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ABSTRACT

Breast cancer is one of the most common types of cancer worldwide. However, early diagnosis and detection by mammography con-
tribute significantly to reducing its mortality. In this context, a key aspect within quality assurance programs is the measurement of
radiation dose, which is essential to optimize the technique. The dosimetric magnitude that best characterizes the carcinogenic risk
induced by ionizing radiation in mammography is the mean glandular dose (MGD). To establish the Diagnostic Reference Levels (DRLs)
in mammography, adequate management of DGM is crucial. This process should begin with the promotion of a safety culture, the trai-
ning of personnel, the assignment of responsibilities and the implementation of tools and methods for their evaluation. In addition, the
success of this strategy requires the support of adequate regulation and sustainable financing by the competent authorities. Therefore,
mammography services must adopt radiation protection measures through the implementation of DRLs. A methodology for establishing
DRLs in mammography is presented, addressing their importance, the dosimetric magnitudes to be considered, and the data collection
process, with the aim of defining and applying these reference levels effectively.
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RESUMEN

El cdncer de mama es uno de los tipos de cancer mas comunes a nivel mundial. No obstante, el diagndstico temprano y la deteccion
mediante mamografias contribuyen significativamente a reducir su mortalidad. En este contexto, un aspecto clave dentro de los progra-
mas de garantia de calidad es la medicién de la dosis de radiacién, fundamental para optimizar la técnica. La magnitud dosimétrica que
mejor caracteriza el riesgo carcinogénico inducido por radiaciones ionizantes en mamografia es la dosis glandular media (DGM). Para
establecer los Niveles de Referencia para Diagndstico (DRLs) en mamografia, es crucial una adecuada gestion de la DGM. Este proceso
debe comenzar con la promocién de una cultura de seguridad, la capacitacion del personal, la asignacién de responsabilidades y la im-
plementacién de herramientas y métodos para su evaluacion. Ademas, el éxito de esta estrategia requiere el respaldo de una regulacion
adecuada y un financiamiento sostenible por parte de las autoridades competentes. Por ello, los servicios de mamografia deben adoptar
medidas de proteccién radiolégica mediante la implementacion de DRLs. Se presenta una metodologia para establecer los DRLs en
mamografia, abordando su importancia, las magnitudes dosimétricas a considerar y el proceso de recopilacién de datos, con el objetivo
de definir y aplicar estos niveles de referencia de manera efectiva.
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INTRODUCTION

Breast cancer is one of the most common types of cancer in women. In 2020, it was the
most common cancer globally, although it ranked fifth among the leading causes of cancer death.
However, early diagnosis and detection through mammography exams contribute significantly
to reducing breast mortality (WHO, 2022). A key factor in the fight against breast cancer is the
economic aspect. In high-income countries, the prognosis for patients is usually favorable, while
in low- or middle-income countries, the reality is very different. Lack of access to early diagnosis
and timely treatment is the main cause of this inequality. In 2020, almost three-quarters of breast
cancer deaths worldwide occurred in low- and middle-income countries (IARC, 2021). The incidence
and mortality of breast cancer in Latin American women shows the same behavior as globally. The
incidence has been increasing in the last two decades, ranking among the first or second type of
cancer in women depending on the country (Mora et al,, 2014).

Currently, mammography is considered the best tool for the early detection of breast cancer,
playing a fundamental role in both the diagnosis and localization of lesions in biopsy and therapy
procedures. Among the pathological signs associated with breast cancer are calcifications, nodules,
distortions, and asymmetries. The detection of these lesions in a mammogram can be difficult,
since their attenuation or absorption of X-rays is very similar to that of healthy tissues. This is be-
cause mammography projects the volume of the breast in a two-dimensional (2D) image, which
can make it difficult to differentiate between normal and pathological structures (Castillo et al.,
2015). Despite its effectiveness in breast cancer screening, mammography has been the subject
of debate due to the possible induction of breast cancer or alterations in nearby organs, such as
the thyroid and lens (Sechopoulos et al.,, 2008; Pérez et al., 2022).

