the conceptus for
pregnant or potentially pregnant workers. An estimation of maximum
workload allowed for each month of gestation period following
pregnancy declaration can help to ensure compliance with the con-
ceptus dose limits and application of the ALARA principle.

The pregnant or potentially pregnant worker and her conceptus
are best protected in a facility that uses best practices for radiation
safety. Techniques that reduce patient dose will generally also reduce
dose to the conceptus of pregnant workers. All FGI procedures should
be optimized to achieve the clinical purpose with no more radiation
than is necessary, given the available resources and technology. To that
end, appropriate dose reduction techniques, as outlined in Table 1,
should be employed.

Protective wraparound aprons with thyroid shields are the
principal personal radiation protection tools for FGI workers. Properly
fitted aprons are of particular importance for female operators and
staff to provide adequate shielding of breast tissue and, during
pregnancy, for the conceptus. A minimum of 0.25–0.5-mm lead-
equivalent coverage should be provided. Consideration should be given
to the overall weight of the lead apron (or additional personal
protective shielding employed), as the weight can cause fatigue and
strain and increase the potential for musculoskeletal and back issues,
which are already more likely as a result of the pregnancy.

All equipment should be properly maintained and periodically
inspected for radiation safety. Radiation output should be monitored
and radiation scatter surveys conducted by a qualified medical
physicist/medical physics expert according to local regulations and
hospital policy.
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Counseling by a qualified medical physicist/medical physics expert
regarding radiation exposure and potential risks to the conceptus
should be available at all institutions.

Termination of pregnancy as a result of radiation exposure is an
individual decision affected by many factors. An evaluation of overall
risks should be undertaken at all dose levels. Conceptus doses less than
100 mGy should not be considered a reason for terminating a
pregnancy.

Women should not be deterred from entering professions and
specialties that require occupational exposure to radiation from
fluoroscopy or CT. As with all radiation workers, they should know
the risks and should take appropriate measures to optimize radiation
protection. Women should be aware that conceptus doses maintained
below the regulatory requirement of 5 mSv (in the United States) or 1
mSv (in the European Union) over the course of a pregnancy present
no measurably increased risk to the conceptus.
ACKNOWLEDGMENTS

Lawrence T. Dauer, PhD, authored the first draft of this document and
served as topic leader during the subsequent revisions of the draft.
Donald L. Miller, MD, and Beth Schueler, PhD, made significant
contributions to the revisions of the draft. James E. Silberzweig, MD,
made significant contributions to the revisions of the draft and is chair
of the SIR Safety and Health Committee. Boris Nikolic, MD, MBA, is
councilor of the SIR Standards Division. All other authors are listed
alphabetically. Other members of the Standards of Practice Committee
and SIR who participated in the development of this clinical practice
guideline are (listed alphabetically): J. Fritz Angle, MD, Christine P.
Chao, MD, Alan M. Cohen, MD, James R. Duncan, MD, PhD,
Amanjit Gill, MD, Kathleen Gross, MSN, RN-BC, CRN, A. Kyle
Jones, PhD, Donald Larsen, MD, Albert A. Nemcek, Jr, MD, Anne
Oteham, RN, BSN, William Pavlicek, PhD, John D. Statler, MD,
Rajeev Suri, MD, Raymond Thornton, MD, Richard Towbin, MD,
and Eric M. Walser, MD.
REFERENCES

1. Fink A, Kosecoff J, Chassin M, Brook RH. Consensus methods:
characteristics and guidelines for use. Am J Public Health 1984; 74:
979–983.

2. Leape LL, Hilborne LH, Park RE, et al. The appropriateness of use of
coronary artery bypass graft surgery in New York State. JAMA 1993; 269:
753–760.

3. ACR. Proceedings of the ACR/FDA Workshop on Fluoroscopy.”Strat-
egies for Improvement in Performance, Radiation Safety and Control.”
October 16–17, 1992. Dulles Hyatt Hotel, Washington, DC: American
College of Radiology, Merrifield, VA, 1993.

4. NCRP. Ionizing radiation exposure of the population of the United States.
NCRP Report No. 160. Bethesda, MD: National Council on Radiation
Protection and Measurements, 2009.

