
WWW.JMeXFRI.COM

PERMANYER
www.permanyer.com

EDITORIAL

Is independent Interventional Radiology the future? (p. 69-71)

IN-DEPTH REVIEW

Artificial intelligence in radiology (p. 72-81)

FULL RESEARCH ARTICLES

Elastographic patterns of thyroid microcarcinomas:  
a new proposal (p. 82-92)

Imaging and clinical features of breast cancer in young Mexican women:  
long delay between self-detection and seeking medical attention (p. 93-104)

Coronary artery anomalies and normal anatomic variants in coronary computed 
tomography angiography (CCTA): a pictorial essay (p. 105-114)

BRIEF RESEARCH ARTICLES 

Intraobserver and interobserver agreement of US findings in suspected  
lymph node metastasis in papillary thyroid carcinoma (p. 115-121)

Interobserver agreement between radiologists and artificial intelligence  
in mammographic breast density classification  (p. 122-127)

CASE REPORT

Fallopian tube deciduosis with massive hemoperitoneum in a second-trimester 
pregnancy: a case report of ultrasound findings (p. 128-131)

IMAGES IN RADIOLOGY

The transmantle sign: a characteristic MRI finding  
of focal cortical dysplasia type II (p. 132-133)

J Mex Fed Radiol Imaging� Volume 3. Number 2, April-June 2024

ISSN: 2938-1215

eISSN: 2696-8444

FEDERACIÓN MEXICANA DE RADIOLOGÍA E IMAGEN, A.C

Journal of the Mexican Federation of Radiology and Imaging

Official Journal of the 

FEDERACIÓN MEXICANA DE RADIOLOGÍA E IMAGEN, A.C

Journal of the Mexican Federation of Radiology and Imaging

Official Journal of the 

Preserved in: CLOCKSS

Indexed in:  
MIAR, DOAJ, ASCI-Database, Latindex





Meet the
NEW 
member
of the family

It’s amazing!

DRX-Rise

We have EQUIPMENT for all YOUR NEEDS

Scan the QR
and visit

the Virtual Hospital



FEDERACIÓN MEXICANA DE RADIOLOGÍA E IMAGEN, A.C

Journal of the Mexican Federation of Radiology and Imaging

Official Journal of the 
J Mex Fed Radiol Imaging� Volume 3. Number 2, April-June 2024

ISSN: 2938-1215

eISSN: 2696-8444

The Journal of the Mexican Federation of Radiology and Imaging (JMeXFRI) is the official journal of the Federacion 
Mexicana de Radiologia e Imagen. The aim of the journal is to disseminate scientific knowledge and technological 
developments for innovation in diagnostic and therapeutic radiology with original articles on basic and clinical aspects 
of modern radiology in an international context with global impact. JMeXFRI is published in American English with 
4 issues per year (print and online) and the first issue was published in the first quarter of 2022. Articles undergo 
a rigorous, double-blind peer-review process. Publication of articles in JMexFRI is free of charge and all published 
articles are open access. 
The journal publishes the following types of manuscripts: Full Research Article, Pictorial Essay, Brief Research 
Article, Technical Note, In-Depth Review, Case Report, Images in Radiology, and Editorial.

EDITORIAL BOARD

EDITOR-IN-CHIEF

Mauricio Figueroa-Sanchez, M.D.
Department of Radiology, Antiguo Hospital Civil de Guadalajara “Fray Antonio Alcalde”, Guadalajara, Jal., Mexico

SCIENTIFIC TRANSLATOR EDITOR

Sergio Lozano-Rodriguez, M.D.
Research Office of the Vice Dean, Hospital Universitario “Dr. Jose E. Gonzalez”, Monterrey, N.L., Mexico

BIOSTATISTICS ADVISER

Cesar N. Cristancho-Rojas, M.D., M.Sc.
School of Public Health, Oregon Health & Science University, Portland, OR., USA

DESIGN ADVISER

Jorge Mendez-Palacios, B.Sc.
Design Area, JMeXFRI. Zapopan, Jal., Mexico

ASSOCIATE EDITORS

Gerardo E. Ornelas-Cortinas, M.D.
Centro Universitario de Imagen Diagnostica, Hospital Universitario  

“Dr. Jose E. Gonzalez”, Monterrey, N.L., Mexico

Araceli Cue-Castro, M.D.
Department of Computed Tomography, Hospital General  

“Dr. Enrique Cabrera” SEDESA, Mexico City, Mexico

Oscar A. Chavez-Barba, M.D.
Department of Radiology,

Antiguo Hospital Civil de Guadalajara “Fray Antonio Alcalde”,
Guadalajara, Jal., Mexico

Ana M. Contreras-Navarro, M.D., M.Sc., Ph.D.
Scientific Writing Workshop, JMeXFRI,

Zapopan, Jal., Mexico

David Garza-Cruz, M.D.
Department of Radiology, Hospital Angeles,

Torreon, Coah., Mexico

J. Mario Bernal-Ramirez, M.D.
Department of Medical Clinics, Centro Universitario de  

Ciencias de la Salud, Universidad de Guadalajara,  
Guadalajara, Jal., Mexico



NATIONAL EDITORIAL BOARD

HEAD AND NECK RADIOLOGY
Mario A. Campos-Coy, M.D.

Centro Universitario de Imagen Diagnostica,  
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico

Eduardo D. Sarda-Inman, M.D.
Diagnostico Especializado por Imagen,  

Zapopan, Jal., Mexico

GASTROINTESTINAL RADIOLOGY
Araceli Cue-Castro, M.D.

Department of Computed Tomography,  
Hospital General “Dr. Enrique Cabrera” SEDESA,  

Mexico City, Mexico

Adrian Negreros-Osuna, M.D., Ph.D.
Departamento de Radiologia,  

Hospital Regional ISSSTE Monterrey,  
Monterrey, N.L., Mexico

Oscar A. Chavez-Barba, M.D.
Department of Radiology,  

Antiguo Hospital Civil de Guadalajara  
“Fray Antonio Alcalde”,  

Guadalajara, Jal., Mexico

OBSTETRIC AND GYNECOLOGIC RADIOLOGY
Dante R. Casale-Menier, M.D.

Department of Radiology and Imaging,  
Hospital Angeles,  

Ciudad Juarez, Chih., Mexico

Roberto J. Carrales-Cuellar, M.D.
Department of Ecographic Diagnosis,  

Radiologia Especializada,  
Guadalajara, Jal., Mexico

BREAST RADIOLOGY
David F. Perez-Montemayor, M.D.

General Direction, 
Centro de Imagenologia Integral IMAX,  

Tampico, Tamps., Mexico

Beatriz Gonzalez-Ulloa, M.D.
Department of Breast Imaging,  

Diagnostico Especializado por Imagen,  
Guadalajara, Jal., Mexico

Margarita L. Garza-Montemayor, M.D. 
Departamento de Imagen Diagnostica,  

Centro de Cancer de Mama,  
Hospital Zambrano Hellion, Tec Salud,  

Monterrey, N.L., Mexico 

Karla M. Nuñez-Barragan, M.D. 
Women’s Imaging Department,  

Doctors Hospital East Auna  
Monterrey, N. L., Mexico

NUCLEAR AND MOLECULAR MEDICINE
Hugo E. Solis-Lara, M.D.
Centro de Imagen Molecular,  

Hospital Christus Muguerza Alta Especialidad,  
Monterrey, N.L., Mexico

NEURORADIOLOGY
Jorge Paz-Gutierrez, M.D.

Department of Magnetic Resonance,  
Centro Medico Puerta de Hierro,  

Zapopan, Jal., Mexico

Azalea Garza-Baez, M.D.
Department of Radiology and Imaging,  

Hospital Zambrano Hellion,  
Tecnologico de Monterrey,  
Monterrey, N.L., Mexico

 Perla M. Salgado-Lujambio, M.D.
Direccion de Enseñanza,  

Instituto Nacional de Neurologia y  
Neurocirugia “Manuel Velasco Suarez”  

Mexico City, Mexico

PEDIATRIC RADIOLOGY
Aida Perez-Lara, M.D.

Department of Radiology, Hospital Español,  
Mexico City, Mexico

MUSCULOSKELETAL RADIOLOGY
Oscar A. Chavez-Barba, M.D.

Department of Radiology, Antiguo Hospital Civil  
de Guadalajara “Fray Antonio Alcalde”,  

Guadalajara, Jal., Mexico

J. Francisco Diaz-Fernandez, M.D.
Department of Radiology,  

Hospital General “Agustin O´Horan”,  
Merida, Yuc., Mexico

CHEST AND CARDIOVASCULAR RADIOLOGY
Sergio A. Criales-Vera, M.D.

Department of Radiology and Imaging,  
Instituto Nacional de Cardiologia “Ignacio Chavez”,  

Mexico City, Mexico

Harold Goerne, M.D.
Department of Radiology, Hospital de Pediatria,  

Instituto Mexicano del Seguro Social,  
Guadalajara, Jal., Mexico

Luis F. Alva-Lopez, M.D.
Department of Radiology, Hospital Medica Sur,  

Mexico City, Mexico

GENITOURINARY RADIOLOGY
Sergio B. Peregrina-Gonzalez, M.D.

Consultorio de Imagen,  
Guadalajara, Jal., Mexico

Araceli Cue-Castro, M.D.
Department of Computed Tomography,  

Hospital General “Dr. Enrique Cabrera” SEDESA,  
Mexico City, Mexico

Adrian Negreros-Osuna, M.D.
Departamento de Radiologia,  

Hospital Regional ISSSTE Monterrey,  
Monterrey, N.L., Mexico

Benjamin Conde-Castro, M.D. 
Faculty of Medicine,  

Universidad Nacional Autónoma de Mexico,  
Mexico City, Mexico 

ULTRASOUND
Rosa M. Alanis-Salazar, M.D.

Departamento de Radiologia, UMF Guadalupe, ISSSTE, 
Monterrey, NL., Mexico

Victor M. Rodriguez-Peralta, M.D.
Department or Radiology,  

Fundacion de Cancer de Mama (FUCAM),  
Oaxaca, Oax., Mexico

David Garza-Cruz, M.D.
Department of Radiology, Hospital Angeles,  

Torreon, Coah., Mexico

Manuel Hernandez-Cruz, M.D.
Area de Ultrasonido, 

Unidad de Ultrasonido Diagnostico, 
Puebla, Pue. Mexico

VASCULAR AND INTERVENTIONAL RADIOLOGY
Guillermo Elizondo-Riojas, M.D., Ph.D.
Centro Universitario de Imagen Diagnostica,   
Hospital Universitario “Dr. Jose E. Gonzalez”,   

Monterrey, N.L., Mexico

Raul A. De Luna-Vega. M.D.
Centro Universitario de Imagen Diagnostica,  
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico

ARTIFICIAL INTELLIGENCE 
Guillermo Elizondo-Riojas, M.D., Ph.D. 
Centro Universitario de Imagen Diagnostica,   
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico 

Adrian Negreros-Osuna, M.D. 
Departamento de Radiología,  

Hospital Regional ISSSTE Monterrey,  
Monterrey, N.L., Mexico 

J. Mario Bernal-Ramirez, M.D. 
Department of Medical Clinics,  

Centro Universitario de Ciencias de la Salud,  
Universidad de Guadalajara,  

Guadalajara, Jal., Mexico 

Benjamin Conde-Castro, M.D. 
Faculty of Medicine,  

Universidad Nacional Autonoma de México,  
Mexico City, Mexico

JUNIOR EDITORIAL BOARD
J. Mario Bernal-Ramirez, M.D.

Department of Medical Clinics,  
Centro Universitario de Ciencias de la Salud,  

Universidad de Guadalajara, 
Guadalajara, Jal., Mexico

Ana K. Luna-Marroquin, M.D.
Centro Universitario de Imagen Diagnostica, 
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico 

M. Lourdes Garcia-Colmenero, M.D.
Departamento de Radiologia,  

CID Centro de Imagen y Diagnostico 
Guadalajara, Jal., Mexico 

Xavier A. Gonzalez-Ballesteros, M.D.
Departamento de Radiologia,  

Hospital San Angel Inn Universidad, 
Ciudad de Mexico, Mexico

Adriana Parada-Gallardo, M.D.
Department of Radiology,  

Hospital General de Zapopan,  
Zapopan, Jal., Mexico 

INTERNATIONAL EDITORIAL BOARD

HEAD AND NECK RADIOLOGY
Richard H. Wiggins, M.D.

Department of Radiology and Imaging Sciences, School 
of Medicine, University of Utah,  

Salt Lake City, UT., USA

Amy Juliano, M.D.
Department of Radiology,  

Massachusetts Eye and Ear,  
Harvard Medical School,  

Boston, MA., USA

GASTROINTESTINAL RADIOLOGY
Jorge A. Soto, M.D.

Department of Radiology, Boston Medical Center, 
Boston, MA., USA

Jorge Elias Jr. Ph.D.
Departamento de Imagenes Medicas,  

Oncologia e Hematologia,  
Faculdade de Medicina Ribeirao Preto,  
Universidade Sao Paulo Ribeirao Preto,  

Sao Paolo, Brazil

Valdair F. Muglia, M.D.
Faculdade de Medicina de Ribeiraõ Preto,  
Universidade de Saõ Paulo, Ribeiraõ Preto,  

Sao Paolo, Brazil

Carlo Catalano, M.D. 
Department of Diagnostic Radiology  

La Sapienza University of Rome  
Rome, Italy



OBSTETRIC AND GYNECOLOGIC RADIOLOGY
Luciana Pardini Chamie, M.D., Ph.D.

Centro de Diagnostico Ultrasonografico  
Especializado en Imagen de la Mujer,  

Sao Paolo, Brazil

BREAST RADIOLOGY
Javier Romero-Enciso, M.D.

Department of Radiology,  
Fundacion Santa Fe,  
Bogota, Colombia

NUCLEAR AND MOLECULAR MEDICINE
Begoña Martinez-Sanchis, M.D.

Department of Nuclear Medicine,  
Hospital Universitario y Politecnico La Fe,  

Valencia, Spain

Cesar N. Cristancho-Rojas, M.D., M.Sc.
School of Public Health, 

Oregon Health & Science University, 
Portland, OR., USA

NEURORADIOLOGY
Roy F. Riascos-Castaneda, M.D.

Department of Radiology and Neurosurgery,  
Memorial Hermann Hospital System,  

Houston, TX., USA

 Rafael Rojas-Jasso, M.D.
Department of Radiology, Beth Israel,  

Deaconess Medical Center,  
Boston, MA., USA

Henrique Carrete Jr., M.D., Ph.D.
Department of Diagnostic Imaging,  

Universidad de Sao Paulo,  
Sao Paulo, Brazil

 Carlos Torres, M.D.
Department of Diagnostic Imaging,  

The Ottawa Hospital,  
Ottawa, Canada

MUSCULOSKELETAL RADIOLOGY
Javier Fernandez-Jara, M.D.

Department f Radiology,  
Hospital Universitario Sanitas La Zarzuela,  

Madrid, Spain

Jose Luis del Cura, M.D. 
Radiodiagnosis Service,  

Hospital Universitario Donostia,  
San Sebastian-Donostia, Spain

Diego F. Lemos, M.D.
Department of Radiology,  

University of Vermont Medical Center,  
Burlington, VT, USA

PEDIATRIC RADIOLOGY
George Bisset, M.D.

Department of Radiology, Children’s Hospital 
Pennsylvania, PA., USA 

Sara Reis Teixeira, M.D., Ph.D.
Department of Radiology, Children’s Hospital 

Pennsylvania, PA. USA

CHEST AND CARDIOVASCULAR RADIOLOGY
Fernando R. Gutierrez, M.D.

Department of Radiology and Cardiothoracic Imaging, 
The Mallickrodt Institute of Radiology,  

St. Louis, MO., USA

Jorge Carrillo-Bayona, M.D.
Department of Radiology,  

Hospital Universitario Mayor,  
Bogota, Colombia

Carlos S. Restrepo, M.D.
Department of Cardiothoracic Radiology,  

Texas University,  
San Antonio, TX., USA

Sebastian Rossini, M.D.
Department of Radiology,  

Instituto Radiologico Mater Dei,  
Buenos Aires, Argentina

Santiago Martinez-Jimenez, M.D.
Department of Radiology,  

Saint Luke´s Hospital of Kansas City,  
Kansas City, KS., USA

L. Antonio Sosa-Lozano, M.D.
Department of Cardiothoracic Radiology,  

Medical College of Wisconsin,  
Milwaukee, WI., USA

GENITOURINARY RADIOLOGY
Daniela Stoisa, M.D.

Department of Radiology, Diagnostico Medico Oroño,  
Rosario, Santa Fe, Argentina

Valdair F. Muglia, M.D.
Faculdade de Medicina de Ribeirao Preto, 
Universidade de Sao Paulo Ribeirao Preto, 

Sao Paulo, Brazil

ULTRASOUND
Edward G. Grant, M.D.

Department of Radiology, USC Norris Cancer Center,  
Los Angeles, CA., USA

Juan P. Niedmann-Espinosa, M.D.
Department of Ecotomography,  
Clinica Alemana de Santiago,  

Santiago de Chile, Chile

VASCULAR AND INTERVENTIONAL RADIOLOGY
Manuel Cifrian-Perez, M.D., Ph.D.

Imaging Clinic Department,  
Hospital Universitario y Politecnico La Fe, 

Valencia, Spain

ARTIFICIAL INTELLIGENCE
Leonor Cerda-Alberich, Ph.D

Imaging Clinic Department,  
Hospital Universitario y Politecnico La Fe,  

Valencia, Spain

Felipe Campos Kitamura, M.D., Ph.D.
DasaInova, Dasa,  
Sao Paulo, Brazil

GRAPHICAL ABSTRACTS 
COMMITTEE

Oscar A. Chavez-Barba, M.D. 
Department of Radiology,  

Antiguo Hospital Civil de Guadalajara  
“Fray Antonio Alcalde”,  

Guadalajara, Jal., Mexico 

Adriana Parada-Gallardo, M.D.
Department of Radiology,  

Hospital General de Zapopan,  
Zapopan, Jal., Mexico

J.M. Ignacio Lopez-Mendez, M.D. 
Department of Radiology and Imaging,  

Hospital de Especialidades, CMNO  
Instituto Mexicano del Seguro Social, 

Guadalajara, Jal., Mexico. 

Juan Pablo Lopez-Gutierrez, M.D. 
Department of Radiology and Imaging,  

Hospital General de Zona 3,  
Instituto Mexicano del Seguro Social  

Aguascalientes, Ags., Mexico 

Gerardo Llamas-Linares, M.D. 
Centro Universitario de Imagen Diagnostica,  
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico 

Alejandra I. Castillo-Cervantes, M.D.
Centro Universitario de Imagen Diagnostica,  
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico 

A. Sofia Sanchez-Gomez, M.D.
Department of Radiology,  

Grupo RIO Centro Integral de Diagnostico Medico.  
Guadalajara, Jal., Mexico

SOCIAL MEDIA COMMITTEE
Guillermo Elizondo-Riojas, M.D., Ph.D. 
Centro Universitario de Imagen Diagnostica,   
Hospital Universitario “Dr. Jose E. Gonzalez”,   

Monterrey, N.L., Mexico 

Oscar A. Chavez-Barba, M.D. 
Department of Radiology,  

Antiguo Hospital Civil de Guadalajara  
“Fray Antonio Alcalde”,  

Guadalajara, Jal., Mexico 

J. Mario Bernal-Ramirez, M.D. 
Department of Medical Clinics,  

Centro Universitario de Ciencias de la Salud,  
Universidad de Guadalajara,  

Guadalajara, Jal., Mexico 

Adriana Parada-Gallardo, M.D. 
Department of Radiology,  

Hospital General de Zapopan,  
Zapopan, Jal., Mexico

RADIOLOGICAL AND  
CLINICAL CORRELATION BOARD

GASTROENTEROLOGY
Linda E. Muñoz-Espinosa, M.D., Ph.D.

Liver Unit, Hospital Universitario  
“Dr. Jose E. Gonzalez”,  
Monterrey, N.L., Mexico

David Marti-Aguado, M.D., Ph.D.
Servicio Medicina Digestiva, 
Hospital Clinico Universitario, 

Valencia, Spain

GASTROINTESTINAL AND  
GENERAL SURGERY

Carlos Nuño-Guzman, M.D., M.Sc.
Department of Surgery,  

Antiguo Hospital Civil de Guadalajara  
“Fray Antonio Alcalde”,  

Guadalajara, Jal., Mexico

 OBSTETRICS AND GINECOLOGY
Sergio Fajardo-Dueñas, M.D., M.Sc.

Division of Obstetrics and Ginecology,  
Nuevo Hospital Civil de Guadalajara,  

Guadalajara, Jal., Mexico

NEUROLOGY
Jose L. Ruiz-Sandoval, M.D., M.Sc.

Department of Neurology,  
Antiguo Hospital Civil de Guadalajara  

“Fray Antonio Alcalde”,  
Guadalajara, Jal., Mexico

RHEUMATOLOGY
Monica Vazquez del Mercado-Espinosa,  

M.D., Ph.D.
Division of Medicine,  

Nuevo Hospital Civil de Guadalajara,  
Guadalajara, Jal., Mexico.

CARDIOLOGY-PNEUMOLOGY
Jose M. Hernandez, M.D.

Department of Ecocardiography, Doctors Hospital, 
Monterrey, N.L., Mexico

PATHOLOGICAL ANATOMY
Marco A. Ponce-Camacho, M.D., Ph.D.

Department of Cytopathology, Doctors Hospital,  
Monterrey, N.L., Mexico



Original papers should be deposited in their electronic version through the following URL: 

https://publisher.jmexfri.permanyer.com

www.permanyer.com
PERMANYER

www.permanyer.com

Permanyer Mexico
Temistocles, 315

Col. Polanco, Del. Miguel Hidalgo
11560 Ciudad de Mexico
mexico@permanyer.com

Permanyer
Mallorca, 310 – Barcelona (Cataluña), España

permanyer@permanyer.com

ISSN: 2696-8444
Ref.: 10130AMEX242

Reproductions for commercial purposes:
Without the prior written consent of the publisher, no part of this publication may be reproduced, stored in a retrievable medium or transmitted, 

in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, for commercial purposes.

Journal of the Mexican Federation of Radiology and Imaging is an open access publication with the Creative Commons license 
CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

The opinions, findings, and conclusions are those of the authors. The editors and publisher are not responsible  
and shall not be liable for the contents published in the journal.

© 2024 Federacion Mexicana de Radiologia e Imagen, AC. Published by Permanyer.

https://linkedin.com/company/jmexfri

https://instagram.com/jmexfri

https://facebook.com/jmexfri

https://youtube.com/@jmexfri

https://x.com/jmexfri

Follow us

ENDOCRINOLOGY
Jesus Zacarias Villarreal-Perez, M.D.

Department of Endocrinology,  
Hospital Universitario “Dr. Jose E. Gonzalez”,  

Monterrey, N.L., Mexico

HEMATOLOGY
Carlos R. Best-Aguilera, M.D.

Department of Hematology,  
Hospital General de Occidente. Secretaria de Salud 

Zapopan, Jal., Mexico

 GYNECOLOGICAL UROLOGY
Patricia I. Velazquez-Castellanos, M.D., M.Sc.