The effectiveness of a mammographic procedure depends primarily on its diagnostic quality,
which necessitates the implementation of a quality assurance program to optimize its efficiency
and safety (Milano et al,, 2000). These protocols enable the acquisition of high-quality diagnostic
images with a reasonable radiation dose, in accordance with the ALARA principle. Within a quality
assurance program, one fundamental test is the measurement of radiation dose, a key aspect for
the optimization of the technique. The dosimetric quantity that best characterizes the carcinogenic
risk induced by ionizing radiation in mammography is the mean glandular dose (DGM) (European
Commission, 2006).

The European Commission (2013) has established acceptable and achievable DGM values
based on compressed breast thickness, which ranges from 21 to 90 mm for screening examinations,
see Table 1. However, it is essential to consider individual differences among patients, such as breast
thickness and glandular density, which can influence the required radiation dose and exposure
time. Likewise, the presence of breast implants increases the number of required projections and
the thickness of breast tissue, making it necessary to adjust the technique to ensure 1 complete
and interpretable study (Chetlen et al., 2016).

The concept of the diagnostic reference level (DRL) is internationally recognized as a key
tool for optimizing patient exposure to radiation (ICRP, 2017). DRLs serve as guidance values for
evaluating and adjusting the doses administered during diagnostic imaging procedures. Their
implementation enables institutions and radiology services to systematically monitor, compare,
and manage radiation exposure in radiological studies, thereby contributing to a safer and more
efficient clinical practice.

Comparison of the DGM with national or international DRLs provides an overview of practice
and facilitates its optimization. It is important to note that DRLs should not be interpreted as strict
limits, but rather as dose indicators that allow identification of opportunities for improvement.
A well-established DRL contributes to adjusting exposure when necessary, ensuring a balance
between image quality and patient safety. According to the International Commission on Radio-
logical Protection in its publication 135 (ICRP, 2017), a DRL is defined as the 75th percentile of the
distribution of median values obtained in participating institutions through a survey.

In this context, a methodology is presented for establishing DRLs in mammography, addres-
sing their importance, the dosimetric quantities to consider, and the data collection process, with
the aim of effectively defining and applying these reference levels.
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Table 1. Dose values for typical breasts simulated with PMMA. Adapted from Reference (European
Commission, 2013).

PMMA thickness (mm) Equivalent breast thickness (mm) Maximum DGM (mGy)
Acceptable value Achievable value
20 21 10 0,6
30 32 1,5 1,0
40 45 2,0 1,6
45 53 PAS 2,0
50 60 30 2.4
60 75 4,5 3,6
70 90 6,5 5]1

PPMA: polymethyl methacrylate, an acrylic material with a density similar to that of the breast.

Justification for radiological examination in mammography.

The first step in effective management of radiation dose in mammography is to ensure that
each examination is performed only for duly justified clinical indications. Any request in which mam-
mography has a high probability of providing relevant diagnostic information for early detection
or evaluation of breast disease is considered appropriate. In cases where such information can be
obtained accurately and in a timely manner using techniques that involve a lower radiation dose
or that do not use ionizing radiation, such as magnetic resonance imaging or breast ultrasound,
mammography should not be the method of choice.

One appropriate justification, accompanied by optimized practice, makes it possible to avoid
unnecessary repetition of studies and, consequently, unjustified exposure to radiation. It also con-
tributes to maintaining a systematic record of the examinations performed and to preserving
monthly data, fundamental for the estimation and control of the DGM, thus promoting continuous
improvement in radiological practice.

Optimization of radiological practice.

Since its inception, mammography has been the reference technique for the early detec-
tion of breast cancer. With the development of digital mammography and the incorporation of
tomosynthesis, the early detection rate has significantly improved. However, the risk associated
with radiation exposure, especially the potential for carcinogenesis, remains a major concern, par-
ticularly in population-based screening programs aimed at women over 40 years of age. In this
context, the optimization and continuous monitoring of the administered dose are essential to
ensure safe and effective practice.

