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“Radiologists who research, write and publish… 
teach well and interpret better”.

Ana M. Contreras-Navarro

Radiology has been a primarily clinical specialty that 
has not attracted research-oriented radiologists1. The 
differences between a clinical radiologist and a research 
radiologist lie in their professional focus and goals. The 
clinical radiologist participates in patient care using diag-
nostic imaging and performing interventional therapy in 
medical units and hospitals. In contrast, the research 
radiologist focuses on basic or clinical research (exper-
imental clinical, epidemiological, and behavioral studies, 
or outcomes and health services research). The devel-
opment of radiology research in Mexico has evolved with 
different profiles described below:

• Clinical radiologists often participate as professors 
and, in some cases, have an interest in conducting 
clinical research for theses in residency programs 
that conclude with a conference presentation and, 
eventually, the publication of an original scientific 
article.

• Clinical radiologists with a Master of Science 
(MSc) and/or a Doctor of Philosophy (PhD) degree 
often participate as professors and conduct clinical 
research for theses in residency programs, culmi-
nating in a conference presentation and eventually 
publication of an original scientific article. 

• Research radiologists with an MSc and/or PhD 
usually work in laboratories or research centers and 
conduct laboratory research involving experiments 
that advance the general knowledge of radiology 
and/or uni-or multicenter studies on diagnostic ima-
ging and image-guided treatment. 

The roles of clinical and research radiologists are fun-
damental and complementary. Ideally, they should have a 
foundation that combines both approaches and enables 
them to innovate clinical practice.

Specialty, subspecialty, and high-specialty radiology 
academic programs in Mexico have significantly advanced 
the training of nationally and internationally recognized 
clinical radiologists. The research they do as a thesis to 
obtain a radiologist degree is usually a curricular require-
ment. Professors who mentor radiologists are a hetero-
geneous group with different educational backgrounds 
and levels of experience. Approximately 600 residents 
per year are granted a radiologist degree in Mexico, 
meaning the same number of research studies were pre-
sented as theses. However, very few of these theses are 
published as original scientific articles2. 

In 2022, the Federacion Mexicana de Radiologia e 
Imagen (FMRI) [Mexican Federation of Radiology and 
Imaging] launched the Journal of the Mexican Federation 
of Radiology and Imaging (JMeXFRI) to disseminate 
scientific knowledge and technological developments  
in diagnostic and therapeutic imaging innovations with  

https://orcid.org/0009-0002-6456-9936
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 writing and publishing scientific articles should be 
developed. Individualized, competency-based, research- 
oriented training for some residents can be developed 
in hospitals and medical units with the appropriate 
infrastructure and serve as “centers of excellence” in 
imaging research programs1. These organizations can 
captivate, nurture, and maintain a cadre of well-trained 
multi and interdisciplinary radiology research teams 
and provide protected research time during residency 
training by reducing the clinical burden of radiologists 
and residents involved in research studies, allowing 
them to devote more time to research1. This requires 
the involvement of residents in the protocol develop-
ment process from the earliest stages of their residency 
training and faculty mentoring to encourage learners to 
achieve research accomplishments, such as writing 
and publishing original research. Research training 
raises the national profile and reputation of the resi-
dency program4. 

Artificial intelligence (AI) can support research training. 
The multidisciplinary nature of AI requires collaboration 
between academia and industry, as well as between cli-
nicians and researchers, who share their specific exper-
tise6. Radiologists with knowledge of AI/AI practitioners 
will help identify opportunities and provide the clinical 
context where AI can be best applied for research. 

For little more than four decades, public and private 
universities in Mexico have offered master’s and doctoral 
programs for clinicians. Likewise, the Consejo Nacional de 
Ciencia y Tecnologia (CONACYT) [National Council of 
Science and Technology] was created to financially sup-
port researchers in all fields of science. Some hospitals 
and clinical research units of public institutions, such as 
the Instituto Mexicano del Seguro Social [Mexican Social 
Security Institute], have hired clinical researchers as full-
time employees, and some have granted scholarships 
abroad for research stays. I was one of the beneficiaries 
of this program, thanks to Dr. Onofre Muñoz-Hernandez, 
a visionary research leader who selected research- 
oriented clinicians and gave them the opportunity to con-
duct full-time clinical research at IMSS. These clinical 
researchers return to the hospitals to conduct clinical 
research in collaboration with clinicians and residents, 
integrating internationally competitive research teams. 
Due to recent changes in institutional policies or retire-
ments, the number of clinical researchers has decreased 
without integrating new researchers. On the other hand, 
the Programa Nacional de Posgrados de Calidad para 
Especialidades Medicas [National Quality Postgraduate 
Program for Medical Specialties], sponsored by the 

a global impact2,3. In addition, since 2023, the FMRI  
has published the annual call for “Best Radiology Theses 
for Publication in the JMeXFRI” and recognized the  
need for web-based training, creating the Scientific 
Writing Workshop (SWW) to address the need for opti-
mal writing and publication of these theses as original 
scientific articles2. The SWW is fully customizable. It 
develops radiologists’ and residents’ skills in scientific 
writing and publishing. The theses published in JMeXFRI 
are based on procedural data collected from patients 
rather than a research question, meaning they are 
descriptive rather than hypothesis-based1. Even so, 
much can be done to publish this data in the JMeXFRI.

The majority (80-90%) of radiologists and residents 
in Mexico prefer to develop as clinicians, focusing on 
patient care and pursuing a career that promises pro-
fessional and economic success in the short and 
medium term, so although some of them are interested 
in research, they do not focus on this area. As a result, 
few clinical radiologists or residents pursue an MSc or 
PhD degree. In addition, many clinical radiologists and 
residents do not feel comfortable doing research 
because they lack formal training, but they have great 
ideas that could improve the quality of patient care4. 
Research is a complex process that requires talented, 
academically oriented radiologists and residents. 
Clinical radiologists who are not trained in research 
methodology may therefore underestimate the amount 
of work involved in research studies or not understand 
the intricacies of research processes, writing and pub-
lishing scientific articles.

Residents who participate in research during their 
training are more likely to hold an academic position  
in their field of interest than those who do not. In my 
more than three decades of experience as a clinical 
researcher, and more recently as co-editor of JMeXFRI, 
I have seen residents enjoy doing research. About 10 
to 20% of radiologists and residents are research-ori-
ented and are passionate about reading and writing. 
They should be given the opportunity to do research5. 
This opportunity was given to me by Dr. Gerardo 
Gamba-Ayala, who was my mentor and discovered my 
passion for research during my residency in Internal 
Medicine at the Instituto Nacional de Ciencias Medicas 
y Nutricion Salvador Zubiran [National Institute of 
Medical Sciences and Nutrition Salvador Zubiran]. As 
a resident, I participated in several research studies 
and published scientific papers. A modular program 
that integrates research training with topics such  
as methodology, research protocol development, and 
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CONACYT, was developed to provide economic support 
to residents and professors to promote research and the 
publication of original scientific articles. The Secretaria de 
Ciencia, Humanidades, Tecnología e Innovación (SECIHTI) 
[Secretariat of Science, Humanities, Technology and 
Innovation] recently replaced the CONACYT. The SECIHTI 
began operations on January 1, 2025. It provides govern-
ment funding and offers research scholarships for post-
graduate studies at national and foreign universities and 
hospitals. Research-oriented radiologists and residents 
from public and private healthcare institutions can apply 
for research grants. The FMRI organizes national meet-
ings and congresses to share scientific advances and 
promote private participation in research funding, including 
industry partners. 

One of the main characteristics of countries with  
scientific and technological development is their high  
public and private investment in the research training  
of human resources. In contrast, in Mexico, investment in 
research infrastructure and human resources is insufficient. 
Therefore, despite the importance of research training, 
e.g. through master’s degree programs, many clinical 
radiologists and residents find themselves limited by the 
lack of grants and funding. Research radiologists can 
provide a unique perspective on performing research. 
High quality scientific publications produced during 
research training are a mark of excellence and one of the 
most widely accepted currencies in research. Radiologists 
need to assume a key role in establishing multidisci-
plinary research communities and use their expertise in 
imaging to lead these research efforts rather than assum-
ing a secondary, “technical support” role in these groups1. 
The visible radiologist embodies the educator, researcher 
and innovator in radiology7. In addition, a research radiol-
ogist can maximize the value of their clinical work and 
provide the highest level of clinical care through transla-
tional radiology, which integrates basic, clinical, and social 
research through the transfer and application of scientific 
knowledge for innovation in patient care and technological 
development of products, processes, and services.

In conclusion, we must train research radiologists to 
promote and conduct research in Mexico to ensure the 
future of radiology as an independent, innovative branch 
of medicine. The training of Mexican research radiolo-
gists requires a paradigm shift through residency reform, 
including a training system that focuses on talented, 
research-oriented radiologists and residents. The FMRI 
supports a new generation of research radiologists capa-
ble of conducting high-impact research, improving the 
quality of medical care, and positioning Mexico as an 
innovation leader in radiology.
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ABSTRACT

The incorporation of magnetic resonance imaging (MRI) in the assessment of prostate cancer (PCa) is a key example of 
how imaging can impact patient management. The MRI diagnostic pathway is now endorsed by major clinical guidelines, 
and the acquisition, interpretation and reporting of MRI findings are standardized by the Prostate Imaging Reporting and 
Data System (PI-RADS) from the American College of Radiology. PI-RADS has evolved significantly since its first version and 
is now available in version 2.1. However, there is still room for improvement. This article aims to review the inception of  
PI-RADS, its application and the future perspectives for this important scoring system.

Keywords: Prostate cancer. Magnetic resonance imaging. PI-RADS. Oncology.

INTRODUCTION

Prostate imaging is a remarkable example of how 
imaging technology can significantly impact specific 
fields of medicine. Although researchers were attempt-
ing to obtain high-quality images of the prostate as 
early as the 1980s1, it was not until the 1990s and early 
2000s—when diffusion-weighted imaging (DWI) was 
added to the prostate magnetic resonance imaging 
(MRI) toolkit—that rapid and impressive advances were 
made in this field2,3.

From a technical perspective, several challenges 
needed to be addressed. The first was to improve the 
signal-to-noise ratio. Initially, this was achieved by 
using high magnetic fields and endorectal coils, which 
were effective but quite uncomfortable for patients4. 
With advances in MRI hardware and software, image 
quality further improved, allowing diagnostic images 
to be obtained with either 1.5T or 3.0T systems and 

only external pelvic coils (preferably with multiple 
channels)5.

In the late 2000s, numerous studies in the medical 
literature reported reasonable accuracy of MRI in the 
diagnosis of prostate cancer (PCa)6-8. Based on these 
solid premises, in 2012, the European Society of 
Urogenital Radiology (ESUR) published the first 
 version9 of what is now known as the Prostate Imaging 
Reporting and Data System (PI-RADS). PI-RADS not 
only introduced a scoring system for risk stratification 
for PCa, but also provided recommendations for 
image acquisition, interpretation and reporting. Like 
other RADS systems, PI-RADS uses a five-point 
scale to indicate the likelihood of clinically significant 
PCa, with a score of 1 indicating a very low probabil-
ity and a score of 5 indicating a very high probability. 
Individual scores are routinely assigned for each 
sequence, with an overall score summarizing the like-
lihood of PCa10.
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In 2015, the second version of PI-RADS was 
released, marking a collaborative effort between the 
ESUR, the American College of Radiology (ACR), and 
AdMeTech11. This version was more user-friendly and 
simplified and facilitated wider adoption in the radiol-
ogy community. A subsequent update, PI-RADS  
version 2.1, was released in 201912. This update intro-
duced minor changes,  particularly in the assessment 
of transition zone (TZ) lesions, as well as further 
refinements to the classification system.

Today, prostate MRI and PI-RADS are recognized as 
the gold standard for the evaluation of patients with 
suspected PCa. They are supported by international 
guidelines, including those of the European Association 
of Urology (EAU)13, the American Urological Association 
(AUA)14, and the National Comprehensive Cancer 
Network (NCCN)15.

PI-RADS CATEGORY ASSIGNMENT

Scoring system is based on a multiparametric (mp) 
MRI assessment of the prostate combining T2-weighted 
(T2W), DWI and dynamic contrast-enhanced (DCE) 
imaging sequences. It is a 5-point scale, with 1 indicat-
ing a very low probability and 5 a very high probability 
of clinically significant PCa16.

T2W imaging is essential for differentiating the zonal 
anatomy of the prostate, identifying abnormalities within 
the gland, and detecting invasion of the seminal vesi-
cle, extraprostatic extension (EPE) and lymph node 
involvement17. Based on T2W imaging, clinically signif-
icant PCa in the peripheral zone (PZ) typically appear 
as round or poorly defined hypointense focal lesions. 
However, this pattern is not exclusive to malignancies 
and can also be observed in various other conditions 
such as prostatitis, hemorrhage, glandular atrophy, 
benign prostatic hyperplasia (BPH), biopsy-related 
scarring, and post-treatment changes (e.g., hormone 
therapy or ablation)16.

On the other hand, tumors in the TZ on T2W imaging 
are characterized by ill-defined, homogeneous and 
moderately hypointense lesions with a “smudgy finger-
print” or “erased charcoal” appearance. Other features 
include spiculated margins, a lenticular shape, the 
absence of a complete hypointense capsule, and pos-
sible invasion of the urethral sphincter or anterior fibro-
muscular stroma. The presence of one or more of these 
features usually increases the likelihood of clinically 
significant TZ cancer. Table 1 summarizes the T2 and 
DWI findings for PZ and TZ, according to each PI-RADS 
score16. As mentioned above, knowledge of zonal anat-
omy is essential, as the criteria for categorizing lesions 

Table 1. Descriptive findings of PI-RADS scores 1 to 5, for MRI T2W and DWI sequences for the peripheral zone (PZ) and transition zone (TZ)

Score T2W DWI

PZ TZ PZ or TZ

1 Uniform hyperintense signal intensity 
(normal)

Normal appearing TZ (rare) or a round, fully 
encapsulated nodule
 (“typical nodule”)

No abnormality (i.e., normal) on ADC 
and DWI with high b-value 

2 Linear or wedge-shaped 
hypointensity or diffuse mild 
hypointensity, usually indistinct 
margin

A mostly encapsulated nodule OR a 
homogeneously circumscribed nodule 
without encapsulation. (“atypical nodule”) 
or a homogeneous, mildly hypointense area 
between the nodules

Linear/wedge-shaped hypointensity on 
ADC and/or linear/wedge-shaped 
hyperintensity on DWI with high 
b-value

3 Heterogeneous signal intensity or 
non-circumscribed, round, moderate 
hypointensity

Includes others that do not qualify as 
2, 4 or 5

Heterogeneous signal intensity with 
obscured margin

Includes others that do not qualify as 2, 4 
or 5

Focal (discrete and different from 
background) hypointensity in ADC and/
or focal hyperintensity in DWI with high 
b-value; may be markedly hypointense 
in ADC or markedly hyperintense in 
DWI with high b-value, but not both.

4 Circumscribed, homogeneous, 
moderately hypointense focus/mass, 
confined to the prostate and < 1.5 cm 
in greatest dimension

Lenticular or non-circumscribed, 
homogeneous, moderately hypointense, and 
< 1.5 cm in greatest dimension

Focal markedly hypointense on ADC 
and markedly hyperintense on DWI 
with high b-value; < 1.5 cm in greatest 
dimension

5 As 4, but ≥ 1.5 cm in greatest 
dimension or definitive extraprostatic 
extension/ invasive behavior

As 4, but ≥ 1.5 cm in greatest dimension or 
definitive extraprostatic extension/invasive 
behavior

As 4, but ≥ 1.5 cm in greatest dimension 
or definitive extraprostatic extension/
invasive behavior

ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and 
Data System; PZ: peripheral zone; TZ: transition zone; T2W: T2-weighted. 
Adapted from the American College of Radiology® Committee on PI-RADS®16.
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change accordingly18. Some key points for scoring of 
PZ and TZ are listed below:

• PZ: the DWI sequence is dominant. Lesions scored 
3 on DWI remain PI-RADS 3 if DCE is negative but 

are upgraded to PI-RADS 4 if there is positive focal 
enhancement on DCE. Figure 1 summarizes all 
categories in PZ.

• TZ: the T2W sequence is dominant. Round, en-
capsulated nodules are categorized as PI-RADS 1.  

Figure 1. Schematic drawing showing how to score prostate MRI of the PZ lesions in PCa. DWI is the dominant sequence and can upgrade 
or downgrade any lesion. Early asymmetric enhancement on DCE can upgrade a PI-RADS 3 lesion.
ADC: apparent diffusion coefficient; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PCa: prostate cancer; 
PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W:T2-weighted.
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Figure 2. Schematic drawing showing how to score prostate MRI of the TZ lesions in PCa. T2W is the dominant sequence in TZ, and can 
upgrade or downgrade any lesion. A PI-RADS 4 on DWI can upgrade a PI-RADS 2 lesion on T2W for a final PI-RADS 3 category. Similarly, a 
PI-RADS 5 on DWI can upgrade a PI-RADS 3 lesion to T2W for a final PI-RADS 4 category.
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PCa: prostate cancer; PI-RADS: Prostate Imaging Re-
porting and Data System; T2W:T2-weighted; TZ: transition zone.

Lesions scored 2 at T2W remain PI-RADS 2 if DWI 
is ≤ 3, but are upgraded to PI-RADS 3 if DWI is ≥ 4.  
Figure 2 summarizes all categories in TZ.

The use of dominant sequences to upgrade or 
downgrade lesions is particularly important for those 
scored 2 to 4 in the T2W sequence, regardless of 
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Figure 3. How to use dominant prostate MRI sequences in PZ and TZ for scored 2 to 4 lesions.
DCE: dynamic contrast-enhanced; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and Data System; 
PZ: peripheral zone; T2W: T2-weighted; TZ: transition zone.

whether they are in PZ or TZ. Figure 3 illustrates these 
concepts. The refinement of lesion descriptions in the 
peripheral and transition zones improves diagnostic 
accuracy, especially for small-volume or atypically 
located cancers19. In addition, studies have highlighted 
the importance of standardizing radiological reports to 
improve reproducibility and diagnostic accuracy20,21. 
Figures 4 to 9 illustrate the application of the above 
criteria and show pathologically proven cases.

PI-RADS CATEGORY ASSIGNMENT IN 
BIPARAMETRIC MRI (bpMRI)

The bpMRI is an alternative to the traditional mpMRI 
approach using only T2W and DWI sequences without 
intravenous contrast administration16,22. Despite its sim-
plicity, bpMRI can be used effectively in the context of 
PI-RADS, provided certain adjustments and consider-
ations are made23.

Advantages of bpMRI

•	 Cost reduction, as no contrast agent is required.
•	 Shorter examination time, which increases patient 

acceptance.

•	 Lower risk of adverse reactions or complications 
associated with the use of gadolinium.

•	 Easier implementation in centers with limited infras-
tructure without significantly compromising diagnos-
tic performance in selected cases.

