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Artificial intelligence (AI) in medical practice is increa-
sing. No one denies its significant benefits: a futuristic 
vision of tools that can provide more accurate and fas-
ter diagnoses of pathologies that medical professionals 
face daily. Radiology has had a major impact on AI due 
to its interaction with digital images. The number of 
publications on AI applied to different imaging modali-
ties has increased significantly over the last 10 years, 
from 100 to 150 articles per year to around 800 per year 
in 20171. AI with deep learning algorithms has been 
studied and used to diagnose breast and colon cancer, 
detect lung nodules, and Alzheimer disease, among 
others2. Other AI applications include the importance 
given to oncological imaging in nuclear medicine stu-
dies to assess tumor aggressiveness, treatment respon-
se, and prognosis3. 

AI is on everyone’s lips. Something about AI is shared 
almost daily on various social media platforms, to the 
point that it overwhelms us. Due to the extensive infor-
mation and research being conducted by numerous 
developers of these systems, there has been consider-
able discussion regarding the ethical issues that arise 
when using AI in radiology. There is a consensus in 
Europe, the United States, Canada, and other coun-
tries4 that researchers are concerned about the honest 
use of AI in patient care. Particular attention has  
been paid to questions such as: Who owns the data? 
Were the patients whose data was used informed 

that their images and data would be used for an AI 
algorithm? How was this data used? And, very impor-
tantly, how was it acquired and by whom? Is it those 
who are financial stakeholders, even if they have no 
medical knowledge? In other words, do you have 
access to the data if you have the necessary funds? 
Another bias that has been considered is explainability, 
reliability, and the infamous black box where no one 
knows exactly how the decision-making process was 
conducted. Some speak of an oracle that makes deci-
sions without justification due to the convoluted nature 
of this process5. 

We cannot overlook liability, i.e., when at the end of the 
decision-making process to conclude a radiology report 
using AI for diagnosis, an error occurs because AI has 
overdiagnosed a pathological entity, or vice versa, when 
the AI interprets an opacity as a composite image, and, 
after months, it turns out to be a neoplasm. The radiolo-
gist confirms this diagnosis without discussing the find-
ings and gives the result, which is not wrong. Who is 
responsible? The radiologist who trusted the algorithm, 
the person who bought the tool for the institution, the 
person who sold it, the person who developed it, or the 
person who used the data to arrive at the final diagnosis6. 
In the end, we will all be held accountable.

While, as previously mentioned, much has already been 
written about the consensus and ethical measures to  
be considered regarding data use, information gathering, 
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the black box, and the fair and beneficial use of AI in its 
implementation and application in daily practice, we are 
left with another question. Are radiologists who are 
responsible for the day-to-day tasks prepared for the inte-
gration of AI into their daily work? We are not talking about 
using a tool that we know we can learn to operate by 
pressing a button, selecting a region of interest, and learn-
ing the different patterns to interpret the information the 
tool gives us. Ultimately, that’s our job: to interpret imaging 
information so that we can make a diagnosis that’s useful 
for the patient, allowing doctors to make informed treat-
ment decisions. That’s not what we’re getting at. The 
question is whether we are aware of the ethical dilemmas 
that surround this process. Those who write about ethics 
know this, of course, but the radiologist, who does their 
best every day to dictate numerous examinations that 
sometimes exceed their capacity due to the time devoted 
to each exam, is where diagnostic errors can occur...is the 
radiologist aware of this? Perhaps an administrator has 
not considered using an AI tool available from one of the 
many companies that claim to be better than the compe-
tition. Have they asked the physician who will be using it 
which tool would be most useful for that facility’s opera-
tions that best fits their daily work?

Hospitals are competing and promoting the use of AI, 
but is this competition a genuine concern for the benefit 
of patients, or is it just business? Is it about being the 
first in town or the first in the country? It is clear that 
medicine is a business, but it must be conducted hon-
estly and in accordance with the basic principles of 
bioethics. Reference is made to a survey of radiologists 
and residents that attempted to determine the level of 
knowledge of bioethical principles. The result was that 
the level of knowledge was in the middle range, which 
is representative of what can occur in the field of 
radiology7.

Despite all the excellent observations and recommen-
dations mentioned in the various consensus reports and 
publications, there is one aspect we consider fundamen-
tal, education before implementation. In our view, this 
would be the basis for the ethical use of AI, because in 
hospitals, someone makes the decision to implement AI 
for the radiology group, and it turns out that they did not 
consider implementing a methodology to educate the 
ethics of using diagnostic tools. AI should not replace 
the radiologist’s work, but rather complement it, and it 
should always be under their supervision. Unfortunately, 

some colleagues believe that AI will make their work 
easier and faster, allowing them to work less and con-
tinue to be paid while someone else does their work 
without supervision. It has been considered that a con-
flict of interest could arise by rushing into this technology 
without assessing its scope and responsibility. We need 
to act responsibly, knowing that technology is constantly 
evolving and prone to errors. We must protect ourselves 
from unethical situations before they arise.

As many AI models are relatively easy to create and 
train, AI-supported research and commercial solutions 
can be produced by sometimes naïve or unprofessional 
actors4.

Conscious ethical values ​​should guide decisions 
about when to use AI, define metrics to describe it 
appropriately and responsibly, and warn the community 
about the risks of unethical AI4. In our opinion, there is 
an urgent need to demonstrate knowledge of AI; other
wise, you are obsolete. There is a need for it to happen, 
but we don’t know how. There’s a need not only to buy 
AI, but also to sell it, justifying that it benefits patients 
without knowing whether it is a tool whose development 
has been guided by bioethical principles.

Radiologists, who are the workforce, need to be 
trained in the ethical use of AI tools; otherwise, we will 
make mistakes that could put patients at risk. What train-
ing and skills are needed to decide whether to use AI 
on patients and to use it safely and effectively when 
appropriate?4 This is a foundation for implementing AI in 
institutions. We need to be cautious about patients who 
are at risk due to the need for a diagnosis, so they are 
not subjected to interventions that may not be warranted 
but incur costs that many may not be willing to authorize 
if asked. We believe we are ready for AI. We want it. 
However, most radiologists are not ready to use it with 
the knowledge of the bioethical principles that enable us 
to use it responsibly, fairly, and ethically.
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ABSTRACT

Endometriosis is a chronic disease, characterized by the growth and implantation of endometrial tissue outside the uterus, 
usually in deep pelvic structures, often resulting in inflammation, fibrosis and pain. The ovaries, the uterosacral ligaments, the 
rectovaginal septum, and, less frequently, other parts outside of the pelvis such as the diaphragm and the sciatic nerve are 
frequently affected. Timely diagnosis remains a challenge despite the high prevalence due to the heterogeneous clinical 
presentation. Magnetic resonance imaging (MRI), provides better resolution compared to other imaging modalities and helps 
identify different forms of the disease, including superficial, deep infiltrative endometriosis (DIE) and endometriomas. This 
review describes the recommended MRI protocol, descriptions of key imaging findings, the Deep Pelvic Endometriosis Index 
(dPEI) and the MRI consensus lexicon, and the ENDOVALIRM group's compartment-based approach an MRI-based system 
that helps classify disease by severity and location for guiding clinical decisions, support preoperative planning and predict 
surgical outcomes. According the compartment-based approach an MRI-based system, two horizontal lines divide the pel-
vis into an anterior, a middle and posterior region. In addition, vertical lines divide the pelvis into a central, a left and a right 
compartment. This anatomical framework creates 9 compartments: anterolateral, anteroventral, mediolateral, midcentral, 
posterolateral, posterior-central with additional extrapelvic areas. This review aims to support radiologists and gynecology 
teams in the accurate detection and classification of endometriosis through standardized MRI interpretation, increasing 
diagnostic confidence and contributing to better surgical and clinical outcomes.

Keywords: Endometriosis. Magnetic resonance imaging. Deep pelvic endometriosis index. ENDOVALIRM group. MRI protocol.

INTRODUCTION

Endometriosis is a common chronic inflammatory dis-
ease, characterized by abnormal growth of endometrial 
tissue outside the uterus, which is usually benign but with 
a heavy health burden. Ectopic endometrial tissue con-
sists of normal endometrial stroma and glands that react 
to the hormonal changes that occur during the menstrual 
cycle. These periodic hormonal changes are associated 
with cyclic bleeding, and fibrosis1. This condition occurs 

in approximately 5-10% of women of childbearing age, 
with the global burden estimated to be around 176 million 
women worldwide. According to some studies, the  
prevalence in some populations is as high as 20% of 
women2,4. Endometriosis is present in up to 90% of 
patients presenting with infertility and chronic pelvic pain. 
Despite this, around 65% of cases are misdiagnosed5,6.

There have been major advances in the detection  
and characterization of different patterns and locations 
using diagnostic modalities such as magnetic resonance 
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imaging (MRI). However, timely and accurate diagnosis 
of endometriosis remains a challenge as the disease 
presents very differently in terms of both symptoms and 
imaging findings5. This contributes to the fact that it typ-
ically takes 10 years between the onset of symptoms 
and diagnosis, with most women seeing 3 or more doc-
tors and healthcare professionals before receiving the 
correct diagnosis. Typically, the diagnosis is not made 
until the fourth decade of life, although symptoms usually 
begin in the early twenties6. In light of these cases, this 
review compiles updates for radiologists, trainees, and 
gynecologists to take a better approach to endometriosis 
by introducing a standardized scale that allows radiolo-
gists to appropriately communicate their findings to 
gynecologists.

NORMAL GYNECOLOGICAL ANATOMY

The uterus is a pear-shaped reproductive organ located 
in the female pelvis between the rectum in the posterior 
region and the bladder in the anterior region. This organ 
can be divided into three main segments: the fundus, the 
body and the cervix. The body and the fundus are mostly 
composed of the myometrium, the main muscle layer, 
which is made up of layered and interwoven smooth 
muscles interspersed with arterioles, nerves and areolar 
tissue, which ensures their contractile function and better 
structural integrity. Distally, the uterine body narrows, and 
opens into the vagina via the cervical canal. The fibers 
of the outer layer of the body and the fundus are arranged 
transversely and continue into the surrounding structures, 
including the fallopian tubes, the round ligament and the 
ovary ligament7. The uterus is covered on the outside by 
the serosa, a thin layer derived from the peritoneum. 
Inside, the uterine cavity is lined by the endometrium, an 
epithelial stroma containing tubular endometrial glandular 
tissue, that changes cyclically with the phases of the 
menstrual cycle8. In approximately 80% of women, the 
uterus is in anteversion. 

Above and anteriorly, the peritoneum covers the  
uterine body and the bladder and forms the vesico- 
uterine pouch. Posteriorly, the peritoneum covers the 
fundus, the cervix and the upper part of the vagina, and 
form the rectouterine pouch, also known as the Douglas 
pouch. On MRI, the endometrium can be visualized  
as a hyperintense structure on T2-weighted images  
and shows homogeneous, low-signal, non–contrast- 
enhanced T1-weighted imaging7.

The cervix, which acts as a connecting duct between 
the uterine cavity and the vagina, normally measures 
approximately 4 cm in length and 3 cm in diameter in 

non-pregnant women. On high-resolution T2-weighted 
MRI of the pelvis, the cervix can be differentiated into three 
zones: a central hyperintense zone formed by the endo-
cervical mucosa, a hypointense middle layer, and an outer 
layer with low to moderate signal intensity, both consisting 
of fibromuscular stroma9. A unique anatomical structure 
that requires special attention is the uterine torus, a small 
transverse thickening in the posterior part of the cervix 
where the uterosacral ligaments converge10. 

The broad ligament, a lateral peritoneal fold that  
surrounds the fallopian tubes, is the most important of 
the various ligamentous structures that support the 
uterus. The fallopian tubes consist of 5 anatomically 
different segments: The intramural portion, the isthmus, 
the ampulla, the infundibulum, and the fimbriae, which 
are finger-like projections connected to the ovaries8. 

The ovaries are ovoid organs, that are normally  
have a volume of 6-7 ml in premenopausal women. 
However, great variability can occur. They are located 
in the ovarian fossa, are supported by several ovarian 
ligaments and are connected to the fallopian tubes  
via the fimbriae. On MRI, the ovarian cortex appears 
hypointense on T2-weighted images, while the medulla 
shows intermediate to high signal intensity, reflecting its 
vascular and stromal composition7.

PATHOGENESIS AND CLINICAL 
MANIFESTATIONS

Despite continuous research, the exact etiology and 
pathophysiology of endometriosis are still not fully 
understood, which significantly hinders the develop-
ment of definitive curative therapies. Several environ-
mental, immunologic, genetic and endocrine risk factors 
have been identified, including short menstrual cycle 
duration, young age at menarche, low body mass index, 
nulliparity and congenital obstructive müllerian defects11. 
Exposure to certain toxins such as bisphenol A and 
phthalates, alcohol consumption and low physical activ-
ity have also been associated with an increased risk of 
this condition12. Some studies also suggest a familial 
predisposition, with twin studies showing a 50% herita-
bility and an increased risk (3-15 times) in first-degree 
relatives with the disease13–15. Among the proposed 
mechanisms, the most widely accepted theory for  
the pathogenesis of endometriosis is the “retrograde 
menstrual phenomenon”. This theory proposes that 
fragments of the endometrium migrate through the  
fallopian tubes into the peritoneum, implant, grow and 
invade the pelvic structures, leading to inflammation  
and fibrosis. In addition, it has been suggested that 
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hematogenous and lymphatic dissemination of endome-
trial cells may be a mechanism for the occurrence of 
ectopic lesions in distant organs16,17. 

There are various forms of the disease, including 
superficial peritoneal endometriosis, deep infiltrative 
endometriosis (DIE) and endometriomas. The clinical 
manifestations of patients with endometriosis vary 
depending on the location of the disease. Superficial 
peritoneal endometriosis is usually characterized by 
being asymptomatic, while DIE is associated with pelvic 
pain, dysmenorrhea, dyspareunia, urinary symptoms 
and infertility18. Studies have shown that there is no 
direct correlation between the severity of symptoms 
and the extent of impairment of the lesion, as some 
patients with full-blown disease are unaware of their 
condition, adding to the mystery of the disease19. It  
is important to consider the sensory innervation of 
endometriotic lesions, as deeply infiltrating lesions can 
affect nerve fibers, resulting in current pain18. 

The definitive diagnosis of endometriosis should be 
made by laparoscopy. Histologic examination of the 
biopsied tissue should show ectopic endometrial glands 
and stroma20. However, several international guidelines 
recommend a more conservative, image-based initial 
approach. Transvaginal ultrasound (TVUS) is conside
red the imaging technique of choice due to its easy 
accessibility and low cost. MRI is a very useful tool for 
diagnosis and preoperative planning as it offers better 
contrast resolution, and more detailed anatomy. With 
an overall sensitivity of 91% to 93.5% and a specificity 
of 86% to 87.5%, it is an excellent tool for diagnosis, 
mapping and preoperative planning11. 

The anatomical forms of presentation such as super-
ficial peritoneal endometriosis, DIE and endometriomas 
show different imaging findings21. Endometriomas are 
cystic lesions of the ovary characterized by high T1 
signal intensity and intermediate T2 signal intensity 
with the classic shading appearance, reflecting hemor-
rhagic content and cyclic blood breakdown. Several 
imaging signs have been described in large endome-
triomas. One of the most common signs is the “kissing 
ovary” sign, in which periovarian adhesions pull the 
ovaries together near the midline22. Another feature of 
endometriomas is the double level of fluid– inside the 
endometrioma, indicating blood in various stages of 
degradation within the endometrioma17.

Acute endometriosis lesions shows high T1 signal inten-
sity but with variable T2 signal due to different bleeding 
and glandular contents. Chronic or fibrotic endometriosis 
shows low signal intensity on both T1 and T2, indicating 
replacement of active tissue with fibrosis and scar tissue.

MULTIMODALITY IMAGING FOR 
ENDOMETRIOSIS

Endometriosis requires imaging as a fundamental 
tool for diagnosis, disease monitoring, and preoperative 
planning. TVUS is the imaging modality of choice for 
the evaluation of suspected endometriosis because it 
is easily accessible, does not require ionizing radiation, 
has high diagnostic accuracy, and is cost-effective23. 
Further advantages are the possibility of real-time 
assessment and its non-invasive nature23.

The diagnostic performance of TVUS varies depending 
on the type and location of endometriotic lesions. A 2016 
Cochrane review, which included 17 studies reported a 
sensitivity of 93% and specificity of 96% for the detection 
of endometriomas in the ovaries, while the sensitivity for 
DIE, was 79% and specificity 94%. Recent guidelines 
from the European Society of Human Reproduction and 
Embryology (ESHRE) recommend that imaging tech-
niques, especially TVUS, should replace diagnostic lap-
aroscopy as the first line of investigation due to the 
advantages mentioned above. Accordingly, laparoscopy 
is now reserved for cases where imaging is inconclusive 
or when therapeutic intervention is planned.

Expert-guided transvaginal ultrasound (ETVUS) is 
defined as a dynamic real-time ultrasound examination 
performed by a clinician with expertise in endometriosis. 
It has been shown to improve detection rates and pro-
vide better information for preoperative assessment of 
the extent of disease24. ETVUS has a sensitivity of 77.5% 
for deep endometriosis, comparable to a sensitivity of 
78.5% reported by Bazot et al.11 in similar cohorts24.

Contrast-enhanced ultrasound (CEUS) has become 
a complementary method in some selected cases. 
CEUS provides a better imaging approach to charac-
terize endometriotic lesions by using microbubble con-
trast agents to assess tissue perfusion and vascular 
architecture in real time, especially in differentiating 
solid endometriotic implants from other adnexal or pel-
vic masses25. Endometriotic nodules may have differ-
ent enhancement patterns, typically showing moderate 
to low vascularity due to associated fibrosis and chronic 
inflammation. CEUS may also be helpful to detect vas-
cular involvement in DIE or to guide targeted biopsies 
of atypical or suspicious lesions25.

MRI ENDOMETRIOSIS PROTOCOL

The literature has shown that the MRI protocol for 
endometriosis should be performed in a superconducting 
1.5T (Tesla) system26. An axial and sagittal T2 single-shot 
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fast spin echo (SSFSE) sagittal plane aligned parallel to 
the longitudinal axis of the uterus. In addition, the exam-
ination requires an oblique coronal and oblique axial 
T2-weighted Fast Recovery Fast Spin Echo (FRFSE) 
sequence26. T2-weighted sequences without fat suppres-
sion are the preferred sequences for detecting pelvic 
endometriosis, as they are considered the most effective 
method due to their superior anatomical delineation and 
sensitivity to fibrotic changes26.

In order to maximize the quality of the diagnostic 
method, preparation for the examination is crucial. We 
recommend that patients fast for approximately 4-6 
hours prior to MRI and undergo bowel preparation to 
reduce peristaltic artifacts. In addition, the examination 
should be performed outside the patient’s menstrual 
cycle, as this can be a confounding factor26. In our insti
tution, the protocol indicates the use of antispasmodic 
drugs (glucagon or hyoscine) to minimize bowel peri-
stalsis. We also ask patients to keep the bladder full  
to detect endometriosis lesions near the bladder. An 
endovaginal gel is also inserted to dilate the vaginal 
canal and improve the view of the adjacent structures. 
Table 1 shows the MRI protocol at our institution: cor-
onal T2-weighted images covering the entire pelvis  
and extending from the lesions of the kidneys to the 
pelvic floor; axial, sagittal, and coronal T2-weighted 
images; axial T1-weighted in-phase and out-of-phase 
images; coronal T1-weighted fat-saturated images  

without contrast; and post-contrast T1-weighted fat- 
saturated images acquired in the axial, coronal, and 
sagittal planes.

Several authors18,27,28 have proposed improved MRI 
protocols specifically designed for the detection of DIE. 
These protocols include T2-weighted images without 
fat suppression in the axial, coronal, and sagittal planes 
for a clear view of the round ligaments and pelvic 
region27,28. The protocols also recommend T1-weighted 
images with fat-suppression to detect hemorrhagic foci 
smaller than 1 cm. T2-weighted fat-suppressed images, 
either in the axial or coronal plane, help to better iden-
tify small amounts of free fluid adjacent to lesions28. 
Gadolinium contrast agent is generally discouraged as 
there is currently insufficient evidence of its significant 
added benefit18.

ENDOMETRIOSIS LOCATIONS BY 
COMPARTMENTS 

Endometriosis in the anterolateral 
compartment: round ligament

The round ligament is part of the upper edge of the 
broad ligament, which is covered by a peritoneal fold. 
Its main anatomical function is to support the uterus by 
anchoring it to the mons pubis and labia majora via the 
inguinal canal. This canal obliterates physiologically 
between the eighth month of gestation and the first 

Table 1. MRI 1.5T and 3.0T protocol for the assessment of endometriosis

Field  
strength

Sequence FOVa mm Matrix TR ms TE ms Flip angle, 
degrees

Slice thickness, 
mm

1.5T Cor T2 FSE panoramic 40 × 60 468 × 468 9480 136 140 4

Axial Dual Echo 43 × 1 288 × 160 120 2.2 85 4

Axial DWI 40 × 40 112 × 128 8270 72 - 4

Sag T2FSE spin eco 20 × 20 300 × 224 7.2 120 140 3

Cor T2 FSE 20 × 20 300 × 224 7.2 120 110 3

T1 LAVA 3D Sag 24 × 24 300 × 176 7.5 2.1 12 2.2

3.0T Cor T2 PROPELLER 20 × 20 320 × 320 442 112 111 5

Sag T2 FRSE 20 × 20 320 × 200 442 54.6 110 3

Axial T2 FRSE 20 × 20 320 × 256 5510 112 100 3

DWI 34 × 34 80 × 128 5510 112 - 5

Dual Eco 36 × 36 240 × 140 5510 112 - 5

LAVA 2D Sag 24 × 24 188 × 128 112 112 12 2.30 × 1.03

aVaries according to the width of the patient’s pelvis. MRI: magnetic resonance imaging; T: tesla; TI: time inversion; FOV: field of view; TR: 
time repetition; TE: time echo; ms: milliseconds; FSE: fast spin echo; FRSE: fast recovery spin echo; DWI: diffusion-weighted imaging; LAVA: 
liver acquisition with volume acceleration; 3D: three-dimensional; 2D: two-dimensional; PROPELLER: periodically rotated overlapping parallEL 
lines with enhanced reconstruction; Sag: sagittal; Cor: coronal.
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postnatal year. This ligament also helps to maintain the 
anteversion of the uterus throughout the reproductive 
period. The round ligament is a 10-12 cm long cord-like 
structure, composed of fibromuscular tissue. It is con-
sidered clinically relevant to endometriosis due to its 
anatomical proximity to the fallopian tubes, vessels, 
and nerves contained within the broad ligament29,30. 

On MRI, it usually appears as a thin, generally 
smooth, hypointense structure on T1- and T2 weighted 
images, extending from the uterine horns to the pelvic 
wall and running anterior to the external iliac vessels, 
which are highlighted by the surrounding fat.

Endometriosis of the round ligament is rare, with an 
estimated incidence of 0.3% to 0.6% of cases, most of 
which occur in the extrapelvic region and on the right 
side. Signs and symptoms may vary depending on the 
location of the lesion, with pain usually localized to the 
lower abdomen31. Endometriotic involvement may cause 
asymmetric thickening, typically larger than 1 cm, with 
either a smooth or nodular morphology. The segment 
adjacent to the uterus is most commonly affected. Figure 
1 shows an MRI of the pelvis of a 44-year-old woman 
with pelvic pain associated with the perception of a mass 
in the right groin. T2-weighted images show a poorly 
defined heterogeneous lesion in the right inguinal canal 
that is predominantly hypointense. There are also irreg-
ular fibrotic bands with blurred borders suggestive of 
endometriotic infiltration. Hyperintense foci suggestive 
of blood content are seen on the T1-weighted fat-sup-
pressed sequences without contrast. The MRI findings 
are consistent with the diagnosis of endometriosis of 
the right inguinal canal.

Endometriosis of the round ligament exhibits variable 
MRI signal characteristics depending on the composi-
tion of the lesion, including stromal tissue, glandular 
elements, hemorrhage, inflammatory reaction, or fibro-
sis. Purely fibrotic lesions appear hypointense on both 
T1- and T2-weighted images, whereas hemorrhagic foci 
show hyperintensity on T1-weighted and/or fat-sup-
pressed T1-weighted sequences. However, lesions are 
usually a mixture of both components and visual sur-
gical findings such as shortening, deviation or thicken-
ing of the round ligaments of the uterus (RLUs) have a 
high positive predictive value (83.3%) for the diagnosis 
of endometriosis in these ligaments; these findings may 
facilitate the decision to excise these ligaments18. 

