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EDITORIAL

Shaping global imaging and health policy: the importance of the
International Society of Radiology

Bibb Allen

Department of Radiology, Grandview Medical Center, Birmingham, AL, USA; President, International Society of Radiology

The International Society of Radiology (ISR) is a
century-old global leader in medical imaging. We are
a federation of more than 70 national, continental, and
regional radiology societies united by a common
mission — to improve global health through greater
access to safe, high-quality medical imaging and to
promote radiological education, quality, and safety
worldwide. Our federated structure enables radiology
to speak with a unified voice on global issues affecting
both our profession and the patients and communities
we serve. For over 50 years, the ISR has been a
Non-State Actor in official relations with the World
Health Organization (WHO) and a trusted partner of
the International Atomic Energy Agency (IAEA). These
relationships allow us to bring diverse perspectives
from around the world into health policy discussions,
advocate for equitable access to imaging, and ensure
that radiology expertise informs international stan-
dards and regulations. While other radiological socie-
ties engage in international outreach and collaborate
with organizations such as the IAEA, the ISR is unique
in having as its primary mission the improvement of
health in low- and middle-income countries. This focus
guides our collaborations, advocacy, and educational
programs, ensuring our efforts are directed where they
can have the greatest impact.

The value of collaboration with WHO and IAEA: since
becoming a WHO Non-State Actor in 1969, the ISR has
worked to integrate medical imaging into global health
strategies. Our decades-long collaboration with the
IAEA, formalized through Practical Arrangements, has
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advanced workforce training, radiation protection, and
safe imaging practices. One milestone was the 2012
International Conference on Radiation Protection in
Medicine, co-sponsored by WHO and IAEA, which pro-
duced the Bonn Call for Action — a roadmap of ten
priorities to improve radiation protection for patients
and healthcare workers. The ISR continues to align its
quality and safety work with these principles, particu-
larly in low-resource settings. In the Caribbean, the ISR
partnered with the IAEA to deliver hands-on breast
imaging and biopsy training in St. Vincent and the
Grenadines and St. Lucia, strengthening diagnostic
capacity and establishing a model for other under-
served regions. These efforts underscore the ISR’s
unique position as radiology’s unified voice in discus-
sions with WHO, IAEA, health ministries, and other
professional societies.

Imaging, NCDs, and a global ethical imperative: non-
communicable diseases (NCDs) such as cancer, stroke,
and heart disease are now the leading causes of pre-
mature death worldwide, with the highest burden in
low- and middle-income countries (LMICs). Early, accu-
rate diagnosis, which is central to improving NCD out-
comes, is impossible without the medical imaging
capacity for timely diagnosis. Yet two-thirds of the
world’s population lack access to the medical imaging
necessary for early diagnosis. This is not only a med-
ical crisis but also an ethical imperative. Without imag-
ing, early cancer detection, timely stroke intervention,
and effective heart disease management cannot be
delivered at scale. Closing this accessibility gap is
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essential to reducing preventable deaths and address-
ing global health inequities.

Landmark Resolution at the 78th World Health
Assembly: in May 2025, the 78th World Health Assembly
(WHA) adopted the first-ever resolution focused solely
on strengthening medical imaging capacity (WHA78.13,
expanding on a 2023 WHA resolution on strengthening
diagnostics capacity (WHA76.5)"2. While Non-State
Actors cannot introduce resolutions, the ISR, along with
the Lancet Commission on Medical Imaging and
Nuclear Medicine and the World Federation of Nuclear
Medicine and Biology, strongly supported the measure
introduced by the Republic of Cameroon as the primary
sponsor, with Brazil and other Member States as
co-sponsors. ISR’s role included refining resolution lan-
guage, recruiting support, and briefing WHA delegates
in person in Geneva and through several online edu-
cational sessions. Brazil’s co-sponsorship ensured that
Latin America’s priorities were represented in the devel-
opment of the resolution. WHA78.13 recognizes that
strengthening imaging is essential to reducing NCD
mortality and other health burdens, and calls on
Member States to:

— Make medical imaging available at the point of
care, supported by transport, electricity, and inter-
net infrastructure.

— Address financial, workforce, and policy barriers,
especially in rural and underserved areas.

— Promote safe, high-quality imaging as part of inte-
grated health systems.

The resolution’s adoption validates decades of ISR
advocacy and sets a clear mandate for action.

From resolution to lasting change: for the ISR, pass-
ing a WHA resolution is just the starting point for
increasing access to medical imaging. However, lasting
impact depends on its implementation. The ISR’s
approach is to link each priority area in the resolution
to existing ISR-led programs, networks, and expertise
to ensure rapid and sustainable progress:

— Workforce development — Expanding the capacity
of radiologists, radiographers, and medical phys-
icists through targeted on-site and virtual training.
The ISR’s Education Committee coordinates with
regional societies to deliver webinars, short
courses, and workshops tailored to local needs.
Partnerships with the IAEA and WHO enable fac-
ulty exchange and curriculum development, while
the ISR’s online learning platform provides
free access to educational materials worldwide.
These programs emphasize not only clinical skills
but also the development of sustainable training

capacity within countries, enabling local leaders
to continue education and mentoring long after
the initial program ends.

Quality and safety — Advancing best practices
through the ISR Quality and Safety Alliance,
which connects global campaigns and regional
initiatives. By working with member-led programs
such as Image Gently, EuroSafe Imaging,
AFROSAFE, and LatinSafe, ISR helps standard-
ize protocols, disseminate safety guidelines, and
promote a culture of radiation protection in set-
tings where awareness and resources are
limited.

Technology and innovation — Leveraging collabo-
rations with artificial intelligence (Al) and data
science experts, including the Medical Imaging
Computing and Computer Assisted Intervention
Society (MICCAI) initiative AFRICAI, the ISR
helps create imaging tools adapted for LMIC real-
ities. The AFRICAI pilot project on Al-assisted
obstetric ultrasound in Africa demonstrated how
local data scientists can adapt existing Al tools
for resource-challenged settings and extend
expertise to areas without subspecialists.
Expansion to Southeast Asia and Latin America
is planned, using open-access frameworks to
minimize costs and enable local adaptation.
Guideline adaptation — Partnering with WHO,
IAEA, and disease-specific organizations to adapt
imaging and screening guidelines for resource-
limited settings. The ISR facilitates expert panels
to ensure recommendations are evidence-based
and practical, accounting for available equipment,
workforce skills, and epidemiologic priorities in
each region.

Equipment solutions — Advising governments,
NGOs, and donors on imaging technologies
suited to infrastructure realities, including trans-
port, installation, power supply, maintenance, and
cost considerations. ISR’s collaborations with
industry partners and engineering groups help
identify durable, cost-effective equipment that can
function in challenging environments.

— Advocacy and policy engagement — Maintaining

a strong ISR presence in WHO, IAEA, and other
global policy forums. By contributing to the WHO
Global Diagnostics Coalition® and the WHO
Strategic and Technical Advisory Group on
Medical Devices (STAG MeDev)*, the ISR ensures
imaging remains a central component of national
and global diagnostic strategies.



Through these aligned efforts, the ISR can help WHO
Member States in underserved areas translate the
WHA resolution from policy into tangible improvements
in access and quality.

The ISR Centennial, the ISR Béclere-Fuchs
Foundation and a Leadership Opportunity for Latin
America: Brazil’s leadership as a WHA78.13 resolution
co-sponsor creates momentum for the Americas. At the
International Congress of Radiology (ICR) 2026 in
Cartagena, Colombia, Brazil will present its national
implementation strategy, providing a regional platform
for collaboration among health officials, professional
societies, and global partners. These discussions can
guide other nations in scaling up imaging capacity and
may serve as a blueprint for collective regional action.
As the ISR marks its Centennial, we celebrate a century
of progress while looking to the future. The new ISR
Béclere-Fuchs Foundation supports mission-aligned
projects, including expanding imaging access and
training in underserved regions. Resources at isradiol-
ogy.org highlight our history, partnerships, and current
initiatives, and invite engagement and support for the
Foundation from industry, professional societies, insti-
tutions, individuals, and other foundations.

In conclusion, the ISR brings together the global
radiology community to ensure its expertise informs
health policy at the highest levels. The WHA78.13 res-
olution offers a timely opportunity to translate the ISR’s
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mission into measurable action. For Latin America and
the Caribbean, this is a moment to lead. By building on
Brazil's co-sponsorship, strategies developed at the
ICR 2026 in Cartagena, and the strength of regional
professional societies, radiologists can help ensure that
access to life-saving medical imaging is determined by
need, rather than geography.
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IN-DEPTH REVIEW

State of the art: imaging of solid renal lesions

and Harriet C. Thoeny'?

ABSTRACT

Renal lesions are frequently and increasingly detected as incidentalomas on different imaging techniques of the abdomen
in various clinical contexts and concerning all age groups of patients. In this context, the radiologist’s expertise plays a key
role in accurately characterizing renal lesions leading to the optimal patient management, in order to efficiently treat malignant
lesions while avoiding unnecessary interventions for benign lesions or in patients with underlying comorbidities limiting radical
treatment. Cystic lesions are characterized by the Bosniak classification system and are out of the scope of this review. Solid
renal lesions exhibit various morphological and functional imaging features that facilitate their characterization and contribute
to the differentiation between benign and malignant entities. The aim of this review is to provide radiologists with a guide for
accurate and up-to-date interpretation of solid renal lesions, leading to the most probable diagnosis and optimal management.
This review begins with an overview of imaging modalities for renal lesions, followed by an analysis of key imaging features
relevant to renal lesion characterization. Additionally, we present a literature-based analysis of the principal findings of relevant
solid renal lesions. Finally, we propose a diagnostic algorithm to guide the radiologist’s interpretation.

Keywords: Kidney neoplasm. Renal cell carcinoma. Diagnostic ultrasound. Tomodensitometry. Magnetic resonance imaging.
Dynamic contrast enhancement.

INTRODUCTION

Renal lesions are frequently and increasingly detected
as incidental findings on various imaging techniques of
the upper abdomen in different clinical contexts and
concerning all age groups of patients'. In the literature,
reported rates of incidental renal findings range from

represents a common concern in daily practice. In
order to set the appropriate management — whether
further imaging, biopsy, surveillance, ablation, surgery,
or radiotherapy — it is crucial to characterize and dif-
ferentiate between benign and malignant lesions as
well as between specific diagnoses and RCC subtypes.
Cystic lesions can be characterized using the Bosniak

4% to 37%. These renal incidentalomas are predomi-
nantly of low clinical relevance, with simple cysts being
the most commonly detected renal lesions. However,
the vast majority of solid renal masses correspond to
renal cell carcinoma (RCC). At least 60% of RCCs are
detected incidentally’2.

Therefore, the radiologist’s expertise in evaluating
these renal lesions is of utmost importance?, and
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classification system3. Solid renal lesions are malignant
in most cases, especially those larger than 4 cm; these
are mainly RCCs, representing 2% of adult cancers?.
The most common benign solid lesions are angiomyo-
lipomas followed by oncocytomas®. Recognizing the
features of typical benign renal lesions or slowly grow-
ing malignant lesions is noteworthy to be recognized in
order to initiate or postpone active treatment and to
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avoid unnecessary surgical procedures and their poten-
tial side effects. Additionally, features of malignancy
should be identified and characterized to ensure opti-
mal treatment selection.

The aim of this review is to provide a guide that will
allow the radiologist to perform accurate and up-to-date
interpretation of solid renal lesions, and to propose the
most probable diagnosis, leading to the optimal man-
agement option. This review begins with an overview
of imaging modalities and protocols for renal lesions,
followed by a detailed analysis of the key imaging fea-
tures relevant to renal lesion assessment. We then
present a literature-based analysis of the principal
characteristics of relevant solid renal lesions. Finally,
we propose a diagnostic algorithm to guide the radiol-
ogist’s interpretation.

IMAGING TECHNIQUE AND PROTOCOL

Incidental renal lesions are most often detected on
computed tomography (CT) scans, usually with a single
portal venous phase performed for unrelated indications
such as oncologic staging, trauma assessment, or
evaluation of inflammatory or infectious conditions, as
well as on ultrasound or magnetic resonance imaging
(MRI) for example in the context of liver cirrhosis. While
some incidental renal lesions can be easily diagnosed,
many require further assessment with a dedicated
imaging technique: contrast-enhanced CT, spectral CT,
kidney-specific MRI protocol or contrast-enhanced
ultrasound (CEUS)2. To assess the enhancement
pattern, a multiphasic imaging should be performed,
including non-contrast, early arterial phase, and
parenchymal phase with intravenous contrast material?.
The multiparametric MRI protocol for evaluating
renal lesions at our institution includes T2-weighted
images (T2-WI), chemical shift imaging (in-phase and
opposed-phase), T1-weighted images (T1-WI), fat-
saturated T1-WI pre- and post-contrast, diffusion-
weightedimaging (DWI) and dynamic contrast-enhanced
(DCE) sequences. Image subtraction is extremely
important to assess and highlight enhancement areas
especially in T1 hyperintense lesions. In cases of
small renal lesions, contraindications to contrast media,
or impaired renal function, MRI is preferred followed
by CEUS?.

On ultrasound, incidental renal lesions can be classi-
fied as cystic or solid, and their morphological features
can be assessed (echogenicity, size, location, local and
vascular extension). CEUS offers the advantage of eval-
uating the lesion’s enhancement pattern compared to
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adjacent renal parenchyma, as well as the presence or
absence of a pseudo-capsule defined as rim enhance-
ment. Although CEUS is useful, especially in patients
with renal impairment, it is limited by availability, user
dependence and less robust supporting data*. Furrer
et al.? in their meta-analysis, showed that CEUS per-
forms similarly to contrast-enhanced CT and MRI in
distinguishing benign from malignant cystic and solid
renal lesions, although the data analysis had limitations
(data heterogeneity, a small number of MRI studies, and
high risk of confounding factors). Nonetheless, in
another systematic review assessing the performance
of these imaging techniques performance for diagnos-
ing and staging RCC, CEUS showed satisfactory sen-
sitivity but mediocre specificity®. Contrast-enhanced CT
and MRI remain the standard imaging modalities®.

APPROACH FOR IMAGING ASSESSMENT

Upon detection of a renal lesion, comprehensive
characterization of key imaging features should be
performed.

Mass type

The first step is to differentiate between cystic and
solid lesions. If the lesion is cystic, diagnosis and man-
agement are based on the Bosniak classification sys-
tem?, which is out of the scope of this review article. A
solid lesion is defined by the presence of more than
25% of a tissue component enhancing after contrast
medium administration on CT or MRI37.

Shape and margins

A solid lesion can be massforming or expansile, with
well-defined margin that deforms the renal contour. On
the other hand, it can be infiltrative, with ill-defined
margins that preserve the kidney’s bean shape and
contour. These lesions are more challenging to identify,
especially on non-contrast CT.

Capsular location — endophytic/exophytic

An exophytic renal mass with an angular interface
with the renal cortex on coronal T2-WI is highly predic-
tive of being benign, especially if the lesion measures
2 cm or larger with a reported sensitivity of 78% and
specificity of 100%2.
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Location

A lesion may be centrally or peripherally located,
depending on its origin.

Size

The lesion should be measured in three orthogonal
dimensions. The risk of malignancy increases with
lesion size. The probability of benignity is approxi-
mately 40% for lesions less than 1 cm, 20% for lesions
measuring 1-4 cm, and decreases to 10% for lesions
greater than 4 cm?®. Because small lesions (< 1 cm)
are almost impossible to characterize, follow-up is usu-
ally suggested, and immediate intervention is not
recommended®.

Growth rate

If previous radiological exams are available, compar-
ative assessment can help differentiate benign from
malignant solid lesions. Obvious and rapid growth may
indicate malignancy. A stable lesion over time does not
exclude malignancy; morphological and functional
parameters must be considered in the radiological inter-
pretation. However, a renal lesion with an average
growth rate of less than 3 mm/year during at least 5
years of follow-up, without changes in other imaging
features, can be considered stable and is most likely of
no clinical significance®. Additionally, some MRI features
have been reported to predict the growth rate of solid
renal lesions such as lesion homogeneity on T2-WI and
post-contrast images and T2 hypointensity, which may
be associated with slowly growing renal lesions'’.

Presence of calcifications, necrosis, or
hemorrhage

Extension-Invasiveness

The extension to the collection system, perirenal fat
and fascia, adjacent organs, as well as the assessment
of venous thrombosis should be analyzed. In fact,
determining collecting duct invasion is crucial for local
staging of RCC?.

MRI signal intensity on T1-WI and
especially on T2-WI
Macroscopic fat

Defined as density of less than — 20 Hounsfield units
(HU) on non-contrast CT, high signal on T1- and T2-WI,
loss of signal on fat-saturated sequences and “India

ink” artifact at fat-water interfaces on opposed-phase
chemical shift sequences. The presence of these fea-
tures should immediately suggest angiomyolipoma
(AML).

MRI detection of intracellular lipid

Intracellular lipid represents the intravoxel coexistence
of small amounts of fat and water, resulting in a signal
intensity drop on opposed-phase images compared with
in-phase images. This feature can help distinguish renal
lesions, as it may be present in lipid-poor AML, which
lacks bulk fat, as well as in RCCs, namely clear cell
RCC. Some studies have investigated the chemical shift
signal intensity index of these renal lesions, but no
established threshold has been determined yet'13,

Contrast-enhancement CT

On CT, enhancement is defined as an increase in
density of at least 20 HU between pre- and post-
contrast acquisitions. A change of 10-20 HU is consid-
ered equivocal. On MRI, enhancement is defined as
an increase of 15% in signal intensity after contrast
medium administration®. Image subtraction is essential
for detecting enhancement in equivocal cases.

To improve the radiological characterization and diag-
nosis of renal lesions, some studies have assessed
enhancement patterns using multiphasic contrast
enhanced CT or MRI, by measuring the difference in
signal intensity between pre-contrast and each post-
contrast phase''®. For example, clear cell RCCs typi-
cally show strong enhancement in the corticomedullary
and nephrographic phases, followed by a plateau in the
excretory phase™'. In contrast, papillary RCCs show
little enhancement in the corticomedullary and nephro-
graphic phases, with a plateau in the excretory phase'.
Moreover, chromophobe RCC shows an enhancement
pattern intermediate between the previously mentioned
RCCs™.

Diffusion-weighted imaging (DWI)

The diagnostic performance of various DWI parame-
ters, namely the apparent diffusion coefficient (ADC)
value, has been investigated in several studies's-?2,
Although it has been reported that the ADC, a quanti-
tative DWI parameter, is not useful for differentiating
benign from malignant lesions??, it can help character-
ize renal lesions, especially when combined with other
sequences and morphological imaging features™. In
fact, diffusion restriction and low ADC values may be



observed in both malignant and benign lesions, such
as RCCs, AMLs, and abscesses. In a recent meta-
analysis, Tordjman et al.'® demonstrated that clear cell
RCCs exhibit higher ADC values than other RCC sub-
types (papillary RCCs, and chromophobe RCCs), and
lipid-poor AML, but lower ADC values than oncocyto-
mas. Another key finding of this study was that mea-
suring the ADC in selected regions was more reliable
and accurate than using the whole lesion ADC™. In
fact, necrotic, cystic, and hemorrhagic tumor compo-
nents may mask true ADC values and changes related
to tumor tissue cellularity. In the same study'®, the
pooled sensitivity and specificity for distinguishing clear
cell RCC from other tumors were satisfactory, but mod-
erate (80% and 78%, respectively).

DWI may be better suited as a complementary tool to
morphological features and enhancement patterns rather
than as a primary method for RCC subtype characteri-
zation, Furthermore, there are no absolute ADC values
that allow differentiation between benign and malignant
renal lesions or characterization of each histologic type.

Spectral CT

Dual-energy CT (DECT), based on image acquisition
at two different energy levels, has been increasingly
used and investigated in the context of renal lesion
assessment®. Compared to standard CT, spectral CT
offers improved tissue characterization by distinguish-
ing different components, as each material has its own
spectral response for each energy band. Additionally,
it offers several post-processing algorithms that gener-
ate various images: virtual unenhanced images (VUE)
through iodine subtraction, iodine maps showing areas
of iodine uptake, monoenergetic images, and optimum
contrast images that improve image quality. Additionally,
it allows for better correction of iodine-induced beam
hardening artifacts, reducing the pseudo-enhancement
effect?s.