Disadvantages of bpMRI

•	 Potential limitations in detecting small lesions or in 
cases where contrast enhancement is critical for 
diagnosis.

•	 Reduced accuracy in specific populations, inclu-
ding: patients with low prostate cancer volume  
(< 0.5 cm³); cases of prostatitis or very large pros-
tates (> 80 ml); post-treatment changes (e.g. fibro-
sis after biopsy or radiotherapy); lesions in difficult 
locations (e.g. anterior fibromuscular stroma or 
central zone) and aggressive neoplasms with an 
infiltrative pattern23.

Recent studies have shown that bpMRI has good 
diagnostic accuracy in selected cases. For example, a 
review by Junker et al.22 found bpMRI to have compa-
rable sensitivity to mpMRI in detecting clinically signif-
icant prostate cancer in intermediate-risk populations24. 
In addition, researchers such as Cuocolo et al.25 have 
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Figure 4. Prostate MRI with a PI-RADS 2 PZ score. A: axial T2W, a linear hypointensity area is seen (asterisk). B: axial T1 DWI, b = 1400 mm/s2  

(asterisk). C: ADC map (asterisk). D: axial T1W post-contrast with discrete enhancement (asterisk), not different from the remaining PZ. Follow-up 
showed stability for more than 2 years, presumably with chronic prostatitis.
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PCa: prostate cancer; PI-RADS: Prostate Imaging 
Reporting and Data System; PZ: peripheral zone; T1W: T1-weighted; T2W: T2-weighted.

A

C D

Figure 5. Prostate MRI with a PI-RADS score of 3+1 in the PZ. A: a hypointense area is seen on T2W (asterisk). B: with a subtle high signal 
in DWI (b = 1400 mm/s2) (asterisk). C: low signal in the ADC map (asterisk). D: marked enhancement on the DCE, delimiting an area with a 
longest axis of 2.4 cm (arrow). It is important to remember that all PI-RADS 3+1 will be the final score 4, regardless of size. The follow-up 
showed stability for more than 2 years, presumably a chronic prostatitis.
ADC: apparent diffusion coefficient; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PCa: prostate cancer; 
PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W: T2-weighted.
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Figure 6. Prostate MRI with a PI-RADS score of 4 in the PZ. A: a well-defined nodule with hypointensity on the T2W axial (asterisk). B: marked 
focal hyperintensity in the DWI (asterisk). C: marked focal hypointensity on the ADC map (asterisk). D: on the DCE, the enhancement is earlier 
and stronger than in a normal PZ (asterisk). The subsequent fusion biopsy confirmed an ISUP 2 prostate adenocarcinoma.
ADC: apparent diffusion coefficient; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted imaging; ISUP: International Society of Urological Pathology;  
MRI: magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W: T2-weighted.

D

A B

C

Figure 7. Prostate MRI with a PI-RADS score of 5 in the PZ. A: an extensive lesion in the mid-portion of the prostate, with diffuse hypointensity 
in the axial T2W in the PZ of both lobes with gross extraprostatic extension (asterisk), involving the left neurovascular bundle. B: marked high 
signal in the DWI (asterisk). C: low signal on the ADC map (asterisk). D: DCE image shows early enhancement of the lesion (asterisk). The 
subsequent biopsy confirmed an ISUP 4 prostate adenocarcinoma.
ADC: apparent diffusion coefficient; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted imaging; ISUP: International Society of Urological Pathology;  
MRI: magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W: T2-weighted.

D

A B

C
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Figure 8. Prostate MRI with a PI-RADS score of 2 in TZ. A: an encapsulated nodule in the TZ of the mid-gland on the right (asterisk), with 
mild hypointensity in the axial T2W (asterisk). B: marked diffusion restriction, with high signal on DWI (asterisk). C: marked low signal on the 
ADC (asterisk). D: on the DCE image, the enhancement of the lesion is similar to the remaining TZ (asterisk). Follow-up examination showed 
stability for more than 2 years, probably a benign hyperplasia nodule.
ADC: apparent diffusion coefficient; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PI-RADS: Prostate 
Imaging Reporting and Data System; PZ: peripheral zone; TZ: transition zone; T2W: T2-weighted.

D

A B

C

Figure 9. Prostate MRI with a PI-RADS score of 5 in the TZ. A: a non-encapsulated area in the anterior TZ extending through the entire mid-gland, 
including the PZ, with hypointensity in the axial T2W (asterisk). B: marked restriction, hyperintensity in the DWI (asterisk). C: hypointensity on 
the ADC map with a size of 1.5 cm in the axial plane (asterisk). D. post-contrast image with early enhancement of the lesion (asterisk).
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and Data System; 
TZ: transition zone; T2W: T2-weighted.
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explored the integration of artificial intelligence algo-
rithms into bpMRI to improve its performance26.

Application of PI-RADS in bpMRI

In the absence of DCE, PI-RADS assessment in bpMRI 
relies exclusively on T2W and DWI sequences (Figure 10). 
The protocol follows these guidelines:

PeriPheral zone (Pz)

•	 DWI is the dominant sequence.
•	 Focal lesion with restricted diffusion, low signal in 

apparent diffusion coefficient (ADC) and high sig-
nal on DWI with high b-value is categorized as 
PI-RADS 4 or 5 depending on the degree of re-
striction and size of the lesion27,28.

•	 Lesion without significant restriction or inconclusive 
DWI findings remain PI-RADS 3 and require cor-
relation with other clinical data (e.g. prostate- 
specific antigen level)23.

TransiTion zone (Tz)

•	 T2W is the dominant sequence.
•	 Suspicious lesions appear as poorly-defined 

hypointense areas with an infiltrative pattern or 
irregular margins16.

•	 Well-encapsulated, homogeneous nodules are 
generally classified as PI-RADS 1 or 2.

•	 Lesions with poorly defined margins and moderate 
hypointensity can be classified as PI-RADS 3, with 
DWI restriction serving as a complementary criterion 
to increase malignant suspicious lesion (PI-RADS 4 
or 5)23,29.

Borderline lesion

•	 In inconclusive findings, bpMRI may be supple-
mented with additional clinical data or followed by 
mpMRI for diagnostic confirmation, especially in 
high-risk patients.

The application of PI-RADS in bpMRI requires exper-
tise and a detailed understanding of the classification 
criteria27. Despite its limitations, bpMRI is a valuable 
alternative in settings where mpMRI is not feasible and 
offers a cost-effective and efficient approach to detect-
ing clinically significant prostate cancer.

Score assignment is a challenging task that improves 
significantly with the radiologist´s experience. A detailed 
discussion of lesions that mimic PCa and the main 

Figure 10. Prostate bpMRI of a PCa with a PI-RADS score of 4 in 
the PZ. A: a subcapsular, crescentic lesion is seen in the right 
mid-gland, paramedian, with low signal in axial T2W (arrow).  
B: high signal in the DWI (arrow). C: low signal in the ADC map 
(arrow). The subsequent fusion biopsy confirmed an ISUP 2 pros-
tate adenocarcinoma. 
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; bpMRI: 
biparametric  magnetic resonance imaging; ISUP: International Society of 
Urological Pathology; PCa: prostate cancer; PZ: peripheral zone; PI-RADS: 
Prostate Imaging Reporting and Data System; T2W: T2-weighted.
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causes of missed lesions is beyond the scope of this 
article. However, readers can explore this topic further 
by consulting the reference by Purysko et al.18.

DIAGNOSTIC ACCURACY OF PI-RADS 
V2.1

Although the diagnostic accuracy of a method depends 
on who performs it, it is always helpful to have reference 
values for the tool, even if these are derived from ideal 
scenarios with experienced examiners. The diagnostic 
accuracy of PI-RADS has shown considerable variation 
in the literature30. However, the average sensitivity  
and negative predictive value of PI-RADS consistently fall 
within highly favorable range, justifying its widespread 
use as an initial assessment tool for PCa31,32. It is  
worth noting that diagnostic accuracy values for MRI  
generally refer to clinically significant cancers, unless 
explicitly stated otherwise. Despite varying definitions 
in the literature, this generally refers to lesions with  
an International Society of Urological Pathology (ISUP) 
score of ≥ 233.

A recent meta-analysis and systematic review by 
Oerther et al.34 focusing exclusively on PI-RADS ver-
sion 2.1 data and clinically significant cancers has 
made an important contribution to this topic. This study 
analyzed data from over 70 studies with more than 
13,000 patients. Using a PI-RADS cutoff score of ≥ 3, 
the study found a sensitivity of 96% and a specificity 
of 43%, with an area under the curve (AUC) of 0.86 
(95% CI: 0.75-0.93). When the cutoff was adjusted to 
PI-RADS ≥ 4, sensitivity decreased to 89%, while spec-
ificity increased to 66%, resulting in an AUC of 0.89 
(95% CI: 0.85-0.92).

The study by Oerther et al.34 also highlighted a 
well-documented limitation of MRI and PI-RADS in the 
assessment of PCa: the low positive predictive value 
(PPV) of the method35,36. At a cut-off score of ≥ 3, the 
PPV for clinically significant lesions at the patient level 
was 63%. However, when the cut-off was raised  
to PI-RADS ≥ 4, the PPV decreased to 25%. These 
results are consistent with previous studies that empha-
sized the excellent sensitivity and negative predictive 
value of the method while acknowledging its limitation 
in terms of PPV37.

Another critical parameter that provides useful guid-
ance to practitioners is the cancer detection rate 
(CDR). Of course, the CDR varies according to the 
PI-RADS score assigned to each lesion38. In the  
study by Oerther et al.34 the CDR for PI-RADS 1, 2, 3, 
4, and 5 lesions was 6%, 5%, 19%, 54%, and 84%, 

respectively. These figures are consistent with those 
reported by Park et al.39 in a 2021 systematic review, 
in which the CDR for scores 1 to 5 were 2%, 4%, 20%, 
52% and 89%, respectively.

Another important consideration is the comparison 
between bpMRI and mpMRI techniques. Numerous 
previous studies have concluded that the diagnostic 
accuracy of the two approaches is equivalent. This 
result was also confirmed by Oerther et al.34. However, 
certain scenarios require the use of contrast-enhanced 
sequences to maximize the benefit of MRI. In cases 
where metallic prostheses are used in the pelvis (espe-
cially in the hip) causing magnetic susceptibility arti-
facts, or in obese and/or large patients with a reduced 
signal-to-noise ratio (SNR), gadolinium-based con-
trast-enhanced sequences are crucial to overcome the 
limitations of low-quality diffusion sequences in such 
situations40.

FUTURE DEVELOPMENTS AND 
PERSPECTIVES FOR PI-RADS

The introduction of MRI in the management of PCa 
has standardized both image acquisition and report-
ing35. However, even with the current version 2.1 of 
PI-RADS, there is still considerable interobserver vari-
ability in examination description and conclusions, 
which affects patient risk stratification30,33.

Advances related to MRI and PI-RADS include the 
development of the MRI Diagnostic Pathway41. This term 
refers to the diagnostic approach for patients with sus-
pected PCa, that integrates epidemiologic data and 
imaging studies—particularly MRI—to determine the 
most effective strategy for either to confirm or rule out 
PCa42. Notably, international organizations already 
 recommend MRI of the prostate as an initial diagnostic 
tool for patients, especially for those who have not 
undergone a prostate biopsy. Studies such as PROMIS43, 
PRECISION12 and MRI First37 have demonstrated the 
benefits of MRI prior to biopsy, including higher detection 
rates of clinically significant cancers and lower detection 
of non-clinically significant ones.

Despite these advances, progress in the field contin-
ues and includes: a) the adoption of quality standards 
for image analysis; b) the use of more advanced 
post-processing techniques; c) the integration of artifi-
cial intelligence tools at different stages, from image 
acquisition to interpretation, and d) the development of 
systems in parallel with PI-RADS, such as Pi-QUAL44 

for image quality assessment and PRECISE45 for 



J Mex Fed Radiol iMaging. 2025;4(1):4-15

14

monitoring patients under active surveillance. Both sys-
tems have already reached their second version.

In this evolving context, discussions are underway 
about the necessity for a new version of PI-RADS that 
takes into account, if not all, at least some of these 
advancements. The American College of Radiology 
(ACR) committee responsible for RADS has adopted 
a more restrictive policy regarding changes to the scor-
ing system it sponsors46. Nevertheless, there are a 
number of publications that highlight important consid-
erations for a future version of PI-RADS. These con-
siderations include: a) improvements to T2W and DWI 
sequences, particularly with the advent of synthetic 
diffusion techniques that improve the reliability of 
bpMRI examinations47. 

The Prime study, a prospective multi-institutional trial, 
is currently comparing the diagnostic accuracy of bpMRI 
and mpMRI and is expected to provide concrete data in 
this area; b) standardization of diagnostic approaches 
based on MRI findings. Many experts advocate integrat-
ing clinical data —such as prostate-specific antigen 
density (dPSA)— to improve diagnostic accuracy. For 
example, PI-RADS category 3 currently indicates an 
indeterminate likelihood of clinically significant prostate 
cancer, leaving clinicians uncertain whether to recom-
mend a biopsy48. To address this issue, a new category 
(PI-RADS 3F) could be introduced that specifies fol-
low-up protocols, similar to Breast Imaging Reporting 
and Data System (BI-RADS) category 3 in breast imag-
ing, while reserving biopsies for cases with elevated 
dPSA; c) refinements to the lexicons developed for 
PI-RADS to improve the reproducibility of the classifi-
cation and promote more consistent clinical practice.

CONCLUSION

After 13 years of use, PI-RADS has proven to be a 
powerful tool for classifying and stratifying PCa risk 
and has fundamentally changed patient assessment. 
Detailed knowledge of the imaging findings is still 
essential to accurately interpret the results and deter-
mine the best course of action. On a broader scale, 
PI-RADS contributes to the standardization of clinical 
practice. This article provides an overview of the prin-
ciples that have promoted and sustained PI-RADS as 
an essential framework for the management of PCa.
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ABSTRACT

Breast cancer is a worldwide malignant disease that is heterogeneous in its macroscopic morphology and at the molecular 
level. Although mammography is the standard examination for diagnosis, breast magnetic resonance imaging (MRI) has the 
highest sensitivity for breast cancer detection. The indications for a breast MRI are diverse, with cancer staging being the 
most important. This pictorial essay presents a breast MRI acquisition and analysis protocol, supported by drawings of the  
morphologic features of mass and non-mass lesions based on the American College of Radiology Breast Imaging Reporting 
and Data System (BI-RADS) 5th Edition lexicon and the Kaiser score. Our institution includes the following sequences in the 
breast MRI protocol: T1-weighted spin-echo (SE), T2 fat-suppressed (FS), diffusion-weighted images (DWI), the apparent 
diffusion coefficient (ADC), T1 gradient echo (GE) with fat sat (FS), T1 dynamic contrast-enhanced (DCE) with gadolinium 
(Gd), time-signal intensity curve (kinetic curve), positive enhancement integral (PEI) values, maximum intensity projection 
(MIP) and the coronal T2 fast spin-echo (FSE). Experienced radiologists should interpret breast MRI in correlation with other 
imaging studies, such as a recent mammography and/or a breast ultrasound. This pictorial essay is published for educational 
purposes for radiologists and residents.

Keywords: Breast magnetic resonance imaging. Kaiser score. Breast cancer. MRI lexicon.

INTRODUCTION 

The global incidence of breast cancer is increasing at 
a rate of 3.1% annually1. This reflects the importance of 
screening examinations such as mammography and 
ultrasound and other tools such as breast magnetic 
resonance imaging (MRI) with contrast medium. Breast 
MRI has a high sensitivity of 94-100% for detecting 
breast cancer1,2. The main indications for breast MRI 

are patients with a recent diagnosis of breast cancer for 
staging and treatment planning; the follow-up of women 
with a personal history of breast cancer to detect recur-
rence or a new tumor; women with an intermediate or 
high risk (15-20%) of breast cancer, and a positive gene 
test or a positive family history. This pictorial essay 
presents a breast MRI acquisition and analysis protocol, 
supported by drawings of the morphologic features of 
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mass and non-mass lesions based on the American 
College of Radiology Breast Imaging Reporting and 
Data System (BI-RADS) 5th Edition lexicon and the 
Kaiser score. 

BREAST MRI ACQUISITION PROTOCOL

A 1.5T or higher MRI resonator is required to obtain 
images with higher spatial and temporal resolution. A 
dedicated breast coil is also essential to obtain images 
of adequate quality. Breast coils usually have between 
4 and 16 channels3,4.

Acquisition protocols may vary from institution to 
institution, but essential sequences such as T1-weighted 
spin echo (SE), T2 fat-suppressed (FS), diffusion- 
weighted images (DWI), T1 dynamic contrast-enhanced 
(DCE) with gadolinium (Gd), and kinetic curve must be 
performed3,5,6. Some additional sequences are per-
formed in some centers, such as Ultrafast and T2 turbo 
inversion recovery magnitude (TIRM)5,6.

Our institution includes the following sequences in 
the breast MRI protocol: T1-weighted SE, T2 FS, DWI, 
apparent diffusion coefficient (ADC), T1 gradient echo 
(GE) with FS, T1 DCE with Gd, T1 DCE with Gd and 
subtraction, maximum intensity projection (MIP), posi-
tive enhancement integral (PEI) values, coronal T2 fast-
spin echo (FSE) and kinetic curve.

BREAST MRI ANALYSIS

After adequate and complete sequence acquisition, 
an image visualization and interpretation protocol is per-
formed6. Interpretation should be performed by radiolo-
gists with experience in breast imaging3. Breast MRI 
should be interpreted in correlation with other imaging 
studies such as a recent mammography and/or breast 
ultrasound7. Image visualization should be performed 
on medical-grade monitors. 

We recommend the following sequence screen arran-
gement with 8 simultaneous images in two rows: an 
upper row with 4 images and a lower row with 4 images. 
The sequences in the upper row, from left to right, are T1 
weighted SE, T2 FS, DWI, and ADC. The sequences in 
the bottom row are T1 DCE with Gd, T1 DCE with Gd and 
subtraction, PEI, and coronal T2 FSE, from left to right. 
The images should be linked so they can be displayed 
simultaneously and dynamically. This sequence visualiza-
tion protocol allows for accurate and efficient breast MRI 
interpretation. Breast MRI analysis should emphasize the 
advantages and benefits of each sequence.

The T1-weighted SE sequence is useful to assess 
normal breast anatomy (Figure 1). Fatty tissue appears 
hyperintense (bright), while lesions with fluid content, 
such as cysts or ectatic ducts, appear hypointense 
(dark). In the T2 FS sequence, fluids appear hyperin-
tense, which allows the identification of cysts, edema, 
or inflammatory processes (mastitis).

