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INTRODUCTION
The effects of radiation on pregnancies depend on dose and timing (phase of pregnancy)
of irradiation.

The International Commission on Radiological Protection (ICRP) has defined that embryo/
fetal doses below 100 mGy should not be considered a reason to justify termination of
pregnancy on the basis of radiological risk alone. This is the embryo/fetal absorbed dose
threshold for deterministic effect.

As Medical Physicists working in diagnostic imaging we could be presented with three
situations in which embryo/fetal dose assessment may be required.
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1) The patient was unaware of the pregnancy at the time of the examination, and embryo/
fetal dose is assessed retrospectively. This may also apply to pregnant patients who require
urgent or emergency imaging or interventional procedures, where the exposure cannot be
postponed.

APPLICATION
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1) The patient was unaware of the pregnancy at the time of the examination, and embryo/
fetal dose is assessed retrospectively. This may also apply to pregnant patients who require
urgent or emergency imaging or interventional procedures, where the exposure cannot be
postponed.

APPLICATION

2) The patient is known to be pregnant, but the examination or procedure is clinically
indicated. Embryo/fetal dose may be estimated prospectively, before the exposure, to
support justification and optimization and to assess whether the expected embryo/fetal dose
is compatible with the clinical circumstances.
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urgent or emergency imaging or interventional procedures, where the exposure cannot be
postponed.

APPLICATION

2) The patient is known to be pregnant, but the examination or procedure is clinically
indicated. Embryo/fetal dose may be estimated prospectively, before the exposure, to
support justification and optimization and to assess whether the expected embryo/fetal dose
is compatible with the clinical circumstances.

3) A radiation worker, e.g., an interventional radiologist, may later discover that she was
pregnant while working. Embryo/fetal dose assessment can then be performed
retrospectively, based on occupational exposure records, dosimetry data, workload, and the
working conditions during the period of potential exposure. It may also be used prospectively
after declaration of pregnancy to support optimization of working conditions.
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How can we estimate the embryo/fetal dose received by these women?

INTRODUCTION

Dedicated software exist to help us.

fetaldose.org



SOURCES
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MODALITIES
The most important medical imaging modalities requiring embryo/fetal dose estimation
include:

CT.
Fluoroscopy.
Conventional Radiography.
Nuclear Medicine.
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CT
Fetal dose estimation in CT is particularly important, because the embryo/fetus may
receive a substantial dose, CT examinations are widely used in clinical practice, and they
are frequently performed in emergency settings where pregnancy may be unknown or
where the examination cannot be postponed.
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RADIOGRAPHY
Embryo/fetal dose from conventional radiography is generally simpler to assess and the
dose to the embryo/fetus is typically much lower.
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FLUOROSCOPY
Fluoroscopy-guided procedures are less frequently performed during pregnancy and are
often scheduled in advance. However, complex or emergency interventional procedures
can result in substantial embryo/fetal exposure and therefore warrant dedicated
assessment.
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NUCLEAR MEDICINE
Nuclear medicine requires a fundamentally different dosimetric approach (e.g. based on
MIRD formalism), because the radiation source is internal rather than external.
Consequently, dose calculations are highly patient-specific and depend critically on the
choice of radiopharmaceutical, the patient's anatomy, and the tracer biokinetics.



13

FETUS OR UTERUS DOSE
During the first 10-11th weeks of pregnancy, the embryo sits entirely within the pelvis,
and has a negligible self-mass. 
This means the radiation absorbed by the maternal uterine tissue is a highly reasonable
approximation of the exposure to the embryo.
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Some softwares use standard phantom models and do not account for gestational
variations. Thus the radiation dose is estimated for the uterus (e.g. CTEXPO).
Conversely, other software tools are designed to report maternal organ doses and
embryo/fetal dose, since they incorporate gestational variation (e.g. CODE).

FETUS OR UTERUS DOSE
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What dose do we want to compute when we ask for embryo/fetal?