Unenhanced images play a crucial role in detecting
hemorrhage and calcifications, classifying cystic renal
lesions, and represent a reference for evaluating
contrast-enhanced acquisitions®®2%. VUE images, by
potentially replacing true unenhanced CT (TUE)
images, may reduce the need for additional investiga-
tions, radiation dose, healthcare costs, and acquisition
time, supporting sustainable radiology principles.
Several studies have shown that VUE and TUE are
comparable in assessing renal enhancement, with no
significant difference in renal lesion attenuation?”-2°,
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However, some studies have reported variability in
attenuation measurements of renal lesions between
VUE and TUE imaging®’-34. For example, Cao et al.??
demonstrated a significant difference in attenuation
measurements and concluded that VUE images under-
estimated the attenuation of simple and spontaneous
hyperdense renal cysts. Discrepancies in attenuation
values between different DECT scanner types have
been reported, particularly during follow-up3. Therefore,
the use of VUE reconstructions in clinical setting
remains controversial and cannot yet confidently replace
TUE images, yet. Further research is needed to under-
stand the impact of post-processing algorithms and
noise reduction techniques on attenuation values?.
Additionally, quantification of iodine concentration
within renal lesions, expressed in mg/mL, is a promis-
ing tool for characterizing renal lesions, especially
those with equivocal enhancement and spontaneous
density between 20 and 70 HU?536. Several studies
have shown that iodine quantification can distinguish
between enhancing and non-enhancing lesions,
although a concentration threshold has not yet been
defined3%37-39, Furthermore, iodine maps have been
shown to help discriminate between RCC subtypes,
which have different blood supply and vascularity*%4!,

TYPES OF SOLID RENAL LESIONS

Renal tumors include a wide range of histopatholog-
ical types, as defined in the 5™ edition of the World
Health Organization (WHO)* classification of urogenital
tumors, published in 2022. In addition to morphology-
based classification, this updated edition incorporates
several newly defined entities based on molecular
features, marking a shift toward molecular-based cate-
gorization®2. In this review article, we summarize the
key imaging characteristics of the main radiologically
described types of renal lesions.

BENIGN RENAL LESIONS
Angiomyolipoma (AML)

These are the most common benign solid renal
lesions, composed of varying amounts of fat, smooth
muscle, and blood vessels. Most cases are sporadic
(80%), but they can be associated with syndromes such
as tuberous sclerosis and lymphangioleiomyomatosis.
Based on fat content, subtypes include classic AML
(95%), lipid-poor AML (5%), and epithelioid AML43:44,
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Figure 1. MRI of a 71-year-old woman with a left renal AML A: a typical appearance, characterized by a signal similar to fat, hyperintense on
T2-WI (arrow). B: signal drop on T2 fat-saturated sequence (arrow). C: hyperintense on T1-WI (arrow). D: no signal drop on T1 opposed-phase
image (arrow). E: hypointense on T1 fat-saturated non-contrast sequence (arrow). F: arterial phase, G: venous phase, and H: late phase T1
post-contrast images show heterogeneous enhancement, corresponding to the vascular component (arrows).

MRI: magnetic resonance imaging; AML: angiomyolipoma; T2-WI: T2-weighted image; T1-WI: T1-weighted image.



Classic AML

It is heterogeneous and exhibits the hallmark feature
of abundant macroscopic fat, making it easy to diag-
nose on cross-sectional imaging. It shows low density
on non-contrast CT (< 10 HU), high signal on T1- and
T2-WI, loss of signal on fat-saturated sequences, and
an “India ink” artifact at fat-water interfaces within the
AML and at its border with adjacent renal tissue on
opposed-phase chemical shift sequences. The non-
fat-containing component enhances homogeneously,
and the muscle component is T2 hypointense (Figure 1).
On ultrasound, classic AMLs typically appear hypere-
choic, with a hypo- or anechoic rim; aneurysms and
bridging vessels may also be identified*S.

One serious complication of AMLs to consider is
eventual hemorrhage due to intra-tumoral microaneu-
rysm rupture, particularly when AMLs are larger than
4 cm*. However, the association between AML size
and hemorrhage risk remains unclear?. In rare cases,
AMLs can be exophytic and challenging to differentiate
from perinephric liposarcomas. Some features are dis-
criminating and suggestive of AMLs, such as a renal
parenchymal defect (claw sign), other intrarenal fatty
lesions, encapsulated margins, and intra-tumoral
enlarged vessels with aneurysms*647. In contrast, lipo-
sarcomas are frequently associated with anterior dis-
placement of the ipsilateral kidney without parenchymal
defect, intramural calcification, and non—fat-attenuat-
ing enhancing intra-tumoral nodules*é.

Lipid-poor AML

It is usually homogeneous and tend to be small, with
an average diameter of 3 cm*. They are typically
isoechoic on ultrasound, iso- or hyperdense on non-con-
trast CT, and hypointense on T1- and T2-WI due to their
tissue content composed of smooth muscle*4. Typically,
no signal drop is observed on fat-saturated or opposed-
phase images. However, chemical shift suppression can
be present in some cases, particularly in iso-attenuating
lipid-poor AMLs with some diffuse fat cells among their
vascular and fibrous components*44%50, Unlike classic
AMLs, lipid-poor AMLs can be challenging to diagnose,
as their features overlap with those of RCCs, especially
papillary RCCs. Although their enhancement pattern is
variable, they are usually characterized by early intense
enhancement followed by washout, unlike papillary
RCCs, which are hypovascular and exhibit progressive
enhancement*®50, Additionally, a meta-analysis by
Wilson et al.5" reported that MRI has satisfactory
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accuracy in detecting lipid-poor AMLs despite variability
in MRI sequences and parameters.

Epithelioid AML

It is an extremely rare variant of lipid-poor AML, cor-
responding to a potentially malignant mesenchymal
tumor that may behave aggressively, with vascular,
local, and even regional extension, for which surgical
resection is recommended. These tumors are difficult
to distinguish from benign AMLs due to the lack of char-
acteristic imaging features. However, in a study by Di
Wang et al.52 it has been reported that epithelioid AMLs
tend to be larger, are more heterogeneously hyper-
dense on non-contrast CT, and show a faster and stron-
ger enhancement pattern than other lipid-poor AMLs.

Oncocytoma

Oncocytomas are considered benign tumors that rep-
resent 3-7% of solid renal masses®®. Their imaging
features are nonspecific and may overlap with those of
RCCs. They are typically well-defined with sharp, reg-
ular contours (Figure 2). They usually appear as iso-
dense lesions on non-contrast CT, hypointense on
T1-WI and hyperintense on T2-WI53%4 Homogeneous
late enhancement with a central scar is seen in about
50%-60% of cases and is suggestive of oncocytoma,
but not diagnostic*®%®. Scars are difficult to distinguish
from necrosis or cystic changes seen in renal can-
cers53%. Another possible distinguishing feature is
the segmental enhancement inversion sign, which
describes a “flip-flop” of enhancement between the
tumor and central scar on early and late phases after
contrast agent administration®®%7, However, this sign is
not specific and can also be seen in RCCs5%,
Furthermore, the role of DWI in differentiating oncocy-
toma from RCC has been studied, but without robust
results. Some studies have found that oncocytomas
have significantly higher ADC values compared with
RCCs'820.22.2459 while Hotker et al.'® reported similar
ADC values for both tumor types. These findings may
be explained by the variability in oncocytoma cellular-
ity® or by the measurement of heterogeneous lesions.

Renal papillary adenoma

Renal papillary adenoma is a rare benign lesion, and
the most common renal epithelial neoplasm®. It has
been reported in 7% of renal resections performed for
other lesions, mainly RCC®°, with an incidence of 19%
in an autopsy study®'. Papillary adenomas are usually
found in patients with chronic renal damage such as
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Figure 2. CT of an 84-year-old man with a left kidney oncocytoma. A: arterial phase, and B: portal phase show a well-defined expansile lesion

with strong and homogeneous late enhancement (arrows).
CT: computed tomography.

renal cystic disease or in patients with prolonged dialy-
sis®162, They are typically small (< 15 mm) and lack spe-
cific imaging features*?62, However, they often appear
with a mildly hypointense T2 signal, an isointense T1
signal, and poor enhancement®. They are difficult to
differentiate from other renal tumors, especially papillary
RCC®283, Papillary adenomas can be solitary or multiple
in cases of renal adenomatosis®. It is postulated that it
might be precursor lesion to papillary RCCE.

Metanephric adenoma

Metanephric adenoma is a rare renal neoplasm, that
has been reported at any age, with peak prevalence in
the fifth decade, and a female predominance. It typically
appears as a well-circumscribed, unilateral, expansile,
unencapsulated, and centrally located lesion originating
from the medulla. It usually appears hyperdense on
non-contrast CT, iso- to hypointense on T1-WI, and iso-
to slightly hyperintense on T2-WI. It can be homoge-
neous or heterogeneous containing hemorrhage,
necrosis and calcifications (20%). It is a hypovascular
tumor characterized by a progressive, mild and pro-
longed enhancement. Some cases of metanephric ade-
noma have been described to contain foci of papillary
or clear cell RCC at postoperative histopathology®4.

Juxtaglomerular cell tumor (reninoma)

Reninoma is a rare functional renin-producing tumor
arising from afferent arteriolar juxtaglomerular cells,

leading to hyperaldosteronism*>85. In the literature,
fewer than 200 cases have been described since its
discovery, and its prevalence is not well known®S.
Reninoma is usually seen in young adults (second and
third decades), with a female predominance®%¢,
It appears as well-defined cortical mass, with variable
radiological features. Nonetheless, it is usually hypo-
echoic on ultrasound®’, hypodense on non-contrast CT,
iso-intense on T1-WI and shows variable T2 signal6e.
On contrast-enhanced imaging, it demonstrates mild
enhancement during the delayed phase®. Surgical
resection allows the treatment of hyperaldosteronism,
especially the associated hypertension®®.

Renomedullary interstitial cell tumor
(medullary fibroma)

Medullary fibroma is a rare benign renal mesenchymal
tumor, frequently asymptomatic and commonly described
in autopsy series, though it may be detected incidentally
on imaging or in renal excision specimen®®7, In the lit-
erature, it has been described as a well-defined small
millimetric lesion, that may measure up to 5 cm8¢70. It is
hypodense on CT, with low T2 and T1 signal on MRI,
and mild enhancement®®7'. These radiological charac-
teristics reflect its pathological fibrous content and low
cell density”'. The differential diagnosis includes papil-
lary RCC and lipid-poor AML. However, these tumor
types have higher cellularity and are therefore hyperin-
tense on DWI sequences with diffusion restriction on the
ADC map, unlike medullary fibromas’".
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Figure 3. CT of a 53-year-old man with a left-kidney lesion diagnosed as ccRCC. A: hypodense lesion with a necrotic central part on non-
contrast CT (arrow). B: arterial phase, and C: nephrographic phase, show strong and heterogeneous enhancement (arrows).

CT: computed tomography; ccRCC: clear cell renal cell carcinoma.

Leiomyoma

It is a rare renal mesenchymal lesion with a preva-
lence of 5% based on autopsy findings with a scarce
imaging literature. It has been described as a peripheral,
capsular or subcapsular, or peripelvic lesion that is
well-defined and hyperdense on non-contrast CT, with a
density similar to that of muscle, and mild enhancement
less than that of renal parenchyma’.

MALIGNANT RENAL LESIONS
Renal cell carcinoma (RCC)

It is the most common malignant solid renal tumor,
accounting for 90% of cases. It is typically diagnosed
at a median age of 65 years and occurs more fre-
quently in male patients. Major risk factors include cig-
arette smoking, dialysis, and hypertension. The main
histologic subtypes are clear cell RCC (ccRCC, 75%),
followed by papillary RCC (papRCC, 15%), and chromo-
phobe RCC (chRCC, 5%). ccRCC is the most aggressive
subtype, with the lowest 5-year survival rate (44-69%),
while papRCC and chRCC have a more favorable prog-
nosis, with a 5-year survival rate of approximately 90%.
ccRCC has the highest likelihood of metastasis, partic-
ularly at diagnosis, accounting for 94% of metastatic
RCCs, mainly to the lungs’>7. Other metastatic sites
include the brain, bones and adrenal glands. On ultra-
sound, RCCs usually appear iso- or hypoechoic relative
to the renal parenchyma, with eventually hyperechoic
regions representing intratumoral fat*.

Clear cell renal cell carcinoma (ccRCC)

It is usually sporadic (95%) and is associated with
hereditary syndromes in 5% of cases such as Von
Hippel Lindau disease and tuberous sclerosis. It
appears as an expansile, hypervascular tumor that may
contain necrosis, intratumoral hemorrhage, and/or
microscopic fat. It is characterized by heterogeneous,
strong, and early enhancement on arterial and nephro-
graphic phases after contrast agent administration
(Figure 3). On MRI, ccRCCs typically appear hyperin-
tense on T2-WI, and hypo- to isointense on T1-W[4>74,
Intracellular fat can be detected on opposed-phase
chemical shift images as a drop in signal relative to the
in-phase sequence of at least 25%, allowing differenti-
ation from other RCC subtypes. However, this feature
can also be seen in lipid-poor AML'3'. Additionally,
ccRCC tends to show a high ADC value, significantly
higher than other RCC subtypes'®23. A pseudocapsule
may be seen as a hypointense rim on T1- and T2-WI,
representing compression of adjacent healthy renal tis-
sue. Interruption of the pseudocapsule suggests peri-
renal fat invasion. It is also important to assess for
vascular invasion, as ccRCC has a tendency to extend
into vessels, leading to thrombosis, mainly in the renal
veins and inferior vena cava*®",

Papillary renal cell carcinoma (papRCC)

It appears as a well-defined, homogeneous, periph-
erally located, hypovascular lesion. This tumor tends to
exhibit a mild and progressive enhancement after
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Figure 4. MRI of a 62-year-old man diagnosed with right-kidney papRCC?. A: well-circumscribed lesion, appearing isointense on T2-WI (arrow).
B: the lesion appears mildly hyperintense on T1 fat-saturated non-contrast sequence suggesting hemorrhagic content (arrow). C: in-phase,
and D: opposed-phase T1-WI show no signal drop (arrows). E: arterial phase subtraction, F: venous phase subtraction, and G: late phase
subtraction show mild and progressive enhancement of the lesion (arrows). H: the lesion appears hyperintense on DWI at b-value 800 s/mm?,
and I: hypointense on ADC map, corresponding to diffusion restriction (arrows).

a0n histopathology, this tumor was diagnosed as papillary renal neoplasm with reversed polarity, an emerging variant of papRCC. MRI: magnetic resonance imaging;
papRCC: papillary renal cell carcinoma; T2-WI: T2-weighted image; T1-WI: T1-weighted image; DWI: diffusion weighted imaging; ADC: apparent diffusion coefficient.

contrast agent administration (Figure 4). It demon-
strates marked T2 hypointensity due to intratumoral
hemosiderin content. Necrosis, hemorrhage, and calci-
fications are rare but may occur in lesions larger than
4 cm*%™, Microscopic fat is extremely rare. A fibrous
capsule is usually present, appearing hypointense on
both T1- and T2-WI*°, PapRCC tends to have lower
ADC values than ccRCC'®. However, ADC values are
not reliable in this context because of the frequent
presence of intratumoral hemosiderin.

Chromophobe renal cell carcinoma
(chRCC)

It can be associated with the hereditary Birt-
Hogg-Dubé (BHD) syndrome. This tumor lacks a

pathognomonic radiologic appearance and can be dif-
ficult to distinguish from other solid renal masses, par-
ticularly oncocytoma. However, some common features
have been described for chRCC: a well-circumscribed
lesion without a defined capsule, typically confined to
the kidney, with local and vascular extension being
uncommon, a homogeneous T1 hypointense lesion
with variable signal intensity on T2-WI, and absence of
macroscopic or microscopic fat or hemorrhage.
Necrosis is rare. On MRI, a central scar is seen in
about 40% of cases, making it indistinguishable from
oncocytoma. Additionally, chRCC is a hypovascular
tumor compared to the renal cortex (Figure 5). Therefore,
it enhances less than the cortex during all phases of
contrast injection and tends to enhance more than



papRCC but less than ccRCC. Compared to lipid-poor
AML, chRCC shows a later peak enhancement*®7376,
On DWI, chRCC demonstrates significantly lower ADC
values than oncocytomas and ccRCC'82",

OTHER RARE RCCs

Renal medullary carcinoma (RMC,
SMARCB/1-deficient renal medullary
carcinoma)

This rare neoplasm accounts for 1%-2% of renal
cancers and predominantly affects young male adults
with sickle cell trait, mainly of African or Mediterranean
descent’®’®. It is aggressive, with a mean survival of
15 months, for which chemotherapy may be recom-
mended’®. Metastatic disease is usually present at diag-
nosis, commonly involving regional lymph nodes, lungs,
liver, adrenal glands, or the contralateral kidney’.

On imaging, RMC appears as a centrally located
solid mass in the renal medulla, with an average maxi-
mum length of 6 cm, often ill-defined with infiltrative
borders’®77. This tumor frequently extends into the renal
sinus, renal cortex, and perinephric fat, while preserving
the overall renal bean shape, and is usually associated
with calyceal dilatation. Intratumoral hemorrhage and
necrosis are commonly observed, resulting in a hetero-
geneous appearance on CT and possible signal voids
on T2-WI. Due to its hypovascular nature, it is hypoen-
hancing compared to the renal parenchyma’s.78,

Collecting (Bellini) duct carcinoma (CDC)

It has a low incidence, representing 1% of renal can-
cers, and a poor prognosis, with median overall sur-
vival ranging from 7 to 24 months. It is frequently
associated with regional and distant metastases at
diagnosis (around 40%)"%-8'. Due to their rapid growth,
CDCs are usually symptomatic at diagnosis, unlike
other renal cancers that may be detected inciden-
tally’®8%. Imaging findings are not specific for CDC,
which may be misdiagnosed as nephritis, such as
renal tuberculosis®, or as other subtypes of renal can-
cers such as: RMC, RCC with sarcomatoid features,
and urothelial carcinoma’™8°8, Nonetheless, the fol-
lowing CT and MRI features are common: infiltrative
tumor with preserved reniform shape, medullary loca-
tion, low and heterogeneous enhancement, cortical
extension and extension into the renal sinus, areas of
necrosis, and cystic components’-83, |t has been
reported that the CDC parenchymal component shows
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a higher density than the surrounding healthy renal
tissue on non-contrast CT, and an iso- to hypointense
signal on T2- and T1-WI8'83, These characteristics can
be explained by the highly fibrous and collagenized
nature of CDC?®'.

Eosinophilic solid and cystic RCC

Eosinophilic RCC is an emerging and rare patholog-
ical entity defined in the 2022 WHO classification*?,
whose radiological characteristics are not well defined
yet. Previously, it used to be diagnosed as an “unclas-
sified renal cell carcinoma”4#, |t has been described
as an indolent, asymptomatic tumor with female pre-
dominance, and is associated with tuberous sclerosis
in 10% of cases®®. It appears as a unique, well-defined
heterogeneous mass with solid and cystic compo-
nents848, characterized by lower and more persistent
enhancement than ccRCC8®.

RENAL PELVIC TUMORS

Urothelial cell carcinoma (UCC, previously
known as transitional cell carcinoma)

Upper tract UCC has a peak incidence in adults aged
60 to 70 years and affects men twice as often as
women. The major risk factors are cigarette smoking
and chemical carcinogens’. UCC usually appears as
a superficial low-grade lesion corresponding to a focal
intraluminal mass in the renal collecting system®.
However, in 15% of cases, it can be more aggressive
appearing as an infiltrative mass, characterized by
irregular thickening of the upper tract wall, causing
obstruction and dilation of the sinus or calyces, with
ill-defined extension into the renal parenchyma while
preserving its contours (Figure 6). On ultrasound, these
tumors typically appear hypoechoic and can be slightly
hyperechoic to the renal cortex but more hypoechoic
than the renal sinus fat*. Given its multicentric nature,
a careful assessment of the entire urinary tract is
needed. In cases of suspected UCC percutaneous
biopsy is avoided due to the high risk of tumor seeding.
Findings at presentation may include retroperitoneal
spread, regional lymph node involvement, and distant
metastases (lungs and bones)’887,

Squamous cell carcinoma (SCC)

Renal pelvic SCC is a rare renal neoplasm, that typ-
ically appears as an extensive infiltrative mass invading
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Figure 5. CT of a 74-year-old man diagnosed with a left-kidney chRCC. A: non-contrast CT shows an expansile heterogeneous lesion with a
necrotic central area (asterisk) and calcifications (arrow). B: arterial phase, C: nephrographic phase, and D: excretory phase show minimal

peripheral enhancement explained by its hypovascularity (arrows).
CT. computed tomography; chRCC: chromophobe renal cell carcinoma.

the renal sinus, with marked hydronephrosis, and is
associated with lithiasis in half of cases’®. It can also be
associated with the parasitic infection schistosomiasis,
as chronic urothelial inflammation results in squamous
metaplasia’®. Extraluminal extension is frequent, par-
ticularly into the psoas muscle’®.