A key measure in this process is the periodic performance of quality controls of the mam-
mography equipment, with the aim of ensuring that the administered dose is the minimum ne-
cessary to obtain images with adequate diagnostic quality. The mammary gland is composed of
adipose tissue and glandular tissue, the latter being the most radiosensitive and where cancer can
originate. For this reason, the parameter used to evaluate the absorbed dose in mammography is
the DGM. The precise estimation of the DGM presents challenges, since the radiation distribution
is not uniform: glandular tissues receive different amounts of radiation depending on the angle
of incidence of the beam and the depth it reaches. Furthermore, factors such as equipment con-
figuration, the acquisition technigues used, and patient characteristics significantly influence the
administered dose.

Optimization of mammographic practice is supported by various reference sources, including
the American College of Radiology (ACR, 1999), the European Community Guidelines (European
Commission, 2013), Report 149 of the National Council on Radiation Protection (NCRP, 2004), and
the technical document of the International Atomic Energy Agency (IAEA-TECDOC-1517, 2006).
Avoiding unnecessary studies not only reduces radiation exposure, but also minimizes costs, avoids
incidental findings without clinical relevance, and reduces anxiety in patients.

Several studies have demonstrated the usefulness of DRLs as a key tool in radiation protection,
allowing the establishment of indicative thresholds that help optimize patient exposure without
compromising the diagnostic value of the study (Hart et al,, 2012). However, in some Latin American
countries, the implementation of DRLs has been limited due to outdated regulations governing
the use of ionizing radiation in medicine. In this regard, as part of the OIEA program on Radiation
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Protection of Patients in Medical Exposures (TSA3), Mora and colleagues (2014) conducted a survey
in 13 Latin American countries, establishing DRL values in mammography. However, institutional
participation was limited in most countries.

In Chile, Leyton et al. (2015) estimated the DGM in 6 digital mammography systems and
proposed preliminary DRL values using PMMA phantoms. In Colombia, Amaya y Mufioz (2021) de-
termined DRLs in conventional radiology, mammography, tomography, and fluoroscopy practices.
In Brazil, starting in 2022, the project “Niveles de Referencia Diagndsticos en Latinoamérica” (NRD-
Latin, 2022) was implemented, which enabled a platform for the systematic collection of technical
data from radiological examinations. Its objective is to establish strategies to define DRLs by ana-
tomical region and clinical indication, in both tomography and radiography and mammography.
This project includes the preparation of a report with recommendations based on the guidelines
of the OIEA and the OMS, as well as a national and regional document, under the supervision of
the Colegio Brasileno de Radiologia. The responsibility for complying with the study methodology
lies with each participating institution. As a result, each center will be confidentially provided with
the local typical value, the national DRL value (stratified by clinical indication, body mass index,
and equipment technology), along with suggestions to improve protocols, training through wor-
kshops, audiovisual materials, and the official publication of the DRLs at the national and Latin
American level.

Estimation of the mean glandular dose in mammography.

There are two formalisms for the calculation of DGM in mammography: the Dance model
(European model) and the Wu and Boone models (North American models).

The Dance model (Dance et al., 2000; Dance, Young, van Engen, 2009) is a simple model ba-
sed on a fixed semicircular cross-section cylinder, with a diameter of 160 mm. Typical glandularity
values have been provided for women in two age groups: 40-49 years and 50-64 years. DCM is
determined by the following equation:

(M

where:, represents the incident air kerma at the upper surface of the breast;, is a factor that
depends on the value of the half-value layer (HVL) and the breast thickness;, a factor that accounts
for the percentage of glandularity of the breast; and , a factor that depends on the anodeffilter
combination.