DWI measures water molecule movement through  
tissues and helps differentiate benign and malignant 
lesions. Cancer cells generally have a higher cell content 
and, therefore, restrict the movement of water molecules, 
which leads to a more intense DWI sequence signal. The 
ADC map is derived from the DWI sequence and rep-
resents the degree of diffusion of water molecules within 
tissues. A low ADC indicates a high cell density, which 
suggests a malignant breast lesion. Conversely, a high 
ADC value suggests a benign breast lesion2,4.

The T1 DCE with Gd highlights the areas where con-
trast is administered. This helps identify and character-
ize breast tissue lesions based on their vascularity. It 
is particularly useful for detecting malignant tumors, as 
these usually have higher blood flow and more contrast 
uptake than benign lesions.

The PEI sequence graphically represents a numerical 
value that measures the tissue perfusion of a contrast 
medium to highlight differences between normal and 
abnormal tissue. It can facilitate lesion detection and 
help differentiate between benign and malignant tumors. 
Kinetic curves characterize breast lesions by showing 
specific contrast uptake patterns and clearance. The 
coronal T2 FSE assesses the axillary lymph nodes in 
their three levels and the internal mammary chains.

BREAST MRI DESCRIPTION WITH THE 
ACR BI-RADS LEXICON

The general description of the composition based  
on the ACR BI-RADS 5th Edition8 includes the amount 
of fibroglandular tissue and background parenchymal 
enhancement. On the other hand, the description  
of abnormal findings includes focus, mass, non-mass 
lesion, intramammary lymph nodes, skin lesions, asso-
ciated features (non-enhancing findings, fat-containing 
lesions), the location, size, abnormal enhancement 
descriptors, and the kinetic curve8.

Suspected malignant lesions are difficult to describe. 
To facilitate and not forget the features to be identified 
and described on the breast MRI, we developed the 
chart in figure 2. The chart includes the descriptors of 
mass and non-mass lesions, the distribution patterns 
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Figure 1. Normal breast MRI findings. A: T1 weighted SE with heterogeneous fibroglandular tissue. B: T2 FS without hyperintense findings. 
C: DWI sequence and D: ADC with no restrictive lesion. E: T1 GE with FS shows normal breast tissue and no suspicious findings. F: T1 DCE 
with Gd and physiologic enhancement. G: T1 DCE with Gd and subtraction. No abnormal lesions are present. H: MIP with normal fibroglandular 
tissue and vascular enhancement. I: PEI without correlation of time-signal intensity curves and no suspicious findings. J: coronal T2 FSE with 
normal axillary lymph nodes (arrowheads).
ADC: apparent diffusion coefficient; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted images; FS: fat suppressed; FSE: fast spin echo; Gd: gadolinium; 
GE: gradient echo; MRI: magnetic resonance imaging; MIP: maximum intensity projection; PEI: positive enhancement integral; SE: spin echo.

A B

C D
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G H
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Figure 3. Drawings showing the difference between breast lesions. A: the mass is a three-dimensional, space-occupying lesion in the breasts. 
B: a non-mass lesion is an area of enhancement that does not meet the criteria for a mass, with a non-convex margin, interspersed fat, or 
fibroglandular tissue between the enhancement components.

A B

Mass Non-mass 
lesion

Distribution 
pattern

Shape
Oval
Round
Irregular

Margin
Circumscribed
Irregular
Spiculated

Enhancement

Homogeneous
Heterogeneous
Rim shape
Dark internal    
septations

SizeLarge axis 

Unifocal
Multifocal
Multicentric uniquadrant
Multicentric multiquadrant

Breast MRI 
features 

Root sign: Yes/No

Enhancement
Homogeneous
Heterogeneous
Clumped
Cluster ring

Large axis Size

Kinetic curve
Type 1
Type 2
Type 3Kinetic curve

Type 1
Type 2
Type 3

Distribution

Focal
Linear
Segmental
Regional
Multiple regions
Diffuse

Ipsilateral edema: Yes/No

Margin of non-mass lesion: 
Circumscribed/non-circumscribed

Kaiser score

Figure 2. Diagram showing the features of lesions examined by breast MRI according to BI-RADS lexicon. The characteristics described 
include those of a mass, namely the shape (oval, round and irregular), followed by the margin (circumscribed, irregular and spiculated), mass 
enhancement (homogeneous, heterogeneous, rim shape, dark internal septations), the size which must be measured in the long axis  
and expressed in millimeters or centimeters, and the kinetic curve type (1, 2, 3). For non-mass lesions, the descriptors are enhancement 
(homogeneous, heterogeneous, clumped and cluster ring), distribution (focal, linear, segmental, regional, multiple regions and diffuse), size, 
which must be measured in its longitudinal axis and reported in millimeters or centimeters and the kinetic curve type (1, 2, 3). The distribution 
pattern of the malignant lesion should be described (unifocal, multifocal, multicentric uniquadrant, or multicentric multiquadrant). As an 
additional tool, the Kaiser score of the lesions should be determined, considering some characteristics not mentioned in the BI-RADS, such 
as root sign (yes/no), ipsilateral edema (yes/no), and non-mass lesion margin (circumscribed and non-circumscribed).
BI-RADS: Breast Imaging Reporting and Data System; MRI: magnetic resonance imaging.
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Figure 4. T1 DCE with Gd and drawings showing the three types of mass lesion morphology, the three types of margins, and the classification 
of mass lesion enhancement. Morphology. A: oval, elliptical, or ovoid shape with two or three undulations. B: round: spherical, circular, or 
globular. C: irregular, neither round nor oval, usually represents a suspicious malignant finding. Margin. D: circumscribed with a clear deli-
mitation; an abrupt transition between the lesion and surrounding tissue is recognizable. The entire margin must be well-defined. E: irregular 
is pointed but not spiculated. F: spiculated with lines that radiate from the center to the periphery. This is a suspicious malignant lesion. 
Enhancement. G: heterogeneous with non-uniform enhancement but showing areas of varying signal intensity. H: homogeneous with uniform 
and confluent enhancement. I: rim shape is most pronounced at the periphery of the mass. J: dark internal septations with dark hypointense 
internal septa with non-enhancing lines located within a mass.
DCE: dynamic contrast-enhanced; Gd: gadolinium.
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Figure 5. T1 DCE with Gd and drawings of the different types of non-mass lesion enhancement. A: homogeneous is confluent and uniform 
(arrow). B: heterogeneous is not uniform. It has a random distribution separated by areas of normal or fatty breast parenchyma (arrow).  
C: clumped with enhancement in lumps of different shapes and sizes and some confluent areas. It is suspicious of a malignant lesion (arrow). 
D: cluster ring with thin enhancement rings grouped around the ducts. It is suspicious of a malignant lesion (arrow).
DCE: dynamic contrast-enhanced; Gd: gadolinium.
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Figure 6. T1 DCE with Gd and drawings of the distribution of non-mass lesions: A: focal is limited to a sector with internal enhancement that 
is not considered nodular (arrow). B: linear with appearance of a straight line or a line those branches (arrow). C: segmentary is triangular 
or conical with the apex towards the nipple (triangle). D: regional, comprising more than one duct system, occupies at least one quadrant) 
(circle). E: multiple regions with several regions of enhancement in two large sectors separated from normal tissue (arrows). F: diffuse is 
randomly distributed over the entire breast (circle).
DCE: dynamic contrast-enhanced; Gd: gadolinium.

A B

C D

E F

of malignant breast lesions8,9, the Kaiser score, and its 
unique descriptors10-12. 

According to the chart, the first step is to differentiate 
between a mass and non-mass lesion, keeping in mind 
that a mass is a three-dimensional, space-occupying 
lesion in the breast and a non-mass lesion is an area of 
enhancement that does not meet the criteria for a mass 
or focus, such as a non-convex margin or interspersed 
fat or fibroglandular tissue between the enhancement 
components8 (Figure 3). 

The features of the mass described are shape, mar-
gin, enhancement, size, and kinetic curve. The unique 
and distinctive characteristics of the mass are its shape, 
margin, and enhancement. The shape may be oval (lob-
ulated, elliptical, or ovoid, without or with two or three 
undulations), round (spherical, circular, or globular), or 

irregular, neither round nor oval, and is usually a suspi-
cious, malignant finding (Figure 4). The margin may be 
circumscribed if there is a clear delimitation, with an 
abrupt transition between the lesion and surrounding 
tissue, and the entire margin must be well defined; irreg-
ular if they are pointed but not spiculated; and spiculated 
on this type of lesion shows lines radiating from the 
center to the periphery and is a suspicious finding. 
Enhancement may indicate the likelihood of a malignant 
lesion. Homogeneous and dark internal septations are 
usually benign, non-suspicious lesions, in contrast to 
heterogeneous margin enhancement, which is a suspi-
cious finding for malignancy8.

Enhancement, distribution, size, and kinetic curve are 
descriptive features that distinguish non-mass lesions. 
Enhancement can be homogeneous if it is confluent 
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and uniform and heterogeneous if it is not uniform, has 
a random distribution, and is separated by areas of 
normal or fatty breast parenchyma. Clumped enhance-
ment, a suspicious malignant finding, occurs in clumps 
of different shapes and sizes and some confluent areas 
develop. Clustered ring enhancement occurs when thin 
rings of enhancement are grouped around the ducts, it 
is a suspicious malignant finding (Figure 5).

The distribution can be focal, linear, segmental, in 
multiples regions, or diffuse. The term focal means it is 
confined to one sector of internal enhancement and  
is not considered nodular. By definition, it occupies 
less than one breast quadrant8 (Figure 6). Linear if the 
appearance is a straight or branching line; seg mental, 
if it is triangular or conical with the tip pointing towards 
the nipple; regional if it involves more than one ductal 
system and occupies at least one quadrant; multiple 

regions if several regions of enhancement are sepa-
rated from normal tissue in two large sectors; diffuse if 
it is randomly distributed throughout the breast.

Features that are similar between mass and non-
mass lesions and evaluated similarly are size and the 
kinetic curve. Size must be measured in the three axes 
where the largest diameter is determined and expressed 
in millimeters or centimeters (Figure 7).

The kinetic curves are those in which DCE MRI uses 
a temporal signal intensity curve obtained from repeated 
MRI scans after the injection of a contrast agent. They 
are useful for detecting breast cancer due to their high 
sensitivity3. The behavior of the initial phase (slow, 
medium, or fast) and the late phase (persistent, plateau, 
or washout) is analyzed. The kinetic curve can be  
presented in three types (Figure 8). The persistent  
curve (type 1) shows a progressive increase in the 

Figure 7. Drawing and T1 DCE with Gd show how the lesion’s diameter is measured in the three planes. A: transverse diameter in the axial 
plane (green line). B: anteroposterior diameter in the sagittal plane (green line). C: cephalocaudal diameter in the coronal plane (green line).
DCE: dynamic contrast-enhanced; Gd: gadolinium.

A B C
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enhancement curve in the early and delayed T1- 
weighted SE. It is not considered suspicious of breast 
malignancy. The plateau curve (type 2), if there is no 
further increase in signal intensity on T1-weighted SE 
images in the delayed phase after the early signal 
increase, is considered doubtful for malignancy, and the 
washout curve (type 3) if the signal intensity on delayed 
images decreases after the early signal increase. It is 
considered suspicious for malignancy12.

DISTRIBUTION PATTERNS OF 
MALIGNANT BREAST LESIONS

Four distribution patterns of malignant breast lesions 
have been described9: a unifocal pattern (UF): a single 
lesion in a single breast regardless of its location; a 
multifocal pattern (MF): ≥ 2 lesions in a single breast in  
a single quadrant with a distance < 5 cm; a multicentric 
uniquadrant pattern (MCUQ): ≥ 2 lesions in a single  

Figure 8. Examples of the different types of kinetic curves with their respective T1 DCE with Gd and PEI values. A: type 1, persistent curve, 
Kaiser score of 6, BI-RADS category 4. B: type 2, plateau curve, Kaise score of 7, BI-RADS category 4. C: type 3, washout curve, Kaiser score 
of 11, BI-RADS category 5. 
BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast-enhanced; Gd: gadolinium; PEI: positive enhancement integral.
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Figure 9. The root sign is an additional tool described in the Kaiser score. It is a spiculated extension of the lesion margin, even if the rest is 
smooth. It can help differentiate malignant from benign lesions. The presence of the root sign increases the probability of malignancy. A: T1 
DCE with Gd showing a non-mass focal lesion with a root sign. B: T1 DCE with Gd with an irregular mass with a root sign. 
DCE: dynamic contrast-enhanced; Gd: gadolinium.

A

B

breast in a single quadrant with a distance > 5 cm;  
and a multicentric multiquadrant pattern (MCMQ): ≥ 2 
lesions in a single breast in ≥ 2 quadrants regardless 
of their distance.

DESCRIPTION OF THE KAISER SCORE

The Kaiser score includes some morphologic and 
kinetic characteristics of the BI-RADS lexicon to rate 
breast MRI lesions, such as enhancement (present or 
not), margin in masses (circumscribed, irregular, or spi-
culated), and the kinetic curve (type 1, 2, or 3). The 
Kaiser score also includes the root sign, edema, and 
the margin of a non-mass lesion (circumscribed or non- 
circumscribed)10,11,13,14. 

The root sign, a spiculated extension from the margin 
of the lesion, even if the rest of the margin is smooth, 

can vary from a single spike to multiple spiculations. 
This finding increases the likelihood of breast malig-
nancy12-14 (Figure 9).

Another feature that the Kaiser score considers is 
ipsilateral edema (present or not), which is seen as a 
high signal intensity on T2 FS images; only if it is ipsi-
lateral or not is it considered (Figure 10). It is important 
to know if it is focal, which can indicate greater tumor 
invasiveness. There are three types of focal edema: 
peritumoral, prepectoral, and subcutaneous. Benign 
and malignant etiologies can cause diffuse edema.

The Kaiser score is determined with a virtual calcula-
tor available at https://school-of-radiology.com/kaiser- 
score/15. This calculator follows a flowchart practically 
and functionally as a step-by-step guide that asks key 
questions about the described breast characteristics. 
The questionnaire first asks if the lesion enhances or not. 

https://school-of-radiology.com/kaiser-score/15
https://school-of-radiology.com/kaiser-score/15
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Figure 10. T1 DCE with Gd (left column) and T2 FS (right column) examples of the types of enhancement and edema. A: multiple irregular,  
oval masses in the right breast with rim shape enhancement (dotted circle). There is associated subcutaneous edema (white arrow).  
B: an irregular, oval mass in the right breast with heterogeneous enhancement (dotted circle). Prepectoral edema is associated (white arrow). 
C: irregular mass lesion in the right breast with heterogeneous enhancement (dotted circle). There is associated peritumoral edema (white 
arrow). D: irregular and spiculated mass in the right breast with rim shape enhancement. There is no edema (white arrow).
DCE: dynamic contrast-enhanced; FS: fat suppressed; Gd: gadolinium.
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If not, the Kaiser score is not applicable and will be 
ended. If the answer is yes, it proceeds to the second 
question in which a distinction is made between mass 
and non-mass lesions15. If the lesion is a mass, it will 
ask if it has spiculations, referring to the root sign. The 
next question will be the type of kinetic curve (1, 2, or 
3). If you select 1, the questionnaire will end. If you select 
curves 2 or 3, you will proceed to the last question, 
which defines if there is ipsilateral edema. This is the 
end of the questionnaire15.

When the answer is a non-mass lesion, the next 
question will be if it has spiculations, referring again to 
the root sign. The next question is the type of kinetic 
curve (1, 2, or 3). If you select 1 or 2, it will ask you one 
last question about whether the margins are circum-
scribed. After this, it will finish and give you a result; 
however, if the answer is curve 3, the next and last 
question will change to confirm if there is homogeneous 
centrifugal or non-homogeneous centripetal enhance-
ment. The questionnaire ends at this point15.

Each of these findings has a score, and the combi-
nation of these criteria sums up to a Kaiser score of  
1 to 11, which can be related to the probability of  
malignancy. It is translated into a BI-RADS categories: 
Kaiser score of 1-4 = BI-RADS category 2 or 3; Kaiser 
score of 5-7 = BI-RADS category 4; and Kaiser score 
of 8-11 = BI-RADS category 5.

CONCLUSION

This pictorial essay presents a breast MRI acquisition 
and analysis protocol, supported by drawings of the 
morphologic features of mass and non-mass lesions 
based on the updated ACR BI-RADS 5th Edition lexicon 
and Kaiser scoring. This pictorial essay is published for 
educational purposes for radiologists and residents. 
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ABSTRACT

Currently, the American College of Radiology (ACR) Breast Imaging Reporting and Data System (BI-RADS) 5th 
Edition lexicon is widely used for the interpretation of breast lesions on magnetic resonance imaging (MRI). It is 
known worldwide and should be used by all radiologists who specialize in breast imaging. However, it is not 
always easy to interpret the specific imaging features of the BI-RADS ACR categories. In addition, other syste-
matic methods can improve the diagnostic accuracy of breast MRI, such as the Kaiser score, a widely used 
clinical decision aid based on the BI-RADS lexicon, which has a high diagnostic accuracy in classifying mass 
and non-mass breast lesions. The MRI report should be concise, clear and provide important details about the 
breast lesions. This technical note aims to provide a standardized structured report template using the ACR BI-
RADS 5th Edition lexicon and Kaiser score to increase clarity and completeness.

Keywords: Breast magnetic resonance imaging. Breast Imaging Reporting and Data System. Kaiser score. Breast cancer. 
MRI lexicon.

INTRODUCTION

A tree-shaped evaluation of breast magnetic reso-
nance imaging (MRI) findings to differentiate benign 
from malignant imaging findings was first described in 
1997 by Nuñez et al.1 with a model based on architec-
tural features of breast lesions. Another approach was 
proposed in 2002 by the Göttingen group with 5 criteria 
to define and evaluate a category for contrast-enhanced 
MRI2 that mimics the categories used in mammogra-
phy3. In 2003, the American College of Radiology (ACR) 

included a chapter in the fourth edition of the Breast 
Imaging Reporting and Data System (BI-RADS) 
describing breast MRI with a lexicon and categories for 
mass and non-mass breast lesions. This chapter was 
updated in the 5th edition of 20134. On the other hand, 
the Kaiser score diagnostic criteria align with the 
BI-RADS lexicon for MRI were published in 2013. The 
Kaiser score has proven its value in aiding radiologists 
in clinical decision making and in differentiating between 
benign and malignant enhanced lesions on breast 
MRI5. The Kaiser score has shown a high specificity 

https://orcid.org/0009-0003-0888-543X
https://orcid.org/0000-0002-5153-2360
https://orcid.org/0009-0001-5802-3868
https://orcid.org/0009-0004-6525-0809
https://orcid.org/0009-0009-3872-5297
https://orcid.org/0000-0002-6081-6947
https://orcid.org/0009-0008-5472-422X
https://orcid.org/0009-0003-5058-0111
https://orcid.org/0000-0002-4595-4989
https://orcid.org/0000-0003-1085-3835
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.JMeXFRI.com
https://crossmark.crossref.org/dialog/?doi=10.24875/JMEXFRI.M25000096&domain=pdf
http://dx.doi.org/10.24875/JMEXFRI.M25000096


I.M. Sanchez-Carenzo-Velez et al. Standardized structured breast MRI report

29

for lesion detection of 87.4% and a positive predictive 
value of 94%6-8. This technical note aims to provide a 
standardized structured reporting template using the 
BI-RADS 5th Edition lexicon and the Kaiser score to 
increase clarity and completeness.