Although the prevalence of endometriosis in RLUs is 
not as high as in other structures, endometriosis in 
RLUs may have clinical implications for the persistence 
of postoperative symptoms, as comprehensive resec-
tion of all visible lesions increases the likelihood of 
improvement in symptoms and quality of life32,33.

Endometriosis in the anteroventral 
compartment: bladder 

Bladder endometriosis is the most common form of 
urinary tract involvement in endometriosis, and accounts 
for about 70% to 85% of genitourinary cases. However, 
only 1% of cases present with isolated urinary tract 
foci33,34. This form of the disease is clinically significant 
as it is associated with chronic, often debilitating symp-
toms such as dysuria, hematuria, increased urinary 
frequency, and voiding dysfunction. Therefore, timely 

Figure 1. MRI of the pelvis of a 44-year-old woman with pelvic pain associated with the perception of a mass in the right groin. A: axial view, 
T2-weighted sequence shows a round, poorly defined predominantly hypointense lesion, and to a lesser extent, multiple small hyperintense 
regions, giving a heterogeneous appearance (white arrow). B: axial T1-weighted sequence with fat suppression, without contrast, shows 
hyperintense foci within the endometrial lesion (white arrow), representing a blood component. C: sagittal T2-weighted view shows fibrotic 
bands, with poorly defined borders (white arrow), involving the right inguinal canal. The MRI findings are consistent with the diagnosis of 
endometriosis of the right inguinal canal.
MRI: magnetic resonance imaging.
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TVUS, especially in combination with transabdominal 
views and bladder filling, can also help to detect endome-
triomas. This technique may reveal hypoechoic mural 
nodules or irregularities along the bladder dome or pos-
terior wall. In some cases, loss of the normal interface 
between the posterior bladder wall and the anterior uter-
ine surface may serve as an additional clue. Cystoscopy 
can be used to confirm mucosal involvement and rule  
out malignancy, although it is of limited use in detecting 
lesions outside the mucosa. Accurate identification of 
bladder endometriosis is critical for planning surgical inter-
vention, as complete resection or partial cystectomy may 
be required to improve symptoms, particularly in inva
sive disease that is unresponsive to medical therapy.

Endometriosis of the middle central 
compartment: uterosacral ligament

The uterosacral ligaments are paired fibromuscular 
structures that extend from the posterolateral cervix 
and upper vagina to the anterior aspect of the sacrum, 
providing important support to the uterus and main
taining pelvic floor the stability. These ligaments are 
commonly affected in DIE, which often involves the 
mid-central compartment of the posterior pelvic cavity. 
DIE is defined as invasion > 5 mm of the peritoneal 
surface by endometriotic lesions, most commonly 
located at the uterosacral ligaments, rectovaginal 
space, pararectal space and vesico-uterine fold35.

imaging is required for diagnosis, as it may be associa
ted with the risk of renal failure due to urinary tract 
obstruction. 

In bladder endometriosis, MRI typically shows locali
zed or diffuse wall thickening with associated signal 
abnormalities. Findings include nodular thickening with 
T2-weighted low signal intensity fibrotic stranding; 
sometimes, hyperintense hemorrhagic foci may be 
present in T1-weighted sequences. Figure 2 shows an 
MRI of the pelvis of a 45-year-old woman with hypo-
gastric pain and dysmenorrhea, who had undergone a 
hysterectomy. On coronal T2-weighted images, the 
lesion extends to the bladder serosa and infiltrates the 
anterior perivesical fat in the Retzius space. On sagittal 
T2-weighted images, an irregular, predominantly 
hypointense lesion is seen at the level of the bladder 
dome with distention of the vagina due to the use of 
intravaginal gel. On T1-weighted images without fat 
suppression, the lesion is hypointense and pseudono
dular, whereas contrast-enhanced T1-weighted images 
with fat suppression show heterogeneous hyperinten-
sity due to contrast uptake, The MRI findings are con-
sistent with the diagnosis of DIE involving the bladder. 
In most cases, lesions are confined to the serosal layer 
of the bladder, although extension into the muscularis 
propria may occur in advanced disease. The mucosa 
in particular is often spared, which may result in cys-
toscopy showing normal findings despite significant 
extramucosal disease.

Figure 2. MRI of the pelvis of a 45-year-old woman with hypogastric pain and dysmenorrhea, who had a history of hysterectomy. A: coronal 
T2-weighted MRI shows a poorly defined, pseudonodular lesion in the anterior bladder wall (white arrow), extending to the bladder serosa 
and infiltrating the anterior perivesical fat (space of Retzius). B: sagittal T2-weighted MRI shows an irregular, predominantly hypointense 
lesion (white arrow) involving the bladder dome. The distended vagina is visible due to the presence of intravaginal gel. C: T1-weighted 
image without fat suppression showing a hypointense, pseudonodular lesion in the anterior bladder wall (white arrow). D: contrast-enhanced 
T1-weighted image with fat suppression shows a pseudonodular lesion of the bladder wall, that appears hyperintense due to contrast uptake 
(white arrow). The MRI findings are consistent with the diagnosis of DIE involving the bladder. 
DIE: deep infiltrative endometriosis; MRI: magnetic resonance imaging. 
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The most common site of DIE is the uterosacral lig-
aments, which are affected in up to 70% of cases36. 
The differential diagnosis of ureteral endometriosis 
includes ureteral invasion by cervical cancer. On MRI, 
the main findings are asymmetric shortening, thicken-
ing, and nodularity involving the ligaments37. Figure 3 
shows an MRI of the pelvis of a 32 -year-old woman 
with pelvic pain and dysmenorrhea. The axial T2- 
weighted image shows smooth thickening of the right 
uterosacral ligament. The MRI findings are consistent 
with the diagnosis of DIE in the uterosacral ligament.

Impairment of the uterosacral ligament typically  
presents as fibrotic thickening with low signal on T2- 
weighted images, which may be spiculated, nodular, or 
smooth. In some cases, focal areas of high signal inten-
sity may be present on T1-weighted images, suggesting 
hemorrhagic components. Although specific diameter 
thresholds have been proposed for the diagnosis of 
endometriosis of the uterosacral ligament, these are 
not yet well validated37.

Endometriosis of the posterolateral 
compartment: rectovaginal septum

Endometriosis of the rectovaginal septum is a serious 
condition with clinical manifestations such as abdominal 
pain, colonic obstruction, and, in some cases, renal 
obstruction. The diagnostic difficulty of multifocal endo-
metriosis begins with its similarity to other pathologies38. 
Deep dyspareunia, dyschezia, and chronic pelvic pain 
are common symptoms that intensify during menstrua-
tion. In some cases, rectovaginal endometriosis may 
mimic irritable bowel syndrome, inflammatory bowel dis-
ease, or pelvic inflammatory disease, leading physi-
cians to misdiagnose. A thorough clinical history, with 
particular attention to cyclical symptoms, is crucial to 
raise suspicion and prompt appropriate referral for 
imaging and avoid unnecessary surgery21,39.

A meta-analysis found that the sensitivity and spec-
ificity of MRI for the diagnosis of rectovaginal septal 
endometriosis were 82% and 77%, respectively. On 
MRI, rectovaginal endometriosis may present as ill- 
defined lesions, soft tissue thickening, or obliteration of 
the pouch of Douglas. On MRI these lesions typically 
show low signal intensity on T1- and T2-weighted 
images with late contrast enhancement due to the 
fibrotic component40,41. Occasionally, punctate hyperin-
tense foci may be present on T1-weighted images, 
indicating subacute hemorrhage or highly viscous fluid. 
Figure 4 shows an MRI of the pelvis of a 39-year-old 
woman with chronic pelvic pain, constipation and 

Figure 3. MRI of the pelvis of a 32 -year-old woman with pelvic pain 
and dysmenorrhea. The axial T2-weighted image shows smooth 
thickening of the right uterosacral ligament (white arrow). The MRI 
findings are consistent with the diagnosis of DIE in the uterosacral 
ligament.
DIE: deep infiltrative endometriosis; MRI: magnetic resonance imaging.

dyspareunia. Sagittal T2-weighted images show irregu-
lar, hypointense lesions involving the rectovaginal sep-
tum, with a distended vagina visible due to the presence 
of intravaginal gel. The MRI findings are consistent with  
the diagnosis of DIE involving the rectovaginal septum.

Although MRI is superior to other imaging modalities 
in the overall visualization of the pelvis, its diagnostic 
accuracy in the detection of superficial peritoneal lesions 
is limited. In this context, laparoscopy remains the gold 
standard for the diagnosis of superficial endometriosis 
and is more accurate than MRI, TVUS or physical  
examination for this particular subset of lesions40.

Endometriosis of the posterior-central 
compartment: rectosigmoid colon

Deep endometriosis is an entity that poses a challenge 
for the gynecologist. The rectosigmoid colon is most 
commonly affected by intestinal endometriosis, which 
mainly affects the central posterior compartment (65.7%). 
In the rectum, it usually affects the middle and upper third 
of the organ39. On MRI, endometriosis appears as T2 
hypointense thickening of the muscle layer, ranging from 
plaque-like involvement to nodular, mass-like lesions. A 
classic sign of rectal involvement is the ‘mushroom cap’ 
appearance, caused by T2-hypointense fibromuscular 
hypertrophy of the muscularis, with wrinkling and retrac-
tion of the serosa or adventitia resembling the appear-
ance of a mushroom. Figure 5 shows an MRI of the pelvis 
of a 40-year-old woman with pelvic pain and rectal bleed-
ing during menstruation. a lesion of the mucosa of the 
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mid-rectum with thickening of the muscularis propria, 
forming the mushroom cap sign. The axial and sagittal 
T2-weighted MRI images show the finding of this mush-
room cap lesion is a reliable predictor of infiltration of the 
muscularis. The MRI findings are consistent with the 
diagnosis of DIE with involvement of the rectosigmoid 
colon and show the mushroom cap sign. 

A typical imaging finding for sigmoid involvement is the 
‘fortune cookie’ sign, which appears as a T2-weighted 
mass with low signal intensity, central retraction, and 
delayed homogeneous enhancement that resembles the 
appearance of a fortune cookie. T1-hyperintense foci cor-
responding to hemorrhagic components can also be 
observed in the fortune cookie and mushroom cap sign42. 
Assessment of rectal segments, classified as low (< 5 cm), 
middle (5-10 cm), and high (> 10 cm) from the anal verge 
is essential when assessing the anal margin42.

Extrapelvic endometriosis: diaphragmatic 
and perihepatic

Extrapelvic endometriosis is rare and has several local-
izations, such as the abdominal, thoracic and hepatic 
capsule. The most common location of thoracic endome-
triosis is the diaphragm, with an incidence of 0.15% to 
1.5%, followed by the pleura and lung41. Diaphragmatic 
endometriosis can manifest clinically as catamenial or 
non-catamenial pneumothorax. Initial imaging modalities 
include chest X-ray and computed tomography (CT); 

however, MRI provides better imaging, with a reported 
sensitivity of 78% and specificity of 83%41,43.

A catamenial pneumothorax is defined as a pneumo-
thorax occurring three days before or after menstrua-
tion. It accounts for 3-6% of spontaneous cases in 
women and is associated with endometriotic diaphrag-
matic foci extending into the thorax. These foci can 
irritate and perforate the pleura. Endometriotic nodules 
are found in 78% of catamnestic cases. This disease 
mainly affects the right side (90%)43. 

The main challenge in the diagnosis of diaphragmatic 
endometriosis is its potential rarity, in addition to its 
asymptomatic nature, which can reach almost 70% of 
cases44. When symptomatic, it manifests by pain in the 
arm, shoulder or right upper quadrant and is often diag-
nosed incidentally during surgical procedures, although 
the exact mechanism is still unclear45. Some theories 
such as retrograde menstruation, hematogenous spread, 
lymphatic dissemination, and coelomic metaplasia have 
been proposed as possible causes46. 

On MRI, endometrial foci may appear hyperintense 
in all sequences. Figure 6 of an abdomino-pelvic MRI 
of a 36-year-old woman with dyspareunia, and dysmen-
orrhea and cyclic right upper quadrant pain shows a 
subcapsular lesion with intermediate signal intensity and 
internal hypointense septa on T2-weighted images. On 
T1-weighted fat-suppressed (LAVA) sequences, a 
hyperintense nodule within the lesion suggests an  
endometrioma with blood derivatives. Post-contrast 

Figure 4. MRI of the pelvis of a 39-year-old woman with chronic pelvic pain associated with constipation and dyspareunia. A-B: sagittal  
T2-weighted MRI shows irregular, hypointense lesions involving the rectovaginal septum (white arrows). The distended vagina is visible due 
to the presence of intravaginal gel. The MRI findings are consistent with the diagnosis of DIE involving the rectovaginal septum.
DIE: deep infiltrative endometriosis; MRI: magnetic resonance imaging.
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T1-weighted imaging with subtraction shows heteroge-
neous enhancement of the lesion. The MRI findings are 
consistent with the diagnosis of extrapelvic extension 
of the endometriosis to the diaphragm and the perihe-
patic region.

Susceptibility artifacts in the thorax can lead to dis-
tortions that obscure the diagnosis due to the proximity 
to the air in the lungs. Recognizing the typical linear 
shape, that runs parallel to the diaphragm, can be help-
ful in distinguishing true endometriosis lesions from 
artifacts47.

Extrapelvic endometriosis: sciatic nerve

Isolated, DIE of the sacral nerve roots or pelvic nerves 
such as the sciatic nerve is a rare entity that usually 
causes back pain, buttock pain with radiation to the dor-
sal region of the thigh and lateral aspect of the leg. 
Physical examination may reveal a positive Lasegue’s 
sign, loss of sensation, reflex changes, muscle weak-
ness and paresis18. The sciatic nerve is rarely affected 
by endometriosis. It is usually a case of cyclic sciatica 
that does not respond to the usual conservative treat-
ment48. Cyclic sciatica is a reactive, self-limiting inflam-
matory reaction to deposits and bleeding of endometrial 
glands and stroma in the sciatic nerve. 

Early and timely diagnosis is essential, as untreated 
and unrecognized cases carry the risk of permanent 
neuronal damage if left untreated27. Given the complex-
ity of the condition, treatment requires a multidisci-
plinary approach, involving the specialties of gynecology, 
orthopedics, neurology and radiology. MRI and/or 
myelography are of paramount importance for preoper-
ative assessment, especially for the localization of the 
lesion, which must be confirmed by immunohistochem-
istry22. A study by Kale et al.42 showed that endometri-
osis isolated to the sciatic nerve root is more commonly 
found on the right side. 

MRI findings suggestive of neural involvement include 
neural thickening, abnormal signal intensity, and increased 
enhancement on contrast-enhanced MRI. Sciatic endo-
metriosis foci can be identified by the stage of hemor-
rhage, as they typically have high signal intensity on 
T1-weighted images, and variable signal intensity on 
T2-weighted images49. Figure 7 shows an MRI of the 
pelvis of a 36-year-old woman with chronic pelvic pain, 
and unilateral shooting pain that extended from the but-
tock down to the posterior thigh, suggesting sciatic nerve 
involvement. Axial T2-weighted images show an ill-de-
fined, spiculated, hypointense lesion in the right lateral 
wall of the pelvis with involvement of the sciatic nerve 

Figure 5. MRI of the pelvis of a 40 -year-old woman with pelvic pain associated with rectal bleeding during menstruation. A: sagittal and  
B: axial T2-weighted MRI views show a lesion of the mucosa of the mid-rectum with thickening of the muscularis propria forming  
the mushroom cap sign (white arrows). The distended vagina and rectum are visible due to the presence of intravaginal and intrarectal gel. 
The MRI findings are consistent with the diagnosis of DIE with involvement of the rectosigmoid colon and show the mushroom cap sign.
DIE: deep infiltrative endometriosis; MRI: magnetic resonance imaging.

A B



L.M. Olarte-Bermudez et al. Endometriosis in MRI

151

roots. The MRI findings are consistent with the diagnosis 
of DIE with sciatic nerve.

It is important to note that the absence of pelvic endo-
metriosis does not exclude the diagnosis of sciatic 
nerve endometriosis, which emphasizes the importance 
of high clinical suspicion in patients. In women of child-
bearing age who complain of sudden sciatic symptoms 
that correlate in time with the menstrual cycle and exac-
erbation of symptoms, nerve involvement secondary to 
endometriosis should be considered50. MRI is a helpful 
tool in determining the cause.

ENDOVALIRM group MRI consensus 
lexicon and compartment-based approach 

According to the ENDOVALIRM group, the pelvis can 
be divided into 9 compartments based on important 
structural landmarks41. Two horizontal lines divide the 
pelvis into an anterior, a middle and posterior region 
(Figure 8). The anterior horizontal line is drawn anterior 
to the cervix or vagina, while the posterior line is located 
anterior to the rectum. In addition, vertical lines divide 
the pelvis into a central, left and right compartment. 
These lines run from posterior to anterior, through the 
uterosacral ligament, the mesorectal fascia, the lateral 

walls of the cervix and the bladder. This anatomical 
framework creates 9 compartments: right anterolateral, 
right mediolateral, right posterolateral, anterocentral, 
mediocentral, posterocentral, left anterior, left medial, 
and left posterior with additional extrapelvic areas41.

The Deep Pelvic Endometriosis Index (dPEI) is an 
MRI-based system, developed for DIE, the aims to com-
prehensively describe all localizations of deep endome-
triosis by creating structured reports with diagrams and 
scores. This scale is valuable for predicting operative 
time, length of hospital stay and possible subsequent 
complications, making it an excellent tool for clinical and 
surgical management22,24,41. This scale has shown high 
diagnostic performance, with a sensitivity of 91% and a 
specificity of 90%22,24. According to the dPEI, one point 
is awarded for each affected compartment, resulting in a 
total of 10 points, as extrapelvic sites are also taken into 
account. The severity is interpreted as follows: mild (< 2 
points), moderate (3-4 points), and severe (> 5 points)41.

Although the sensitivity of MRI is considered to be 
better than that of TVUS or laparoscopy, its diagnostic 
performance varies depending on the type of endometri-
osis present. Accordingly, laparoscopy was found to be 
the better method for detecting superficial endometriosis 
compared to MRI, TVUS, or physical examination41.

Figure 6. MRI of the abdomen and pelvis of a 36-year-old woman with right upper quadrant pain, dyspareunia, and dysmenorrhea, and cyclic 
right upper quadrant pain. A: T2-weighted image shows a subcapsular hepatic lesion with intermediate signal intensity and multiple internal 
hypointense septa (white arrow). B: T1-weighted image with fat suppression (LAVA) with a hyperintense nodule inside the lesion, showing 
an endometrioma with blood derivatives (white arrow). C: post-contrasted T1-weighted image with subtraction shows heterogeneous 
enhancement of the lesion (white arrow). The MRI findings are consistent with the diagnosis of extrapelvic extension of the endometriosis 
to the diaphragm and the perihepatic region.
MRI: magnetic resonance imaging; LAVA: Liver Acquisition with Volume Acceleration.
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CONCLUSION

Endometriosis is a disease with a wide spectrum of 
symptoms, signs and imaging findings, represents a 
major burden worldwide due to its high prevalence, 
debilitating effects, and usually delayed diagnosis. MRI 
plays an invaluable in the non-invasive assessment of 

endometriosis, providing unmatched anatomical detail 
and sensitivity in the localization of DIE. The introduc-
tion of standardized reports and protocols for MRI, such 
as the MRI consensus lexicon and the ENDOVALIRM 
group’s compartment-based approach to the assess-
ment of dPEI, strengthens understanding between 
radiologists and clinicians, and provides tremendous 
help in surgical and clinical planning, improving patient 
outcomes, especially when combined with clinical find-
ings and additional imaging modalities. It is important 
that radiologists are familiar with the anatomical land-
marks, potential pitfalls and key imaging signs, as this 
is essential for disease compromise. This review high-
lights the key MRI features of endometriosis and 
emphasizes the importance of close collaboration 
between radiologists and clinicians to optimize the out-
come for the patient.
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ABSTRACT

Introduction: The impact of a transjugular intrahepatic portosystemic shunt (TIPS) on mortality in cirrhotic patients remains 
controversial. Some reports show an improvement in outcome, while others indicate an increased mortality risk. This study 
evaluated 5-year mortality in cirrhotic patients with TIPS and compared patients with TIPS with or without liver transplantation 
(LT) and risk factors as predictors of mortality. Material and methods: This retrospective cohort study was conducted at two 
private tertiary-care hospitals from March 2014 to March 2025. Cirrhotic patients with TIPS were included. Demographic, clini-
cal, and procedural variables were collected. Mortality was analyzed up to 5 years using Kaplan-Meier and log-rank tests. Cox 
proportional hazards models—both standard and time-dependent—were performed to identify mortality predictors and esti-
mate the survival effect of TIPS alone and TIPS with LT. Results: Ninety cirrhotic patients with TIPS were included, with a mean 
age of 56 ± 12.5 years; 56 (62.2%) were men and 34 (37.8%) were women. The primary etiology was metabolic-associated 
fatty liver disease (n = 30, 33.4%), and the primary indication for TIPS was variceal bleeding (n = 52, 57.8%). The 5-year  
overall mortality rate was 32.3% (n = 24). Overt hepatic encephalopathy (OHE) was associated with a significantly higher 
5-year mortality (60%, p = 0.001). Cirrhotic patients > 65 years had increased 5-year mortality (53.1%, p = 0.05), and this 
finding was the only independent predictor in the multivariable analysis (HR 1.06/year, p = 0.009). Sixteen patients (17.8%) 
underwent LT. No significant difference in mortality was found between cirrhotic patients with TIPS or TIPS and LT (p = 0.074). 
Conclusions: In this Mexican cirrhotic cohort, 5-year mortality after TIPS was 32.3%. OHE and older age were significant 
predictors of mortality. Cirrhotic patients with TIPS or with TIPS and LT showed comparable mortality.

Keywords: Transjugular intrahepatic portosystemic shunt. TIPS. Cirrhosis mortality. Hepatic encephalopathy. Liver transplantation.
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INTRODUCTION

A transjugular intrahepatic portosystemic shunt (TIPS) 
is a cornerstone in the management of complications of 
portal hypertension1,2. TIPS effectively reduces the 
hepatic venous pressure gradient by creating a low- 
resistance channel between the portal and systemic 
venous systems, reducing the risk of variceal bleeding, 
refractory ascites, hepatic hydrothorax, Budd-Chiari 
syndrome, portal vein thrombosis, and other portal 
hypertension complications1-9. In addition, TIPS has 
been accepted as a bridging therapy for liver transplan-
tation (LT) in cirrhotic patients4,9.

The direct impact of TIPS on the survival of patients 
with cirrhosis is controversial. Some authors have 
demonstrated improved outcomes in carefully selected 
patients10,11; others have highlighted the increased risk 
of overt hepatic encephalopathy (OHE) and procedure- 
related mortality, reflecting the heterogeneity of the 
underlying liver disease and comorbidities3,5,6,8,9. 
Mortality after TIPS is influenced by several clinical and 
hemodynamic factors such as the Child-Pugh score, 
active bleeding, right-sided heart failure, and pulmo-
nary hypertension, emphasizing the importance of 
appropriate patient selection1,12. 

Data on the efficacy of TIPS in preventing complica-
tions due to decompensation after the procedure have 
been described13,14. To date, there is no conclusive 
evidence of a patient survival benefit after TIPS, even 
with the exclusive use of covered stents such as the 
Viatorr13. TIPS effectively controls portal hypertension 
complications. However, its association with OHE and 
age-related mortality with or without LT warrants further 
evaluation. This study evaluated 5-year mortality in cir-
rhotic patients after TIPS, compared patients after TIPS 
with or without LT, and identified risk factors as predic-
tors of mortality.

MATERIAL AND METHODS

This retrospective cohort study was conducted from 
March 2014 to March 2025 in the Department of 
Interventional Radiology of the Hospital San Jose and 
Hospital Zambrano Hellion, TecSalud, a private tertiary- 
care institution in Monterrey, Nuevo Leon, Mexico. 
Patients with cirrhosis and decompensated portal hyper
tension who required TIPS were included. Exclusion 
criteria were LT before TIPS, incomplete information in 
the medical records, and patients who had undergone 
TIPS in other centers. Informed consent was not 
required for data collection as part of routine medical 

care. The institutional ethics and research committees 
approved the study protocol.