Department of Gynecology and Obstetrics,  
Antiguo Hospital Civil de Guadalajara  

“Fray Antonio Alcalde”, 
Guadalajara. Jal., Mexico

PEDIATRIC NEUROLOGY 
Daniel Perez-Rulfo Ibarra, M.D., Ph.D.

Departamento de Pediatria, 
Antiguo Hospital Civil de Guadalajara  

“Fray Antonio Alcalde”,  
Guadalajara, Jal., Mexico

https://linkedin.com/company/jmexfri
https://instagram.com/jmexfri
https://facebook.com/jmexfri
mailto:https://youtube.com/@jmexfri
https://x.com/jmexfri


69

Is independent Interventional Radiology the future?

Adrian Brady
Board of Directors, European Society of Radiology; University College, Cork, Ireland

EDITORIAL

Corresponding author: 
Adrian Brady 

E-mail: adrianbrady@me.com

2696-8444 / © 2023 Federación Mexicana de Radiología e Imagen, A.C. Published by Permanyer. This is an open access article under the 
CC BY‑NC‑ND (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Available online: 10-07-2024

J Mex Fed Radiol Imaging. 2024;3(2):69-71

www.JMeXFRI.com

FEDERACIÓN MEXICANADE RADIOLOGÍA E IMAGEN, A.C

Journal of the Mexican Federation of Radiology and Imaging

Official Journal of the 

Journal of the Mexican Federation 
of Radiology and Imaging

Received for publication: 21-11-2023

Accepted for publication: 27-11-2023

DOI: 10.24875/JMEXFRI.M24000070

Interventional radiologists are special (or at least often 
believe ourselves to be). After all, while diagnostic radiol-
ogists look at images, and diagnose, we also actively do 
things to make patients better. Surely that justifies our 
being considered as a group apart, subject to different 
rules? However, neuroradiologists, paediatric radiolo-
gists, musculoskeletal radiologists and breast radiolo-
gists (and all other subspecialty groups) also consider 
themselves special, often using the same justifications. 
So, if we all want special treatment, stand-alone status 
for our special skills, what is the future of radiology as 
a whole? Is each subspecialty’s special pleading for 
uniqueness (and, consequently, special treatment) ulti-
mately harmful to radiology? Will this trend towards 
increased subspecialisation (or complete separation of 
specialties) lead to the development of silos, where indi-
viduals work without reference to the generality of patients 
and without the capacity to offer breadth of expertise to 
complement depth of knowledge?

The case for some form of independent status for 
interventional radiology (IR) is strong. It differs from 
most other radiology subspecialties in combining 
knowledge of and ability to deploy diagnostic skills 
with specific requirements for manual dexterity1. It has 
many intersections with operative surgery, in that the 
work of an interventional radiologist often has therapeu-
tic intent, in addition to the usual diagnostic goals under-
pinning most radiologists’ work. Efficient and effective 
delivery of IR services often requires equipment in addi-
tion to diagnostic radiology department tools and dedi-
cated staff (radiologists, radiographers and nurses) with 
specific training and expertise.

One key feature of successful IR practice is direct 
interaction with patients and direct responsibility for their 
care. Many radiologists encounter patients on a daily 
basis; for example, those who utilise ultrasound speak 
with their patients in virtually all cases and often have 
the valuable opportunity to examine the body part under 
scrutiny. Breast radiologists are frequently key partici-
pants in patient clinics. However, in IR, directly encoun-
tering one’s patients only when performing procedures 
is really only part of the job. Full IR service provision 
must also include pre- and post-operative elements of 
care. The ‘father’ of IR, Charles Dotter, stated in 1968 
that if interventional radiologists did not provide clinical 
care before and after their procedures, in addition to 
the procedural element of IR, they would be considered 
nothing more than ‘high-priced plumbers’ and seen 
only as technologists rather than true physicians2. The 
complexity and range of the procedures we can offer 
are growing rapidly; it would be inappropriate not to 
ensure that patients have the opportunity to discuss 
with us in advance what will happen to them and be 
cared for afterwards by the person with the most knowl-
edge of what has been done to them. Furthermore, as 
the operators performing invasive and complex proce-
dures, it is our responsibility to offer full explanations 
and to obtain informed patient consent before interven-
ing. Additionally, we know that patients increasingly 
expect to be able to interact directly with radiologists 
(even beyond the IR world) for explanations of their 
imaging3. This necessitates our conducting (and having 
the resources to operate) IR clinics and accessing 
in-patient and day-case beds in hospitals directly1.
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Another key element of both threat and opportunity 
for IR lies in referral patterns. If we remain entirely 
dependent on referrals of patients from other special-
ties, we risk having our scope of practice defined by 
these referrers and losing elements of that practice to 
other specialties that choose to ‘cherry-pick’ those pro-
cedures that are financially or otherwise attractive to 
them while leaving to us more difficult or less-attractive 
work. For this reason, many interventional radiologists 
believe that we must broaden the sources of our 
patients, offering referral opportunities to primary care 
physicians or, in some instances, patients referring 
themselves directly. Again, this would seem to suggest 
that existence as an independent specialty is a neces-
sity if IR is to thrive and develop.

In many parts of the world, IR is currently at an 
inflexion point, as radiologists consider whether or 
not IR should operate as an entirely independent 
specialty, and as regulators evaluate the cases for 
and against a division between the diagnostic and 
interventional branches of our specialty. The param-
eters for how IR would function independently have 
long been established4. In some countries, indepen-
dent status for IR as a subspecialty has been rec-
ognised (since 2010 in the UK and 2013 in Canada). 
In the USA, dual primary certification in IR and diag-
nostic radiology has been offered by the American 
Board of Medical Specialties (ABMS) since 2012, 
which confers recognition of IR as a distinct area of 
medical practice (without entirely separating it from 
diagnostic radiology). In many other countries, formal 
recognition of IR as a subspecialty is also now in 
place, but recognition as a fully independent spe-
cialty remains largely aspirational in most jurisdic-
tions, despite support from many national IR societies 
and the Cardiovascular and Interventional Radiological 
Society of Europe (CIRSE)5.

There are arguments against full independence for 
IR. One relies on the fact that some IR has traditionally 
been part of daily work for many radiologists. Would 
independence mean those who perform procedures on 
a part-time or occasional basis would expect, or be 
expected to cease doing all intervention, leaving all 
procedures to those specifically trained in IR? This 
would be impractical, as well as detrimental to patient 
care. Procedural work is also part of other radiology 
subspecialties (breast, MSK, etc.). Simpler procedures 
fall within the remit of many general or subspecialty 
diagnostic radiologists (biopsies, drainages, etc.) and 
will need to continue to do so. In many smaller hospi-
tals, there may not be sufficient IR work to employ 

enough dedicated interventionalists to facilitate provid-
ing a full on-call service, or enough high-level or varied 
work to attract radiologists whose exclusive focus is 
based on intervention. 

Other arguments against independence are some-
times heard from traditional referring specialties. Some 
of these may be grounded in uncertainty about the 
boundaries between their practices and that of inter-
ventional radiologists, but these arguments are usually 
biased by a traditional and outdated view of radiology 
as a ‘non-clinical’ specialty6. In addition, some col-
leagues from other specialties may fear competition 
from newly empowered interventional radiologists who 
run their own clinics, accept their own direct referrals 
and manage patients within beds and facilities they 
control directly.

It is likely that the future will involve some form of 
hybrid, merging a scenario whereby much simple IR 
work remains within the purview of predominantly diag-
nostic radiologists with more complex IR being under-
taken by dedicated interventional radiologists acting 
as independent specialists, without additional respon-
sibilities to cover diagnostic radiology services being 
expected of them. These dedicated interventionalists 
could provide services across a number of institutions, 
to ensure the availability of high-level skills wherever 
needed and the provision of sufficient personnel to 
maintain on-call services (where institutions are too 
small or have insufficient IR demands to provide these 
from within their own resources). It is unrealistic to 
demand or expect that all IR can or should migrate from 
its present home within the world of radiology to a new 
realm of a separate specialty of IR. However, the need 
for recognition of high-level IR as a dedicated specialty, 
with all the privileges, rights and tools required for the 
provision of proper holistic care to patients, should be 
supported, provided that continuance of simpler IR as 
an intrinsic skill and component of the work of most 
diagnostic radiologists is upheld.

The future is bright for both Diagnostic and Interventional 
Radiology. In many ways, and in many practice types, we 
will remain inextricably linked. In some circumstances, 
IR will function as an independent specialty, while 
remaining closely linked to our diagnostic brethren. 
Adapting the mix of these models to the specific envi-
ronment of practice in a given location is a pragmatic 
and viable goal for the future. 
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ABSTRACT

Artificial intelligence (AI) is revolutionizing clinical medicine, particularly radiology, by enhancing diagnostic accuracy and 
streamlining operational efficiency. Radiology benefits from AI’s prowess in image pattern recognition, which not only 
augments radiologists’ capabilities but also optimizes tasks such as scheduling and radiation monitoring. AI’s applications 
span diagnostic and interventional radiology, enabling the interpretation of complex imaging data through advanced 
technologies such as convolutional neural networks and radiomics. These tools help detect subtle disease indicators often 
missed by the human eye. AI also improves radiology department management by automating routine tasks and prioritizing 
urgent cases to ensure timely medical interventions. Educational programs must evolve to prepare the next generation of 
radiologists for a future where AI is ubiquitous in their professional landscape. However, integrating AI into radiology brings 
challenges, including ethical and legal concerns about patient privacy, data security, and potential bias in algorithms. Ethical 
and legal concerns must be addressed by developing robust guidelines that keep pace with technological advancements. 
Addressing these issues requires rigorous validation of AI tools across various clinical settings and demographics. 
Undoubtedly, AI will empower radiologists, enhance their diagnostic capabilities and accuracy, and contribute to precision 
and personalized medicine.

Keywords: Artificial Intelligence. Radiologists. Radiology. Chatbot.

INTRODUCTION

Artificial intelligence (AI) is, without doubt, the most 
influential technology currently impacting clinical medi-
cine in general and radiology in particular. AI is changing 
the way radiology performs medical diagnoses and 
patient care. Our specialty is particularly suited for AI 
because it relies on image pattern recognition, some-
thing AI excels at. Also, radiology will benefit from the 
integration of AI because it not only augments the capa-
bilities of radiologists but also improves efficiency, for 

example, in scheduling, programming sequences, radi-
ation dose monitoring, segmentation, and many repeti-
tive, time-consuming tasks1.

As will be seen in this article, AI has many diagnostic 
and interventional radiology applications2. For instance, 
one of the most important applications in diagnostic 
radiology is the use of convolutional neural networks 
for interpreting complex imaging data, i.e., radiomics. 
With these deep learning algorithms, it is now possi-
ble to recognize subtle patterns indicative of disease  
but undetected/recognized by the human eye/brain3.  
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For example, for chest radiography, the most performed 
diagnostic imaging modality in the world, AI has been 
developed to detect pneumonia, pneumothorax, pulmo-
nary nodules, SARS-COV-2 pneumonia, and the like. 

In almost all studies performed so far, AI accuracy 
levels are comparable and, in many cases, better than 
radiologists’ performance. As discussed further in this 
review, in addition to increasing diagnostic capabilities, 
it improves operational efficiency in radiology depart-
ments. We need to modify our educational paradigms 
for radiology professionals for good implementation. On 
the other hand, although the benefits of AI in radiology 
are evident, integrating this technology has many chal-
lenges. In another section of this review, we discuss 
the concerns regarding ethical implications, particularly 
patient privacy, algorithm bias, data security, and algo-
rithm training and failures. Also, implementing these 
algorithms requires rigorous validation in each clinical 
setting, demographics, and population in which they 
will be applied4. As we will discuss in this review, there 
is a need for research in this field, the consideration of 
ethical aspects, educational adjustments, and time to 
evaluate the real clinical impact of this technology.

THE CURRENT STATE OF AI IN 
RADIOLOGY

Much has been written about the promising potential of 
AI in radiology, with the capacity to transform the field. Mun 
et al.5 and Liew6 emphasized the need for strategic posi-
tioning and the potential for AI to improve the performance 
and productivity of radiology services. Malamateniou et al.7 
and Syed et al.8 highlighted the potential for AI to change 
the role of radiologists and the need for robust validation 
and interdisciplinary research. Lezzi et al.9 and Choy et al.10 
discussed the potential of AI to improve lesion detection 
and interpretation and enhance various steps in the radiol-
ogy workflow. Recht et al.11 and Pakdemirli12 viewed AI as 
a boon rather than a threat. 

A systematic review of the scientific literature in meta- 
analysis-type publications was conducted to understand 
the state of the art in AI applications in radiology. These 
articles provide an important objective filter of publica-
tions that offer a more substantial consolidation of evi-
dence, assessment of technology applicability, and 
identification of trends in a field of study. The systematic 
review was conducted using the following methodology 
(Figure 1): searches were performed in PubMed from 
January 1, 2019, to April 1, 2024, using the MeSH terms 
“Diagnostic Imaging” AND “Artificial Intelligence,” with no 
language restrictions, excluding articles categorized as 

“books and documents,” and from the species filter, only 
“humans” were included while preprints were excluded, 
identifying 102 meta-analyses.

All titles and abstracts were examined to determine 
eligibility, excluding studies from other specialized 
branches of medicine where the radiologist is not directly 
responsible and articles from the biomedical branch 
where engineers are responsible for using these tools. 
A total of 45 publications13-57 corresponding to clinical 
imaging were included. Each article was comprehen-
sively reviewed to classify it into an imaging subspecialty 
category and to synthesize the clinical applications for 
each area.

AI applications according to the clinical area are 
synthesized in Table 1, indicating sufficient evidence 
to undergo meta-analysis-type evaluations. Six dis-
tinct clinical categories were identified: oncology, neu-
roradiology, breast, orthopedics, thorax, and abdomen. 
AI, with the most meta-analysis-type publications, was 
related to oncologic imaging (44.5%), neuroradiology 
(20.0%), and breast imaging (13.3%). These publica-
tions are categorized according to the process or stage 
at which they are used, from detecting an anomaly asso-
ciated with a disease to providing diagnostic support for 
a specific disease. Results vary from dichotomous dis-
tinctions between benign and malignant outcomes to 
complex analyses such as radiomics, which are used for 
more precise diagnoses and even for predicting various 
outcomes, including disease survival and responses to 
chemotherapy in breast cancer.

As the application of AI in imaging continues to advance, 
the volume of evidence is expected to increase corre-
spondingly. This expansion requires rigorous evaluation 
of data quality. One of the most effective strategies for 
ensuring this is to persistently document and analyze the 
findings using the highest quality of evidence, such as 
that provided by meta-analyses.

IMPACT OF AI IN RADIOLOGY 
DEPARTMENT AUTOMATIZATION

In radiology departments, AI can help automate routine 
tasks, preliminary analysis, filling structured reports, 
and the like. Moreover, AI is now being used to prioritize 
urgent cases for radiologists to review, ensuring timely 
attendance in life-threatening conditions, a crucial 
improvement in emergency care settings58.

AI automates routine tasks–scheduling, programming 
imaging sequences, monitoring radiation doses, and seg-
menting images–which are traditionally time-consuming 
and prone to human error. By handling these tasks, 
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Figure 1. The flowchart of a systematic literature search performed in PubMed from January 1, 2019, to April 1, 2024, using the MeSH terms 
“Diagnostic Imaging” AND “Artificial Intelligence.” A total of 45 articles corresponding to clinical imaging were included. Each article was 
comprehensively reviewed to classify it into an imaging subspecialty category and to synthesize the clinical applications for each area.
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AI frees radiologists to concentrate on more complex 
and nuanced diagnostic challenges, thus optimizing 
departmental workflow and productivity.

AI can also support non-diagnostic tasks, such as result 
communication and integration into electronic health record 
systems to improve radiology report quality9,59. AI can also 
facilitate rapid diagnosis and management in emergency 
radiology by reducing acquisition times and optimizing 
image quality59.

EDUCATIONAL IMPLICATIONS OF AI  
IN RADIOLOGY

There is no doubt that AI will empower radiologists, 
enhancing our diagnostic capabilities and accuracy and 
contributing to precision and personalized medicine. 
Radiologists in general, but residents in particular, need 
to be trained not only in traditional radiology but also in 
the use of AI, knowing its applications and limitations, 
and leading the way to integrate AI into clinical practice 
to better care for our patients60.

Education and training for radiology professionals are 
undergoing a fundamental shift to accommodate the 

technological advancements brought about by AI. 
Traditional curricula must be expanded to include AI 
literacy, ensuring that radiologists are not only proficient 
in their conventional roles but also better equipped to 
handle the intricacies of AI tools. This dual expertise is 
crucial for the ethical deployment of AI, as it empowers 
radiologists to use these tools judiciously and effec-
tively, recognizing their strengths and limitations.

Therefore, radiologists must undergo thorough training 
in the use and limitations of AI tools. This training ensures 
they can effectively integrate AI insights into their diag-
nostic processes while maintaining oversight and the 
capacity to intervene or disagree with AI-generated con-
clusions. In the context of training algorithms and models, 
understanding how these models get their conclusions is 
crucial for the early detection of potential errors. Such 
preparedness helps mitigate the risk of overreliance on 
these technologies and maintains the essential role of 
professional judgment in patient care.

Adopting AI requires significant educational adjust-
ments for radiology professionals, equipping them with 
skills to use and understand AI effectively. Radiologists 
can address this by educating themselves and their 

Table 1. AI applications by clinical specialty of the 45 selected meta-analyses using the MeSH terms “Diagnostic Imaging” AND “Artificial Intelligence”

Clinical area n (%) Clinical applications # References

Oncology 20 (44.5)

– �Detection of lung cancer, brain metastases, prostate cancer, and head and neck 
cancer. 

– �Preoperative lymph node staging for colorectal cancer.
– �Support in diagnosing glioma, lymph node metastasis in patients with 

abdominopelvic malignancy, and thyroid nodules by ultrasound.
– �Differentiation between malignant and benign focal liver lesions on ultrasound, 

treatment-related effects versus tumor progression in brain tumors.
– �Diagnosis and postoperative surveillance of malignant neoplasms of the upper 

gastrointestinal tract.
– �Radiomics in diagnosing and predicting esophageal cancer, medulloblastoma 

subgroups, differentiation of glioma types, HCC recurrence, and survival prediction 
in patients with gastric cancer.

13–32

Neuroradiology 9 (20.0)

– �Detection of middle cerebral artery occlusion, intracranial hemorrhage, subdural 
hematoma, intracranial aneurysm, and Alzheimer’s disease.

– �Detection of early changes in early stroke on non-contrast CT.
– �Predicting the risk of cerebral aneurysm rupture.
– �Radiomics in the diagnosis and prognosis of intracranial meningioma.

33–41

Breast 6 (13.3)
– �Mammography and digital tomosynthesis to aid diagnosis.
– �Prediction of lymph node metastases in breast cancer patients and response to 

neoadjuvant chemotherapy.
42–47

Orthopedics 4 (8.9) Diagnostic support for acute rib fracture, wrist fracture, bone age, and body 
composition. 48–51

Chest 4 (8.9) Diagnostic support for pneumothorax, tuberculosis, coronavirus, and pulmonary 
thromboembolism. 52–55

Abdomen 2 (4.4) Diagnostic support for hepatic fibrosis and nonalcoholic fatty liver disease 56–57

AI: artificial intelligence; HCC: hepatocellular carcinoma; CT: computed tomography; MeSH: Medical Subject Headings.
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peers about AI. Training programs for radiologists must 
include AI education to ensure that it is always used in 
the patient’s best interest.

ETHICAL ASPECTS OF AI IN RADIOLOGY

Any human activity falls within the scope of ethics, and 
AI in radiology is not an exception. When using machines 
to make decisions, important ethical considerations must 
be remembered. To acknowledge this, the European and 
North American Multisociety Statement emerged in 2019, 
where several ethical scenarios are discussed with direct 
questions posed to potential users of AI in radiology. 
Shortly later, Geis et al. published a summary of the most 
relevant points for further examination, implying ethi-
cal questions involving data acquisition and sharing, 
training algorithms/models, and integration into radiol-
ogy practice61. When considering data, the primary 
concerns revolve around achieving a balance between 
obtaining appropriate patient consent for data usage and 
determining the extent to which data should be available 
without compromising privacy62.

Privacy concerns top the list, with AI systems handling 
vast amounts of sensitive patient data, necessitating 
stringent measures to safeguard this information against 
breaches. Additionally, there is the ever-present risk of bias 
in AI algorithms, which can arise from skewed training data 
or flawed design, potentially leading to discriminatory prac-
tices in patient care. As radiologists, our focus should be 
on gathering data for the common good rather than just for 
financial gain, emphasizing the importance of ethical prac-
tices and the responsible use of medical information to 
advance healthcare and improve patient outcomes.

Another concern is the growing need for accurately 
labeled data, potentially resulting in unethical data use. 
This lack of accuracy can result in skewed data that 
accurately represents the broader population, which 
may lead to misinformed conclusions and ineffective 
policies. This problem demands the implementation of 
rigorous data management guidelines. 

A significant issue is the possibility of bias emerging 
due to the lack of a diverse sample encompassing var-
ious ethnic backgrounds. Furthermore, an imbalance in 
algorithm access could result in AI benefits being 
monopolized by a select few. This imbalance could lead 
to significant disparities in healthcare quality between 
countries, widening the gap between developed and 
developing nations and undermining the potential for 
global health advancement.

Understanding algorithms and models will be possible 
only if the transparency of the models is guaranteed, 

enabling us to perform necessary adjustments to ensure 
accuracy and reliability. Moreover, transparent models 
allow for greater collaboration among researchers, facil-
itating improvements and innovations that can enhance 
the overall effectiveness of the algorithms. This collab-
orative environment is essential for fostering trust and 
confidence among users, who rely on these models for 
critical decision-making.

Incorporating AI into radiological practice requires a 
robust ethical infrastructure that prioritizes the common 
good and ensures the development of AI technologies 
that center on optimizing patient care rather than priori-
tizing financial gains. However, it also demands an acute 
awareness and mitigation of automation bias63. This bias 
is critical, especially in fields such as radiology, where 
placing too much trust in AI decisions can harm patients. 
Ultimately, continuous monitoring and thoughtful consid-
eration of the changing contexts where we can use AI 
in our field are essential. This approach involves regular 
reviews and updates of algorithms to adapt to new data 
and clinical realities, ensuring they remain reliable and 
accurate. This rigorous task will help us adhere to the 
foundational principle of medicine: “First, do no harm.”

LEGAL ASPECTS OF AI IN RADIOLOGY

One of the commonly perceived challenges of AI is 
the possibility of replacing radiologists. There is only 
one thing more complicated than the technical com-
plexity of replacing a radiologist, and that is the legal 
hurdle it represents. Moving to AI-driven diagnostics 
requires navigating a complex landscape of regulatory 
standards and liability concerns. These legal hurdles 
emphasize the need for a careful approach where AI 
supports rather than replaces human experts, ensur-
ing compliance and safeguarding patient welfare. 