RECOMMENDATIONS FOR A 
STANDARDIZED STRUCTURED BREAST 
MRI REPORT

The BI-RADS 5th Edition provides a standardized 
lexicon for the interpretation and classification of breast 
MRI lesions4,9-14. The lexicon contains appropriate terms 
for enhancement features and a standardized classifi-
cation of breast lesions. A general description of breast 
composition includes the amount of fibroglandular tis-
sue and parenchymal enhancement in the background. 
The description of the findings includes focus, mass, 
non-mass lesion, abnormal enhancement descriptors, 
intramammary lymph nodes, skin lesions, associated 
features (non-enhancing findings and fat-containing 
lesions), location, size and kinetic curve, and the pres-
ence of implants.

The Kaiser score, on the other hand, combines cri-
teria from the BI-RADS lexicon and other findings into 
a flowchart with 11 criteria for categorizing mass and 
non-mass breast lesions6,7. The Kaiser score has been 
validated and there is a freely available online calcula-
tor at https://school-of-radiology.com/kaiser-score8. 
The higher values of the Kaiser score reflect the 
increasing likelihood of malignancy and, together with 
the clinical context, aid in individual decision- making 
and are useful for therapeutic decision-making and 
prognosis6,7,15-17.

STANDARDIZED STRUCTURED BREAST 
MRI REPORT

We propose a standardized template for a structured 
breast MRI report, which is divided into several sec-
tions that are filled in with patient information in a spe-
cific order (Table 1) (Supplementary material, Table 1).

The first section is the simplest and shortest and 
includes the full name of the imaging examination and 
whether it is simple (unenhanced) or contrasted breast 
MRI. 

The second section states the reason for the exam-
ination: screening, diagnosis, staging, complementary, 
treatment evaluation and/or follow-up of breast cancer.

The third section contains information about the 
patient’s medical history, such as family and/or personal 

history. If breast cancer has been recently diagnosed, 
the histopathologic diagnosis and the date and location 
of previous imaging examinations should be included.

The fourth section contains information on the 
se quences and techniques used, including post- 
processing. 

The fifth section contains a general description 
starting with the breast composition: the amount of 
fibroglandular tissue, parenchymal enhancement in 
the background, and whether implants and/or artifacts 
are present.

The sixth section is one of the most important. Here 
the features of the visualized lesions are described. At 
this point, we proposed add the features described in 
the BI-RADS lexicon and the features taken into 
account in the Kaiser score, whether they are mass 
and/or non-mass lesions. This paragraph should 
include the affected side, the location (quadrant) of the 
breast lesion, the radius and the distance to the nipple. 
Mass features include shape, margin, root sign (yes/
no), enhancement, kinetic curve, size measured in the 
three axes, and ipsilateral edema (yes/no). The non-
mass features include enhancement, distribution, mar-
gins (circumscribed or not), root sign (yes/no), kinetic 
curve, size measured in three axes and ipsilateral 
edema (yes/no).

The seventh section describes the distribution pat-
tern: unifocal pattern, a multifocal pattern, a multi-
centric uniquadrant, or a multicentric multiquadrant18. 
The distribution pattern is only specified for malignant 
lesions. A digital blank template of breast MRI dia-
grams for reporting distribution patterns is provided 
(Supplementary material, Table 2).

The eighth section describes other associated  
features such as non-enhancing findings and fat- 
containing lesions and types of findings such as 
cysts, lipomas, hemangiomas, benign solid nodules, 
scars, benign skin lesions, or tissue marker clips. 

The ninth and tenth sections contain information on 
other soft tissue findings, including the skin, nipple, 
and nipple-areola complex19. For example, the skin 
may show edema, thickening, tumor involvement, inva-
sion, and/or retraction. The nipple and nipple-areola 
complex may have tumor involvement, invasion, and/
or retraction.

The eleventh section describes the axillary nodes in 
three levels and the internal mammary chain; in the 
case of abnormal lymph nodes, the number and the 
levels in which they are located.

The twelfth section contains further abnormalities that 
are relevant to the clinical context, such as metastases. 

https://school-of-radiology.com/kaiser-score
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Table 1. Standardized structured breast MRI report template

Description Patient information

Date and place:

Name of the patient:

Name of the referring physician:

 1. Name of the imaging examination.

 2.  Indication: screening, diagnosis, staging, complementary examination, 
evaluation of treatment or follow-up of breast cancer. 

 3.  Medical history: family and/or personal. If there is a history of breast 
cancer, indicate the histopathologic diagnosis and the date and location of 
previous examinations.

 4.  Examination technique: indicate the sequences performed and the 
techniques used for post-processing.

 5.  General description of breast composition: indicate the amount of 
fibroglandular tissue and parenchymal enhancement in the background.

 6.  Description of imaging findings including the ACR BI-RADS lexicon and 
features assessed by the Kaiser score, applies to each lesion(s) identified:
Mass: location (side, radius by clock time), distance from nipple, 
morphology, shape, margin, root sign (yes/no), enhancement, type of kinetic 
curve, size measured in the three axes, and ipsilateral edema (yes/no).
Non-mass: location (radius by clock time), distance from nipple, 
enhancement, distribution, margin (circumscribed or not), root sign (yes/no), 
type of kinetic curve and size measured on three axes and ipsilateral edema 
(yes/no).

 7.  Distribution pattern (only indicated for malignant lesions): unifocal pattern, 
multifocal pattern, multicentric uniquadrant pattern, or multicentric 
multiquadrant pattern.

 8.  Description of other associated features: non-enhancing findings and 
fat-containing lesions and types of findings, such as cysts, lipomas, 
hemangiomas, benign solid nodules, scars, benign skin lesions, or tissue 
marker clips.

 9.  Description of the skin: edema, thickening, tumor involvement, invasion, and/
or retraction. 

10.  Description of the nipple and nipple-areola complex:  tumor involvement, 
invasion, and/or retraction.

11.  Description of the axillary lymph nodes, three levels and the internal 
mammary chain: in the case of abnormal lymph nodes, indicate the number 
and levels in which they are located.

12.  Description of other abnormalities relevant to the clinical context, e.g., 
metastases.

13.  Conclusion: the most important information from the breast MRI examination 
is summarized.

14.  Kaiser scorea,b 

15.  BI-RADS: add the category based on findings, including recommendations.

16.  Name, signature, and license number of the radiologist who performed the 
breast MRI.

aBaltzer PA et al.8; bhttps://school-of-radiology.com/kaiser-score/8. 
ACR: American College of Radiology; BI-RADS: Breast Imaging Reporting and Data System; MRI: magnetic resonance imaging. 
Note: If your facility allows you to store important breast MRI images in the system, you should do so; the attending physicians will be grateful.

https://school-of-radiology.com/kaiser-score/
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Table 2. Example of a standardized structured breast MRI report for a benign lesion (Figure 1)

Description Patient information: example

Date and place:

Name of the patient:

Name of the referring physician:

 1. Name of the imaging examination. Contrast-enhanced breast MRI

 2.  Indication: screening, diagnosis, staging, complementary 
examination, evaluation of treatment or follow-up of breast cancer.

Diagnostic 

 3.  Medical history: family and/or personal. If there is a history of breast 
cancer, indicate the histopathologic diagnosis and the date and 
location of previous imaging examinations.

25-year-old female patient with a palpable lump in both 
breasts.
She has a positive familial risk factor for breast cancer (her 
sister was diagnosed at the age of 26).

 4.  Examination technique: indicate the sequences performed and the 
techniques used for post-processing.

T1-weighted SE, T2 FS, DWI, ADC, T1 GE with FS, T1 DCE 
with Gd, T1 DCE with Gd and subtraction, kinetic curve, PEI 
values, MIP and coronal T2 FSE sequences were performed.

 5.  General description of breast composition: indicate the amount of 
fibroglandular tissue and parenchymal enhancement in the 
background.

The breast composition is almost entirely fat, with mild and 
symmetrical background parenchyma enhancement.

 6.  Description of imaging findings including the ACR BI-RADS lexicon 
and features assessed by Kaiser score, applies to each lesion(s) 
identified:
Mass: location (side, radius by clock time), distance from nipple, 
morphology, shape, margin, root sign (yes/no), enhancement, type of 
kinetic curve, size measured in the three axes, and ipsilateral edema 
(yes/no).
Non-mass: location (radius by clock time), distance from nipple, 
enhancement, distribution, margin (circumscribed or not), root sign 
(yes/no), type of kinetic curve and size measured on three axes and 
ipsilateral edema (yes/no).

In the right breast, the main mass is located in the upper 
inner quadrant, in the radius at 11:00, 6 cm from the nipple; it 
is oval, circumscribed, without root sign and shows 
enhancement with dark internal septations without edema. 
Type 2 kinetic plateau curve. The mass measures 3.2 cm in 
anteroposterior diameter x 3.4 cm in craniocaudal diameter x 
2.0 cm in transverse diameter. 
Multiple oval, circumscribed masses in both breasts with the 
same features described.

 7.  Distribution pattern (only indicated for malignant lesions): unifocal 
pattern, multifocal pattern, multicentric uniquadrant, or multicentric 
multiquadrant pattern.

Not applicable.

 8.  Description of other types of findings: cyst, lipoma, hemangioma, 
benign solid mass, scar, benign skin lesion, tissue marker clip, 
non-enhancing findings and whether implants are present.

None

 9.  Description of the skin: edema, thickening, tumor involvement, 
invasion and/or retraction. 

None

10.  Description of the nipple and nipple-areola complex: tumor 
involvement, invasion and/or retraction.

None

11.  Description of the axillary lymph nodes, three levels and the internal 
mammary chain: in the case of abnormal lymph nodes, indicate the 
number and levels in which they are located.

None

12.  Description of other abnormalities relevant to the clinical context, 
e.g., metastases.

None

13.  Conclusion: the most important information from the breast MRI 
examination is summarized.

Multiple oval and circumscribed masses in both breasts 
contain benign features.

14. Kaiser scorea,b 2

15.  BI-RADS: add the category based on findings, including 
recommendations.

Category BI-RADS 2
Benign -Essentially 0% likelihood of malignancy 
Recommendations: consider clinical monitoring and, 
depending on the clinical findings, performing a breast 
ultrasound.

16.  Name, signature, and license number of the radiologist who 
performed the breast MRI.

aBaltzer PA et al.8; bhttps://school-of-radiology.com/kaiser-score/8.
ACR: American College of Radiology; ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast- 
enhanced; DWI: diffusion-weighted imaging;  FS: fat suppressed; FSE: fast spin echo; Gd: gadolinium; GE: gradient echo; MIP: maximum intensity projection; 
MRI: magnetic resonance imaging; PEI: positive enhancement integral; SE: spin echo. 
Note: If your facility allows you to store important breast MRI images in the system, you should do so; the attending physicians will be grateful.

https://school-of-radiology.com/kaiser-score/
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Figure 1. Breast MRI lesion in a 25-year-old woman with a palpable mass and a histopathologic diagnosis of fibroadenoma. A: T1 weighted SE shows 
a hypointense oval circumscribed mass in the upper inner quadrant of the right breast (dotted circle). B: T2 FS with hyperintense oval circumscribed 
mass in the upper inner quadrant of the right breast (dashed circle). C: DWI sequence and D: ADC without restriction in the topography of the lesion 
(dotted circles). E: T1 GE with FS shows an isointense oval circumscribed mass in the upper inner quadrant of the right breast (dotted circle). F: T1 
DCE with Gd and G: T1 DCE with Gd with subtraction with the lesion of interest in the right breast showing enhancement with dark internal septations 
(dotted circles). H: MIP with multiple oval and circumscribed masses in both breasts. Some show enhancement with dark internal septations, others 
show homogeneous uptake. The largest mass is 3.4 cm in size and is located in the inner upper quadrant of the right breast (dotted circle). I: PEI 
with correlation of time-signal intensity curves performed on the main lesion shows a type II plateau curve. J: coronal T2 FSE with normal lymph 
nodes in the axillary level (white arrowheads).  This mass corresponds to a Kaiser score of 2, BI-RADS category 2.
ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted images; 
FS: fat suppressed; FSE: fast spin echo; GE: gradient echo; Gd: gadolinium; MIP: maximum intensity projection; MRI: magnetic resonance imaging; PEI: positive 
enhancement integral; SE: spin echo.
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Table 3. Example of a standardized structured breast MRI report for a malignant breast lesion (Figure 2)

Description Patient information: example

Date and place:

Name of the patient:

Name of the referring physician:

 1.  Name of the imaging examination. Contrast-enhanced breast MRI 

 2.  Indication: screening, diagnosis, staging, complementary 
examination, evaluation of treatment or follow-up of 
breast cancer.

Diagnostic 

 3.  Medical history: family and/or personal. If there is a 
history of breast cancer, indicate the histopathologic 
diagnosis and the date and location of previous imaging 
examinations.

34-year-old female patient with a palpable lump in the right breast. 
She has a positive family history of breast cancer (her sister was 
diagnosed at the age of 40).

 4.  Examination technique: indicate the sequences 
performed and the techniques used for post-processing.

T1 weighted SE, T2 FS, DWI, ADC, T1 GE with FS, T1 DCE with Gd, T1 
DCE with Gd and subtraction, kinetic curve, PEI values, MIP and coronal 
T2 FSE sequences were performed.

 5.  General description of breast composition: indicate the 
amount of fibroglandular tissue and parenchymal 
enhancement in the background.

The breast composition is heterogeneous fibroglandular tissue with 
minimal and symmetrical background parenchyma enhancement.

 6.  Description of imaging findings including the ACR 
BI-RADS lexicon and features assessed by Kaiser score, 
applies to each lesion(s) identified:
Mass: location (side, radius by clock time), distance from 
nipple, morphology, shape, margin, root sign (yes/no), 
enhancement, type of kinetic curve, size measured in the 
three axes, and ipsilateral edema (yes/no).
Non-mass: location (radius by clock time), distance from 
nipple, enhancement, distribution, margin (circumscribed 
or not), root sign (yes/no), type of kinetic curve and size 
measured on three axes and ipsilateral edema (yes/no).

There are three masses in the right breast: mass #1 is located in the 
upper outer quadrant at 10:00, 5 cm from the nipple, is irregular in 
morphology and margin, without root sign, with heterogeneous 
enhancement and has a late plateau phase (kinetic curve type 2). It 
measures 4.3 cm in anteroposterior diameter, 3.1 cm in craniocaudal 
diameter, and 2.4 cm in transverse diameter. Mass #2 is located in the 
upper inner quadrant, at 2:00 of the clock, 4 cm from the nipple, and is 
irregular in morphology and margin, with root sign, heterogeneous 
enhancement and a late plateau phase (kinetic curve type 2). It 
measures 2.7 cm in anteroposterior diameter, 4.5 cm in craniocaudal 
diameter and 2.7 cm in transverse diameter. Mass #3 is located in the 
lower inner quadrant at 8:00 of the clock, 2 cm from the nipples and is 
irregular in morphology and margin, without root sign, heterogeneous 
enhancement and a late plateau phase (kinetic type 2 curve). It 
measures 4.6 cm in anteroposterior diameter, 4.0 cm in craniocaudal 
diameter, and 4.0 cm in transverse diameter. There is ipsilateral edema.
They show diffusion restriction with a very low ADC value between 0.480 
and 0.633 x 10–³ mm2/s.
In addition, further small irregular hyperenhanced masses are observed 
in both upper quadrants. These findings are associated with diffuse 
subcutaneous prepectoral edema and pectoral edema. 

 7.  Distribution pattern (only indicated for malignant lesions): 
unifocal pattern, multifocal pattern, multicentric 
uniquadrant, or multicentric multiquadrant pattern.

Multicentric multiquadrant pattern.

 8.  Description of other associated features: cyst, lipoma, 
hemangioma, benign solid mass, scar, benign skin lesion, 
tissue marker clip, non-enhancing findings and whether 
implants are present.

None

 9.  Description of the skin: edema, thickening, tumor 
involvement, invasion, and retraction. 

There is thickening of the skin. 

10.  Description of the nipple and nipple-areola complex: 
tumor involvement, invasion, and retraction. 

Thickening of the nipple-areola complex.

11.  Description of the axillary lymph nodes, three levels and the 
internal mammary chain: in case of abnormal lymph nodes, 
indicate the number and levels in which they are located.

Three abnormal lymph nodes with cortical thickening of up to 7 mm at 
level I are observed in the right axillary region.

(Continued)
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Description Patient information: example

12.  Description of other abnormalities relevant to the clinical 
context, e.g., as metastases.

No other relevant abnormalities were found in the anatomical 
structures.

13.  Conclusion: the most important information from the 
breast MRI examination is summarized.

Highly suggestive of a malignancy in the right breast, multicentric 
multiquadrant pattern with ipsilateral lymph node involvement. It is 
also associated with diffuse thickening and edema of the skin and 
nipple-areola complex.

14. Kaiser scorea,b 10

15.  BI-RADS: add the category based on findings, including 
recommendations.

Category BI-RADS 5
Highly suggestive of malignancy, ≥ 95% likelihood of malignancy.  
A breast biopsy is recommended.

16.  Name, signature, and license number of the radiologist 
who performed the breast MRI.

aBaltzer PA et al.8; bhttps://school-of-radiology.com/kaiser-score/8.
ADC: apparent diffusion coefficient; ACR: American College of Radiology; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic 
contrast-enhanced; DWI: diffusion-weighted imaging; FS: fat suppressed; FSE: fast spin echo; Gd: gadolinium; GE: gradient echo; MIP: 
maximum intensity projection; MRI: magnetic resonance imaging; PEI: positive enhancement integral; SE: spin echo. 
Note: If your facility allows you to store important breast MRI images in the system, you should do so; the attending physicians will be grateful.

The thirteenth section is the conclusion, which sum-
marizes the most important information about the main 
breast MRI lesion(s). 

The Kaiser score is added in section fourteen. It  
can be accessed on the virtual platform: https://school- 
of-radiology.com/kaiser-score14. It is easy to use and 
contains intuitive questions about specific lesion fea-
tures. When the algorithm is completed, the result of 
the Kaiser score for a specific case and the corre-
sponding BI-RADS recommendation is displayed. 

The BI-RADS categories and recommendations  
are described in section fifteen4: Category 1: Negative –  
Essentially 0% likelihood of malignancy; Category 2: 
Benign – Essentially 0% likelihood of malignancy; 
Category 3: Probably benign – ≥ 0% but ≤ 2% likeli-
hood of malignancy; Category 4: Suspicious – > 2%  
but < 95% likelihood of malignancy; Category 5: 
Highly suggestive of malignancy – ≥ 95% likelihood 
of malignancy; and Category 6: Known biopsy-proven 
malignancy N/A.