Study development and variables

Patients’ medical records and monthly follow-up  
visits after TIPS were analyzed. Age, sex, indications for 
the TIPS procedure, the Child-Pugh score, the Model for 
End-Stage Liver Disease (MELD) score, and the final 
portosystemic pressure gradient (PSPG) during the TIPS 
procedure were recorded. The referring hepatologists 
determined the etiology of cirrhosis by laboratory analy-
sis and/or liver biopsy results. Cirrhotic patients with 
TIPS who underwent LT during the study were recorded. 

Technical TIPS procedure 

All TIPS procedures were performed with a RUPS-
100 Transjugular Liver Access Set (Cook Medical, 
Bloomington, IN, USA). The corrected sinusoidal pres-
sure was calculated as the difference between the 
wedged hepatic venous pressure (WHVP) and the  
free hepatic venous pressure, with WHVP determined 
in the right hepatic vein by advancing the sheath or 
catheter until contrast injection produced no venous 
reflux. Under fluoroscopic guidance, the intrahepatic 
puncture was directed from the right hepatic vein 
towards the right portal vein. Splenoportography and 
sizing of the shunt were performed with a 4-5F pigtail 
catheter, followed by tract predilatation with 6-8 mm 
angioplasty balloons. Bare-metal stents were used 
from 2004 to 2011; a Viatorr™ expanded polytetrafluo-
roethylene (ePTFE)-lined stent-graft endoprosthesis 
(W.L. Gore & Associates, Newark, DE, USA) has been 
used since 2012. After placement of the stent, 8-10 mm 
high-pressure angioplasty balloons were used until the 
PSPG between the portal and hepatic veins reached 
the target value. The inferior vena cava and right atrial 
pressures were also measured before sheath removal. 
Hemostasis was achieved by manual compression, and 
large-volume paracentesis was performed immediately 
after the procedure in patients with ascites. Figure 1 
shows digital subtraction angiography after performing 
a TIPS in a 39-year-old man with cirrhosis and variceal 
bleeding. A covered stent and hepatofugal flow with 
multiple venous collaterals, including gastric and renal 
shunts, are seen. Trans-TIPS embolization of the fugal 
shunts was performed with helical coils and ethanol + 
Gelfoam®. A team of three interventional radiologists 
with 31 years (MCM), 11 years (FPG), and two years 
(SKJ) of experience performed the TIPS procedures.
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Statistical analysis

The statistical normality of the continuous variables 
was determined with the Shapiro-Wilk test. Non-normal 
distributions are presented as median and interquartile 
range (IQR). Categorical data are summarized as fre-
quencies and percentages. The primary endpoint was 
all-cause mortality. Mortality time, measured in years 
from the time of TIPS to death or last follow-up, cen-
sored patients at the time of LT. All-cause mortality  
was estimated using Kaplan-Meier analysis, with group 

differences evaluated using the log-rank test. Multi
variable Cox proportional hazards models were used to 
identify predictors of mortality and evaluate the effect of 
LT. Variables were selected for clinical relevance and 
univariate associations. All models were tested for pro-
portional hazards assumptions. A standard Cox regres-
sion model was initially used to assess baseline 
predictors of cirrhotic patients with TIPS. To estimate 
the survival benefit of LT, a time-dependent Cox model 
treated LT patients as time-varying covariates, resulting 
in hazard ratios adjusted for baseline characteristics.  

Figure 1. Digital subtraction angiography after TIPS placement in a 39-year-old man with cirrhosis and variceal bleeding. A-B: a covered  
stent (blue arrowheads) with hepatofugal flow, with multiple venous collaterals, and gastric and renal shunts are seen (white arrowheads). 
C-D: trans-TIPS embolization of the fugal shunts performed with helical coils (dashed arrows) and ethanol + Gelfoam®.
TIPS: transjugular intrahepatic portosystemic shunt.
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A two-sided p value ≤ 0.05 was significant. Statistical 
analysis and plotting were performed using Python 
(v3.13) (Python Software Foundation, Wilmington, DE, 
USA) with the pandas, lifelines, and matplotlib libraries.

RESULTS

A total of 101 cirrhotic patients were eligible, but 
eleven were excluded due to incomplete medical 
records or missing follow-up. A cohort of 90 cirrhotic 
patients with a mean age of 56 ± 12.5 years who under-
went TIPS was included (Table 1). The majority were 
men (n = 56, 62.2%), and the most common etiology of 
cirrhosis was metabolic-associated fatty liver disease  
(n = 30, 33.4%), followed by autoimmune hepatitis  
(n = 16, 17.8%) and alcohol-related liver disease  
(n = 14, 15.6%). The main indication for TIPS was vari-
ceal bleeding (n = 52, 57.8%), followed by refractory 
ascites (n = 36, 40.0%). The mean MELD score at the 
time of the TIPS procedure was 17 ± 7. Pre-TIPS 
encephalopathy was found in 21 (23.3%), and OHE was 
present in 14 (15.6%) of the 90 cirrhotic patients during 
a follow-up period of 5 years. The median final PSPG 
was 8 mmHg with an IQR of 6 to 10 mmHg.

Five-year overall mortality in cirrhotic 
patients with TIPS 

The estimated all-cause mortality for the cohort after 
the TIPS procedure is shown in figure 2. Mortality was 
15.6% at 1 year, 21.1% at 3 years, and 32.3% at 5 years.

Comparison of mortality in cirrhotic 
patients with TIPS with or without OHE 

Cirrhotic patients with OHE had higher mortality than 
patients without OHE (p = 0.001) (Figure 3A). Patients 
with OHE had a mortality of 35.7% at 1 year, 50.0% at 
3 years and 60.0% at 5 years after the TIPS procedure. 
In contrast, mortality in cirrhotic patients without OHE 
with TIPS was 11.9% at 1 year, 15.2% at 3 years, and 
26.2% at 5 years.

Univariate analysis of mortality associated 
with age in cirrhotic patients with TIPS 

A Kaplan-Meier analysis using the log-rank test was 
performed to identify individual factors associated with 
mortality (Figure 3B). Cirrhotic patients with TIPS aged 
≤65 years had a mortality of 13.8% at 1 year, 18.9% at 

3 years and 26.5% at 5 years. In contrast, cirrhotic 
patients older than 65 years had increased mortality 
compared to younger patients, who had a mortality of 
23.5% at 1 year, 30.5% at 3 years, and 53.1% at 5 years 
after TIPS. Patients older than 65 years had a signifi-
cantly higher mortality than younger patients (p = 0.05). 

A non-significant trend towards increased mortality 
was found in patients who underwent TIPS for variceal 
bleeding compared to patients with refractory ascites 
and hepatic hydrothorax (p = 0.09). Univariate analysis 
showed no significant association between other base-
line characteristics and mortality. These included sex 

Table 1. Characteristics of 90 cirrhotic patients with TIPS

Description Parameter

Age, years, mean ± SD 56 ± 12.5

Sex, n (%)

Men 56 (62.2)

Women 34 (37.8)

Etiology of cirrhosis, n (%)

Metabolic-associated fatty liver disease 30 (33.4)

Autoimmune hepatitis 16 (17.8)

Alcohol-related liver disease 14 (15.6)

Viral hepatitis 8 (8.9)

Primary biliary cholangitis 3 (3.3)

Non-cirrhotic portal hypertension 3 (3.3)

Idiopathic 3 (3.3)

Overlap syndrome 2 (2.2)

Not classified 11 (12.2)

Indication for TIPS, n (%)

Variceal bleeding 52 (57.8)

Refractory ascites 36 (40.0)

Hepatic hydrothorax 2 (2.2)

Child-Pugh score, n (%)

A 13 (14.4)

B 43 (47.8)

C 34 (37.8)

MELD score, per point, mean ± SD 17 ± 7

Encephalopathy, n (%)

PTE 21 (23.3)

OHE 14 (15.6)

Final PSPG, mmHg, median (IQR) 8 (6-10)

TIPS: transjugular intrahepatic portosystemic shunt; MELD: model for 
end-stage liver disease; PTE: pre-TIPS encephalopathy; PSPG: 
portosystemic pressure gradient; OHE: overt hepatic encephalopathy; 
IQR: interquartile range.
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follow-up period, 16 (17.8%) patients underwent LT. 
There were no significant differences in outcome 
between the two groups and no evidence of increased 
mortality (p = 0.074) (Figure 4). The overall mortality in 
cirrhotic patients with TIPS and LT was 12.5% over  
5 years. These were treated as censored events, leav-
ing 24 deaths for the model analysis

A time-dependent Cox regression model was cons
tructed to directly quantify the impact of LT on survival 
(Table 3). This analysis correctly accounts for a patient’s 
transition from the “pre-transplant” to the “post- 
transplant” state over time. The model was built on 106 
patient-periods with 90 patients, in which 26 deaths 
occurred (Figure 5). Based on 90 subjects and 106 
patient-periods and after adjusting for baseline patient 
characteristics, patient age was the only significant 
independent predictor of overall mortality in this final 
model (HR 1.06 per year; 95% CI, 1.02-1.10; p = 0.006). 

LT in cirrhotic patients with TIPS was associated with 
a non-significant 52.0% reduction in the risk of death 
(HR, 0.48; 95% CI, 0.11-2.14; p = 0.33). The wide con-
fidence interval suggests that although a large benefi-
cial effect of LT in cirrhotic patients with TIPS was 
possible, the study was underpowered to prove this 
with statistical certainty. The effects of the MELD score, 
sex, and pre-TIPS encephalopathy were not statistically 
significant.

DISCUSSION

In our study, the 5-year mortality in cirrhotic patients 
with TIPS was 32.3%. We found that OHE and older age 
were significantly associated with a higher 5-year mortal-
ity in these patients, regardless of whether they under-
went LT. This study is the first in Mexico on a cohort of 
cirrhotic patients with TIPS. We believe that TIPS, a more 
feasible intervention in our healthcare system, should be 
considered as a recommended therapeutic strategy.

The reported all-cause mortality during follow-up 
between 1 and 10 years in cirrhotic patients with TIPS 
varies widely (16.8 to 67.3.%)2,8,15-19. Five-year cumula-
tive mortality and TIPS patency or dysfunction were 
evaluated in a retrospective single-center cohort study 
from Germany, including 228 cirrhotic patients with TIPS 
treated with ePTFE-covered stents (Viatorr®). The 
authors found a mortality rate of 31.3% (n = 71) at 1 year, 
38.7% (n = 88) at 2 years, and a cumulative 5-year mor-
tality of 57.3% (n = 130)16. Sonavane et al.17 conducted 
a prospective observational study in India of 42 patients 
with Budd-Chiari syndrome managed with TIPS and 
reported a cumulative mortality of 14% (n = 6) at 1 year, 

(p = 0.55), etiology of liver disease (metabolic-associated 
fatty liver disease vs. other, p = 0.17), a MELD score 
greater than 15 points (p = 0.16), or the presence of 
pre-TIPS encephalopathy (p = 0.19).

Multivariable analysis of mortality 
predictors in cirrhotic patients after TIPS 

To identify independent risk factors for mortality, a 
multivariable Cox proportional hazards model was con-
structed focusing on the “TIPS-alone” therapeutic path-
way. The model was fitted on the entire cohort of 90 
patients. For this analysis, patient follow-up at the time 
of LT was censored (n = 16) (Table 2). This data corres
ponds to a model based on 90 subjects, including 24 
deaths, with a concordance index of 0.716. After adjust-
ment for other factors, the patient’s age was the only 
significant independent predictor of mortality (HR: 1.06 
per year; 95% CI, 1.01-1.10) (p = 0.009). This finding 
means that the risk of death increases 6% for each year 
that age increases. Although a higher MELD score was 
associated with an increased risk of death (HR, 1.06 
per point; 95% CI, 0.99-1.13), this result did not reach 
statistical significance (p = 0.098). Sex and the pres-
ence of pre-TIPS encephalopathy were not significantly 
associated with mortality in this model.

Mortality in cirrhotic patients after TIPS 
compared to cirrhotic patients with TIPS 
and LT 

A log-rank test compared cirrhotic patients with TIPS 
and cirrhotic patients with TIPS and LT. During the  
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during a 5-year follow-up. Mortality was 15.6% at 1 year, 21.1% at  
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episode of OHE; 27 (9.2%) experienced recurrent/ 
persistent OHE. The authors concluded that an OHE 
episode after TIPS was not associated with mortality in 
patients who underwent TIPS. In contrast, Xiang et al.20 
conducted a multicenter retrospective study in 7 medical 
centers in China that showed the presence of OHE in 
1076 (33.2%) of their 3262 cirrhotic patients with TIPS. 
Their study showed a mortality of 19.3% in patients with 
OHE. In our study, 5-year mortality was higher in patients 
with OHE (60.0%) than in patients without OHE (26.2%), 
showing a statistically significant association (p = 0.001). 
Our results, which are consistent with other published 
data3,5,20, showed that OHE is significantly associated 
with mortality and should not be underestimated as a 
prognostic factor.

While patient selection has traditionally relied on the 
severity of liver disease, such as the MELD and Child-
Pugh scores, age has not been considered in most 
prognostic models. However, it has been shown to be 
an independent determinant of survival after TIPS8,22-24. 
Multivariate models consistently identify age as a  
predictor of short- and long-term mortality8,23,24. This 
effect may be related to a reduced physiologic reserve, 
a higher burden of comorbid conditions, and increased 
susceptibility to TIPS-related complications such as 
OHE. Regarding age in cirrhotic patients, Ascha et al.24, 
in a retrospective study at the Cleveland Clinic, exami
ned 418 patients with portal hypertension undergoing 
TIPS. They reported a 2% increased risk of death  
per year with patient age (HR: 1.02, 95% CI, 1.01-1.03, 
p = 0.004). The results of our study are consistent with 
those of Saad et al.23 and Ascha et al.24 in that older 
patients have a poor prognosis compared to the ≤ 65- 
year-old Mexican population. The studies differ in the 
thresholds chosen for prognostic assessment, which 
limits the direct comparability of the results. In addition, 
there is no consensus on an upper age limit for TIPS in 
cirrhotic patients. Consequently, including age in the 
pre-TIPS risk assessment could improve prognosis and 
enable individualized decision-making, balancing the 
potential hemodynamic benefits against the increased 
mortality risk in older patients.

The role of TIPS in conjunction with LT is being inves-
tigated as the two procedures overlap in terms of 
patient population and prognostic factors. Pre-transplant 
TIPS may optimize hemodynamics, control ascites, and 
reduce complications related to portal hypertension  
at the time of LT, which could facilitate surgery and 
improve early postoperative stability25. Mumtaz et al.25, 
in a retrospective cohort in the United States that 
included 32,783 patients on a United Network for  

19% (n = 8) at 5 years, and 24% (n = 10) at 10 years. Li 
et al.8 published a Chinese retrospective cohort of 132 
cirrhotic patients with TIPS. They found a cumulative 
mortality rate of 7.6% (n = 10) at 1 year, 14.7% (n = 19) 
at 3 years, and 19.8% (n = 26) at 5 years. In our study, 
the overall 5-year mortality of 32.3% for cirrhotic patients 
with TIPS was consistent with internationally reported 
rates.

OHE is a known event after TIPS in cirrhotic patients 
due to shunt-induced changes in hepatic clearance of 
neurotoxins; however, its prognostic impact on mortality 
remains controversial3,5,8,20,21. Nardelli et al.3 in a mul-
ticenter observational study of 614 patients with cirrho-
sis undergoing TIPS in three Italian hospitals found  
that 293 (47%) of 614 patients developed at least one 
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and age. A: with OHE, mortality was 35.7% at 1 year, 50.0% at 3 years, 
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and 53.1% at 5 years. Older age was significantly associated with 
mortality at 5-year follow-up (p = 0.05).
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Organ Sharing (UNOS) LT waiting list, showed that 1366 
(4%) had TIPS, while a subset of patients were trans-
planted. TIPS had no effect on 30-day mortality after LT 
after logistic regression (OR = 1.26; 95% CI: 0.91-1.75). 
Another observational study suggested a potential sur-
vival benefit in selected candidates, particularly if TIPS 
effectively controls pre-LT portal hypertension compli-
cations26. The survival benefit of LT in cirrhotic patients 
after TIPS is not statistically proven, probably due to the 
relatively small number of transplanted patients and the 
fact that many TIPS studies censor outcomes at the 
time of LT20,22-24. In a Mexican LT cohort of 92 patients 
described by Hinojosa-Gonzalez et al.27, 9% (n = 9) had 
a TIPS before LT; similar mortality rates were found 
when comparing the TIPS group with the non-TIPS 
group over 2 years. Heinzow et al.28,  in a retrospective 
single-center study conducted at a tertiary-care referral 
center in Germany that included 88 patients who under-
went TIPS, 8 (10%) had LT. Survival in patients with 
TIPS before LT of more than 5 years improved in a 
univariate analysis (p = 0.024), but it was not an  
independent predictor in multivariate models. Our find-
ings align with the existing literature, showing that LT 
after TIPS improves patient survival20-24. In our cohort, 
16 (17.8%) patients who underwent LT after TIPS had  
a non-significant 52.0% reduced risk of death (HR, 0.48; 
95% CI, 0.11-2.14; p = 0.33). Although this result is  
consistent with the expected survival benefit of LT in 
patients with cirrhosis and TIPS, the effect did not reach 
statistical significance. It may be underestimated due to 
the small sample size and the presence of competing 
risk factors for mortality.

This study has several strengths. First, it addresses  
the clinical relevance of TIPS in the Mexican population, 
a setting for which few data are available. Second, the 
procedure was performed using a standardized technique 
by an experienced interventional radiology team, ensuring 
consistency between cases. Third, validated statistical 
methods, such as Cox proportional hazards analysis  
and Kaplan-Meier analysis, were employed to evaluate 
survival and risk factors, enabling a comprehensive 
assessment of outcomes in cirrhotic patients with TIPS.

This study also has limitations that need to be  
considered. The small sample size and the retrospec-
tive nature of the study have the potential for selection 
bias. The lack of a control group without TIPS limits  
a direct comparison of the results with those of stan-
dard of care. There may also be exclusion bias, as 
patients from remote areas or lower socioeconomic 
backgrounds often have limited access to healthcare. 
This fact reflects the general inequalities in access to 

Table 2. Multivariable Cox regression analysisa of the predictors of 
mortality in cirrhotic patients with TIPS

Description HR 95% CI p

Age, per year 1.06 1.01-1.10 0.009

Sex, women vs. men 0.62 0.24-1.61 0.325

MELD score, per point 1.06 0.99-1.13 0.098

PTE, yes vs. no 1.43 0.55-3.70 0.462

aThe model is based on 90 patients with 24 deaths. Concordance 
index = 0.716. The model fulfilled the proportional hazard 
assumption. TIPS: transjugular intrahepatic portosystemic shunt; 
MELD: model for end-stage liver disease; PTE: pre-TIPS 
encephalopathy; HR: hazard ratio; CI: confidence interval.
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Figure 4. Cirrhotic patients with TIPS had a 5-year mortality of 40.1%. 
Cirrhotic patients with TIPS and LT had a 5-year mortality of 12.5%  
(p = 0.074). In 16 (17.8%) cirrhotic patients with TIPS who underwent 
LT after TIPS had a non-significant reduction of 52.0% in the risk of 
death. The expected survival benefit of LT in patients with cirrhosis 
and TIPS did not reach statistical significance.
LT: liver transplantation; TIPS: transjugular intrahepatic portosystemic shunt.

Table 3. Time-dependent Cox regression analysisa of mortality in  
cirrhotic patients with TIPS compared to patients with TIPS with or 
without LT

Description HR 95% CI p

Age 1.06 1.02-1.10 0.006

Sex, women vs. men 0.52 0.21-1.29 0.160

MELD score, per point 1.05 0.99-1.12 0.100

PTE, yes vs. no 1.14 0.45-2.89 0.785

LT, as an event 0.48 0.11-2.14 0.330

aModel based on 90 subjects and 106 patient-periods. TIPS: 
transjugular intrahepatic portosystemic shunt; MELD: model for 
end-stage liver disease; PTE: pre-TIPS encephalopathy; LT: liver 
transplantation; HR: hazard ratio; CI: confidence interval.
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advanced procedures such as TIPS within the Mexican 
public health system, where high costs limit availability. 
Finally, the study relied on a dichotomous definition of 
OHE, which may not fully capture the clinical spectrum 
of this complication. Some recognized predictors of 
mortality in cirrhotic patients with TIPS were not avail-
able due to missing data. On the other hand, the LT 
analysis was limited by the small number of procedures 
during the follow-up period.

CONCLUSION

In our study, the 5-year mortality rate for cirrhotic 
patients with TIPS was 32.3%. Mortality was significantly 
associated with OHE and older age. We found no signif-
icant difference in outcomes in cirrhotic TIPS patients 
with or without a LT. Our findings are consistent with 
international mortality rates for TIPS patients and support 
the use of prognostic factors for monitoring and assess-
ing mortality risk. Further prospective studies with control 
groups are needed to determine the survival impact of 
TIPS on cirrhotic patients with and without a LT.
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ABSTRACT

Introduction: Magnetic resonance imaging (MRI) can be used to quantify white matter lesion (WML) metrics and volumetric 
changes in patients with multiple sclerosis (MS). The thalamus is particularly vulnerable in MS progression. This study aimed 
to explore the correlation between the normalized volume of the total brain, thalamus, and caudate nucleus with WML metrics 
in Mexican MS patients using automated MRI volumetry. Materials and methods: This cross-sectional study included MRI 
scans of patients with MS, using 3D-T1 and 3D fluid-attenuated inversion recovery (FLAIR) sequences processed with the 
automated volBrain system. The normalized volume of the total brain, thalamus, caudate nucleus, and WML metrics such as 
quantity, normalized volume, and burden were assessed. Sex- based comparisons and Spearman correlation analyses were 
conducted. Results: MRI scans of 40 Mexican MS patients—29 women (72.5%) and 11 men (27.5%)—with a mean age of 
44.6 ± 12.0 years were evaluated. A significant negative correlation was found between thalamic atrophy and WML metrics, 
WML quantity (r = -0.41; p = 0.009), normalized WML volume (r = -0.52; p < 0.001) and WML burden (r = -0.54; p < 0.001); 
the higher the quantity, volume, and burden of WML, the lower the normalized thalamic volume. WML burden had the stron-
gest correlation with thalamic atrophy. No significant correlation was found between WML metrics and normalized total 
brain and caudate nucleus volumes. Conclusion: A significant correlation was found between thalamic atrophy and the 
quantity, volume, and burden of WML in patients with MS. This study is the first in Mexican MS patients that uses an AI- 
based segmentation and volumetry tool to establish a correlation between thalamic atrophy and WML metrics.

Keywords: Magnetic resonance imaging. Multiple sclerosis. Brain volumetry. White matter. Thalamic atrophy. Automated  
segmentation.

INTRODUCTION

Multiple sclerosis (MS), a progressive disease of the 
central nervous system, is characterized by immune- 
mediated demyelination and neurodegeneration. Mag
netic resonance imaging (MRI) plays a central role  
in clinical practice, allowing detailed assessment of 
brain volume changes and white matter lesion metrics1. 
The extent of T2 hyperintense white matter lesions is 

quantified in several ways: as a quantity, an absolute 
volume, or a normalized volume, either in terms of total 
intracranial volume (TIV) or total white matter volume 
(TWMV). The normalized WML volume is the preferred 
method because TIV normalization accounts for head 
size variations for brain volume comparisons. TWMV 
normalization accounts for white matter tissue loss, 
allowing a more accurate lesion burden comparison2-4. 
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Machine learning techniques have revolutionized 
MRI post-processing, outperforming manual evaluations 
in segmentation accuracy1,5,6. Moreover, in combination 
with high-resolution 3T MRI acquisitions and ultra- 
high-field 7T MRI, these techniques improve focal damage 
and volumetric shift detection7,8. There are several 
automated volumetric MRI analysis platforms, such as 
FreeSurfer (Laboratory for Computational Neuroimaging, 
Cambridge, MA, USA), and FIRST (FMRIB Software 
Library-FSL, University of Oxford, Oxford, UK)8. These 
tools are robust and widely validated; however, they 
require advanced computing resources and high user 
expertise. In contrast, the volBrain platform (Universidad 
Politecnica de Valencia, Valencia, Spain, and Centre 
National de la Recherche Scientifique [CNRS], Paris, 
France) is an open-access, online tool with a user-
friendly interface and fully automated processing 
pipelines. It requires no local installation, no special 
hardware, and no advanced technical knowledge. In 
addition, the volBrain platform has high performance, 
consistency, and accuracy in segmenting subcortical 
structures and assessing regional atrophy metrics9.