Renal lymphoma

Renal lymphoma can present with diverse imaging
appearances. It may appear as bilateral renal masses
with little contrast enhancement on CT or MRI. These
tumors can also present as retroperitoneal tumors with

direct renal invasion, as bilateral enlargement of the
kidneys or as a perirenal soft tissue mass’®.

Metastases

Renal metastases are usually seen in advanced
stages of primary malignancies, most commonly lung
cancer, followed by gastrointestinal tumors and breast
cancer. They typically appear as small, multifocal,
bilateral infiltrative lesions with mild enhancement.
Strong enhancement may be seen in cases of mela-
noma and occasionally breast cancer. Rarely, metas-
tases appear as a solitary lesion, making differentiation
from a primary renal tumor or RCC challenging’®.
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Figure 6. CT of a 78-year-old man diagnosed with metastatic UCC to the bone. A: coronal and B: axial planes show an infiltrative lesion with
an ill-defined border, invading the renal cortex, medulla, renal sinus and calyces on nephrographic phase CT (arrows). C: the lesion (arrow)

is associated with an adjacent cystic lesion (asterisk).
CT: computed tomography; UCC: urothelial cell carcinoma.

ALGORITHM AND MANAGEMENT

Based on the principal imaging features of the
main solid renal lesions, we propose an algorithm for
their assessment and diagnosis using multiparametric
MRI aiming to guide radiologists (Figure 7). The same
enhancement patterns can be applied to CEUS and mul-
tiphasic contrast-enhanced CT. Some challenges remain
for radiologists. Distinguishing oncocytoma from chromo-
phobe or clear cell RCC may be limited or impossible.
However, studies have shown that these entities have
significantly different ADC values?°2'. Further research
is needed to determine specific and characteristic abso-
lute ADC values. Another challenge is differentiating lipid-
poor AML from papRCC. These lesions have different
contrast enhancement profiles: papRCC shows mild,
progressive enhancement, while lipid-poor AML demon-
strates early intense enhancement followed by rapid

washout'45274, Quantitative measures have been devel-
oped to assess enhancement kinetics™8%9, However,
they require validation in larger, prospective studies.

In this context, the clear cell likelihood score (ccLS)
has been proposed to provide a standardized approach
for assessing the probability that a renal mass smaller
than 4 cm is a ccRCC on mpMRI2?'. It is presented as
a 5-point Likert-scale (‘very unlikely’ to ‘very likely’) and
helps suggest differential diagnoses for ccRCC. The
ccLS has demonstrated satisfactory diagnostic perfor-
mance and appears to avoid unnecessary surgical treat-
ment for benign lesions. However, further studies are
recommended for its multi-institutional validation®'.

In addition, the development of radiomics and machine
learning techniques may improve the noninvasive char-
acterization of renal lesions and enhance the diagnostic
performance of imaging modalities. After the radiologi-
cal diagnosis of a renal lesion, management should be
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guided by several parameters: age, comorbidities, life
expectancy, psychological factors, and lesion extension
in the case of a suspicious lesion?. A shared multidis-
ciplinary decision-making approach is recommended?.
Renal biopsy is the cornerstone for diagnosing indeter-
minate renal lesions. It is indicated before active
surveillance, ablative treatment, and in the context of
metastatic disease for optimal treatment decisions.
Biopsy should be avoided in comorbid patients man-
aged conservatively (watchful waiting) or in fit patients
diagnosed with a renal mass requiring surgical treat-
ment given the high diagnostic accuracy of imaging?.

CONCLUSION

Contrast-enhanced CT and MRI have high diagnos-
tic accuracy in characterizing focal renal lesions and
play a key role in guiding further management of renal
masses, which are often incidentally detected. In chal-
lenging cases, renal biopsy remains the gold standard.
The development and validation of quantitative MRI
parameters as well as radiomics and machine learning
techniques may increase the diagnostic accuracy of

noninvasive imaging, leading to optimal management
decision.
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ABSTRACT

Introduction: A weight-bearing (WB) knee ultrasound (US) represents a conceptual shift from static morphological to functio-
nal assessment. This study aimed to compare the ability of magnetic resonance imaging (MRI), non-weight-bearing US
(NWB-US), and WB-US for diagnosing medial meniscal extrusion and to determine the prevalence of minor and major extru-
sion grades. Material and methods: Findings were categorized as normal medial meniscus, minor, and major medial menis-
cal extrusion. Cochran's Q test and McNemar's test with Holm-Bonferroni correction were used for statistical analyses. Results:
This study included 50 adult patients (14 women and 36 men, mean age 378 + 10.1 years) with knee pain. MRI classified
more knees as normal (n = 40, 80.0%) compared to NWB-US (n = 20, 40.0%) and WB-US (n = 7 14.0%) (p < 0.001). WB-US
identified minor (n = 20, 40.0%) and major (n = 23, 46.0%, p < 0.001) medial meniscal extrusion more frequently. NWB-US
identified 17 (34.0%) minor and 13 (26.0%) major cases. MRI identified 4 (8.0%) and 6 (12.0%) minor and major medial cases,
respectively. There was a trend toward greater medial meniscal extrusion with increasing patient age across all three imaging
methods. The effect of BMI depended on the imaging modality: extrusion frequency increased with MRI and WB-US as BMI
increased, while medial meniscal extrusion decreased with increasing BMI in NWB-US. Conclusion: WB-US was more useful
than MRI and NWB-US for diagnosing minor and major grades of medial meniscal extrusion. Increasing age was the most
significant factor, with BMI affecting results depending on the imaging modality used.

Keywords: Meniscal. Weight-bearing. Ultrasound. Magnetic Resonance Imaging.

INTRODUCTION

Meniscal extrusion has recently been recognized as a
hallmark of meniscus dysfunction. The medial meniscus
covers 50-75% of the medial tibial plateau and
is attached circumferentially to the capsule'. Meniscal
extrusion compromises the weight-bearing surface area
and predisposes the knee to injury. It can manifest as
osteoarthritis, osteophytosis, chondral lesions, further
meniscal tearing, and cartilage loss'. Meniscal extrusion is
the displacement of the meniscus, ranging from a minimal
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physiologic extrusion to more than 10 mm2. Knee mag-
netic resonance imaging (MRI) focuses predominantly on
structural anatomy at rest"3. However, its accuracy in
detecting medial meniscal extrusion under static, non-
weight-bearing conditions is limited*® due to the dynamic
nature of meniscal biomechanics, which are subject to
axial and rotational forces during weight-bearing**.
Ultrasound (US) is a modality that allows multiplanar
and dynamic imaging of the meniscus and other knee
structures. It has excellent sensitivity and specificity
in detecting extrusion, along with reliable quantitative
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extrusion assessment>® US evaluation can be per-
formed in two ways: non-weight-bearing (NWB-US) with
the patient supine or weight-bearing (WB-US) with the
patient standing, allowing evaluation under axial load-
ing on the examined extremity°.

Medial meniscal extrusion is a marker of biomechani-
cal alteration in the knee, with prognostic implications and
potential utility in identifying patients at risk of developing
or progressing to osteoarthritis®. Meniscal extrusion, a
radial displacement of the meniscus greater than 3 mm,
leads to altered knee biomechanics and accelerated
knee joint degeneration'. It is graded as minor (2-3 mm)
or major (> 3 mm), but reference values have not been
standardized®”. Static assessment in the supine position
does not adequately reflect the magnitude of medial
meniscal extrusion®, and the usefulness of WB-US has
not been sufficiently studied®®3, This study compared
the ability of MRI, NWB-US, and WB-US to diagnose
medial meniscal extrusion and determined the preva-
lence of minor and major medial meniscal extrusion.

MATERIAL AND METHODS

This cross-sectional study was conducted from June
2024 to January 2025 at the Department of Radiology
and Imaging, Hospital de Especialidades No. 2, “Lic.
Luis Donaldo Colosio Murrieta,” Centro Medico Nacional
del Noroeste del Instituto Mexicano del Seguro Social
in Ciudad Obregon, Sonora, Mexico. Adult patients
aged 18 years or older with knee pain referred by ortho-
pedic physicians were consecutively enrolled. Patients
were excluded if they had limitations for dynamic
assessment in the standing position, a history of knee
surgery, knee fractures, knee soft-tissue infections,
obesity that prevented the use of the knee coil, or
incomplete MRI examination. All participants provided
informed consent. The research ethics committee and
the research committee approved the study protocol.

Study design and variables

Age, sex, weight, height, body mass index (BMI), and
the presence of posterior root tear were recorded.
Patients were grouped based on MRI, NWB-US, and
WB-US findings into normal medial meniscus examina-
tion, minor medial meniscal extrusion, and major medial
meniscal extrusion according to Costa et al.3

Definitions

NWB-US': imaging modality that evaluates knee
structures with the patient supine with complete knee
extension.

WB-US™: imaging modality that evaluates knee
structures with the patient in a standing weight-bearing
position with axial loading.

Medial meniscal extrusion: partial or complete displace-
ment of the meniscus beyond the medial tibial plateau.

Minor medial meniscal extrusion’: partial or complete
displacement of the meniscus beyond the medial tibial
plateau greater than 2 mm but less than 3 mm.

Major medial meniscal extrusion®: partial or complete
displacement of the meniscus greater than 3 mm.

Posterior root tear': avulsion injury or radial tear
occurring 10 mm of the posterior meniscal root bony
attachment.

Imaging acquisition and analysis protocol
Knee MRI

MRI was performed on a Skyra 3.0T scanner
(Siemens Healthineers, Erlangen, Germany) with
high-resolution images. The imaging protocol used the
Siemens Quiet Suite' in the axial, coronal, and sagittal
planes. It included the following turbo spin-echo (TSE)
sequences: proton density (PD)-weighted time repetition
(TR)/time echo (TE) (3600/39 ms), fat-saturated PD-
weighted (TR/TE, 4150/29 ms), and fat-saturated
T2-weighted (TR/TE, 4200/63 ms).

Medial meniscal extrusion was measured as the dis-
tance from a horizontal line, extending from the outer
margin of the medial meniscus to its intersection with
a vertical line. Measurements were performed by draw-
ing a vertical line through the peripheral margin of the
medial tibial plateau and the medial femoral condyle.
Osteophytes were not considered in determining the
medial femoral or tibial cortical margin3. A radiologist
with 15 years of experience (OSL) analyzed the MRI
images.

Knee NWB-US anp knee WB-US

Real-time grayscale US was performed with a GE
LOGIQ F6 (General Electric HealthCare, Chicago, IL,
USA) using a 7-13 MHz linear transducer.

NWB-US: involved scanning the medial meniscus
with the patient supine and the knee joint fully extended,
using the medial collateral ligament as an anatomical
landmark.

WB-US: involved scanning the medial meniscus in
the standing position with the knee fully extended, plac-
ing the transducer over the medial femoral and tibial
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cortical contours, using the medial collateral ligament
as an anatomical reference®.

A fourth-year radiology resident performed imaging
examinations under the supervision of a radiologist
(OSL) with 15 years of experience.

Statistical analysis

Univariate analysis with measures of central tendency
and dispersion was performed for quantitative variables.
Frequencies and percentages were evaluated for qualita-
tive variables. Because medial meniscal extrusion mea-
surements did not follow a normal distribution, the
Friedman test was used. The Nemenyi post hot test was
applied to statistically significant results'™. The Friedman
test was used to compare the three imaging modalities in
three categories (normal meniscus, minor medial menis-
cal extrusion, or major medial meniscal extrusion). The
Wilcoxon test with the Holm-Bonferroni correction was
used to identify statistically significant differences. To
compare normal medial meniscus findings with minor and
major extrusion across imaging methods, Cochran’s Q
test was used. McNemar’s test with Holm-Bonferroni cor-
rection was used for statistically significant compari-
sons'®'8. Confounding variables were identified using
linear mixed models. The correlation between medial
meniscal extrusion with posterior root tear was assessed
with Kendall’s tau test. Analyses were performed using the
statistical platform R (R Core Team, 2023, Vienna, Austria)
and RStudio (Posit Team, 2023, Boston, MA, USA).

RESULTS

Fifty-four patients with knee pain were evaluated.
One patient with a history of knee surgery, one obese
patient with limitations preventing use of the knee
antenna, and two patients with incomplete MRI studies
were excluded. Fifty knees in 50 patients, including 14
women and 36 men with a mean age of 37.8 + 10.1
years (range, 25-62), were assessed (Table 1). Posterior
root tear was an infrequent finding, identified in only
4 (8.0%) of 50 patients.

Medial meniscal extrusion measurements
by MRI, NWB-US, and WB-US

Figure 1 shows a box plot comparing MRI, NWB-US,
and WB-US measurements of medial meniscal extru-
sion. Medial meniscal extrusion by WB-US exhibited
higher values (median 2.9 mm; interquartile range —
IQR, 2.2-3.6 mm) compared to NWB-US (median
2.1 mm; IQR 1.2-3 mm), and MRI (median 1.0 mm; IQR
0.0-1.8 mm).

Table 1. Patient characteristics in the assessment of medial meniscal
extrusion with and without posterior root tear

Description (n =50)

Age, years, mean = SD (min-max) 37.8 + 10.1 (25.0-62.0)

Sex, n (%)
Women 14 (28.0)
Men 36 (72.0)

89.4 + 20.4 (52.0-160.0)
29.1 £ 4.8 (17.9-39.7)

Weight (kg), mean + SD (min-max)

BMI, mean + SD (min-max)

Posterior root tear, n (%)
Yes 4 (8.0)
No 46 (92.0)

BMI: body mass index; SD: standard deviation.

75

5.0

0.0

Medial meniscal extrusion, mm.
-

s e ® o o

NWB-US WB-US

Figure 1. Box plot comparing medial meniscal extrusion measurements
obtained by MRI, NWB-US, and WB-US. Medial meniscal extrusion
measured by WB-US was significantly higher (median 2.9 mm; IQR
2.2-3.6 mm) compared to NWB-US (median 2.1 mm; IQR 1.2-3 mm) and
MRI (median 1.0 mm; I1QR 0.0-1.8 mm). Two 9.4 mm outliers, both
assessed by WB-US, are not shown.

MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound;
WB-US: weight-bearing ultrasound; IQR: interquartile range.

Statistically significant differences were identified
among the three medial meniscal extrusion (p < 0.001)
measuring methods (Table 2). Medial meniscal extrusion
was higher when assessed using WB-US than NWB-US
or MRI. Post-hoc analysis showed that all pairwise
comparisons between the imaging methods were signif-
icant. Comparisons involving WB-US versus NWB-
US and versus MRI had greater statistical significance.

Comparison of MRI, NWB-US, and WB-US
findings with normal medial meniscus and
minor and major medial meniscal extrusion

MRI classified more knees as normal medial menis-
cus (n = 40, 80.0%) than NWB-US (n = 20, 40.0%) and
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Table 2. Comparison of medial meniscal extrusion between MRI,
NWB-US, and WB-US

Description Nemenyi statistic p

NWB-US vs. MRI 48 0.002
WB-US vs. MRI 12.79 < 0.001
WB-US vs. NWB-US 7.99 < 0.001

MRI: magnetic resonance imaging; NWB-US: non-weight-bearing
ultrasound; WB-US: weight-bearing ultrasound.

WB-US (n = 7, 14.0%) (p < 0.001) (Table 3). WB-US
identified minor and major medial meniscal extrusion
more frequently (n = 20, 40.0%: p = 0.495 and n = 23,
46.0%: p < 0.001, respectively), while NWB-US identi-
fied 17 (34.0%) and 13 (26.0%) minor and major cases,
respectively. MRI identified minor and major medial
meniscal extrusion in 4 (8.0%) and 6 (12.0%) cases,
respectively.

Pairwise comparison of medial meniscal
extrusion grading

The pairwise comparison showed that MRI identified
more patients with a normal medial meniscus than
NWB-US (10/1) (p < 0.032) and WB-US (16/0) (p < 0.001)
(Table 4). NWB-US also detected more normal knee
examinations than WB-US (7/0) (p < 0.032). Statistically
significant differences in major medial meniscal extru-
sion were observed among the three imaging methods.
NWB-US and WB-US identified more cases of major
medial meniscal extrusion than MRI (0/4) (p = 0.134)
and 0/13 (p < 0.001), respectively. In contrast, minor
meniscal extrusion showed concordance among the
three imaging methods.

Analysis of variance of confounding
variables and their interaction with
imaging modality

Age was significantly associated with medial meniscal
extrusion (Table 5). There was a trend toward greater
medial meniscal extrusion with increasing patient age
across all three imaging methods (Figure 2A). BMI had
significantly more interaction depending on the imaging
modality used. Extrusion increased with MRI and
WB-US as BMI increased. In contrast, medial meniscal
extrusion decreased with increasing BMI in NWB-US
(Figure 2B). There was no significant association with
sex, weight, or height.

Figure 3 shows images of a 39-year-old woman
with normal weight and knee pain. MRI with fat sup-
pression shows a 2.0 mm minor medial meniscal extru-
sion, and NWB-US a 2.6 mm minor medial meniscal
extrusion. In contrast, WB-US shows a major 3.3 mm
medial meniscal extrusion. Figure 4 shows images of
a 58-year-old obese man with right knee pain. MRI with
fat suppression shows a minor 2.8 mm medial meniscal
extrusion, and NWB-US shows a major 3.7 mm medial
meniscal extrusion. In contrast, WB-US shows a 4.6 mm
major medial meniscal extrusion.

Figure 5 shows images of an obese woman with knee
pain. MRI with fat suppression shows a 2.8 mm minor
medial meniscal extrusion, NWB-US a 3.3 mm major
medial meniscal extrusion, and WB-US a 4.5 mm
major medial meniscal extrusion. Figure 6 shows
images of a 48-year-old obese man with knee pain.
MRI with fat suppression shows a 3.5 mm major medial
meniscal extrusion, and NWB-US a 41 mm major
medial meniscal extrusion. In contrast, WB-US shows
a 4.6 mm major medial meniscal extrusion.

These cases illustrate that WB-US shows greater
medial meniscal extrusion than MRI or NWB-US,
underscoring the importance of mechanical loading
conditions for more accurate evaluation of medial
meniscal extrusion.

DISCUSSION

Our study showed that WB-US detects medial menis-
cal extrusion at both minor and major grades more
frequently than NWB-US and MRI. WB-US is useful for
real-time dynamic assessment and more accurately
assesses meniscal biomechanics under physiological
loading conditions.

Medial meniscal extrusion increases significantly
under weight-bearing conditions?. Therefore, static eval-
uation may underestimate the diagnosis of medial
meniscal extrusion'™. WB-US is a useful tool for detect-
ing medial meniscal extrusion under load">?°. The
review by Papalia et al.® synthesizes evidence from mul-
tiple studies using various imaging modalities, such as
MRI and dynamic WB-US, and introduces the key con-
cept of “dynamic extrusion.” They concluded that US
allows an accurate dynamic assessment of meniscal
extrusion. Boksh et al.'’, in a systematic review of 31
studies assessing 3,747 knees, compared NWB-US and
WB-US with MRI as the reference standard for measur-
ing medial meniscal extrusion. WB-US consistently and
significantly detected more knees with meniscal extru-
sion compared to NWB-US. WB-US identified medial
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Table 3. Comparison of MRI, NWB-US, and WB-US findings for normal medial meniscus, minor, and major medial meniscal extrusion

Description MRI (n = 50) NWB-US (n = 50) WB-US (n = 50) p

Normal, n (%) 40 (80.0) 20 (40.0) 7(14.0) < 0.001
Minor medial meniscal extrusion, n (%) 4 (8.0) 17 (34.0) 20 (40.0) 0.495
Major medial meniscal extrusion, n (%) 6 (12.0) 13 (26.0) 23 (46.0) < 0.001

MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

Table 4. Pairwise comparison of medial meniscal extrusion grading between MRI, NWB-US, and WB-US

Description Comparison Discordant pairs? p Holm-adjusted
(A=1,B=0/A=0,B=1) p
Normal examination Global test (Cochran’s Q) < 0.001 -
MRI vs NWB-US®, n 10/1 0.016 0.032
MRI vs WB-US®, n 16/0 < 0.001 < 0.001
NWB-US vs WB-US®, n 7/0 0.023 0.032
Minor meniscal extrusion Global test (Cochran’s Q) 0.495
Major meniscal extrusion Global test (Cochran’s Q) < 0.001
MRI vs NWB-US®, n 0/4 0.134 0.134
MRI vs WB-US®, n 0/13 < 0.001 0.003
NWB-US vs WB-US®, n 0/9 0.008 0.015

aDiscordant pairs are shown as (A =1, B = 0/A =0, B = 1) where A and B are the first and second image measurement methods named in
the comparison; Ppairwise tests are McNemar with continuity correction; Holm adjustment was applied within each category. MRI: magnetic
resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

Table 5. Analysis of variance of confounding variables and their interaction with each imaging modality in patients with medial meniscal

extrusion
Description Degrees of freedom®® p Significance
Age 1,44 < 0.001 Highly significant
Sex 1,44 0.759 Not significant
Weight 1,44 0.492 Not significant
Height 1,44 0.127 Not significant
BMI 1,44 0.630 Not significant
MRI, NWB-US, WB-US x Age 2,88 0.151 Not significant
MRI, NWB-US, WB-US x Sex 2,88 0.089 Trend toward significance
MRI, NWB-US, WB-US x Weight 2,88 0.059 Trend toward significance
MRI, NWB-US, WB-US x Height 2,88 0.366 Not significant
MRI, NWB-US, WB-US x BMI 2,88 0.011 Significant

aNumerator degrees of freedom. ®Denominator degrees of freedom. MRI: magnetic resonance imaging; NWB-US: non-weight-bearing

ultrasound; WB-US: weight-bearing ultrasound; BMI: body mass index.

meniscal extrusion when conventional supine MRI did
not. In an experimental study in human cadavers, pres-
sure sensors on a 3D scanning system were used in 10
knees with and without an axial force of 1,000 Newtons.
Tibiofemoral contact mechanics and medial meniscal
extrusion were quantified. The magnitude of meniscal

extrusion significantly increased when the knee was
flexed to 90° and loaded, compared with conventional
measurements with the knee extended and unloaded®.
Patel et al.? in a study of 143 subjects performed MRI
with no load (supine) and with an axial load (simulating
standing) and demonstrated that medial meniscal
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Figure 2. Interaction between imaging modalities and age and BMI. A: there is a trend toward greater medial meniscal extrusion as patient
age increases with all three methods. B: extrusion increases with MRl and WB-US as BMI increases. In contrast, extrusion decreases with

increasing BMI in NWB-US.
MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

g ultrasound

Figure 3. Comparison between imaging modalities in detecting medial meniscal extrusion in a 39-year-old woman with normal weight
(BMI 24.2 kg/m?) and knee pain. A-B: coronal proton density-weighted MRI with fat suppression shows minor medial meniscal extrusion of
2.0 mm (arrows). C: NWB-US shows minor medial meniscal extrusion of 2.6 mm. D: WB-US shows major medial meniscal extrusion of 3.3 mm.