Finally, in section sixteen, the radiologist who inter-
preted the breast MRI provides name, signature, and 
license number.

Table 2 describes the standardized structured tem-
plate for the breast MRI report using the example of a 
25-year-old woman with multiple lumps in the breast 
and a histopathologic diagnosis of benign fibroade-
noma (Figure 1). 

Table 3 describes the standardized structured breast 
MRI report template using the example of a 34-year-old 
woman with a breast mass and a histopathologic 

diagnosis of no special type (NST) luminal B infiltrating 
carcinoma (Figure 2).

CONCLUSION

This evidence-based technical note provides a 
standardized structured report template using the 
ACR BI-RADS 5th Edition lexicon and Kaiser score 
to improve clarity and completeness. A supplemental 
digital template for the standardized structured breast 
MRI report and the breast cancer distribution patterns 
are available for download.
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Figure 2. Breast MRI lesion in a 34-year-old woman with a palpable lump. The histopathologic diagnosis was NST luminal B infiltrating car-
cinoma. A: T1 weighted SE with scattered fibroglandular tissue. There is an irregular hypointense mass in the inner lower quadrant of the 
right breast with skin thickening and retraction (white arrowheads). B: T2 FS with the same irregular oval mass showing some internal 
hyperintense areas with associated subcutaneous and prepectoral edema (white arrowheads). C: DWI and D: ADC with restriction and very 
low ADC value (dotted circles). E: T1 GE with FS shows an irregular mass with subcutaneous edema (dotted circle). F: T1 DCE with Gd and 
G: T1 DCE with Gd with subtraction show the irregular oval mass with heterogeneous enhancement (dashed circles). H: MIP shows an irregular 
mass with increased vessels compared to the contralateral side (dashed circle). I: PEI with time-signal intensity for the finding of interest 
showing a type 2 kinetic curve. J: coronal T2 FSE with abnormal lymph nodes in axillary level I (white arrowhead). This mass corresponds to 
a Kaiser score of 10, BI-RADS category 5. Multicentric multiquadrant distribution pattern (not shown).
ADC: apparent diffusion coefficient; BI-RADS: breast imaging reporting and data system; DCE: dynamic contrast-enhanced; DWI: diffusion-weighted images;  
FS: fat suppressed; FSE: fast spin echo; Gd: gadolinium; GE: gradient echo; MIP: maximum intensity projection; MRI: magnetic resonance imaging; NST: not- 
special type; PEI: positive enhancement integral; SE: spin echo.
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ABSTRACT

Introduction: The diagnostic performance of the current version of Quantra artificial intelligence (AI) software has not been 
evaluated. This study aimed to compare the diagnostic performance of an experienced radiologist and Quantra AI in assess-
ing mammographic breast density (MBD). Material and methods: In this prospective cohort study, a radiologist with 32 years 
of experience interpreting breast images and AI Quantra v2.2.2 assessed MBD in 2D mammograms and tomosynthesis of 
women over 35. Four and two MBD categories based on American College of Radiology (ACR) Breast Imaging Reporting 
and Data System (BI-RADS) 5th Edition lexicon were analyzed. Diagnostic performance parameters of Quantra AI and an 
experienced radiologist were calculated and compared as the gold standard for MBD. Results: The highest sensitivity of 
Quantra AI compared to an experienced radiologist as the gold standard in four MBD categories was in category d, and the 
lowest was in category b. In contrast, specificity was high in categories a and b. The accuracy of Quantra AI was highest in 
categories a and d. Sensitivity in two categories was best for dense breasts and specificity for non-dense breasts. The ac-
curacy was the same for both categories. When the Quantra AI was the gold standard, the experienced radiologist showed 
the best sensitivity in category b and the lowest in category d. Specificity was higher in categories a and d and accuracy 
was better in category c. In two MBD categories, sensitivity was highest for non-dense breasts and specificity for dense 
breasts. The accuracy was equally high in both categories. Conclusion: The diagnostic performance of Quantra AI was good 
with the current software version in four and two MBD categories compared to an experienced radiologist as the gold stan-
dard. On the other hand, the experienced radiologist showed good sensitivity and specificity for non-dense and dense breasts 
and a wide range of results in diagnostic performance in four MBD categories compared to Quantra AI as the gold standard. 
Even if the radiologist is experienced, subjectivity still exists, and the help of a tool like AI can be valuable.

Keywords: Mammographic breast density. Artificial intelligence. Radiologist. BI-RADS. Quantra.

INTRODUCTION 
Mammographic breast density (MBD) is the proportion 

of the breast composed of fibroglandular tissue. The 
current reference standard for radiologists to classify 

MBD categories is the American College of Radiology 
(ACR) Breast Imaging Reporting and Data System 
(BI-RADS), but this standard is subjective, and its  
variability reduces reproducibility1. It is important to 
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differentiate non-dense breasts from dense breasts 
since it may be a determining factor in the decision to 
perform additional examinations such as ultrasound, 
tomosynthesis, contrast-enhanced mammography, or 
breast magnetic resonance imaging (MRI) in women 
with a higher breast cancer risk. A high MBD is an inde-
pendent risk factor for breast cancer and reduces the 
sensitivity of mammography by masking underlying 
lesions2-4.

Literature reports have shown that the diagnostic per-
formance of artificial intelligence (AI) is comparable to 
that of radiologists, suggesting a synergy between radiol-
ogists and AI1,5-10. However, risks in using AI independent 
of the radiologist’s experience have been described, 
such as automation due to lower reader performance 
and commission and omission errors8. On the other 
hand, BI-RADS categorization depends on the radiolo-
gist’s perception of MBD. Radiologists may have distract-
ing factors when reading imaging studies that can favor 
or amplify diagnostic errors11; thus, an automated AI 
method such as Quantra software may have greater 
reproducibility and accuracy in classifying MBD. Few 
clinical studies have reported the diagnostic performance 
of AI Quantra (v2.0) software5,6 in assessing MBD, and 
none of the current version of AI Quantra (v2.2.2). This 
study compared the diagnostic performance of an expe-
rienced radiologist and AI Quantra software v2.2.2 in 
assessing MBD using BI-RADS 5th Edition. Both were 
compared as the gold standard for MBD.

MATERIAL AND METHODS 

This prospective cohort study was conducted from  
May 2 to June 30, 2022, in the Breast Imaging Department 
of the Centro de Diagnostico Especializado por Imagen 
in Zapopan, Jalisco, Mexico. An experienced radiologist 
trained in breast imaging with current certification from 
the Mexican Council of Radiology and Imaging partici-
pated in the study. Informed consent was obtained.

Study development and variables

Mammograms from a previously published study 
were reviewed12. Screening or diagnostic mammograms 
of women 35 years or older were evaluated in four  
MBD categories (a, b, c, d) and two MBD categories 
(a+b, non-dense) and (c+d, dense) based on the ACR 
BI-RADS 5th Edition. The diagnostic performance of  
AI Quantra with an experienced radiologist and the 
experienced radiologist with AI Quantra were com-
pared as the gold standard. Sex, age, and years of 

experience as a radiologist performing breast imaging 
examinations were recorded. 

Protocol for image acquisition and 
analysis

Digital mammography and digital breast 
tomosynthesis

Images were acquired with Selenia Dimensions 
equipment (Hologic, Bedford, MA, USA) and automatic 
acquisition parameters. Images were stored and 
reviewed in a PACS system (SecureView, Diagnostic 
Workstation Bedford, MA, USA). Conventional projec-
tions of both breasts were acquired: two craniocaudal 
(CC) and two lateral-medial-oblique (LMO). MBD was 
classified based on the densest area of fibroglandular 
tissue: Category a, almost entirely fat; Category b, scat-
tered fibroglandular tissue; Category c, heterogeneously 
dense; and Category d, extremely dense13,14.

AI Quantra software

The mammography images were analyzed with AI 
Quantra version 2.2.2 (Hologic Inc., Bedford, MA. 
USA). Its assessment is based on the distribution and 
texture of the fibroglandular tissue pattern with an esti-
mate of breast composition based on dense tissue by 
choosing the densest category classified according to 
BI-RADS 5th Edition13-15.

Statistical analysis

Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), positive and negative 
likelihood ratios, and accuracy were calculated to  
determine the diagnostic performance of AI Quantra 
compared to an experienced radiologist as the gold 
standard. A comparison between an experienced radio-
logist and AI Quantra as the gold standard, was also 
performed. Data analysis was performed with SPSS 
v.25.0 (IBM Corp., Armonk, NY, USA). 

RESULTS

The experienced radiologist has 32 years of experi-
ence interpreting breast images; interprets approximately 
90 mammograms per week, and spends 50 hours per-
forming various breast examinations and procedures 
(including mammography, ultrasound, MRI, biopsies, 
and breast marking). Six hundred eighty-five mammo-
grams were analyzed.
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The diagnostic performance of AI Quantra 
compared to an experienced radiologist 
as the gold standard in assessing four 
MBD categories

The highest sensitivity of AI Quantra compared to the 
radiologist was observed in category d (85.2%) and the 
lowest in category b (42.4%) (Table 1). In contrast, 
specificity was high in categories a and b (95.9 and 
95.4%). The accuracy of AI Quantra was highest in 
categories a (93.8%) and d (79.6%). Figure 1 shows the 
assessment of the four MBD categories by the experi-
enced radiologist and AI Quantra with the same results. 
In contrast, Figure 2 shows that the AI Quantra under-
estimated or overestimated MBD compared to the 
experienced radiologist.

The diagnostic performance of an 
experienced radiologist compared to AI 
Quantra as the gold standard in assessing 
four MBD categories 

The highest sensitivity of the experienced radiologist 
was in category b (83.4%), and the lowest in category 
d (37.5%) compared to AI Quantra as the gold standard 
(Table 2). Specificity was high in categories a and d 
(97.4 and 97.3%, respectively), while it was lower in 
category c (70.8%). The highest accuracy of the expe-
rienced radiologist was in categories a and d (93.8% 
and 79.7%, respectively) while the lowest was for cat-
egory c (68.0%). Figure 3 shows the overestimation of 
MBD categories by AI Quantra compared to the expe-
rienced radiologist.

The diagnostic performance of AI Quantra 

compared to an experienced radiologist 
as the gold standard in assessing two 
MBD categories

The sensitivity of AI Quantra was high (95.9%) in 
dense breasts compared to the experienced radiologist 
as the gold standard, while sensitivity was low (57.1%) 
in non-dense breasts (Table 3). In contrast, the speci-
ficity of AI QuantraTM was high in non-dense breasts 
(95.9%) and low in dense breasts (57.1%). The accuracy 
was the same for both categories (79.5%). Figure 4 
shows the classification of MBD in categories a and d, 
with the same results by the experienced radiologist 
and AI Quantra. This scenario makes recognizing the 
difference between non-dense and dense breasts 
easier.

The diagnostic performance of an 
experienced radiologist compared to AI 
Quantra as the gold standard in assessing 
two MBD categories 

The sensitivity of the experienced radiologist in non-
dense breasts was high (91.1%) compared to AI 
Quantra as the gold standard (Table 4). Specificity  
was higher in dense breasts (91.1%). Diagnostic accu-
racy was 79.5% for both the non-dense and dense 
categories. Figure 5 shows the classification of MBD 
in categories b and c, where the experienced radiolo-
gist and AI Quantra agreed. In this case, it was easier 
to differentiate the two categories, non-dense and 
dense MBD.

Table 1. Diagnostic performance of AI Quantra compared to an experienced radiologist as the gold standard in the assessment of four MBD categories 
using the BI-RADS 5th Edition

Parameter AI Quantra vs. experienced radiologist

Category a Category b Category c Category d

Sensitivity, % (95% CI) 67.3 (52.5-80.0) 42.4 (36.1-49.0) 63.4 (57.7-68.8) 85.2 (76.1-91.9)

Specificity, % (95% CI) 95.9 (94.0-97.3) 95.4 (93.1-97.2) 71.7 (66.9-76.2) 78.8 (75.3-82.0)

PPV, % (95% CI) 55.9 (45.4-66.0) 83.5 (76.2-88.8) 64.4 (60.1-68.5) 37.5 (33.4-41.8)

NPV, % (95% CI) 97.4 (96.2-98.3) 75.4 (73.3-77.4) 70.8 (67.3-74.0) 97.3 (95.6-98.3)

Positive LR, mean (min-max) 16.3 (10.7-24.9) 9.3 (5.9-14.7) 2.2 (1.9-2.7) 4.0 (3.4-4.8)

Negative LR, mean (min-max) 0.3 (0.2-0.5) 0.6 (0.5-0.7) 0.5 (0.4-0.6) 0.2 (0.1-0.3)

Accuracy, % (95% CI) 93.8 (91.7-95.5) 76.8 (73.5-80.0) 68.0 (64.3-71.5) 79.6 (76.4-82.6)

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: confidence interval; LR: Likelihood ratio; min-max: minimum-maximum;  
MBD: mammographic breast density; NPV: negative predictive value; PPV: positive predictive value. 
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Figure 1. Mammography shows the MBD classification by an ER and AI Quantra using BI-RADS 5th Edition. A, B, C, and D: CC views of the 
right breast, an ER and AI Quantra with equal results for four MBD categories.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; ER: experienced radiologist; MBD: mammography breast density.

A B C D

Figure 2. Mammography shows the MBD classification by an ER and AI Quantra using BI-RADS 5th Edition. A, B, C, and D: CC views of the 
right breast, an ER and AI Quantra with differences in classification in four MBD categories.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; ER: experienced radiologist; MBD: mammography breast density.

A B C D

DISCUSSION 

In our study, AI Quantra showed diagnostic perfor-

mance with good accuracy compared to an experi-

enced radiologist, as the gold standard in four and two 

MBD categories. On the other hand, the experienced 
radiologist showed good sensitivity and specificity  
in diagnostic performance for non-dense and dense 
breasts and a wide variety of results when all cate-
gories were assessed with AI Quantra as the gold 
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Table 2. Diagnostic performance of an experienced radiologist compared to AI Quantra as the gold standard in the assessment of four MBD categories 
using the BI-RADS 5th Edition

Parameter Experienced radiologist vs. AI Quantra

Category a Category b Category c Category d

Sensitivity, % (95% CI) 55.9 (42.4-68.8) 83.8 (75.6-89.6) 64.4 (58.7-69.9) 37.5 (30.8-44.6)

Specificity, % (95% CI) 97.4 (95.8-98.5) 75.4 (71.6-78.9) 70.8 (65.9- 75.3) 97.3 (95.4-98.5)

PPV, % (95% CI) 67.4 (54.7-77.9) 42.4 (38.5-46.5) 63.4 (59.2-67.4) 85.2 (76.6-91.0)

NPV, % (95% CI) 95.9 (94.6-96.9) 95.5 (93.4-96.9) 71.7 (68.3-75.0) 78.8 (77.0-80.6)

Positive LR, mean (min-max) 21.6 (12.7-36.9) 3.4 (2.9-4.0) 2.2 (1.8-2.6) 13.8 (7.8-24.3)

Negative LR, mean (min-max) 0.45 (0.34-0.60) 0.22 (0.15-0.33) 0.5 (0.43-0.59) 0.64 (0.58-0.72)

Accuracy, % (95% CI) 93.8 (91.7-95.5) 76.8 (73.5-78.0) 68.0 (64.3-71.5) 79.7 (76.4-82.6)

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: confidence interval; LR: Likelihood ratio; min-max: minimum-maximum;  
MBD: mammographic breast density; NPV: negative predictive value; PPV: positive predictive value.

Figure 3. Mammography shows the MBD classification of an ER and 
AI Quantra with BI-RADS. A-B: CC views, the MBD results were di-
fferent for both.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System;  
CC: craniocaudal; ER: experienced radiologist; MBD: mammography breast density.

A B

standard. This exploratory study is the first to use AI 
Quantra as the gold standard for assessing the diag-
nostic performance of an experienced radiologist.

There are few articles1,5,6 regarding the diagnostic 
performance of AI Quantra in assessing MBD. Epko 
et  al.5 compared the previous version of AI Quantra 
(v2.0) to a majority report as the gold standard. They 
found a sensitivity of 35.7%, 91.2%, 88.6%, and 50.3% 

for the four MBD categories: a, b, c, and d, respectively. 
The sensitivity was 91.3% and the specificity 83.6%, 
respectively, for the two MBD categories (a-b vs. c-d). 
They concluded that AI Quantra only partially repro-
duces the BI-RADS classification for four MBD catego-
ries but does very well in two MBD categories. Other 
studies1,6 with the previous version of AI Quantra 
reported better sensitivity and specificity for the two 
MBD categories than the four MBD categories. In our 
study, the current AI Quantra version (v2.2.2) compared 
to an experienced radiologist as the gold standard 
showed a sensitivity of 67.3%, 42.4%, 63.4%, and 85.2% 
for categories a, b, c, and d, respectively. The specificity 
was 95.9%, 95.4%, 71.7%, and 78.8% respectively. Two-
category sensitivity was highest in dense breasts 
(95.9%), while specificity was best in non-dense breasts 
(95.9%). Our results differed from Epko et al.5 as we had 
better results on the diagnostic performance of AI 
Quantra in assessing MBD regarding sensitivity in cate-
gories a and d (67.3% vs. 25.4% and 85.2% vs. 56.7%, 
respectively) and higher specificity in categories b and 
c (95.4% vs. 75.4% and 78.8% vs. 61.3%, respectively). 
This could be because we used a more recent version 
of AI Quantra software based on the 5th edition BI-RADS. 
Furthermore, we found a comparable diagnostic perfor-
mance of AI Quantra with all the MBD categories and 
two MBD categories. Using an automated AI tool can 
lead to better performance in assessing MBD, greater 
efficiency in daily work through report standardization, 
and greater MBD reproducibility.

No articles were found on the evaluation of MDB by 
radiologists compared to the results of AI Quantra as the 
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gold standard. The experienced radiologist in our study 
had a wide range of results in diagnostic performance 
when assessing all MBD categories compared to AI 
Quantra as the gold standard. The experienced radiologist 

showed higher sensitivity in non-dense breasts (91.1%) 
and better specificity in dense breasts (91.1%) in the two 
MBD categories. There is insufficient evidence to recom-
mend AI Quantra as the gold standard for assessing 
MBD, although AI may be superior to radiologists in clas-
sifying MBD in some categories5,6,12. As AI is constantly 
fed with images and thus its learning ability can be per-
fected, its accuracy could be superior to that of the 
human eye. It can certainly be used as a gold standard 
in assessing MBD in the future and be a useful tool in 
the radiologist’s daily workflow7,10.

The prospective design and the large sample size are 
the strengths of this study. However, the study had some 
limitations. It was a single-center study, and a single mam-
mography unit acquired all mammograms. On the other 
hand, AI Quantra was the only AI software available at the 
center, only one experienced radiologist participated, and 
no consensus report for MBD assessment was included.