5. NCRP. Preconception and prenatal radiation exposure: health effects and
protective guidance. Recommendations of the National Council on
Radiation Protection and Measurements. NCRP Report No. 174.
Bethesda, MD: National Council on Radiation Protection and Measure-
ments, 2013.

6. UNSCEAR. Effects of ionizing radiation. UNSCEAR 2006 report to the
general assembly with scientific annexes, Volume 1. New York: United
Nations Scientific Committee on the Effects of Atomic Radiation; 2008.

7. Dauer LT. Exposed medical staff: challenges, available tools, and
opportunities for improvement. Health physics 2014; 106:217–224.

8. Miller DL. Overview of contemporary interventional fluoroscopy proce-
dures. Health physics 2008; 95:638–644.

9. Kim KP, Miller DL, Balter S, et al. Occupational radiation doses to
operators performing cardiac catheterization procedures. Health physics
2008; 94:211–227.

10. NCRP. Radiation dose management for fluoroscopically guided interven-
tional medical procedures. NCRP Report No. 168. Bethesda, MD:
National Council on Radiation Protection and Measurements; 2010.
11. Kim KP, Miller DL, Berrington de Gonzalez A, et al. Occupational
radiation doses to operators performing fluoroscopically-guided proce-
dures. Health physics 2012; 103:80–99.

12. IAEA. The information system on occupational exposure in medicine,
industry and research (ISEMIR): interventional cardiology. TECDOC 1735.
Vienna: International Atomic Energy Agency; 2014.

13. Padovani R, Le Heron J, Cruz-Suarez R, et al. International project on
individual monitoring and radiation exposure levels in interventional
cardiology. Radiat Prot Dosim 2011; 144:437–441.

14. Nickoloff EL, Brateman L. Proposition: a pregnant resident physician
should be excused from training rotations such as angiography and
nuclear medicine because of the potential exposure of the fetus. Med
Phys 1999; 26:2517–2519.

15. Shaw PM, Vouyouka A, Reed A. Time for radiation safety program
guidelines for pregnant trainees and vascular surgeons. Journal of
vascular surgery 2012; 55:862–868, (e2).

16. Ratnapalan S, Bona N, Chandra K, Koren G. Physicians’ perceptions of
teratogenic risk associated with radiography and CT during early preg-
nancy. AJR American journal of roentgenology 2004; 182:1107–1109.

17. Brent RL. Counseling patients exposed to ionizing radiation during
pregnancy. Rev Panam Salud Publica 2006; 20:198–204.

18. Brent RL. Saving lives and changing family histories: appropriate
counseling of pregnant women and men and women of reproductive
age, concerning the risk of diagnostic radiation exposures during and
before pregnancy. Am J Obstet Gynecol 2009; 200:4–24.

19. Finch SJ. Pregnancy during residency: a literature review. Academic
medicine : journal of the Association of American Medical Colleges 2003;
78:418–428.

20. Blake ME, Oates ME, Applegate K, Kuligowska E. American Associa-
tion for Women R, Association of Program Directors in R. Proposed
program guidelines for pregnant radiology residents: a project supported
by the American Association for Women Radiologists and the Associa-
tion of Program Directors in Radiology. Academic radiology 2006; 13:
391–401.

21. De Santis M, Di Gianantonio E, Straface G, et al. Ionizing radiations in
pregnancy and teratogenesis. A review of literature. Reproductive
Toxicology 2005; 20:323–329.

22. ICRP. Pregnancy and medical radiation. International Commission on
Radiological Protection. ICRP Publication 84. Ann of the ICRP 2000; 30:1-43.

23. Dauer LT, Thornton RH, Miller DL, et al. Radiation management for
interventions using fluoroscopic or computed tomographic guidance
during pregnancy: a joint guideline of the Society of Interventional
Radiology and the Cardiovascular and Interventional Radiological Society
of Europe with Endorsement by the Canadian Interventional Radiology
Association. Journal of vascular and interventional radiology : JVIR 2012;
23:19–32.

24. Stecker MS, Balter S, Towbin RB, et al. Guidelines for Patient Radiation
Dose Management. Journal of Vascular and Interventional Radiology
2009; 20:S263–S273.