The perfection of an AI algorithm is unattainable, and 
even if we could reach this utopian scenario, any algo-
rithm would gradually lose its precision due to data 
drift64. Regardless of the specific algorithm, it is certain 
that AI will eventually fail at some point. When it does, 
a crucial question arises: who is at fault? The legal 
system will likely target the supervising radiologist, 
while the engineers who designed the system might 
face only indirect legal involvement. This disparity in 
accountability raises significant concerns about fair-
ness and the distribution of responsibility within the 
field. It underscores the need for clear guidelines and 
regulations that delineate the roles and responsibilities 
of all involved in developing and deploying AI technol-
ogies in healthcare. Establishing these standards to 
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fairly distribute responsibility, enhance system safety, 
and safeguard the interests of both patients and prac-
titioners is crucial. 

From a practical standpoint, AI algorithms are 
treated as medical devices56, meaning they are not 
inherently liable in civil terms. The radiologist using 
them retains all responsibility and is entrusted with 
making the final judgment. Suppose a mistake occurs, 
and a patient intends to sue. In that case, four funda-
mental assertions must be proven that the radiologist 
assumed a contractual responsibility during the inter-
pretation of their study, this duty was neglected, the 
neglect caused harm, and this harm resulted in 
detailed injuries65.

In a few words, a radiologist–patient relationship must 
have been established. Nevertheless, what happens in 
the case of an AI algorithm? Is there such a thing as an 
algorithm–patient relationship? Some authors have pro-
posed viewing the algorithm as a medical student during 
their clinical rotations: they have contact with patients, 
they may handle some procedures related to their man-
agement, and some tasks may be unsupervised because 
they do not have the decision-making power or final 
responsibility over the patient66,67.

Therefore, while AI may assist in diagnostic processes 
and patient management, the supervising healthcare 
professionals, radiologists, ultimately hold the final deci-
sion-making power and legal responsibility. This distinc-
tion is crucial for legal purposes, and both patients and 
practitioners must understand it clearly to manage 
expectations and responsibilities effectively when using 
AI in medical settings.

We have only touched upon a few legal implications 
of using AI in radiology. However, replacing a radiolo-
gist with a complex AI model is far from achievable, 
especially from a legal perspective. Numerous legal 
challenges, including liability, consent, and oversight, 
must be thoroughly addressed before such a transition 
can occur. Additionally, regulatory frameworks are still 
evolving to remain up-to-date with the rapid growth in 
AI technology, creating a landscape of uncertainty. It is 
clear that while AI can augment and enhance the capa-
bilities of radiologists, replacing them involves intricate 
legal considerations that are currently unresolved and 
require significant attention and development. 

The legal implications of AI in radiology are complex 
and multifaceted. As AI systems increasingly take on 
more diagnostic and decision-making tasks, questions 
about liability and accountability in cases of errors 
become particularly significant. Current legal frame-
works lag behind the rapid pace of AI development, 

struggling to clearly define the responsibilities of AI 
developers, users, and healthcare providers. This lag 
not only poses a risk to patient safety but also impedes 
the potential for AI to be fully integrated into clinical 
practice. Legal structures need to be refined and 
adapted to protect patient welfare while supporting 
innovation. 

THE FUTURE OF AI IN RADIOLOGY

It is imperative to delve into the past to contemplate 
potential trends in AI in radiology, to recall the develop-
ment of emerging technologies described in Gartner’s 
Hype Cycle68, and to identify the obstacles and achieve-
ments thus far. Several years ago, the challenge lay in 
constructing systems capable of segmenting normal 
anatomical structures, followed by the ability to identify 
lesions or to discern whether a study was normal or 
abnormal. These initial systems formed the base for 
developing robust AI applications in radiology. A sub-
stantial number can be found in open-source reposito-
ries authorized for use in developing new systems or 
for research purposes. 

The future of AI in radiology will impact all areas of 
radiology. While the essence remains the same, the 
methods may vary, e.g., in interventional radiology, there 
are potential applications in procedural planning, execu-
tion, vascular imaging, radiomics, touchless software 
interactions, robotics, natural language processing, 
post-procedural outcome prediction, device navigation, 
image acquisition execution, and follow-up. It can also 
enhance the efficiency and accuracy of radiological 
diagnoses and treatments69. AI can improve lesion 
detection, segmentation, and interpretation, and it offers 
prognostic information9. Overall, AI, augmented reality, 
and virtual reality have the potential to revolutionize 
interventional radiology, but careful study, validation, and 
application are needed70. The same occurs with pediat-
ric71, cardiac72, and musculoskeletal radiology, where 
some discuss the role of AI and emphasize the need for 
collaboration between AI researchers and clinical radiol-
ogists to enhance the capabilities of radiologists54,73.

AI has also shown significant potential in improving 
image acquisition59,74. It can automate tasks such as 
image normalization, quality improvement, and noise 
reduction, leading to better visualization of anatomical 
structures and lesions75. Despite these advancements, 
the implementation of AI in radiology faces challenges, 
including the need for AI-ready data structures. Chae  
et al.76 proposed a standardized framework for step-by-
step implementation of AI into radiology clinical practice, 
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focusing on three key components: problem identification, 
stakeholder alignment, and pipeline integration. They 
highlight the inherent challenges in this process due to 
the many factors and conditions that must be met for 
proper implementation, such as effective data acquisition, 
multidisciplinary work, user-centered metrics in real-world 
environments, and the use of existing software in clinical 
workflows. They conclude that with the assistance of 
these steps, the implementation of AI could be standard-
ized. Furthermore, to accelerate innovation and bridge 
gaps, there must be data liberation and crowdsourcing in 
medical research with the establishment of large-scale 
and accessible repositories77. Even with these challenges, 
AI in radiology is expected to revolutionize the field and 
improve patient care quality and depth.

On the other hand, AI is being applied in conjunction 
with natural language processing (NLP) to create and 
refine chatbots. A chatbot is essentially a software appli-
cation that mimics human conversation, whether it is in 
written or spoken form. These emerging technologies 
can be utilized to improve the capacity of chatbots to 
simulate a more natural and free-flowing conversation, 
enabling individuals to engage with electronic devices 
as if they were having a conversation with a real person. 
In the medical field, this application is increasingly com-
mon and promising. In this regard, medical chatbots can 
assist in various tasks, from providing basic information 
about diseases and symptoms to offering personalized 
medical advice and medication reminders. These sys-
tems can be especially useful in providing basic health-
care in remote areas or addressing common patient 
queries, freeing healthcare professionals’ time for more 
complex tasks. Medical chatbots can offer valuable 
healthcare information to the right people in a timely 
manner and enhance doctors’ workflow. Sowmya et al.78 
pointed out the advantages of chatbots in making accu-
rate diagnoses and easing the burden on medical pro-
fessionals. Nimal et al.79 and Kaladevi et al.80 emphasized 
the importance of chatbots in managing patient flow and 
cutting healthcare expenses. Others have provided 
insights into current chatbot solutions and how they can 
facilitate better connections between patients and doc-
tors. These studies collectively suggest that chatbots 
have the potential to significantly improve doctors’ work-
flow by streamlining processes, enhancing patient care, 
and reducing costs. However, it is important to note that 
medical chatbots must be developed with utmost care 
and precision as they deal with delicate and potentially 
sensitive information. The security and privacy of patient 
data are critical considerations in designing and imple-
menting these systems.

Many may wonder whether there will be mobile or com-
puter applications in AI that perform disease diagnostics 
with AI. The answer is that it is very likely. Numerous AI 
applications are in development with potential benefits 
throughout the imaging chain. The initial questions are: 
How accessible will these applications be, and who will 
bear responsibility for the outcomes? When discussing 
the future of AI in radiology, an inevitable question 
emerges about the potential replacement of radiologists 
by AI. The simple response is: No. Nevertheless, the 
roles of radiologists will undoubtedly change, with AI 
becoming an integral part of their daily practice. It will 
seamlessly merge, much like smartphones do, without 
you realizing it. While AI algorithms will enhance effi-
ciency in certain tasks within their workflow, the essence 
of a radiologist’s job remains intricate, centered on 
resolving complex clinical issues. Augmented radiology 
is a field that integrates AI and advanced technologies 
such as virtual and augmented reality. The transition to 
this discipline, where radiologists play a key role, is seen 
as a strategy for success6. The impending challenge for 
radiologists is to acclimate to the forthcoming changes 
generated by AI integration.

As we look to the future, the role of AI in radiology is 
poised to expand dramatically. As AI technologies 
evolve, they will increasingly influence all aspects of 
radiological practice, from diagnostic accuracy and treat-
ment planning to patient interaction and follow-up care. 
The ongoing development of AI promises not only more 
sophisticated diagnostic tools but also platforms for per-
sonalized medicine, where AI’s data-processing capabil-
ities can be leveraged to tailor treatments to individual 
patient profiles.

CONCLUSION

The integration of AI into the field of radiology marks 
a transformative era, revolutionizing the methodology 
and philosophy of diagnostics and patient care. While 
the integration of AI into radiology significantly improves 
diagnostic and operational efficiencies, it also poses 
ethical, legal, and educational challenges. The path for-
ward involves a balanced approach that considers these 
aspects, ensuring that AI’s integration into radiology not 
only enhances technical capabilities but also adheres to 
the highest standards of patient care and safety. 

As we navigate this complex terrain, we must focus 
on leveraging AI to benefit patients, supported by ongo-
ing research, thoughtful policy-making, and compre-
hensive educational reforms. This approach will ensure 
that AI serves as a beneficial tool in the quest to 
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advance radiology, ultimately improving patient out-
comes and streamlining processes in healthcare set-
tings. AI’s integration into radiology practice means a 
paradigm shift in how imaging data is used and inter-
preted for patient care. AI profoundly challenges and 
reshapes ethical norms, legal frameworks, and educa-
tional paradigms in radiology.
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ABSTRACT

Introduction: Ultrasound (US) elastography for thyroid microcarcinomas has variable diagnostic performance. This study 
aimed to (1) define the elastographic features of thyroid nodules using two-dimensional shear-wave elastography (2D-SWE) 
and (2) evaluate the utility of combining conventional US, elastography-strain (E-strain), and 2D-SWE for improving 
diagnostic performance in thyroid micronodules. Materials and Methods: Patients with thyroid nodules were evaluated in 
a cross-sectional study with conventional US, E-strain, and 2D-SWE. Nodule stiffness, the presence of a perinodular halo, 
and the halo/nodule A/B index were evaluated using 2D-SWE. Three elastographic patterns were defined based on 
conventional US, E-strain, and 2D-SWE features. The pathological diagnosis was made by fine needle aspiration biopsy 
and confirmed by surgery. Results: We included 158 patients with 158 thyroid nodules: 64 micronodules ≤10 mm and 94 
macronodules > 10 mm. Malignancy was confirmed in 58 (36.7%) of 158 nodules, of which 29 were thyroid microcarcinomas. 
Stiffness at a cutoff value of 23.5 kPa predicted malignancy. Notably, 21 (72.4%) of 29 microcarcinomas with a perinodular 
halo had a stiffness value of < 23.5 kPa. All microcarcinomas with a perinodular halo (n = 21, 100%) had an elastographic 
stiffness A/B index ≥ 1.3. A congruent elastographic pattern was defined as thyroid imaging reporting and data system 
(TI-RADS) 4 or 5, E-strain pattern 4 or 5, with a stiffness ≥ 23.5 kPa without a perinodular halo, and an A/B index < 1.3 by 
2D-SWE. An incongruent elastographic pattern was defined as TI-RADS 4 or 5, E-strain pattern 4 or 5, and discordant 
findings on 2D-SWE with intrinsic thyroid nodule laxity (< 23.5 kPa), a rigid perinodular halo, and an A/B index ≥ 1.3. An 
atypical congruent elastographic pattern was defined as TI-RADS 4 or 5 with atypical findings on E-strain (pattern 1, 2, or 3), 
and 2D-SWE with intrinsic thyroid nodule laxity (< 23.5 kPa), a rigid perinodular halo, and an A/B index ≥ 1.3. Conclusion: 
Three elastographic patterns of thyroid microcarcinomas are proposed based on 2D-SWE features such as nodule stiffness, 
a perinodular halo, and an A/B index in combination with conventional US and E-strain. These elastographic patterns have 
not been described in the literature.

Keywords: Thyroid. Elastography. Thyroid microcarcinoma. Thyroid nodule. Ultrasound. TI-RADS.
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INTRODUCTION

Ultrasound (US) elastography is an additional tool 
of conventional US examination and fine needle aspi-
ration biopsy (FNAB) that differentiates benign and 
malignant thyroid nodules, especially the Bethesda III 
or IV category cytology cases (malignancy risk rates 
of 5% and 30%, respectively)1-4. Two main thyroid 
elastography methods are used in clinical practice: 
real-time elastography strain (E-strain), a qualitative 
technique of manual compression to assess tissue 
deformity, and shear wave elastography (SWE), a 
quantitative estimate of tissue stiffness in kilopascals 
(kPa) or meters/second that shows a color matrix 
related to tissue stiffness presented as a two-dimen-
sional SWE (2D-SWE)1,2. 

Morphological findings of benign and malignant 
thyroid nodules are related to the pathological type 
of the tumor and the size of the lesion1. Many malig-
nant thyroid micronodules (≤10 mm) have no obvi-
ous morphological changes, which is a problem 
when conventional ultrasound is used for diagnosis. 
On the other hand, 2D-SWE has improved the char-
acterization of thyroid nodules with high specificity 
of tissue stiffness, which positively correlates with 
nodule malignancy. A malignant thyroid nodule is 
stiffer than a benign nodule5. However, US elastog-
raphy has variable diagnostic performance in thy-
roid microcarcinomas. 

A few reports have evaluated the diagnostic value of 
2D-SWE in thyroid microcarcinomas. Their intrinsic 
structure may affect stiffness, as measured by elastog-
raphy, and there is evidence that tissue stiffness is 
lower in micronodules than in large nodules5,6. It has 
been suggested that elastographic assessment of peri-
nodular tissue can contribute to the differential diag-
nosis6. Therefore, this study aimed to (1) define the 
elastographic features of thyroid nodules using 2D-SWE 
and (2) evaluate the utility of combining the findings of 
conventional US, E-strain, and 2D-SWE for improving 
diagnostic performance in thyroid micronodules.

MATERIALS AND METHODS

This retrospective cross-sectional study was con-
ducted from May to November 2021 at the Diagnostic 
Imaging Department of the National Hospital of Clinics, 
Faculty of Medical Sciences of the National University 
and Center of Ultrasound Studies, in Córdoba, Argentina. 
Patients of both sexes with thyroid nodules detected 
by conventional US were included. The study was 

approved by the institutional research committee, 
and written informed consent was obtained from all 
patients.

Development and study variables

Patients with thyroid nodules were evaluated by grayscale 
US, color Doppler US, E-strain, and 2D-SWE. The vari-
ables were age, sex, Thyroid Imaging Reporting and Data 
System (TI-RADS) category, and thyroid nodule volume.

Definitions

Micronodule: ≤ 10 mm in diameter on US grayscale.
Macronodule: > 10 mm in diameter on US grayscale.
E-strain pattern: Rago score8 was used: 1 point indi-

cates the elasticity of the entire examined area of the 
thyroid nodule; 2 points, the elasticity of a large portion; 
3 points, the elasticity only in the periphery; 4 points, the 
lack of elasticity of the nodule; and 5 points, the lack of 
elasticity of the nodule and the perinodular area. The 
green color of the map indicates low stiffness, while the 
red color indicates non-deformable hard tissue.

Tissue stiffness (kPa): This is the unit of measure of 
pixel density obtained by 2D-SWE that quantifies stiff-
ness. Stiffness is expressed in a color matrix from blue 
(soft) to red (hard).

Halo/nodule stiffness index (A/B index): a quantitative 
measure proposed by the authors (EC and MC) which 
evaluates the 2D-SWE color matrix. (A) corresponds to 
the stiffness of an extended region of interest (ROI) that 
includes the thyroid nodule + a perinodular halo (up to 
2 mm outside the nodule boundary). (B) corresponds to 
the stiffness of the nodule ROI.

Image acquisition and analysis protocol

Thyroid nodule examinations were performed with a 
Resona 7 ultrasound (Mindray Medical International, 
Shenzhen, China) and an L14-5 linear transducer with 
the recent real-time SWE version. This system has a 
single-layer analysis function that measures stiffness 
and the margin surrounding the lesion with 0.5 mm 
increments.

After conventional US examination, elastographic 
images were acquired in the same section for approx-
imately 4–6 s. The nodule and adjacent thyroid tissue 
were examined, and thyroid nodules were aspirated. 
Elastographic acquisitions were performed with E-strain 
and 2D-SWE five-sequence images. The ROIs (extra-
nodular, intranodular, and perinodular) were selected, 
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Table 1. Thyroid micronodule and macronodule characteristics by TI-RADS, E-strain, and Bethesda System

Description Total
(n = 158)

Thyroid micronodulesa

(n = 64)
Thyroid macronodulesb

(n = 94)

Women, n (%)

Men, n (%)

131 (82.9)

27 (17.1)

54 (84.4)

10 (15.6)

77 (81.9)

17 (18.1)

TI-RADS, n (%)

2

3

4

5

19 (12.0)

50 (31.6)

63 (39.9)

26 (16.5)

2 (3.1)

15 (23.4)

35 (54.7)

12 (18.8)

17 (18.0)

35 (37.2)

28 (29.8)

14 (15.0)

E-strain pattern, n (%)

2

3

4

5

52 (32.9)

34 (21.5)

60 (38.0)

12 (7.6)

16 (25.0)

8 (12.5)

34 (53.1)

6 (9.4)

36 (38.4)

26 (27.6)

26 (27.6)

6 (6.4)

Bethesda System, n (%)

II

III

IV

V

VI

92 (58.2)

12 (7.6)

7 (4.4)

44 (27.9)

3 (1.9)

28 (43.8)

11 (17.2)

2 (3.1)

21 (32.8)

2 (3.1)

64 (68.1)

1 (1.0)

5 (5.3)

23 (24.5)

1 (1.1)

Pathological diagnosisc

Benign thyroid nodule, n (%)

Malignant thyroid nodule, n (%)

100 (63.3)

58 (36.7)

35 (54.7)

29 (45.3)

65 (69.1)

29 (30.9)

aThyroid micronodule volume on ultrasound was ≤ 10 mm.
bThyroid macronodule volume on ultrasound was > 10 mm.
cConfirmed by surgical specimens.
E-strain: elastography strain; TI-RADS: Thyroid Imaging Reporting and Data System.

Table 2. Association between 2D-SWE thyroid nodule stiffness and the 
cytopathological Bethesda category

Nodule 
stiffness

Bethesda category

II III IV V VI

n = 158

kPa, median 

kPa, mean 

kPa, SD

kPa, minimum

kPa, maximum

kPa, IQ range 

92

18.0

18.9

6.3

7.0

35.0

9.0

12

21.5

27.5

20.4

9.0

80.0

19.2

7

24.0

28.1

14.4

14.0

59.0

8.0

44

27.5

29.6

11.5

5.0

64.0

12.7

3

33.0

28.00

10.4

16.0

35.0

-

2D-SWE: two-dimensional shear wave elastography; kPa: kilopascals. 

Table 3. 2D-SWE nodule stiffness of thyroid microcarcinomas with and 
without perinodular halo

Nodule stiffness Nodule 
stiffness with a 

perinodular 
halo (n = 21)

Nodule stiffness 
without a 

perinodular halo 
(n = 8)

kPa, median 

kPa, mean 

kPa, minimum

kPa, maximum

kPa, lower limit 95% CI

kPa, upper limit 95% CI

21.0

21.3

16.0

30.0

17.4

25.3

24.5

23.8

22.0

25.0

19.8

27.8

2D-SWE: two-dimensional shear wave elastography; kPa: kilopascals; CI: 
confidence interval.
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and images were stored in the Picture Archiving and 
Communication System (PACS) (CarestreamTM, Health 
Inc., Rochester, NY, USA). The 2D-SWE color matrix 
was analyzed in two areas as defined by the authors 
(EC and MC). One area was obtained by placing the 
ROI in the intranodular parenchyma to determine the 
pure intrinsic stiffness of the nodule and the other was 
an extended area where the expanded ROI included 
intranodular tissue, capsule, and perinodular tissue of 
up to 2 mm outside the nodule boundary.

The size and location of the ROI were standardized. 
Before stabilizing and recording the image, we tried to 

obtain the best image to recognize all the characteristics 
of conventional grayscale US. The immediate elasto-
graphic acquisition with the map and color matrix 
included the entire nodule and the greatest amount of 
thyroid tissue surrounding it and away from its edges. In 
2D-SWE acquisitions, the ROI was manipulated to include 
the nodule and at least 2 mm of surrounding tissue. A 
second ROI was located exclusively within the nodule. 
The reliability of elastography measurements was 
assessed using quality and propagation maps. Two 
radiologists (EC and MLC) with 35 and 6 years of expe-
rience performed the evaluations in double reading.

A B C

Figure 1. Diagnostic performance of the nodule stiffness cutoff values with 2D-SWE. ROC analyses show a comparison of the 23.5 kPa cutoff 
value in three groups. A: all thyroid nodules. B: thyroid micronodules (≤ 10 mm). C: thyroid macronodules (> 10 mm). The best performance 
of the nodule stiffness cutoff value (≥ 23.5 kPa) for predicting malignancy was found in thyroid macronodules (AUC: 0.832). In contrast, the 
23.5 kPa cutoff value for thyroid micronodules had an AUC of 0.664.
AUC: area under the curve; CI: confidence interval; kPa: kilopascals; mm: millimeters; 2D-SWE: two-dimensional shear wave elastography; ROC: receiving operating 
characteristics.

Figure 2. Heatmaps comparing the presence of a perinodular halo between thyroid microcarcinomas and macrocarcinomas using 2D-SWE. 
A: a perinodular halo was observed in microcarcinomas with Bethesda category ≥ III (p < 0.001). B: no association with perinodular halo was 
observed in thyroid macrocarcinomas.
2D-SWE: two-dimensional shear wave elastography.

A B
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Thyroid biopsy

The thyroid nodule pathological diagnoses were cat-
egorized by FNAB according to the Bethesda System 
for Reporting Thyroid Cytopathology7. The material 
obtained was interpreted by a cytopathologist (LG) with 
35 years of experience. The pathological diagnosis was 
confirmed by surgery.

Statistical analysis

The mean, standard deviation, minimum, maximum, 
and median were calculated for quantitative variables. 
The chi-square test or Fisher’s exact test was used 
for categorical variables. Thyroid nodule size and its 
association with malignancy were analyzed using the 
Student’s t-test and the Mann-Whitney U-test. The asso-
ciation between thyroid nodule stiffness by 2D-SWE and 
cytopathological Bethesda category was evaluated with 
the Shapiro-Wilk normality test. Receiving operating 
characteristics (ROC) curves with the area under the 
curve (AUC) defined the cutoff value for predicting malig-
nancy of micronodules and macronodules. A p-value of 
< 0.05 was considered significant. The SPSS software 
version 25 (IBM Corp., Armonk, NY, USA) was used.

RESULTS

A total of 172 patients with thyroid nodules were eval-
uated, of whom 14 cases were excluded because FNAB 
samples were insufficient (n = 9) or surgical pathology 
results were unavailable (n = 5). Thus, 158 patients with 
158 thyroid nodules were included. There were 131 
women (82.9%) and 27 men (17.1%) with a mean age of 
47.04 ± 14 years (range 13-85). A comparison of 64 
micronodules and 94 macronodules with the TI-RADS, 
E-strain, and Bethesda system is shown in Table 1. 
Malignancy was confirmed in 58 (36.7%) of 158 nodules, 
of which 29 were thyroid microcarcinomas. The mean 
diameter of the microcarcinomas in US was 4.5 mm ± 
0.9 mm. An E-strain pattern of 4 or 5 was found in 26 
(89.6%) of the 29 microcarcinomas.