This model was introduced in the United Kingdom in 1989 through a standard protocol for
dosimetry in conventional projection mammography (IPSM 1989). Subsequently, it was extended
(IPEM 2005) to include the use of X-ray spectra with different anode/filter combinations (through
the introduction of factor s) and to provide dosimetry in a variety of breast glandularities (with the
incorporation of factor c). A similar methodology has been adopted in European protocols (CE 1996,
2006, and 2013) and by the OIEA (2007). These protocols use conversion factors based on Monte
Carlo calculations (Dance et al.,, 2000; Dance, Young, van Engen, 2009) to relate the measurements
to the DGM.

The Wu model (Sobol and Wu, 1997) is a simple model based on a cylinder with a semi-ellip-
tical cross-section. To estimate the DGM, this model uses the following equation:

(2)

where: the first term has already been defined, and the second term is the glandular dose
normalized per unit.

The DGM depends on the anodeffilter combination and the glandularity of the breast. For
this calculation, it is assumed that the breast is composed of 50% glandular tissue and 50% adipose
tissue. The Wu model provides the parameterization equations to calculate the DGM for different
anodeffilter combinations and different glandularities (Sobol and Wu, 1997). However, this me-
thod is limited to three specific spectra: Mo/Mo, Mo/Rh, and Rh/Rh, so its application is restricted
to mammography systems manufactured by the company General Electric (Samara, Tsapakib,
Srameck, 2019).

The Boone model (Boone, 1999; Boone, 2002) is an extension of the Wu model, based on a
circular cross-section. This model uses monoenergetic X-rays up to 120 keV and supports a greater
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number of anodeffilter combinations, including W/Rh and W/Ag. Unlike its predecessors, the Boone
model provides a better description of energy absorption in the central homogeneous region of
the breast, considering both adipose and glandular tissue. To estimate the DGM, this model uses
equation (2).

DRL values in mammography.

DRLs in mammography are a key tool for monitoring and optimizing radiation doses, allowing
comparison between countries, institutions, and mammography units.

Although various guidelines and recommmendations have provided clarity on the methodo-
logies used in establishing DRLs in mammography, challenges still exist in their standardization.
Among the most relevant considerations are:

- Data source: it is recommended that information derived from patients, rather than data ob-
tained from phantoms, be used to establish DRLs.

- The protocol: it is suggested that DRLs be stratified according to breast thickness and detector
technology, and that the median, rather than the mean, be used for their calculation.

- The percentiles: DRLs should be established at the 75th percentile, with a minimum sample
size of 50 patients.

Despite these recommendations, the lack of a standardized method for estimating DGM
continues to hinder comparison between studies conducted in different mammography systems.

Establishment of DRLs in Mammography.

(a) Regulation.

To ensure adequate practice in mammography, it is essential to have a regulatory framework
that establishes the DRL values, as well as their correct application and the optimization of radiation
protection in medical exposures. Given that the management of the dose delivered to patients
varies significantly between countries (Martin et al.,, 2013), it will be necessary to apply a creative and
flexible approach both for the determination of DRLs and for the implementation of optimization
programs. It is essential that these strategies are adapted to the particularities of each national
context, in order to guarantee safe and effective radiological practice aligned with the principles
of radiation protection.

(b) Selection of the dosimetric quantity.

The selected dosimetric quantity must be directly related to the imaging modality studied.
Table 2 presents the recommmended dosimetric quantities for establishing DRLs in mammography,
as indicated by the ICRP in its Publication 135 (ICRP, 2017).

Although air kerma is relatively easy to measure and useful for making quick comparisons,
it is neither additive nor representative of the actual risk to the patient. In contrast, the DGM, al-
though it cannot be measured directly (since it must be estimated from simple measurements
and the use of conversion factor tables), is the most representative quantity of the risk associated
with mammographic exposure.

(c) Values of DRLs.

Table 2. Appropriate dosimetric quantities for establishing DRLs in mammography.

Modality Recommended magnitude Recommended unit

Mammography Ka,i Ka,e DGM mGy MGy mGy
Adapted from Reference (ICRP, 2017).