25. European Commission. Council Directive 2013/59/Euratom of 5 Decem-
ber 2013 laying down basic safety standards for protection against the
dangers arising from exposure to ionising radiation, and repealing
Directives 89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Eura-
tom and 2003/122/Euratom. Off J Eur Commun 2013; L13:1–73.

26. ICRP. The 2007 Recommendations of the International Commission on
Radiological Protection. ICRP publication 103. Ann ICRP 2007; 37:1-332.

27. ICRP. Biological effects after prenatal irradiation (embryo and fetus). ICRP
Publication 90. Annals of the ICRP 2003; 33:1-206.

28. ACR. ACR practice guideline for imaging pregnant or potentially pregnant
adolescents and women with ionizing radiation. In: Practice Guidelines and
Technical Standards. Reston, VA: American College of Radiology, 2008.

29. Wieseler KM, Bhargava P, Kanal KM, Vaidya S, Stewart BK, Dighe
MK. Imaging in pregnant patients: examination appropriateness. Radio-
graphics 2010; 30:1215–1229; discussion 30-3.

30. Cousins C. Medical radiation and pregnancy. Health Phys 2008; 95:
551–553.

31. McCollough CH, Schueler BA, Atwell TD, et al. Radiation exposure and
pregnancy: when should we be concerned? Radiographics 2007; 27:
909–917; discussion 17-8.

32. Roman E, Doyle P, Ansell P, Bull D, Beral V. Health of children born to
medical radiographers. Occupational and environmental medicine 1996;
53:73–79.

33. Johnson KJ, Alexander BH, Doody MM, et al. Childhood cancer in the
offspring born in 1921-1984 to US radiologic technologists. Br J Cancer
2008; 99:545–550.

http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref1
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref1
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref1
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref2
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref2
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref2
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref3
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref3
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref3
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref4
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref4
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref4
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref4
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref4
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref5
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref5
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref5
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref6
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref6
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref7
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref7
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref8
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref8
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref8
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref9
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref9
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref9
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref10
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref10
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref10
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref11
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref11
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref11
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref12
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref12
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref12
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref13
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref13
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref13
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref13
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref14
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref14
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref14
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref15
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref15
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref15
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref16
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref16
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref17
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref17
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref17
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref17
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref18
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref18
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref18
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref19
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref19
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref19
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref19
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref19
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref19
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref20
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref20
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref20
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref21
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref22
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref22
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref22
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref23
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref23
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref23
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref23
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref23
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref24
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref24
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref24
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref25
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref25
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref26
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref26
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref26
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref27
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref27
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref27
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref28
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref28
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref28


Dauer et al ’ JVIR180 ’ Guideline: Occupational Radiation Protection of Pregnant Women
34. NCRP. Limitation of exposure to ionizing radiation. NCRP Report No. 116.
Bethesda, MD: National Council on Radiation Protection and Measure-
ments; 1993.

35. ICRP. Statement on tissue reactions. ICRP ref 4825-3093-1464. 2011.
Available at: http://www.icrp.org/page.asp?id=123. Accessed October
30, 2014.

36. USNRC. Standards for protection against radiation. 10 CFR Part 20.
Washington, DC: U.S. Nuclear Regulatory Commission; 2007.

37. Brateman L. Radiation safety considerations for diagnostic radiology
personnel. Radiographics 1999; 19:1037–1055.

38. Shaw P, Duncan A, Vouyouka A, Ozsvath K. Radiation exposure and
pregnancy. Journal of vascular surgery 2011; 53:28S–34S.

39. IAEA. Radiation protection and safety of radiation sources: International
basic safety standards. Interim edition. General Safety Requirements.
Vienna: International Atomic Energy Agency, 2011.

40. USEPA. Radiation protection guidance to federal agencies for occupa-
tional exposure, 52 FR 2822. Washington, DC: U.S. Environmental
Protection Agency; 1987.