WB-US highlights the ability to assess meniscal biomechanical responses to loading.
MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

extrusion increased significantly with a load (from 1.0 values (median 2.9 mm; IQR 2.2-3.6 mm) than NWB-
mm to 1.8 mm on average; p < 0.001). In our study, US (median 2.1 mm; IQR 1.2- 3 mm) and MRI (median
medial meniscal extrusion by WB-US showed higher 1.0 mm; IQR 0.0-1.8 mm). Our WB-US findings assess
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Figure 4. Comparison of imaging modalities of the medial meniscus in a 58-year-old obese man (BMI 31.5 kg/m?) with right knee pain.
A-B: coronal proton density-weighted MRI with fat suppression shows minor medial meniscal extrusion of 2.8 mm. C: NWB-US shows a
major 3.7 mm medial meniscal extrusion. D: WB-US shows a major 4.6 mm medial meniscal extrusion.

MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

meniscal biomechanics under load, thereby increasing
the detection of medial meniscal extrusion.

Traditionally, medial meniscal extrusion assessment is
performed using unloaded supine MRI8, focusing pre-
dominantly on structural anatomy at rest"2. In our study,
WB-US detected 20 (40.0%) cases of minor meniscal
extrusion versus 17 (34.0%) cases with NWB-US while
23 (46.0%) cases had major meniscal extrusion com-
pared to only 13 (26.0%) by NWB-US, and 4 (8.0%)
minor and 6 (12.0%) major meniscal extrusion cases by
MRI, outperforming both techniques in identifying medial
meniscal extrusion. Minor extrusion in the supine posi-
tion may represent functionally relevant instability under
load, detectable by WB-US82!, WB-US provides a func-
tional assessment of meniscal competence. By identify-
ing more cases across the full spectrum of severity, this
technique enables earlier diagnosis and more accurate
characterization of meniscal instability, supporting a
dynamic, functional assessment of meniscal pathology.
WB-US identified more cases with minor and major
medial meniscal extrusion than NWB-US and MRI. The
dynamic nature of extrusion explains the disparities with
static values and underscores WB-US’s ability to identify
early meniscal instability.

Older age and elevated BMI are significant risk factors
for increased medial meniscal extrusion. The prospec-
tive study by Achtnich et al.??in 75 healthy volunteers
showed a significant correlation between age and extru-
sion detected by NWB-US and WB-US (p < 0.001).
Increased BMI was also significantly associated with
meniscal extrusion under a load (p = 0.002). These
researchers concluded that medial meniscal extrusion
is an age- and BMI-dependent phenomenon, even in
asymptomatic knees. In a study of 104 volunteers,
Gregio-Junior et al.® evaluated medial meniscal extru-
sion using NWB-US and WB-US. Age had a significant
impact on the increase in meniscal extrusion (p = 0.001).
The study also showed significant variation in extrusion
measurements between NWB-US and WB-US (p =
0.0002), suggesting that the loading condition is a critical
factor. The authors concluded that age is a determining
factor in meniscal extrusion and that differences in mea-
surements across techniques underscore the complexity
of its evaluation, in which the influence of other vari-
ables, such as BMI, may vary depending on the imaging
method. The multicenter study by Crema et al.* analyz-
ing a cohort of 1,527 subjects found a significant inter-
action between higher BMI and the imaging modality,
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Figure 5. Comparison of imaging modalities of medial meniscal extrusion in a 41-year-old obese woman (BMI 39.7 kg/m?) with knee pain.
A-B: coronal proton density-weighted MRI with fat suppression shows minor medial meniscal extrusion of 2.8 mm (arrows). C: NWB-US shows
major 3.3 mm medial meniscal extrusion. D: WB-US shows major 4.5 mm medial meniscal extrusion.

MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

suggesting that its influence on extrusion measurement
may not be apparent on supine MRI but does manifest
significantly under dynamic loading conditions such as
WB-US, where joint forces are amplified. These findings
support our results regarding age. The variation observed
between NWB-US and WB-US suggests that the influ-
ence of BMI may be modulated by the imaging modality,
an interaction our results demonstrate. The magnitude
of extrusion depends on individual factors such as age,
BMI, and loading conditions during assessment, linking
the measurement to the imaging method used. The
interpretation of medial meniscal extrusion should be
contextualized by the patient’s anthropometric profile
and the imaging modality used, especially under func-
tional loading conditions.

The most common finding associated with meniscal
extrusion is a posterior meniscal root tear; isolated
meniscal extrusion can also be observed'. The study
by Gregio-Junior et al.® found that medial meniscal
extrusion was associated with meniscal root tear in a
small number of patients. They showed that knees with
an extrusion = 3 mm under load had MRI-confirmed
tears, suggesting that extrusion severity may be an
indirect indicator of structural damage and may present

as an isolated finding in some cases. Krych et al.??
examined 63 serial MRlIs in patients with medial knee
pain and noted that extruded menisci with intact roots
progressed to develop a posterior root tear. Therefore,
the extruded meniscus may increase biomechanical
forces on the root attachment, leading to a complete
root tear with minimal trauma. Chiba et al.”® using
fat-suppressed T2 MRI demonstrated that medial
meniscal extrusion greater than 5 mm may be a risk
factor for posterior root tear. This finding likely did not
show a strong association in our study because the
median medial meniscal extrusion was 2.9 mm (IQR
2.2-3.6 mm). WB-US may indicate meniscal instability
even without a meniscal tear.

The main strength of this study is the direct compar-
ison of imaging modalities for medial meniscal extru-
sion, including evaluation under actual axial loading — a
rarely explored aspect. The appropriate use of non-
parametric tests based on data distribution, corrections
for multiple comparisons to reduce error risk, and the
combined application of global and post hoc analyses
to identify specific differences are also strengths.
Additionally, the inclusion of robust tests for categorical
variables, the consideration of potential confounding
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Figure 6. Comparison of imaging modalities for the medial meniscus of a 48-year-old obese man (BMI 31.2 kg/m?) with knee pain. A: coronal
proton density-weighted MRI with fat suppression shows major 3.5 mm medial meniscal extrusion. B: NWB-US shows a major 4.1 mm medial
meniscal extrusion. C: WB-US shows a major 4.6 mm medial meniscal extrusion.

MRI: magnetic resonance imaging; NWB-US: non-weight-bearing ultrasound; WB-US: weight-bearing ultrasound.

factors using linear mixed models, and the evaluation of
correlations with appropriate methods further strengthen
the study. As limitations, we acknowledge the cross-
sectional design and small sample size, the operator-
dependent nature of US, the potential influence of the
patient’s ability to stand. Interobserver and intraobserver
concordance was not evaluated, although excellent
intra- and interobserver agreement has been reported
(ICC 0.95, 95% ClI: 0.92-0.97)'°.

CONCLUSION

Our study provides evidence that WB-US has a
greater ability than MRI and NWB-US to detect medial
meniscal extrusion, supporting its value as a functional,
accessible, and rapid diagnostic tool. Medial meniscal
extrusion evaluated by WB-US should be considered a
complementary functional assessment, not a replace-
ment for the structural diagnosis provided by knee MRI.
In clinical practice, a multimodal diagnosis of extrusion
using ultrasound and MRl is ideal. WB-US can be used
for screening and primary diagnostics, while MRI can
confirm medial meniscal extrusion and assess associ-
ated pathology such as bone marrow edema, articular
cartilage status, and meniscus integrity'. Incorporating
WB-US as a first-line modality into diagnostic algo-
rithms is recommended, along with the development of

standardized protocols that account for loading condi-
tions and individual patient characteristics. Future lon-
gitudinal studies with larger samples will be essential
to validate the prognostic impact of these findings on
the progression of meniscal pathology.
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ABSTRACT

Introduction: The Ovarian-Adnexal Reporting and Data System (O-RADS) has been useful for risk stratification of malignancy
in adult women. However, reports in female pediatric patients are scarce. This study evaluated the diagnostic performance
of O-RADS ultrasound (US) in predicting malignant ovarian lesions in female pediatric patients. Material and methods: This
cross-sectional study included female pediatric patients aged 0 to 17 years with ovarian lesions evaluated by US and
histopathology. The O-RADS category, Color score, tumor markers, tumor size, and histological diagnosis were recorded. The
diagnostic performance of O-RADS US was analyzed. Results: Seventy ovarian lesions in 66 female pediatric patients with
a mean age of 12.6 + 3.5 years were included. Most ovarian lesions were benign (n = 53, 75.7%) while 17 (24.3%) were
malignant. O-RADS categories = 3 showed a sensitivity of 94.1% (95% Cl, 71.3-99.8) and negative predictive value of 96.0%
(95% Cl, 78.0-99.4) for detecting malignant lesions. The Doppler Color score > 2 achieved a sensitivity of 100% (95% Cl,
80.4-100) and a negative predictive value of 100% (95% Cl, 92.2-100) for detecting malignancy. One (5.9%) O-RADS category
3, three (176%) category 4, and twelve (70.6%) category 5 lesions were malignant. Among 21 category 4 lesions, three (37.5%)
malignant ovarian lesions were subcategory 4B, while none were subcategory 4A. In contrast, among benign ovarian lesions,
13 (100%) were classified as O-RADS subcategory 4A and 5 (62.5%) as 4B. Conclusion: O-RADS US categories > 3 as
well as Doppler Color scores > 2 showed high sensitivity for differentiating malignant from benign ovarian lesions in female
pediatric patients.

Keywords: Ovarian-Adnexal Reporting and Data System. Ovarian neoplasms. Female. Pediatric. Doppler Color. Ultrasound.

INTRODUCTION excellent resolution for pelvic structures, especially in
children®. Color and spectral Doppler US provide addi-
tional information about vascularization, helping differ-
entiate benign and malignant lesions®. Modalities such
as computed tomography and magnetic resonance

Ovarian lesions are rare in the pediatric population,
with an estimated incidence of 2.6 cases per 100,000
per year'2. Although most lesions are benign (75% to
90%), early diagnosis is essential to ensure timely man-
agement of malignant cases (10% to 25%)3. Symptoms, imaging are reserved for further characterization or
such as abdominal pain, abdominal distension, and a  staging of ovarian lesions’.
palpable mass, are usually nonspecific. Ultrasound ~ Ovarian-Adnexal Reporting and Data System
(US) is the initial imaging modality of choice due to its (O-RADS) US® has become a widely validated risk
accessibility, the absence of ionizing radiation, and stratification tool for ovarian lesions in adult women®-'",
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In a clinical decision analysis, O-RADS provided sig-
nificant benefits for identifying high-risk lesions.
Additionally, O-RADS shows a high level of inter-reader
agreement (k = 0.77-0.83), regardless of radiologists’
training level or practical experience®'?'4. Reports
regarding the diagnostic performance of O-RADS US
in female pediatric patients are scarce®'®. The sensi-
tivity of O-RADS categories 4 and 5 for predicting
malignant ovarian lesions has been reported at 94.4%,
suggesting that O-RADS is a good tool for differentiat-
ing benign from malignant lesions in female pediatric
patients'®'6, This study evaluated the diagnostic perfor-
mance of O-RADS US in predicting malignancy in ovar-
ian lesions confirmed histopathologically in female
pediatric patients.

MATERIAL AND METHODS

This cross-sectional, retrospective study was con-
ducted from January 2013 to December 2023 in the
Department of Radiology and Imaging at the Instituto
Nacional de Pediatria, a referral center in Mexico City,
Mexico. Female pediatric patients (0-17 years) who
underwent US examination with a confirmed diagnosis
of ovarian lesion by histopathology were included.
Patients with prior pelvic surgery, chemotherapy, radio-
therapy, a poor-quality US examination, or incomplete
clinical records were excluded. Informed consent was
not required, as this was an observational study using
information obtained from routine clinical practice. The
study was approved by the Institutional Research and
Ethics Committees.

Study development and variables

The variables obtained from clinical records included
age, and signs and symptoms such as abdominal pain,
abdominal distention, heavy menstrual bleeding, and
constipation. Laterality, size, and volume of the ovarian
lesion; tumor markers, including lactate dehydrogenase
(LDH), alpha-fetoprotein (AFP), and the beta subunit of
human chorionic gonadotropin (3-hCG), and the surgi-
cal specimen pathology result were recorded. US find-
ings were reported according to O-RADS categories
and Color score®. Histopathologic diagnoses were also
reported.

Imaging acquisition and analysis protocol

Pelvic US examination was performed using Philips
EPIQ7G (Philips Healthcare, Amsterdam. The Netherlands)

or General Electric LOGIQ (GE, Milwaukee, WI. USA)
scanners with a 3-6 MHz convex transducer following
grayscale and color Doppler protocols™'8. QOvarian
lesions were classified according to the characteris-
tics defined by the O-RADS US lexicon®: categories
3, 4, and 5 were grouped as categories > 3 to differ-
entiate malignant from benign ovarian lesions.
Vascularization of the lesion was classified using a
qualitative O-RADS Color score as follows: 1, no flow;
2, minimal flow; 3, moderate flow; and 4, abundant or
marked flow. Color scores 2, 3, and 4 were grouped
as categories > 2 to differentiate malignant from
benign ovarian lesions. US images were retrospec-
tively reviewed by a pediatric radiologist (SSM) with
20 years of experience and, under supervision, a
specialist pediatric radiology resident (DNG) with
4 years of experience.

Ovarian tumor markers

LDH, AFP, and -hCG determinations were performed
in blood. The procedures were carried out according to
the manufacturer’s recommendations and the standard-
ized protocols of the institution’s laboratory.

Histopathologic analysis

The pathology records were reviewed to identify ovar-
ian lesions in female pediatric patients and to determine
the diagnosis according to the WHO classification'®.
Pathologic examination was performed by a pediatric
pathologist (ARR) with 7 years of experience.

Statistical analysis

Descriptive statistics summarized quantitative vari-
ables using measures of central tendency. Qualitative
variables were reported as frequency and percentage.
Sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy of O-RADS US cat-
egories > 3 and the Color score > 2 for predicting
malignant ovarian lesions, were calculated. Statistical
analysis was performed using SPSS version 25 (IBM
Corp., Armonk, NY, USA).

RESULTS

Seventy ovarian lesions in 66 female pediatric
patients with a mean age of 12.6 + 3.5 years (range,
1 to 17) were included (Table 1). The presenting signs
and symptoms were abdominal pain in 66.6% (n = 44),
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Table 1. Characteristics of 66 female pediatric patients with ovarian
lesions

Description Parameter
Age, years, mean + SD 126 £35
(min-max) (1-17)
Signs and symptoms, n (%)
Abdominal pain 44 (66.6)
Hypermenorrhea 10 (15.2)
Abdominal distention 10 (15.2)
Constipation 2 (3.0)
Laterality of ovarian lesion, n (%)
Right 38 (57.5)
Left 24 (36.3)
Bilateral 4(6.2)
Tumor markers, n (%)
Positive 9(13.6)
Negative 57 (86.4)
Surgical specimen pathology result, n (%)
Ovary 57 (81.4)
Cyst 12(17.2)
Capsule cyst 1(1.4)
Diameter (cm), mean + SD
Benign ovarian lesion n =53
Longitudinal 109 +58
Anteroposterior 6.7 +4.0
Transverse 72 £32
Malignant ovarian lesion n=17
Longitudinal 142 +53
Anteroposterior 109 +25
Transverse 9.1+42
Ovarian lesion volume (cc), mean + SD
Benign lesion 465 + 836
Malignant lesion 899 + 694.1

SD: standard deviation; cm: centimeter; cc: cubic centimeter.

hypermenorrhea and abdominal distension in 15.2%
(n = 10) each, and constipation in 3.0% (n = 2). The
lesion was most commonly located on the right in
57.5% (n = 38), on the left in 36.3% (n = 24), and bilat-
eral in 6.2% (n = 4) of cases. Tumor markers were
positive in 13.6% (n = 9) of cases. The surgical spec-
imen was the ovary in 81.4% (n = 57) of cases, followed
by cysts in 17.2% (n = 12), and the cyst capsule in 1.4%
(n = 1). Among the histopathologic results, 75.7% (n =
53) were benign, and 24.3% (n = 17) were malignant
ovarian tumors. The mean diameter of benign ovarian

lesions was 10.9 = 5.8 cm in the longitudinal axis,
6.7 = 4.0 cm in the anteroposterior axis, and 7.2 + 3.2
cm in the transverse axis. In contrast, malignant ovar-
ian lesions measured 14.2 + 5.3 cm in the longitudinal
axis, 10.9 + 2.5 cm in the anteroposterior axis, and 9.1
+ 4.2 cm in the transverse axis. Both the transverse
and anteroposterior diameters were significantly asso-
ciated with malignancy (p = 0.001 and p = 0.003,
respectively). The mean volume of benign lesions was
465 + 836 cc, and 899 + 694 cc for malignant lesions.

Comparison of O-RADS US findings
between benign and malignant ovarian
lesions

Benign lesions (n = 53) by O-RADS were most com-
monly, a unilocular cyst, solid component (n = 18,
34.0%), followed by a multilocular cyst, no solid compo-
nent (n = 12, 22.6%), and a typical dermoid cyst
(n =12, 22.6%) (Table 2); a multilocular cyst with a solid
component, unilocular cyst with a solid component, and
endometriomas were less frequent. In contrast, malig-
nant ovarian lesions (n = 17) were most commonly solid
or solid-appearing (n = 14, 82.3%), followed by multiloc-
ular cyst with a solid component (n = 2, 11.8%) and a
multilocular cyst, no solid component (n = 1, 5.9%).

Benign ovarian lesions showed no differences
between lesions < 10 cm and those > 10 cm in diameter
(n =26 and n = 27, respectively). In contrast, malignant
ovarian lesions (n = 10, 58.8%) commonly had a greater
diameter (> 10 cm). The external contour was smooth
in all benign ovarian lesions (n = 53, 100%). In contrast,
most malignant ovarian lesions had an irregular exter-
nal contour (n = 12, 70.6%). The color Doppler flow
showed that most benign ovarian lesions were Color
score 1 (n = 46, 86.8%), whereas none of the malignant
ovarian lesions were classified as Color score 1. In
contrast, malignant ovarian lesions were classified as
Color score 2 (n = 4, 23.5%), Color score 3 (n = 9,
53.0%), or Color score 4 (n = 4, 23.5%). Among the
extraovarian findings, fluid was present in 3 (17.6%) of
17 malignant ovarian lesions. No patient had peritoneal
thickening or nodules.