CONCLUSION

This study found better results in the diagnostic per-
formance of the current AI Quantra (v.2.2.2) software in 
all MBD categories and two MBD categories than pre-
viously published with the previous version5,6. On the 
other hand, an experienced radiologist showed good 
sensitivity and specificity for both non-dense and dense 
breasts and a wide range of results in diagnostic 

Figure 4. Mammography showing a comparison of MBD BI-RADS 
categories a and d by an ER and AI Quantra. A and B: CC views, the 
categories were comparable.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System;  
CC: craniocaudal; ER: experienced radiologist; MBD: mammography breast density. 

A B

Table 4. Diagnostic performance of an experienced radiologist compared 
to AI Quantra as the gold standard in the assessment of two MBD cate-
gories using the BI-RADS 5th Edition

Parameter AI Quantra vs experienced 
radiologist

Non-dense 
categoriesa

Dense 
categoriesa

Sensitivity, % (95% CI) 91.1 (86.0-94.8) 75.3 (71.3-79.0)

Specificity, % (95% CI) 75.3 (71.3- 89.0) 91.1 (86.0-94.8)

PPV, % (95% CI) 57.1 (53.2-61.0) 95.9 (93.6-97.4)

NPV, % (95% CI) 95.9 (93.6-97.4) 57.1 (53.2-61.0)

Positive LR, mean (min-max) 3.7 (3.1-4.3) 8.47 (5.3-13.6)

Negative LR, mean (min-max) 0.12 (0.07-0.19) 0.27 (0.23-0.32)

Accuracy, % (95% CI) 79.5 (76.3-82.5) 79.5 (76.3-82.5)

aTwo categories: a+b (non-dense) and c+d (dense).

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and  
Data System; CI: confidence interval; LR: Likelihood ratio; MBD: mammo-
graphic breast density; NPV: negative predictive value; PPV: positive pre-
dictive value.

Table 3. Diagnostic performance of AI Quantra compared to an experien-
ced radiologist as the gold standard in the assessment of two MBD ca-
tegories using the BI-RADS 5th Edition

Parameter AI Quantra vs. experienced 
radiologist  

Non-dense 
categoriesa

Dense 
categoriesa

Sensitivity, % (95% CI) 57.1 (51.2-62.9) 95.9 (93.4-97.6)

Specificity, % (95% CI) 95.9 (93.4-97.6) 57.1 (51.1-62.9)

PPV, % (95% CI) 91.1 (86.3-94.4) 75.3 (72.7-77.7)

NPV, % (95% CI) 75.3 (72.7-77.7) 91.1 (86.2-94.3)

Positive LR, mean (min-max) 13.7 (8.5-22.8) 2.2 (1.9-2.56)

Negative LR, mean (min-max) 0.4 (0.4-0.5) 0.07 (0.04-0.12)

Accuracy, % (95% CI) 79.5 (76.3-82.5) 79.5 (76.2-82.4)

aTwo categories: a+b (non-dense) and c+d (dense).

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; 
CI: confidence interval; LR: Likelihood ratio; min-max: minimum-maximum;  
NPV: negative predictive value; MBD: mammographic breast density;  
PPV: positive predictive value.
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performance for four MBD categories compared with 
the AI Quantra as the gold standard. Since the assess-
ment of MBD is subjective and depends on many fac-
tors, AI is a tool that radiologists can use to make better 
decisions about the follow-up of patients. Radiologists 
need to learn to use AI for MBD assessment with its 
benefits, even if it is not yet considered the gold stan-
dard. It is important to remember that AI algorithms do 
not work equally well in all subpopulations or patient 
groups7. Further studies evaluating MBD with AI Quantra 
are needed to validate the reliability and application of 
this method in routine clinical practice.
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ABSTRACT

Introduction: Breast diffusion-weighted imaging (DWI) can reclassify a significant number of suspicious breast images as 
benign, thus avoiding unnecessary biopsies. This study evaluated the diagnostic performance of breast DWI in differentiating 
benign and malignant BI-RADS category 4 lesions with histopathologic confirmation. Material and Methods: This cross- 
sectional study included women with a BI-RADS category 4 breast lesion with suspected malignancy on mammography 
and/or ultrasound. BI-RADS subcategories 4a, 4b, and 4c were recorded. Breast DWI was performed to assess non- 
restricted and restricted diffusion. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), 
and accuracy of breast DWI for predicting benign and malignant lesions were calculated. Percutaneous breast biopsy was 
the gold standard. Results: Seventy-three women with a mean age of 49.4 ± 13.9 years with BI-RADS category 4 lesions 
were included. There were 48 benign, 2 benign with upgrade potential (BWUP), and 23 malignant lesions with histopatho-
logic confirmation. Most of the benign lesions (n = 41, 85.4%) showed non-restricted diffusion, while only 7 (14.6 %) showed 
restricted diffusion (p < 0.001). In contrast, all of the malignant lesions (n = 23, 100%) showed restricted diffusion (p < 0.001). 
Non-restricted diffusion had a sensitivity of 85.4% and a specificity of 96.0% for predicting benign BI-RADS category 4 
lesions. The PPV was 97.6% and the NPV 77.4%. The diagnostic accuracy was 89.0%. Conclusion: Our study shows that 
non-restricted diffusion in breast DWI has a high diagnostic accuracy in predicting benign BI-RADS category 4 breast 
lesions. This improved lesion characterization by breast DWI can reduce the number of false positive results and unnecessary 
biopsies in benign breast lesions.

Keywords: Diagnostic breast imaging. Breast diffusion-weighted imaging. Magnetic resonance imaging. Non-restricted  
diffusion. Benign breast lesion. Breast biopsy.

INTRODUCTION 

Breast cancer is a leading cause of mortality in women 

worldwide1. Early detection and diagnosis are essen-

tial for effective treatment and a better prognosis. 

Conventional diagnostic imaging methods, such as 
mammography and ultrasound, are limited in their abil-
ity to differentiate between benign and malignant 
lesions. Therefore, category 4 or 5 lesions based on 
the American College of Radiology (ACR) Breast 
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Imaging and Reporting Data System (BI-RADS) are 
categorized as suspicious for malignancy with an indi-
cation for breast biopsy2. 

In the evaluation of breast lesions based on morpho-
logic, kinetic, and biological aspects, breast magnetic 
resonance imaging (MRI) provides complementary 
information. In particular, the functional sequence of 
diffusion-weighted imaging (DWI) shows high specific-
ity in characterizing breast lesions3,4. DWI was described 
in the mid-1980s and has become an essential modern 
diagnostic imaging method. DWI observes water diffu-
sion in vivo, which is “hindered” by numerous tissue 
components at the microscopic level, such as cell 
membranes, fibers, or macromolecules, compared to 
free water. Therefore, DWI reflects the microstructure 
of the tissue and is often used for cancer imaging since 
restricted diffusion is usually greater in malignant tis-
sue4. In addition, the apparent diffusion coefficient 
(ADC) map obtained from the DWI sequence quantifies 
the extent of restricted diffusion of water molecules, 
which is related to tissue microstructure and cellular-
ity3,4. In its first consensus, the International Breast DWI 
Group of the European Society of Breast Imaging 
defined the appearance of the lesion (non-restricted or 
restricted diffusion) and the ADC value of normal tis-
sue, and benign and malignant lesions based on breast 
DWI3. 

Breast DWI may reclassify a significant number of 
breast MRI findings suspicious for malignancy as 
benign and thereby reduce unnecessary biopsies5. 
Due to the high number of BI-RADS category 4 lesions 
that are negative for malignancy after biopsy, an imag-
ing tool capable of distinguishing benign and malignant 
lesions before biopsy would be useful to avoid the risks 
and complications of biopsies5. Therefore, this study 
evaluated the diagnostic performance of breast DWI in 
differentiating between benign and malignant BI-RADS 
category 4 lesions with histopathologic confirmation.

MATERIAL AND METHODS 

This cross-sectional study was conducted from May 
to December 2024 at the Centro de Imagenologia 
Integral IMAX in Tampico, Tamaulipas, Mexico. Women 
with an indication for biopsy of a BI-RADS category 4 
breast lesion classified as suspicious for malignancy 
on mammography and/or ultrasound and referred for 
breast MRI and biopsy were included. We excluded 
women with claustrophobia, aneurysm clips, cardiac 
pacemakers, or metal implants. Data were collected as 
part of routine medical care; thus, informed consent 

was not required. The institutional research and 
research ethics committees approved the study.

Study development and variables

Information was obtained from clinical records. Age, 
breast lesion laterality, and BI-RADS subcategories 4a, 
4b, and 4c were recorded. Diagnosis was confirmed by 
histopathologic examination of a breast biopsy, which 
was classified as benign, benign with upgrade potential 
(BWUP), and malignant.

Image acquisition and analysis protocol

Breast DWI was performed using a Philips Ingenia 
1.5 T MRI (Philips Inc., Best, Netherlands) with a ded-
icated breast coil. The breast DWI sequence was 
acquired in the axial plane using an echoplanar imag-
ing sequence with a b-value of 800 s/mm2 with fat 
suppression, a diffusion time > 25 ms, a slice thickness 
of 2 mm, and an acquisition time of 2 minutes.

Lesions with non-restricted diffusion were hyperin-
tense on the DWI and ADC map. Lesions with restricted 
diffusion were hyperintense on the DWI and hypointense 
on the ADC map. For lesions with restricted diffusion 
on the DWI, the ADC value was determined by plotting 
the average of the three region of interest (ROI) values 
on the darkest part of the ADC map, avoiding necrotic, 
noisy, or non-enhancing lesion voxels.

Percutaneous breast biopsy

An ultrasound-guided core needle biopsy (14G) was 
performed. The histopathologic diagnosis of the lesions 
was the gold standard for evaluating the diagnostic 
performance of breast DWI. The pathologist had no 
knowledge of the imaging findings.

Statistical analysis

Quantitative variables are presented as central tenden-
 cy and dispersion measures, and categorical variables as 
absolute and relative frequencies. The Mann-Whitney U 
test was used to analyze differences in ADC values 
between non-restricted and restricted diffusion. The 
Kruskal-Wallis test assessed differences in ADC between 
BI-RADS subcategories 4a, 4b, and 4c. The analysis was 
adjusted with post-hoc comparisons using the Bonferroni 
method. Categorical variables were analyzed with the chi-
squared and Fisheŕ s exact tests to evaluate the associa-
tion between non-restricted and restricted lesion diffusion 
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in breast DWI and the breast lesion diagnosis (benign, 
BWUP, or malignant). Sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and 
accuracy of breast DWI for predicting benign and malig-
nant lesions were determined. The 95% confidence inter-
val was calculated. A p value < 0.05 was significant. SPSS 
version 25 (IBM Corp., Armonk, NY. USA) was used for 
analyses.

RESULTS

Seventy-three women with a mean age of 49.4 ± 13.9 
years with BI-RADS category 4 breast lesions were 
included (Table 1). Lesions were more common in the left 
breast (n = 39, 53.4%) than in the right breast (n = 34, 
46.6%). BI-RADS subcategories 4a, 4b, and 4c were com-
pared with non-restricted and restricted diffusion in breast 
DWI and ADC values. There were 30 breast lesions in the 
BI-RADS 4a subcategory, 34 in the BI-RADS 4b subcat-
egory, and 9 in the BI-RADS 4c subcategory. Subcategory 
4a lesions with non-restricted diffusion were significantly 

more common (n = 23, 76.7%) than lesions with restricted 
diffusion (n = 7, 23.3%) (p < 0.001). The frequency of 
non-restricted and restricted diffusion was comparable  
(p = 0.678) in subcategory 4b. In contrast, subcategory 4c 
lesions with restricted diffusion (n = 8, 88.9%) were sig-
nificantly more frequent than those with non-restricted 
diffusion (n = 1, 11.1%) (p < 0.001). On the other hand, the 
ADC value was significantly higher in non-restricted diffu-
sion lesions (mean 1.3 ± 0.3) than in lesions with restricted 
diffusion (mean 0.8 ± 0.2) (p < 0.001).

BI-RADS 4 subcategories and their 
relationship to histopathologically 
confirmed benign, BWUP, or malignant 
breast lesions

There were 48 benign, 2 BWUP, and 23 malignant 
histopathologically confirmed breast lesions (Table 2). 
Twenty-seven (90.0%) of 30 breast lesions in subcate-
gory 4a were benign. In contrast, only 3 (10.0%) were 
malignant (p < 0.001). On the other hand, only 1 (11.1%) 

Table 1. Characteristics of women with BI-RADS category 4 breast lesions related to breast DWI non-restriction and restriction diffusion and ADC 
value

Description Total
(n = 73)

Non-restriction diffusion
(n = 42) 

Restriction diffusion
(n = 31)

p

Age, years (mean ± SD) 49.4 ± 13.9 49.0 ± 14.8 49.9 ± 12.8 0.268

Left breast / Right breast 39 (53.4) / 34 (46.6) 27 (64.2%) / 15 (35.7%) 12 (38.7%) / 19 (61.3%) 0.027

BI-RADS category 4

Subcategory 4a 30 23 (76.7%) 7 (23.3%) < 0.001

Subcategory 4b 34 18 (52.9%) 16 (47.1%) 0.678

Subcategory 4c 9 1 (11.1%) 8 (88.9%) < 0.001

ADC (mean ± SD) 1.17 ± 0.40 1.38 ± 0.34 0.88 ± 0.27 < 0.001

ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging and Reporting Data System; DWI: diffusion-weighted imaging; SD: standard deviation.

Table 2. BI-RADS 4 subcategories and their relationship to benign, BWUP, or malignant breast lesions with histopathologic confirmation 

Description Total 
(n = 73)

Benign breast lesions, 
(n = 48)

BWUP 
(n = 2)

Malignant breast lesions, 
(n = 23)

p

BI-RADS

Subcategory 4a, n (%) 30 27 (90.0) 0 3 (10.0) 0.001

Subcategory 4b, n (%) 34 20 (58.8) 2 (5.9) 12 (35.3) 0.218

Subcategory 4c, n (%) 9 1 (11.1) 0 8 (88.9) 0.001

BI-RADS: Breast Imaging and Reporting Data System; BWUP: benign with upgrade potential.
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of 9 breast lesions in subcategory 4c were benign, and 
8 (88.9%) were malignant (p < 0.001). In subcategory 
4b, there was no significant difference between benign, 
BWUP, and malignant lesions (p = 0.218).

Association of benign, BWUP, or malignant 
BI-RADS category 4 breast lesions with 
non-restricted and restricted diffusion in 
breast DWI 

Most benign lesions (n = 41, 85.4%) had non- 
restricted diffusion, while only 7 (14.6%) had restricted 
diffusion (p < 0.001) (Table 3). In contrast, all malignant 
lesions (23, 100%) had restricted diffusion (p < 0.001). 
Of the two BWUP lesions, one showed non-restricted 
diffusion and the other restricted diffusion. 

Comparison of the ADC value in benign, 
BWUP, and malignant breast lesions in 
relation to the BI-RADS 4 subcategories

Benign breast lesions had significantly higher ADC  
values than malignant breast lesions. Benign breast 
lesions in subcategories 4a, 4b, and 4c had the same 
ADC value (1.3 × 10−3 mm2/s) (Table 4) and were similar 
for BWUP lesions (1.3 × 10−3 mm2/s). In contrast, the ADC 
value in malignant lesions was low:  0.9  ×  10−3  mm2/s,  
0.8 × 10−3 mm2/s, and 0.6 × 10−3 mm2/s for subcategories 
4a, 4b, and 4c, respectively (p < 0.007). 

In figure 1, the breast DWI shows a non-mass lesion, 
hyperintense with non-restricted diffusion. The ADC 
value was 2.1 × 10−3 mm2/s. The histopathologic diag-
nosis was fibrocystic breast disease. The breast DWI 
in figure 2 shows an oval, hyperintense mass with 
restricted diffusion. The ADC map shows a hypointense 
mass with a central hyperintense area. The ADC value 
was 1.2 × 10−3 mm2/s. The histopathologic diagnosis 
was breast fibroadenoma. The breast DWI in figure 3 
shows an oval, hyperintense mass with non-restricted 
diffusion. The ADC value was 1.9  ×  10−3 mm2/s. The 
histopathologic diagnosis was a biphasic lesion with 
extensive stromal fibrosis with atypical ductal hyperpla-
sia with papilloma (BWUP). The breast DWI in figure 4 
shows an irregular, predominantly hyperintense mass 
with restricted diffusion. The ADC value was 0.79 × 
10−3 mm2/s. The histopathologic diagnosis was ductal 
carcinoma non-special type.

Diagnostic performance of non-restricted 
diffusion in breast DWI for predicting a 
benign BI-RADS category 4 breast lesion

Non-restricted diffusion in breast DWI showed a  
sensitivity of 85.4% and a specificity of 96.0% for pre-
dicting a benign BI-RADS category 4 lesion (Table 5). 
The PPV was 97.6%, with an NPV of 77.4%. The diag-
nostic accuracy was 89.0%.

Table 3. Association of benign, BWUP, or malignant breast lesions BI-RADS category 4 with breast DWI non-restriction and restriction diffusion

Description Total
(n = 73)

Non-restriction diffusion
(n = 42)

Restriction diffusion
(n = 31)

p

Benign breast lesion, n (%) 48 41 (85.4)  7 (14.6) < 0.001

BWUP, n (%) 2 1 (50.0) 1 (50.0) 0.672

Malignant breast lesion, n (%) 23 0 23 (100) < 0.001

BI-RADS: Breast Imaging and Reporting Data System; BWUP: benign with upgrade potential; DWI: diffusion-weighted imaging.

Table 4. ADC value comparison of benign, BWUP, and malignant breast lesions related to BI-RADS 4 subcategories

Description n Subcategory 4a 
ADC value, mean ± SD 

Subcategory 4b 
ADC value, mean ± SD

Subcategory 4c 
ADC value, mean ± SD

p

Benign breast lesion 48 1.3 ± 0.4 1.3 ± 0.3 1.3 ± 0.3 0.662

BWUP 2 0 1.3 ± 0 0 0.317

Malignant breast lesion 23 0.9 ± 0.2 0.8 ± 0.1 0.6 ± 0.1 0.007

BI-RADS: Breast Imaging and Reporting Data System; BWUP: benign with upgrade potential; ADC: apparent diffusion coefficient; SD: standard deviation.
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Figure 2. Breast DWI of a 26-year-old woman with a palpable lump 
in the right breast. Ultrasound (not shown) with BI-RADS subcategory 
4b. A: axial DWI view shows an oval heterogeneous mass with a 
circumscribed margin in the posterior third of the inner quadrant of 
the right breast, hyperintense with restricted diffusion and central 
hypointense lines (arrow). B: the ADC map shows a hypointense mass 
with a central hyperintense area. The ROI with an ADC value of 
1.2 × 10−3 mm2/s (arrow). C: breast biopsy (H&E, 40x) shows a fuso-
cellular lesion (asterisk), with stromal hyperplasia and isolated dila-
ted hyperplastic ducts (arrow), dilated and congestive capillaries, 
without atypical mitoses or marked pleomorphism. The histopatholo-
gic diagnosis was breast fibroadenoma.
ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging and Reporting 
Data System; DWI: diffusion-weighted imaging; H&E: hematoxylin and eosin; 
ROI: region of interest.