41. USNRC. Standards for protection against radiation. Dose equivalent to an
embryo/fetus. 10 CFR Part 20.1208. Washington, DC: U.S. Nuclear
Regulatory Commission; 1998.

42. USDOE. G4441.1-6. Evaluation and control of radiation dose to the
embryo/fetus. Guide for use with Title 10, Code of Federal Regulations,
Part 835, Occupational Radiation Protection. Washington, DC: U.S.
Department of Energy; 1999.

43. Best PJ, Skelding KA, Mehran R, et al. SCAI consensus document on
occupational radiation exposure to the pregnant cardiologist and technical
personnel. Catheterization and cardiovascular interventions : official
journal of the Society for Cardiac Angiography & Interventions 2011; 77:
232–241.

44. USNRC. Regulatory Guide 8.13–Instruction concerning prenatal radiation
exposure, rev. 3. U.S. Nuclear Regulatory Commission; 1999.

45. Feinberg JS, Kelley CR. Pregnant workers. A physician’s guide to
assessing safe employment. The Western journal of medicine 1998; 168:
86–92.

46. Hood J. The pregnant health care worker–an evidence-based approach
to job assignment and reassignment. AAOHN J 2008; 56:329–333.

47. ACR. Written policies are necessary for pregnant radiology workers. ACR
Bull 1992; 48:21–24.

48. Miller DL, Vano E, Bartal G, et al. Occupational radiation protection in
interventional radiology: a joint guideline of the Cardiovascular and
Interventional Radiology Society of Europe and the Society of Interven-
tional Radiology. Journal of vascular and interventional radiology : JVIR
2010; 21:607–615.

49. Duran A, Hian SK, Miller DL, Le HJ, Padovani R, Vano E. Recommen-
dations for occupational radiation protection in interventional cardiology.
Catheter Cardiovasc Interv 2013; 82:29–42.

50. Faulkner K, Marshall NW. Personal monitoring of pregnant staff in
diagnostic radiology. J Radiol Prot 1993; 13:259–265.

51. Trout ED. Isodose curves in a phantom due to diagnostic quality X-
radiation. Health physics 1977; 33:359–367.

52. Balter S, Lamont J. Radiation and the pregnant nurse. Cath Lab Digest
2002;10.

53. Damilakis J, Perisinakis K, Theocharopoulos N, et al. Anticipation of
radiation dose to the conceptus from occupational exposure of pregnant
staff during fluoroscopically guided electrophysiological procedures. J
Cardiovasc Electrophysiol 2005; 16:773–780.

54. USNRC. Standards for protection against radiation. Subpart F. Surveys
and Monitoring. 10 CFR 20.1501 General. Washington, D.C.: U.S.
Nuclear Regulatory Commission; 2000.

55. Kal HB, Struikmans H. [Pregnancy and medical irradiation; summary
and conclusions from the International Commission on Radiological
Protection, Publication 84]. Nederlands tijdschrift voor geneeskunde
2002; 146:299–303.

56. Osei EK, Darko JB, Faulkner K, Kotre CJ. Software for the estimation of
foetal radiation dose to patients and staff in diagnostic radiology. J Radiol
Prot 2003; 23:183–194.

57. Osei EK, Kotre CJ. Equivalent dose to the fetus from occupational
exposure of pregnant staff in diagnostic radiology. The British journal of
radiology 2001; 74:629–637.

58. Kim KP, Miller DL. Minimising radiation exposure to physicians per-
forming fluoroscopically guided cardiac catheterisation procedures: a
review. Radiation protection dosimetry 2009; 133:227–233.

59. ANSI/HPS. Fetal radiation dose calculations. ANSI/HPS N13.54. McLean,
VA: Health Physics Society; 1–79.
60. Chambers CE, Fetterly KA, Holzer R, et al. Radiation safety program for
the cardiac catheterization laboratory. Catheterization and cardiovascular
interventions : official journal of the Society for Cardiac Angiography &
Interventions 2011; 77:546–556.

61. Panuccio G, Greenberg RK, Wunderle K, Mastracci TM, Eagleton MG,
Davros W. Comparison of indirect radiation dose estimates with
directly measured radiation dose for patients and operators during
complex endovascular procedures. J Vasc Surg 2011; 53:885–894.