Benign or malignant histopathologic
diagnoses of 70 ovarian lesions in relation
to O-RADS US categories and tumoral
markers

The histopathologic diagnoses of benign ovarian
lesions were mature teratoma (n = 20), serous
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Table 2. Comparison of 0-RADS US findings of benign and malignant ovarian lesions

Description Total, n Benign lesions, Malignant lesions,
(n =53) (n=17)
Lesion category, n (%)
Unilocular cyst, no solid components 18 18 (34.0)
Unilocular cyst with solid component(s) 4 4 (7.5)
Multilocular cyst, no solid component(s) 13 12 (22.6) 1(5.9)
Multilocular cyst with solid component(s) 5 3(5.7) 2(11.8)
Solid or solid-appearing (> 80%) 15 1(1.9) 14 (82.3)
Typical dermoid cyst 12 12 (22.6)
Typical endometrioma 3 3(5.7)
Diameter, n (%)
<10cm 33 26 (49.1) 7(41.2)
>10cm 37 27 (50.9) 10 (58.8)
External contour, n (%)
Smooth 58 53 (100) 5(29.4)
Irregular 12 - 12 (70.6)
Color score, n (%)
1 46 46 (86.8)
2 1 7(13.2) 4 (23.5)
3 9 - 9 (53.0)
4 4 - 4(23.5)
Extra ovarian findings, n (%)
Fluid 3 - 3(17.6)

No female pediatric patient with peritoneal thickening or nodules. 0-RADS: Ovarian Reporting and Data System; US: ultrasound.

cystadenoma (n = 18), cystadenofibroma (n = 7), muci-
nous cystadenoma (n = 5), endometrioma (n = 1), der-
moid cyst (n = 1), and necrosis (n = 1) (Table 3).
Figures 1 and 2 show benign ovarian lesions. The
histopathologic diagnoses of malignant ovarian lesions
were dysgerminoma (n = 6), yolk sac tumor (n = 4),
mixed germ cell tumor (n = 2), mature and immature
teratoma (n = 1), juvenile granulosa cell tumor (n = 2),
and leukemic infiltration (n = 2). Figures 3 and 4 show
malignant ovarian lesions.

Twenty-four lesions (96.0%) of 25 O-RADS category
2 and 11 lesions (91.6%) of 12 O-RADS category 3
were benign ovarian lesions, whereas only 1 (4.0%) of
21 O-RADS category 4 was benign. In contrast, malig-
nant ovarian lesions were commonly O-RADS catego-
ries 4 (n =3, 17.6%) and 5 (n = 12, 70.6%). All O-RADS
category 5 lesions were malignant (n = 12). Tumor
markers were negative in all benign ovarian cases and
positive in 5 malignant cases.

O-RADS 4 subcategories in relation to
benign and malignant ovarian lesions

Twenty-one (30.0%) of 70 ovarian lesions were clas-
sified as O-RADS category 4 (Table 4). Three (37.5%)
malignant ovarian lesions were in subcategory 4B,
while none were in subcategory 4A. In contrast, among
benign ovarian lesions, 13 (100%) were classified as
O-RADS subcategory 4A and 5 (62.5%) as 4B.

Diagnostic performance of O-RADS US
categories and Color score for predicting
malignant lesions

The O-RADS categories > 3 showed high sensitivity
at 94.1% (95% Cl, 71.3-99.8) and a negative predictive
value of 96.0% (95% ClI, 78.0-99.4) for predicting mali-
gnant ovarian lesions (Table 5). However, specificity
(45.3%, 95% CI, 31.5-59.5) and positive predictive
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Table 3. Benign or malignant histopathologic diagnosis of 70 ovarian lesions in relation to 0-RADS US categories and tumor markers

Description n 0-RADS category Tumor
7 3 4 5 markers
Benign ovarian lesions, n
Mature teratoma 20 12 1 7 Negative
Serous cystadenoma 18 8 6 4 Negative
Cystadenofibroma 7 1 4 2 Negative
Mucinous cystadenoma 5 1 4 Negative
Endometrioma 1 1 Negative
Dermoid cyst 1 1 Negative
Necrosis 1 1 - Negative
Subtotal, n (%) 53 24 1 18
Malignant ovarian lesions, n
Dysgerminoma 6 4 Positive
2 Negative
Yolk sac tumor 4 1 3 Positive
Negative
Mixed germinal tumor 2 1 - Positive
1 Negative
Mature and immature teratoma 1 1 Positive
Negative
Juvenile granulosa cell tumor 2 Positive
1 1 Negative
Leukemic infiltration 2 2 - Positive
Negative
Subtotal, n (%) 17 1 1 3 12
Total, n (%) 70 25 12 21 12

0-RADS: Ovarian Reporting and Data System; US: ultrasound.

value (35.2%, 95% CI, 29.2-41.6) were lower. There
were 16 true positives for malignant lesions and 24 true
negatives. In contrast, there were 29 false positives and
only one false negative ovarian lesion.

The Color score > 2 showed better diagnostic per-
formance for all evaluated parameters, with a sensitivity
of 100% (95% ClI, 80.4-100) and a negative predictive
value of 100% (95% CI, 92.2-100). The specificity was
86.8% (95% Cl, 74.6-94.5) and the positive predictive
value was 70.5% (95% Cl, 54.5-82.6). There were 17
true positive results for malignant lesions and 46 true
negatives. In contrast, there were 7 false positives and
no cases with a false negative result.

DISCUSSION

Our study showed that O-RADS categories > 3 and
Color scores > 2 were useful for risk stratification of

ovarian lesions in female pediatric patients, with high
sensitivity for predicting malignant ovarian lesions. This
is the first study in Mexico to evaluate the diagnostic
performance of O-RADS and demonstrate that it is a
useful tool for predicting malignant ovarian lesions in
female pediatric patients.

Knowledge of ovarian lesion characterization has his-
torically been based on studies in adult populations,
where O-RADS has proven to be a reliable diagnostic
tool for malignancy risk stratification. Recently, Wang
et al."® retrospectively examined 163 histopathologically
confirmed ovarian lesions from 159 female pediatric
patients in China. Of these lesions, 89% (n = 145) were
benign, and 11% (n = 18) were malignant. In O-RADS
categories 4 and 5, the malignancy rates were 23.1%
and 62.5%, respectively. O-RADS category > 3 had a
sensitivity of 94.4% and specificity of 86.2% for
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Figure 1. Pelvic US from a 16-year-old girl with hypermenorrhea. A: transverse view shows an ovoid, heterogeneous lesion with a hyperechoic
center toward the right ovary (dotted circle). B: transverse view shows hyperechoic component with acoustic shadowing (arrow). C: the
longitudinal axis measures 4.9 cm, the transverse axis 3.4 cm, and the anteroposterior axis 2.8 cm. Ovarian lesion volume is 25.3 cc. D: Doppler
US shows no vascularity. Color score 1, 0-RADS category 2. E: H&E stain (40x). Monodermal squamous epithelium without atypia or somatic
(malignant) transformation. Some hemosiderin is observed in the underlying stroma. F: H&E stain (4x). Cystic wall layered beneath by stratified
squamous epithelium; glial tissue, smooth muscle, and an inflammatory infiltrate are identified. The histopathologic diagnosis was mature

teratoma.
US: ultrasound; H&E: hematoxylin and eosin.

predicting malignancy. Wu et al.'® analyzed 375 ovarian
lesions in 364 female pediatric patients (< 17 years) in
China and found a malignancy rate of 2.1% (n = 8). The
O-RADS system achieved an AUC of 0.989, with 100%
sensitivity and 96.5% specificity for lesions in category

> 4, and specificity ranging from 92% to 100%. In our
study, the malignancy rates were 5.9% for O-RADS
category 3, 17.6% for category 4, and 70.6% for
category 5. O-RADS categories > 3 showed high sen-
sitivity (94.1%) for predicting malignant ovarian lesions.
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Figure 2. Pelvic US of an 11-year-old girl with hypermenorrhea. A: panoramic grayscale US of the right iliac fossa shows a cystic-appearing
lesion at the anatomical site of the right ovary (star), measuring 18.2 cm (longitudinal axis), 15.9 cm (transverse axis, not shown), and 6.1 cm
(anteroposterior axis). Ovarian lesion volume is 923 cc. B: a predominantly anechoic ovarian tumor in transverse view with a few internal
floating spots (arrow). C: transverse view of a non-simple unilocular cyst shows incomplete septa (arrow), but no solid component. D: color
Doppler US shows no vascularity. Color score 1, 0-RADS category 3. E: H&E stain (10x). A cyst wall of fibrovascular tissue lined by simple
epithelium. F: H&E stain (40x). The cyst inner lining consists of simple columnar epithelium with apical vacuoles. The histopathologic diagnosis
was serous cystadenoma.

US: ultrasound; H&E: hematoxylin and eosin.

These results are comparable with previous reports'®'6.  O-RADS categories > 3 was low (45.3%), with 29
In our study the addition of Color score showed higher  (41.4%) false positives, possibly due to the inclusion of
diagnostic performance in all parameters for predicting category 3 cases which had a lower frequency of malig-
malignant ovarian lesions. However, the specificity of nancy (5.9%). In contrast, the studies by Wang' and
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Figure 3. Pelvic grayscale US of a 12-year-old girl with hypermenorrhea and increased abdominal volume. A: longitudinal view of the pelvic
cavity shows a large heterogeneous ovarian lesion with a solid component greater than 80% and some cystic areas with a smooth contour
(arrows). B: longitudinal view shows cystic areas (white arrow) with solid portions (yellow arrow). C: longitudinal view of the ovarian lesion
extends from the hypogastrium to the mesogastrium with a longitudinal axis of 17.4 ¢cm, a transverse axis (not shown) of 9.0 cm, and an an-
teroposterior axis of 8.3 cm. Ovarian lesion volume is 683.6 cc. D: color Doppler US longitudinal view revealed internal vascularity with mo-
derate flow. Color score 3, 0-RADS category 4. E: H&E stain (40x). A heterogeneous neoplasm with solid growth, moderate nuclear atypia,
and hyaline globules, with a focal myxoid background. F: H&E stain (40x). Cells with moderate nuclear atypia and a clear microcystic pattern.

The histopathologic diagnosis was yolk sac tumor.
US: ultrasound; H&E: hematoxylin and eosin.

Wu'8 included only categories > 4, with specificity rang-
ing from 86.2% to 100%. O-RADS is a useful and
reproducible tool for risk stratification in predicting
malignant ovarian lesions in female pediatric patients.

A significant association between tumor size and
ovarian malignancy has been reported. In the study by
Wang et al.™® the median diameter of malignant lesions

was 11.5 cm, significantly larger than that of benign
lesions (6.5 cm, p = 0.012), suggesting that accelerated
tumor growth may be associated with malignant behav-
ior. However, the authors emphasize that, although size
is an important indicator, it is not sufficient on its own
to accurately differentiate benign from malignant
lesions, as certain benign lesions — such as mature
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Figure 4. Pelvic grayscale US of a 15-year-old girl with asymptomatic abdominal distention. A: longitudinal view shows, in the topography of
the left ovary, a large hypoechoic solid lesion with few cystic areas and irregular contour (arrowheads). B: transverse view, with dimensions
of 25 cm (longitudinal axis, not shown), 16.7 cm (transverse axis), and 10.6 cm (anteroposterior axis, not shown). Ovarian lesion volume is
2,314.5 cc. C: longitudinal view at the level of the left parietocolic gutter shows anechoic fluid (arrow). D: a color Doppler US in longitudinal
view shows moderate peripheral and internal vascularity. Color score 3, 0-RADS category 5. E and F: H&E stain, 40x. Medium-sized cells with
an eosinophilic cytoplasm, regular ovoid nuclei, granular chromatin, and moderate nucleoli. Septal infiltrating lymphocytes are seen. The
histopathologic diagnosis was dysgerminoma.

US: ultrasound; H&E: hematoxylin and eosin.

teratomas or cystadenomas — can reach similar dimen-  were malignant. In our study, larger size was associ-
sions. In the study by Wu et al.'é, the median diameter ated with a higher frequency of ovarian malignancy.
of the lesions was 4.2 cm (interquartile range 3.4-5.7 Both the transverse and anteroposterior diameters
cm), most ovarian lesions were benign, and only 2.1%  were significantly associated with a higher frequency
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Table 4. 0-RADS US subcategories 4A and 4B associated with benign
or malignant ovarian lesions

Description Total 0-RADS 4A 0-RADS 4B
(n=21) (n=13) (n=8)

Benign ovarian lesion,

n (%) 18 13(72.2) 5(27.8)

Malignant ovarian

lesion, n (%) 8 ) 3 (100)

0-RADS: Ovarian Reporting and Data System; US: ultrasound.

Table 5. Diagnostic performance of 0-RADS US predicting malignant
ovarian lesions in female pediatric patients

Parameter Categories > 3 Color score > 2
% (95% ClI) % (95% Cl)
Sensitivity 94.1 (71.3-99.8) 100 (80.4-100)
Specificity 45.3 (31.5-59.5) 86.8 (74.6-94.5)
Positive predictive value 35.2 (29.2-41.6) 70.5 (54.5-82.6)
Negative predictive value  96.0 (78.0-99.4) 100 (92.2-100)
Accuracy 57.0 (44.6-68.7) 89.9 (80.4-95.8)

0-RADS: Ovarian Reporting and Data System; US: ultrasound.

of malignancy (p = 0.001 and p = 0.003, respectively).
In our cases, some benign tumors, especially terato-
mas, were large, which can limit the accuracy of image
classification, particularly in standardized systems like
O-RADS, where increased size can raise suspicion
without necessarily implying malignancy. Diameter
should not be used as an isolated risk criterion for
ovarian malignancy in female pediatric patients.
O-RADS subcategories 4A and 4B, associated with
benign and malignant ovarian lesions, respectively,
have been proposed to improve risk stratification for
malignancy based on morphological patterns by
0O-RADS™. Unilocular cysts with a solid component and
multilocular cysts, no solid components are classified
as O-RADS subcategory 4A. In contrast, the remaining
cystic lesions with solid components are classified as
O-RADS subcategory 4B. This classification showed a
10% risk of malignancy (1 out of 10 patients) for
O-RADS subcategory 4A and a 50% risk (8 out of 16
patients) for O-RADS subcategory 4B'5. Classification
into subcategories 4A and 4B significantly improved
risk stratification, differentiating groups with low versus
high probability of malignancy (p = 0.037)". In our
study, among 21 lesions O-RADS category 4, all three
(87.5%) malignant ovarian lesions were subcategory
4B, while none were subcategory 4A. Among benign
ovarian lesions, 13 (100%) were classified as O-RADS

subcategory 4A and 5 (62.5%) as subcategory 4B.
Subdividing O-RADS into subcategories 4A and 4B
could enhance diagnostic precision and clinical deci-
sion-making, particularly in age groups where ovarian
preservation is a priority.

Tumor markers (such as LDH, AFP, and -hCG) can
provide complementary information when evaluating
pediatric ovarian lesions. Wang et al.'> showed that these
markers are not specific enough to differentiate benign
from malignant ovarian lesions on their own. Their use-
fulness lies in integrating them with a structured evalua-
tion using O-RADS US, which improves preoperative
stratification and guides therapeutic decisions aimed at
preserving ovarian function. In germ cell tumors, these
markers are relevant for monitoring and detecting recur-
rences. In our study, 53 benign lesions were negative for
tumor markers; among the 17 malignant lesions, 29.4%
(5 patients) were negative for tumor markers. Our results
confirm that the absence of tumor markers does not
exclude malignancy and that these markers should be
considered only a complementary tool with limited diag-
nostic utility in female pediatric patients.

The strengths of this study include the use of a val-
idated classification system for ovarian lesions, the
O-RADS lexicon. All cases underwent histopathologic
examination, and US findings were reported without
knowledge of the histological results, ensuring blinded
evaluation and reducing interpretation bias. Limitations
include the retrospective design and small sample size.
The number of cases with malignant results was small,
so the specificity of O-RADS categories > 3 for predict-
ing malignancy was low. Including cases with O-RADS
category 3 to differentiate malignant from benign ovar-
ian lesions increased the number of false positives.
Interobserver agreement was not evaluated in our
study, although previous reports have demonstrated
high consistency in the application of O-RADS descrip-
tors regardless of the radiologist’s experience’.

CONCLUSION

O-RADS US categories = 3 showed high sensitivity
and negative predictive value in distinguishing malig-
nant from benign ovarian lesions in female pediatric
patients. Adding a Color score > 2 improved diagnostic
performance for predicting malignant ovarian lesions
across all parameters. Subclassifying category 4 into
4A and 4B appears promising for refining malignancy
risk stratification in this population. Incorporating
O-RADS US categories and Color score parameters
into risk stratification for ovarian lesions in female
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pediatric patients is recommended. Future studies with
larger sample sizes are needed to validate these find-
ings and optimize specific O-RADS adjustments for
female pediatric patients.
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Quantitative spectral CT parameters for predicting prostate cancer
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ABSTRACT

Introduction: The diagnostic performance of spectral computed tomography (CT) for predicting prostate cancer (PC) has
not been sufficiently addressed. This study compared the spectral CT parameters of malignant and normal prostate tissue in
men with biopsy-proven PC and defined the optimal cut-off values for predicting malignancy. Material and methods: This
cross-sectional study included men with biopsy-proven clinically significant prostate cancer (csPC) who underwent prostate
magnetic resonance imaging (MRI) and contrast-enhanced abdominopelvic spectral CT. Images were postprocessed. The
diagnostic performance of the spectral CT parameters was assessed using receiver operating characteristic (ROC) analysis
to determine thresholds for predicting malignant prostate lesions. The optimal threshold was defined using Youden’s index.
Sensitivity, specificity, accuracy, and area under the curve (AUC) were also determined. Results: We included 105 men with
¢sPC. The mean age was 65.5 + 6.1 years. Most patients (n = 97; 92.4%) showed PI-RADS lesions > 3 on MRI. The optimal
cut-off values for differentiating malignant lesions from normal prostate tissue were 1378 Hounsfield units (HU) for low-
energy virtual monoenergetic images (VMI) at 45 keV, 1.5 mg/mL for iodine concentration density (ICD), and 8.2 for Z-effective
value. Accuracy was higher for post-processed spectral maps, including VMI at 45 keV (94.3%), ICD (94.3%), and Z-effective
(94.3%), with greater discriminatory power than conventional CT reconstruction (91.7%). Conclusion: Our study showed that
quantitative spectral CT parameters have high diagnostic performance with optimal cut-off values for accurately distinguishing
malignant prostate lesions from normal prostate tissue in patients with csPC.

Keywords: Prostatic neoplasm. Diagnostic imaging. Multidetector computed tomography. Dual energy. Spectral computed
tomography.

INTRODUCTION through the Prostate Imaging Reporting and Data
System (PI-RADS). Current European Association of
Prostate cancer (PC), one of the most prevalent male Urology (EAU) guidelines recommend pre-biopsy MRI
neoplasms, is difficult to assess with conventional com- iy men with suspected organ-confined disease!.
puted tomography (CT). Precise diagnosis and classi-  However, MRI availability, cost, long examination time,
fication are essential for timely management and reader dependence, and, in some patients, contraindi-
prognosis of clinically significant prostate cancer cations limit its use.
(csPC)'. Multiparametric magnetic resonance imaging Conventional CT provides limited soft-tissue con-
(MRI) is the gold standard for detecting and staging trast? and is used mainly for metastatic staging in csPC.
csPC. It integrates anatomical and functional data To overcome these limitations, spectral CT has emerged
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as an advanced quantitative technique that generates
multiple post-processing datasets from a single multiple-
energy acquisition®?®. Available multi-energy CT sys-
tems include dual-layer CT and photon-counting CT®.
By using tissue-specific attenuation at different photon
energies, spectral CT enables material decomposition
and virtual monoenergetic image (VMI) reconstruction,
improving contrast and tissue characterization. Low-
energy VMI enhances iodine contrast sensitivity, while
high-energy images reduce metallic artifacts.

The main clinical benefits of spectral CT include
lesion detection and characterization through superior
material differentiation, evaluation of tumor vascularity
and perfusion, and the potential use of quantitative
imaging biomarkers for treatment response®®. However,
the implementation of quantitative spectral CT parame-
ters remains limited due to equipment-related variability3+
and insufficient validation studies. Evidence supporting
the potential of spectral CT — particularly low-energy
VMI - for diagnosing csPC is limited”®. This study com-
pared spectral CT parameters of malignant and normal
prostate tissue in men with confirmed csPC and estab-
lished optimal cut-off values for predicting malignancy.

MATERIAL AND METHODS

This cross-sectional study was conducted from July
2022 to May 2025 in the Abdominal Radiology Section
of the Department of Radiology at the Dr. Balmis
University General Hospital in Alicante, Spain. Men
diagnosed with PC via transrectal biopsy, staged with
MRI and spectral CT, and treated by radical prostatec-
tomy were included. Patients lacking available images
in PACS were excluded. The institutional ethics com-
mittee approved the study.