The thalamus, an important brain network hub, is par-
ticularly vulnerable in MS. Thalamus atrophy is a reliable 
indicator of progressive neurodegeneration associated 
with motor and cognitive dysfunction10. The relationship 
between WML accumulation and thalamic volume is 
partially understood8. Most available data on the current 
state of research come from European and North 
American cohorts,1,5 leading to a significant evidence 
gap in underrepresented populations such as Mexican 
MS patients. This study aimed to explore the correlation 
between normalized total brain, thalamic, and caudate 
nucleus volume with WML metrics such as quantity, 
normalized volume, and burden in Mexican MS patients 
using the volBrain platform for MRI analysis based on 
automated brain volumetry and segmentation. 

MATERIAL AND METHODS 

This cross-sectional study was conducted from March 
to November 2024 in the Department of Magnetic 
Resonance of the Angeles Lomas Hospital in 
Huixquilucan, State of Mexico, Mexico. MS patients who 
underwent a brain MRI scan were included. Low quality 
MRI scans were excluded based on the segmentation 
and volumetry reports. Informed consent was not 
required for this observational study of information col-
lected during routine clinical care. The Institutional 
Research and Ethics in Research Committees approved 
the study. 

Study development and variables

Data were obtained from clinical records. Age, sex, 
normalized total brain, thalamic, and caudate nucleus 
volumes, and WML quantity, normalized WML volume, 
and WML burden were recorded. 

Definitions11

Normalized total brain volume: normalized in relation 
to the total intracranial volume (TIV), expressed as a 
percentage.

Normalized thalamic volume: normalized in relation 
to the TIV, expressed as a percentage.

Normalized caudate nucleus volume: normalized in 
relation to the TIV, expressed as a percentage.

WML quantity: number of white matter lesions.
Normalized WML volume: space occupied by white 

matter lesions, divided by the TIV, expressed as a 
percentage.

WML burden: space occupied by white matter lesions, 
divided by TWMV, expressed as a percentage.

Image acquisition and processing

A 1.5T MAGNETOM Aera and a 3T MAGNETOM 
Skyra Fit MRI (Siemens Healthineers, Erlangen, 
Germany) scanners were used. All images were 
acquired with a 32-channel head coil. T1-MPRAGE and 
volumetric FLAIR sequences with standard clinical 
acquisition parameters were used (Table 1). For the 
1.5T scanner, T1-MPRAGE (TR/TE 2200/2.67 ms) and 
SPACE FLAIR (TR/TE/TI 5000/335/1600 ms) 
sequences with 1.0 mm isometric voxels were used. 
For the 3T scanner, T1-MPRAGE (TR/TE 2300/2.32 
ms) and SPACE FLAIR (TR/TE/TI 7000/395/2050 ms) 
sequences with isometric voxels of 0.9 mm were used.

The images were anonymized, exported, and con
verted to the Neuroimaging Informatics Technology 
Initiative (NIFTI) format for analysis (Figure 1). Automated 
brain volumetry and segmentation were performed with 
the open-access online platform volBrain11 using the 
DeepLesionBrain pipeline based on convolutional neural 
networks6. Figure 2 shows an NIfTI-formatted brain  
MRI with structural volumetry and WML segmentation by 
the algorithm. It illustrates the work performed auto
matically and highlights thalamus and caudate nucleus 
segmentation as well as periventricular and deep WML 
segmentation in the coronal and sagittal planes.

A report is generated after the pipeline process. The 
normality or abnormality of the total brain, thalamus, 
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Comparison of the normalized volume of 
the total brain, thalamus, and caudate 
nucleus and WML metrics between 
women and men with MS

The mean normalized total brain volume was 82.11% 
in women and 84.9% in men (Table 3). The mean 
normalized thalamic volume was 1.11% in women  

Table 1. Brain MRI 1.5T and 3T protocol for total brain, thalamus, and caudate nucleus segmentation and volumetry

Field 
strength

Sequence TI  
(ms) 

FOV 
(mm)

Matrix TR  
(ms)

TE 
(ms)

Magnetic 
preparation (ms)

Flip angle 
(degrees)

Slice thickness 
(mm)

1.5T 
T1-MPRAGE 3D No 250*250 256*256 2200 2.67 900 8 1.0

SPACE-FLAIR 3D 1600 260*260 220*256 5000 335 125 120-90 1.0

3T
T1-MPRAGE 3D No 240*240 256*256 2300 2.32 900 8 0.9

SPACE-FLAIR 3D 2050 230*230 256*256 7000 395 125 120-90 0.9

MRI: magnetic resonance imaging; T: Tesla; MPRAGE: magnetization-prepared rapid gradient echo; SPACE: sampling perfection with  
application optimized contrasts using different flip-angle evolutions; FLAIR: fluid attenuated inversion recovery; TI: inversion-recovery time; 
FOV: field of view; TR: time repetition; TE: time echo; ms: milliseconds.

Brain MRI 

of patients diagnosed with MS

MRI sequences

T1 MPRAGE and 3D-FLAIR

Anonymization

and file conversion from DICOM to NIfTI

Automated image analysis using

volBrain online platform – DeepLesionBrain pipeline

Parameters:

Normalized total brain, thalamus, and caudate nucleus volume

and WML quantity, normalized volume and burden

Figure 1. MRI-based brain volumetry and WML analysis workflow in 
MS patients. The process starts with brain MRI acquisition with T1 
MPRAGE and 3D-FLAIR sequences, followed by data anonymization 
and file conversion from DICOM to NIfTI format and uploading to the 
volBrain online platform. The parameters evaluated were the norma-
lized total brain, thalamus, and caudate nucleus volumes, and WML 
quantity, normalized WML volume, and WML burden. 
MRI: magnetic resonance imaging; MS: multiple sclerosis; MPRAGE: magneti-
zation prepared rapid gradient echo; 3D-FLAIR: three-dimensional fluid- 
attenuated inversion recovery; DICOM: digital imaging and communications in 
medicine; NIfTI: Neuroimaging Informatics Technology Initiative; WML: white 
matter lesion; TWMV: total white matter volume.

caudate nucleus, and WML metrics was determined for 
each patient using the expected cut-off values of 
normalized volume (95% confidence interval) as a 
function of sex and age for each measurement for 
reference purposes. Values outside the cut-off were 
highlighted.

Statistical analysis

Normally distributed variables were expressed as 
means and standard deviations (SD). Non-parametric 
variables were expressed as medians and interquartile 
range (IQR). The normality of the distribution of quan-
titative variables was assessed with the Shapiro-Wilk 
test. Qualitative variables were expressed as absolute 
and relative frequencies. Comparisons between women 
and men were performed with Student´s t-test for nor-
mally distributed variables. Non-parametric variables 
were analyzed with the Mann-Whitney U-test. Spearman 
correlation coefficients between the WML metrics and 
the normalized volumes of the total brain, thalamus, 
and caudate nucleus were determined. The p value  
< 0.05 was statistically significant. The analysis was 
performed with RkWard v0.8.0 (Friedrichsmeier, 2024)12. 

RESULTS

Forty MS patients with a mean age of 44.6 ± 12.0 
years; 29 (72.5%) women and 11 (27.5%) men were 
included (Table 2). The mean normalized total brain 
volume was 85.0% ± 2.9%, the mean normalized tha-
lamic volume was 1.1% ± 0.09%, and the mean normal-
ized caudate nucleus volume was 0.4% ± 0.05%. The 
median WML quantity was 29 lesions per patient (IQR 
of 25); the median and IQR normalized WML volumes 
were 0.19% and 0.32%, respectively, while the median 
WML burden was 0.71% and 1.25%, respectively.
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and 1.03% in men, and the normalized caudate 
nucleus volume was 0.4% in women and 0.38% in men. 
These parameters were comparable in both sexes.  
In contrast, all WML metrics were higher in women  
than in men. The median number of lesions was 32 in 
women compared to 18 in men. The normalized WML 
volume was higher in women (median = 0.23%) than in 
men (median 0.11%), and the WML burden was a 

median of 0.86% in women compared to 0.36% in men. 
However, the differences between women and men 
were not statistically significant for the WML metrics 
examined.

Figure 3 shows axial, sagittal, and coronal views and 
a 3D MRI reconstruction in a 40-year-old woman with 
MS. A low WML burden (0.42%) and normal total brain 
(88.14%), thalamus (1.11%), and caudate nucleus (0.50%) 

Figure 2. NIfTI-formatted brain MRI with structural volumetry and WML segmentation in a 59-year-old man with MS. A: coronal and B: sagittal 
plane with detailed brain segmentation. The subregions are color-coded differently for each hemisphere, including the thalamic nuclei (as-
terisks) and caudate nuclei (arrows). Normalized thalamic volume was 1.04% and normalized caudate nucleus volume was 0.33%. C: coronal 
and D: sagittal plane with periventricular (red) and deep WML (green, dotted white circle) WML segmentation. The normalized WML volume 
was 0.75% and the WML burden was 2.55%. 
NIfTI: Neuroimaging Informatics Technology Initiative; MRI: magnetic resonance imaging; WML: white matter lesion; MS: multiple sclerosis. 
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volumes were found. Figure 4 shows axial, sagittal, and 
coronal views, and the 3D MRI reconstruction in a 
41-year-old man with MS. A high WML burden (8.17%) 
and total brain (79.86%) and thalamus (0.79%) atrophy 
were found. 

Correlation coefficients between WML 
metrics and the normalized volume of the 
total brain, thalamus, and caudate 
nucleus in MS patients

Spearman correlation coefficients showed a negative 
correlation between WML quantity, normalized WML 
volume, and WML burden and normalized volume of the 
total brain, thalamus, and caudate nucleus (Table 4). 

The higher the quantity, volume, and burden of WML, 
the lower the normalized volume of the total brain, 
thalamus, and caudate nucleus, but only the correla
tion between the WML metrics and thalamic atrophy 
showed statistical significance. The heatmap shows  
the negative correlation coefficients between thalamic 
volume and WML quantity, normalized WML volume, 
and WML burden (r = -0.41, -0.52, and -0.54, respec
tively) (Figure 5). WML burden shows the strongest 
correlation with thalamic atrophy. The scatterplots show 
a significant correlation between the WML metrics and 
thalamic atrophy (p < 0.001) (Figure 6). Correlation 
coefficients with normalized volume of the total brain 
and caudate nucleus were not significant, although a 
negative trend was observed. 

Table 2. Characteristics of MS patients in relation to normalized total brain, thalamus, and caudate nucleus volumes and WML metrics by  
automated MRI volumetry analysis

Description Parameter

Age, years, mean ± SD (min-max) 44.6 ± 12.0 (20-70)

Sex
Women, n (%)
Men, n (%)

29 (72.5)
11 (27.5)

Normalized total brain volume, mean ± SD (min-max) 85.0 ± 2.9 (78.5-89.8)

Normalized thalamic volume, mean ± SD (min-max) 1.1 ± 0.09 (1.0-1.4) 

Normalized caudate nucleus volume, mean ± SD (min-max) 0.4 ± 0.05 (0.3-0.5)

WML metrics
Quantity, median, IQR (min-max)
Normalized volume, median, IQR (min-max)
Burden, median, IQR (min-max)

29, 25 (2-108)
0.19, 0.32 (0.002-2.44)
0.71, 1.25 (0.005-9.80)

MRI: magnetic resonance imaging; WML: white matter lesion; SD: standard deviation; IQR: interquartile range; MS: multiple sclerosis.

Table 3. Comparison of normalized total brain, thalamus, and caudate nucleus volumes and WML metrics of automated MRI volumetry analysis between 
women and men with MS

Description Women  
(n = 29)

Men  
(n = 11)

p 

Normalized total brain volume, mean ± SD (min-max) 82.11 ± 3.04 (78.4-89.8) 84.9 ± 2.7 (80.2-87.8) 0.83

Normalized thalamic volume, mean ± SD (min-max) 1.11 ± 0.10 (0.96-1.39) 1.03 ± 0.04 (1.02-1.12) 0.12

Normalized caudate nucleus volume, mean ± SD (min-max) 0.40 ± 0.05 (0.34-0.50) 0.38 ± 0.04 (0.28-0.43) 0.17

WML metrics
Quantity, median, IQR (min-max)
Normalized volume, median, IQR (min-max)
Burden, median, IQR (min-max)

32, 23 (2-108)
0.23, 0.32 (0-1.09)

0.86, 1.11 (0.005-9.8)

18, 26 (6-44)
0.11, 0.32 (0.01-0.75)
0.36, 1.17 (0.01-8.17)

0.23
0.37
0.41

MRI: magnetic resonance imaging; MS: multiple sclerosis; WML: white matter lesion; SD: standard deviation; IQR: interquartile range. 
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DISCUSSION

This study demonstrated a significant negative cor-
relation between thalamic volume and WML quantity, 
normalized WML volume, and WML burden in MS 
patients; the higher the WML quantity, volume, and bur-
den, the lower the normalized thalamic volume. To our 

knowledge, this study is the first using an AI-based 
segmentation and volumetry tool in Mexican MS patients 
to correlate thalamic atrophy and WML metrics. Our 
ultimate goal is to close the knowledge gap regarding 
MS-related neurodegeneration in Mexican MS patients.

Several reports have shown that thalamus volume 
decreases as MS progresses, a phenomenon closely 

Figure 3. Brain MRI of a 40-year-old woman with MS and low WML burden and normal total brain, thalamus, and caudate nucleus volumea. 
A: axial and B: sagittal plane of co-registered 3D-FLAIR fusion showing thalamus (brown) and caudate nucleus (yellow) segmentation and 
periventricular (red) and juxtacortical WML (blue, dashed white circle). C: coronal co-registered fusion of 3D-FLAIR with segmentation of the 
total white matter (purple). D: 3D volume rendering showing the volumetric relationship between the normalized thalamic volume (brown, 
1.11%) and the normalized caudate nucleus volume (yellow, 0.50%) with a low normalized volume of the WML volume (red, green, blue, and 
magenta, 0.14%). The normalized total brain volume was 88.14% (not shown).
aNomal values show the expected cut-off (95% confidence interval) of normalized volume as a function of sex and age for reference purposes. MRI: magnetic 
resonance imaging; MS: multiple sclerosis; WML: white matter lesion; 3D-FLAIR: three-dimensional fluid-attenuated inversion recovery. 
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related to WML accumulation1,5,7,10. This atrophy pro-
cess may be due to direct damage and remote effects 
through axonal transection, causing disconnections of 
tracts projecting to and from the thalamus. Bergsland 
et al.5 in a longitudinal study of 212 Czech patients with 

clinically isolated syndrome and 177 with early relapsing 
remitting MS using the FIRST platform for automated 
volumetric 1.5T MRI analysis, showed that thalamus 
and caudate nucleus atrophy correlated significantly 
with T2 white matter lesion volume, highlighting the 

Figure 4. Brain MRI of a 41-year-old man with MS and a high WML burden (8.17%) with brain and thalamus atrophy. A: axial and B: sagittal 
planes of 3D-FLAIR co-registered fusion showing thalamus (brown) and caudate nucleus (yellow) segmentation and periventricular (red) and 
juxtacortical WML (blue, dashed circle) segmentation. C: coronal co-registered fusion of 3D-FLAIR with total white matter (purple) segmen-
tation. D: 3D volume rendering showing the volumetric relationship between the normalized thalamus (brown, 0.79%) and caudate nucleus 
(yellow, 0.38%) volume and the normalized WML volume (red, green, blue, and magenta, 2.26%). The normalized total brain volume was 79.86% 
(not shown).
MRI: magnetic resonance imaging; MS: multiple sclerosis; WML: white matter lesion; 3D-FLAIR: three-dimensional fluid-attenuated inversion recovery. 
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sensitivity of automated analysis in detecting deep 
structural damage. Our study using automated analysis 
from the web-based volBrain platform in MS patients, a 
significant correlation between reduced normalized tha-
lamic volume and WML quantity (r = -0.41, p = 0.009), 
normalized WML volume (r = -0.52, p < 0.001), and 
WML burden (r = -0.54, p < 0.001) was demonstrated. 
WML burden showed the strongest correlation with tha-
lamic atrophy. Lesion burden, defined as the volume 
occupied by the WML divided by the TWMV, is a metric 
directly reported by volBrain software that we consider 
a sensitive and comparable indicator of the extent  
of MS. Cagol et al.1 compared 183 patients with MS  
and 105 healthy controls in a Swiss population study. 

They showed that thalamic volume was reduced in MS 
patients compared to controls. Azevedo et al.10 con-
ducted a longitudinal study with 601 subjects and 2632 
MRI examinations with T1 3D sequences using a longi-
tudinal pipeline of FreeSurfer software (v5.3). They 
found that thalamic atrophy precedes global cortical 
atrophy and progresses significantly faster in MS 
patients (n = 520) than in healthy controls (n = 81). 
Thalamic atrophy is considered an MRI marker for neu-
rodegeneration in MS patients. 

White matter damage has a measurable structural 
impact on thalamic volume as a biomarker in the struc-
tural assessment of MS using automated MRI volumetry 
and segmentation. The correlation coefficients between 
the quantity, volume, and burden of WML and thalamic 
atrophy suggest a possible interaction between remote 
axonal damage and localized degeneration of deep gray 
matter nuclei5,8. Atrophy associated with cumulative 
WML exposure has been found in subcortical structures 
such as the thalamus and caudate nucleus. However, 
individual susceptibility varies according to disease phe-
notype, clinical stage, and lesion location1,5,7. Mehndiratta 
et al.13 reported the specific morphology of thalamic 
lesions with a 7T scanner using single-echo FLASH T2* 
sequences for lesion segmentation and a high-resolu-
tion T1-weighted 3D sequence in a 3T scanner for struc-
tural assessment in 90 MS patients and 44 healthy 
controls. Cortical surface reconstruction was performed 
using FreeSurfer software. Thalamic volume normalized 
to TIV was determined using the FIRST platform. They 
found that a larger WML volume was associated with 

Table 4. Spearman correlation coefficients between metrics of WML  
and normalized total brain, thalamus, and caudate nucleus volumes by 
automated MRI volumetry analysis in patients with MS

Metric Normalized 
total brain 

volume

Normalized 
thalamic 
volume

Normalized 
caudate 

nucleus volume

WML quantity -0.14 -0.41 -0.21

p 0.4 0.009 0.19

Normalized 
WML volume

-0.21 -0.52 -0.27

p 0.2 < 0.001 0.09

WML burden -0.22 -0.54 -0.27

p 0.16 < 0.001 0.09

MRI: magnetic resonance imaging; MS: multiple sclerosis; WML:  
white matter lesion.

Normalized brain
volume –0.14 –0.21 –0.22

0
- 0.12
- 0.25

Normalized
caudate volume –0.21 –0.27 –0.27

- 0.37
- 0.50
-0.62

Normalized
thalamus volume –0.41 –0.52 –0.54

-0.75
-0.87

-1
WML count Normalized WML

volume
WML burden

Figure 5. Heatmap showing the Spearman correlation coefficients between the normalized total brain, thalamus, and caudate nucleus volume 
with WML metrics in MS patients. A significant correlation was found between thalamic atrophy and WML metrics. WML burden showed 
the strongest correlation with thalamic atrophy. Normalized total brain volume showed the weakest correlation with the extent of WML.
MS: multiple sclerosis; WML: white matter lesion.
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neurodegeneration may be a later event14. Azevedo 
et  al.10 observed thalamus atrophy in early stages of 
MS progression preceding volume loss of other deep 
gray matter structures, even in clinically isolated syn-
dromes. In our study the mean age of MS patients was 
44.6 years, representing a relatively young cohort in 
which no significant volume loss was observed in the 
total brain volume or caudate nucleus. Our study 
showed no significant correlation between the normal-
ized volume of the total brain and caudate nucleus and 
higher WML burden. The lack of atrophy in these struc-
tures suggests that not all cortical and subcortical 
structures respond equally to the extent of WML in  
MS patients. This relative preservation of the volume 
of these structures could be due to neuroprotective 
age-related mechanisms or a short disease duration. 
This finding emphasizes the importance of assessing 
WML burden and thalamic volume, even in patients 
without obvious signs of cerebral atrophy.

The higher prevalence of MS in women has been 
attributed to hormonal and immunologic mechanisms 
that may influence inflammatory activity and MS pro-
gression15. However, the findings from quantitative MRI 
structural analysis by sex are limited. Ceccarelli et al.16 
summarized sex-based specific neuroimaging findings 
in patients with MS. Studies using conventional T1- and 
T2-weighted MRI found that women with MS tend to 
have more active inflammatory lesions, while men have 
more chronic destructive lesions and more neurodegen-
eration, even with fewer lesions. This finding suggests 
that women are more likely to develop active lesions, 
while men have more severe structural damage. Our 
study found that women had higher values of WML met-
rics than men in WML quantity (median 32 and 18, 
respectively), normalized WML volume (median 0.23% 
and 0.11%, respectively), and WML burden (median 
0.86% and 0.36%, respectively). Although the difference 
was not significant due to the small sample size, these 
results suggest that women with MS may have a higher 
inflammatory burden than men.

The strengths of this study are related to the imaging 
method, especially the automatic segmentation and 
volumetric analysis of the anatomical structures and 
WML metrics using the open-access, web-based vol-
Brain platform. This deep learning tool provides a 
straightforward, user-friendly, and reliable way to ana-
lyze brain MRI in MS patients. The limitations of the 
study are related to the small sample size and cross- 
sectional design. Therefore, it was not possible to define 
the variability of findings over time and their relationship 
to clinical manifestations.

thalamic atrophy, indicating that cortical and thalamic 
lesions were independent, suggesting that these lesions 
may have different pathogenetic mechanisms. 

Total brain volume may remain relatively normal in 
early stages of MS even when the WML burden is sig-
nificantly increased, suggesting that diffuse cortical 
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Figure 6. Scatterplots show the correlation between normalized  
thalamus volume and WML quantity, normalized WML volume,  and 
WML burden. A: the correlation coefficient between normalized tha-
lamus volume and WML quantity was r = -0.41 (p = 0.009). B: the 
correlation coefficient between normalized thalamus volume and 
normalized WML volume was r = -0.52 (p ≤ 0.001). C: the strongest 
correlation coefficient was found between normalized thalamus  
volume and WML burden (r = -0.54) with a steeper slope (p ≤ 0.001). 
WML: white matter lesion.
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CONCLUSION

This study showed a significant correlation between 
thalamic atrophy and increased WML quantity, normal-
ized WML volume, and WML burden in Mexican MS 
patients examined with an automated segmentation tool 
using standard isotropic MRI sequences. Prospective 
cohort studies with larger samples of Mexican MS 
patients are needed to determine the utility of auto-
mated segmentation and volumetric MRI analysis for 
establishing prognosis and assessing therapeutic 
response. The increasing availability of AI-based seg-
mentation and volumetry software will further improve 
the understanding of MS-related neurodegeneration.
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ABSTRACT

Introduction: The cut-off value for stiffness in point-shear wave elastography (pSWE) for the prediction of malignancy in 
peripheral lymphadenopathy has been insufficiently addressed. The aim of this study was to determine the optimal cut-off 
value for stiffness in pSWE for the prediction of malignancy in peripheral lymphadenopathy with cytopathologic diagnostic 
confirmation. Material and methods: Patients with peripheral lymphadenopathy were examined with conventional ultrasound 
(US), color Doppler US, and pSWE. Stiffness was determined in the region of interest (ROI), and the highest stiffness value 
was recorded. Fine needle aspiration biopsy (FNAB) and cell block (CB) were performed to confirm the diagnosis. The re-
ceiver operating characteristic (ROC) analysis defined the optimal stiffness cut-off value for the prediction of malignancy in 
peripheral lymphadenopathy. Results: We included 59 patients with peripheral lymphadenopathy in the neck, supraclavicu-
lar, axillary, or inguinal region; 23 (38.9%) lymph nodes (LNs) were malignant, and 36 (61.1%) were benign confirmed by 
cytopathology. The ROC analysis determined a stiffness cutoff value of ≥ 3.4 m/s as a predictor of peripheral lymphadenopathy 
malignancy. Sensitivity was 73.9% (95% CI, 51.5-89.7), specificity 77.7% (95% CI, 60.8-89.8), and accuracy 76.2% (95% CI, 
63.4-86.3). The area under the curve (AUC) was 0.72 (95% CI, 0.56-0.88). LNs. Hilar vascularity of peripheral LNs was sig-
nificantly associated with a stiffness cut-off value < 3.4 in 20 (71.4%) of 28 cases with benign LNs (p = 0.041). Conclusions: 
The diagnostic accuracy of a pSWE stiffness cut-off value of ≥ 3.4 m/s for predicting malignant peripheral lymphadenopathy 
was good. This study is the first to evaluate peripheral lymphadenopathy in the Mexican population using pSWE.