62. Vano E, Ubeda C, Leyton F, Miranda P, Gonzalez L. Staff radiation
doses in interventional cardiology: correlation with patient exposure.
Pediatr Cardiol 2009; 30:409–413.

63. Vano E, Gonzalez L, Fernandez JM, Prieto C, Guibelalde E. Influence of
patient thickness and operation modes on occupational and patient
radiation doses in interventional cardiology. Radiat Prot Dosimetry
2006; 118:325–330.

64. Tsapaki V, Kottou S, Vano E, et al. Correlation of patient and staff doses
in interventional cardiology. Radiat Prot Dosim 2005; 117:26–29.

65. Miller DL, Balter S, Schueler BA, Wagner LK, Strauss KJ, Vano E.
Clinical radiation management for fluoroscopically guided interventional
procedures. Radiology 2010; 257:321–332.

66. Duran A, Hian SK, Miller DL, Le Heron J, Padovani R, Vano E. A summary
of recommendations for occupational radiation protection in interventional
cardiology. Catheterization and cardiovascular interventions: official journal of
the Society for Cardiac Angiography & Interventions 2013; 81:562–567.

67. ICRP. Avoidance of radiation injuries from medical interventional proce-
dures. ICRP Publication 85. Annals of the ICRP 2000; 30:7-67.

68. Wagner LK, Archer BR, Cohen AM. Management of patient skin dose
in fluoroscopically guided interventional procedures. Journal of vascular
and interventional radiology : JVIR 2000; 11:25–33.

69. Miller DL, Balter S, Noonan PT, Georgia JD. Minimizing radiation-
induced skin injury in interventional radiology procedures. Radiology
2002; 225:329–336.

70. IAEA. 10 Pearls: Radiation protection of patients in fluoroscopy.: Interna-
tional Atomic Energy Agency, Radiation Protection of Patients, 2013.

71. ImageGently. Interventional radiology–step lightly resources.: The Alli-
ance for Radiation Safety in Pediatric Imaging, 2014. Available at: http://
www.imagegently.org/Procedures/InterventionalRadiology/ImageSafely
Resources.aspx. Accessed October 30, 2014.

72. Miller DL. Efforts to optimize radiation protection in interventional
fluoroscopy. Health Phys 2013; 105:435–444.

73. ICRP. Radiological protection in fluoroscopically guided procedures
performed outside the imaging department. ICRP Publication 117. Ann
ICRP 2010; 40:1-102.

74. ICRP. Radiological protection in cardiology. ICRP Publication 120. Ann
ICRP 2013; 42:1-125.

75. Klein LW, Miller DL, Balter S, et al. Occupational health hazards in the
interventional laboratory: time for a safer environment. Journal of
vascular and interventional radiology : JVIR 2009; 20:S278–S283.

76. Birnie D, Healey JS, Krahn AD, et al. Prevalence and risk factors for
cervical and lumbar spondylosis in interventional electrophysiologists. J
Cardiovasc Electrophysiol 2011; 22:957–960.

77. Detorie N, Mahesh M, Schueler BA. Reducing occupational exposure
from fluoroscopy. J Am Coll Radiol 2007; 4:335–337.

78. Christodoulou EG, Goodsitt MM, Larson SC, Darner KL, Satti J, Chan
HP. Evaluation of the transmitted exposure through lead equivalent
aprons used in a radiology department, including the contribution from
backscatter. Med Phys 2003; 30:1033–1038.

79. NCRP. Use of personal monitors to estimate effective dose equivalent
and effective dose to workers for external exposure to low-LET radiation.
NCRP report no. 122. Bethesda, MD: National Council on Radiation
Protection and Measurements; 1995.

80. Wagner LK, Hayman LA. Pregnancy and women radiologists. Radiology
1982; 145:559–562.

81. Webster EW. EDE for exposure with protective aprons. Health physics
1989; 56:568–569.

82. Miller DL, Klein LW, Balter S, et al. Occupational health hazards in the
interventional laboratory: progress report of the multispecialty occupa-
tional health group. J Vasc Interv Radiol 2010; 21:1338–1341.