Study development and variables

Data were obtained from clinical records, including
age, pre-surgery total prostate-specific antigen (PSA)
level, PI-RADS score on MRI®, Gleason score on pros-
tatectomy specimen, and pathology TNM stage. csPC
was defined by a Gleason score >3 + 4, a volume
>0.5 cc, and/or invasive behavior'.

Imaging acquisition and analysis protocol
Prostate MRI

MRI examinations were performed with an Ingenia
Elition 3.0T scanner (Philips, Eindhoven, Netherlands).
Patients fasted for 4-6 hours and underwent a

micro-enema for rectal clearance before imaging.
Hyoscine 10 mg was given orally or intravenously to
reduce intestinal motion and associated susceptibility
artifacts.

The imaging protocol followed multiparametric MRI
(mpMRI) standards, including high-resolution T2-
weighted imaging (WI) in axial, sagittal, and coronal
planes and diffusion-weighted imaging (DWI) with appar-
ent diffusion coefficient (ADC) mapping (axial plane;
b-values 0, 1000, and 2000). In some cases, dynamic
contrast-enhanced imaging was also acquired. Lesions
were evaluated according to PI-RADS v2.1 criteria® by
two abdominal and genitourinary imaging radiologists
with 30 (IHR) and 3 years (JOL) of experience.

Spectral CT

Images were acquired with a spectral CT 7500
scanner (Philips, Eindhoven, Netherlands). Contrast-
enhanced abdominopelvic spectral CT examination
was performed 70 seconds after intravenous contrast
administration (lomeron 300 mg/mL) at 1.8 mg/kg
of body weight using a pump injector at a rate of
2.5 mL/s. Other technical parameters included 2-mm
slice thickness, 120 kV, 87 mA, and collimation of
128 x 0.625.

Manual regions of interest (ROIls) were placed over
malignant hyper-enhancing prostate lesions on spectral
CT maps and over normal prostate tissue based on
MRI findings and prostatectomy specimen histological
examination reports (Figure 1). The parameters
included: a conventional map in Hounsfield units (HU);
low-energy (45 keV) VMI in HU; an iodine concentration
density (ICD) map in mg/mL; the Z-effective value; nor-
malized HU on low-energy (45 keV) VMI, obtained by
dividing the values of the hyper-enhancing lesion by
those of the femoral artery; and normalized ICD,
obtained by dividing the values of the hyper-enhancing
lesion by those of the femoral artery.

Normalization to the femoral artery was performed
to reduce the variability related to the contrast phase
and intermanufacturer threshold variability'®. Hyper-
enhancing prostatic lesions on spectral CT were com-
pared with PI-RADS > 3 lesions and histological
examination reports from prostatectomy specimens, to
determine their location.

Statistical analysis

Malignant prostate lesions and normal prostate tissue
were assessed in the same subject. The inference test
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Figure 1. Manual regions of interest (ROls) were placed on hyperenhancing malignant prostate lesions and on normal prostate tissue using
spectral CT maps, guided by MRI findings and prostatectomy specimen histological examination. A: conventional spectral CT reconstruction,
where PC (red circle) is not clearly visible and appears similar in density to adjacent normal tissue (blue circle). B: low-energy VMI at 45 keV,
where PC appears hyperenhancing (red circle) in the peripheral zone of the right prostatic lobe compared to normal prostate tissue (blue
circle). C: ICD map, where PC shows higher density (red circle) than normal tissue (blue circle). D: effective Z-map, where cancer shows a

higher atomic number in blue (red circle).

CT: computed tomography; VMI: virtual monoenergetic imaging; keV: kiloelectronvolt; ICD: iodine concentration density; ROI: region of interest; PC: prostate

cancer.

compared the proportions of detection in spectral CT
and MRI using the McNemar test at a 5% significance
level. Paired differences in spectral maps between nor-
mal prostate tissue and prostate cancer were analyzed
with a paired t-test for normally distributed data or the
Wilcoxon signed-rank test for non-normally distributed
data, as determined by the Shapiro-Wilk test. A p < 0.05
was considered statistically significant. The diagnostic
performance of spectral CT parameters was assessed
using receiver operating characteristic (ROC) analysis
to determine thresholds for predicting malignant pros-
tate lesions. The optimal threshold was determined
using Youden’s index. Sensitivity, specificity, accuracy,
and area under the curve (AUC) were calculated at
this point. Bootstrap resampling (1,000 iterations with
replacement) was used to estimate the 95% confidence
intervals (Cls) for all metrics. Statistical analyses and
figures were performed with Python version 3.10.5

(Python Software Foundation, Wilmington, DE, USA)
and the associated libraries, NumPy, Pandas, SciPy,
Scikit-learn, Matplotlib, and Seaborn.

RESULTS

We included 105 men with csPC with a mean age of
65.5 + 6.1 years (Table 1). The mean total PSA before
surgery was 11.9 + 6.4 ng/mL. Most tumors were in the
peripheral zone (n = 79, 75.2%). Most patients had
PI-RADS lesions > 3 on MRI (n = 97, 92.4%). The most
common Gleason score after prostatectomy was 3 + 4
(n = 44, 41.8%), and most cases (n = 81, 77.2%) were
classified as T2NO. The location of prostate cancer
hyper-enhancing lesions on low-energy VMI at 45 keV of
spectral CT correlated with MRI findings in 89.7% (n = 94)
of the 105 cases. Figure 2 shows spectral CT and MRI
findings in a man with csPC.
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Table 1. Location, MRI PI-RADS score, Gleason score, and pathology
staging of 105 patients with PC

Description Parameter
Age (yrs), mean + SD 65.5 + 6.1
Total PSA (ng/mL), mean + SD 11.9+6.4
MRI lesion location, n (%)
Peripheral zone 79 (75.2)
Transitional zone 19 (18.1)
Central zone 5(4.8)
Peripheral zone + transitional zone 2(1.9)
MRI PI-RADS score, n (%)
1 2(1.9)
2 6 (5.7)
3 17 (16.2)
4 38 (36.2)
5 42 (40.0)
Gleason score, n (%)
3+3 9(8.6)
3+4 44 (41.8)
3+5 1(1.0)
4+3 30 (28.6)
4+4 8 (7.6)
445 8 (7.6)
5+3 4(3.8)
5+4 1(1.0)
TNM staging, n (%)
T2NO 81(77.2)
T3aN0 4(3.8)
T3bNO 16 (15.2)
T3bN1 4(3.8)

MRI: magnetic resonance imaging; PC: prostate cancer; PSA:
prostate-specific antigen; PI-RADS: Prostate Imaging Reporting and
Data System; TNM: Tumor, Node, Metastasis.

Comparison of spectral CT parameters of
malignant prostate lesions and normal
prostate tissue

Conventional and spectral CT parameters of malig-
nant prostatic lesions and normal prostate tissue are
shown in Figure 3. csPC exhibited significantly higher
values than normal prostate tissue for all spectral CT
parameters: HU on conventional reconstruction, HU on
VMI at 45 keV, ICD, Z-effective value, normalized VMI
at 45 keV, and normalized ICD (p < 0.001).

ROC analysis for optimal cut-off values to
predict malignant prostate lesions

Table 2 shows the optimal cut-off for each spectral
CT parameter used to differentiate normal prostate tis-
sue (below the cut-off) from malignant prostate lesions
(above the cut-off) with high sensitivity and specificity.
The cut-off values for differentiating malignant prostate
lesions from normal prostate tissue were 137.8 HU for
low-energy VMI at 45 keV, 1.5 mg/mL for ICD, and 8.2
for Z-effective values.

Accuracy was higher for spectral post-processed
maps, including VMI at 45 keV (94.3%, 95% Cl 91.4-
97.1), ICD (94.3 %, 95% CIl 91.1-97.4), and Z-effective
value (94.3%, 95% CI 91.1-97.4) showing greater dis-
criminatory power than conventional reconstructions
(91.7%, 95% CI 88.9-95.7). ROC analysis yielded a
high AUC for cut-off thresholds differentiating malignant
prostate lesions from normal prostate tissue for the
spectral CT parameters studied (Figure 4).

Correlation between spectral CT
parameters and MRI ADC values

There was no statistically significant correlation
between the spectral CT parameters analyzed (normal-
ized ICD and normalized HU at 45 keV VMI) and MRI
ADC values. Figure 5 shows a scatter plot of these
results, with points dispersion due to the lack of a rela-
tionship between these variables.

Normalized ICD and ADC values showed Pearson
and Spearman correlations of 0.058 (p = 0.607) and
0.062 (p = 0.578), respectively. HU at low-energy VMI
and ADC values showed Pearson and Spearman cor-
relations of 0.169 (p = 0.112) and 0.146 (p = 0.171),
respectively.

DISCUSSION

Our study demonstrates that quantitative spectral CT
parameters show high diagnostic performance with
optimal cut-off values for distinguishing malignant pros-
tate lesions from normal tissue in patients with csPC.
Spectral post-processed maps, particularly VMI at
45 keV, improve lesion visibility and support precise tis-
sue characterization. These results highlight spectral CT
as a useful adjunct to MRI and a potential alternative
for patients with contraindications or incidental findings.

Although quantitative spectral CT thresholds have
been proposed for cancer detection in various organs,
the standardization of cut-off values is still under
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Figure 2. A 67-year-old man with elevated PSA (9.2 ng/mL), a family history of PC, and a recent diagnosis of csPC (Gleason score 4 + 4).
A: conventional spectral CT reconstruction where PC is not clearly identified (arrowhead) and is similar in density to adjacent normal paren-
chyma. B: low-energy VMI at 45 keV, where PC is a hyperenhancing area (arrowhead) in the peripheral zone of the right prostate lobe,
compared to normal parenchyma. C: ICD map where PC shows higher density (arrowhead) than normal tissue. D: effective Z-map where PC
shows a higher atomic number in blue (arrowhead). Pelvic MRI sequences show a focal prostate lesion in the peripheral zone of the right
lobe. E: T1-WI, where PC (arrowhead) is indistinguishable from normal prostate tissue. F: T2-WI, where the lesion appears as a focal hypoin-
tense area (arrowhead). G: DWI, where a high signal is evident (arrowhead). H: ADC map shows a marked low signal corresponding to ¢sPC,
confirming diffusion restriction (arrowhead). Taken together, the T2, DWI, and ADC findings are consistent with a PI-RADS of 5, suggesting
csPC.

PSA: prostate-specific antigen; CT: computed tomography; VMI: virtual monoenergetic imaging; keV: kiloelectronvolt; ICD: iodine concentration density; MRI:
magnetic resonance imaging; WI: weighted image; DWI: diffusion-weighted imaging; csPC: clinically significant prostate cancer; PI-RADS: Prostate Imaging
Reporting and Data System; PC: prostate cancer.
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Figure 3. Spectral CT parameters for normal prostatic tissue (blue) and PC (red). A: HU in conventional reconstruction; B: HU in VMI at 45
keV; C: ICD map, mg/mL; D: effective Z; E: HU in VMI at 45 keV normalized to the femoral artery; F: ICD normalized to the femoral artery. The
boxes show the interquartile range (IQR, Q1-Q3), the center line is the median, and the whiskers extend to 1.5 times the |QR. Data beyond
this range are outliers. All distributions have higher values in PC than in normal tissue.

CT: computed tomography; HU: Hounsfield units; VMI: virtual monoenergetic imaging; keV: kiloelectronvolt; ICD: iodine concentration density; IQR: interquartile

range; PC: prostate cancer.

259



260

J Mex Fep RabioL ImMAGiNG. 2025;4(4):254-263

Table 2. Diagnostic performance and cut-off values of spectral CT parameters for predicting malignant prostate lesions

Parameter Cut-off Sensitivity Specificity Accuracy AUC
values? (95% ClI) (95% ClI) (95% CI) (95% CI)

HU on conventional CT reconstruction 68.5 90.4 (86.5-98.1) 93.3 (85.0-97.3) 91.7 (88.9-95.7) 0.968 (0.945-0.987)

Spectral CT post-processed maps
HU on VMI at 45 keV 137.8 94.3 (87.6-98.1) 94.3 (90.8-99.2) 94.3 (91.4-97.1) 0.973 (0.952-0.991)
ICD, mg/mL 15 91.7 (86.0-96.7) 96.9 (91.9-100) 94.3 (91.1-97.4) 0.973 (0.950-0.991)
Z-effective value 8.2 91.7 (86.4-97.0) 97.4 (92.0-100) 94.3 (91.1-97.4) 0.974 (0.950-0.991)
VMI at 45 keV® 0.39 82.9 (75.5-92.9) 92.4 (83.8-98.1) 87.1 (83.8-91.9) 0.927 (0.891-0.959)
ICD® 0.34 85.4 (78.4-96.8) 91.7 (80.8-97.9) 88.0 (84.9-93.2) 0.939 (0.903-0.969)

3Values above these thresholds predict malignant prostate lesions. "HU and ICD were normalized to the femoral artery.
CT: computed tomography; Cl: confidence interval; AUC: area under the curve; HU: Hounsfield units; VMI: virtual monoenergetic images;

keV: kiloelectronvolt; ICD: iodine concentration density.
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Figure 4. ROC curves of spectral CT parameters for predicting PC. A: conventional reconstruction; B: VMI at 45 keV; C: ICD; D: Z-effective;
E: HU normalized at VMI at 45 keV; F: normalized ICD. AUC and optimal threshold points are shown for each parameter. VMI at 45 keV, ICD,
and effective Z-value had the highest AUC values and strong discriminative performance.

ROC: receiver operating characteristic; CT: computed tomography; VMI: virtual monoenergetic imaging; ICD: iodine concentration density; keV: kiloelectronvolt;

HU: Hounsfield units; AUC: area under the curve; PC: prostate cancer.

development, and must be interpreted in the clinical
context™ '3, Chen et al.® evaluated spectral CT in
differentiating bladder cancer from benign prostatic
hyperplasia (BPH) in a retrospective study of 118

patients. Spectral CT enabled quantitative assessment
of CT attenuation values across a range of energies
(40-140 keV), spectral HU curve slopes, and effective
atomic numbers with significant differences between
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Figure 5. Correlation between MRI ADC values of PC and ICD and HU in VMI at 45 keV, each normalized for the femoral artery. A: ADC value
(x1073 mm?/s) vs. normalized ICD (linear fit: y = 0.054x + 0.472), showing a weak, non-significant correlation (R = 0.003; p = 0.634). B: ADC
value (x102 mm?/s) vs. normalized HU in VMI at 45 keV (linear fit: y = 0.152x + 0.429) showing a slight non-significant positive trend (R2 = 0.029;
p = 0.103). In both graphs, each point represents a confirmed PC. There was no significant correlation between ADC and spectral CT
parameters.

ADC: apparent diffusion coefficient; ICD: iodine concentration density; HU: Hounsfield units; MRI: magnetic resonance imaging; VMI: virtual monoenergetic

imaging; PC: prostate cancer.

bladder cancer and BPH, especially at 40 keV VMI,
where bladder cancer showed higher values and
effective atomic numbers. Klein et al.* investigated
the correlation between quantitative dual-energy CT
parameters and MRI-derived biomarkers in invasive
ductal breast carcinoma and found correlations between
CT perfusion parameters and tumor immunohisto-
chemical subtypes, suggesting spectral CT can capture
functionally relevant tumor features. However, its clini-
cal application requires further validation. Our study
found strong correlations between spectral CT param-
eters and csPC identified on MRI. We established
cut-off values for spectral CT parameters that differen-
tiate malignant and normal prostatic tissue with high
sensitivity and specificity. The 45 keV VMI threshold of
137.8 HU was the most accurate, with high sensitivity
(94.3%) and specificity (94.3%), reinforcing its value as
the key parameter for detecting csPC suspicious
lesions. While spectral CT does not replace MRI for
definitive diagnosis, it may improve lesion conspicuity
and support incidental or adjunctive csPC detection.
PC typically shows lower ADC MRI values than normal
or benign tissue™". Li et al."® compared spectral CT

with DWI MRI for predicting neoadjuvant chemotherapy
response in locally advanced gastric cancer. They found
comparable performance for both modalities, with
improved performance when combined. In our study,
spectral CT parameters and ADC values showed a weak,
non-significant correlation with normalized ICD and a
slight positive trend with normalized HU at 45 keV VMI.
Although ADC MRI remains a validated biomarker of PC
aggressiveness, spectral CT cannot replicate this func-
tional information, indicating that CT cannot substitute
diffusion-based MRI in intraprostatic characterization™®.
Transitional zone PC is difficult to distinguish from
hyperplastic adenomas'®, while peripheral zone lesions
are challenging to differentiate from prostatitis?°. BPH-
related heterogeneity further limits diagnostic specificity.
Korevaar et al.? showed that although conventional
CT lacks soft-tissue contrast, machine-learning analy-
sis can extract latent features that improve csPC detec-
tion. This finding supports the diagnostic value of
spectral CT, though its performance remains inferior to
multiparametric MRI, particularly for localization and
staging. Although we did not analyze spectral parame-
ters separately in the peripheral and transitional zones,

261



262

J Mex Fep RabioL ImMAGiNG. 2025;4(4):254-263

we found that transitional zone cancers closely resem-
bled hyperplastic adenomas. In addition, the nodule
capsule — important for PI-RADS assessment — could
not be evaluated on conventional or spectral CT, but it
can be evaluated on MRI to determine the degree of
malignancy. Spectral CT may offer greater specificity
in the peripheral zone, but transitional zone adenomas
and malignant lesions remain difficult to differentiate.

The strengths of this study are its systematic design,
the inclusion of patients with confirmed PC, and the
quantitative evaluation of spectral CT parameters from
post-processed maps, which yielded consistent, repro-
ducible results. The standardized image acquisition
protocol strengthened methodological rigor and internal
validity. Limitations include the single-center design,
which may affect generalizability, and a unique spectral
CT equipment, which may lead to variations in image
quality, reconstruction algorithms, and quantitative
parameter measurements across systems of different
manufacturers; and retrospective ROI selection may
introduce bias, as ROIs were manually drawn on pre-
viously MRI-identified lesions. Measuring HU on con-
ventional maps in areas already known to be malignant
could have optimized diagnostic performance, reducing
the difference observed with spectral CT. Another lim-
itation is the lack of a healthy control group, as com-
parisons were restricted to malignant lesions versus
normal prostate tissue in the same patient.

CONCLUSION

Our study found that quantitative spectral CT para-
meters effectively distinguished malignant from normal
tissue and accurately predicted csPC. The high sensitiv-
ity and specificity of the optimal cut-offs support spec-
tral CT’s potential as complementary to MRI, especially
for patients with contraindications or incidental prostate
abnormalities. However, MRI remains the reference
standard for accurate PC detection, localization, and
risk stratification. Multicenter studies with larger cohorts
are needed to validate these cut-off values and assess
the reproducibility of different scanners and popula-
tions. Including a healthy control group would allow for
more robust comparisons.
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ABSTRACT

Introduction: Magnetic resonance imaging-proton density fat fraction (MRI-PDFF) has been validated for diagnosing liver
steatosis. However, comparisons of MRI-based methods have not been sufficiently addressed. This study compared three
noninvasive quantitative MRI methods for evaluating liver steatosis and assessed the correlations between body mass index
(BMI) and abdominal circumference with liver fat in Mexican patients. Material and methods: This cross-sectional study
included adults without a prior clinical or laboratory diagnosis of liver disease. Liver fat was quantified using LiverLab software
with three MRI-based methods: automatic MRI-PDFF segmentation of the entire liver, manual MRI-PDFF ROI, and magnetic
resonance spectroscopy of fat fraction (MRS-FF). Results: Forty-one participants with a mean age of 40.6 + 13.7 years were
included; 21 (51.2%) were men, and 20 (48.8%) were women. The mean BMI was 271 + 4.6 kg/m2 The prevalence of hepatic
steatosis was 43.9% (n = 18). The median liver steatosis for automatic MRI-PDFF segmentation was 5.0% (IQR 6.4%); for
MRI-PDFF ROI, 2.9% (IQR 6.9%), and for MRS-FF, 5.7% (IQR 8.4%), with a significant difference (p = 0.006). Liver volume
was positively correlated with BMI (r = 0.50; p < 0.001); a higher BMI was associated with greater liver volume. Abdominal
circumference was positively correlated with the liver fat fraction (r = 0.46, p = 0.007). Conclusion: Automated MRI-PDFF
segmentation and MRS-FF showed comparable results for quantifying liver fat, while MRI-PDFF ROI yielded significantly
lower values. Liver steatosis correlated directly with higher BMI and larger abdominal circumference. This is the first study
in Mexican patients to report liver fat estimation using three MRI-based methods.

Keywords: Magnetic resonance imaging. Liver steatosis. Metabolic dysfunction-associated steatotic liver disease. LiverLab.