WHICH DOSE?
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What dose do we want to compute when we ask for embryo/fetal dose?

WHICH DOSE?

The numerical value of the absorbed
dose in mGy is identical to the

equivalent dose in mSv

Fetal organs have completely different,
rapidly changing radiosensitivities

compared to adults or even children



17

SOFTWARE BASICS
While a full MC simulation would be the absolute best, simulating billions of individual
virtual x-ray photons traveling through a patient's body is far too computationally
complex and slow for routine clinical environments. 

Would this at least be practicable when we have the CT images?
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Different software can use fundamentally different approaches.
In general the developers perform thousands of exhaustive "offline" Monte Carlo
simulations using either:

a.Stylized/Mathematical phantoms (older tools like PCXMC or CT-Expo) use basic
geometric shapes (cylinders, ellipsoids) to represent maternal organs. Here, the non-
pregnant uterus is typically used as a surrogate for the embryo.

b.Virtual phantoms (used by VirtualDose-CT or fetaldose.org) are reconstructed from
real patient CT/MRI scans.

c.Hybrid phantoms, combining properties of the first two categories.

SOFTWARE BASICS
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For a specific imaging modality, simulations are run for thousands of variations such as
different scanner model, tube voltage (kVp), beam width, and slice-by-slice position along
the patient's longitudinal (z) axis.
This is highly software-specific.

SOFTWARE BASICS



PCXMC 2.0
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PCXMC 2.0 has been developed at STUK (Radiation and Nuclear Safety Authority in
Finland). It is available free of charge.
The program can calculate patients organ doses and effective doses for radiography and
fluoroscopy.
The organ doses are calculated in 29 organs and tissues. 
The anatomical data are based on the mathematical hermaphrodite phantom models of
Cristy and Eckerman (1987).
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To perform dose calculations:
(1) Defining the examination conditions.
(2) Performing the Monte Carlo simulation.
(3) Calculating the organ doses for a specified x-ray spectrum and patient input dose. 

PCXMC 2.0
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It is possible to specify the patient input dose as different quantities commonly reported
on the RDSR of the DICOM file of the examination, such as incident air kerma, KAP, mAs.

PCXMC 2.0
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PCXMC 2.0
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PCXMC 2.0
The program automatically notifies the user if the dose in the uterus of a woman in child-
bearing age exceeds 100 mGy.
PCXMC allows us to calculate the dose to the uterus, not directly to the fetus.
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PCXMC 2.0
“Number of photons” represents the number of photon histories that will be generated
for the MC simulation. A minimum value of 10 000 is recommended by Stuk.
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PCXMC 2.0
Results are presented as the average absorbed dose in any of the organs considered.
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IMPACT CT DOSIMETRY
ImPACT CT Patient Dosimetry Calculator was possibly the first software package
developed for embryo/fetal dose estimations in CT.
Developed from the Scanner Evaluation Centre, United Kingdom National Health
Service.
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IMPACT CT DOSIMETRY
It is possible to insert your own CT scanner if it is missing from the list, measurements of
CTDI in phantoms and in air are required, recommended with standard kV, mAs and
rotation time, ~10mm collimation. Values are then normalized to 100 mAs.
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IMPACT CT DOSIMETRY
The mathematical phantom was a single phantom with nonvarying anatomy of an
average adult, not specifically designed to represent a pregnant woman.
The radiation dose to the uterus was assumed to be equivalent to the estimated FD.
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IMPACT CT DOSIMETRY
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IMPACT CT DOSIMETRY
A web-based version was released, however scanner availability may be inferior to that
of the spreadsheet version.
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CT-EXPO
CT-Expo is a Microsoft Excel-based application designed for dose estimation in adult and
pediatric patients undergoing CT examinations in accordance with ICRP 103.
CT-Expo relies on extensive MC simulations implemented for a large library of CT scanners.
CT examinations can be simulated using a female geometric phantom model, assuming the
uterine dose to be equivalent to the embryo dose, with the limitations previously discussed
beyond the first 8  weeks of gestation.th