Thyroid nodule stiffness by 2D-SWE and 
cytopathological Bethesda category

The relationship between nodule stiffness by 2D-SWE 
and cytopathological findings is shown in Table 2. 
Bethesda II thyroid nodules had a median value of  
18.0 kPa, Bethesda IV had 24.0 kPa, Bethesda V had  
27.5 kPa, and Bethesda VI had 33.0 kPa (p < 0.001). 

Elastographic analysis showed higher stiffness values 
directly related to Bethesda categories III, IV, and V. 
Benign thyroid nodules had a median value of 12 ± 9.8 
kPa. Malignant micronodules showed a median value of 
25 ± 6.2 kPa compared to 32.9 ± 13.8 kPa for macro-
nodules. 2D-SWE showed a wide range of values (5-64 
kPa) for malignant macronodules. In contrast, a narrow 
range (18-35 kPa) was observed in benign nodules.

Diagnostic performance of the nodule 
stiffness cutoff value with 2D-SWE

ROC analyses for predicting malignancy based on 
thyroid nodule stiffness are shown in a three-group 
comparison: all thyroid nodules, micronodules, and 
macronodules (Figure 1). The cutoff value for nodule 
stiffness was 23.5 kPa to predict malignancy. Thyroid 
macronodules showed an AUC of 0.832 (95% CI 
0.719-0.945), a sensitivity of 81.5%, and a specificity 
of 79.4%. In contrast, a cutoff value of 23.5 kPa for 
thyroid micronodules had an AUC of 0.664 (95% CI 
0.517-0.810) with a sensitivity of 60.0% and a spec-
ificity of 35.7%.

Perinodular halo by 2D-SWE

The heatmaps in Figure 2 show the strong association 
between a rigid perinodular halo in thyroid microcarcino-
mas and Bethesda category III, IV, or V (p < 0.001)  

Figure 3. Boxplot showing the relationship between perinodular halo 
and nodular stiffness of thyroid microcarcinomas quantified by 
2D-SWE. A perinodular halo was related to lower nodule stiffness 
values (softer micronodules).
2D-SWE: two-dimensional shear wave elastography.
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Table 4. Comparison of the elastographic A/B indexa by 2D-SWE in thyroid microcarcinomas with and without a perinodular halo

Thyroid 
microcarcinomas 
with perinodular 
halo, A/B index  
(n = 21)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11

1.35 1.33 1.40 1.33 1.34 1.55 1.70 1.73 1.80 1.40 1.95

Case 12  Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20 Case 21

2.20 1.50 1.44 1.30 1.73 1.58 1.45 1.87 1.64 1.33

Thyroid 
microcarcinomas 
without a 
perinodular halo, 
A/B indexb (n = 8)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

0.04 0.9 1.1 0.05 0.8 1.08 0.88 0.75

aA/B index: (A) corresponds to the stiffness of an expanded ROI that includes the nodule + perinodular halo (up to 2 mm outside the limit of the nodule). (B) 
corresponds to the region of interest (ROI) of nodule stiffness; bThe A/B index was only defined with the ROI of nodule stiffness. 2D-SWE: two-dimensional shear 
wave elastography.

in contrast to the absence of a perinodular halo in 
macrocarcinomas. Table 3 shows the association of 
nodule stiffness and perinodular halo in thyroid micro-
carcinomas using 2D-SWE. Notably, 21 (72.4%) of the 

29 microcarcinomas with a perinodular halo had a 
median nodule stiffness of 21.0 kPa. In contrast, the 
median of 8 microcarcinomas without a perinodular 
halo was 24.5 kPa (p < 0.001) (Figure 3).

Figure 4. A 30-year-old woman with clinical symptoms of hypothyroidism and neck pain. A: grayscale US shows a 7-mm solid, hypoechoic 
micronodule, taller than wide, with a lobulated margin and peripheral microcalcifications (arrows). TI-RADS 5. B: color Doppler US with an 
absent intrinsic vascular signal and isolated, short, irregular peripheral vascular poles. C: E-strain without deformation (red map) and an area 
extending beyond the edge of the nodule (pattern 5). D: 2D-SWE quality map with a homogeneous green box confirming good acquisition.  
E: 2D-SWE color matrix showing a nodule with relative central nodular laxity (31 kPa) and a rigid perinodular halo (red ring) (42 kPa). The A/B 
index was 1.32. The FNAB was the Bethesda V category. The histopathological diagnosis was papillary thyroid microcarcinoma.
E-strain: elastography strain; FNAB: fine needle aspiration biopsy; kPa: kilopascals; TI-RADS: Thyroid Imaging Reporting and Data System; US: ultrasound; 2D-SWE: 
two-dimensional shear wave elastography.

BA
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Elastographic stiffness by A/B index

A comparison of the elastographic stiffness index 
using 2D-SWE in thyroid microcarcinomas with and 
without a perinodular halo is shown in Table 4. The 
A/B index of microcarcinomas with a perinodular halo 
was 1.56 ± 0.23, compared to those without a halo 
(0.7 ± 0.39). A stiffness A/B index ≥ 1.3 was found in 
all microcarcinomas with a perinodular halo (n = 21, 
100%). Figures 4–7 are examples of 2D-SWE fea-
tures, E-strain, and conventional US with TI-RADS  
4 or 5, respectively.

Elastographic patterns of thyroid 
microcarcinomas

Although the study’s sample size was small, we con-
sider it feasible to propose the integration of 2D-SWE 
features, E-strain, and conventional US with TI-RADS 
4 or 5 to define three elastographic patterns of thyroid 
microcarcinomas (Table 5; Figure 8).

Congruent elastographic pattern: concordance of con-
ventional US with TI-RADS 4 or 5, E-strain with pattern 
4 or 5, and 2D-SWE with nodule stiffness ≥ 23.5 kPa 
without a perinodular halo and an A/B index < 1.3.

Incongruent elastographic pattern: conventional US 
with TI-RADS 4 or 5, E-strain with pattern 4 or 5, and 
discordant findings on 2D-SWE with intrinsic thyroid 
nodule laxity (< 23.5 kPa), the presence of a rigid 
perinodular halo, and an A/B index ≥ 1.3.

Atypical congruent elastographic pattern: conven-
tional US with TI-RADS 4 or 5, atypical findings on 
E-strain with patterns 1, 2, or 3, and 2D-SWE with intrin-
sic nodular laxity (< 23.5 kPa), the presence of a rigid 
perinodular halo, and an A/B index ≥ 1.3.

These three patterns highlight the importance of 
assessing the nodular and perinodular stiffness of the 
tissue using the 2D-SWE color matrix, which may have 
a different expression depending on the size of the 
nodule, its intrinsic structural composition, and desmo-
plastic changes.

Figure 5. A 27-year-old woman with diabetes and a thyroid micronodule. A: grayscale US shows a 5-mm solid, hypoechoic, rounded 
micronodule with an angular margin. TI-RADS 4. B: a color Doppler US shows irregular vascular poles. C: E-strain shows pattern 4 (red) 
without compression deformation. D: 2D-SWE color matrix where nodular laxity is observed with a rigid perinodular halo (arrow). The 
relationship between A (29.1 kPa), configured by halo and nodule, and B (16.8 kPa), corresponding to the intrinsic stiffness of the nodule, 
results in an A/B index of 1.73. The FNAB was the Bethesda V category. E: surgical specimen (40× H&E) shows a thick capsule of scleral 
hyaline fibrous connective tissue (black arrow), accompanied by papillary protrusions (white arrow), lined by follicular cells, with 
overlapping and stacked nuclei, nuclear clefts, pseudo-inclusions, and nuclear folds (grooves). The histopathological diagnosis was 
papillary thyroid microcarcinoma.
E-strain: elastography-strain; FNAB: fine needle aspiration biopsy; H&E: hematoxylin-eosin; kPa: kilopascals; TI-RADS: Thyroid Imaging Reporting and Data 
System; US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.
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DISCUSSION

This study showed that the combination of 2D-SWE 
features such as nodule stiffness, perinodular halo, A/B 
index, and matrix color has a differential expression in 
thyroid microcarcinomas. Three elastographic patterns, 
namely, congruent, incongruent, and atypical congruent, 
are based on the thyroid microcarcinoma findings by con-
ventional US, E-strain, and 2D-SWE. These elastographic 
patterns have not been described in the literature.

Thyroid nodule stiffness has been related to cell 
density, colloid content, and intrinsic and perinodular 
fibrosis. Therefore, the tissue stiffness variability mea-
sured by 2D-SWE may reflect the heterogeneous 
architecture and density of fibrillar collagen in thyroid 
nodules. Duan et al.9 recommended the quantitative 

2D-SWE assessment for diagnosing thyroid microcar-
cinoma, but their study did not include 2D-SWE color 
matrix assessment or conventional US findings. On the 
other hand, Zhang et al.10 and Hu et al.11 evaluated the 
2D-SWE color matrix to quantify nodule stiffness and 
emphasized the relevance of elastographic character-
istics of the tissue at the edge of the nodule. We pro-
pose three elastographic patterns that optimize the use 
of elastographic features of thyroid microcarcinomas 
with different biological behaviors. The congruent elas-
tographic pattern is characterized by the concordance 
of conventional US with TI-RADS 4 or 5, E-strain with-
out deformation (pattern 4 or 5), and 2D-SWE with a 
nodule stiffness ≥ 23.5 kPa without a perinodular halo, 
and an A/B index < 1.3. Intrinsic nodule stiffness can 
predict malignant thyroid microcarcinoma.

Figure 6. A 35-year-old asymptomatic man with an incidental thyroid nodule. A: grayscale US shows a 5-mm solid, hypoechoic, round, homo-
geneous micronodule with a lobulated margin. TI-RADS 4. B: E-strain shows the nodule without deformation (red), pattern 4. C: the 2D-SWE 
color matrix shows a nodule stiffness of 12 kPa (blue color) bordered by a perinodular stiffness halo of 18 kPa (arrows). The A/B index was 
1.5. The FNAB was the Bethesda V category. D: surgical specimen (40× H&E) with a significant reaction of the desmoplastic stroma (arrows) 
surrounding the nests of intratumoral cells. E: peritumoral desmoplastic reaction (arrows). The histopathological diagnosis was papillary 
thyroid microcarcinoma.
E-strain: elastography-strain; FNAB: fine needle aspiration biopsy; kPa: kilopascals; H&E: hematoxylin-eosin; TI-RADS: Thyroid Imaging Reporting and Data 
System; US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.
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In contrast, the incongruent elastographic pattern 
was found in fibrosclerotic lesions with a perimetral 
desmoplastic reaction associated with apparent intrin-
sic softness of the nodule and a rigid perinodular halo, 
with an A/B index ≥ 1.3, and E-strain without defor-
mation (pattern 4 or 5). The apparent laxity of thyroid 
microcarcinomas may suggest benignity if only tissue 
stiffness is assessed. In contrast, microcarcinomas with 
an atypical congruent elastographic pattern were visual-
ized with E-strain “mirrored with 2D-SWE color matrix,” 
i.e., apparent intrinsic nodular laxity with a rigid perinod-
ular halo in both elastographic modalities and conven-
tional US with TI-RADS 4 or 5. The histopathological 
features of this elastographic pattern showed infiltrative 
behavior of adjacent tissue and angiolymphatic invasion 
with peripheral desmoplasia that restricts the elasto-
gram. 2D-SWE features such as thyroid nodule stiff-
ness quantification, the presence of a perinodular 
halo, and color matrix features to determine the halo/
nodule A/B index can be evaluated in patients with 
thyroid micronodules and may be useful for diagnos-
ing thyroid microcarcinoma.

There is no defined cutoff value for tissue stiffness 
measured by 2D-SWE to differentiate between benign 
and malignant thyroid nodules11. It has been suggested 
that stiffness is lower in thyroid micronodules than mac-
ronodules1. Published studies report a wide range of 
stiffness values between 19 and 85 kPa.1,2,11-16. This 
wide range may be related to differences in the equip-
ment, volume, and histological type of the thyroid nod-
ule. In our study, the accuracy of the ≥ 23.5 kPa cutoff 
value of nodule stiffness was higher in macrocarcino-
mas (AUC 0.832) than in microcarcinomas (AUC 0.664). 
2D-SWE appears to have lower diagnostic accuracy 
in microcarcinomas, especially those with apparent 
intrinsic softness (< 23.5 kPa) that have a rigid perinod-
ular halo. Based on our results, we believe that in the 
assessment of thyroid micronodules, nodule stiffness 
quantification using 2D-SWE should be combined with 
other elastographic features such as perinodular halo, 
A/B index, and color matrix to increase the accuracy of 
thyroid microcarcinoma diagnosis.

Few published studies analyze the diagnostic rele-
vance of the rigidity of the perinodular halo for the 

Table 5. Thyroid microcarcinoma elastographic patterns according to conventional US with TI-RADS 4 or 5, E-strain, and 2D-SWE

Description TI-RADS
category

E-strain
pattern

2D-SWE

Thyroid nodule 
stiffness (kPa)

Perinodular  
halo

A/B  
indexa 

Congruent elastographic pattern  4 or 5 4 or 5 ≥ 23.5 Absent < 1.3

Incongruent elastographic pattern  4 or 5 4 or 5 < 23.5 Present ≥ 1.3

Atypical congruent elastographic pattern  4 or 5 1, 2 or 3 < 23.5 Present ≥ 1.3

aA/B index: (A) corresponds to the stiffness of an expanded region of interest (ROI) that includes the nodule + perinodular halo (up to 2 mm outside the limit of 
the nodule), and (B) corresponds to the ROI of nodule stiffness; TI-RADS: Thyroid Imaging Reporting and Data System; kPa: kilopascals; E-Strain: elastography 
strain; 2D-SWE: two-dimensional shear wave elastography; US: ultrasound.

Figure 7. A 28-year-old woman with a family history of thyroid cancer. A: grayscale US examination shows a 8-mm solid, hypoechoic, taller 
than wide, micronodule with an irregular and lobulated margin. TI-RADS 5. B: E-strain shows a discrete reverberation (red) surrounding the 
micronodule (asterisk), which has a color map pattern 1 (green) with a non-deformable perimeter ring (yellow). C: 2D-SWE color matrix with 
nodule stiffness of 9 kPa (asterisk) and a rigid perinodular halo (arrows), with 13 kPa and an A/B index of 1.44. The FNAB was the Bethesda 
V category. D: surgical specimen (400× H&E) shows the tumor matrix with papillary protrusions lined by follicular cells with abundant acellular 
fibrosclerosis (arrow). The histopathological diagnosis was papillary thyroid microcarcinoma.
E-strain: elastography strain; FNAB: fine needle aspiration biopsy; H&E: hematoxylin-eosin; kPa: kilopascals; TI-RADS: Thyroid Imaging Reporting and Data 
System; US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.
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differential diagnosis of benign and malignant thyroid 
nodules1,6. In our study, perinodular halo stiffness was 
significantly higher in malignant nodules than in benign 
nodules. We hypothesize that a rigid perinodular halo 
modifies elastographic behavior and can dissemble or 
reduce the intrinsic rigidity of microcarcinomas. In sev-
eral malignant thyroid micronodules, maximum stiff-
ness was observed in the perinodular region and not 
in the lesion. Microcarcinomas, in which there was a 
halo, appeared intrinsically softer. The inaccuracy of 
2D-SWE in microcarcinomas with apparent intrinsic 
softness is compensated by analyzing the 2D-SWE 
color matrix to quantify intra- and perinodular stiffness, 

with the determination of the halo/nodule elastographic 
index (A/B index). In this context, it is possible that the 
degree of perinodular fibrosis disturbs the real intrinsic 
plasticity of the nodule and consequently modifies the 
expression of the 2D-SWE color matrix, and the quan-
titative value of stiffness.

The strengths of this study include the fact that all 
benign and malignant thyroid nodules were targeted 
using FNAB, which is the reference standard, and 
were evaluated with conventional US and two comple-
mentary elastographic modalities by experienced 
neck radiologists. Study limitations include the retro-
spective, single-center design, and a small sample 

Figure 8. Three proposed elastographic patterns based on combined grayscale US, E-strain, and 2D-SWE features. Congruent elastographic 
pattern (upper panel). A: grayscale US showing a 6-mm solid, hypoechoic (arrow), rounded micronodule with an irregular margin and calci-
fications with peripheral vessels. TI-RADS 5. B: E-strain without deformation (pattern 4). The color map shows an intense red nodule (arrow). 
C: 2D-SWE color matrix shows ROI (arrow) with a nodular stiffness of 26.2 kPa. A perinodular halo is not present. The FNAB was the Bethesda 
V category. The histopathological diagnosis was papillary thyroid microcarcinoma. Incongruent elastographic pattern (middle panel)  
D: grayscale US shows a 6-mm solid, hypoechoic, rounded micronodule with an irregular margin (arrow). TI-RADS 5. E: E-strain without 
deformation (pattern 4) shows a red nodule (arrow). F: 2D-SWE color matrix shows a blue nodule with a stiffness of 15 kPa and a rigid ring 
represented by a light blue halo with orange-red spots (27 kPa) (arrows). The A/B index was 1.8. The FNAB was the Bethesda III category. 
The histopathological diagnosis was papillary thyroid microcarcinoma. Atypical congruent elastographic pattern (lower panel) G: grayscale 
US shows a 6-mm solid, hypoechoic, rounded micronodule with an irregular margin (arrow) with extrathyroidal extension with border abut-
ment, contour bulging, or loss of the echogenic thyroid border, TI-RADS 5. H: E-strain pattern 1 of the micronodule (green core) with a thin, 
non-deformable (red) perinodular halo (arrows). The strong stiffness of the halo restricts the intrinsic expression of nodule stiffness. I: 2D-SWE 
with a nodule stiffness of 12.0 kPa, color matrix with a blue nodule (apparent intrinsic laxity), and a light blue perinodular halo (arrows). The 
A/B index was 1.33. The FNAB was the Bethesda V category. The histopathological diagnosis was papillary thyroid microcarcinoma.
E-strain: elastography strain; FNAB: fine needle aspiration biopsy; kPa: kilopascals; ROI: region of interest; TI-RADS: Thyroid Imaging Reporting and Data System; 
US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.
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size. The follow-up to determine the clinical behavior 
associated with the proposed elastographic patterns 
has not been included. On the other hand, no compar-
isons of elastographic patterns with macronodules 
have been made. Although the quantification data are 
objective, interobserver and intraobserver agreement 
was not determined, which is important considering 
that elastography has operator-dependent variability. 
Although 2D-SWE depends less on the operator, some 
factors can affect the spread through the tissue, so it 
is recommended to apply objective parameters and 
quality indicators and seek good training and experi-
ence in order to issue ultrasound elastography reports.

CONCLUSION

The three elastographic patterns are based on the 
combination of conventional US, E-strain patterns, and 
data provided by 2D-SWE by quantifying nodule stiff-
ness, the presence of a perinodular halo, and charac-
teristics of the color matrix to determine the A/B index 
(halo/nodule). The three elastographic patterns can be 
useful for diagnosing thyroid microcarcinoma, espe-
cially in cases with TI-RADS 4 or 5 and indeterminate 
cytopathology. US elastography is painless and requires 
only a few additional minutes without special prepara-
tion for patients. Further research is needed to confirm 
the results of this study and evaluate the diagnostic 
performance of elastographic patterns in large multi-
center prospective cohort studies.
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ABSTRACT

Introduction: The interval between self-detection of clinical signs during breast self-examination and seeking medical atten-
tion in young women (< 40 years old) with breast cancer has not been evaluated in the Mexican population. There are also 
limited data on specific imaging findings. This study aimed (1) to determine the interval between self-detection of clinical 
signs and seeking medical attention in young Mexican women (< 40 years old) with breast cancer and (2) to describe the 
imaging ultrasound (US) and mammographic findings and clinical characteristics. Materials and Methods: A cross-sectional 
study included young women (< 40 years old) who self-detected clinical signs of histologically confirmed breast cancer and 
were examined with US grayscale and Doppler color, and mammography. Clinical signs such as a palpable lump, bloody 
discharge from the nipple or nipple retraction, and enlarged breast volume were recorded. The BI-RADS categories were 
used for evaluation. The interval between self-detection of clinical signs and seeking medical attention was also recorded. 
Results: A total of 43 patients aged 33.8 ± 4.5 years (range 21-39 years) were included. Most patients (n = 30, 69.8%) had 
more than 90 days between self-detection of a breast sign and seeking medical attention, with a mean of 300 ± 7.8 days 
(range 30-1080 days). A palpable lump was the most common self-detected clinical sign in 37 (86.0%) patients. US and 
mammography showed BI-RADS 4 and 5 lesions suspicious of malignancy in all patients. Invasive ductal carcinoma was 
the most common (n = 37, 86.0%). Conclusion: This is the first study in young Mexican women (< 40 years old) with breast 
cancer that showed a long delay between self-detection of clinical signs and seeking medical attention. US and mammo-
graphy findings of breast cancer were comparable with other older populations.

Keywords: Breast cancer. Young women. Breast US. Mammography. Delayed diagnosis.

INTRODUCTION

A delayed breast cancer diagnosis in young women 
(< 40 years old) is associated with a more advanced 
clinical stage and a poor prognosis1-3. A delay of more 
than 90 days between self-detection and seeking med-
ical attention is associated with a more advanced 

stage1-3. Ultrasound (US) is the recommended imaging 
modality in women < 40 years of age when breast abnor-
malities are detected during breast self-examination. 
Other imaging modalities, such as mammography 
and magnetic resonance imaging (MRI), are used as 
complementary diagnostic evaluations for suspected 
malignancy4.
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Villarreal et al.5 reported that the incidence and mor-
tality rates for breast cancer in young Latin American 
women were higher than in developed countries (20.0% 
versus 12.0% and 14.0% versus 7.0%, respectively). 
The prognosis in young women (< 40 years old) with 
breast cancer is particularly unfavorable in developing 
countries such as Mexico, with limited access to med-
ical care and early treatment. As the standard recom-
mendation for breast cancer screening starts at the age 

of 40 years, breast abnormalities are usually detected 
by breast self-examination in young women < 40 years 
old. However, there is evidence that a long interval 
occurs between self-detection of clinical signs during 
breast self-examination and seeking medical attention3. 
This study aimed (1) to determine the interval between 
self-detection of clinical signs and seeking medical 

Table 1. Characteristics of 43 young Mexican women (< 40 years old) with 
breast cancer

Description Parameters

Age, years, mean ± SD (min, median, max) 33.8 ± 4.5 (21, 34, 39)

School education

Illiterate, n (%)

Basic education, n (%)

High education, n (%) 

Bachelor’s degree, n (%) 

1 (2.3)

22 (51.1)

15 (35.0)

5 (11.6)

Lactation, yes, n (%) 27 (63.0)

Family history of breast cancer, yes, n (%) 12 (28.0)

Smoking, yes, n (%) 11 (26.2)

Alcoholism, yes, n (%) 10 (23.4)

The delay between self-detection of 
clinical signs and seeking medical 
attentiona, mean ± SD (min, median, max)

More than 90a days, n (%)

Less than 90 days, n (%)

300 ± 7.8 
(30, 240,1080) 

30 (69.8)

13 (30.2)

Self-detected clinical signsa

Lump and blood discharge from  
the nipple, n (%)

Lump, n (%)

Enlarged breast volume, n (%)

Blood discharge from the nipple, n (%)

Nipple retraction, n (%)

19 (44.2) 

18 (41.8)

4 (9.4)

1 (2.3)

1 (2.3)

Clinical stageb, n (%)

0

IIA 

IIB

IIIA

IIIB

IIIC 

IV 

3 (6.9)

6 (14.0)

14 (32.5)

12 (28.0)

3 (6.9)

1 (2.3)

4 (9.4)

aBreast abnormalities detected during breast self-examination; bAmerican 
Joint Committee of Cancer.