Keywords: Lymphadenopathy. Point shear wave elastography. Lymph node stiffness. Malignant lymphadenopathy.

INTRODUCTION

Elastography is an additional tool to conventional and 
color Doppler ultrasound (US) that evaluates tissue stiff-
ness. Various elastography modalities have been used 
in the diagnostic evaluation of peripheral lymph nodes 

(LNs)1-5. Point-shear wave elastography (pSWE) uses 
Virtual Touch Imaging Quantification (VTIQ) technology, 
which generates shear waves based on the Acoustic 
Radiation Force Impulse (ARFI)6 and quantifies the 
shear wave velocity in the region of interest (ROI) to 
determine tissue stiffness in meters per second (m/s)7,8.
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pSWE has been widely used to assess liver dis-
ease9-11. However, there are few reports on the evalu-
ation of peripheral LNs1,7. Two reports on the cut-off 
values for pSWE stiffness in predicting malignancy of 
peripheral lymphadenopathy vary from > 2.7 m/s1 to 
>3.2 m/s7 with a sensitivity and specificity of 78-79% 
and 80-81%. The aim of this study was to determine 
the optimal cut-off value for stiffness in pSWE for the 
prediction of malignancy in peripheral lymphadenopa-
thy with cytopathologic diagnostic confirmation.

MATERIAL AND METHODS

This prospective, cross-sectional study was conducted 
from October 2023 to December 2024 in the Department 
of Radiology and the Department of Pathology of  
the Antiguo Hospital Civil de Guadalajara “Fray Antonio 
Alcalde” in Guadalajara, Jalisco, Mexico. Patients of 
both sexes with peripheral lymphadenopathy detected 
on clinical examination by the referring physician  

or by abnormal incidental imaging were included. 
Cytopathologic findings other than LNs or patients with 
coagulation abnormalities were excluded. Written 
informed consent was obtained from all patients. The 
institutional research ethics committee and the research 
committee approved this study.

Development and study variables

Patients with peripheral lymphadenopathy were 
assessed with conventional grayscale US, color Doppler 
US, and pSWE. Medical records were reviewed, and 
clinical diagnoses were recorded. The variables included 
sex, age, and the location of peripheral lymphadenop-
athy (neck, supraclavicular, axillary, and inguinal). 

The conventional US findings recorded were shape 
(oval, round, or irregular), echogenicity (heterogeneous 
or homogeneous), size (mm), cortical thickness > 3 mm 
(yes/no), echogenic hilum (absent/present), and vascu-
larity (hilum and peripheral/absent).

n = 23 (38.9%)

Malignant diagnoses

n = 13 (22.0%)

Breast carcinoma 

n = 33 (55.9%)

Reactive lymphoid 
hyperplasia

n = 1 (1.7%)

Pulmonary carcinoma

n = 1 (1.7%)

Pancreatic carcinoma

n = 6 (10.2%)

Lymphoma

n = 1 (1.7%)

Melanoma

Patients with peripheral lymphadenopathy assessed 
by conventional US, color Doppler US, pSWE, FNAB and CB

n = 36 (61.1%)

Benign diagnoses

(n = 59)

n = 2 (3.4%)

Caseous lymphadenitis-
tuberculosis

n = 1 (1.7%)

Papillary thyrod carcinoma

n = 1 (1.7%)

Acute inflammatory 
process

Figure 1. Flow chart of 59 patients with peripheral lymphadenopathy examined by conventional US, color Doppler US, pSWE, FNAB, and CB. 
Malignant lymphadenopathy was found in 23 (38.9%) of 59 cases. Breast carcinoma was the most common diagnosis (n = 13; 22.0%). Benign 
disease was found in 36 (61.1%) of 59 cases. Reactive lymphoid hyperplasia was the most common diagnosis (n = 33, 55.9%).
pSWE: point-shear wave elastography; FNAB: fine needle aspiration biopsy; CB: cell block; US: ultrasound.
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Definitions 

Lymphadenopathy: the presence of any of the follow-
ing abnormalities detected by conventional US in LNs: 
oval or irregular shape, enlargement of the short axis 
by more than 10 mm, absent echogenic hilum, periph-
eral or absent vascularity12.

pSWE: a US modality that uses shear waves gener-
ated by a point acoustic force from ARFI to quantify 
tissue stiffness in m/s9.

Stiffness: a quantitative measure of tissue resistance 
to deformation in m/s, determined by pSWE9.

Peripheral LNs: LNs located in the subcutaneous tis-
sue anterior to the fasciae in the neck, supraclavicular, 
axillary, or inguinal regions examined with US13,14.

Image acquisition and analysis protocol

Peripheral LN examination was performed using  
a Siemens ACUSON S2000 ultrasound (2008-2017 

Table 1. Comparison between conventional US findings and stiffness by pSWE in malignant and benign peripheral lymphadenopathy

Description Total  
(n = 59)

Malignant peripheral 
lymphadenopathy (n = 23)

Benign peripheral 
lymphadenopathy (n = 36)

p

Sex, n (%) 0.942

Women 49 19 (82.6) 30 (83.3)

Men 10 4 (17.4) 6 (16.7)

Age, years, mean ± SD (min-max) 46.1 ± 16.9 (6-73) 48.7 ± 16.8 (13-73) 44.3 ± 16.9 (6-71) 0.334

Detection of lymphadenopathy, n (%) 

Clinical examination 31 12 (52.2) 19 (52.8) 0.964

Incidental imaging finding 28 11 (47.8) 17 (47.2)

Location of lymphadenopathy, n (%)

Neck 13 4 (17.4) 9 (25.0) 0.049

Supraclavicular 2 2 (8.7) -

Axillary 38 17 (73.9) 21 (58.3)

Inguinal 6 - 6 (16.7)

US findings

Shape, n (%)

Oval 39 14 (60.9) 25 (69.4) 0.497

Round 19 8 (34.8) 11 (30.6)

Irregular 1 1 (4.3) 0

Echogenicity, n (%)

Heterogeneous 4 2 (8.7) 2 (5.5) 0.640

Homogeneous 55 21 (91.3) 34 (94.5)

Size, mm, mean ± SD (min-max) 11.5 ± 9.72 (1.6-57.9) 14.0 ± 11.4 (1.6-57.9) 10.0 ± 8.4 (2.5-42.4) 0.131

Cortical thickness >3 (mm), n (%)

Yes 57 23 (100) 34 (94.5) 0.250

No 2 - 2 (5.5)

Echogenic hilum, n (%)

Absent 31 13 (56.5) 18 (50.0) 0.625

Present 28 10 (43.5) 18 (50.0)

Vascularity, n (%)

Hilum 28 6 (26.0) 22 (61.1) 0.009

Peripheral/absent 31 17 (74.0) 14 (38.2)

pSWE

Stiffness LN (m/s), mean ± SD (min-max) 3.4 ± 1.7 (0.8–8.0) 4.4 ± 2.3 (0.8–0 8.0) 2.8 ± 0.8 (1.4–5.2) 0.001

LN: lymph node; US: ultrasound; SD: standard deviation; pSWE: point-shear wave elastography.
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Siemens Medical Solutions USA, Inc., Mountain View, 
CA, USA) with a 9-4 MHz linear multi-D matrix trans-
ducer. After a conventional US assessment, pSWE 
images were acquired in different regions of the peripheral 
LNs. Five to 10 images were acquired in approximately 

10 seconds. The number of images was directly related 
to the size of the LNs. The tissue adjacent to the LNs 
was not included in the stiffness measurement. The 
images were selected and stored in a Picture Archiving 
and Communication System (PACS) (SYNAPSE, Fujifilm 

Figure 2. A 28-year-old woman with peripheral lymphadenopathy in the left axillary region. A: conventional US, longitudinal plane, shows an 
oval, homogeneous LN with a short axis of 14.8 mm, a thickened cortex, and the absence of an echogenic hilum. B: color Doppler US with 
peripheral vascularity. C: pSWE shows the LN with a stiffness cut-off value of 4.30 m/s. D: FNAB and CB examination shows large neoplastic 
cells with prominent nuclear pleomorphism characterized by a hyperchromatic, membrane irregularity with glandular formation (white 
arrowhead). The diagnosis was breast carcinoma.
LN: lymph node; US: ultrasound; pSWE: point-shear wave elastography; FNAB: fine needle aspiration biopsy; CB: cell block.

A B

C D



R.A. Sandoval-Villanueva et al. Stiffness cut-off value of pSWE in peripheral lymphadenopathy  

177

Comparison between conventional US 
findings and stiffness by pSWE in malignant 
and benign peripheral lymphadenopathy

Of the 59 patients, 49 (83.1%) were women and 10 
(16.9%) were men. The mean age was 46 ± 16.9 years. 
Malignant peripheral LNs were diagnosed in 23 (39.0%) 
patients and benign peripheral LNs in 36 (61.0%)  
(Table 1). The proportion of malignant and benign LNs 
was comparable in women (n = 19, 82.6%, and n = 30, 
83.3%, respectively) and men (n = 4, 17.4%, and n = 6, 
16.7%, respectively) (p = 0.942). The most common 
location was axillary, both for malignant (n = 17, 73.9%) 
and benign LNs (n = 21, 58.3%). All 6 inguinal LNs were 
diagnosed as benign (p = 0.049), while malignant 
supraclavicular LNs (n = 2) were the least common.

US characteristics such as shape, echogenicity, cor-
tical thickening, and echogenic hilum were comparable 
between malignant and benign LNs. The size of periph-
eral LNs was larger in malignant cases, averaging 14.0 
± 11.4 mm, than in benign cases, averaging 10.04 ± 8.37 
mm, but the difference was not significant (p = 0.131). 
On color Doppler US examination, the presence of hilar 
vascularity was less common in malignant LNs (n = 6, 
26.0%) than in benign LNs (n = 22, 61.1%). In contrast, 
peripheral or absent vascularity was significantly more 
frequent in malignant LNs (n = 17, 74.0%) than benign 
LNs (n = 14, 38.2%) (p = 0.009). The mean stiffness of 
LNs was significantly different between malignant (4.4 
± 2.3 m/s) and benign LNs (2.8 ± 0.8 m/s) (p = 0.001).

Figure 2 of axillary lymphadenopathy shows an oval, 
homogeneous LN with a short axis of 14.8 mm, a thick-
ened cortex, and an absence of an echogenic hilum and 
peripheral vascularity. pSWE shows a LN with a stiff-
ness value of 4.3 m/s. The cytopathologic diagnosis 
was breast carcinoma. Figure 3 of a neck lymphade-
nopathy shows an oval, homogeneous LN with a short 
axis of 7.3 mm, a thickened cortex, and an absence of 
an echogenic hilum and vascularity. pSWE shows a LN 
with a stiffness value of 1.2 m/s. The cytopathologic 
diagnosis was reactive lymphoid hyperplasia.

Figure 4 of axillary lymphadenopathy shows an oval, 
homogeneous LN with a short axis of 48.6 mm, a thick-
ened cortex, and an absence of an echogenic hilum and 
vascularity. pSWE shows a LN with a stiffness value of 
4.57 m/s. The cytopathologic diagnosis was breast car-
cinoma. Figure 5 of an axillary lymphadenopathy shows 
an oval, homogeneous LN with a short axis of 28.7 mm, 
a thickened cortex, and an absence of an echogenic 
hilum and peripheral vascularity. pSWE shows an LN 
with a stiffness value of 7.77 m/s. The cytopathologic 
diagnosis was breast carcinoma.

Medical Systems, Morrisville, NC, USA). The image eval-
uations were performed by a radiologist (HCM) with  
20 years of experience.

Cytopathologic diagnosis

Fine needle aspiration biopsy (FNAB)15 and cell block 
(CB)16 were performed using standard techniques. The 
biopsy was taken from the LN area where the ROI showed 
the highest stiffness value, regardless of the tissue het-
erogeneity. The sample material was interpreted by a 
cytopathologist (CLR) with four years of experience.

Statistical analysis

Measures of central tendency (mean and median) and 
dispersion (standard deviation and interquartile ranges) 
were calculated for quantitative variables, according to 
the data distribution. The Mann-Whitney U test was used 
to compare these variables. Absolute frequencies and 
percentages were calculated for qualitative variables. 
Associations between the categories were assessed 
using Fisher’s exact test. This test was chosen instead of 
the chi-square test because there were cells with expected 
values of less than 5. The diagnostic performance of 
pSWE using the optimal cut-off point of stiffness in dis-
tinguishing benign from malignant LNs was estimated 
using the receiver operating characteristic (ROC) anal-
ysis. A p value < 0.05 was considered the threshold for 
statistical significance. SPSS v.25 (IBM Corp., Armonk, 
NY. USA) was used for the statistical analysis.

RESULTS

Cytopathologic diagnosis in patients with 
peripheral lymphadenopathy

A total of 59 patients with peripheral lymphadenopa-
thy were examined with conventional US, color Doppler 
US, and pSWE. FNAB and CB were performed for 
cytopathologic diagnosis: 23 (38.9%) of 59 cases were 
malignant LNs, and 36 (61.1%) were benign LNs  
(Figure 1). The malignancies diagnosed were 13 (22.0%) 
breast carcinomas, 6 (10.2%) lymphomas, 1 (1.7%) mel-
anoma, 1(1.7%) papillary thyroid carcinoma, 1 (1.7%) pul-
monary carcinoma, and 1 (1.7%) pancreatic carcinoma. 
Of the benign lymphadenopathies, 33 (55.9%) were  
reactive lymphoid hyperplasia, 2 (3.4%) were caseous 
lymphadenitis tuberculosis, and 1 (1.7%) was an acute 
inflammatory process.
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Diagnostic performance of the stiffness 
cut-off value (≥ 3.4 m/s) on pSWE for the 
prediction of malignancy in peripheral 
lymphadenopathy

Figure 6 shows a ROC curve demonstrating that a 
stiffness cut-off value of ≥ 3.4 m/s of LN on pSWE is 

the optimum for predicting malignancy of peripheral 
lymphadenopathy. This cut-off value achieved a sensi-
tivity of 73.9% (95% CI, 51.5-89.7), a specificity of  
77.8% (95% CI, 60.8-89.8), and an overall accuracy of 
76.2% (95% CI, 63.4-86.3). The area under the curve 
(AUC) for the prediction of malignant peripheral lymph-
adenopathy was 0.72 (95% CI, 0.56-0.88) (Table 2).  

Figure 3. A 66-year-old woman with peripheral lymphadenopathy in the right neck region. A: conventional US, longitudinal plane, shows an 
oval, homogeneous LN with a short axis of 7.3 mm, a thickened cortex, and the absence of an echogenic hilum. B: color Doppler US shows 
the absence of vascularity. C: pSWE shows the LN with a stiffness cut-off value of 1.20 m/s. D: FNAB cytopathology shows abundant lym-
phocytes in different stages of maturation and histocytes (white arrowhead). The diagnosis was reactive lymphoid hyperplasia.
LN: lymph node; US: ultrasound; pSWE: point-shear wave elastography; FNAB: fine needle aspiration biopsy.
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The positive predictive value was 68.0% (95% CI, 52.4-
80.4) and the negative predictive value was 82.3% (95% 
CI, 69.6-90.4). The true-positive and true-negative results 
were 17 and 28, respectively, and the false-positive and 
false-negative results were 8 and 6, respectively.

Comparison of pSWE stiffness cut-off 
values and conventional US findings in 
peripheral lymphadenopathy

Twenty-eight (82.4%) of 34 LNs with a stiffness cut-
off value < 3.4 were benign, while 6 (17.6%) were malig-
nant (Table 3). In contrast, 17 (68%) of 25 LNs with a 

stiffness cut-off value ≥ 3.4 m/s were malignant, while 
only 8 (32%) were benign (p < 0.001). The peripheral 
lymphadenopathy location, shape, echogenicity, corti-
cal thickening, or echogenic hilum were comparable 
between malignant and benign LNs. The hilar vascu-
larity of peripheral LNs was significantly associated 
with a stiffness cut-off value < 3.4 in 20 (71.4%) of 28 
cases with benign LNs (p = 0.041).

DISCUSSION

In our study, the diagnostic performance of the stiff-
ness cut-off value ≥ 3.4 m/s of pSWE for predicting the 

Figure 4. A 52-year-old woman with peripheral lymphadenopathy in the right axillary region. A: conventional US, longitudinal plane, shows 
an oval, homogeneous LN with a short axis of 48.6 mm, a thickened cortex, and the absence of an echogenic hilum. B: an absence of vas-
cularity in color Doppler US. C: pSWE shows the LN with a stiffness cut-off value of 4.57 m/s. D: the needle tip (white arrowhead) is seen 
during the FNAB performed in the ROI with the highest LN stiffness by pSWE. The diagnosis was breast carcinoma.
LN: lymph node; US: ultrasound; pSWE: point-shear wave elastography; FNAB: fine needle aspiration biopsy; ROI: region of interest.
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Figure 5. A 51-year-old woman with peripheral lymphadenopathy in the right axillary region. A: a conventional US, longitudinal plane, shows 
oval, homogeneous LN with a short axis of 28.7 mm, a thickened cortex, and the absence of an echogenic hilum. B: color Doppler US shows 
peripheral vascularity. C: pSWE shows the LN with a stiffness cut-off value of 7.77 m/s. D: the needle tip (white arrowhead) is seen during 
the FNAB performed in the ROI with the highest pSWE LN value. The diagnosis was breast carcinoma.
LN: lymph node; US: ultrasound; pSWE: point-shear wave elastography; FNAB: fine needle aspiration biopsy; ROI: region of interest.
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malignancy of peripheral lymphadenopathy was good. 
This study is the first to evaluate peripheral lymphade-
nopathy using pSWE in the Mexican population and 
suggests a specific stiffness cut-off value for predicting 
malignancy in peripheral lymphadenopathy.

Stiffness quantified by elastography has been pro-
posed to differentiate benign and malignant LNs1,7. 

pSWE quantifies the stiffness of a focal area (ROI) with 
a minimum size of 1.5 mm in diameter7. Azizi et al.7 

examined 270 LNs with conventional US, color Doppler 
US, and pSWE with cytopathologic confirmation in a 

study of 231 US patients with neck lymphadenopathy. 
Benign LNs were diagnosed in 216 (80.0%) and malig-
nant LNs in 54 (20.0%). The stiffness of the neck lymph-
adenopathy was determined by averaging two recordings 
of the stiffness area. In the ROC curve analysis, a cut-
off value of > 2.93 m/s showed a sensitivity of 92.5% 
and a specificity of 75.4% for predicting malignancy. In 
addition, three categories were analyzed according to 
the stiffness of the LNs:  0-2.6 m/s, > 2.6 – ≤ 3.2 m/s, 
and > 3.2 m/s. The cut-off point of > 3.2 m/s had a 
sensitivity of 79.6% and a specificity of 81.9% for pre-
dicting malignancy. The authors concluded that the 
diagnostic performance of pSWE was good for differen-
tiating benign and malignant cervical LNs. Kerim et al.1 
in a study of 115 patients, differentiating malignant and 
benign peripheral lymphadenopathy, compared pSWE 
vs. strain elastography with a histopathologic diagnosis: 
78 (67.8%) cases were malignant and 37 (32.2%) 
benign. The mean value of three pSWE measurements 
was obtained in an ROI of different LN areas. The ROC 
analysis defined a cut-off value > 2.7 m/s with a sensi-
tivity of 88.5%, and a specificity of 89.2% for malig-
nancy, with an AUC of 0.819. Our study showed a 
stiffness cut-off value ≥ 3.4 m/s on pSWE with a sensi-
tivity of 73.9%, a specificity of 77.7%, an accuracy of 
76.2% and an AUC of 0.72 for predicting malignancy in 
peripheral lymphadenopathy. Our results were compa-
rable to those of Azizi et al.7 with a stiffness cut-off value 
> 3.2 m/s on pSWE, which showed a sensitivity of 
79.6% and a specificity of 81.9% for predicting malig-
nancy. Quantitative assessment of LN stiffness with 
pSWE may help clinicians to recommend biopsy in 
peripheral lymphadenopathy in patients with suspected 
malignancy.

Lymphomas are a heterogeneous group of lymphop-
roliferative neoplasms17. Conventional US examination 
can have difficulty distinguishing between metastases 
and lymphoma of LNs18. Internal hemorrhage or necro-
sis in these lesions may produce a lower stiffness 
value19. In our study, 6 peripheral LNs were diagnosed 
with pSWE stiffness values that ranged from 0.7 m/s 
to 5.7 m/s. Three (50.0%) of the lymphomas showed a 
stiffness cut-off value ≥ 3.4 m/s with stiffness variability 
in different LN regions. Kerim’s study7 analyzed meta-
static peripheral lymphadenopathy and primary lymph-
oproliferative neoplasms of LNs. In 22 lymphomas, 
pSWE stiffness values were recorded from different 
parts of the LN, avoiding the fatty hilum and necrotic 
areas. The mean stiffness value of LNs was 2.75 ± 
0.58 m/s compared to the mean value of metastatic 
LNs with a stiffness value of 3.43 ± 0.58 m/s on pSWE. 
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Figure 6. The ROC curve shows that the stiffness cut-off value ≥ 3.4 
m/s of LNs on pSWE has the highest sensitivity (73.9%), specificity 
(77.8%) and accuracy (76.2%) for the prediction of malignant periphe-
ral lymphadenopathy.
AUC: area under curve; LNs: lymph nodes; ROC: receiver operating characte-
ristic; pSWE: point-shear wave elastography.

Table 2. Diagnostic performance of the stiffness cut-off value  
(≥ 3.4 m/s) on pSWE for the prediction of malignant peripheral 
lymphadenopathy

Description % (95% CI)

Sensitivity 73.9 (51.5-89.7)

Specificity 77.7 (60.8-89.8)

Positive LR (min-max) 3.3 (1.7-6.4)

Negative LR (min-max) 0.34 (0.16-0.68)

Positive predictive value 68.0 (52.4-80.4)

Negative predictive value 82.3 (69.6-90.4)

Accuracy 76.2 (63.4-86.3)

pSWE: point-shear wave elastography; LR: likelihood ratio.
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Table 3. Comparison of stiffness cut-off values in pSWE and conventional US findings in peripheral lymphadenopathy

Description Total  
(n = 59)

Stiffness cut-off value, m/s p

< 3.4 (n = 34) ≥ 3.4 (n = 25)

Malignant peripheral lymphadenopathy, n (%) < 0.001

Yes 23 6 (17.6) 17 (68.0)

No 36 28 (82.4) 8 (32.0)

Location of lymphadenopathy, n (%) 0.211

Neck 13 8(23.5) 5 (20.0)

Supraclavicular 2 0 2 (8.0)

Axillary 38 21 (61.8) 17 (68.0)

Inguinal 6 5 (14.7) 1 (4.0)

US findings

Shape, n (%) 0.792

Oval 39 22 (64.7) 17 (68.0)

Round 19 12 (35.3) 7 (28.0)

Irregular 1 0 1 (4.0)

Echogenicity, n (%) 0.466

Heterogeneous 4 3 (8.8) 1 (4.0)

Homogeneous 55 31 (91.2) 24 (96.0)

Cortical thickness > 3mm, n (%) 0.217

Yes 57 32 (94.1) 25 (100)

No 2 2 (5.9) -

Echogenic hilum, n (%) 0.943

Absent 31 18 (52.9) 13 (52.0)

Present 28 16 (47.1) 12 (48.0)

Vascularity, n (%) 0.041

Hilar 28 20 (58.8) 8 (32.0)

Peripheral/absent 31 14 (41.2) 17 (68.0)

US: ultrasound; pSWE: point-shear wave elastography.