A

B

C

Figure 1. Breast DWI of a 37-year-old woman with a palpable lump 
in the left breast. Mammography (not shown) with BI-RADS subca-
tegory 4a. A: axial DWI view of the left breast shows an irregular 
hyperintense non-mass lesion with non-restricted diffusion (arrow). 
B: an ADC map showing a hyperintense, retroareolar non-mass lesion 
(arrow). ROI with an ADC value of 2.1 × 10−3 mm2/s (green circle).  
C: breast biopsy (H&E 40x) shows a duct with extensive microhe-
morrhage, inflammation, fibrin, peripheral fibrosis (arrow), and cystic 
dilatation (black asterisk). The histopathologic diagnosis was fibro-
cystic breast disease.
ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging and Reporting 
Data System; DWI: diffusion-weighted imaging; H&E: hematoxylin and eosin; 
ROI: region of interest. 

A

B

C
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Figure 4. Breast DWI in a 45-year-old woman with a palpable lump in 
the left breast. Ultrasound (not shown) BI-RADS category 4c. A: axial 
DWI view shows an irregular mass, non-circumscribed margin, he-
terogeneous, occupying the outer quadrants of the left breast, pre-
dominantly hyperintense with restricted diffusion (arrow). B: ADC 
map with a hypointense mass (arrow). ROI (green circle) with an ADC 
value of 0.7 × 10−3 mm2/s. C: breast biopsy (H&E 40x) showing a ma-
lignant lesion with ductal configuration, accentuated atypia, and 
pleomorphism (arrow), with atypical mitoses (dotted circle) in a des-
moplastic stroma (arrowheads). The histopathologic diagnosis was 
ductal carcinoma of non special type.
ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging and Reporting 
Data System; DWI: diffusion-weighted imaging; H&E: hematoxylin and eosin; 
ROI: region of interest.

A

B

C

Figure 3. Breast DWI of a 45-year-old woman with a mass in the left 
breast. Mammography and US (not shown) with BI-RADS category 
4b. A: axial DWI view with an oval mass and a microlobulated margin, 
located in the posterior third of the interline of the lower quadrant of 
the left breast, hyperintense with non-restricted diffusion. B: the ROI 
with an ADC value of 1.9 × 10−3 mm2/s (dotted circles). C: the breast 
biopsy (H&E 40x) shows dense fibrous tissue (asterisk), with atypical 
ductal hyperplasia (arrowhead) and areas of adenosis and papillary 
proliferation within a duct with microhemorrhage. The histopatholo-
gic diagnosis was biphasic lesion with extensive stromal fibrosis with 
atypical ductal hyperplasia with papilloma (BWUP).
ADC: apparent diffusion coefficient; BI-RADS: Breast Imaging and Reporting 
Data System; BWUP: benign with upgrade potential; DWI: diffusion-weighted 
imaging; H&E: hematoxylin and eosin; ROI: region of interest; US: ultrasound. 
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Non-restricted diffusion in breast DWI is useful for dif-
ferentiating between benign and malignant BI-RADS  
category 4 lesions. Breast DWI improves lesion charac-
terization and reduces false-positive results and unnec-
essary breast benign biopsies.

Breast DWI has a high specificity for characterizing 
lesions, and the sensitivity of DWI alone can be equal 
or even higher than commonly used screening tech-
niques such as mammography and ultrasound3. Shi  
et al.6 evaluated the diagnostic performance of breast 
DWI in distinguishing malignant and benign lesions in 
a systematic review and meta-analysis. Forty-one stud-
ies using a 1.5T MR unit with 3501 patients and 3867 
breast lesions were included. They showed a pooled 
sensitivity and specificity of 91% and 86%, respectively. 
In the 17 studies with a 3.0T MR unit, which included 
1227 patients and 1338 breast lesions, the pooled sen-
sitivity and specificity were 88% and 84%, respectively. 
The authors concluded that breast DWI has compara-
ble sensitivity and specificity in 1.5T and 3.0T MR units. 
Our study of the diagnostic performance of non-restricted 
diffusion for predicting benign BI-RADS category 4 
lesions found comparable results with a sensitivity of 
85.4%, a specificity of 96.0%, and a high diagnostic 
accuracy (89.0%) using a 1.5T MR unit. We identified 
48 benign BI-RADS category 4 lesions with histopatho-
logic confirmation; 41 (85.4%) had non-restricted and  
7 (14.6%) restricted diffusion. Applying the criterion of 
non-restricted diffusion in BI-RADS category 4 lesions 
to avoid breast biopsies could significantly reduce the 
number of benign biopsies. Based on our results, 41 
non-restricted breast lesions would not have been biop-
sied. Only restricted diffusion lesions would have 
required a breast biopsy; thus, breast DWI would have 
reduced the overall biopsy rate by 51.2% (41/73). 
According to our results, breast DWI can distinguish a 
significant number of benign (non-restricted diffusion) 
from malignant (restricted diffusion) BI-RADS category 
4 lesions.

The International Breast DWI Group of the European 
Society of Breast Imaging proposes a standardizing the 
ADC value for benign (1.3-1.7 × 10−3 mm2/s) and malig-
nant (≤ 0.9 × 10−3 mm2/s) breast lesions as intermediate 
and very low diffusion levels, respectively, based on the 
recent meta-analysis of studies evaluating DWI to differ-
entiate benign from malignant3,6. Ramírez-Galván et al.7, 

in a Mexican study that included 36 BI-RADS category 
4 breast lesions, found 21 (58.3%) benign and 15 (41.7%) 
malignant lesions. The ADC value of the benign lesions 

Diagnostic performance of restricted 
diffusion in breast DWI for the prediction 
of a BI-RADS category 4 malignant breast 
lesion

The presence of restricted diffusion in breast DWI for 
predicting a BI-RADS category 4 malignant lesion 
showed a sensitivity of 96.0% and a specificity of 
85.4% (Table 6). The PPV was 77.4% and the NPV 
97.6%. The diagnostic accuracy was 89.0%. Restricted 
diffusion in the breast DWI showed an increased risk 
of malignancy (OR: 6.58, 95% CI, 3.30-13.11).

DISCUSSION 

Our study shows that non-restricted diffusion has  
a high diagnostic accuracy (89.0%) for predicting 
benign breast lesions in BI-RADS category 4 lesions. 

Table 5. Diagnostic performance of breast DWI non-restriction diffusion 
for predicting a benign BI-RADS category 4 breast lesion

Description Parameter

Sensitivity, % (95% CI) 85.4 (72.2-93.9)

Specificity, % (95% CI) 96.0 (79.6-99.9)

PPV, % (95% CI) 97.6 (85.7-99.6)

NPV, % (95% CI) 77.4 (63.2-87.2)

Accuracy, % (95% CI) 89.0 (79.5-95.1)

BI-RADS: Breast Imaging and Reporting Data System; CI: confidence interval; 
DWI: diffusion-weighted imaging; NPV: negative predictive value; PPV: positive 
predictive value.

Table 6. Diagnostic performancea of breast DWI restriction diffusion for 
predicting a malignant BI-RADS category 4 breast lesion

Description Parameter

Sensitivity, % (95% CI) 96.0 (79.6-99.9)

Specificity, % (95% CI) 85.4 (72.2-93.9)

PPV, % (95% CI) 77.4 (63.2-87.2)

NPV, % (95% CI) 97.6 (85.7-99.6)

Accuracy, % (95% CI) 89.0 (79.5-95.1)

OR: 6.58 (3.30-13.11). aIncludes 2 BWUP breast lesions.

BI-RADS: Breast Imaging and Reporting Data System; BWUP: benign with 
upgrade potential; CI: confidence interval; DWI: diffusion-weighted imaging; 
NPV: negative predictive value; PPV: positive predictive value.
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was significantly higher (1.4 × 10−3 mm2/s) than that of 
malignant ones (0.8 × 10−3 mm2/s) (p < 0.001). Their 
study did not define the ADC value for each BI-RADS  
4 subcategory. In a multicenter study, the ADC value 
was more useful for BI-RADS category 4 than BI-RADS 
categories 3 or 5, confirming that many benign lesions 
have significantly higher ADC values than malignant5. In 
our study, the benign lesions in the three BI-RADS 4 
subcategories had an ADC value of 1.3 × 10−3 mm2/s. In 
contrast, the malignant lesions had very low values, with 
the values decreasing in each subcategory: subcategory 
4a (0.9 × 10−3 mm2/s), subcategory 4b (0.8 × 10−3 mm2/s), 
and subcategory 4c (0.6 × 10−3 mm2/s). The ADC value 
differentiates between benign and malignant BI-RADS 4 
breast lesions and may be clinically useful together with 
non-restricted diffusion in breast DWI to reduce breast 
biopsy recommendations.

More compressed cells in malignant lesions lead to 
greater restriction of diffusion of water molecules than in 
benign lesions. Consequently, malignant lesions have a 
higher signal intensity with restricted diffusion in DWI and 
a lower apparent diffusion coefficient (ADC) in breast 
DWI6,8. Cell density is inversely proportional to the ADC 
value9,10. In our study, all 23 (100%) malignant lesions with 
histopathologic confirmation showed restricted diffusion 
in breast DWI with a very low ADC value (≤ 0.9 × 10−3 

mm2/s) in all BI-RADS 4 subcategories. Our study of the 
diagnostic performance of restricted diffusion in breast 
DWI for predicting a BI-RADS category 4 malignant 
breast lesion showed a sensitivity of 96.0% and a spec-
ificity of 85.4% with a high diagnostic accuracy of 89.0%. 
The combination of DWI and quantitative ADC analysis 
is a helpful, non-invasive method for characterizing and 
identifying malignant breast lesions with high diagnostic 
accuracy.

Our study has several strengths regarding imaging 
modality since breast DWI does not require administering 
an intravenous contrast agent, no preparation is neces-
sary, and the study duration is short (< 5 minutes). In 
addition, the diagnosis in all cases was confirmed histo-
pathologically as the gold standard. Our study has some 
limitations related to the small sample size, the retrospec-
tive design, and the fact that only one center participated. 
On the other hand, artifacts and motion may distort the 
image and thus reduce feature accuracy, the location, and 
the extent of breast lesions. In addition, small lesions may 
not be visualized due to the low spatial resolution.

CONCLUSION

Our study demonstrated the high diagnostic perfor-
mance of non-restricted diffusion in breast DWI for pre-
dicting benign BI-RADS category 4 breast. Furthermore, 
its combination with ADC values improved diagnostic 
characterization and reduced false-positive results, 
especially in subcategory 4a, due to the high number of 
BI-RADS 4 lesions negative for malignancy after biopsy. 
Multicenter, prospective cohort studies with a larger 
number of patients are needed to validate the utility of 
breast DWI in differentiating between benign and malig-
nant lesions.
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ABSTRACT 

Foreign bodies (FBs) are objects that originate from outside the body and can be ingested or introduced voluntarily or  
involuntarily. Although common in the pediatric population, they are also prevalent in adults, especially in neglected popula-
tions. Due to the difficulty in obtaining information, imaging techniques play a key role in etiologic and topographic diagnosis, 
as certain materials may need to be removed immediately to avoid complications. FBs can be intraluminal, from ingestion or 
insertion, or extraluminal from other causes. In this pictorial essay, we describe the most common cases of intraluminal ab-
dominal FBs in a tertiary care hospital and suggest investigative approaches in suspected cases. To identify a FB, a standard 
acute abdominal radiograph is first performed. If no FB is identified in suspected complications, the investigation continues 
with ultrasound (US) or computed tomography (CT), depending on the suspected material composition. Glass and plastic 
are usually not visible on X-rays; therefore, CT is the gold standard method. In contrast, metallic materials and animal  
bones are clearly visible on X-ray images. In such cases, CT is reserved for visualization of suspected perforations or infec-
tious collections outside the intestinal loops. Imaging techniques are essential for diagnosis and management, and the indi-
cations and limitations of each method must be considered.

Keywords: Foreign bodies. Retained surgical objects. Foreign body. Bezoars. 

INTRODUCTION

Foreign bodies (FBs) are objects that originate from 
outside the body and can be ingested or introduced 
voluntarily or involuntarily1. They are common in the 
pediatric population and account for 85% of cases of 
FB ingestion in the United States2,3. Their peak incidence 
is found in patients aged between 6 months to 6 years2, 
and they are the leading cause of death in patients 
younger than 1 year of age3.In adults, most objects  
found are related to a previous interventional medical 
procedure3, with no reports of deaths4. In addition, FB 

ingestion and insertion are most commonly found in 
patients with psychiatric disorders, developmental delay, 
alcohol intoxication, and those who are incarcerated or 
involved in drug trafficking, which may be neglected due 
to difficulties in obtaining diagnostic information3.

Radiologic examination plays a key role in etiologic 
and topographic diagnosis and in the detection of  
complications arising from FB in the abdominal cavity. 
Different methods are available in the imaging depart-
ments, depending on the indications and limitations of 
each case. The aim of this pictorial essay is to show 
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the most common cases of intraluminal abdominal FB 
in a tertiary care hospital, including the routine of radiol-
ogists, to describe aspects that should be considered 
in the imaging assessment, and to suggest the approach 
to suspected cases.

We analyzed the electronic medical and imaging data 
from the Department of Radiology and Diagnostic 
Imaging of the Hospital de Clínicas da Universidade 
Federal do Triângulo Mineiro in Uberaba, Minas Gerais. 
Brazil.  We included cases referred from the depart-
ments of clinical medicine, surgery, pediatrics, gynecol-
ogy and obstetrics with suspected intraluminal FBs in 
the abdominal cavity. We selected relevant images of 
our cases to represent each FB category assessed with 
different imaging modalities and showed their charac-
teristics and main imaging findings.

Imaging approaches depending on the  
FB mechanism of injury

• Ingestion: frontal and lateral radiographs of the 
chest, neck and abdomen show the topography of 
the FB and allow immediate treatment by the trea-
ting physician. If the FB is larger than 5 cm, has 
sharp edges, cannot be characterized or is asso-
ciated with complications, a computed tomography 
(CT) scan is performed2,3,5,6.

• Manual insertion: some studies have indicated the 
usefulness of two radiographs in orthogonal planes 
for accurate visualization of FB features7. In addi-
tion, some studies have postulated the use of CT 
to clearly define the boundaries, the relationship of 
the object to the mucosa and its integrity, and signs 
of complications1,3,4. This should be arranged by the 
treating medical team prior to digital exploration to 
avoid rectal injury from sharp objects5. 

Imaging findings of intraluminal FBs

The FBs are listed in table 1:

• Glass objects: these represent up to 30% of in-
gested FB in children3 and 9%-24% of all retained 
FBs1. Standard abdominal radiography should be 
used as the initial imaging modality for diagnosis 
due to its high accuracy, wide availability and low 
cost1. Most glass objects are radiopaque (Figure 1).  
However, their identification can be hampered by 
their small size, which is often a limiting factor in 
diagnosis3,8. Another limiting factor is the positio-
ning of the FB in relation to the X-ray image. If the 

larger diameter is not parallel to the beam, detec-
tion becomes more difficult8. Therefore, a negative 
finding when glass FB ingestion is strongly suspec-
ted does not rule out the diagnosis and other me-
thods should be used. Ultrasound (US) shows 
glass as linear hyperechoic images with dirty pos-
terior acoustic shadowing or reverberation artifacts. 
In addition, identification becomes difficult with in-
creasing depth of the FB in the body1,9. CT is the 
best imaging modality as it can identify objects as 
small as 0.1 mm and with a density of 100 Houns-
field units (HU) to 500 HU1,9-11.

• Metallic objects: almost all metallic objects are  
radiopaque, and their radiopacity value varies de-
pending on the material from 3,000 HU for iron to 
30,000 HU for lead1; therefore, most of them can 
be diagnosed on abdominal radiographs. An im-
portant exception is aluminium, which has a radio-
density of about 700 HU and is not easily identified 
by this method1,12. On US radiographs, metallic 
objects can be seen as hyperechoic images with 
posterior acoustic shadowing and/or reverberation 
artifacts, while on CT images, various high-density 
morphologies with radiation hardening artifacts can 
be seen (Figure 2). Similarly, they generate arti-
facts on magnetic resonance imaging (MRI), where 
they are visualized as low-signal objects1.

•  Batteries: on radiographs, they appear as radio-
paque structures and have a “double-ring” charac-
teristic due to their bilaminar structure3,4 (Figure 3), 
whereas on CT they appear as small round FBs 
with high attenuation4. Timely identification of bat-
teries is essential due to the high risk of corrosive 
lesions, such as esophageal burns and fistula for-
mation3,4. They should be removed endoscopically 
as soon as possible2.

• Plastic objects: X-ray images are sometimes in-
adequate as plastic objects are predominantly 

Table 1. Types of intraluminal FBs

Glass objects

Metallic objects

Batteries

Plastic objects

Bones

Bezoar

Drug packages

FBs: foreign bodies.
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Figure 1. A 65-year-old man was admitted to the emergency room for reportedly getting impaled with a 190-mL glass. A: conical radiopaque 
FB in the rectal topography is visualised on the CT planning image. B: sagittal contrast-enhanced CT section of the abdomen confirming the 
presence of a conical FB with hyperdense margins in the rectal topography image. A content with air density is observed inside the glass. 
C: the anterior three-dimensional CT reconstruction clarifies the anatomical and topographical relationships between structures and is a 
valuable tool for surgical planning and prognosis.
CT: computed tomography; FB: foreign body.

A B C

Figure 2. A 15-year-old adolescent with a psychiatric disorder was brought to the emergency room by her mother after ingesting needles and 
a razor blade in a suicide attempt. A: X-ray abdominal view shows the needles in the splenic topography (yellow arrow) apparently in an 
extraluminal position, and the blade in the gastric antrum projection (arrowhead). No signs of acute perforation were identified. B: coronal 
CT reconstruction with MIP shows needles as hyperdense and sharp FB, in the left supra-mesocolic mesenteric fat, between the spleen and 
the splenic angle of the colon, and inside the cecum (circles). The blade can be seen in the gastric lumen (square).
CT: computed tomography; MIP: maximum intensity projection.

A B
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radiolu cent. Therefore, clinical management is  
based on the presenting symptoms. However, if  
complications are suspected, CT is the best me-
thod for anatomical examination (Figure 4). It is 
important to note that plastic has a similar density 
to blood and a lower density than brain parenchy-
ma; therefore, false positive diagnoses are to be 
expected1,3,13.