Table 2. US findings (n = 43) according to BI-RADS in young Mexican 
women (< 40 years old) with breast cancer

Descriptor n (%)

Shape

Oval

Round

Irregular

8 (18.6)

0

35 (81.4)

Orientation

Parallel

Not parallel

24 (55.9)

19 (44.1)

Margin

Circumscribed

Not circumscribed

Spiculated

Angular

Microlobulated

Indistinct

8 (18.6)

16 (37.2)

11 (25.6)

7 (16.3)

1 (2.3)

Echo pattern

Anechoic

Hyperechoic

Complex cystic and solid

Hypoechoic

Isoechoic

Heterogeneous

0

0

7 (16.3)

33 (76.7)

0

3 (7)

Posterior features

No posterior features

Enhancement

Shadowing

13 (30.2)

7 (16.3)

23 (53.5)

Ductal changes 

Solitary dilated duct

Ductal extension

No ductal involvement

7 (16.2)

18 (41.9)

18 (41.9)

BI-RADS: Breast Imaging-Reporting and Data System, 5th Edition;  
US: ultrasound.
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attention in young Mexican women aged < 40 years 
with breast cancer and (2) to describe the US and 
mammography findings and clinical characteristics. 

MATERIALS AND METHODS

This cross-sectional study was conducted from 
January 2019 to December 2021 in the Department of 
Radiology and Imaging of the Hospital Juarez de Mexico 
in Mexico City. Young Mexican women aged < 40 years 
who self-detected any clinical signs on breast self- 
examination and with histologically confirmed breast 

cancer were included. Patients without complete breast 
imaging examinations or who had undergone breast sur-
gery were excluded. Informed consent was not required 
for this retrospective analysis of data obtained during 
routine medical care. The Institutional Research Ethics 
Committee and the Research Committee approved the 
study.

Study and variable development

Histologically confirmed breast cancer cases of 
patients who had undergone grayscale and Doppler 

Figure 1. A 36-year-old woman with a palpable lump in the left breast and axilla for 3 months. A: US grayscale shows an irregular, parallel, 
microlobulated mass (arrow), radial and antiradial, hypoechoic with enhancement in the left breast at 2 o’clock. B: US Power Doppler shows 
an enlarged lymph node in the axillary region, with loss of morphology, cortical thickening displacing the fatty hilum, and transcapsular 
vascularity (arrow), BI-RADS 5. The histopathologic diagnosis was invasive ductal carcinoma with a triple-negative immunohistochemical 
profile. MRI with metastases in the central nervous system (not shown).
BI-RADS: Breast Imaging-Reporting and Data System; MRI: magnetic resonance imaging; US: ultrasound.
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color US examination and mammography were selected 
from the institutional data. The variables were age, edu-
cation, breastfeeding, family history of breast cancer, 
smoking, alcoholism, and clinical stage of the breast 
cancer diagnosis. 

Clinical signs such as self-detection of a lump, a 
bloody discharge from the nipple or nipple retraction, 
and enlarged breast volume were recorded. The interval 
between self-detection of clinical signs and seeking 
medical attention was divided into more or less than 90 
days. The US distribution patterns of breast masses 
were also recorded.

Protocol and image analysis

Ultrasound

US was performed with Phillips HD7XE equipment 
(Phillips Co, Amsterdam, The Netherlands) with a linear 
multifrequency transducer (7–14 MHz). Images were 
stored in the Picture Archiving and Communication 

System (PACS) (Carestream, Rochester, NY, USA) and 
were analyzed with BI-RADS, 5th Edition6 by a breast 
radiologist (BAA) with 20 years of experience. 

Mammography

A digital 2D and 3D full-field Selenia Dimensions 
Mammography System (Hologic Inc., Marlborough, MA, 
USA) was used, and medial-lateral oblique (MLO) and 
caudal-cranial (CC) projections were obtained. Images 
were stored in PACS and evaluated according to the 
BI-RADS, 5th Edition7 by a breast radiologist (BAA) 
with 20 years of experience.

Histologic evaluation

Percutaneous needle biopsies were performed in 
young women (< 40 years old) with a suspected breast 
malignancy with BI-RADS 4 or 5. Histologic features were 
classified using the Scarf-Bloom-Richardson system.

Figure 2. A 27-year-old woman with a palpable lump in the left breast that has been present for 1 month. US grayscale with a mass in the 
left breast at 8 o’clock, radial and antiradial, irregular, parallel, microlobulated, complex (arrows) with enhancement, BI-RADS 4B. The histo-
pathologic diagnosis was an invasive ductal carcinoma with a luminal A immunohistochemical profile.
US: ultrasound; BI-RADS: Breast Imaging-Reporting and Data System.
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Immunohistochemical profile

Estrogen receptor (ER) expression was determined 
with a primary monoclonal anti-ER antibody, and pro-
gesterone receptor (PR) expression was determined 
with a primary anti-progesterone receptor monoclonal 
antibody. The immunohistochemical classification was 
luminal A (ER-positive, PR-positive, and Ki-67 > 14%), 
luminal B (ER-positive, PR-positive, human epidermal 

growth factor receptor-2, HER2), luminal B with HER2+ 
overexpression (ER-positive, PR-positive, HER2 posi-
tive), and triple-negative (ER-negative, PR-negative, 
and HER2-negative). 

Statistical analysis

Frequencies and percentages were determined for 
qualitative variables, and means, standard deviations 

Figure 3. A 36-year-old woman with a palpable lump in the left breast and axillary region for 2 months. A: US grayscale with a mass in the left 
breast at 7 o’clock, radial and antiradial, irregular, not parallel, spiculated, hypoechoic, with shadowing. B: US Doppler power with absent vascularity 
(arrow), BI-RADS 5. The histopathologic diagnosis was an invasive ductal carcinoma with a triple-negative immunohistochemical profile.
BI-RADS: Breast Imaging-Reporting and Data System; US: ultrasound.
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(SD), medians, minimums, and maximums were deter-
mined for quantitative variables. The analysis was per-
formed in Excel v.16 (Microsoft, Albuquerque, NM, USA).

RESULTS

A total of 43 young women (<40 years old) with a 
histopathologically confirmed diagnosis of breast can-
cer were included. The mean age was 33.8 ± 4.5 years 
(range 21–39 years) (Table 1). Basic education (n = 22, 
51.1%) was more common. The majority of women had 
breastfed at least once (n = 27, 63.0%). Twelve (28.0%) 
women reported a family history of breast cancer.  
The mean between self-detection of clinical signs and 
seeking medical attention was 300 ± 7.8 days (range 
30–1080 days). In most patients, more than 90 days (n = 30, 
69.8%) elapsed between self-detection of breast signs 
and seeking medical attention. A palpable lump was 
the most common self-detected sign in 37 (86.0%), and 
a blood discharge from the nipple was detected in 19 
of these cases. The most common clinical stage was 
IIB (n = 14, 32.5%), followed by IIIA (n = 12, 28.0%).

US findings

US breast examination showed masses in all women 
(n = 43, 100%) (Table 2). Irregularly shaped masses  
(n = 35, 81.4%) and a spiculated margin (n = 16, 37.2%) 
were the most common, followed by an angular margin 
(n = 11, 25.6%), while a microlobulated or indistinct 
margin was less common (n = 7, 16.3% and n = 1, 
2.3%, respectively). Hypoechoic masses were the most 

Table 3. Mammography findings (n = 31) according to BI-RADS in young 
Mexican women (< 40 years old) with breast cancer

Descriptor Parameter

Mass

Shape

Oval, n (%)

Round, n (%)

Irregular, n (%)

n = 26

4 (15.4)

0

22 (84.6)

Margin

Circumscribed, n (%)

Not circumscribed

Microlobulated, n (%)

Indistinct, n (%)

Spiculated, n (%)

4 (15.4)

4 (15.4)

9 (34.6)

9 (34.6)

Density

High density, n (%)

Equal density, n (%)

18 (69.2)

8 (30.8)

Suspicious calcifications n = 5

Morphology

Amorphous, n (%)

Coarse heterogeneous, n (%)

Fine pleomorphic, n (%)

2 (40.0)

2 (40.0)

1 (20.0)

Architectural distortion

Si, n (%)

No, n (%)

n = 31

25 (80.6)

6 (19.4)

aNo mammography was performed in 12 (27.9%) of 43 patients because the US 
findings were suspicious of malignancy. A biopsy was performed that confirmed 
breast cancer. BI-RADS: Breast Imaging-Reporting and Data System, 5th Edition.

Figure 4. A 35-year-old woman with a palpable lump in the right 
breast for 4 months. US color Doppler with a mass in the right breast 
at 10 o’clock, irregular, not parallel, angular, hypoechoic, with enhan-
cement and rim vascularity (arrow), BI-RADS 5. The histopathologic 
diagnosis was an invasive ductal carcinoma with a luminal B immu-
nohistochemical profile.
BI-RADS: Breast Imaging-Reporting and Data System; US: ultrasound.

common finding (n = 33, 76.7%), followed by a complex 
solid-cystic pattern (n = 7, 16.3%). Among posterior find-
ings, an acoustic shadow was more common (n = 23, 
53.5%). Ductal dilation was observed (n = 18, 41.9%) and 
associated with a dilated single duct (n = 7, 16.2%).

Figure 1 shows the breast US of a 36-year-old woman 
with a self-detected palpable lump. An irregular, microl-
obulated, hypoechoic mass with acoustic enhancement 
is seen. In the homolateral axilla, an enlarged lymph 
node with loss of its morphology, BI-RADS 5, was found. 
The histopathologic diagnosis was invasive breast car-
cinoma. Figure 2 shows the breast US of a 27-year-old 
woman with a palpable lump in the left breast that had 
been developing for 1 month. A microlobulated, solid- 
cystic, BI-RADS 4B mass is seen. The histopathologic 
diagnosis was invasive ductal carcinoma. Figure 3 shows 
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margin and an acoustic shadow without vascularity was 
found. The histopathologic diagnosis was infiltrating duc-
tal breast carcinoma. 

Figure 4 shows the US of a 35-year-old woman with 
a palpable lump in the right breast that has been pres-
ent for 8 months. An irregular mass with an angular 
margin, hypoechoic, and peripheral saturation and 
acoustic enhancement on Doppler US, BI-RADS 5, was 
seen. The histopathologic diagnosis was invasive duc-
tal carcinoma. Figure 5 shows the US of a 38-year-old 
woman with an enlarged right breast volume of 9 months. 
An oval, circumscribed, solid-cystic BI-RADS 4 mass 
with acoustic enhancement was seen. The histopatho-
logic diagnosis was an infiltrating ductal carcinoma.

Mammography findings

Supplemental mammography was performed in 31 
patients; 12 (27.9%) of 43 did not undergo mammogra-
phy because the US examination showed suspicious 

breast the US examination of a 36-year-old woman with 
a palpable lump in the left breast and axillary region 
that has been present for 2 months. An irregular, anti-
parallel, hypoechoic, BI-RADS 5 mass with a spiculated 

Figure 5. A 38-year-old woman with an enlarged right breast volume for 9 months. US grayscale with a mass in the right breast at 12 o’clock, 
radial and antiradial, oval, parallel, circumscribed, complex (arrow), with enhancement, BI-RADS 4A. The histopathologic diagnosis was an 
invasive ductal carcinoma with a triple-negative immunohistochemical profile. CT with metastases in the liver and chest (not shown).
BI-RADS: Breast Imaging-Reporting and Data System; CT: computed tomography; US: ultrasound.

Table 4. US distribution patterns of breast masses (n = 43) in young 
Mexican women (< 40 years old) with breast cancer and suspected local 
extension

Description n (%)

Unifocal pattern 32 (74.4)

Multifocal pattern 8 (18.7)

Multicentric pattern 2 (4.6)

Bilateral pattern 1 (2.3)

Suspicious axillary lymph nodes 

Si

No

26 (60.4)

17 (39.6)

US: ultrasound.
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Figure 6. A 36-year-old woman with a palpable mass and an enlarged right breast volume for 36 months. A: mammography in projection MLO. 
B: CC view in the upper outer quadrant, with an obscured, irregular, high-density mass, with amorphous (arrows) calcifications and skin 
thickening. C: US Power Doppler of a mass in the right breast at 10 o’clock, irregular, parallel, microlobulated, hypoechoic, with rim vascularity 
(arrow). D: US Power Doppler of a right axillary, enlarged lymph node, with cortical thickening and transcapsular vascularity (arrow), BI-RADS 
5. The histopathologic diagnosis was an invasive ductal carcinoma with a luminal B immunohistochemical profile. CT with metastases in the 
chest and bone (not shown).
BI-RADS: Breast Imaging-Reporting and Data System; CC: craniocaudal; CT: computed tomography; MLO: medial-lateral oblique; US: ultrasound.

BA

C

D

findings of malignancy, and a biopsy confirmed the 
diagnosis. The most common finding was a mass  
(n = 26, 83.9%) and calcifications with suspicious mor-
phology (n = 5, 16.0%) (Table 3). An irregular shape  
(n = 22, 84.6%) and a spiculated (n = 9, 34.6%), indis-
tinct margin (n = 9, 34.6%), and hyperdense masses  

(n = 18, 69.2%) were the most common. Calcifications 
with suspicious morphology were present in 5 (16.0%) of 
31 patients; of these, amorphous (n = 2, 40.0%), coarse 
heterogeneous (n = 2, 40.0%), and fine pleomorphic  
(n = 1, 20.0%) calcifications were identified. Architectural 
distortion was a common finding (n = 25, 80.6%).
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Figure 6 shows the US and mammography of a 
36-year-old woman with a palpable lump and volume 
increase in the right breast over 36 months. The US 
shows an irregular, microlobulated, hypoechoic BI-RADS 
5 mass with peripheral vascularity. The MLO and CC 
mammogram projections showed an irregular hyper-
dense mass with a darkened margin associated with 
amorphous microcalcifications. Figure 7 shows the 
mammography of a 31-year-old woman with a volume 
increase in the left breast over 3 months. The MLO pro-
jection shows grouped, finely pleomorphic calcifications. 
The histopathologic diagnosis was an infiltrating ductal 
carcinoma with an in situ component.

Local spread of the disease

The US distribution patterns of breast masses are 
shown in Table 4. Unifocal masses were the most com-
mon (n = 32, 74.4%); multifocality was observed in 8 
(18.7%) patients, multicentric masses in 2 (4.6%), and 
bilateral masses in 1 (2.3%). A total of 26 axillary lymph 
nodes (60.4%) had suspicious malignant morphology 

on US. Figure 8 shows the US of a 39-year-old woman 
in the first trimester of pregnancy with a palpable lump 
in the right breast. She was evaluated at the end of her 
pregnancy because of an enlarged volume of the left 
breast. There was a mass in the right breast at 12 
o’clock, irregular, parallel, angular, complex, with rim 
vascularity and a mass in the left breast at 3 o’clock, 
irregular, parallel, spiculated, hypoechoic with calcifica-
tions, and rim vascularity, BI-RADS 5. The histopathol-
ogy diagnosis was a bilateral invasive ductal carcinoma 
with a triple-negative immunohistochemical profile.

Histopathology and molecular subtypes

Invasive ductal carcinoma was the most common sub-
type (n = 37, 86.0%), followed by ductal carcinoma in situ 
(n = 3, 7.0%) in young women aged < 40 years with breast 
cancer. The immunohistochemical profiles are shown in 
Table 5. Six (14.0%) cases were not evaluated by immu-
nohistochemistry (three ductal carcinomas in situ, two 
malignant phyllodes tumors, and one sarcoma).

DISCUSSION

This is the first study in young Mexican women (< 40 
years old) with breast cancer that showed the long 
delay between detection of clinical signs during breast 
self-examination and seeking medical attention. The 
main self-detected clinical sign was a palpable lump. 
US and mammographic findings of breast cancer were 
comparable with those of older populations. Awareness 
and education strategies must be improved in this age 
group for early medical care of any breast abnormality 
detected during breast self-examination, and a targeted 
US breast examination is recommended.

There have been concerns regarding delayed diag-
nosis in young women (< 40 years old) because it is 
associated with an advanced clinical stage and poor 
prognosis3. In a systematic review of 87 studies with 
101,954 patients, Hanna et al.8 found that longer delays 
were associated with an advanced clinical stage of 
breast cancer and poor survival. The 5-year survival 
rate was 7% for delays of more than 90 days and 12% 
for shorter delays. Longer delays were also associated 
with a more advanced clinical stage. In a multicenter 
cohort study of 585 young women (< 40 years old) with 
breast cancer, Ruddy et al.2 found a delay between 
self-detection of the first signs and seeking medical 
attention and defined 90 days as a critical point. The 
delay was more common in women with a lower eco-
nomic level than women with a higher level (n = 229, 

Figure 7. A 31-year-old woman with an enlarged left breast for  
3 months. Mammography in MLO projection of the left breast and 
lower quadrants shows fine pleomorphic grouped calcifications 
(arrow). The histopathologic diagnosis was an invasive ductal carci-
noma with a HER2 immunohistochemical profile.
BI-RADS: Breast Imaging-Reporting and Data System; HER 2: human epidermal 
growth factor receptor 2; MLO: medial-lateral oblique.
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Figure 8. A 39-year-old woman with a palpable lump in the right breast since the first trimester of pregnancy. She was examined by a physician 
at the end of pregnancy because of an enlarged left breast volume. A: US Power Doppler shows a mass in the right breast at 12 o’clock, 
irregular, parallel, angular, complex (arrow), with rim vascularity. B: US Power Doppler shows a mass in the left breast at 3 o’clock, irregular, 
parallel, spiculated, hypoechoic with calcifications (arrow), and rim vascularity, BI-RADS 5. The histopathologic diagnosis was a bilateral 
invasive ductal carcinoma with a triple-negative immunohistochemical profile.
BI-RADS: Breast Imaging-Reporting and Data System; US: ultrasound.

A

B

Table 5. Immunohistochemical profile (n = 37)a of young Mexican women (< 40 years old) with breast cancer

Diagnosis Totala Luminal A Luminal Bb HER 2+ Triple-negative

Invasive ductal carcinoma, n (%) 37 11 (29.7) 15 (40.5) 2 (5.5) 9 (24.3)

a6 (14.0%) cases were not evaluated by immunohistochemistry: 3 with cancer in situ, 2 with phyllodes tumor, and 1 with sarcoma. b6 (40.0%) of the 15 patients 
with luminal B had HER+ receptors overexpression.
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22.3% vs. n = 217, 11.9%, respectively). In our study,  
30 (69.8%) of 43 women had more than 90 days 
between self-detection and seeking medical attention. 
On the other hand, the palpable lump was the most 
common clinical manifestation, comparable with a pre-
vious study of 142 young Mexican women (< 40 years 
old) with breast cancer who had a palpable lump as the 
most common clinical sign9. Despite self-detection of 
clinical abnormalities during breast self-examination, 
there was a long delay in seeking medical attention.

The breast cancer imaging in young women (< 40 
years old) showed no special findings. These tumors 
are large and fast-growing, and US examination plays 
an important role in young women for several reasons, 
mainly because of breast density. We found an irregular 
mass on US and mammography. Calcifications with 
suspicious malignant morphology were also observed. 
Hu et al.3 reported the most common US, mammogra-
phy, and MRI findings in a retrospective cohort study 
of 145 young women (< 40 years old) with breast can-
cer. Masses (n = 127, 87.6%) were the most common 
finding, followed by suspicious calcifications (n = 32, 
22.1%) detected on mammography. Most masses were 
irregularly shaped (n = 105, 82.6%), although there 
were exceptions with radiologic and pathologic discrep-
ancies with round or oval nodules with circumscribed 
margins (n = 12, 9.4%). These results are consistent 
with our study, in which all patients (n = 43) had irreg-
ular, non-circumscribed hypoechoic masses with spic-
ulated or angular margins and calcifications (n = 5, 
16.0%) on US that were suspicious on mammography. 
US is a valuable tool that can provide relevant informa-
tion about the size and distribution pattern of masses 
as well as local disease extension. Unifocal masses 
were the most common in our study, while multifocality 
was found in a few patients. A bilateral mass was found 
in only one patient, related to the prolonged period of 
seeking medical attention (about 1080 days). The US 
and mammographic findings of breast cancer in young 
women (< 40 years old) are comparable with those in 
older populations.

A multimodality imaging examination may increase 
diagnostic accuracy in young women with breast 
abnormalities. A breast MRI can be performed from 
the age of 25 years4. In our study, complementary 
mammography was performed in three out of four 
patients. Suspicious calcifications were detected, 
resulting in carcinoma in situ and invasive carcinoma. 
Perez-Montemayor et al.10 conducted a study compar-
ing automated breast US (ABUS) with manual US in 
140 asymptomatic women aged ≤ 40 years. Abnormal 

benign findings were found in 43 (3.7%). ABUS has 
several advantages in terms of standardization, facil-
itating on-site and remote interpretation with image 
storage and post-processing. Large population stud-
ies are needed to define the potential utility of ABUS 
as an imaging screening modality in asymptomatic 
young women (≤40 years old) and its impact on early 
detection of malignant lesions.

Breast cancer is a group of diseases with a hetero-
geneous behavior associated with a molecular profile 
that shows differences in the clinical course, response 
to treatment, overall survival, and prognosis of individ-
ual patients. Young women (< 40 years old) with breast 
cancer are more likely to have negative prognostic fac-
tors associated with their disease. The most common 
clinical stage in our study was IIB (n = 14, 32.5%). 
Villarreal et al.5 found that young Latin American women 
with clinical stages II and III had more aggressive 
tumors with a high histologic grade, associated with 
more aggressive molecular subtypes such as triple- 
negative and -positive HER2. Terrazas et al.11 found 
that invasive intraductal was the most common and 
ductal in situ was the second most common carcinoma 
in 111 biopsies of young women aged < 40 years. This 
finding is consistent with what is known in the literature, 
namely, that cancers in young women (< 40 years old) 
are detected later and are more aggressive. Our study 
is similar to the results described as we found that the 
most common molecular profile was the hormone-sen-
sitive subtypes. Luminal B was the most common. This 
subtype has a lower proportion of ERs, a high expres-
sion of cell proliferation genes, and a lower expression 
of genes or proteins, typical of the luminal epithelium. 
They are estrogen and progesterone receptor positive 
or negative with a high proliferation index12. Based on 
the findings of previous studies and the consistent 
results of this study, young women aged < 40 years 
with breast cancer tend to have an unfavorable histo-
logic grade and molecular profile, in addition to the 
complexity they face in self-detection and seeking med-
ical care.