83. Potterton VK, Ruan S, Sunshine JH, Applegate K, Cypel Y, Forman
HP. Why don’t female medical students choose diagnostic radiology? A
review of the current literature. J Am Coll Radiol 2004; 1:583–590.

84. Poppas A, Cummings J, Dorbala S, Douglas PS, Foster E, Limacher
MC. Survey results: a decade of change in professional life in cardiol-
ogy: a 2008 report of the ACC women in cardiology council. Journal of
the American College of Cardiology 2008; 52:2215–2226.

http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref29
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref29
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref29
http://www.icrp.org/page.asp?id=123
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref30
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref30
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref31
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref31
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref32
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref32
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref33
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref33
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref33
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref34
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref34
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref34
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref35
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref35
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref35
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref36
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref36
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref36
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref36
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref37
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref37
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref37
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref37
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref37
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref37
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref38
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref38
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref39
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref39
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref39
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref40
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref40
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref41
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref41
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref42
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref42
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref42
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref42
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref42
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref43
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref43
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref43
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref44
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref44
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref45
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref45
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref46
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref46
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref47
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref47
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref47
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref47
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref48
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref48
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref48
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref49
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref49
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref49
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref49
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref50
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref50
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref50
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref51
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref51
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref51
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref52
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref52
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref52
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref53
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref53
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref54
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref54
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref54
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref54
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref55
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref55
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref55
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref55
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref56
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref56
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref56
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref57
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref57
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref57
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref57
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref58
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref58
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref59
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref59
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref59
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref60
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref60
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref60
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref60
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref60
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref61
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref61
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref61
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref62
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref62
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref62
http://www.imagegently.org/Procedures/InterventionalRadiology/ImageSafelyResources.aspx
http://www.imagegently.org/Procedures/InterventionalRadiology/ImageSafelyResources.aspx
http://www.imagegently.org/Procedures/InterventionalRadiology/ImageSafelyResources.aspx
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref63
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref63
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref64
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref64
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref64
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref65
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref65
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref65
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref66
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref66
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref67
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref67
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref67
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref67
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref68
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref68
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref68
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref68
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref69
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref69
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref70
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref70
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref71
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref71
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref71
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref72
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref72
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref72
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref73
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref73
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref73
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref73


Volume 26 ’ Number 2 ’ February ’ 2015 181
85. Buls N., Covens P., Nieboer K., et al. Dealing with pregnancy in radiology:
a thin line between science, social and regulatory aspects. JBR-BTR :
organe de la Societe royale belge de radiologie 2009; 92:271-9.

86. USDOL. OSHA Injury and illness prevention programs. White paper.
Washington, DC: U.S. Department of Labor, 2012.

87. USNRC. Notices, instructions and reports to workers: Inspection and
investigation. Instructions to workers. 10 CFR Part 19.12. Washington,
DC, 1995.

88. Hirshfeld JW Jr., Balter S, Brinker JA, et al. ACCF/AHA/HRS/SCAI
clinical competence statement on physician knowledge to optimize
patient safety and image quality in fluoroscopically guided invasive
cardiovascular procedures: a report of the American College of Cardiol-
ogy Foundation/American Heart Association/American College of Physi-
cians Task Force on Clinical Competence and Training. Circulation 2005;
111:511–532.

89. Vano E, Rosenstein M, Liniecki J, Rehani MM, Martin CJ, Vetter
RJ. ICRP Publication 113. Education and training in radiological protec-
tion for diagnostic and interventional procedures. Annals of the ICRP
2009; 39:7–68.

90. Boklage CE. Survival probability of human conceptions from fertilization
to term. International journal of fertility 1990; 35:75, 9-80, 1-94.

91. Wilcox AJ, Weinberg CR, O’Connor JF, et al. Incidence of early loss of
pregnancy. The New England journal of medicine 1988; 319:189–194.