INTRODUCTION to liver failure or hepatocellular carcinoma®®. Liver ste-
atosis remains a challenging diagnosis. Liver biopsy,

Liver gteatosis i? a public he?\alt.h proplem. Metabolic considered the gold standard, has disadvantages due
dysfunction-associated steatotic liver disease (MASLD, 4 its invasive nature and sampling bias, limiting eval-

formerly MAFLD or NAFLD), the current term for this  ,ation because of the heterogeneity of fat in liver
condition', is the most common chronic liver disease in parenchyma’.

the world2. The prevalence of liver steatosis in the Magnetic resonance imaging (MRI) and elastogra-
Mexican population has been estimated at 42.5%“. phy are noninvasive alternatives with good accu-
The clinical spectrum of MASLD includes steatosis, racy®. MRI-based methods include MRI proton
steatohepatitis, and liver fibrosis, which can progress density fat fraction (MRI-PDFF), elastography, and
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magnetic resonance spectroscopy of fat fraction
(MRS-FF). MRI-PDFF has been validated for diag-
nosing steatosis using two fat quantification meth-
ods: whole-liver automatic segmentation and manual
region-of-interest (ROI). Manual ROl is user-dependent,
and there is a difference in accuracy between the
two methods®.

Anthropometric parameters such as body mass index
(BMI) and abdominal circumference are diagnostic cri-
teria for MASLD?®°, Steatotic liver disease is associated
with metabolic dysfunction, and abdominal adiposity is
an important feature in the development of MASLD".
This study compared three noninvasive quantitative
MRI-based methods for evaluating liver steatosis in
Mexican patients and assessed the correlation between
BMI and abdominal circumference with liver fat. The
MRI methods were automatic segmentation of the
entire liver volume with MRI-PDFF, manual MRI-PDFF
ROI, and MRS-FF.

MATERIAL AND METHODS

This cross-sectional study was conducted from
August to November 2024 in the Magnetic Resonance
Department of Hospital Angeles Lomas, Huixquilucan,
State of Mexico, Mexico. Adults aged 18 years or older
referred for an MRI of other body regions with no known
clinical or laboratory diagnosis of liver disease were
included. Patients with focal liver lesions, hepatic or
extrahepatic neoplasia, contraindications for MRI (such
as metallic implants or claustrophobia), incomplete MRI
studies, or studies with artifacts or interference affecting
the accuracy of automated liver segmentation were
excluded. All participants provided written informed con-
sent. The Institutional Research Ethics and Research
Committees approved this study.

Development and study variables

Age, sex, comorbidities such as type 2 diabetes and
systemic arterial hypertension, BMI (kg/m?), and waist
circumference (cm) were recorded. MRI liver fat fraction
parameters were expressed as percentages using
three methods: automatic MRI-PDFF segmentation,
MRI-PDFF ROI, and MRS-FF.

Liver steatosis grading

Liver steatosis was graded according to proton den-
sity fat fraction (PDFF) thresholds validated in an inde-
pendent biopsy-based cohort reported by Tang et al.’?:

Grade 1, PDFF > 6.4%; Grade 2, PDFF > 17.4%, and
Grade 3, PDFF = 22.1%. Histological severity was estab-
lished using the NASH CRN system'®. The PDFF cut-off
points showed high specificity with moderate to high
sensitivity for the dichotomized classification of the three
grades. These thresholds were estimated using multi-
echo MRI sequences with T2* correction (g-Dixon)
sequences, which are recommended for noninvasive ste-
atosis classification.

Imaging acquisition protocol

Liver MRI was performed with a 1.5T MAGNETOM
Aera scanner (Siemens Healthineers, Erlangen, Germany)
with an 18-channel abdominal coil. Conventional
T2-weighted sequences were acquired in coronal, sag-
ittal, and axial planes. All images were acquired during a
single breath-hold to minimize motion artifacts. LiverLab
software (Siemens Healthineers, Erlangen, Germany)
was used with the following three sequences (Table 1):
T1 VIBE e-Dixon (First Look Dixon), T1 VIBE g-Dixon
(multi-echo Dixon), and single-voxel HISTO spectroscopy
(Figure 1). The T1 VIBE e-Dixon sequence generated a
four-image series (in-phase, out-of-phase, water-only,
and fat-only) with total coverage of the liver parenchyma
(at least 3 cm above and below its borders).

The system performed automated online liver seg-
mentation and generated a 20 mm region of interest
(ROI), which was manually positioned by technical staff
under the supervision of a radiologist (EVS) with five
years of experience and a radiologist (JFR) with two
years of experience in body MRI. The ROl was manu-
ally placed in segment VII, free of blood vessels.
Subsequently, the T1 VIBE g-Dixon sequence was
used for liver fat quantification. The HISTO MRS-FF
sequence, based on STEAM (Stimulated Echo
Acquisition Mode) spectroscopy, was acquired during
a single 15 second breath-hold with a 30 mm?3 voxel
placed at the same ROI site (segment VII).

Post-processing and data analysis

Post-processing was performed immediately after
image acquisition using LiverLab software tools. The
T1 VIBE g-Dixon sequence provided quantitative fat
fraction maps for both automatic segmentation and
manual ROI; fat fraction was calculated by MRI-PDFF
(Figure 2). The HISTO map calculated the transverse
relaxation (T2) corrected fat fraction by spectroscopy
(MRS-FF), represented by color bars. Liver fat quanti-
fication was recorded in a database directly from the
software-generated report.
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Table 1. 1.5T MRI protocol with three main sequences for quantification of liver fat by multiparametric assessment using LiverLab software

Sequence FOV/voxel size (mm) Matrix TR (ms) TE (ms) Slice thickness/gap (mm)
T1 VIBE e-Dixon 308.8*380/1.2*1.2*3.0 195%320 6.69 2.39,4.71 3.0/3.6

T1 VIBE g-Dixon 450%393.8/1.4*1.4*3.5 111*160 15.6 2.38, 4.76, 7.14, 9.52, 11.90, 14.28 3.5/4.2

HISTO spectroscopy 30*30*30 - 3000 12, 24, 36, 48, 72 30

T: tesla; MRI: magnetic resonance imaging; T1-weighted image; VIBE: volumetric interpolated breath-hold examination; FOV: field-of-view;
TR: time repetition; TE: time echo; ms: milliseconds; mm: millimeters.

Figure 1. T1 VIBE e-Dixon or First Look Dixon sequence 3D acquisition performed with a single breath-hold with full coverage of the entire
hepatic parenchyma, generating the following images: water, fat, and automatic segmentation on water. A: T1 VIBE Dixon Fat shows the
macroscopic fat component of tissues without free water protons. This component appear isointense. B: T1 VIBE Dixon Water shows the
free water component without the macroscopic fat component; free water protons appear isointense. C: T1 VIBE e-Dixon sequence with
automatic MRI-PDFF segmentation performed after acquisition. D: T1 VIBE Dixon Fat Fraction. After acquisition, the system automatically
performs liver MRI-PDFF segmentation, and a manual ROl approximately 20 mm in size is placed over the hepatic parenchyma, standardized
to hepatic segment VII (arrow).

VIBE: volumetric interpolated breath-hold examination; MRI-PDFF: magnetic resonance imaging-proton density fat fraction; ROI: region of interest.

Statistical analysis variables, including measures of central tendency.

Results were expressed as means, standard devia- Qualitative variables were summarized as frequency
tions (SD), medians, and interquartile range (IQR). and percentage. The liver fat percentage, BMI, and
Descriptive  statistics summarized quantitative abdominal circumference were assessed with Pearson’s
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mean fit error

Discrimination

n: run liver evaluation

Figure 2. MRI quantification of liver fat using LiverLab software. A: T1 VIBE e-Dixon sequence with automatic MRI-PDFF segmentation per-
formed by the software after acquisition. B: dual-Ratio Dixon Discrimination. The system generates a result from the segmented liver tissue,
recommending whether to perform liver g-Dixon evaluation, based on the measured fat deposition. C: liver evaluation report displayed as a
color bar using PDFF, showing the liver fat fraction obtained by automatic MRI-PDFF segmentation (27.8% + 12.6%) and manual MRI-PDFF
ROI (24.8% + 2.6%). The number of voxels occupied by the ROl and the segmentation are shown. D: HISTO report displayed as a color bar by
spectroscopy (MRS-FF) showing the liver fat fraction (31.3% + 0.99%).

VIBE: volumetric interpolated breath-hold examination; MRI-PDFF: magnetic resonance imaging-proton density fat fraction; MRS-FF: magnetic resonance spec-
troscopy-fat fraction; ROI: region of interest; PDFF: proton density fat fraction.

correlation coefficient. The Mann-Whitney U test was
used to compare segmentation quality (optimal vs. sub-
optimal) and sex. Statistical significance was a p-value
< 0.05. RkWard v0.8.0 software was used for the
analysis™.

hypertension. The prevalence of liver steatosis was 43.9%
(n =18 of 41); 11 (61.1%) were men, and 7 (38.9%) were
women. Liver steatosis was quantified by automatic MRI-
PDFF segmentation: 88.9% (n = 16) were grade 1, 5.6%
(n = 1) were grade 2, and 5.6% (n = 1) were grade 3.

RESULTS

Forty-six patients underwent liver MRI; five were
excluded due to SWAP artifact (uncorrectable fat-water
exchange), leaving forty-one participants. The mean age
was 40.6 + 13.7 years (Table 2); 21 (51.2%) were men
and 20 (48.8%) were women. The mean BMI was 27.1 +
4.6 kg/m? 24.5% (n = 10) were normal weight; 51.2%
(n = 21) were overweight; 21.9% (n = 9) were obese; and
2.4% (n = 1) were underweight. The mean abdominal

Quality of liver fat segmentation by
MRI-PDFF

Optimal segmentation was observed in 85.4 % (n = 35)
of MRI scans (Figure 3A), with no significant difference
in fat percentage between optimal and suboptimal seg-
mentation. The median difference with optimal seg-
mentation did not change the proportion of cases

circumference was 93.2 + 16.5 cm. Among participants,
4.9% (n = 2) had type 2 diabetes and 9.8% (n = 4) had

above the PDFF threshold or the distribution of the
three grades of liver steatosis.
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Table 2. Characteristics and prevalence of liver steatosis in 41
patients assessed by MRI

Description Parameter
Age (years), mean + SD 40.6 +13.7
Sex, n (%)

Men 21 (51.2)

Women 20 (48.8)
BMI (kg/m?), mean + SD 271 +456
BMI classification, n (%)

Underweight 1(2.4)

Normal weight 10 (24.5)

Overweight 21 (51.2)

Obesity grade | 6 (14.6)

Obesity grade I 3(7.3)
Waist circumference (cm), mean + SD 932+ 165
T2 diabetes, n (%)

Yes 2(4.9)

No 39 (95.1)
Systemic hypertension, n (%)

Yes 4(9.8)
No 37(90.2)
Prevalence of liver steatosis by MRI- 18 (43.9%)

PDFF?, n (%)

Liver steatosis grading®, n (%)
Grade 1 16 (88.8)
Grade 2 1(5.6)
Grade 3 1(5.6)

aSteatosis grade of liver fat using automatic MRI-PDFF segmentation.
bGrade 1: PDFF > 6.4%; Grade 2: PDFF > 17.4%; Grade 3: PDFF >
22.1%'2 BMI: body mass index; SD: standard deviation; MRI: magne-
tic resonance imaging; PDFF: proton density fat fraction.

Comparison of the three quantitative
MRI-based methods for estimating liver fat

The median liver fat fraction for automatic MRI-PDFF
segmentation was 5.0% (IQR 6.4%) (Figure 3B); MRI-
PDFF ROI was 2.9% (IQR 6.9%), and MRS-FF, 5.7%
(IQR 8.4%). Liver fat quantification by ROI exhibited
lower central values compared to automatic segmenta-
tion (MRI-PDFF) and spectroscopy (MRS-FF)
(p = 0.006).

BMI and liver fat correlation estimated by
three quantitative MRI-based methods

Liver volume positively correlated with BMI (r = 0.50;
p < 0.001); a higher BMI was associated with greater
liver volume (Figure 4). There was a morphometric
relationship between BMI and liver size. The correlation
between BMI and the liver fat fraction was demon-
strated by automatic MRI-PDFF segmentation, MRI-
PDFF ROI, and spectroscopy (MRS-FF) (Figure 5). The
correlation was positive, with an ascending fat fraction
gradient as BMI increased; the magnitude was moder-
ate, uniform, and significant; automatic MRI-PDFF
segmentation (r = 0.42, p = 0.006), MRI-PDFF ROI
(r = 0.39, p = 0.011), and spectroscopy (MRS-FF)
(r=0.41, p = 0.005).

Correlation between abdominal
circumference and liver fat fraction by
three quantitative MRI-based methods

Abdominal circumference showed a consistent posi-
tive correlation with liver fat fraction across all quantifi-
cation methods (Figure 6). Significant correlations
between abdominal circumference and liver fat fraction
were observed with MRI-PDFF automatic segmentation
(r = 0.44, p = 0.004), MRI-PDFF ROI (r = 0.45, p =
0.003), and MRS-FF (r = 0.46, p = 0.001). Liver fat frac-
tion increased as abdominal circumference increased.

Comparison by sex of liver fat fraction
estimated by three quantitative MRI-based
methods

The median liver fat fraction was higher in men than
in women for MRI-PDFF, MRI-PDFF ROI, and MRS-
FF, with no significant difference (Figure 7). Liver fat
values obtained by MRI-PDFF ROI were lower than
those from automatic MRI-PDFF segmentation and
MRS-FF, with no significant difference between sexes.

DISCUSSION

Our study demonstrated comparable liver fat quanti-
fication using automated MRI-PDFF segmentation and
MRS-FF. In contrast, MRI-PDFF ROI showed signifi-
cantly lower liver fat quantification. Liver steatosis was
directly correlated with increases in BMI and abdominal
circumference. This is the first study in Mexican patients
to evaluate liver fat using MRI-based methods and
LiverLab software. Based on our results, the specific
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Figure 4. Scatter plot showing the correlation between liver volume
and BMI. The dotted line represents the linear regression fit with
r=0.50 and a significant Pearson’s test (p < 0.001). A higher BMI was
associated with greater liver volume.

BMI: body mass index.

MRI method used should be explicitly stated in the
radiology report.

MRI is the best noninvasive tool for diagnosing liver
steatosis. Several studies have demonstrated the utility
of MRI-PDFF with advanced multi-echo Dixon
sequences and LiverLab software'®'®. These methods
quantify total liver fat in a single acquisition and classify
steatosis with high precision and reproducibility, while
also reducing study time, post-processing time, and
intraobserver variability'®. MRI-PDFF has been pro-
posed as the gold standard for quantifying liver steato-
sis, comparable to liver biopsy?® and a correlation

between MRI-PDFF and spectroscopy (MRS-FF) has
been demonstrated®??, In a meta-analysis by
Al-Huneidi et al.'® MRI-PDFF correlated significantly
with liver biopsy as the reference standard for liver fat
fraction and steatosis grade. In a study of 120 adult
patients aged 18 years or older in Innsbruck, Austria,
Henninger et al.'® evaluated MRI-PDFF and MRS-FF
for liver fat quantification using multi-echo Dixon
sequences (Avanto scanner, Siemens Healthcare,
Erlangen, Germany). Manual ROl showed a strong
correlation between the two methods (r = 0.957). Our
study evaluated liver fat using LiverLab software and
three MRI-based methods for steatosis assessment in
patients with no previous history of liver disease. The
significant difference between MRI-PDFF ROI and the
other two methods is likely due to the user-dependent
nature of ROI placement. The literature reports com-
parisons between MRI-PDFF and MRS-FF using
ROI'621.23 byt a comparison of MRI-PDFF between
ROI and automatically segmented volume has not been
reported.

Eslam et al.® reported that individuals with MASLD
have a higher BMI. Furthermore, a high BMI is a
diagnostic criterion for MASLD'™. Liver steatosis is
particularly high in obese or overweight individuals®*25.
In a study by Zou et al.?6 BMI and waist-to-hip ratio
were associated with elevated ALT and AST levels
in 1,816 adults in Nantong, China. The mean age
was 42.8 years, and the mean BMI was 24.48 kg/m2.
Gupta et al.®® evaluated 55 adult Indians with a mean
BMI of 25.33 kg/m? and no history of liver disease.
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Liver fat fraction was quantified using a 3.0T MRI scan-
ner and LiverLab software with whole-liver and MRI-
PDFF ROl (g-Dixon) and MRS-FF. They found a
positive correlation between BMI and liver fat fraction
with both methods. In Mexico, de Celis Alonso et al.?’

Figure 6. Correlation between abdominal circumference and liver fat
fraction by three noninvasive quantitative MRI-based methods for
estimating liver fat. A: blue scatter plot showing the correlation
between abdominal circumference and liver fat fraction quantified by
MRI-PDFF in the automatic segmentation area (r = 0.44, p = 0.004).
B: orange scatter plot showing the correlation between abdominal
circumference and the selected MRI-PDFF ROI (r = 0.45, p = 0.003).
C: green scatter plot showing the correlation between abdominal
circumference and liver fat fraction by MRS-FF@ (r = 0.46, p = 0.001).
All three methods show a positive trend: as abdominal circumference
increases, liver fatincreases. In the Pearson correlation test, all three
methods significantly correlated (p < 0.005). The MRI-PDFF ROl liver
fat values were lower than those from the automatic MRI-PDFF
segmentation and MRS-FF.

20ne outlier with a liver fat fraction of 31.3% was not displayed in MRS-FF.
MRI-PDFF: magnetic resonance imaging-proton density fat fraction; ROI:
region of interest; MRS-FF: magnetic resonance spectroscopy-fat fraction.

conducted a study of 81 children aged 7 to 9, who
were asymptomatic for liver disease. The relationships
between obesity, metabolic factors, and liver fat
were evaluated using MRI-PDFF and iron-corrected
T1 time. They found that children with a higher BMI
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had higher liver fat levels. We found a significant cor-
relation between BMI, abdominal circumference, and
liver fat percentage in Mexican patients with no history
of liver disease. Increases in liver volume and liver fat
are directly associated with increases in BMI and
abdominal circumference and may serve as MASLD
biomarkers.

The global prevalence of MASLD is about 32%, with
regional variations. This prevalence is reaching 42.5%
in Mexico*. Liver steatosis in the Mexican population has
been evaluated with grayscale US?8. A Turkish study?®
of 178 patients evaluated routine MRI sequences on a
1.5T Philips scanner with MRI-PDFF ROI and Dixon
sequence. They reported a prevalence of 42.9% for liver
steatosis in this population. In the study by Gupta et al.?3,
the prevalence of liver steatosis was 30.9% (n = 17) with
MRI-PDFF and 32.7% (n = 18) with MRS-FF. The prev-
alence of liver steatosis in our study was 43.9% among
patients with a mean age of 40.6 + 13.7 without a history
of liver disease. The majority (n = 16, 88.8%) had grade
| liver steatosis. This prevalence is comparable to that
reported in the literature.

The strengths of the study include the use of
LiverLab software with a standardized protocol and
MR-PDFF for automatic segmentation, which are
independent of observer experience and reduce
intraobserver error. Study limitations include a small
sample size, the lack of biochemical liver function
parameters, and the use of liver biopsy as the refer-
ence standard.

CONCLUSION

In our study, automated MRI-PDFF segmentation
and MRS-FF showed comparable liver fat quantifica-
tion, while MRI-PDFF ROI yielded significantly lower
liver fat values. Liver fat fraction measured by all three
MRI-based methods correlated significantly with BMI
and abdominal circumference. These exploratory find-
ings should be validated in larger, more diverse
cohorts using different MRI scanners and acquisition
protocols.
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ABSTRACT

Introduction: Benign breast diseases in men, other than gynecomastia, are poorly understood due to their low prevalence.
This study describes the clinical characteristics, mammographic and ultrasound (US) findings, and the histology of benign
breast lesions in Mexican men. Material and methods: Men over 18 years of age with benign breast lesions, with or without
gynecomastia, were included. The reason for consultation and associated clinical abnormalities were described. Mammography
and/or US were performed and reported according to Breast Imaging Reporting and Data System (BI-RADS) categories.
The histopathology diagnosis was reported. Results: Twenty-eight men with a mean age of 44.6 + 18.2 years were included.
A palpable lump was the main reason for consultation (n = 22, 78.6%). Oval or irreqular masses without calcifications pre-
dominated on mammography. US findings commonly showed solid, oval, circumscribed, hypoechoic masses with absent or
peripheral vascularity. BI-RADS categories 2 (n = 10, 35.7%) and 4A (n = 9, 32.1%) were the most common, followed by 4B
(n=3,10.7%),3 (n = 3,10.7%), and 1 (n = 2, 72%), with only one case (3.6%) in category 5. Predominantly diffuse gyneco-
mastia (71.4%) was found in 20 men. Mastitis was the most common histopathology diagnosis (n = 8, 28.6%), followed by
epidermoid cyst, pseudoangiomatous stromal hyperplasia, ductal ectasia, myofibroblast, dermoid cyst, hemangioma and cyst,
leiomyoma, inclusion cyst, and pilomatrixoma. Conclusion: Benign breast diseases in men, other than gynecomastia, showed
imaging findings suspicious for malignancy, with more than 50% classified as BI-RADS categories 3, 4, or 5. Histopathology
revealed a wide range of benign diagnoses. This case series is the largest report of Mexican men with benign breast lesions
beyond gynecomastia.