The strength of this study is that all young women  
(< 40 years old) had a confirmed histopathologic diag-
nosis. The limitations are related to the small sample 
size and the retrospective design. The study was con-
ducted during the time of the global pandemic from 
2020 to 2022, in which we became a center for patients 
with COVID-19, resulting in a reduction in radiology 
services in other areas, which may contribute to the 
longer delay between self-detection of clinical signs 
and seeking medical attention. 
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CONCLUSION

Our study showed that there is a long delay between 
self-detection of clinical signs and seeking medical 
attention in young Mexican women (< 40 years old) with 
breast cancer. Therefore, no specific US and mammog-
raphy findings exist for this age group. The imaging 
behavior of breast masses in young women is a chal-
lenge for radiologists. However, in the presence of a 
clinical abnormality of the breast, a histopathologic 
examination is always warranted to avoid delaying the 
diagnosis of breast cancer with a negative impact on 
prognosis.
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ABSTRACT

It is important to differentiate between coronary artery anomalies and normal anatomical variants. Several imaging 
modalities, such as echocardiography, invasive coronary angiography (ICA), coronary magnetic resonance imaging (CMRI), 
and coronary computed tomography angiography (CCTA), are used. The gold standard for assessing coronary artery 
anomalies and normal anatomical variants is CCTA. CCTA has high spatial and temporal resolution, multiplanar reconstruction, 
adequate isotropic resolution with a large field of view, and detailed noninvasive visualization of coronary artery anatomy. 
Normal anatomical variants show no hemodynamic changes and are usually incidental findings. Coronary artery anomalies 
are rare and classified by origin, origin/course, course, and termination. In many cases, patients with coronary artery 
anomalies are asymptomatic, and some anomalies have a hemodynamic impact. There are high-risk anatomical features 
of malignant coronary artery anomalies, which, under stress, can cause ischemia in the areas perfused by the anomalous 
vessel and are associated with myocardial ischemia, ventricular arrhythmias, heart failure, or sudden death. The radiologist 
should differentiate coronary artery anomalies and normal anatomical variants to make a correct radiological-clinical 
correlation and recognize the advantages of CCTA in diagnosis. This pictorial essay shows the CCTA findings of coronary 
artery anomalies and normal anatomical variants.

Keywords: Coronary computed tomography angiography. Coronary artery anomalies. Coronary artery anatomical variants.

INTRODUCTION

Coronary artery anomalies are congenital anatomical 
alterations that can present malignant features with a 
risk of ischemia or sudden death, in contrast to normal 
variants with a benign clinical behavior and no hemo-
dynamic impact1-3. Most patients with coronary artery 
anomalies are asymptomatic4,5. Symptomatic patients 
may present exercise-related or -unrelated chest pain, 
palpitations, dyspnea, dizziness, syncope, myocardial 
infarction, or sudden cardiac death3,4.

During embryo development, primitive coronary 
trunks arise within the developing myocardium. During 
the first stage of development, the primitive coronary 
arteries join the aortic root. During this stage, various 
changes in the communication of the coronary arteries 
can occur and create an aberrant pathway6. The coro-
nary arteries are named according to the ventricle they 
supply and not by their origin. The right coronary artery 
always follows the right ventricle, and the left coronary 
artery follows the left ventricle, regardless of the spatial 
location of the ventricles. 
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The assessment of coronary artery anomalies and 
normal anatomical variants can be performed with var-
ious imaging modalities such as transthoracic ultra-
sound, invasive coronary angiography (ICA), coronary 
magnetic resonance imaging (CMRI), and coronary 
computed tomography angiography (CCTA).

CCTA is the gold standard for characterizing coronary 
artery anomalies and normal anatomical variants with 
visualization of their origin and course7,8. This pictorial 
essay shows the features of coronary artery anomalies 
and normal anatomical variants of CCTA for educational 
purposes.

CARDIAC IMAGING MODALITIES

Transthoracic ultrasound: the origin of coronary 
artery anomalies and their proximal course can be 
assessed, and the coronary ostium visualized7,8. It 
does not use radiation and is the modality of choice in 
pediatric patients due to its excellent transthoracic 
acoustic window, in contrast to adult patients with a 
limited window8. Thus, its diagnostic accuracy in iden-
tifying the coronary ostium, visualizing the full course 
of the coronary arteries, and their relationship to the 
great vessels and other structures is lower7.

ICA, an imaging modality, was important for identify-
ing and classifying coronary artery anomalies7, but it  
is currently recommended only as a complementary 
examination to CCTA8 due to its invasiveness, radiation 
exposure,8 relatively lower spatial resolution, lack of 
three-dimensional images,7 and inability to characterize 
non-coronary cardiac anatomy surrounding coronary 
artery anomalies.

CMRI allows visualization of the origin and course of 
the coronary arteries, including their relationship to adja-
cent vascular structures8. It evaluates ventricular, atrial, 
and valve function, regional contractility, and myocardial 
viability with a high spatial resolution, although lower than 
CCTA. CMRI is an alternative to CCTA with a grade I 
recommendation for anatomical assessment of coronary 
artery anomalies to avoid radiation8,9. It is ideal for the 
pediatric population. CMRI is useful for visualizing prior 
infarcts with late gadolinium enhancement8. However, due 
to its lower spatial resolution and availability, it has a sec-
ondary role compared with CCTA7.

CCTA is the gold standard for assessing coronary 
artery anomalies and normal anatomical variants7. A 
low radiation dose, fast acquisition time, high spatial 
and temporal resolution, multiplanar reconstruction, 
adequate isotropic resolution, wide field of view, and 
detailed noninvasive visualization of coronary anatomy 

are the advantages of CCTA, and its 3D information is 
useful for preoperative planning10. CCTA provides infor-
mation about the lumen of the coronary arteries (ste-
nosis), the causes of external compression, adjacent 
cardiac structures, and great vessels7. CCTA is superior 
to ICA in determining the origin, course, termination, 
and anatomical pattern of the coronary branches6.

CCTA ACQUISITION PROTOCOLS 

Prospective ECG-triggering, also called “step-and-
shoot” acquisition11, has lower radiation levels than 
other acquisition types and maintains image quality 
and accuracy, including High Pitch Helical11,12. Effective 
radiation is reduced from 20 to 2 to 6 mSv (−70 to 
−80%) with an average of 4 mSv. The X-ray beam is 
limited to a preselected cardiac phase, usually the 
diastolic phase2. Compared with the retrospective pro-
tocol, radiation exposure is reduced by limiting the 
number of phases acquired, which is lower than ICA 
catheterization11.

Retrospective ECG gating provides information 
on cardiac function with appropriate reconstruction 
in multiple phases of the cardiac cycle. This protocol 
is ideal for evaluating cardiac wall motion changes. 
Its main disadvantage is its higher radiation exposure 
compared with other protocols. A CT scanner with 64 
detectors and a standard voltage tube of 120 kVp 
generates a higher effective radiation dose with a 
range of 9-21 mSv (mean 15 mSv) compared with 
2-10 mSv for ICA11. 

Retrospective ECG gating with dose modulation 
provides information on the function and myocardial 
motility. The best quality is limited to one cardiac phase 
(e.g., mid-diastole) and reduces the radiation exposure 
of other phases that are not required for good-quality 
image reconstruction. Compared with the conventional 
retrospective protocol, the radiation dose is reduced by 
30-50%, reducing the risk of cancer11.

Table 1. Anatomical variants of the coronary arteries

Description

•  Coronary dominance

•  Branching variations

•  Duplication of the anterior descending artery

•  Absence of the left main coronary artery

•  Single coronary artery

Adapted from: Ben-Dor et al.13 and Perez- Pomares et al.14.
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High Pitch Helical uses a radiation dose of less 
than 1 mSv11. It is ideal for pediatric patients as it has 
a shorter exposure time. It requires a dual-source CT 
scanner. The heart rate of the patient must be less 
than or equal to 60 or 65 beats per minute (bpm), 
depending on the protocol of each institution. A tube 
voltage of 80 kVp and a tube current of 50 mAs with 
iterative reconstruction are used with a radiation dose 

< 0.1 mSv in patients weighing less than 75 kg with a 
heart rate of 60 bpm11.

NORMAL ANATOMICAL VARIANTS OF 
THE CORONARY ARTERIES

Table 1 shows the normal anatomical variants of the 
coronary arteries:

A B C

Figure 1. Coronary dominance. CRT reconstructions of the inferior aspect of the heart show the origin of the PDA and the PLB in A: coronary 
right dominance, B: coronary left dominance, and C: coronary codominance.
CRT: cinematic rendering technique; PDA: posterior descending artery; PLB: posterolateral branch.

A B

Figure 2. Single coronary artery. A: MIP shows a single coronary ostium in the right sinus of Valsalva from which the left anterior descending 
artery, right coronary artery, and circumflex artery arise. B: CRT shows the single coronary ostium (yellow arrow), the pre-pulmonic anterior 
descending artery (red arrow), the retro-aortic circumflex (green arrow), and the right coronary artery (orange arrow).
AO: ascending aorta; CRT: cinematic rendering technique; LAD: left anterior descending artery; LCX: left circumflex artery; MIP: maximum intensity projection; 
RCA: right coronary artery.
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Anomalies of the origin of the coronary 
arteries 

Depending on the number of vessels

–	Single: the coronary artery arises from a single 
ostium of the aortic root. It is extremely rare 
(0.0024-0.044%)5.

–	Multiple: it involves more than one coronary artery 
or branch and can be divided into two types: (a) 
more than one artery or branch arising at one site 
and (b) two coronary arteries or branches arising 
at different ectopic sites19.

Depending on the location 

The anomalous location of the coronary ostium within 
the aortic root or near the coronary sinus of Valsalva 
(for each artery) is divided into the following17:

–	High origin (high takeoff) (Figure 3): it is the ori-
gin of one or two coronary arteries at least 1 cm 
above the level of the sinotubular junction of the 
aorta6,7. It occurs more frequently in the right coro-
nary artery and is sometimes associated with a 
bicuspid aortic valve5. It usually has no clinical 
alterations but it is important in aortic surgery and 
can cause difficulties in ICA. 

–	Anomalous origin from the pulmonary artery 
is an anomalous origin of the left coronary artery 
from the pulmonary artery (ALCAPA) or the right 
coronary artery from the pulmonary artery (ARCA-
PA) (Bland-White Garland syndrome)8,14 (Figure 4). 
The prevalence is 1 in 300,000 births14, and ab-
normal blood sequestration occurs14. It is consi-
dered a malignant coronary anomaly that can cau-
se myocardial infarction or sudden death14. If 
collateral vessels are present, it is called “adult 
type.” If there are no or very few collaterals, it is 
called “infant type”14.

–	From the opposite sinus and the non-coronary 
sinus: the most common anomaly is the anoma-
lous origin of the right circumflex sinus with a 
retroaortic course. It is divided into the right ano-
malous origin of a coronary artery from the oppo-
site sinus (right ACAOS) and the left coronary 
artery originating from the right coronary sinus 
(left ACAOS)8. The anomalous origin of the coro-
nary artery from the posterior aortic sinus (non- 
coronary) is very rare and is associated with su-
dden death14.

–	Coronary dominance: it can be right, left, or codo-
minant. Dominance is defined in the artery from 
which the posterior descending artery and the pos-
terolateral branch arise (Figure 1). In the general 
population, right dominance is observed in 85%, left 
dominance in 7-8%, and codominance in 7-8%6.

–	Branching variations: the conal artery is the first 
branch of the right coronary artery. However, in 50% 
of individuals, it arises directly from the aorta (sepa-
rate ostium)6. The sinoatrial node artery is the se-
cond branch of the right coronary artery in 60% of 
people, and in 40%, it arises from the circumflex 
artery6. The ramus intermedius arises from a trifur-
cation of the left main coronary artery between the 
anterior descending artery and the circumflex artery. 
The ramus intermedius supplies the anterolateral 
wall of the left ventricle, similar to a diagonal branch 
or an obtuse marginal branch6.

–	Duplication of the anterior descending artery: 
this artery has two distinct vascular segments in the 
anterior interventricular groove. The left branch may 
be long, while the right branch is short6.

–	Absence of the left main coronary artery: this is 
the most common anatomical variant (1 to 2%) in 
the general population13. The anterior descending 
artery and the circumflex artery arise separately, 
directly from the aortic left sinus of Valsalva.

–	Single coronary artery is a rare anatomical variant 
in which a single coronary ostium arises from the 
aortic root (Figure 2). It occurs in 0.002-0.044% of 
the population. The artery may follow the course of 
a right or left coronary artery and divide after its 
origin into two or three main coronary branches14.

CLASSIFICATION OF CORONARY ARTERY 
ANOMALIES 

The incidence of coronary artery anomalies is esti-
mated at 0.9-5.6%15 and the prevalence at 1%8,14,16-18. 
Most patients are asymptomatic (80%).9 Symptomatic 
patients may present syncope, myocardial ischemia, 
infarction, heart failure, or sudden death (0.6% of 
cases). 

Table 2 shows the classification of coronary artery 
anomalies in terms of their origin, origin/course, course, 
or termination7,10. There are coronary artery anomalies 
without a hemodynamic impact (benign)1,2 and high-risk 
or malignant coronary anomalies that can cause isch-
emia in the areas perfused by the anomalous vessel 
under stressful conditions, such as exercise3.
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–	 Inverted coronary artery: it is morphologically re-
ferred to as left or right, depending on its distal 
course and distribution, and the corresponding left 
or right ventricle20.

–	Commissural: it is the coronary origin in one of the 
commissures between the sinuses of Valsalva.

Anomalies of the origin/course of the 
coronary arteries 

–	Retroaortic (benign): it is most common with a 
dorsal course to the aortic root without clinical sig-
nificance21 (Figure 5A).

–	 Interarterial (malignant): it is located between the 
aortic root and the pulmonary artery and causes 
external coronary compression1,8,14 (Figure 5B). 

More commonly, it is due to an anomalous origin 
of the left coronary artery from the right coronary 
sinus (ACAOS). Its prevalence in a study of pe-
diatric patients with echocardiography was esti-
mated to be 0.17% and about 0.7% with CMRI, 
probably due to its better performance22. Myo-
cardial ischemia or sudden death may occur, 
especially in young adults18.

–	Prepulmonic (benign): it is located anterior to the 
pulmonary artery21 (Figure 5C). Although it has no 
clinical relevance, its identification is important for 
planning surgical procedures involving the right 
ventricular outflow tract and the pulmonary artery 
trunk, such as the transannular patch, in the co-
rrection of the tetralogy of Fallot. 

–	Transeptal (subpulmonic) (benign): it runs through 
the interventricular septum and below the pulmo-
nary valve at the level of the right ventricular out-
flow tract (Figure 5D). It is not usually associated 
with high-risk features8,21,22.

Anomalies of the course of the coronary 
arteries

–	Myocardial bridge: it is an epicardial coronary 
artery with an intramyocardial course (Figure 6). 
The mean depth is 2.5 mm, and the mean length 
is 19.3 mm21. It is most commonly located in the 

Table 2. Classification of coronary artery anomalies by origin, origin/cour-
se, course and termination

Origin

Number of vessels

Single

Multiple

Location

High origin (high take-off)

�Anomalous origin from the pulmonary artery 
(ALCAPA) (ARCAPA)

�Opposite sinus, non-coronary sinus, inverted coronary artery 
and commissural

Origin/course

Retroaortic

Interarterial

Prepulmonic

Transeptal (subpulmonic)

Course

Myocardial bridging

Intracavitary 

Duplication of the coronary artery

Termination

Coronary artery fistula

Coronary arcade

Extracardiac 

ALCAPA: left coronary artery from the pulmonary artery; ARCAPA: right coronary 
artery from the pulmonary artery.
Adapted from: Kim et al.6 Gentile et al.7 Bigler et al.10 and Angelini et al.17.

Figure 3. MIP reconstruction shows the high origin of the right coro-
nary artery 2 cm above the sinotubular junction (yellow arrow). MIP: 
maximum intensity projection. 
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A B

Figure 4. Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA). A: CRT showing anomalous origin of the left coronary 
artery from the pulmonary artery (ALCAPA) (yellow arrow). B: MIP showing anomalous origin of the left coronary artery from the pulmonary 
artery (ALCAPA) (yellow and white arrows). 
AO: aorta; MPA: main pulmonary artery; CRT: cinematic rendering technique; LAD: left anterior descending artery; LM: left main coronary artery; MIP: maximum 
intensity projection.

A B C

D E

Figure 5. A: retroaortic course. CRT shows the anomalous origin of the circumflex artery from the right sinus of Valsalva and its retroaortic 
course (arrow). B: interarterial course. CRT shows the anomalous origin of the right coronary artery from the left sinus of Valsalva with an 
interarterial course (arrow). (C) MPR shows the course of the right coronary artery (arrow) between the AO and the MPA. D: prepulmonic 
course. CRT shows the anomalous origin of the left coronary artery from the right sinus of Valsalva and its prepulmonic course (arrow).  
E: transseptal course. CRT shows the transseptal course of the anterior descending artery (yellow arrow). Note the absence (agenesis) of 
the circumflex artery with a superdominant right coronary artery (green arrow) compensating for this coronary anomaly. 
AO: aorta; CRT: cinematic rendering technique; MPA: main pulmonary artery; MPR: multiplanar reformation.
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coronary arteries may be duplicated, although 
more commonly, the anterior interventricular ar-
tery6,24. The short right coronary artery ends in the 
interventricular groove without reaching the apex, 
and the long right coronary artery re-enters the 
groove of the anterior wall of the left ventricle and 
runs to the apex6. It is important to distinguish du-
plication of the coronary arteries from the coronary 
artery and the diagonal branch, which runs 
parallel6.

Anomalies of the termination of the coronary 
arteries

–	Coronary artery fistula: communication between 
one or two coronary arteries and a ventricle, the 
coronary sinus (Figure 8), the superior vena cava, 
or the pulmonary artery. It is observed in 0.1-0.2% 
of all patients undergoing selective ICA6,14. The 
affected coronary artery is dilated and tortuous due 
to increased blood flow. Coronary fistulas may 
have single or multiple communications at the ou-
tflow site or fine vessels forming a diffuse network 
or plexus6. The most common drainage site is the 
right ventricle (45% of cases), followed by 25% in 
the right atrium and 15% in the pulmonary artery. 
In less than 10% of cases, the coronary fistula 
drains into the left atrium or ventricle6. 

	    The hemodynamic implications depend on resis-
tance, which is determined by the size, tortuosity, 
and length of the fistula, as well as the drainage 
site14. If the shunt leads to a right-sided ventricle, the 
hemodynamic alteration is similar to an extracardiac 
left-to-right shunt. If the connection is to a left-sided 
ventricle, the hemodynamic alteration resembles 
aortic insufficiency6. Myocardial perfusion may de-
crease in the portion of the myocardium supplied 
by the abnormally connecting coronary artery, 
representing a hemodynamic steal phenomenon 
that can lead to myocardial ischemia6. A small fistula 
has a good prognosis without treatment. A medium 
or large fistula is associated with long-term compli-
cations, such as angina, myocardial infarction, arr-
hythmia, heart failure, or endocarditis25. 

–	Coronary arcade: it is a rare communication be-
tween the right and left coronary arteries when 
there is no stenosis6. If this anastomosis is suffi-
ciently large, it is identified in the ICA. It can be 
distinguished from the collateral vessels based on 
the prominent straight communication between the 
two unobstructed main arteries6. 

Figure 6. Myocardial bridge. Curved planar reformation of the right 
coronary artery shows the long intramyocardial course of the poste-
rior descending artery (arrow).

middle segment of the anterior descending artery. 
It is usually asymptomatic, so there is a discrepan-
cy in prevalence. In ICA, it is reported to be from 
0.5% to 2.5%, and in autopsy, it is reported to be 
from 15% to 85%6,23. 

	 The coronary anomaly of very superficial myocardial 
bridging (incomplete bridging) does not cause he-
modynamic alterations and is undetectable in ICA 
due to the “milking effect”14. Compression occurs 
during systole; in most cases, there are no significant 
clinical alterations. Patients with deep and long brid-
ges may have symptoms of ischemia or infarction 
due to the restriction in coronary flow. Functional 
tests are required to detect ischemia in the affected 
area in these cases. The distal segment of the vessel 
and at the level of the bridge is hemodynamically 
protected from atherosclerosis, while the proximal 
segment shows an increase in atherosclerosis.

–	 Intracavitary (benign): it is the course of the right 
coronary artery within the right atrium (Figure 7) or 
the anterior descending artery in the right ventricle. 
It is usually asymptomatic, although damage to the 
right coronary artery may occur during cannulation/
instrumentation of the right heart22. 

–	Duplication of the coronary artery (benign): it 
occurs in up to 1% of the population and consists 
of a duplicate coronary artery running anterior to 
the interventricular groove. Any of the three major 



J Mex Fed Radiol Imaging. 2024;3(2):105-114

112

–	Extracardiac termination: it is the communication 
between coronary arteries and extracardiac vessels 
such as bronchial, internal mammary, pericardial, 
esophageal, diaphragmatic, and/or pericardial arte-
ries. This communication only becomes functionally 

significant if a pressure gradient exists between the 
two arterial systems6. This coronary anomaly is as-
sociated with atherosclerotic coronary artery disea-
se, which causes blood flow from the bronchial to 
the coronary arteries6. 

Figure 7. Intracavitary course. A: CRT and B: MIP show the intracavitary middle segment of the right coronary artery into the right atrium (arrows). 
CRT: cinematic rendering technique; MIP: maximum intensity projection.

A B

A B

Figure 8. Coronary fistula. A: CRT shows the tortuous and ectatic course of the right coronary artery (yellow arrow). B: MIP shows a right 
coronary artery fistula to the coronary sinus (yellow arrow).
CRT: cinematic rendering technique; MIP: maximum intensity projection.
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CHARACTERISTICS OF HIGH-RISK 
CORONARY ANOMALIES

Table 3 shows the anatomical features of high-risk 
for malignant coronary anomalies, which, under stress, 
can cause ischemia in the areas perfused by the anom-
alous vessel and are associated with myocardial isch-
emia, ventricular arrhythmias, heart failure, or sudden 
death1,2,6,8,10,17,21. 

Anatomical features of high-risk include: an interarte-
rial course, which is the anomalous course of the coro-
nary artery between the aorta and the pulmonary artery; 
a slit-like ostium with narrowing > 50% of the proximal 
vessel; an acute takeoff angle with a tangential vessel 
course < 45°; an intramural course of the anomalous 
vessel within the tunica media of the aortic wall; an ellip-
tical luminal vessel shape with a height/width ratio > 1.3 
and segmental hypoplasia; proximal vessel narrowing by 
hypoplasia; and anomalous vessels with > 50% of the 
vessel cross-sectional area compared with the distal 
portion1,2,6,8,10,17,21. 

CONCLUSION

This pictorial essay presents the CCTA findings of 
coronary artery anomalies and normal anatomical vari-
ants. For differential diagnosis, it is important to con-
sider the history and evolution of clinical manifestations 
to correlate the imaging and clinicopathological find-
ings. CCTA is a first-line noninvasive cardiac imaging 
modality for assessing the origin, course, and termina-
tion of the coronary arteries. CCTA shows the origin 
and course of the coronary arteries, their anatomical 
relationship to other cardiac structures, and luminal 
stenoses with better quality and accuracy than ICA. 