• Bones: fish bones are the most commonly inges-
ted FBs and one of the main causes of perfora-
tions6. In general, they can be identified on con-
ventional radiographs due to the characteristic 
radiopacity of calcified objects. However, their 
size is an important limitation. Therefore, CT is 
a fundamental method used for identifying topo-
graphy and complications. In the presented case, 
the ingested bones had a similar density to the 
patient’s bones (about 100 HU) and were usually 
pointed and elongated5 (Figure 5). Perforation 
with acute abdomen was the most common 
complication.

• Bezoar: an accumulation of biological material in 
the lumen of the stomach or small intestine, usually 
an accumulation of hair, called a trichobezoar 
(Figure 6). On radiographs it appears as a hetero-
geneous mass with air trapping and a “bread 
crumb” aspect, and on a non-contrast CT as a

Figure 3. A five-year-old child brought by his father after accidental 
ingestion of a remote-control battery. X-ray abdominal view shows a 
rounded radiodense FB can be seen inside the cecum, which appears 
as a double-ring sign.
FB: foreign body.

Figure 4. A 56-year-old man impaled with a plastic LED bulb. A: sagittal reconstruction of a contrast-enhanced abdominal CT showing  
the hyperdense FB represented by the metal base, while the plastic bulb is visualised as a hypodense structure on the non-contrast whole 
abdomen. B: surgical excision of the bulb confirms that it is made of plastic, reducing the surgeon’s fear of glass fragments perforating the 
rectum.
CT: computed tomography. FB: foreign body.

A B
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well-defined heterogeneous mass with air bubbles. 
It can cause acute abdominal obstruction if located 
in the small bowel lumen4.

• Drug packages: these can be potentially fatal in 
cases of packages rupture and subsequent pa-
tient intoxication14-16. There is no consensus in the 
literature on the protocol to be followed; therefore, 
a multimodality assessment is advocated, with 
X-ray being considered a screening method10,17 
due to its speed and wide availability, while US 
and CT are reserved for cases of diagnostic doubt 
due to their higher sensitivity and specificity14-19. 
CT and MRI provide additional information on the 

integrity of the package and its relationship to 
anatomical structures10.

Packages are often visualized as oval, cylindrical or 
round objects measuring 2-4 cm14. On X-ray, their pres-
ence can be suggested by the “double-wrapper sign”, 
formed by a thin halo of gas around the package formed 
by residual air between it and the substance or between 
its layers14,15,18 (Figures 7 and 8), and by the “rosette 
sign” due to the twisted wrapping end15,18.

US, which is used to identify radiolucent objects10, 
shows hyperechogenic structures with smooth sur-
faces, curved hyperechoic margin, and clean acoustic 

Figure 5. A confused 78-year-old man was admitted to the emergency room with a history of abdominal pain, without other complaints.  
A: plain abdominal radiograph showed an irregular radiopaque FB consistent with that of a fish bone in the topography of the descending 
colon (yellow arrow), which was confirmed in the clinical anamnesis after radiologic examination. B: coronal contrast-enhanced CT in the 
portal phase and C: MIP reconstruction show irregular, multiple, partially sharp FBs (arrows) in the splenic angle and descending colon, 
resembling bones, but without signs of perforation or bowel obstruction.
CT: computed tomography; FB: foreign body; MIP: maximum intensity projection.

A B C

Figure 6. A 14-year-old girl with severe depression presented to the emergency room with nonspecific abdominal pain, heartburn, and bloating. 
A: contrast-enhanced CT scan of the upper abdomen showed a heterogeneous mottled mass and B: with an eccentric gaseous focus, without 
contrast enhancement. C: after surgical intervention, a trichobezoar was confirmed; a hair mass in the shape of the gastric lumen was 
removed.
CT: computed tomography.

A B C
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shadowing14,18. CT and X-ray show similar findings, but CT 
allows better identification of abscesses and package rup-
tures when an incomplete hyperdense margin or mixed 
density is visualised in association with the usual bowel 
contents17. The most common drugs smuggled in body 
packages are heroin and cocaine14, which can be distin-
guished on CT by their radiologic density. Cocaine has a 
density similar to water or feces, approximately –219 HU; 
heroin is less dense, –700 HU, and marijuana is dense14,16.

CONCLUSION

FBs are a common problem in medical practice in 
tertiary care hospitals, and although complications are 
not routine, they deserve attention. Imaging techniques 
are essential for diagnosis and management, and the 
indications and limitations of each method must be 
considered.
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Figure 7. A 27-year-old man brought to the hospital by the police. A: abdominal radiograph shows cellular and unspecified images of mottled 
appearance in the enteric projection (yellow arrow). B: lateral view shows radiolucent FBs with the “double-wrapping” sign (yellow arrow). 
C: coronal reconstruction of the non-contrast CT shows hyperdense intermediate-density FBs with hyperdense margin and no signs of rupture 
of the jejunum lumen (arrow). A hyperdense metallic FBs forming artifacts were also identified.
CT: computed tomography; FBs: foreign bodies.

A B C

Figure 8. Multiple handmade packages of marijuana after surgical 
removal.
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ABSTRACT

Pancreatic Ewing sarcoma, a rare tumor in pediatric patients, is a diagnostic challenge from an imaging perspective. We report 
abdominal contrast-enhanced computed tomography (CT) and magnetic resonance imaging (MRI) findings of a retroperitoneal 
mass in an 11-year-old girl with abdominal pain, nausea, vomiting, a weight loss of approximately 14 kg, and a palpable epi-
gastric mass on physical examination. A contrast-enhanced CT showed a heterogeneous 7.9 x 6.8 x 10.6 cm mass with ne-
crotic areas in the body of the pancreas displacing adjacent organs and contacting vascular structures with adequate inter-
phase without infiltrating them. Lymph nodes were not observed. The origin of the mass within the circumscribed margin at 
the level of the pancreatic body was seen on MRI: hypointense in T1, with increased heterogeneous signal intensity in T2 and 
with hypointense areas in the center, suggesting necrosis, without infiltration of adjacent structures, dilatation of the pancrea-
tic duct or nodal involvement. A biopsy was performed by laparotomy. Immunohistochemical CD99 staining showed intense 
and diffuse expression of tumor cells in the cytoplasmic membrane, confirming the primitive neuroendocrine tumor. The histo-
pathologic diagnosis was Ewing sarcoma of the pancreas. This is the first case report of imaging findings in Mexico and is 
published for educational purposes.

Keywords: Pancreas. Ewing sarcoma. Retroperitoneal mass. Case report.

INTRODUCTION

Extraosseous Ewing sarcoma, also known as primitive 
neuroectodermal tumor1, was first described by Tefft in 
19692.  It usually affects the lungs and bones, but in rare 
cases, it originates from the abdominal organs. This 
tumor occurs in the pancreas in about 0.3% of cases  
in patients up to 14 years of age3. Extraosseous Ewing 
sarcoma has a chromosomal translocation t(11;22) 
(q12;q24) associated with a fusion of the Ewing sarcoma 
breakpoint region 1 protein (EWSR1)1,2,4. Although there 
are no specific signs and symptoms, most patients have 
abdominal pain, nausea, jaundice, and anemia when the 
retroperitoneum is affected1,5.

The Ewing sarcoma imaging findings of the pancreas 
are diverse and non-specific. Contrast-enhanced com-
puted tomography (CT) usually shows a large, calcified 
cystic mass with enhanced solid components1,3. Magnetic 
resonance imaging (MRI) is the modality of choice for 
Ewing sarcoma of the pancreas, delineating the  
pancreatic duct or biliary obstruction. The tumor is iso- 
or hypointense on T1 MRI and heterogeneous with a  
high internal signal corresponding to necrosis or cystic 
areas1,4. A T2 MRI shows high signal intensity. We report 
the contrast-enhanced abdominal CT and MRI findings 
of a retroperitoneal mass in an 11-year-old girl with a 
confirmed diagnosis of Ewing sarcoma of the pancreas. 

https://orcid.org/0000-0003-3762-8187
https://orcid.org/0009-0001-9750-9959
mailto:heri_94@hotmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.JMeXFRI.com
https://crossmark.crossref.org/dialog/?doi=10.24875/JMEXFRI.M25000093&domain=pdf
http://dx.doi.org/10.24875/JMEXFRI.M25000093


H. Mendez-Gonzalez, J. Zempoalteca-Mendoza. CT and MRI findings of pancreatic Ewing sarcoma 

61

CASE DESCRIPTION

An 11-year-old girl with no relevant medical history 
was admitted to the pediatric department with abdom-
inal pain initially localized in the hypogastrium and later 
radiating to the mesogastrium, with an intensity of 8/10 
on the visual analog scale. The pain was not associ-
ated with food intake or defecation. She reported nau-
sea, occasional vomiting, and a weight loss of about 
14 kg in six months. A palpable mass in the epigastrium 
was found on physical examination, and there was 
moderate pain on deep palpation and decreased peri-
stalsis. A complete blood count, blood chemistry, liver 
function tests, amylase, lipase, total proteins, serum 
electrolytes, coagulation times, and carcinoembryonic 
antigen were normal. 

Imaging findings

The diagnosis was made with a contrast-enhanced 
abdominal CT using a 16-detector BrightSpeed SelectTM 
tomograph (General Electric Co; Cincinnati, OH, USA). 
A heterogeneous necrotic mass measuring 7.9 x 6.8 x 
10.6 cm was seen in the body of the pancreas, displac-
ing adjacent organs without infiltrating vascular struc-
tures with adequate interphase (Figure 1). Lymph nodes 
were not observed.

The abdominal MRI was performed with a Philips 1.5T 
MultivaTM resonator (General Electric Co; Cincinnati, 
OH. USA), which showed a 6.7 x 7.9 x 5.4 cm hetero-
geneous circumscribed mass in T2 (Turbo Spin Eco 
sequence). A T2 STIR showed hypointense areas in the 
body of the pancreas, suggesting necrosis (Figure 2).

Surgical intervention

A reddish brown, vascularized mass protruding through 
the greater omentum onto the lesser curvature of the 
stomach without breaking through the omentum was 
found on the body of the pancreas during laparotomy. An 
intraoperative pancreatic biopsy was performed. 

Histopathological findings

An invasive, undifferentiated malignant neoplasm 
was found in the entire biopsy specimen. It consisted 
of small, round, uniform, “blue” cells arranged in solid 
nests with some central blood vessels, alternating with 
areas of “geographic” tumor necrosis suggestive of 
Ewing sarcoma of the pancreas (Figure 3A). Immuno-
histochemical CD99 staining was intense, with diffuse 

Figure 1. Contrast-enhanced CT in an 11-year-old girl with abdominal 
pain. A: axial view of the arterial phase of the abdomen showing a 
7.9 x 6.8 x 10.6 cm mass localized in the pancreatic body with irregular 
morphology, a circumscribed margin (yellow dashed line), and pre-
dominantly hypodense 50 to 72 HU (red arrow), heterogeneous con-
tent surrounding other intrabdominal structures without infiltration. 
The aorta has no evidence of tumor invasion (asterisk). B: coronal 
view of the arterial phase showing the topography of the pancreatic 
body with an irregular, heterogeneous, predominantly hypodense 
mass, suggesting areas of necrosis (red arrow) and causing displa-
cement of the right lobe of the liver (yellow arrow) and the lesser 
curvature of the stomach (blue arrow).
CT: computed tomography; HU: Hounsfield units.

A

B

expression in the cytoplasmic membrane of the tumor 
cells, confirming a primitive neuroendocrine extraosse-
ous Ewing sarcoma (Figure 3B).  B-catenin, synapto-
physin, chromogranin, CK19, and carcinoembryonic 
antigen were negative (not shown).
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DISCUSSION 

We present the case of an 11-year-old girl with an 
irregular, heterogeneous mass in the retroperitoneum 
displacing adjacent structures, which was examined by 
contrast-enhanced CT and MRI and histologically diag-
nosed as Ewing sarcoma of the pancreas. This case 
report is the first reported in Mexico with imaging find-
ings and is for educational purposes.

There is limited information on imaging findings in 
retroperitoneal masses in pediatric patients with Ewing 
sarcoma of the pancreas. Although there are no spe-
cific CT findings in evaluating retroperitoneal masses 
in pediatric patients, the available case reports suggest 
a large Ewing sarcoma of the pancreas, its behavior 
with contrast media, and its impact on adjacent struc-
tures1. Wright et al.1 reported an expansive growth pat-
tern with predominance in the pancreatic head, large 
dimensions at the time of diagnosis, and contrast- 
enhanced CT areas of hypodensity suggestive of necro-
sis and calcifications in up to 30% of cases. Our patient 
had a large mass displacing abdominal structures and 
in contact with the abdominal aorta without infiltrating 
it. Contrast-enhanced CT showed a large mass without 
adjacent structure infiltration, suggesting Ewing sar-
coma of the pancreas confirmed by histopathology. 
Bose et al.6 found a solid lesion in the posterior portion 
of the junction between the body and tail of the pan-
creas on a CT scan with adjacent mild ductal dilatation 
and displacement and compression of the splenic 
vein6. In one case reported by Liu et al.3, a CT scan 
showed a well-defined, heterogeneous, calcified mass 
with enhanced solid components arising from the tail 
of the pancreas. A biopsy confirmed Ewing sarcoma of 
the pancreas. In another case reported by Saif et al.2 

a mass was found in an adult patient in the body and 
tail of the pancreas with hypodense areas suggestive 
of necrosis or cystic changes. The spectrum of retro-
peritoneal masses can arise at any site, including the 
pancreas. 

MRI examination of an Ewing sarcoma of the pan-
creas may show a solid lesion with circumscribed  
margins and hemorrhage or central necrosis. After 
administration of a contrast agent, solid component 
enhancement can be observed5. In our case report, 
MRI showed the origin of the mass within the circum-
scribed margins at the level of the pancreatic body, 
hypointense in T1, with increased heterogeneous signal 
intensity in T2 and hypointense areas in the center 
suggestive of necrosis, without infiltration of adjacent 
structures, dilation of the pancreatic duct, or evidence 
of lymph node involvement. MRI findings are variable 
depending on the site of origin, and a mass with low  
to intermediate signal intensity in T1 and high signal 
intensity in T2 can be observed with heterogeneous 
enhancement after administration of a contrast agent. 
MRI is useful for delimiting the origin of the lesion and 
the involvement of adjacent structures7.

Ewing sarcoma of the pancreas is rare in adoles-
cents. In this case report, the initial suspected diagnosis 

Figure 2. MRI examination of an 11-year-old girl with abdominal pain. 
A: axial T2-weighted turbo spin-echo shows the retroperitoneal  
6.7 x 7.9 x 5.4 cm mass in the body of the pancreas. The mass is 
circumscribed, with a heterogeneous signal intensity (arrowhead), 
contacting the aorta (arrow) without infiltration. B: coronal T2-
weighted view confirms stomach and left lobe liver displacement 
delimiting the adjacent planes (yellow dashed line).
MRI: magnetic resonance image.

A

B
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Figure 3. A: biopsy of the retroperitoneal mass shows undifferentiated 
infiltration of a malignant neoplasm composed of solid areas of  
small, uniform, round cells alternating with areas of necrosis (red 
arrowhead) showing a “geographic” pattern (yellow arrowhead) 
(H&E stain 10x). The diagnosis was Ewing sarcoma of the pancreas. 
B: CD99 immunohistochemistry staining was positive. Vascular lym-
phatic invasion by the malignant tumor is seen with intense and di-
ffuse CD99 expression (red arrowhead) in the cytoplasmic membrane 
(H&E stain 100x).
H&E: hematoxylin-eosin.

A

B

was pancreatoblastoma, common in young children with 
non-specific symptoms. Imaging examination showed a 
retroperitoneal mass, a typical large tumor compressing 
surrounding structures without invading them,4 which 
required evaluation by CT and MRI1,4. This case report 
showed various common imaging findings, such as a 
large mass with adjacent structure displacement, a het-
erogeneous component, and areas of hypodensity sug-
gesting necrosis. Contrast-enhanced CT showed a 
circumscribed mass, and the infiltrating margin is 
unusual. In some cases, the tumor appears multilocular 
with enhanced septa. Another differential diagnosis that 
should be considered depending on age is a pseudo-
papillary tumor of the pancreas, which is more common 
in women in the second decade of life and presents with 

nonspecific symptoms4. A pseudopapillary tumor is usu-
ally a solitary, well-defined mass surrounded by a thick, 
fibrous capsule. It shows intense enhancement on con-
trast CT and ring enhancement on MRI, which is higher 
than Ewing sarcoma. Other benign pancreatic lesions 
that should be considered are hemangioendotheliomas, 
leiomyomas, or lipomas4.

CONCLUSION 

This case report of a girl with a retroperitoneal mass 
and a histologic diagnosis of pancreatic Ewing sarcoma 
describes an approach using contrast-enhanced CT 
and MRI that delimits the origin or extent and rules out 
other pathologies. Therefore, this case serves as a 
valuable educational tool. 
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Case 1 is a 33-year-old man with Ewing sarcoma, pulmonary metastases, and cardiotoxicity due to neoadjuvant 
chemotherapy. The patient was asymptomatic, and a contrast-enhanced chest computed tomography (CT) scan 
was performed as a follow-up. The scan showed a filling defect representing a clot in the proximal segment of 
the right inferior pulmonary vein extending into the left atrium (Figure 1A-B). A diagnosis of pulmonary vein 
thrombosis (PVT) was made. This finding was not present six months before (Figure 1C).

Figure 1. Follow-up contrast-enhanced chest CT of a 33-year-old man with Ewing sarcoma and pulmonary metastases. A: axial and B: coronal 
views show a hypodense lineal image in the thickened right inferior pulmonary vein corresponding to a clot causing partial obliteration that 
spreads to the left atrium (arrows). The diagnosis was PVT. C: axial view, this finding was not present six months before (circle).
CT: computed tomography; PVT: pulmonary vein thrombosis.

A B C

Case 2 is a 70-year-old woman with clear cell renal carcinoma and pulmonary metastases. The patient was 
asymptomatic, and a follow-up contrast-enhanced chest CT showed partial occlusion of the right upper pulmonary 
vein caused by a clot (Figure 2). The diagnosis was PVT. 

PVT is a rare condition with potentially catastrophic consequences for the patient1. Its incidence is unclear due 
to the large number of collateral veins draining the lungs. It has a variety of causes, including neoplasms2,3. Patients 
are usually asymptomatic. PVT is discovered incidentally during an imaging examination. A contrast-enhanced chest 
CT is a useful examination for detecting this condition. However, this finding is often overlooked because the pul-
monary veins are rarely examined in detail during oncologic follow-up4. Radiologists should assess the systemic 
and pulmonary vessels in this setting. 
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Figure 2. Follow-up contrast-enhanced chest CT of a 70-year-old woman with clear cell renal carcinoma and pulmonary metastases. A: axial 
and B: coronal views show an irregular clot image blocking the right superior pulmonary vein (red arrows) and bilateral pleural effusion (white 
arrow). The diagnosis was PVT.
CT: computed tomography; PVT: pulmonary vein thrombosis.
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