These differences may be due to substantial variability 
in the viscoelastic properties of lymphoid tissue with 
lower stiffness. For metastatic peripheral lymphade-
nopathy, the stiffness value reported by Kerim (3.43 ± 
0.58 m/s) is comparable to our stiffness cut-off value 
(≥ 3.4 m/s), but our analyzes do not differentiate lymph-
oproliferative neoplasms and metastatic LNs, although 
most diagnoses in our study were metastatic peripheral 
lymphadenopathy (n = 17, 73.9%). Lymphomas may 
exhibit different elastographic features compared to 
metastatic peripheral lymphadenopathy. 

Most benign LNs have central hilar vessels that can 
be identified, even if the echogenic hilum is not 
observed20. Benign LNs have one vascular pedicle that 
enters the hilum, in contrast to malignant LNs, which 
have multiple vascular pedicles that may invade the 

cortex21. Sarda-Inman et al.20 found 34 benign and 39 
malignant LNs in 73 Mexican patients with neck lymph-
adenopathy evaluated with color Doppler, which showed 
46.1% (n = 18) with hilar vascularity and 53.9% (n = 21) 
with non-hilar vascularity of malignant etiology. In con-
trast, 26.4% (n = 9) of benign lymphadenopathies had 
non-hilar vascularity, while 73.6% (n = 25) of 34 benign 
LNs had hilar vascularity. In our study, a significant 
association between the presence of hilar vascularity 
and lower tissue stiffness (< 3.4 m/s) was found in 20 
(71.4%) of 28 benign LNs (p = 0.041). This result is 
comparable to the color Doppler US findings of the 
Sarda-Inman study20. Hilar vascularity has been asso-
ciated with benignity21, but there are currently no stud-
ies demonstrating a direct association between lower 
LN tissue stiffness values and hilar vascularity.
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The strengths of this study include its prospective 
study design and diagnosis confirmation by both FNAB 
and CB in all cases of peripheral lymphadenopathy. 
Similarly, the use of pSWE identified ROIs with the 
highest LN stiffness in which the biopsy was performed. 
The limitations of the study were the fact that it was a 
single center and a small sample. On the other hand, 
ROI placement was operator dependent and intra-ob-
server and inter-observer agreement was not examined 
to account for inter-operator variability. 

CONCLUSION

In this study, ROC analysis showed that the optimal 
pSWE stiffness cutoff value was ≥ 3.4 m/s for the pre-
diction of malignant peripheral lymphadenopathy with 
good diagnostic performance. Future research is 
needed to validate the clinical application of the pro-
posed stiffness cutoff value based on our results, par-
ticularly multicenter studies with larger sample sizes.
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ABSTRACT

Introduction: The modified Kaiser score (KS*) evaluates vascular signs. such as a positive adjacent vessel sign (AVS) and 
increased ipsilateral breast vascularity, which have independent predictive value for malignancy in breast lesions. The aim of 
this study was to compare the original KS and the modified KS* for the prediction of malignancy based on the presence of 
vascular signs in mass and non-mass breast lesions on contrast-enhanced breast magnetic resonance imaging (MRI).  
Material and methods: This was a retrospective cross-sectional study of women with breast cancer. Mass and non- 
mass lesions seen on contrast-enhanced breast MRI were scored using the original KS based on the morphologic and  
kinetic features of the BI-RADS lexicon. KS* was classified based on positive AVS and increased ipsilateral breast vascular-
ity. The molecular subtypes of breast cancer were also determined. Results: A total of 476 women with breast cancer were 
included: 421(88.4%) with mass breast lesions and 55 (11.6%) with non-mass breast lesions. The mean age ± SD was  
49.3 ± 10.9 and 51.2 ± 10.9 years, respectively. A positive AVS and increased ipsilateral breast vascularity were found in  
176 (41.8%) of 421 mass lesions. The score of these mass lesions was increased by three additional points, and they were 
reclassified as intermediate and high risk for malignancy on the KS*. In 23 (41.8%) of 55 non-mass lesions, both vascular signs 
were found. Non-mass lesions were also upgraded by 3 additional points and categorized as intermediate and high-risk on 
the KS*. Twenty-one (91.4%) of 23 non-mass lesions with both vascular signs were reclassified as high-risk (KS* 8 to 11). 
Conclusion: KS* improves malignancy prediction based on vascular signs in mass and non-mass breast lesions by con-
trast-enhanced breast MRI. This is the first study in Mexico that confirms that the presence of vascular signs improves the KS* 
diagnostic stratification algorithm in identifying lesions suspicious of malignancy and indicating the need for a breast biopsy.

Keywords: Contrast-enhanced breast magnetic resonance imaging. Breast Imaging Reporting and Data System. Kaiser 
score. Kaiser score*. Adjacent vessel sign. Increased ipsilateral breast vascularity.

INTRODUCTION

Contrast-enhanced breast magnetic resonance  
imaging (MRI) is performed as a complementary exam-
ination in breast lesion diagnosis, especially in suspected 

breast cancer1,2. Morphologic findings of breast lesions 
on MRI are described in the Breast Imaging Reporting 
and Data System (BI-RADS) lexicon3. The Kaiser score 
(KS) algorithm is used to categorize the risk of malig-
nancy based on a specific BI-RADS lexicon with scores 
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ranging from 1 to 11. Higher scores are associated with 
a higher probability of malignancy4-6. The KS increases 
the specificity of contrast-enhanced breast MRI while 
reducing false-positive results and decreasing the num-
ber of unnecessary breast biopsies7. However, its diag-
nostic performance varies depending on the type of 
lesion, mass or non-mass,1 and lesion size (< 1 cm)8.

Malignant angiogenesis, characterized by abnormal, 
irregular vascular growth and increased capillary per-
meability, has been described in breast cancer2. Tumor 
blood supply has been shown to correlate with clinical 
prognosis1. The KS* was developed by integrating the 
original KS with the assessment of breast vascularity, 
including a positive adjacent vessel sign (AVS) and 
increased ipsilateral breast vascularity1.

Breast lesion classification with the KS* improves 
malignancy prediction of breast lesions initially classi-
fied as low risk with the original KS1,2,9. Vascular signs 
are particularly useful for predicting malignancy in the 
evaluation of non-mass lesions1. The aim of this study 
was to compare the original KS and KS* for the pre
diction of malignancy based on the presence of vas
cular signs in mass and non-mass breast lesions on 
contrast-enhanced breast MRI.

MATERIAL AND METHODS

This retrospective cross-sectional study was con-
ducted from January 2014 to December 2023 in the 
Breast Imaging Department of San Jose Hospital and 
Zambrano Hellion Hospital of TecSalud in Monterrey, 
Nuevo Leon, Mexico. We included all contrast-enhanced 
breast MRI examinations performed in patients with a 
breast cancer diagnosis confirmed by percutaneous 
breast biopsy. Patients with a breast cancer diagnosis 
by excisional biopsy, a history of mastectomy, radiother-
apy, or bilateral breast cancer were excluded. Informed 
consent was not required for this retrospective analysis 
of data collected as part of medical care. The Institutional 
Research and Ethics in Research Committees approved 
the study.

Study development and variables

Data were obtained from the clinical records of 
women with a confirmed diagnosis of breast cancer 
who had undergone contrast-enhanced breast MRI for 
diagnostic and/or staging purposes within one month 
or less after a percutaneous breast biopsy. The deci-
sion for breast biopsy was based on mammography, 

ultrasound, and/or MRI findings with BI-RADS catego-
ries 4 or 5. KS and KS* classifications were performed 
retrospectively.

Image acquisition and analysis

A 1.5T Magnetom Aera and a 3.0T Espree MRI scan-
ner (Siemens Medical Solutions, Erlangen, Germany) 
with a dedicated breast coil were used. The following 
sequences were acquired: T2-weighted with fat sup-
pression, diffusion-weighted imaging (DWI) and appar-
ent diffusion coefficient (ADC) maps, T1-weighted 
spin-echo without contrast agent, and Turbo Inversion 
Recovery Magnitude (TIRM). After contrast administra-
tion, T1-weighted gradient echo sequences with fat 
suppression were performed. A gadolinium-based con-
trast agent, 0.1 mL/kg, was administered at an injection 
rate of 2 mL/s. Five T1-weighted post-contrast series 
with image subtraction were acquired, followed by  
multiplanar reformatting and maximum intensity projec-
tion (MIP). A kinetic curve analysis was performed, and 
peak enhancement index (PEI) values were deter-
mined. The contrast-enhanced breast MRI images 
were stored in a Picture Archiving and Communication 
System (PACS) (Carestream, Phillips, Rochester, NY, 
USA). A radiologist (NGG) with 16 years of experience 
in breast imaging performed the image analysis. 

Mass and non-mass lesions were scored using the 
KS based on the morphologic and kinetic features of 
the BI-RADS lexicon. These descriptors were the root 
sign (presence or absence of spiculations), enhance-
ment curve (type 1, 2, or 3), lesion margin (irregular or 
circumscribed), internal enhancement pattern, and 
edema. The KS score was calculated using a virtual 
calculator available at https://school-of-radiology.com/
kaiserscore/10. Based on the total score, lesions were 
classified to define malignancy risk and their relation-
ship to BI-RADS: KS 1 to 4, low risk, BI-RADS 2 or 3; 
KS 5 to 7, intermediate risk, BI-RADS 4; and KS 8 to 
11, high risk, BI-RADS 5.

For KS* breast vasculature assessment, AVS was 
defined as the presence of vessels either entering the 
lesion or in contact with the edge of the lesion, clearly 
delineated on the subtraction images1,11. Vessels with 
a length ≥ 3 cm and a diameter ≥ 2 mm were counted 
for the breast with the lesion and the contralateral 
breast on the MIP images. If the number of vessels in 
the lesion-bearing breast was two or more than those 
in the contralateral breast, this was categorized as 
increased ipsilateral breast vascularity1. In cases where 
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a breast lesion had a KS ≤ 7 but simultaneously had 
positive AVS and increased ipsilateral breast vascular-
ity, the KS was increased by 3 points, thereby modify-
ing the final score. The KS* range remained from 1 to 
11, aligning with the original KS framework1.

Molecular breast cancer subtypes

Tumor biopsies were stained for estrogen receptor 
(ER), progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2) using a Ventana 
BenchMark GX Autostainer with validated internal pro-
tocols. An external positive control tissue was included 
in each run. ER and PR were classified as positive if 
nuclear staining was >1% according to ASCO/CAP 
guidelines12. HER2 assessment was performed accord-
ing to the 2023 ASCO/CAP HER2 test update12.

Histopathologic workup

Breast lesions identified as BI-RADS 4 or 5 that 
underwent image-guided or surgical breast biopsy 
were evaluated by a breast pathologist (GGM) with 14 
years of experience. The diagnostic criteria for histo-
pathological diagnosis were based on the fifth edition 
of the WHO classification of breast tumors13.

Statistical analysis

Measures of central tendency and dispersion were 
used to summarize numerical variables, and absolute 
numbers and percentages for categorical variables. The 
association between unrelated categorical variables 
was assessed using the chi-square test. The p value  
< 0.05 was statistically significant. SPSS v.25 (IBM 
Corp., Armonk, NY, USA) was used for data analysis.

RESULTS

A total of 476 women with breast cancer were included: 
421 (88.4%) had mass lesions and 55 (11.6%) had non-
mass lesions. The mean age ± SD was 49.3 ± 10.9 and 
51.2 ± 10.9 years, respectively.

Contrast-enhanced breast MRI findings in 
mass lesions with or without vascular 
signs in women with breast cancer

The contrast-enhanced breast MRI findings in 418 of 
the 421 mass lesions in women with breast cancer with 

or without vascular signs are shown in Table 1. Three 
cases with only increased ipsilateral vascularity without 
AVS were not included. The shape, margin, type of 
enhancement, kinetic curve, and root sign of the mass 
breast lesions with or without vascular signs were not 
significantly different. Mass lesions with both vascular 
signs, AVS positive and increased ipsilateral breast 
vascularity (n = 176/418) had a higher frequency of 
masses (n = 120/176, 68.1%) with larger size (≥ 21 mm). 
In contrast, in 44 patients without vascular signs, 68.0% 
(n = 30/44) had small masses (≤ 20 mm) (p = 0.001). 
The presence of edema was observed in 23.4% (98/418) 
of the masses. Absence of edema was significantly more 
common in cases without vascular signs (n = 40/44, 
90.9%) (p = 0.003).

Contrast-enhanced breast MRI findings in 
non-mass lesions with or without vascular 
signs in women with breast cancer 

The contrast-enhanced breast MRI of 55 non-mass 
lesions in women with breast cancer with or without vas-
cular signs is shown in table 2. Both vascular signs were 
found in 23 (42.0%), with a regional distribution pattern  
(n = 11/23, 47.8%) (p = 0.015) and a size > 51 mm  
(n = 16/23, 69.6%) (p = 0.001) being more significant. The 
absence of vascular signs, observed in 9.1% of cases  
(n = 5/55), was significantly associated with small, non-
mass lesions (< 20 mm) (p < 0.001). There were no sig-
nificant differences in the type of enhancement, kinetic 
curve, edema, or margin with the presence or absence 
of vascular signs. An increase in root sign was found in 
cases with a positive AVS and increased ipsilateral breast 
vascularity, although this difference was not significant.

Upgrading from KS to KS* based on the 
presence of vascular signs in women with 
breast cancer

Both vascular signs, positive AVS and increased  
ipsilateral breast vascularity, were found in 176 (41.8%) 
of 421 mass lesions on contrast-enhanced breast MRI 
(Table 3A). The score of these mass lesions was 
increased by 3 additional points, and they were reclas-
sified as intermediate-risk and high-risk for malignancy 
on the KS*. There was no mass lesion in the low-risk 
category (KS* 1 to 4). Both vascular signs were found 
in 158 (89.8%) of 176 mass breast lesions with KS* 8 
to 11, with a high risk of malignancy. 
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Both vascular signs were found on contrast- 
enhanced breast MRI in 23 (41.8%) of 55 non-mass 
lesions (Table 3B). These lesions were upgraded by 3 
additional points and were categorized as intermediate- 
and high-risk groups on KS*. Twenty-one (91.4%) of 23 
non-mass lesions with both vascular signs were reclas-
sified with high scores (KS* 8-11). Only one non-mass 
lesion remained in the low-risk category.

Molecular subtypes in mass and non-mass 
breast lesions in women with breast cancer 

The distribution of molecular subtypes was compa-
rable between mass and non-mass breast lesions 
(Table 4). The luminal A molecular subtype was more 
common, with 154 (36.6%) of 421 mass lesions and 26 
(47.3%) of 55 non-mass lesions. The triple-negative 

Table 1. Contrast-enhanced breast MRI findings in 418a mass lesions with or without vascular signs in women with breast cancer 

Descriptor Total  
(n = 418)

Positive AVS  
(n = 198)

Positive AVS and increased ipsilateral 
breast vascularity, (n = 176)

No vascular 
signs (n = 44)

p

Shape, n (%) 0.219

Oval 20 (4.8) 9 (4.5) 6 (3.4) 5 (11.4)

Round 34 (8.1) 14 (7.1) 17 (9.7) 3 (6.8)

Irregular 364 (87.1) 175 (88.4) 153 (86.9) 36 (81.8)

Margin, n (%) 0.258

Circumscribed 13 (3.1) 5 (2.5) 5 (2.8) 3 (6.8)

Spiculated 181 (43.3) 79 (39.9) 85 (48.3) 17 (38.6)

Irregular 224 (53.6) 114 (57.6) 86 (48.9) 24 (54.5)

Enhancement, n (%) 0.470

Homogeneous 54 (12.9) 30 (15.2) 16 (9.1) 8 (18.2)

Heterogeneous 267 (63.9) 123 (62.1) 117 (66.5) 27 (61.4)

Rim shape 96 (23.0) 45 (22.7) 42 (23.9) 9 (20.5)

Dark internal septation 1 (0.2) 0 1 (0.6) 0

Main lesion size, n (%) 0.001

2 to 20 mm 185 (44.3) 99 (50.0) 56 (31.8) 30 (68.2)

> 21 to 50 mm 210 (50.2) 94 (47.5) 102 (58.0) 14 (31.8)

> 51 mm 23 (5.5) 5 (2.5) 18 (10.2) 0

Kinetic curve, n (%) 0.223

Type 1 48 (11.5) 26 (13.1) 18 (10.2) 4 (9.1)

Type 2 210 (50.2) 94 (47.5) 87 (49.4) 29 (65.9)

Type 3 160 (38.3) 78 (39.4) 71 (40.3) 11 (25.0)

Root sign, n (%) 0.211

Yes 181 (43.3) 79 (39.9) 85 (48.3) 17 (38.6)

No 237 (56.7) 119 (60.1) 91 (51.7) 27 (61.4)

Edema, n (%) 0.003

Yes 98 (23.4) 40 (20.2) 54 (30.7) 4 (9.1)

No 320 (76.6) 158 (79.8) 122 (69.3) 40 (90.9)

aThree women with only increased ipsilateral breast vascularity were not included. AVS: adjacent vessel sign. KS: Kaiser score; KS*: modified Kaiser score.
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molecular subtype was significantly more common in 
mass lesions (n = 70/421, 16.6%) than in non-mass 
lesions (n = 1/55, 1.8%) (p = 0.004).

Association of KS and KS* with molecular 
subtypes of mass lesions in women with 
breast cancer 

Of the 421 mass lesions, 48 (11.4%) were catego
rized as low risk, 195 (46.3%) as intermediate risk, and 

178 (42.3%) as high risk for malignancy by KS (Table 5A). 
No significant association was found between molecu-
lar subtype and malignancy risk in KS. However, the 
majority of mass lesions of all molecular subtypes were 
categorized as intermediate (n = 195/421, 46.3%) or 
high malignancy risk (n = 178/421, 42.3%).

Among the 421 mass breast lesions, a subgroup of 
176 showed both vascular signs on contrast-enhanced 
breast MRI and were classified with KS* (Table 5B). 

Table 2. Contrast-enhanced breast MRI findings in 55 non-mass lesions with or without vascular signs in women with breast cancer

Descriptor Total  
(n = 55)

Positive AVS  
(n = 27)

Positive AVS and increased ipsilateral 
breast vascularity, (n = 23)

No vascular 
signs (n = 5)

p

Enhancement, n (%) 0.601

Homogeneous 3 (5.5) 3 (11.1) 0 0

Heterogeneous 32 (58.2) 14 (51.9) 14 (60.9) 4 (80.0)

Clumped 17 (30.9) 8 (29.6) 8 (34.8) 1 (20.0)

Cluster ring 3 (5.5) 2 (7.4) 1 (4.3) 0

Distribution, n (%) 0.015

Focal 21 (38.2) 13 (48.1) 4 (17.4) 4 (80.0)

Lineal 8 (14.5) 5 (18.5) 2 (8.7) 1 (20.0)

Segmental 12 (21.8) 6 (22.2) 6 (26.1) 0

Regional 14 (25.5) 3 (11.1) 11 (47.8) 0

Main lesion size, n (%) 0.001

2 to 20 mm 11 (20.0) 5 (18.5) 1 (4.3) 5 (100)

> 21 to 50 mm 21 (38.2) 15 (55.6) 6 (26.1) 0

> 51 mm 23 (41.8) 7 (25.9) 16 (69.6) 0

Kinetic curve, n (%) 0.416

Type 1 15 (27.3) 8 (29.6) 7 (30.4) 0

Type 2 24 (43.6) 12 (44.4) 8 (34.8) 4 (80.0)

Type 3 16 (29.1) 7 (25.9) 8 (34.8) 1 (20.0)

Root sign, n (%) 0.234

Yes 36 (65.5) 15 (55.6) 18 (78.3) 3 (60.0)

No 19 (34.5) 12 (44.4) 5 (21.7) 2 (40.0)

Edema, n (%) 0.317

Yes 17 (30.9) 7 (25.9) 7 (30.4) 3 (60.0)

No 38 (69.1) 20 (74.1) 16 (69.6) 2 (40.0)

Margin, n (%) 0.646

Circumscribed 6 (10.9) 2 (7.4) 3 (13.0) 1 (20.0)

Non-circumscribed 49 (89.1) 25 (92.6) 20 (87.0) 4 (80.0)

AVS: adjacent vessel sign; KS: Kaiser score; KS*: modified Kaiser score.
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of vascular signs, resulting in a KS* of 5 corresponding 
to an intermediate risk of malignancy, BI-RADS cate-
gory 4. The histopathologic diagnosis was invasive 
non-special type (NST) carcinoma, molecular subtype 
luminal A.

Figure 2 shows a contrast-enhanced breast MRI of a 
41-year-old woman with a non-mass lesion, BI-RADS 
category 2, and a KS of 1, corresponding to a low risk 
of malignancy. Three points were assigned based on 
the positive AVS and increased ipsilateral breast vascu-
larity, resulting in a KS* of 4, corresponding to a low risk 
of malignancy, BI-RADS category 2. A breast biopsy 
was ordered due to calcifications in the right breast 
detected by mammography (not shown). The histo-
pathologic diagnosis of the non-mass lesion in the right 
breast was invasive NST carcinoma, molecular subtype 
luminal B, with an associated in situ carcinoma.

Figure 3 shows a contrast-enhanced breast MRI in a 
52-year-old woman with a mass lesion with positive AVS 
and increased ipsilateral breast vascularity. This mass 
was classified as BI-RADS category 2, with a KS of 2, 
corresponding to a low risk of malignancy. Three points 
were assigned based on the presence of vascular signs, 
resulting in a KS* of 5, corresponding to an intermediate 
risk of malignancy, BI-RADS category 4. The histopatho-
logic diagnosis was invasive NST carcinoma with basa-
loid features, molecular subtype triple-negative.

These lesions received an upgrade of 3 additional 
points. As a result, none of the lesions remained in the 
low-risk (KS* 1 to 4). The high-risk category was ele-
vated in all molecular subtypes (range 75.8% to 94.4%). 

Figure 1 shows a contrast-enhanced breast MRI in a 
41-year-old woman with a mass lesion with positive 
AVS and increased ipsilateral breast vascularity. This 
mass was classified as a BI-RADS category 2 and a 
KS of 2, corresponding to a low risk of malignancy. In 
addition, 3 points were assigned based on the presence 

Table 3A. Upgrade from KS to KS* based on the presence of vascular signs in mass lesions on contrast-enhanced breast MRI in women with 
breast cancer

KS KS* 

1 to 4 5 to 7 8 to 11 Total 1 to 4 5 to 7 8 to 11 Total

48 (11.5%) 195 (46.3%) 178 (42.3%) 421 0 18 (10.2%) 158 (89.8) 176a

aA subgroup of 176 (41.8%) of the 421 mass lesions had both vascular signs; these were upgraded by 3 additional points. As a result, none of the lesions remained 
in the low-risk category (KS* 1–4). MRI: magnetic resonance imaging; KS: Kaiser score; KS*: modified Kaiser score.

Table 3B. Upgrade from KS to KS* based on the presence of vascular signs in non-mass lesions on contrast-enhanced breast MRI in women 
with breast cancer

KS KS* 

1 to 4 5 to 7 8 to 11 Total 1 to 4 5 to 7 8 to 11 Total

9 (16.3%) 26 (47.3) 20 (36.4%) 55 1 (4.3%) 1 (4.3%) 21 (91.4%) 23a

aA subgroup of 23 (41.8%) of the 55 non-mass lesions had both vascular signs; these were upgraded by 3 additional points on the KS*. As a result, only one non-mass 
lesion remained in the low-risk category (KS* 1–4). MRI: magnetic resonance imaging; KS: Kaiser score; KS*: modified Kaiser score.