92. Kim C, Vasaiwala S, Haque F, Pratap K, Vidovich MI. Radiation safety
among cardiology fellows. Am J Cardiol 2010; 106:125–128.
SIR DISCLAIMER

The clinical practice guidelines of the Society of Interventional Radiology (S
producing high quality medical care. These guidelines are voluntary and
necessitated by the individual patient and available resources. These practic
care or exclusive of other methods of care that are reasonably directed to
conjunction with these principles to produce a process leading to high quali
specific procedure or course of management must be made by the physici
clinical situation. Adherence to the SIR Quality Improvement Program wi
document the rationale for any deviation from the suggested practice gu
patient’s medical record.
93. Abatzoglou I, Koukourakis M, Konstantinides S. Reduction of the
radiation dose received by interventional cardiologists following training
in radiation protection. Radiat Prot Dosim 2013; 155:119–121.

94. Pitney MR, Allan RM, Giles RW, et al. Modifying fluoroscopic views
reduces operator radiation exposure during coronary angioplasty. Journal
of the American College of Cardiology 1994; 24:1660–1663.

95. Huyskens C, Hummel W. Data analysis on patient exposures in cardiac
angiography. Radiation protection dosimetry 1995; 57:475–480.

96. Jankowski CB. Radiation and pregnancy. Putting the risks in proportion.
Am J Nurs 1986; 86:260–265.

97. Brent RL. The effect of embryonic and fetal exposure to x-ray, micro-
waves, and ultrasound: counseling the pregnant and nonpregnant patient
about these risks. Semin Oncol 1989; 16:347–368.

98. HPA. Protection of pregnant patients during diagnostic medical expo-
sures to ionising radiation. Advice from the Health Protection Agency, the
Royal College of Radiologists and the College of Radiographers. RCE-9.
Oxfordshire: UK: Health Protection Agency, The Royal College of
Radiologists and the College of Radiographers, 2009.

99. Adam MP. The all-or-none phenomenon revisited. Birth defects
research Part A, Clinical and molecular teratology 2012; 94:664–669.

100. ACOG. Guidelines for diagnostic imaging during pregnancy. ACOG
Committee Opinion No. 299. American College of Obstetricians and
Gynecologists. Obstet Gynecol 2004; 104:647–651.

101. NCI. Surveillance, Epidemiology, and End Results Cancer Statistics
Review, 1975-2002. National Cancer Institute, 2005.
IR) attempt to define practice principles that generally should assist in
are not rules. A physician may deviate from these guidelines, as

e guidelines should not be deemed inclusive of all proper methods of
wards the same result. Other sources of information may be used in
ty medical care. The ultimate judgment regarding the conduct of any
an, who should consider all circumstances relevant to the individual
ll not assure a successful outcome in every situation. It is prudent to
idelines in the department policies and procedure manual or in the

http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref74
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref75
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref75
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref75
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref75
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref76
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref76
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref77
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref77
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref78
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref78
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref79
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref79
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref79
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref80
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref80
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref80
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref81
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref81
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref82
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref82
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref83
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref83
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref83
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref84
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref84
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref84
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref84
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref84
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref85
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref85
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref86
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref86
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref86
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref87
http://refhub.elsevier.com/S1051-0443(14)01152-X/sbref87

	Occupational Radiation Protection of Pregnant or Potentially Pregnant Workers in IR: A Joint Guideline of the Society of...
	Preamble
	Methodology
	Introduction
	Definitions
	Risks of Ionizing Radiation on the Conceptus
	Regulatory Requirements and Other Guidance
	Monitoring Pregnant or Potentially Pregnant Workers
	Estimating Radiation Dose to the Conceptus for Pregnant or Potentially Pregnant Workers
	Minimizing Conceptus Dose
	Reduce Patient Dose to Reduce Operator Dose (and Conceptus Dose)
	Use Personal Protective Garments/Shielding
	Operator Actions and Work Modifications

	Education and Training
	Counseling Pregnant or Potentially Pregnant Workers
	Recommendations
	Acknowledgments
	References
	SIR Disclaimer