When using stylized phantoms or even fixed phantom models, accuracy is limited by the
uncertainty in the depth of the conceptus. Bladder volume can also have important effects.
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CT-EXPO
CT-Expo allows the calculation of
the following dose quantities: 
CTDIw 
CTDIvol
Size-Specific Dose Estimate
(SSDE) 
Dose-length product 
Organ doses 
Effective dose(ICRP 60 and ICRP
103)
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CT-EXPO
This is CT-EXPO
input scan page
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CT-EXPO
This is CT-EXPO
calculation page
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NCICT
The National Cancer Institute Dosimetry System for Computed Tomography (NCICT) is a
system developed by the National Cancer Institute (NCI), USA, for estimating organ
absorbed doses and effective dose from CT.
NCICT is based on precalculated organ dose conversion coefficients derived from Monte
Carlo radiation transport simulations, multiple computational human phantom models,
and a reference CT scanner framework. 
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NCICT
NCICT includes three phantom libraries to support matching of patient anatomy and
body dimensions:

ICRP reference pediatric and adult phantoms (n=12)
Body size-dependent pediatric and adult phantoms (n=362)
Pregnant women and fetal phantoms at 8, 10, 15, 20, 25, 30, 35, and 38 weeks.

When detailed body size information is unavailable, users may select one of the ICRP-
defined reference age and sex groups
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NCICT
When CTDIvol is not available, it can be reconstructed
from the scanner model, tube potential (kVp), tube
current (mA), rotation time (sec), pitch, and total
collimation (mm).
If CTDIvol is available (for 16 or 32cm phantom type)
this value overrides all other scanner parameters. 
NCICT uses a scanner-independent organ dose
calculation algorithm, so CTDIvol drives organ dose
estimation even when a specific scanner model is not
listed.
A generic longitudinal tube current modulation (TCM)
model is implemented for illustrative purposes. It is not
vendor-specific. TCM strength ranges from 0 (no
modulation) to 1 (maximum modulation).
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NCICT



40

NCICT
When fetal organ doses are of interest, users can select the "Fetus" tab and specify fetal
age (8–38 weeks)
The maximum maternal abdominal diameter (cm), which is commonly measured during
prenatal visits, is also displayed to help select the most appropriate pregnancy phantom
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NCICT: FETUS MODE
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NCICT: MOTHER MODE
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CODE
COnceptus Dose Estimation (CODE) is a freely
accessible web-based application (http://
embryodose.med.uoc.gr/) developed by the
Department of Medical Physics at the
University of Crete for embryo/fetal dose
estimation in radiography, fluoroscopy and CT
CODE uses MC-derived normalized dose
coefficients calculated in pregnant female
phantoms at different gestational stages.
CODE occupational exposure from
fluoroscopically guided interventional
procedures module provides prospective or
retrospective estimates of absorbed dose to the
embryo/fetus of a pregnant employee.
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CODE - RADIOGRAPHY
CODE radiography module provides estimates for the embryo/fetus absorbed dose.
We can select the gestational stage of the patient as 1st, 2nd or 3rd trimester.
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CODE - FLUOROSCOPY
CODE fluoroscopy module provides estimates for the embryo/fetus absorbed dose
from fluoroscopically guided (FG) procedures performed on the pregnant patient.
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The user has to define the embryo depth from the anterior skin surface. This field is
available only when selecting ‘first trimester’ as the gestational stage and a projection
associated with direct exposure of the embryo.

The user has to define tube
potential (kVp), tube inherent
and added filtration (mm Al/Cu),
focus to skin distance FSD, and
DAP used for the specific
fluoroscopic projection.