Table 4. Molecular subtypes in mass and non-mass lesions in women 
with breast cancer

Description Mass breast 
lesions, (n = 421)

Non-mass breast 
lesions, (n = 55)

Luminal A, n (%) 154 (36.6) 26 (47.3)

Luminal B, n (%) 119 (28.3) 13 (23.6)

Luminal B HER2+, n (%) 33 (7.8) 7 (12.7)

HER2+, n (%) 29 (6.9) 5 (9.1)

Triple-negative, n (%) 70 (16.6) 1 (1.8)

HER2-low, n (%) 16 (3.8) 3 (5.5)

HER2+: human epidermal growth factor receptor 2. 
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Table 5A. Association of KS with molecular subtypes of mass lesions in women with breast cancer

Description Total, n KS p

1 to 4 5 to 7 8 to 11

Luminal A, n (%) 154 16 (10.4) 80 (51.9) 58 (37.7) 0.374

Luminal B, n (%) 119 10 (8.4) 58 (48.7) 51 (42.9) 0.577

Luminal B HER2+, n (%) 33 4 (12.1) 13 (39.4) 16 (48.5) 0.720

HER2+, n (%) 29 2 (6.9) 11 (37.9) 16 (55.2) 0.351

Triple-negative, n (%) 70 13 (18.6) 25 (35.7) 32 (45.7) 0.080

HER2-low, n (%) 16 3 (18.8) 8 (50.0) 5 (31.3) 0.531

HER2+: human epidermal growth factor receptor 2; KS: Kaiser score.

Table 5B. Association of KS* with molecular subtypes of mass lesionsa in women with breast cancer

Description Total, n KS* p

1 to 4 5 to 7 8 to 11

Luminal A, n (%) 54 0 3 (5.6) 51 (94.4) 0.257

Luminal B, n (%) 54 0 3 (5.6) 51 (94.4) 0.257

Luminal B HER2+, n (%) 18 0 2 (11.1) 16 (88.9) 0.902

HER2+, n (%) 13 0 2 (15.4) 11 (84.6) 0.539

Triple-negative, n (%) 33 0 8 (24.2) 25 (75.8) 0.008

HER2-low, n (%) 4 0 0 4 (100) 0.500

aA subgroup of 176 (41.8%) of the 421 mass lesions had both vascular signs; these were upgraded by 3 additional points. As a result, none of the lesions remained 
in the low-risk category (KS* 1 to 4). HER2+: human epidermal growth factor receptor 2; KS*: modified Kaiser score.

Association of KS and KS* with molecular 
subtypes of non-mass lesions in women 
with breast cancer 

Nine (16.4%) of 55 non-mass lesions were catego-
rized as low risk, 26 (47.3%) as intermediate risk, and 
20 (36.3%) as high risk in KS (Table 6A). Only luminal 
A, luminal B, and HER2+ molecular subtypes had low-
risk KS lesions. No significant association was found 
between the molecular subtype and risk of malignancy 
categorized by KS.

Of 55 non-mass breast lesions, 23 (41.8%) had  
both vascular signs on contrast-enhanced breast MRI 
(Table 6B). Twenty-one (91.3%) of the 23 were catego-
rized in the high-risk category (KS* 8 to 11), similar to 
the mass lesions. Figure 4 shows a contrast-enhanced 

breast MRI of a 67-year-old woman with a non-mass 
lesion enhancement classified as BI-RADS category 3 
and a KS of 4 with a low risk of malignancy. Three points 
were assigned based on the presence of vascular signs, 
resulting in a KS* of 7, corresponding to an intermediate 
risk of malignancy, BI-RADS category 4. The diagnosis 
was high-grade DCIS of the solid, comedo, and cribri-
form type, with a HER2-positive molecular subtype. 

DISCUSSION

Our study showed that KS* improved malignancy pre
diction by contrast-enhanced breast MRI based on the 
presence of vascular signs in both mass and non-mass 
breast lesions. This is the first study in Mexico to con-
firm that the presence of vascular signs optimizes the 
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Figure 1. Contrast-enhanced breast MRI of a 41-year-old woman. A: T1 DCE sequence with gadolinium demonstrates a round mass with circumscribed 
margins and ring enhancement in the upper outer quadrant of the right breast (dotted circle). B: MIP image demonstrates a right breast mass with 
a positive AVS and increased ipsilateral breast vascularity (red arrowheads). In the left breast, a hyperenhanced solid mass without vascular signs 
is also observed, corresponding to a previously diagnosed fibroadenoma confirmed by histopathology (dashed circle). C: there is no perilesional 
edema on the TIRM sequence. D: PEI and the correlation of time–signal intensity curves of the main lesion in the right breast shows a type 2 plateau 
curve (not shown). This mass breast lesion was classified as BI-RADS category 2, and KS 2, with a low risk of malignancy. Three points were 
assigned based on the presence of vascular signs, resulting in a KS* of 5, with an intermediate risk of malignancy, BI-RADS category 4. E: H&E 10X, 
nests of neoplastic cells with sparse lumen formation. The cells have nuclear pleomorphism and frequent mitoses. F: ER (5X) 100% nuclear expression, 
with strong intensity. G: PR (10X) 100% nuclear expression, with strong intensity. H: HER-2 (10X) negative membrane staining (0+) (black arrowhead). 
The histopathologic diagnosis was invasive NST carcinoma, luminal A molecular subtype.
AVS: adjacent vessel sign; KS: Kaiser score; KS*: modified Kaiser score; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast-enhanced; 
Gd: gadolinium; MIP: maximum intensity projection; MRI: magnetic resonance imaging; PEI: positive enhancement integral; TIRM: turbo inversion recovery magni-
tude; NST: non-special type; H&E: hematoxylin and eosin; ER: estrogen receptor; PR: progesterone receptor; HER-2: human epidermal growth factor receptor 2.
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Figure 2. Contrast-enhanced breast MRI of a 41-year-old woman. A: T1 DCE sequence with Gd shows a non-mass lesion with a circumscribed margin 
and cobblestone enhancement in the upper outer quadrant of the right breast (dotted circle). B: MIP shows a non-mass lesion in the right breast 
with positive AVS and increased ipsilateral breast vascularity (red arrowhead). C: perilesional edema is seen on the TIRM sequence (red arrowhead). 
D: PEI and the correlation of time–signal intensity curves of the main lesion with a persistent type 1 curve (not shown). This non-mass lesion was 
classified as BI-RADS category 2, KS 1, with a low risk of malignancy. Three points were assigned based on the positive AVS and increased ipsilateral 
breast vascularity, resulting in a KS* of 4 with a low risk of malignancy, BI-RADS category 2. Breast biopsy was indicated due to calcifications in 
the right breast detected by mammography (not shown). E: H&E 5X, nests of neoplastic cells with reversed polarity and stromal retraction. F: ER 5X, 
100% nuclear expression with strong intensity (black arrowhead). G: PR 5X, 100% nuclear expression with strong intensity (black arrowhead).  
H: HER-2 5X, partial and weak membrane staining (1+). The histopathologic diagnosis of the non-mass lesion in the right breast was invasive NST 
carcinoma, luminal B molecular subtype, with associated in situ carcinoma.
AVS: adjacent vessel sign; KS: Kaiser score; KS*: modified Kaiser score; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast-enhanced; 
Gd: gadolinium; MIP: maximum intensity projection; MRI: magnetic resonance imaging; PEI: positive enhancement integral; TIRM: turbo inversion recovery magni-
tude; NST: not-special type; H&E: hematoxylin and eosin; ER: estrogen receptor; PR: progesterone receptor; HER-2: human epidermal growth factor receptor 2.
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Figure 3. Contrast-enhanced breast MRI of a 52-year-old woman. A: T1 DCE sequence with Gd shows a round mass lesion, with circumscribed 
margins and homogeneous enhancement in the upper outer quadrant of the right breast (dotted circle). B: MIP shows a mass lesion of the right 
breast with positive AVS and increased ipsilateral breast vascularity (red arrowheads). C: there is no perilesional edema in the TIRM sequence (red 
arrowhead). D: PEI and the correlation of time–signal intensity curves of the breast lesion with a type 2 plateau curve (not shown). This mass was 
classified as BI-RADS category 2, KS 2, with a low risk of malignancy. Three points were assigned based on the presence of vascular signs, resulting 
in a KS* of 5, with an intermediate risk of malignancy, BI-RADS category 4. E: H&E 10X, nests of neoplastic cells with sparse lumen formation, nuclear 
pleomorphism, and frequent mitoses. F: ER 5X, negative expression. PR 5X, negative expression. HER2 5X, negative expression (black arrowhead). 
The histopathologic diagnosis was invasive NST carcinoma with basaloid features, triple-negative molecular subtype.
AVS: adjacent vessel sign; KS: Kaiser score; KS*: modified Kaiser score; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast-enhanced; 
Gd: gadolinium; MIP: maximum intensity projection; MRI: magnetic resonance imaging; PEI: positive enhancement integral; TIRM: turbo inversion recovery magni-
tude; NST: non-special type; H&E: hematoxylin and eosin; ER: estrogen receptor; PR: progesterone receptor; HER-2: human epidermal growth factor receptor 2.
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KS* diagnostic stratification algorithm that identifies 
lesions with suspected malignancy and indicates the 
need for breast biopsy. The breast lesion scores were 
initially categorized as low risk, with the KS* increased 
due to positive AVS and increased ipsilateral breast 
vascularity. They were subsequently reclassified as 
intermediate and high risk for malignancy with KS*.

Positive AVS and increased ipsilateral breast vascu-
larity improve the diagnostic performance of KS* in pre-
dicting breast lesion malignancy1,10,14. In our study, the 
presence of both vascular signs was associated with 
significantly higher KS* scores in both mass and non-
mass lesions. Dietzel et al.14, in a retrospective study in 
German women, analyzed 1,084 breast lesions. A pos-
itive AVS was significantly associated with malignancy 
(p < 0.001). Lesions larger than 20 mm were more likely 
to have a positive AVS than those smaller than 20 mm 

(p < 0.0001). Zhou et al.1 examined 223 breast lesions 
with suspected malignancy by contrast-enhanced breast 
MRI with a histopathologic diagnosis. There were 119 
(53.4%) benign and 104 (46.6%) malignant lesions. 
Eighty-five (51.8%) of 164 mass lesions and 19 (32.2%) 
of 59 non-mass lesions were malignant. In the ROC 
curve, the AUC of KS* was 0.877 and of KS, 0.858  
(p = 0.016). In non-mass lesions, the AUC was 0.793, 
and KS was 0.725 (p = 0.029). The combination of KS 
with vascular signs (KS*) significantly improves the  
diagnostic performance in differentiating benign and 
malignant breast lesions, especially in non-mass lesions. 
Positive AVS and increased ipsilateral breast vascula
rity were significantly associated with malignancy. Our 
study of 476 women with breast cancer evaluated with  
contrast-enhanced breast MRI with histopathologic  
confirmation and reclassification of breast lesions into 

Table 6A. Association of KS with molecular subtypes of non-mass lesions in women with breast cancer

Description Total, n KS p

1 to 4 5 to 7 8 to 11

Luminal A, n (%) 26 6 (23.1) 11 (42.3) 9 (34.6) 0.437

Luminal B, n (%) 13 2 (15.4) 7 (53.8) 4 (30.8) 0.856

Luminal B HER2+, n (%) 7 0 4 (57.1) 3 (42.9) 0.456

HER2+, n (%) 5 1 (20.0) 2 (40.0) 2 (40.0) 0.939

Triple-negative, n (%) 1 0 0 1 (100) 0.410

HER2-low, n (%) 3 0 2 (66.7) 1 (33.3) 0.677

HER2+: human epidermal growth factor receptor 2. KS: Kaiser score.

Table 6B. Association of KS* with molecular subtypes of non-mass lesionsa in women with breast cancer

Description Total, n KS* p

1 to 4 5 to 7 8 to 11

Luminal A, n (%) 9 0 0 9 (100) 0.495

Luminal B, n (%) 5 1 (20.0) 0 4 (80.0) 0.138

Luminal B HER2+, n (%) 4 0 0 4 (100) 0.794

HER2+, n (%) 3 0 1 (33.3) 2 (66.7) 0.030

Triple-negative, n (%) 1 0 0 1 (100) 0.951

HER2-low, n (%) 1 0 0 1 (100) 0.950

aA subgroup of 23 (41.8%) of the 55 non-mass lesions had both vascular signs; there were upgraded by 3 additional points in the KS*. As a result, only one non-mass 
lesion remained in the low score category (KS* 1 to 4). HER2+: human epidermal growth factor receptor 2; KS*: modified Kaiser score.
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Figure 4. Contrast-enhanced breast MRI of a 67-year-old woman. A: T1 DCE sequence with Gd shows non-mass enhancement with a circumscribed 
margin and cobblestone-like enhancement with linear distribution in the retroareolar region of the left breast (red arrowheads). Note the nipple 
enhancement (white arrow). B: MIP image shows a non-mass lesion in the left breast with positive AVS and increased ipsilateral breast vascularity 
(red arrowhead). C: there is no perilesional edema in the TIRM sequence (red arrowhead). D-E: dynamic post-contrast image with time–signal 
intensity curve analysis of the primary lesion shows a type 3 washout curve. This non-mass lesion was classified as KS 4 with a low risk of malignancy. 
Three points were assigned based on the presence of vascular signs, resulting in a KS* of 7, with an intermediate risk of malignancy, BI-RADS 
category 4. A left breast mastectomy revealed a high-grade DCIS with solid, comedo-like, cribriform architecture, classified as a HER2-positive 
molecular subtype. There is no dermal infiltration. Paget’s disease was present on the nipple. F: H&E 5X, proliferation of malignant intraepidermal 
glandular epithelial cells. Cells with abundant eosinophilic cytoplasm and pleomorphic nuclei (black arrowhead). G: ER: CK7 (5X), positive membranous 
expression (black arrowhead). H: HER2 (5X), positive membranous expression (black arrowhead).
AVS: adjacent vessel sign; KS: Kaiser score; KS*: Kaiser score*; BI-RADS: Breast Imaging Reporting and Data System; DCE: dynamic contrast-enhanced;  
Gd: gadolinium; MIP: maximum intensity projection; MRI: magnetic resonance imaging; PEI: positive enhancement integral; TIRM: turbo inversion recovery magnitu-
de; NST: non-special type; DCIS: ductal carcinoma in situ; H&E: hematoxylin and eosin; ER: estrogen receptor; PR: progesterone receptor; CK7: cytokeratin 7; 
HER-2: human epidermal growth factor receptor 2.
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the molecular tumor profile, especially in aggressive 
molecular subtypes that tend to show distinct vascular 
patterns.

One of the major strengths of this study is the sample 
size, which included 473 lesions in women with breast 
cancer and allowed for a robust and stratified analysis. 
This study also addressed the association between KS* 
and molecular subtypes, an aspect that has been 
scarcely explored. The weaknesses of this study are 
related to its single-center retrospective design. The 
sample size of non-mass lesions (n = 55) was small. In 
addition, only malignant cases were included, so it was 
not possible to determine the diagnostic performance 
of the KS* and its accuracy in distinguishing between 
benign and malignant lesions. Intraobserver and 
interobserver agreement were not assessed.

CONCLUSION

In our study, KS* increased the prediction of malig-
nancy compared to KS, based on the presence of vas-
cular signs in mass and non-mass breast lesions by 
contrast-enhanced breast MRI. Systematic evaluation 
of breast lesions with the KS* is recommended to opti-
mize clinical decision making, especially the indication 
for a breast biopsy. The KS* is based on visual signs 
for assessing contrast-enhanced breast MRI. These 
signs are easily applicable in daily clinical practice with-
out specialized software.
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intermediate- and high-risk KS* based on positive AVS 
and increased ipsilateral breast vascularity increased 
the prediction of malignancy in lesions originally classi-
fied as low-risk. These results highlight the importance 
of evaluating not only the morphological and dynamic 
features of breast lesions on contrast-enhanced breast 
MRI, but also vascular signs, since these provide  
additional information about their malignant behavior. 

Benign and malignant breast lesions may show non-
mass enhancement on MRI. KS is less accurate in 
predicting malignancy in non-mass lesions. Therefore, 
the addition of vascular signs indicative of abnormal 
vascularity guides the diagnosis of malignancy1. In our 
study, the presence of vascular signs in the KS* algo-
rithm significantly increased the risk classification of 
malignancy. In mass lesions with both vascular signs, 
158 (89.8%) of 176 mass breast lesions with KS* of 8 
to 11 were at high risk of malignancy. None of these 
KS* lesions were classified as low risk. Twenty-one 
(91.4%) of 23 non-mass lesions with both vascular 
signs were reclassified as high risk (KS* 8 to 11), and 
only one non-mass lesion remained in the low-risk cate
gory. KS* with assessment of vascular signs increases 
the accuracy in predicting the malignancy of mass and 
non-mass breast lesions, especially lesions that could 
initially be underestimated with BI-RADS category 2 or 
3 morphologic criteria. KS* can reduce false-negative 
results and support the indication for a breast biopsy 
in lesions with vascular signs. 

Angiogenesis is critical in the development and 
spread of breast cancer and can vary depending on the 
molecular subtype15. Çetinkaya et al.16, in a retrospec-
tive study of 124 Turkish women examined with contrast- 
enhanced breast MRI 1.5T with positive AVS, found 105 
(78.9%) of 133 breast lesions suspicious for malig-
nancy. No significant association was found between 
positive AVS and molecular subtypes. Bujor et al.17 
showed that the more aggressive molecular subtypes, 
HER2-positive and triple negative, had more blood ves-
sels in the tumor compared to the luminal A and B molec-
ular subtypes. In contrast, the luminal A molecular 
subtype, which has a better prognosis, has less angio-
genic activity17. In our study of mass and non-mass breast 
lesions, the absence of vascular signs was predominant 
in the luminal A molecular subtype. This observation is 
consistent with a previous report indicating less angio-
genesis and less prominent vascular patterns in luminal 
A tumors17. This finding contrasts with more aggressive 
molecular subtypes that exhibit greater vascularity. Our 
results reinforce the hypothesis that vascular signs may 
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ABSTRACT

Mammographic sensitivity decreases when mammographic breast density (MBD) is assessed in women with dense breasts 
and/or breast implants. This study compared the diagnostic performance of Quantra artificial intelligence (AI) software with an 
experienced radiologist with 32 years of experience interpreting breast images as the gold standard in MBD assessment of 
dense categories (c+d) in women with and without breast implants. In this prospective cohort study, an experienced radiolo-
gist and AI Quantra (v 2.2.2) assessed 2D mammograms and tomosyntheses of women over 35 years of age with and without 
breast implants in dense categories (c+d) based on the Breast Imaging Reporting and Data System (BI-RADS) 5th Edition. 
Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were recorded. AI Quantra sensitivity 
was low (30.6%, 95% CI 18.2-45.4) in dense categories (c+d) in women with breast implants (n = 130). In contrast, sensitivi-
ty was high (95.2%, 95% CI 92.1-97.3) in women without breast implants (n = 548). Accuracy was 73.1% (95% CI 64.6-80.5%) 
and 81.0% (95% CI 77.5-84.2), respectively. The diagnostic performance of the current version of Quantra AI in assessing MBD 
in dense categories (c+d) was unacceptably low in women with breast implants.

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

INTRODUCTION

The diagnostic performance of artificial intelligence  
(AI) assessing mammographic breast density (MBD) is 
comparable to that of radiologists, and synergies may 
exist between the two1-3. The Food and Drug Admini
stration (FDA) approved AI Quantra v.2.2.2 for MBD 
assessment. It quantifies the densest area based on the 
Breast Imaging Reporting and Data System (BI-RADS) 
5th Edition4. AI software for MBD assessment has poten-
tial benefits and risks, as radiologists may be distracted, 
leading to more errors in image diagnosis5-7. Therefore, 
an automated AI method such as Quantra software could 

have greater reproducibility and accuracy in classifying 
MBD. However, Quantra AI was not developed for MBD 
assessment of women with breast implants8.

Intra- and interobserver agreement between radio
logists and Quantra AI has been reported in women 
without implants3,5, and when women with and without 
implants are compared9. In a previous report, we com-
pared the diagnostic performance of AI Quantra and 
an experienced radiologist in MBD assessment without 
differentiating women with and without implants5. 

Previous studies have shown better diagnostic per
formance of Quantra AI in two categories (non-dense 
and dense)10,11. Mammographic sensitivity decreases in 
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women with dense breasts and implants12,13. The dense 
(c+d) category has a higher risk of cancer, and addi-
tional examinations must be performed. This study com-
pared the diagnostic performance of Quantra AI software 
with that of an experienced radiologist as the gold stan-
dard in MBD assessment of dense categories (c+d) in 
women with and without breast implants.

MATERIAL AND METHODS 

This prospective cohort study was conducted from 
May 2 to June 30, 2022, in the Breast Imaging Department 
of the Centro de Diagnóstico Especializado por Imagen 
in Zapopan, Jalisco, Mexico. An experienced radiologist 
with training in breast imaging and current certification 
by the Mexican Council of Radiology and Imaging par-
ticipated in the study. Consent was obtained from the 
radiologist who participated in the study.

Study development and variables

Screening or diagnostic mammograms of women aged 
35 years and older with and without breast implants 
were analyzed from a previously published study9 corres
ponding to phase 1. The dense MBD category (c+d) was 
based on the American College of Radiology BI-RADS 
5th Edition4. Sex and years of experience as a radiologist 
performing breast imaging examinations were recorded. 

Digital mammography and digital breast 
tomosynthesis

Images were acquired using Selenia Dimensions 
equipment (Hologic, Bedford, MA, USA) with automatic 
acquisition parameters. Images were stored and reviewed 
in PACS (SecureView, Diagnostic Workstation, Bedford, 
MA, USA). Conventional projections, two craniocaudal 
(CC) and two mediolateral oblique (MLO) images of both 
breasts, were obtained. Images with implant displace-
ments were evaluated in women with breast implants. 
MBD was classified according to the 5th Edition of 
BI-RADS based on the densest area of fibroglandular 
tissue in the dense breast (c+d), category c, heteroge-
neously dense, and category d, extremely dense. 

Quantra AI software

The mammography images were analyzed with 
Quantra AI version 2.2.2 (Hologic Inc., Bedford, MA, 
USA). AI Quantra analyzes MBD in images with implant 
displacements. The assessment is based on the 

distribution and texture of the fibroglandular tissue pat-
tern, with an estimate of breast composition by selecting 
the densest category according to BI-RADS 5th Edition.

Figure 1. Mammogram of a woman with breast implants. A and B: the 
MLOID views of the right breast show concordance between Quantra 
AI and an experienced radiologist (HR) in the classification of dense 
(c+d) MBD categories using BI-RADS 5th Edition: category c, 
heterogeneously dense; and category d, extremely dense.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; 
MBD: mammography breast density; HR: human reader; MLOID: mediolateral 
oblique implant displacement.

A B

Table 1. Diagnostic performance of AI Quantra compared to an  
experienced radiologist as the gold standard in MBD assessment  
of dense categoriesa in women with breast implants

Parameter % 95% CI

Sensitivity 30.6 18.2-45.4

Specificity 98.8 93.3-99.9

Positive predictive value 93.7 67.1-99.1

Negative predictive value 70.2 66.1-73.9

Accuracy 73.1 64.6-80.5

ac+d categories; AI: artificial intelligence; BI-RADS: Breast Imaging 
Reporting and Data System; MBD: mammographic breast density;  
CI: confidence interval.
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Statistical analysis

Sensitivity, specificity, positive predictive values, neg-
ative predictive values, and accuracy were calculated 
to evaluate the diagnostic performance of Quantra AI 
compared to an experienced radiologist as the gold 
standard. The statistical analysis was performed with 
SPSS v.25 (IBM Corp., Armonk, NY, USA).

RESULTS

The radiologist with 32 years of experience reads 
approximately 90 mammograms per week and spends 
50 hours performing various breast examinations and 
procedures (including mammography, ultrasound, MRI, 
biopsies, and breast marking). A total of 678 mammo-
grams were analyzed, 130 mammograms with breast 

Figure 2. Mammogram of a woman with breast implants. A, B, and C: the MLOID views of the right breast show no concordance between 
Quantra AI and an experienced radiologist (HR) in the classification of dense (c+d) MBD categories using BI-RADS 5th Edition: category c, 
heterogeneously dense; and category d, extremely dense.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; HR: human reader; MBD: mammography breast density; MLOID: mediolateral 
oblique implant displacement.

A B C



B.E. Gonzalez-Ulloa et al. Quantra AI vs radiologist in MBD assessment

201

implants and 548 mammograms without breast 
implants.

Table 1 shows the diagnostic performance of AI 
Quantra compared to an experienced radiologist in 
assessing MBD in women with dense breasts (c+d) and 
breast implants. The sensitivity of AI Quantra in assess-
ing dense categories (c+d) in women with breast 
implants (n = 130) was low (30.6%, 95% CI 18.2-45.4). 
Specificity was high (98.8%, 95% CI, 93.3-99.9) while 
accuracy was 73.1% (95% CI, 64.6-80.5).