DRLs can be established from the distribution of the medians of the dosimetric quantities
measured in one sample of individual patients or equipment (mammography, tomosynthesis) in
different geographic regions. The median is considered a more robust statistical estimator than
the mean, since it is less sensitive to outliers and, with a larger volume of dosimetric data, provides
a more reliable representation of the patient population.

For areas with between 10 and 20 mammography rooms, the local DRL should be established
as the third quartile (75th percentile) of the distribution of the medians of the measured doses.
In cases where a small number of rooms is available or one single institution is involved, a “typical
value” may be defined as the median of the recorded doses, which can be used for purposes similar
to those of a local DRL. Establishing DRLs at the national level requires a representative sample,
approximately 30% of institutions (hospitals, clinics) distributed throughout the country. Regional
DRLs, for their part, apply to groups of countries that share similar radiological practices (ICRP, 2017).

(d) Facilities.

To establish DRLs, it is crucial to delimit the geographical area in which they will be evalua-
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ted and subsequently applied. In a local setting, a DRL can be derived from a group of 10 to 20
mammography rooms. However, in large countries with hundreds of health centers, conducting
an exhaustive sampling would be a complicated task. Results from 20 to 30 rooms may be ade-
quate initially, provided that a sufficient number of patients (= 50) is included. In smaller countries
with fewer than 50 rooms, one initial sampling covering 30 to 50% of these might be sufficient. As
data collection infrastructure improves, consideration can be given to expanding the number of
rooms or institutions included in subsequent studies to achieve a more representative coverage.

Once the DRLs have been established, optimization studies with an interval of three (3) years
can be considered. If continuous data collection is possible, the dose management process can
take the form of a periodic review.

(e) Patients or phantoms.

Most procedures for establishing DRLs are based on measurements performed on individual
patients, classified by variables such as age, weight, and height. It is recommended to include at
least 50 patients per mammography room, preferably restricting the range of compressed breast
thicknesses to ensure sample homogeneity. However, in certain circumstances, phantoms can be
useful for evaluating the technical performance of equipment. Nevertheless, phantoms should not
be considered a substitute for surveys based on real patient examinations, as they do not accurately
reflect real clinical conditions.

(f) Data collection methods.

Manual data collection remains an option, particularly in prospective studies. When the num-
ber of mammography rooms is small, printed forms specifically adapted to the type of examination
may be used. However, the implementation of automatic exposure control systems in the context
of DRLs offers important advantages, including the possibility of conducting retrospective reviews
of the information recorded during patient examinations.

Data collection through the Radiology Information System (RIS) allows the inclusion of a sig-
nificantly larger number of patients, thereby improving the representativeness of the data. In this
context, the DICOM standard (Digital Imaging and Communication in Medicine) has developed a
specific format for recording dosimetric information, the RDSR (Radiation Dose Structured Report),
designed to store detailed information about radiation dose across various imaging modalities
(DICOM, 2007). DICOM images are automatically transmitted from the PACS system to software
that interprets DICOM headers, recording quantities such as Ka,i and DGM.

Automatic dose management also enables quick access to key data, such as patient age and
weight, doses received, and technical parameters of the equipment. It also facilitates the export of
filtered data sets for subsequent analysis.

Application of DRLs in mammography.

To ensure the correct application of DRLs in mammography, the following steps are recom-
mended:

i. Collection of patient data, either manually or through electronic systems.

ii. Estimation or calculation of the DGM per patient in each ward or institution.

iii. Calculation of the median DGM, which is considered the typical dose value.

iv. Comparison of the median with the DRLs (if established values are available): if the median is
less than the DRL, return to step (i) and verify the validity of the data; if the median is greater
than the DRL, continue with the next step.

V. Review of the technique used, exposure parameters, and equipment performance.

vi. Verification that image quality is not compromised during the optimization process.

vii. Recommendation and implementation of a practice optimization strategy based on the
findings obtained.
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