CODE - FLUOROSCOPY
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CODE - CT
CODE CT module provides estimates for the embryo/fetus absorbed dose from CT
scans performed on the pregnant patient.
We define the embryo depth only when selecting 0-7 weeks or 8-12 weeks.
We specify the tube potential (kV) and the beam collimation, the tube load (mAs), and
the pitch. Also the abdominal maternal circumference in cm.
We set CTDIfree-in-air and CTDIw (mGy/100mAs) of the scanner used, at the same kV
and beam collimation (mm) set.
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CODE - CT
In addition to estimated
embryo/fetal dose, CODE
reports (in all modules) also an
estimation for the probability
childhood cancers.
The risk for childhood cancer
associated with in-utero
exposure is estimated using a
risk coefficient of 1.2 x 10^-2
per Gy as recommended by
ICRP report 90.

Notice the differences in the probability of malformations
and childhood cancer between 0 mGy and 23.6 mGy
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CODE - FG FOR EMPLOYEES
For occupational exposures in fluoroscopy guided procedures, a C-arm unit and an
anthropomorphic phantom simulating an average patient were used to determine scatter
exposure rates at specific locations over a 50 cm x 50 cm grid around the table, for 17
different fluoroscopic beam projections.
The cumulative embryo/fetus dose from the selected exposures is then calculated.
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CODE - FG FOR EMPLOYEES
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FETALDOSE
FetalDose was developed at the University of Zurich as a free web-based tool for FD
estimation in CT.
The software uses MC simulations performed on a set of three hybrid computational
phantoms representing pregnancy stages at the end of the third, sixth, and ninth
months.
The tool does not take into account the realistic shape and starting angles of tube
current modulation employed in the particular CT examination. 
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FETALDOSE
To account for individual patient anatomy, the doses calculated in the hybrid pregnant
phantom is corrected by considering the patient’s maternal circumference.
Of course FetalDose still can’t account for individual patients’ anatomy, specific fetus
location in the body, and spatial distribution of organs.
The tool provided accurate estimates of embryo/fetal doses resulting in a relative error
compared to MC patient specific simulations of 11% ± 6% when the maternal perimeter
was considered.

FD calculations are
based on a limited
number of user-defined
parameters. 
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VIRTUALDOSE-CT
VirtualDose-CT (Virtual Phantoms Inc.) is a web-based commercial software. It uses a
library of 25 anatomically realistic computational phantoms, including the three
pregnant models representing 3, 6, and 9 months of gestation used by Fetaldose. 
It includes a large scanner database covering major manufacturers.
Users select the appropriate voxel-based phantom, and organ doses are estimated using
MC simulations.
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VIRTUALDOSE-CT
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DUKE ORGAN DOSE
Duke Organ Dose (DOD) is a tool integrated inside a radiation dose index monitoring
(RDIM) system that assesses organ doses in patients undergoing CT examinations.
Developed by Duke University, is available as a module within GE’s DoseWatch.
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DUKE ORGAN DOSE
DOD uses a collection of 160 computational phantoms, including 5 models of pregnant
women with varying BMI, covering ten gestational ages ranging from 3 to 38 weeks. 
For pregnant patients, the appropriate phantom is selected based on three factors: the
gestational age, the patient's body morphology as seen in CT scan images, and the
alignment of anatomical regions as shown in the radiographic positioning images. 
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PREFERRED METHODS
The survey from De Monte et al. (2026) reported that the use of dedicated software tools
is the first choice for all exposure modalities, followed by tools integrated within RDIM,
MC simulations, and data from published literature.
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UNCERTAINTIES
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UNCERTAINTIES
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	PREFERRED METHODS
	The survey from De Monte et al. (2026) reported that the use of dedicated software tools is the first choice for all exposure modalities, followed by tools integrated within RDIM, MC simulations, and data from published literature.

	UNCERTAINTIES
	UNCERTAINTIES
	Alessandro Michele Ferrara
	School of Specialisation in Medical Physics, University of Padua, Italy