Figure 1 shows a mammogram with concordance 
between Quantra AI and the radiologist in classifying 
dense (c+d) MBD categories in a woman with breast 

Figure 3. Mammogram of a woman without breast implants. A and B: the MLO views of the right breast show concordance between Quantra 
AI and an experienced radiologist (HR) in the classification of dense (c+d) MBD categories using BI-RADS 5th Edition: category c, heteroge-
neously dense; and category d, extremely dense. 
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; MBD: mammography breast density; HR: human reader; MLO: mediolateral oblique.

A B

Table 2. Diagnostic performance of AI Quantra compared to an  
experienced radiologist as the gold standard in MBD assessment  
of dense categoriesa in women without breast implants

Parameter % 95% CI

Sensitivity 95.2 92.1-97.3

Specificity 62.6 56.1-68.8

Positive predictive value 76.8 73.7-79.6

Negative predictive value 90.8 85.7-94.3

Accuracy 81.0 77.5-84.2

ac+d categories; AI: artificial intelligence; BI-RADS: Breast Imaging 
Reporting and Data System; MBD: mammographic breast density;  
CI: confidence interval.
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implants. In contrast, figure 2 shows that Quantra AI 
underestimates or overestimates dense MBD catego-
ries compared to the radiologist in a patient with breast 
implants.

Table 2 shows the diagnostic performance of Quantra 
AI compared to an experienced radiologist as the gold 
standard in MBD assessment of dense categories (c+d) 
in women with dense breasts without breast implants. 
Sensitivity was high (95.2%, 95% CI 92.1-97.3), while 
specificity was low (62.6%, 95% CI 56.1-68.8). Accuracy 
was 81.0% (95% CI, 77.5-84.2).

Figure 3 shows the mammogram of a woman without 
breast implants, with concordance between Quantra AI 
and the radiologist in classifying the dense (c+d) MBD 
categories. In contrast, Figure 4 shows that the Quantra 
AI underestimates or overestimates the dense MBD 
categories compared to the radiologist in a patient with-
out breast implants.

DISCUSSION 

Our study showed unacceptably low sensitivity in the 
diagnostic performance of the current version of 
Quantra AI in MBD assessment in dense categories 
(c+d) in women with breast implants. In contrast, its 
sensitivity in assessing dense MBD categories (c+d) in 
women without breast implants was high. This report 
is the first comparing Quantra AI and an experienced 
radiologist in MBD assessment of women with dense 
breasts with and without breast implants.

Quantra AI has not been sufficiently tested for the 
evaluation of MBD in women with implants, and there 
are no reports evaluating its diagnostic performance. In 
our previously published study9, we examined 678 
women, 130 with breast implants and 548 without breast 
implants. Quantra AI classified dense categories in 114 
(87.7%) of 130 women with breast implants and four 

Figure 4. Mammogram of a woman without breast implants. A, B, and C: the MLO views of the right breast show no concordance between 
Quantra AI and an experienced radiologist (HR) in the classification of dense (c+d) MBD categories using BI-RADS 5th Edition: category c, 
heterogeneously dense; and category d, extremely dense. 
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; HR: human reader; MBD: mammography breast density; MLO: mediolateral oblique.

A B C
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CONCLUSION

The diagnostic performance of the current version of 
Quantra AI in MBD assessment in dense categories 
(c+d) had unacceptably low sensitivity in our study of 
women with breast implants. In contrast, the sensitivity 
of Quantra AI in assessing dense MBD categories (c+d) 
in women without breast implants was high. Therefore, 
it is important to have an AI tool with better diagnostic 
performance in women with breast implants. We hope 
a new version of Quantra AI software will be available 
for use in women with implants, as the number of 
women with implants is increasing. 
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ABSTRACT

Contrast-enhanced multidetector computed tomography (MDCT) with multiplanar reformations is useful for diagnosing an 
intrathoracic organoaxial gastric volvulus secondary to a hiatal hernia. We describe the case of a 60-year-old man with morbid 
obesity admitted to the emergency room with severe epigastric pain, nausea, vomiting, and dyspnea. Contrast-enhanced 
thoracoabdominal MDCT showed a large type IV hiatal hernia with complete intrathoracic migration of the stomach and the 
adjacent mesentery. The gastroesophageal junction was posterior and inferior to the gastric fundus, corresponding to organo-
axial gastric torsion with no tomographic findings of ischemia or perforation. The intrathoracic hernia sac volume was measu-
red by manually outlining the hernia sac. The hiatal defect area measured 46 cm². The intrathoracic hernia sac volume was 
2075 cc. Immediate insertion of a nasogastric tube facilitated decompression, and the gastric volvulus resolved completely. A  
surgical procedure was subsequently performed to repair the hiatal hernia. This case report is for educational purposes to 
demonstrate the usefulness of contrast-enhanced MDTC with multiplanar reformations to quantify a hiatal defect area and 
intrathoracic hernia sac volume in an intrathoracic organoaxial gastric volvulus secondary to a type IV hiatal hernia. This quan-
titative approach provides diagnostic value beyond traditional subjective assessment.

Keywords: Hiatal hernia. Gastric volvulus. Multidetector computed tomography. Thoracic hernia. Case Report.

INTRODUCTION

An intrathoracic gastric volvulus is a rare entity asso-
ciated with a type IV paraesophageal hiatal hernia. The 
organoaxial form is the most common and occurs in 60% 
of cases of gastric volvulus. It is characterized by rotation 
of the stomach along its longitudinal axis, connecting the 
cardia to the pylorus. The stomach and other abdominal 

viscera migrate into the mediastinum, favoring gastric 
torsion1-4. Approximately 4% of hiatal hernias are com-
plicated by a gastric volvulus1,5,6. It is more common in 
adults in their fifth decade of life and is associated with 
large hiatal hernia. An association with gender or ethnic-
ity has not been proven1,7. Serious complications include 
ischemia, gastric necrosis, perforation, and sepsis, espe-
cially if not diagnosed and treated promptly1,4,7.
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Contrast-enhanced multidetector computed tomogra-
phy (MDCT) with multiplanar reformations is useful for 
diagnosing intrathoracic organoaxial gastric volvulus 
secondary to hiatal hernia, allowing the identification of 
the axis of rotation, the extent of intrathoracic displace-
ment, and indirect findings of complications such as 
ischemia or perforation6,8. In contrast to conventional 
methods, such as X-ray or fluoroscopy, computerized 
volumetric analysis and multidimensional visualization 
allow quantification of the hiatal defect area and intra-
thoracic hernia sac volume, which have been advo-
cated for measurement with tailored repairs based on 
defect size9-11. This case report demonstrates the quan-
tification of a hiatal defect area and intrathoracic hernia 
sac volume on contrast-enhanced MDCT in a 60-year-
old man with an intrathoracic organoaxial gastric vol-
vulus secondary to a hiatal hernia.

CLINICAL CASE DESCRIPTION

A 60-year-old man with morbid obesity, systemic arte-
rial hypertension, and T2 diabetes came to the emer-
gency room because of severe epigastric pain that had 
been developing over 36 hours, with nausea, persistent 
belching, non-bilious vomiting, bloating, dyspnea, and 
retrosternal pain with no history of abdominal surgery. 
Physical examination revealed a blood pressure of 
150/95 mmHg, a heart rate of 98 beats per minute, a 
respiratory rate of 20 breaths per minute, a body tem-
perature of 36.8°C, and an oxygen saturation of 96% 
on room air. Body weight was 130 kg, with a height of 
1.72 m, and a body mass index (BMI) of 44 kg/m². No 
pathological findings were found on lung auscultation. 
Abdominal examination revealed severe tenderness  
in the epigastric region, with no involuntary muscle 
guarding.

Image findings

A 1.5-mm contrast-enhanced thoracoabdominal 
MDCT was performed using a Somatom Sensation AS 
40™ (Siemens Healthineers, Erlangen, Germany) with 
oral positive and neutral contrast medium. Figure 1 
shows illustrations of the normal position of the stom-
ach and two anatomical types of gastric volvulus. 

Figure 2 shows a contrast-enhanced thoracoabdom-
inal MDCT examination of the patient with a large type 
IV hiatal hernia with complete intrathoracic migration of 
the stomach and the adjacent mesentery. The stomach 
is distended, and contents are mixed with air (blue 

arrowhead) and fluid. The gastroesophageal junction is 
posterior and inferior to the gastric fundus, which corres
ponds to organoaxial gastric torsion without tomo-
graphic findings of ischemia or perforation.

The intrathoracic hernia sac volume was measured by 
manually outlining the hernia sac on all axial images 
containing the hernia, which measured 18.7 cm in length, 
15.6 cm in width, and 13.6 cm in height (Figure 3). The 
hiatal defect area measured 46 cm². The volume was 
calculated with the classical ellipsoidal formula (V = π/6 
× L × W × H) based on orthogonal measurements. The 
intrathoracic hernia sac volume was 2075 cc.

Clinical outcome

Immediate insertion of a nasogastric tube allowed 
decompression and resulted in complete resolution of 
the gastric volvulus. At follow-up, a surgery was per-
formed to repair the hiatal hernia.

DISCUSSION

This case report demonstrates the usefulness of con-
trast-enhanced MDTC with multiplanar reformations to 
quantify a hiatal defect area and intrathoracic hernia 
sac volume in a case of intrathoracic organoaxial gas-
tric volvulus secondary to type IV hiatal hernia. MDCT 
with multiplanar reformation accurately identifies the 
point of torsion for early diagnosis and assesses gastric 
viability.

Contrast-enhanced MDCT examination is uniquely 
suited for visualizing the diaphragm and provides 
important information about the three-dimensional con-
tents of the hiatal hernia. These include crural dimen-
sions, the size of the hernia sac, the intrathoracic hernia 
sac volume, and the relationship with neighboring struc-
tures, as well as the presence of complications such as 
gastric volvulus9. Rengo et al.12 reported excellent over-
all reproducibility of hernia sac size measurement (ICC 
0.95; 95% CI 0.90 to 0.98) by MDCT, independently of 
the reader’s experience, with good-to-excellent intra- 
and interreader agreement. In our case, contrast- 
enhanced MDCT showed rotation of the stomach on its 
longitudinal axis and complete migration into the medi-
astinum, with no evidence of ischemia or perforation. 
Kao et al.9 evaluated 213 patients with a diagnosis of 
paraesophageal hernia who underwent preoperative 
contrast-enhanced MDCT with volumetric analysis soft-
ware (Aquarius iNtuition, TeraRecon, San Mateo, CA, 
USA) to quantify the hiatal defect area and intrathoracic 
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hernia sac volume. The mean hiatal defect area was 
25.7 cm², and the mean hernia sac volume was 365 cc. 
Elhage et al.13 reported higher values in a study of 201 
patients undergoing emergency surgery, with a mean 

hiatal defect area of 41.7 ± 19. cm² and a mean intra-
thoracic hernia sac volume of 805 ± 483.5 cc. The hiatal 
defect area of 46 cm² in our case was comparable  
to the values reported by Elhage et al.13; however,  

Figure 1. Illustrations of the normal position of the stomach and the two anatomical types of gastric volvulus. A: the normal anatomical position 
of the stomach in relation to the diaphragm shows the longitudinal axis extending from the gastroesophageal junction to the pylorus (dashed 
line) and the course of the gastric fundus forming the characteristic inversion of the greater and lesser curvatures (red curved arrows).  
B: in an organoaxial gastric volvulus, the stomach shows an abnormal rotation greater than 180° around its longitudinal axis (dashed line), 
resulting in complete inversion of the gastric anatomy. The fundus is inverted and displaced downwards, while the antrum is displaced up-
wards, causing inversion of the major and minor curvatures. C: the normal anatomical arrangement of the stomach in relation to the diaphragm, 
showing the transverse mesenteric axis connecting the lesser curvature to the greater curvature (dashed line), and the usual direction of 
the pylorus and gastric antrum when they are displaced anteriorly and upward. D: in a mesenteroaxial gastric volvulus, the stomach rotates 
around a transverse axis connecting the greater and lesser curvatures (dashed line). The antrum of the stomach shifts anteriorly and supe-
riorly, and positions itself over the fundus, which remains in a posterior and inferior position.
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the intrathoracic hernia sac volume of 2075 cc was very 
high. This finding may have been related to the patient´s 
high BMI and morbid obesity. On the other hand, we 
performed the measurements manually, which may 
result in lower precision compared to automated soft-
ware. In our case, MDCT examination with multiplanar 
reformations allowed non-invasive quantification of the 
hiatal defect area and intrathoracic hernia sac volume.

Patients with a larger hernia sac volume are more 
likely to require urgent surgery13. However, some patients 
with intrathoracic organoaxial gastric volvulus secondary 
to hiatal hernia do well with watchful waiting because 
those who undergo immediate repair have a higher risk 
of an adverse outcome13. Elhage et al.13 found that emer-
gency hiatal hernia repair is associated with increased 
morbidity and mortality. The author reported that patients 

Figure 2. Contrast-enhanced thoracoabdominal MDCT examination in a 60-year-old man with severe epigastric pain. Axial oblique views in the 
upper panel, A: thickening of the posterior wall of the mid-thoracic esophagus, up to 9 mm (red arrowhead). B: at the level of the ninth thoracic 
vertebra (green arrowhead), a hernia sac containing stomach and mesentery is shown (yellow arrowheads). C: depiction of the three diaphrag-
matic hiatuses: aortic hiatus (red arrowhead), inferior vena cava hiatus (blue arrowhead), and a clearly dilated esophageal hiatus (pink 
arrowhead). Oblique sagittal views in the middle panel, D: large hiatal hernia (dashed line) with marked enlargement of the esophageal hiatus 
(yellow arrowheads). E: complete intrathoracic herniation of the stomach (red arrowhead) and the adjacent mesentery (yellow arrowhead). 
The stomach is distended, and the contents are mixed with air (blue arrowhead) and fluid (green arrowhead). F: the gastroesophageal junction 
(red arrowhead) is posterior and inferior to the gastric fundus, which corresponds to gastric torsion (green arrowhead). A shortening of the 
esophagus (blue arrowhead) and a slight upward displacement of the heart and anterior mediastinal structures is seen (yellow arrowhead). 
Oblique coronal views in the lower panel, G: loss of the normal diaphragmatic contour in the posterosuperior region (yellow arrowheads).  
H: herniated mesenteric structures with fat (yellow arrowhead) and mesenteric vessels in the mediastinum (red arrowheads). I: inversion of normal 
gastric anatomy: the antrum is superior (red arrowhead) and the fundus inferior (blue arrowhead), indicating organoaxial gastric torsion.
MDCT: multidetector computed tomography.
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who underwent emergency surgery had a lower BMI 
(25.5 ± 5.5 kg/m2) than those who underwent elective 
surgery (29.4 ± 5.0 kg/m2, p < 0.001). In our patient, 
conservative treatment was sufficient to resolve the gas-
tric volvulus. The absence of clinical and imaging find-
ings indicating complications such as ischemia or 
perforation on contrast-enhanced MDCT allowed initial 
conservative management and subsequent surgical 
planning.

CONCLUSION

This case report demonstrates that contrast-enhanced 
MDCT with multiplanar reformations and three- 
dimensional volumetric analysis enables the quantifica-
tion of the esophageal hiatal defect area and hernia 
volume, as well as an anatomically detailed assessment 
of intrathoracic organoaxial gastric volvulus secondary 
to hiatal hernia. Not all patients with hiatal hernia undergo 

Figure 3. Contrast-enhanced thoracoabdominal MDCT examination in a 60-year-old man with severe epigastric pain. Upper panel, A: oblique 
sagittal view with an orange line indicating the oblique axial plane used to measure the anterior and posterior margins of the esophageal 
hiatus (red arrowhead) and a green line indicating the oblique sagittal plane. B: oblique coronal view with a blue line showing the oblique 
axial plane intersecting the lateral margins of the esophageal hiatus (red arrowhead) and a green line in the oblique coronal plane. C: dou-
ble-oblique axial showing the cross-sectional area of the esophageal hiatus of 46 cm² (red dashed line). Middle panel, D: axial view showing 
the maximum transverse diameter of the hernia sac (18.7 cm) (yellow line arrows). E: coronal view at the level of the maximum cranio-caudal 
diameter (15.6 cm) (yellow line arrows). F: sagittal MDCT showing the maximum anteroposterior diameter (13.6 cm) (yellow line arrows). The 
estimated intrathoracic hernia sac volume was 2,074 cc. 3D volume-rendered images in the lower panel, G: complete intrathoracic herniation 
of the stomach (white arrowhead) and adjacent mesentery (blue arrowheads). H: stomach rotated around its longitudinal axis between the 
cardia (blue arrowhead) and pylorus (yellow arrowhead) with reversal of the anatomy: The fundus is inferior (green arrowhead) and the 
antrum superior (white arrowhead). I: distended stomach with mixed air (blue arrowhead) and fluid content (white arrowhead).
MDCT: multidetector computed tomography; 3D: three-dimensional; cm: centimeters; cm²: square centimeters, cc: cubic centimeters.
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preoperative MDCT, and there is no consensus on 
whether this examination should be added to the routine 
work-up9. Further studies are needed to assess whether 
CT imaging should be used as a standard imaging 
examination in the evaluation of a particular subset of 
patients with hiatal hernia9.
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A 13-year-old girl presented with recurrent cognitive sei-
zures, paresthesias of the lower limbs, and fatigue. A 
non-contrast computed tomography (CT) scan of the 
head showed symmetrical hyperdense basal ganglia cal-
cifications, particularly in the globus pallidus (Figure 1). 
Brain magnetic resonance imaging (MRI) showed hyper-
intense signals on T1-weighted images corresponding to 

the calcified regions, with subtle high signal intensity on 
T2-weighted/FLAIR images and no susceptibility artifacts 
on T2-weighted gradient-echo sequences (Figure 2). La-
boratory results were hypocalcemia (6.9 mg/dL, normal 
range 8.8-10.8 mg/dL) and an abnormally low parathyroid 
hormone level (4.2 pg/mL, normal range 10-65 pg/mL). 
The diagnosis was primary hypoparathyroidism.

Figure 1. Non-contrast head CT of a 13-year-old girl with primary hypoparathyroidism. A: axial and B: coronal view show coarse symmetrical 
calcifications in the basal ganglia with an average attenuation of 79 HU.
CT: computed tomography; HU: Hounsfield units.

A B

https://orcid.org/0009-0004-5564-1881
https://orcid.org/0000-0002-8532-7736
mailto:jorge_montero08@hotmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.JMeXFRI.com
https://crossmark.crossref.org/dialog/?doi=10.24875/JMEXFRI.25000005&domain=pdf
http://dx.doi.org/10.24875/JMEXFRI.25000005


J Mex Fed Radiol Imaging. 2025;4(3):211-213

212

T2 and T2*-weighted images of calcifications are 
uncommon in pediatric patients. They appear hypointense 
on T2 or gradient-echo sequences and are considered 
abnormal, often suggesting syndromic or metabolic  
disorders1. Basal ganglia calcifications are often idio-
pathic but can also be associated with conditions such 

as hypoparathyroidism2. Brain MRI is sensitive to the 
magnetic susceptibility effects of calcified tissue. Typical 
MRI calcified tissue is hypointense on T1-T2 weighted 
and gradient-echo sequences. However, microcalcifica-
tions shorten the T1 relaxation time of surrounding water 
molecules due to their greater dispersion, resulting in T1 

Figure 2. Brain MRI of a 13-year-old girl with primary hypoparathyroidism. A: axial T1-weighted image shows bilateral, symmetrical hyperin-
tensity in the globus pallidus (white arrows). B: axial T2-weighted image shows subtle hyperintensity in the medial aspect of the bilateral 
putamen, corresponding to the calcifications visible on non-contrast CT (white arrows). C: axial T2-FLAIR image shows mild hyperintensity 
in the medial aspect of the bilateral putamen (white arrows). D: absence of hypointensity in the basal ganglia, which is more visible on T2* 
(white arrows). No magnetic susceptibility artifacts are visible.
CT: computed tomography; FLAIR: fluid-attenuated inversion recovery; MRI: magnetic resonance imaging.
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hyperintensity without producing susceptibility artifacts 
on T2 sequences3. Symmetry and localization in the 
globus pallidus are characteristic findings. A novel find-
ing in this case is the absence of susceptibility artifacts 
in gradient-echo imaging and the absence of hypointen-
sity in T2-weighted images.

Acknowledgements

The authors thank Professor Ana M. Contreras-Navarro 
for her guidance in preparing and writing this scientific 
paper.

Funding 

This paper received no external funding. 

Conflicts of interest 

The authors declare that they have no conflicts of 
interest. 

Ethical considerations

Protection of humans and animals. The authors 
declare that the procedures followed complied with the 
ethical standards of the responsible human experi
mentation committee and adhered to the World Medical 
Association and the Declaration of Helsinki. 

Confidentiality, informed consent, and ethical 
approval. The authors declare they followed their cen-
ter’s protocol for sharing patient data.

Declaration on the use of artificial intelligence. 
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.

REFERENCES
	 1.	 Zavatta G, Clarke BL. Basal ganglia calcification in hypoparathyroidism 

and pseudohypoparathyroidism: local and systemic metabolic mechanis-
ms. J Endocrinol Invest.  2021;44(2):245-253. doi:10.1007/s40618-020-
01355-w.

	 2.	 Livingston JH, Stivaros S, Warren D, Crow YJ. Intracranial calcification 
in childhood: a review of etiologies and recognizable phenotypes. Dev 
Med Child Neurol. 2014;56(7):612-626. doi:10.1111/dmcn.12359.

	 3.	 Auffray-Calvier E, Lintia-Gaultier A, Bourcier R, Aguilar Garcia J.  
Calcifications des noyaux gris centraux [Basal ganglia calcification]. Rev 
Med Interne. 2020;41(6):404-412. doi:10.1016/j.revmed.2020.02.016.












	01_JMXFRI_M107_25_AI_Ornelas_ED_UK.pdf
	_Hlk203142811
	_GoBack

	02_JMEXFRI_M110_25_Endometriosis_Olarte_IDR_UK.pdf
	_Hlk204592856
	_Hlk204592921
	_Hlk206325187
	_Hlk204594027
	_Hlk206331951

	03_JMEXFRI_M113_25_TIPS-Mortality_Hinostroza_FRA_UK.pdf
	_Hlk207987446
	_Hlk208291507
	_Hlk207912331
	_Hlk208293429
	_Hlk207987348
	_Hlk206148725
	_Hlk206150589
	_Hlk208166015
	_Hlk208162590
	_Hlk206750365
	_Hlk207363079
	_Hlk206150814

	04_JMEXFRI_M109_25_Thalamic_Torres_FRA_UK.pdf
	_Hlk204163485
	_Hlk203751338
	_Hlk204685627
	_Hlk204165776
	_Hlk204167064
	_Hlk204154171
	_Hlk201918007
	_TOC_250000
	_Hlk203223167

	05_JMEXFRI_M112_25_Lymphadenopathy_Sandoval_FRA_UK.pdf
	_Hlk207615011
	_Hlk207614970
	_Hlk202178988
	_Hlk202178724
	_Hlk207561225
	_Hlk202178680
	_Hlk161844934
	_Hlk207624259
	_Hlk203989679
	_Hlk207389235

	06_JMEXFRI_M111_25_Vascular_Alanis_FRA_UK.pdf
	_Hlk204625846
	_Hlk204755256
	_Hlk204689030
	_Hlk205293929
	_Hlk198710431
	_Hlk205626118
	_Hlk205289978
	_Hlk204609920
	_Hlk161844934
	_Hlk108450215
	OLE_LINK2
	_Hlk205987376
	_Hlk204754684

	07_JMXFRI_M108_25_Diagnostic_Gonzalez_BRA_UK.pdf
	_Hlk185254869
	_Hlk189674924
	_Hlk203042185
	_Hlk203042165

	08_JMEXFRI_016_25_MDCT_Avila_CR_UK.pdf
	_Hlk206793540
	_Hlk207184681
	_Hlk207035769
	_Hlk207041155
	_Hlk207034785
	_Hlk207220229
	_Hlk207638808
	_Hlk207037220
	_Hlk207037333
	_Hlk207103812
	_Hlk207222581

	09_JMEXFRI_005_25_Basal_Montero_IR_UK.pdf
	_Hlk203320811