Table 3. High- risk anatomical features of coronary artery anomalies

Description

–  �Interarterial course: abnormal course of the coronary artery 
between the aorta and the pulmonary artery

–  �Slit-like ostium: narrowing > 50% of proximal vessel

–  �Acute take-off angle: tangential vessel course < 45º

–  �Intramural course (into the aortic wall) 

–  �Elliptical luminal vessel shape: height/ width ratio > 1.3 and 
segmental hypoplasia

–  �Proximal vessel narrowing by hypoplasia 

–  �Anomalous vessels with > 50% of the vessel cross-sectional 
area compared to the distal portion

Adapted from: Cheezum et al.2 Kim et al.6 Gräni et al.8 and Bigler et al.10.

CCTA has advantages in assessing coronary artery 
anomalies, especially in preoperative planning and 
postoperative follow-up for detecting complications. 
CCTA requires less acquisition time and less radiation. 
This pictorial assay can be useful for radiologists to 
become familiar with the CCTA findings of the coronary 
arteries and correctly diagnose coronary artery anom-
alies and normal anatomical variants.
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ABSTRACT 

The reproducibility of ultrasound findings of suspected neck lymph node (LN) metastases in patients with papillary thyroid 
carcinoma (PTC) has not been sufficiently addressed. This prospective cohort study evaluated the intra- and interobserver 
agreement of ultrasound findings of suspected malignancy in neck LNs in patients with PTC. The US images were evaluated 
twice in a blinded, randomized, and independent manner by radiologists. Round morphology, absence of fatty hilum, echoge-
nicity looking like thyroid tissue, microcalcifications, and peripheral vascularity were evaluated. Cohen’s kappa and Light’s 
kappa were used to determine intraobserver and interobserver agreement, respectively. Three radiologists with a mean expe-
rience of 6.7 ± 4.7 years in interpreting neck US assessed 114 ultrasound LN images. The ultrasound features with the highest 
intraobserver agreement were round morphology (κ = 0.63) and peripheral vascularity (κ = 0.67), both of which showed 
substantial agreement. Interobserver agreement was slight for round morphology (κ = 0.16), absence of fatty hilum (κ = 0.09), 
and echogenicity looking like thyroid tissue (κ = 0.09). There was moderate agreement for microcalcifications (κ = 0.43) and 
peripheral vascularity (κ = 0.49). The range of interobserver and intraobserver agreement of ultrasound findings suggestive of 
PTC metastasis to LNs was wide, even unacceptable, in the same radiologist and between radiologists.

Keywords: Malignant lymphadenopathy. Neck ultrasound. Papillary thyroid carcinoma. Intraobserver agreement. Interobserver 
agreement.

INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common 
histological thyroid malignancy (90%). Due to abundant 
cervical lymphatic drainage, the incidence of neck 
lymph node (LN) metastases is approximately 60–70%1. 
Ultrasound is the most widely accepted initial imaging 
modality for preoperative detection of metastatic LN due 
to its accessibility, lack of radiation, and low cost. 
Ultrasound is more specific for central, lateral, and whole 
cervical LN assessment2. Several ultrasonographic 

features associated with metastatic LN, such as round 
morphology, loss of fatty hilum, hyperechogenicity, micro-
calcifications, peripheral vascularity, and cystic appear-
ance, have been defined3. 

Ultrasound examination has limitations as it depends 
on the operator’s experience. Reproducibility is an 
important element of its diagnostic performance, but 
reports in the field of radiology are scarce. This study 
evaluated the intraobserver and interobserver agree-
ment of ultrasound findings of suspected malignancy in 
neck LNs in patients with PTC.

https://orcid.org/0009-0003-1880-3469
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MATERIALS AND METHODS 

This prospective cohort study was conducted between 
October and November 2022 in the Department of 
Radiology and Imaging of the Hospital de Especialidades 
of the Centro Medico Nacional “Ignacio García Tellez” 
of the Instituto Mexicano del Seguro Social in Merida, 
Yucatan, Mexico. A convenience sample of radiolo-
gists with the following characteristics was selected: 
current certification by the Mexican Council of 
Radiology and Imaging, affiliation with the hospital 
where the study was conducted, three or more years 
of experience in US neck examination, and training in 
interventional radiology. The institutional ethics and 
health research committees approved the study, and 
participants signed an informed consent form.

Study development and variables

Sex, age, and years of experience performing US 
neck examinations and training in interventional radiol-
ogy were recorded.

Five ultrasonographic features suggestive of malig-
nant LNs were assessed3:

Round shape: the relationship between the long and 
short axis of the LN less than 2 obtained in a longitu-
dinal section4-6.

Absence of fatty hilum: absence or non-visualization 
of the echogenic hilum4-6.

Echogenicity looking like thyroid tissue: determined 
by comparison with thyroid parenchyma4-6.

Microcalcifications: punctate echogenic foci with or 
without posterior acoustic shadowing4-6.

Peripheral vascularity: Doppler flow signal in the 
periphery of the LN4-6.

US image samples

We selected static US grayscale and color Doppler 
images of neck LNs from patients with PTC diagnosed 
with neck LN metastases by preoperative FNA and 
confirmed by surgery. The minimum resolution was 300 
dots per inch (DPI). Images with incomplete visualiza-
tion of the LN of interest were excluded. Images were 
selected according to the following criteria: acquired 
with Acuson S3000 ultrasound equipment (Siemens 
Medical Solutions, Philadelphia, PA. USA) by a radiol-
ogist certified by the Mexican Council of Radiology and 
Imaging (MVB) with 12 years of experience in radiology 
and 6 years of experience in obtaining neck biopsies. 
The radiologist was the reference standard based on 

the highest experience of the evaluators. The images 
were selected by a radiologist (MVB) from the PACS 
WebServex Archiving and Communication System 
(Compañia Mexicana de Radiología, Queretaro, Qro. 
México). 

Structure of the questionnaire

A multiple-choice questionnaire (Table 1, Supplementary 
Material) was used. The readers selected ultrasound 
finding(s) with suspected malignancy identified in the 
image3. Round morphology, fatty hilum, thyroid-like 
echogenicity, microcalcifications, and peripheral vascu-
larity were assessed and recorded on each image. 
Images were static, and observers made no measure-
ments or changes to the imaging parameters.

Procedure for assessing intraobserver and 
interobserver agreement 

Readers were informed that the images were of 
patients diagnosed with PTC. No additional information 
about the histopathological LN findings was provided. 
Participants selected each of the suspicious features for 
malignancy on the displayed LN findings of the randomly 

Table 1. Intraobserver agreement of US LN findings suggestive of papillary 
thyroid carcinoma metastasis

Description Reader Cohen’s kappa 
(95% CI)

Parameter

Round morphology 1

2

3

0.63 (0.49-0.77)

0.50 (0.33-0.66)

0.04 (0.01-0.07)

Substantial

Moderate

Slight

Absence of fatty 
hilum

1

2

3

0.27 (0.06-0.48)

0.50 (0.28-0.71)

0.31 (0.15-0.48)

Fair

Moderate

Fair

Echogenicity 
looking like thyroid 
tissue

1

2

3

0.36 (0.14-0.57)

0.16 (0.02-0.30)

0.47 (0.11-0.83)

Fair

Slight

Moderate

Microcalcifications 1

2

3

0.40 (0.16-0.63)

0.60 (0.30-0.89)

0.44 (0.15-0.73)

Moderate

Moderate

Moderate

Peripheral 
vascularity

1

2

3

0.56 (0.41-0.70)

0.60 (0.45-0.74)

0.67 (0.51-0.83)

Moderate

Moderate

Substantial

CI: confidence interval; LN: lymph node; US: ultrasound.
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presented US images on a conventional computer via a 
web-based questionnaire in approximately 120 min. 
Each participant answered the questionnaire individually 
in a booth without interruption. 

Two weeks after the first evaluation, each participant 
repeated this activity with the same images in a ran-
domized order that differed from the first evaluation. In 
this second evaluation, the radiologists examined the 
images individually and independently without knowing 
the results of their first evaluation. The evaluation con-
ditions were the same.

Statistical analysis

Descriptive statistics of central tendency and disper-
sion were performed. Cohen’s kappa was calculated for 
intraobserver agreement and Light’s kappa for interob-
server agreement with 95% confidence interval (CI). 
Kappa coefficients were classified as follows: less than 
0.00 = poor agreement; 0.00-0.20 = slight; 0.21-0.40 = 
fair; 0.41-0.60 = moderate; 0.61-0.80 = substantial; and 
0.81-1.00 = almost perfect. A p-value ≤ 0.05 was sta-
tistically significant. The R version 4.2.3 statistical 
software (R Core Team, Vienna, Austria) and the “irr” 
package version 0.84.1 were used.

RESULTS

Three readers were included: two men and one woman. 
The mean age was 39.7 ± 1.5 years, and the mean  
experience interpreting neck US was 6.7 ± 4.7 years. 
Each reader evaluated 114 LN images of 114 patients 
with a PTC diagnosis in a blinded, randomized, and 
independent manner. Figures 1 through 4 show LNs 
from patients with a histopathological diagnosis of 
PTC with ultrasound findings suggestive of malig-
nancy: round morphology, absence of fatty hilum, 
echogenicity looking like thyroid tissue, microcalcifi-
cations, and peripheral vascularity. 

Intraobserver agreement

Table 2 shows the intraobserver agreement of the 
three readers. 

Reader 1, a 40-year-old man with 12 years of expe-
rience in US examination of the neck and 1 year of 
training in interventional radiology, showed fair to sub-
stantial agreement in the five US findings assessed. 
There was substantial agreement (κ = 0.63, 95% CI 
0.49-0.77) with round morphology, while microcalcifi-
cations (κ = 0.40, 95% CI 0.16-0.63) and peripheral 
vascularity (κ = 0.56, 95% CI 0.41-0.70) showed 

A B

Figure 1. US grayscale and color Doppler examination of a 46-year-old woman with a diagnosis of PTC. A-B: LN with round morphology 
(arrowheads), absent fatty hilum, and transcortical and peripheral vascularity. 
LN: lymph node; PTC: papillary thyroid carcinoma; US: ultrasound.
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moderate agreement. Absence of fatty hilum (κ = 0.27, 
95% CI 0.06-0.48) and echogenicity looking like thy-
roid tissue (κ = 0.36, 95% CI 0.14-0.57) showed fair 
agreement.

Reader 2, a 41-year-old woman with 5 years of expe-
rience in US neck examination and 1 year of training 
in interventional radiology, showed slight to moderate 
agreement in the five US findings assessed. There was 
slight agreement for echogenicity looking like thyroid 

tissue (κ = 0.16, 95% CI 0.02-0.30), while agreement 
was moderate for round morphology (κ = 0.50, 95%  
CI 0.33-0.66), absence of fatty hilum (κ = 0.50, 95%  
CI 0.28-0.71), microcalcifications (κ = 0.60, 95%  
CI 0.30-0.89), and peripheral vascularity (κ = 0.60, 95% 
CI 0.45-0.74).

Reader 3, a 38-year-old man with 7 years of experi-
ence in neck US and 3 years in interventional radiology 
training, showed variable agreement on the five US 

BA

Figure 2. US in grayscale and color Doppler. A: a 48-year-old woman diagnosed with PTC; LN with round morphology, absent fatty hilum 
(arrowhead), and transcortical and peripheral vascularity. B: a 52-year-old woman with a diagnosis of PTC; LN with round morphology 
(arrowhead), hypoechogenic, absent fatty hilum, and transcortical and peripheral vascularity (arrow). 
LN: lymph node; PTC: papillary thyroid carcinoma; US: ultrasound.

A B

Figure 3. US in grayscale, longitudinal, and transverse view in a 49-year-old woman with a diagnosis of PTC. A-B: LN with ovoid morphology, 
hyperechogenic, and microcalcifications inside (arrowheads).
LN: lymph node; PTC: papillary thyroid carcinoma; US: ultrasound.
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findings assessed. Substantial agreement was found 
for peripheral vascularity (κ = 0.67, 95% CI 0.51-0.83), 
while moderate agreement was found for echogenicity 
looking like thyroid tissue (κ = 0.47, 95% CI 0.11-0.83) 
and microcalcifications (κ = 0.44, 95% CI 0.15-0.73). 
Slight agreement was found for round morphology  
(κ = –0.04, 95% CI 0.01-0.07).

There was no direct correlation between years of 
experience in neck US examination and intraobserver 
agreement of the three readers; therefore, more years 
of experience was not related to greater agreement 
between the first and second assessments.

Interobserver agreement

Table 2 shows the interobserver agreement of the three 
readers. Agreement was slight for round morphology  
(κ = 0.16, 95% CI 0.10-0.24), absence of fatty hilum  
(κ = 0.09, 95% CI –0.01 to 0.30), and echogenicity 
looking like thyroid tissue (κ = 0.09, 95% CI 0.02-0.16), 
while there was moderate agreement for microcalcifi-
cations (κ = 0.43, 95% CI 0.22-0.66) and peripheral 
vascularity (κ = 0.49, 95% CI 0.37-0.59). No substantial 
agreement was reached between the three readers 
regarding any US feature.

DISCUSSION

In this study, intraobserver agreement of US findings 
with suspected LN metastasis in patients with PTC was 
variable, ranging from slight to substantial. In contrast, 
interobserver agreement varied from slight to moderate. 
This report showed a wide range, even unacceptable, of 
agreement between the same radiologist and between 
radiologists. Therefore, reporting suspicious findings of 
LN malignancy in PTC patients may be of less help in 
the decision to perform an LN biopsy.

Intraobserver agreement of US findings suspicious for 
LN metastasis has not been described. The features 

A B

Figure 4. US grayscale and color Doppler, transverse and longitudinal view of a 42-year-old man diagnosed with PTC. A-B: LN with round 
morphology, and echogenicity looking like thyroid tissue (arrowheads), absent fatty hilum, and without peripheral vascularity.
LN: lymph node; PTC: papillary thyroid carcinoma; US: ultrasound.

Table 2. Interobserver agreement of LN US findings suggestive of papillary 
thyroid carcinoma metastasis

Description Light’s kappa 
(95% CI)

Parameter

Round morphology

Absence of fatty hilum

Echogenicity looking like 
thyroid tissue

Microcalcifications 

Peripheral vascularity 

0.16 (0.10-0.24)

0.09 (0.01-0.30)

0.09 (0.02-0.16) 

0.43 (0.22-0.66)

0.49 (0.37-0.59)

Slight

Slight

Slight 

Moderate

Moderate

CI: confidence interval; LN: lymph node; US: ultrasound.
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with the highest intraobserver agreement in our study 
were round morphology (κ = 0.63, 95% CI 0.49-0.77) 
and peripheral vascularity (κ = 0.67, 95% CI 0.51-0.83), 
which showed substantial agreement. In 2 out of 3 read-
ers, the intraobserver agreement was slight to fair in 
three assessed features. Our results may be concerning 
in clinical practice and related to unclear definitions, 
leading to different interpretations by the same radiolo-
gist and unrelated to years of experience in US neck 
examination. The use of artificial intelligence in the eval-
uation of LNs with suspected malignancy may increase 
diagnostic accuracy. However, its application requires a 
high learning curve for personnel to familiarize them-
selves with the formulas and algorithms. Clinical studies 
are needed to validate the results to determine precision 
and reproducibility7.

Few studies have reported interobserver agreement 
of ultrasound findings for suspicious LN metastases of 
PTC8,9. In a study by Ryu et al.8, 291 patients from a 
single institution, with ultrasound features suspicious 
for LN malignancy were retrospectively evaluated by 
two board-certified radiologists with 11 and 4 years of 
experience in head and neck ultrasound. Images were 
assessed for seven ultrasound features. The mean 
interobserver agreement for margin, echogenicity, 
echogenic hilum, macroscopic necrosis, and intranodal 
vascular pattern was moderate (κ = 0.58, 0.49, 0.51, 
0.54, and 0.47, respectively), and for shape and calci-
fications, it was substantial (κ = 0.72 and 0.73, respec-
tively). In our study, only five LN features were evaluated. 
Our results were comparable only for microcalcifica-
tions and vascular patterns, showing moderate interob-
server agreement. On the other hand, the images in 
the study by Ryu et al.8 were analyzed in real-time, in 
contrast to our study, where only static images were 
available.

It has been proposed that a scoring system that 
weighs various ultrasound findings for suspected malig-
nancy may be more accurate in predicting malignant 
LN than a single feature9,10. Interestingly, Flores et al.9 

showed substantial interobserver agreement (κ = 0.71) 
between two radiologists with 10 and 11 years of expe-
rience using the  Ultrasound Neck Node Reporting and 
Data System (UNN-RADS)10. by combining seven ultra-
sound descriptors (round or lobulated shape, noncir-
cumscribed margin, hyperechogenicity, echogenic 
hilum < 25% or absent, cystic degeneration, presence 
of calcification, and non-hilar vascular pattern) that are 
suspicious for malignancy and increase the predictabil-
ity of metastatic LN, with scores ranging from 0 to 3 
points, allowing categorization into five different risk 

categories. The sum of the scores determines the 
UNN-RADS category according to the total score of the 
ultrasonographic descriptors that are suspicious for LN 
malignancy: Category 1 – benign with a score of 3 or 
less; Category 2 – probably benign with 4 to 5 points; 
Category 3 – mildly suspicious for malignancy with 6 
to 8 points; Category 4 – moderately suspicious for 
malignancy with 9 to 11 points, and Category 5 – highly 
suspicious of malignancy with 12 or more points10. In 
contrast, in our study, the highest level of agreement 
was moderate for two individual features of LN malig-
nancy, namely, microcalcifications and peripheral vas-
cularity. One of the possible reasons for the lower 
interobserver agreement in our study could be that we 
assessed fewer characteristics (5 versus 7) as single 
qualitative features and the unclear definitions of the 
terms used.

The strengths of this study are the prospective design 
and the sufficient sample size to determine intraob-
server and interobserver agreement. The limitations are 
related to the analysis of static images. On the other 
hand, it was performed at a single center. Other suspi-
cious features for malignancy, such as cortical or cystic 
changes, were not considered, as only one patient in 
the study population had this US feature.

CONCLUSION

In our study, intraobserver and interobserver agree-
ment of ultrasound findings suggestive of LN metasta-
sis in patients with PTC was variable, ranging from slight 
to substantial. Our results show wide variability and poor 
reproducibility of ultrasound assessment of metastatic 
LN in patients with PTC. US of the neck is commonly 
used to detect LN metastasis, and suspicious findings 
have been widely described but the results of this study 
suggest that reproducibility is poor. We recommend that 
reproducibility analyses be included in the quality 
assessment of diagnostic imaging and evaluation of the 
impact of standardized terminology to describe suspi-
cious findings of LN metastasis in PTC, such as the 
UNN-RADS classification10. 
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ABSTRACT

Artificial intelligence (AI) has been proposed as a tool for assessing mammographic breast density (MBD). This study 
aimed to evaluate the agreement of MBD classification between four radiologists (human readers [HRs]) with different 
years of experience in breast imaging and the AI Lunit INSIGHT MMG. This cross-sectional study was conducted with a 
convenience sample of radiologists trained in breast imaging who assessed MBD screening mammograms of asymptomatic 
women 35 years or older using BI-RADS descriptors. Cohen’s kappa determined the agreement between the HRs and AI. 
A total of 192 women with a mean age of 55.4 ± 31.8 years (range 37-82 years) were included. Interobserver agreement 
between HRs and AI varied in Category a but was substantial in Category b (HR1 k = 0.729, HR2 k = 0.718, HR3  
k = 0.768, and HR4 k = 0.672) and in Category c, HR1, HR2, and HR3 had substantial agreement (k = 0.728, k = 0.697, 
and k = 0.738, respectively) and HR4 had moderate agreement (k = 0.578), while in Category d, it was mostly moderate. 
HRs and AI agreements varied from fair to substantial. HRs with more years of experience in breast image interpretation 
had a lower agreement with AI for MBD classification than HRs with less time.

Keywords: Artificial intelligence. Digital mammography. Mammography breast density. Human readers.

INTRODUCTION

Mammographic breast density (MBD) is assessed 
visually in clinical practice1-3. The Breast Imaging 
Reporting and Data System (BI-RADS) is a commonly 
used method for assessing MBD. However, it is subjec-
tively based on the examiner’s perception and is time- 
consuming3,4. The reproducibility of the MBD classifi-
cation is important because hyperdense breasts are a 
risk factor for breast cancer5. Variable interobserver 
agreement has been reported, with kappa values rang-
ing from 0.27 to 0.945,6. Therefore, the European guide-
lines for mammography screening recommend double 
reading of the mammogram by two radiologists6.

The performance of artificial intelligence (AI) in inter-
preting mammograms has recently been evaluated7-9. AI’s 
performance is comparable with human readers (HRs), 
and a synergistic combination of radiologists and AI has 
been deemed possible10. AI can reduce the interpretation 
volume of mammography screening by replacing one of 
the two HRs in double readings or triaging mammograms 
from different risk groups that do not need assessment 
by one HR4. As of December 2021, more than 15 AI soft-
ware have been approved by the FDA for mammography 
screening11. The AI Lunit INSIGHT MMG is a computer- 
aided diagnostic device that assists radiologists in inter-
preting mammograms12. This study aimed to evaluate the 
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agreement of MBD classification between four radiolo-
gists (HRs) with different years of experience in breast 
imaging and the AI Lunit INSIGHT MMG.

MATERIALS AND METHODS

This cross-sectional study was conducted from 
November 2023 to January 2024 at the Centro de Image-
nologia Integral IMAX in Tampico, Tamaulipas, Mexico. A 
convenience sample of radiologists trained in breast 
imaging was included. The Institutional Research Ethics 
Committee and the Research Committee approved the 
study, and participants signed written informed consent.

Study development and variables

The sex and age of the participants and the specialist 
radiologist’s years of experience and performance of 
breast imaging examinations were recorded. The MBD 
of screening mammograms of asymptomatic women 35 
years or older was assessed using BI-RADS descrip-
tors13, and the agreement on MBD classification between 
HRs and the AI was recorded.

Image acquisition and analysis protocol

Digital mammography was performed with Lorad 
Selenia equipment (HOLOGIC, Bedford, MA, USA). 
Four images stored in the PACS system (SecureView, 
Diagnostic Workstation Bedford, MA, USA) were ana-
lyzed for each case. These images included two oblique 
mediolateral (OML) and craniocaudal two (CC) views 
of the right and left breast. Four HRs with high breast 
specialization evaluated the images. MBD was classi-
fied according to BI-RADS lexicon13 based on the per-
centage of fibroglandular tissue: (a) almost entirely fat; 
(b) scattered fibroglandular tissue; (c) heterogeneously 
dense; and (d) extremely dense14.

Artificial intelligence 

The mammogram images were analyzed with AI Lunit 
INSIGHT MMG (version 1.1.1.8, Lunit Inc., Gangnam-Gu, 
Seoul, RK). The AI LUNIT INSIGHT system classifies 
MBD on a 10-point scale, where 1 indicates fatty tissue 
and 10 extremely dense breast tissue12. Scores of 1 or 2 
correspond to Category a; 3, 4, or 5 to Category b; 6, 7, 
or 8 to Category c; and 9 or 10 to Category d. The score 
was calculated according to the MBD composition.

Statistical analysis

Qualitative variables are presented as frequencies and 
percentages. Cohen’s kappa determined the agreement 
between the HRs and AI. The k agreement scores were 
interpreted using the following scale: slight = 0.00-0.20; 
fair = 0.21-0.40; moderate = 0.41-0.60; substantial = 
0.61-0.80; and almost perfect = 0.81-1.00. SPSS version 
25 (IBM Corp., Armonk, NY, USA) was used.

RESULTS

Table 1 shows the characteristics of the HRs, which 
included three women and one man. The years of expe-
rience interpreting breast images varied and ranged 
from 1 to 31 years. A total of 192 mammography images 
were analyzed.

The MBD classification results by AI and the four 
HRs are shown in Figure 1.

Table 1. Characteristics of four radiologists (HRs)

HR Sex Age 
(years)

Years of 
experience in 

imaging 
examination 

Years of 
experience in 

breast imaging 
examination

1

2

3

4

Female

Female

Female

Male

31

48

30

64

5

16

7

34

1

1

2

31

HRs: human readers.

n=7 
(3.6%)

n=7 
(3.6%)

n=6
(3.1%)

n=14
(7.3%)

n=12
(6.3%)

n=85 
(44.3%)

n=97
(50.5%) n=94

(49.0%)

n=85 
(44.3%)

n=92 
(48.0%)

n=93 
(48.5%)

n=79 
(41.2%) n=82 

(42.7%) n=78
(40.6%) n=59 

(30.7%)

n=7 
(3.6%)

n=9 
(4.7%)

n=10 
(5.2%) n=1 

(7.8%) n=29
(15.0%)
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Figure 1. Comparison of MBD classification by AI and four HRs using 
BI-RADS: Category a, almost entirely fat; Category b, scattered fibro-
glandular tissue; Category c, heterogeneously dense; and Category d, 
extremely dense.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; 
HRs: human readers; MBD: mammography breast density.



J Mex Fed Radiol Imaging. 2024;3(2):122-127

124

In Category a, the AI (n = 7), HR1 (n = 7), and HR2 
(n = 6) results were comparable, while HR3 and HR4 
reported a higher number of patients in this category 
(14 and 12, respectively). 

Category b was variable, with a range of 85-97 
patients. The lowest number of cases reported was 
from AI and HR3 (n = 85), while HR1 reported the 
highest (n = 97).

Figure 2. Mammography showed MBD classification between HRs and AI using BI-RADS. A: MLO view of the left breast where HR and AI 
agree on breast density in Category a. B: MLO view in which HR and AI agree on breast density in Category b. C: MLO view in which HR and 
AI agree on breast density in Category c. D: MLO view in which HR and AI agree on breast density in Category d.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; MBD: mammography breast density; HRs: human readers; MLO: mediolateral 
oblique.

A B C D

Figure 3. Mammography showed MBD classification between HR and AI using BI-RADS. A: MLO view where HR classified breast density as 
Category a and AI as Category b. B: MLO view in which HR classified breast density as Category b and AI as Category a. C: MLO view in 
which HR classified breast density as Category c and AI as Category d. D: MLO view in which HR classified breast density as Category d and 
AI as Category c.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; HR: human reader; MBD: mammography breast density; MLO: mediolateral oblique.

A B C D
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In Category c, the greatest variability between HRs 
was observed with a range of 59-82 cases; HR4 
reported the lowest number of cases (n = 59), while AI 
reported 93 cases.

In Category d, the results varied, ranging from 7 to 29 
cases. AI reported the lowest number (n = 9, 3.6%). The 
number of cases reported was directly related to years of 
experience interpreting breast images, with HR4 reporting 
the highest (n = 29, 15.0%).

Figure 2 shows the agreement of MBD between 
HRs and AI using BI-RADS Categories a, b, c, and d, 
and Figure 3 shows no agreement of MBD between 
HRs and AI.

Table 2 shows the interobserver agreement between 
HRs and AI for MBD classification. The agreement 
was variable in Category a, ranging from fair for HR1 
(k = 0.407, 95% CI 0.281–0.520) to substantial for HR3 
(k = 0.650, 95% CI 0.615–0.762).

The agreement between four HRs and AI in Category b 
was substantial (HR1 k = 0.729, 95% CI 0.662-0.791, 
HR2 k = 0.718, 95% CI 0.652–0.782, HR3 k = 0.768, 
95% CI 0.701-0.829, and HR4 k = 0.672, 95% CI 
0.593-0.752).

HR1, HR2, and HR3 showed substantial agreement in 
Category c (HR1 k = 0.728, 95% CI 0.661–0.791, HR2  

k = 0.697, 95% CI 0.623–0.774, and HR3 k = 0.738, 95% 
CI 0.683–0.803, respectively), while HR4 showed mod-
erate agreement (k = 0.578, 95% CI 0.528-0.72). 

HR1, HR2, and HR3 showed moderate agreement 
in breast density d (HR1 with k = 0.470 and 95%  
CI 0.373-0.582, HR 2 with k = 0.447 and 95%  
CI 0.332-0.562, and HR 3 with k = 0.522 and 95%  
CI 0.462-0.653) and HR4 fair agreement (k = 0.351, 
95% CI = 0.341-0.572).

DISCUSSION

The interobserver agreement between HRs and AI 
for MBD classification varied from fair to substantial in 
our study. The more years of experience in interpreting 
breast images, the lower the agreement between AI 
and HRs. We hypothesize that this may be related to 
the longer time they had spent interpreting mammo-
grams using the qualitative BI-RADS. In contrast, HRs 
with less years of experience interpreting mammogra-
phy images showed higher agreement with the AI. We 
believe that AI can add value to the interpretation of 
breast density by HRs.

The interobserver agreement between HRs and AI in 
MBD classification has been insufficiently addressed. 

Table 2. Interobserver agreement for MBD classificationa by BI-RADS between HRs and AI Lunit INSIGHT MMG.

HR1 a HR2 a HR3 a HR4 a

AI a, k

95% CI

Agreement

0.407

(0.281-0.520)

Fair

0.444

(0.322-0.554)

Moderate

0.650

(0.615-0.762)

Substantial

0.393

(0.288-0.521)

Fair

HR1 b HR2 b HR3 b HR4 b

AI b, k

95% CI

Agreement

0.729

(0.662-0.791)

Substantial

0.718

(0.652-0.782)

Substantial

0.768

(0.701-0.829)

Substantial

0.672

(0.593-0.752)

Substantial

HR1 c HR2 c HR3 c HR4 c

AI c, k

95% CI

Agreement

0.728

(0.661-0.796)

Substantial

0.697

(0.623-0.774)

Substantial

0.738

(0.683-0.803)

Substantial

0.578

(0.528-0.702)

Moderate

HR1 d HR2 d HR3 c HR4 d

AI d, k

95% CI

Agreement

0.479

(0.373-0.582)

Moderate

0.447

(0.332-0.562)

Moderate

0.522

(0.462-0.653)

Moderate

0.351

(0.341-0.572)

Fair

HR: human reader; AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: confidence interval; k: agreement scores; MBD: mammographic 
breast density. aMBD classification: Category a, almost entirely fat; Category b, scattered fibroglandular tissue; Category c, heterogeneously dense; and Category d, 
extremely dense.
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Alomaim et al.15 conducted a study with HRs from the 
United States (US) and the United Kingdom (UK). A 
total of 250 mammograms were MBD classified 
according to the BI-RADS system by 49 breast radiol-
ogists; 25 with more than 10 years of experience in 
interpreting breast images were from the US, while 24 
were from the UK; 29% (n = 7) had 3 years of expe-
rience or less, 33% (n = 8) had 4-9 years of experi-
ence, and only 38% (n = 9) had more than 10 years of 
experience. The MBD classification agreement between 
US and UK radiologists was substantial (k = 0.760). The 
agreement between the US and UK HRs related to 
years of experience ranged from fair to substantial for 
breast density Category a (k = 0.374), Category b  
(k = 0.501), Category c (k = 0.684), and Category d  
(k = 0.635). These results are compared with those of 
our study, which showed variable agreement. The 
interobserver agreement between HRs and AI was 
substantial and indirectly related to seniority in inter-
preting mammography images, i.e., the lower the 
experience in breast imaging, the higher the interob-
server agreement. HRs with more seniority with lower 
agreement may be biased due to the nature and lon-
ger time spent interpreting mammograms using the 
BI-RADS qualitative system. They may benefit from 
relying on the MBD classification by AI to support their 
interpretation.

The diagnostic performance of mammography is lim-
ited in high breast density (Categories c and d). 
Therefore, additional imaging examinations are recom-
mended for dense breasts. In our study, there was 
substantial agreement between four HRs and AI in 
Category b of MBD (HR1 k = 0.729, HR2 k = 0.718, HR3 
k = 0.768, and HR4 k = 0.672), whereas in Category c, 
HRs 1, 2, and 3 had a substantial agreement (HR1  
k = 0.728, HR2 k = 0.697, and HR3 k = 0.738), while 
HR4 had a moderate agreement (k = 0.578). Magni et 
al.1 reported results comparable with our study. They 
showed substantial agreement between HRs and AI in 
197 mammograms (k = 0.807, 95% CI, 0.667-0.947) in 
non-dense breasts (Categories a and b) and dense 
breasts (Categories c and d). Interestingly, this agree-
ment in the distinction between non-dense breast and 
dense breast may benefit patients, as the distinction 
allows the categorization of suspicious malignant 
lesions and using complementary imaging studies.

The strength of this study was that we used AI soft-
ware12 based on the assessment of a large number of 
patients. The study has limitations, such as the small 
number of mammograms evaluated from a single center. 
In addition, there is no standard reference to validate 

MBD classification by HRs and AI, and automation bias 
due to overconfidence in MBD classification supported 
by AI was not assessed.

CONCLUSION

The interobserver agreement of MBD classification in 
our study between four HRs and AI varied from fair to 
substantial. There was lower agreement between AI and 
HRs with more years of experience in using the param-
eters based on conventional BI-RADS qualitative inter-
pretation, while HRs with less years of experience in 
reading mammograms showed higher agreement with 
AI. In an ideal scenario, radiologists should correctly 
integrate the information provided by AI, benefit from the 
cases where AI makes a better suggestion, ignore cases 
where AI makes an incorrect prediction, and perform 
better diagnostic reports than without AI10. There is 
growing evidence of the benefits of AI as an aid to radiol-
ogists in interpreting mammograms. Prospective cohort 
studies with a large population are needed. 
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ABSTRACT 

Deciduosis is a decidual reaction outside the uterus that typically occurs during pregnancy. It is usually asymptomatic, but 
several life-threatening complications have been reported. Imaging features of this condition are lacking. This case report 
describes the ultrasound and clinical findings in a pathologically confirmed case of deciduosis. A 28-year-old primigravida 
with 23 weeks of gestation was referred to our department with severe abdominal pain. Pelvic ultrasound showed a left-sided, 
oval, well-circumscribed, solid, heterogeneous, predominantly hypoechoic pelvic mass without vascularity. There was abundant 
free fluid in the perihepatic and perisplenic spaces. The patient went into hypovolemic shock, leading to emergency surgery. 
Active bleeding from the left fallopian tube and a large hemoperitoneum of 1500 ml were found in this area and evacuated. 
A congestive fallopian tube with an arborescent zone and bleeding near the fimbria was removed. The histopathological 
features of the left salpingeal mass were consistent with decidual tissue surrounded by a hematoma. This case report is the 
first in Mexico to emphasize the imaging findings of this entity. It is presented as an educational tool that highlights deciduo-
sis as a potential differential diagnosis in the emergency abdominopelvic ultrasound of pregnant patients.

Keywords: Decidua. Fallopian tube. Pregnancy complications. Ultrasonography. Hemoperitoneum. Case report.

INTRODUCTION

Deciduosis is the presence of an ectopic decidual 
reaction outside the uterus. It consists of a metaplastic 
change in submesothelial mesenchymal cells1 induced 
by progesterone or progesterone-like substances 
released by the corpus luteum or adrenal cortex2,3. 
Deciduosis has been reported at gynecological, gas-
trointestinal, renal, lymph node, diaphragmatic, surgical 
scar, and omentum sites2,4,5. The etiology of deciduosis 
is unclear, and there are two main theories. One is that 
decidual cells are already outside the uterus, and the 
other is that the superficial coelomic stroma undergoes 
metaplasia. The latter is the most widely accepted3,5,6.

Although deciduosis was first described by Walker von 
Solothurn in 18645, knowledge of the imaging features, 
particularly ultrasonography, is limited. The available lit-
erature provides no specific information, with reported 
ultrasound findings related primarily to free fluid detec-
tion (usually without debris) or bowel distension, partic-
ularly in the context of reactive ileus or bowel obstruction 
due to complications1. There are no ultrasound diagnos-
tic or prognostic criteria, and histopathological examina-
tion remains the gold standard for diagnosis5.

Although deciduosis is usually asymptomatic, its 
clinical manifestations may include abdominal pain, 
obstructive ileus2,4, hematuria2, recurrent pneumotho-
rax, obstructed labor, or hemoperitoneum7. The main 
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contribution of imaging in abdominal pain is to rule out 
other causes of acute abdomen8. No specific findings 
for deciduosis have been described by any imaging 
method, implying that it could be dismissed due to its 
similar density to the surrounding tissues8. This case 
report describes the clinical and ultrasound findings 
in a 28-year-old primigravida with 23 weeks of gesta-
tion, severe abdominal pain, and a pathologically con-
firmed diagnosis of deciduosis.

CASE DESCRIPTION 

Our patient was a 28-year-old Caucasian female, 
gravida 1, para 0, with 23 weeks of pregnancy, referred 
to the imaging department because of diffuse abdomi-
nal pain radiated to the anal region and persistent nau-
sea and vomiting. Before this event, her pregnancy had 
been carefully screened and was uneventful. Physical 
examination revealed pallor, drowsiness, stable cardio-
pulmonary function, a distended abdomen secondary 
to pregnancy, and generalized abdominal pain with ten-
derness, guarding, and a positive rebound sign. Vital 
signs and laboratory values were normal. She was ini-
tially treated with indomethacin for early preterm labor 
with a poor response. An ultrasound was requested.

Imaging findings

Abdominopelvic and obstetric ultrasounds were per-
formed with an ACUSON Sequoia VA25 SW Ultrasound 
System (Siemens Medical Solutions, Inc., Mountain 
View, CA, USA) with a 5-MHz curved transducer. The 
obstetric ultrasound showed no significant abnormalities 
(Figure 1). The upper abdominal examination revealed 
no abnormal findings in the solid organs. Pelvic ultra-
sound showed a left-sided, oval, well-circumscribed, 
solid, heterogeneous, predominantly hypoechoic pel-
vic mass with no vascularity detected on color Doppler 
examination. Abundant free fluid was noted in the 
perihepatic and perisplenic spaces and the right lower 
quadrant (Figures 2 and 3).

Clinical course

The patient eventually presented hypovolemic shock, 
and an emergency laparotomy was performed. During the 
procedure, a hemoperitoneum of 1500 ml was evacuated. 
Active bleeding from the left fallopian tube and a large 
hematoma were observed; therefore, a left salpingectomy 
was performed, and hemostasis was achieved. An emer-
gency cesarean section was not required. An arborescent 

zone and a bleeding area near the fimbria were found on 
the excised congested fallopian tube. The patient was 
discharged with an ongoing pregnancy. 

A

B

Figure 1. Ultrasound examination of the fetus at 23 weeks gestation. 
A: the fetal heart rate is normal, and the fetus is in a cephalic position. 
B: color Doppler duplex ultrasound image along the umbilical cord 
showing a typical flow pattern with a pulsatility index in the 46th 
percentile for gestational age (normal).

Figure 2. Longitudinal ultrasound of the right upper quadrant of the 
abdomen in a pregnant 28-year-old female shows abundant free fluid 
around the liver.
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Histopathological findings

The wall and mucosa of the left fallopian tube were 
undamaged and showed typical histological characteristics.  
Tissue with a decidual appearance was found on the 
serosa with extensive areas of fresh hemorrhage alter-
nating with lakes of erythrocytes, fibrin, and polymorpho-
nuclear debris in a diffuse distribution. These findings 
were consistent with focal peritoneal deciduosis with 
hemorrhage and acute inflammation (Figure 4).

DISCUSSION

We present the case of a 28-year-old primigravida 
diagnosed with hemorrhagic salpingeal deciduosis with 
ultrasound findings of a left, oval, well-circumscribed, 
predominantly hypoechoic pelvic mass in the left fallo-
pian tube, attributed to a large hematoma with active 
bleeding and typical histological characteristics. This is 
the first case report from Mexico of deciduosis localized 
in the fallopian tube, which is presented for educational 
purposes to highlight the importance of ultrasound 
examination.

We found that information on ultrasound findings in 
deciduosis is lacking in the literature. In four cases doc-
umented by Chai et al.9, three underwent ultrasound 
examination. Two of these had a nondiagnostic ultraso-
nography, while the third had a nonspecific mass and 
free fluid. These findings suggest that ultrasound is of 
limited use in diagnosing deciduosis or there is a lack 
of knowledge on the subject. A case report by Jeong  
et al.10 described an ovarian mass with a heterogeneous 

cystic pattern, solid components, and vascularization 
on Doppler examination. These findings were similar to 
those of ours. Furthermore, Wong et al.11 documented 
a case of intracystic vegetations in ovarian deciduosis 
that appeared as a multilocular mass with nodular 
thickening of its septa and internal vascularization, 
which are features not identified in our case. 

Deciduosis is usually avascular on Doppler exam-
ination, although it may show some vascularity, as 
mentioned in previous cases. Complications can be 
accompanied by free fluid, especially in case of hemo-
peritoneum. No additional features, such as calcifications, 
acoustic shadowing, or lymphadenopathy, have been 
reported. The reported cases demonstrate the wide vari-
ety of findings associated with deciduosis and emphasize 
the importance of a comprehensive imaging study.

Although specific imaging findings in deciduosis 
remain elusive, available reports indicate a wide 
spectrum in size, border definition, sonographic pattern, 

Figure 3. Longitudinal ultrasound of the left flank in a pregnant 28-year-
old female shows a left mass adjacent to the uterus (arrowhead). It is 
oval and well-circumscribed with a predominantly hypoechoic hetero-
geneous pattern. Color Doppler examination showed no flow (data not 
shown).

A

B

Figure 4. A: a microscopic examination of the resected tissue shows 
several foci of atypical decidual reaction consisting of a cluster of 
polygonal cells with abundant homogeneous eosinophilic cytoplasm, 
large nuclei, and some areas of vacuolar degeneration. No cellular 
atypia or mitotic areas were detected; hematoxylin and eosin stain 
40×. B: the adjacent blood vessels are damaged (arrowhead); hema-
toxylin and eosin stain 10×.
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echogenicity, and inner characteristics. Our imaging 
findings are consistent with the literature and showing 
nonspecific mass features. Some authors report multiple 
nodules at different sites6,7. They can be isolated or 
coalescent6 and tend to be millimeter-sized nodules but 
they also occur as large masses6 appearing as predom-
inantly cystic and well-circumscribed lesions with vascu-
larity6,7. There is one documented case of a large 
intrauterine mass consisting of an ectopic decidua with 
high internal vascularity on Doppler (known as a decid-
uoma)6. We infer a wide spectrum of findings and decid-
uosis may present as a single or multiple solid masses12, 
localized at any site with submesothelial mesenchymal 
cells1, including the salpinges, as in our case.

The symptoms of deciduosis are non-specific and they 
mimic other pathologies. Although the clinical course is 
usually benign, complications such as massive hemo-
peritoneum can occur, compromising maternal and fetal 
life. In some cases, emergency surgery may be required. 
Macroscopically, they appear as whitish-yellow nodules 
with or without hemorrhagic areas that can be mistaken 
for carcinomatosis2. The final diagnosis of deciduosis 
was confirmed by immunohistopathology after surgery 
in all the reported cases. This tissue must be differ-
entiated from the decidual variant of mesothelioma, 
metastatic malignant melanoma7, carcinomatosis, and 
granulomas1,8. The main limitation of this report is the 
lack of immunochemical correlation.

CONCLUSION 

The possibility of deciduosis should be considered for 
pregnant women with acute abdominal pain and free 
fluid, especially when other causes of spontaneous 
hemoperitoneum have been ruled out. A complementary 
study of the imaging findings with detailed ultrasound 
descriptions is crucial to increasing our knowledge of 
this topic. Therefore, this case report serves as a valu-
able basis for discussion and future research.
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The transmantle sign: a characteristic MRI finding of focal cortical 
dysplasia type II

Rebeca de J. Ramos-Sanchez *, Jose M. Curiel-Zamudio, and Roger A. Carrillo-Mezo
Neuroimaging Department, Instituto Nacional de Neurologia y Neurocirugia “Manuel Velasco Suarez”, Mexico City, Mexico

IMAGES IN RADIOLOGY

Corresponding author: 
*Rebeca de J. Ramos-Sanchez 

E-mail: rramossanchez25@gmail.com

2696-8444 / © 2024 Federación Mexicana de Radiología e Imagen, A.C. Published by Permanyer. This is an open access article under the 
CC BY‑NC‑ND (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Available online: 10-07-2024

J Mex Fed Radiol Imaging. 2024;3(2):132-133

www.JMeXFRI.com

FEDERACIÓN MEXICANADE RADIOLOGÍA E IMAGEN, A.C

Journal of the Mexican Federation of Radiology and Imaging

Official Journal of the 

Journal of the Mexican Federation 
of Radiology and Imaging

Received for publication: 20-10-2023

Accepted for publication: 13-04-2024

DOI: 10.24875/JMEXFRI.23000022

A 45-year-old man with drug-resistant epilepsy since 
the age of 3 years was evaluated. He experienced focal 
onset seizures that progressed to bilateral seizures 
that occurred up to five times a day. The HARNESS 
magnetic resonance imaging (MRI) protocol was 

performed using SIGNATM Explorer 1.5T equipment 
(GE Healthcare, Chicago, IL, USA). A zone of cor-
tical thickening with hyperintensity on T2/FLAIR and 
hypointensity on T1 was seen in the juxtacortical white 
matter of the left inferior parietal lobe (Figure 1).  

A B

Figure 1. MRI of a 45-year-old man with drug-resistant epilepsy since the age of 3 years, secondary to FCD. A: axial T1-weighted with 
thickening of the left parietal cortex (white arrow). B: axial FLAIR showing cortical thickening, diffused cortico-subcortical interface (white 
arrowhead), and hyperintensity of the subcortical white matter, associated with a triangle-shaped hyperintensity (red arrowhead) extending 
from the described area to the ependymal surface of the lateral ventricle indicating the transmantle sign.
FCD: focal cortical dysplasia; FLAIR: fluid-attenuated inversion recovery; MRI: magnetic resonance imaging.
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This observation indicated a loss of the gray–white 
matter interface, which was consistent with focal cor-
tical dysplasia (FCD). A triangle-shaped area was 
found to be extended from the affected cortex to the 
lateral ventricle on the same side, indicating the pres-
ence of the transmantle sign.

FCD is a localized cerebral cortical malformation 
associated with drug-resistant focal epilepsy1. Typical 
MRI features of FCD include blurring in the gray and 
white matters, cortical thickening, white matter hypointen-
sity in T1WI, and hyperintensity in T2WI and FLAIR2. The 
transmantle sign is present when white matter hyperin-
tensity covers the cerebral mantle from the ventricle to 
the cortical surface. This sign is a distinctive imaging 
marker for FCD type II and is particularly evident in 
FLAIR sequences3.
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