Keywords: Male breast. Benign breast disease. Gynecomastia. Ultrasound. Mammography. Mastitis.

INTRODUCTION Mammographic findings with a high negative predictive
value for malignancy (99%) include a retroareolar loca-
tion, non-eccentricity, isodense density, and the absence

of calcifications or retraction®. Benign breast ultrasound

Male breast abnormalities have attracted interest due
to an increase in imaging examinations'. The main rea-
sons for breast pathology consultation in men are a

palpable lump, a pain or burning sensation, increased
volume, and, less frequently, nipple discharge?.
Gynecomastia is the most common benign diagnosis
in men and can present simultaneously with other
benign breast lesions such as lipoma, epidermoid cyst,
stromal pseudoangiomatosis, or mastitis®->.
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(US) findings include an oval shape, a circumscribed
margin, and homogeneous echogenicity’”. US is very pre-
cise because the relatively small size of the male breast
allows good penetration with a high-frequency beam. It
should be performed if suspicious findings are detected
on mammography*. Other advanced imaging modalities
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such as contrast-enhanced mammography, magnetic
resonance imaging, computed tomography, and positron
emission tomography are reserved for specific conditions
or used as complements to mammography and US,
although their use is limited by high costs and limited
accessibility®.

Benign breast lesions in men other than gynecomas-
tia can present findings suspicious for malignancy,
classified as BI-RADS categories 3, 4, or 5 with an
indication for biopsy®?. This study describes the clinical
characteristics, mammographic and US findings, and
histology of benign breast lesions, other than gyneco-
mastia, in Mexican men.

MATERIAL AND METHODS

This retrospective case series was conducted from
January 2014 to July 2025 in the Department of Breast
Imaging of the Instituto de Enfermedades de la Mama
FUCAM, A.C. in Mexico City, Mexico. Men with breast
abnormalities, with or without gynecomastia, aged over
18 years and diagnosed with benign breast lesions by
imaging and/or histopathology were included. Patients
with only gynecomastia, pseudogynecomastia, incom-
plete medical records, or a malignant breast diagnosis
were excluded. Data were collected as part of routine
medical care; therefore, informed consent was not
required. The institutional research and research ethics
committees approved the study.

Study development and variables

Electronic and physical medical records of men with
benign breast lesions were analyzed. Mammography
and/or US were performed according to the clinical
indication of the referring clinician in patients with a
palpable mass, nipple discharge, nipple retraction, or
breast skin thickening. The variables included age, rea-
son for consultation, associated clinical breast manifes-
tations, simultaneous presence of gynecomastia, and
mammographic and/or US findings described accord-
ing to BI-RADS categories'®.

Image acquisition and analysis
MamMMOGRAPHY

Mammography was performed with a Hologic system
(Hologic, Inc., Bedford, MA, USA) or a digital IMS Giotto
Tomo system (Sasso Marconi, BO, Italy). Conventional
projections included two craniocaudal (CC) and two
mediolateral oblique (MLO) images of both breasts.

Table 1. Clinical characteristics of 28 men with benign breast lesions
other than gynecomastia

Description Parameter
Age, years + SD 44.6 +18.2
Reasons for consultation, n (%)
Palpable lump 22 (78.6)
Mastalgia 2(7.1)
Nipple discharge 1(3.6)
Nipple mass 2(7.1)
Pruritus 1(3.6)
Associated clinical manifestations, n (%)
Mastalgia 7(24.1)
Pruritus 1(3.6)
Desquamation 1(3.6)
Nipple retraction with pain 1(36)
Foreign body sensation 1(3.6)

SD: standard deviation.

Table 2. Mammography findings? in 24 men with benign breast
lesions other than gynecomastia

Description® n (%)
Mass, n (%) 23 (96.0)
Shape, n (%)
Oval 12 (52.2)
Round 1(43)
Irregular 10 (43.5)
Margin, n (%) 23
Circumscribed 10 (43.5)
Obscured 10 (43.5)
Microlobulated 1(4.3)
Indistinct 2(8.7)
Spiculated 0
Density, n (%) 23
High 5(21.7)
Equal 12 (52.2)
Fat containing 6(26.1)
Asymmetry, n (%) 1(4.0)
Associated features, n (%)
No 18 (62.1)
Yes 11 (37.9)
Skin thickening 8(72.7)
Nipple retraction 3(27.3)

2BI-RADS: Breast Imaging Reporting and Data System.
No evidence of calcifications or architectural distortion.



Breast US

Examination was performed with a LOGIQ E9 system
(GE Healthcare, Wauwatosa, WI, USA) using a 10-MHz
linear multifrequency transducer in radial and antiradial
orientations in all patients as a first-line examination or
as a complementary tool to mammography when sus-
picious features were detected. All studies were inde-
pendently reviewed by a breast radiologist (LRR) with
10 years of experience, according to the fifth edition of
the ACR BI-RADS categories'’.

Gynecomastia was characterized according to the
imaging criteria proposed by Mannix et al.* who classi-
fied the condition into three morphological patterns: nod-
ular, dendritic, and diffuse, based on mammography or
US features.

BREAST BIOPSY

Core biopsies were performed with 14 G x 10 cm
Tru-cut™ needles (BARD, Tempe, AZ, USA) under US
guidance. Breast biopsies were assessed by oncology
pathologists (JHH) with 10 years of experience. A histo-
pathology evaluation was considered the reference
standard for diagnosis. In cases without a biopsy, the
diagnosis was determined based on mammography and/
or US findings.

STATISTICAL ANALYSIS

Quantitative variables are presented as measures
of central tendency and dispersion, and categorical
variables as absolute and relative frequencies. The
statistical analysis was performed using Microsoft
Excel 2021 (Microsoft Corp., Seattle, WA, USA).

RESULTS

Twenty-eight men with benign breast lesions, with or
without gynecomastia, were included (Table 1). The
mean age was 44.6 + 18.2 years. A palpable mass was
the main reason for consultation (n = 22, 78.6%), followed
by less common manifestations such as mastalgia,
nipple discharge, nipple mass, and pruritus. Associated
clinical manifestations were found in 11 cases (39.3%).
These included mastalgia, pruritus, desquamation, nipple
retraction with pain, and foreign body sensation.

Mammography findings in men with
benign breast lesions

Mammography was performed in 24 men (Table 2).
Four patients had conclusive US findings for benign

A. Ortiz-Garcia et al. Benign breast diseases in men

Table 3. US findings® in 28 men with benign breast lesions other than
gynecomastia

Description® n (%)
Fluid collection, n (%) 5(17.9)
Mass, n (%) 23 (82.1)
Shape
Oval 19 (82.6)
Irregular 4(17.4)
Margin, n (%)
Circumscribed 16 (69.6)
Obscured 3(13.0)
Microlobulated 3(13.0)
Indistinct 1(44)
Echo pattern, n (%)
Hypoechoic 10 (43.6)
Hyperechoic 2(8.7)
Isoechoic 6 (26.0)
Anechoic 2(8.7)
Heterogeneous 2(8.7)
Complex cystic and solid 1(43)
Posterior features, n (%)
Enhancement 8(34.7)
Shadowing 4 (17.5)
Combined pattern 2(8.7)
No posterior features 9(39.1)
Vascularity, n (%)
Internal flow 5(17.8)
Peripheral 6(21.5)
Absent 17 (60.7)
Associated features, n (%)
No 18 (64.3)
Yes 10 (35.7)
Edema 5 (50.0)
Skin thickening 3(30.0)
Nipple retraction 2 (20.0)

aBI-RADS: Breast Imaging Reporting and Data System.

"No case showed round shape, spiculated margin, calcifications,
or architectural distortion. US: ultrasound.

breast lesions and therefore did not require mammaogra-
phy. In 23 masses (96.0%) of 24 cases: masses were oval
(n =12, 52.2%) or irregular (n = 10, 43.5%), while round
lesions were uncommon (n = 1, 4.3%). Circumscribed
(n =10, 43.5%) and obscured (n = 10, 43.5%) margins
were common. No spiculated margin was identified.
Most masses were isodense (n = 12, 52.2%), followed
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Figure 1. A 44-year-old man with a palpable lump in the right breast. A: mammography, MLO projection of the retroareolar region of the right
breast, shows an irregular, isodense mass with indistinct margin (arrowheads), associated with skin thickening of the nipple-areolar complex
(dashed circle). B: grayscale US shows an irregular, heterogeneous, predominantly hypoechoic collection in the right retroareolar region,
without acoustic features or a fistulous tract (arrowheads). C: color Doppler US shows absence of vascularity (arrowhead). D: grayscale US
of the right axillary region shows nodes with diffuse cortical thickening and an echogenic hilum (arrowhead). BI-RADS 4A. E: histologic section
(H&E 40x) shows a stromal inflammatory infiltrate of lymphocytes, plasma cells, macrophages, a few neutrophils, and multinucleated giant

cells (dashed circle). The histopathologic diagnosis was mastitis.

US: ultrasound; H&E: hematoxylin and eosin; MLO: mediolateral oblique; BI-RADS: Breast Imaging Reporting and Data System.

by fat-containing (n = 6, 26.1%) and high-density
(n =5, 21.7%) masses. Associated findings were pres-
ent in 11 men (37.9%), including skin thickening (n = 8,
72.7 %) and nipple retraction (n = 3, 27.3%). No calci-
fications or architectural distortions were found.

US findings in men with benign breast
lesions

Among the 28 patients evaluated by US, the predom-
inant finding was a solid mass (n = 23, 82.1%), most

frequently oval (n = 19, 82.6%) with a circumscribed
margin (n = 16, 69.6%). No spiculated margin was
observed (Table 3). Regarding echogenicity, nearly half
of the lesions were hypoechoic (n = 10, 43.6%), followed
by isoechoic (n = 6, 26.0%), with less common patterns
such as hyperechoic, anechoic, heterogeneous, or
complex. Posterior acoustic features were variable, with
enhancement in 8 cases (34.7%), shadowing in 4
(17.5%), and absence of posterior features in 9 (39.1%).
Vascularity was absent in the majority of cases (n = 17,
60.7%), while peripheral and internal flow were identified
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Figure 2. A 79-year-old man with a self-detected palpable lump in the left breast. A-B: MLO and CC views of the left upper inner quadrant of
the left breast, middle third, show an irregular mass with microlobulated margin, isodense (arrowheads). C: grayscale US of the upper inner
quadrant of the left breast at the hypodermis shows a circumscribed, oval, hypoechoic mass (arrowheads) with lateral shadows (stars).
D: Doppler US shows the mass with absence of vascularity. BI-RADS 4A. E: histologic section (H&E 20x) shows lobulated proliferation of
small-caliber capillaries, densely adherent, lined by endothelium without atypia, with intraluminal erythrocytes and minimal fibrous stroma;
no necrosis or significant mitotic activity. The histopathologic diagnosis was hemangioma.

US: ultrasound; H&E: hematoxylin and eosin; MLO: mediolateral oblique; CC: craniocaudal; BI-RADS: Breast Imaging Reporting and Data System.

in 6 (21.5%) and 5 (17.8%) cases, respectively. No cal-
cifications were detected. Associated findings were
present in 10 cases (35.7%), including edema, skin
thickening, and nipple retraction.

BI-RADS categories of benign breast
lesions in men

Benign breast lesions were classified as BI-RADS
category 2 (n = 10, 35.7%), category 4A (n =9, 32.1%),
category 4B (n = 3, 10.7%), category 3 (n = 3, 10.7%),
and category 1 (n =2, 7.2%), with only one case (3.6%)

in category 5 (Table 4). Benign breast lesions in men
spanned a wide range of BI-RADS categories; 57.1%
(n = 16) were suspicious for malignancy and classified
as BI-RADS categories 3, 4, or 5.

Gynecomastia present simultaneously
with benign breast lesions in men

Most men with benign breast lesions also had gyne-
comastia, which was detected in 20 (71.4%) of 28 cases
by mammography and/or US (Table 5). The most com-
mon patterns were dendritic (n = 9, 45.0%) and diffuse
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Figure 3. A 30-year-old man with a palpable lump in the left breast. A: grayscale US, shows a circumscribed, oval, hypoechoic mass
(arrowheads) within the left pectoralis muscle (dashed line). B: Doppler US shows the mass without vascularity (arrowheads). BI-RADS
category 2. C: histologic section (H&E 40x) shows a benign spindle cell lesion, well demarcated, composed of crisscrossed fascicles of
smooth muscle cells with eosinophilic cytoplasm and elongated nuclei with blunt ends, displaying a fascicular pattern (dashed circle) without
cytologic atypia, necrosis, or mitosis. D: immunohistochemistry for actin (40x) shows diffuse positive cytoplasmic staining in of smooth muscle
cell fascicles (brown chromogen). The histopathologic diagnosis was leiomyoma.

US: ultrasound; H&E: hematoxylin and eosin; BI-RADS: Breast Imaging Reporting and Data System.

(n =10, 50.0%), while the nodular type was less com-
mon (n = 1, 5.0%). Eight (28.6%) of 28 men with benign
lesions did not present simultaneous gynecomastia.

Histopathology and imaging diagnosis in
men with benign breast lesions

Twenty cases were confirmed histopathologically
(Table 6). Eight were diagnosed based only on imaging
findings. Mastitis was confirmed histologically in 8
cases (28.5%). Epidermoid cyst, pseudoangiomatous
stromal hyperplasia, and duct ectasia were each diag-
nosed in 2 cases. There was only one case for each
of the following diagnoses: myofibroblastoma, dermoid
cyst, hemangioma with cyst, sebaceous cyst, leiomy-
oma, inclusion cyst, and pilomatrixoma. Lipoma was

Table 4. Benign breast lesions in 28 men according to BI-RADS
categories

Description n (%)

BI-RADS category
1 2(7.2)
2 10 (35.7)
3 3(10.7)
4A 9(32.1)
4B 3(10.7)
5 1(3.6)

BI-RADS: Breast Imaging Reporting and Data System.

diagnosed only by US in 6 (21.4%) of the 28 benign
breast lesions. The other two diagnoses by imaging were
simple and sebaceous cysts. Figure 1 shows a case
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Figure 4. A 34-year-old man with a slow-growing palpable lump in the left breast. A: MLO mammography projection of the left breast,
upper quadrants, middle to posterior third, shows an oval, circumscribed, fatty mass (dashed circle). B: grayscale US shows a circumscribed,
oval isoechoic fatty tissue mass (arrowheads) without posterior acoustic findings. C: Doppler US shows an avascular mass (arrowhead).

BI-RADS 2. The diagnosis was lipoma.

US: ultrasound; H&E: hematoxylin and eosin; MLO: mediolateral oblique; BI-RADS: Breast Imaging Reporting and Data System.

diagnosed as mastitis. Figure 2 shows a case diagnosed
as hemangioma. Figure 3 shows a case diagnosed
as leiomyoma. Figure 4 shows a case diagnosed as
lipoma. Figure 5 shows a case diagnosed as myofi-
broblastoma. Figure 6 shows a case diagnosed as
pilomatrixoma.

DISCUSSION

In our study of benign breast lesions in men, beyond
gynecomastia, more than half showed suspicious find-
ings for malignancy on mammography and/or US and
were classified as BI-RADS category 3, 4, or 5. A pal-
pable mass was the main reason for consultation.

Histopathologic examination revealed a wide range of
benign breast diagnoses. This case series includes the
largest number of Mexican patients with benign breast
lesions other than gynecomastia published to date.
These findings highlight that, while imaging is an
important assessment tool, histopathology is essential
for establishing the definitive diagnosis of benign breast
lesions in men.

Benign breast lesions in men, other than gynecomas-
tia, can show imaging findings suspicious for malig-
nancy and are classified as BI-RADS 3, 4, or 5.
categories®®'"12, In particular, BI-RADS 3 lesions in
men have a higher percentage of malignancy (37.5%)
than those reported in women'™. Yuan et al.” in a
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Figure 5. A 62-year-old man with a palpable lump in the left breast. A: MLO view of the left breast, upper quadrants, anterior third, shows an
oval, circumscribed, isodense mass (arrowheads). B: grayscale US shows a circumscribed, oval, hypoechoic mass (arrowheads)
with posterior acoustic enhancement (asterisk). C: Doppler US shows the mass with central vascularity (arrowheads). BI-RADS 4A.
D: histologic section (H&E 40x) shows a spindle cell lesion without cell atypia or mitosis, forming a pattern of compact hypercellular areas
and thick collagen bands (arrowheads). The cells have a distinct eosinophilic cytoplasm and elongated nuclei with dense chromatin.

E: estrogen receptor immunohistochemistry (40x) demonstrated nuclear positivity. The histopathologic diagnosis was myofibroblastoma.

US: ultrasound; H&E: hematoxylin and eosin; MLO: mediolateral oblique; BI-RADS: Breast Imaging Reporting and Data System.

Table 5. Gynecomastia?® present simultaneously with benign breast
lesions in men

Description n (%)

Gynecomastia

No 8 (28.6)
Yes 20 (71.4)
Nodular 1(5.0)
Dendritic 9 (45.0)

Diffuse 10 (50.0)

aMammography and/or US.

retrospective analysis conducted in Taiwan with 125
men, showed that US findings such as an echogenic
halo, internal vascularity, and irregular shape are also
seen in benign processes such as mastitis and fat
necrosis without distinguishing benign from malignant
masses. On the other hand, findings such as echoge-
nicity, margin, orientation, and acoustic features were
not useful for differentiating benign breast lesions. The
most common findings on mammography in our study
were oval or irregular masses with a circumscribed or
obscured margin. Most masses were isodense, and
associated findings were present in 11 (37.9%) cases,

including skin thickening (n = 8, 72.7 %) and nipple
retraction (n = 3, 27.3%). No calcifications or architec-
tural distortions were found. US commonly showed
solid, oval, hypoechoic masses with a circumscribed
margin and absent vascularity. Associated findings
were present in 10 cases (35.7%), including edema,
skin thickening, and nipple retraction. Comparable
results were reported by Yuan et al” who found
hypoechoic and well-defined masses on breast US in
125 men. Breast lesion evaluation with bilateral mam-
mography supplemented by US is recommended for
symptomatic men aged 25 and older because breast
cancer, though rare, is an important diagnosis that must
be ruled out*. In our study of benign breast lesions in
men, other than gynecomastia, more than half (n = 16,
57.1%) showed suspicious findings for malignancy on
mammography and/or US with BI-RADS category 3, 4,
or 5. These men required a breast biopsy with histo-
pathologic examination to establish a definitive diagno-
sis of a benign breast lesion.

Clinical data on benign breast lesions include a
painful palpable mass, which may or may not be asso-
ciated with gynecomastia’. Patterson et al.? in a retro-
spective study of 165 American men evaluated by US
and mammography, reported that the main clinical
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Figure 6. An 80-year-old man with a palpable lump in the left breast, associated with mastalgia. A: MLO mammography projection of
the retroareolar region of the left breast shows an oval, circumscribed, hyperdense mass (arrowheads) associated with skin (asterisks) and
trabecular (arrows) thickening. B: grayscale US shows a heterogeneous, predominantly hypoechoic irregular mass with a microlobulated
margin and posterior acoustic shadowing (arrowhead). C: Doppler US shows a mass with peripheral vascularity (arrowhead). BI-RADS 4A.
D: histologic section (H&E 40x) shows fragments of a benign adnexal neoplasm with differentiation toward a hairy matrix composed of peri-
pheral basaloid cell lobules that transition to nucleated "ghost" cells with abrupt keratinization (arrow) in fibrous stroma. There is no evidence

of cytologic atypia, mitosis, or necrosis. The histopathologic diagnosis was pilomatrixoma.
US: ultrasound; H&E: hematoxylin and eosin; MLO: mediolateral oblique; BI-RADS: Breast Imaging Reporting and Data System.

manifestations were a palpable mass in 92 cases
(55.8%) and pain in 50 (30.3%). Mufioz et al.8 in a ret-
rospective study of 628 Spanish men with 518 mam-
mograms and 454 USs, reported that the most frequent
reasons for consultation were a palpable mass (n = 298,
47.5%), followed by increased breast size (n = 251,
39.7%) and pain (n = 232, 36.6%). The main reason for
consultation in our study was a palpable mass, followed
by mastalgia, nipple discharge, nipple mass, and pruritus.
Associated clinical manifestations, mastalgia, pruritus,

desquamation, nipple retraction with pain, and foreign
body sensation, were found in 11 cases (39.3%).
Mastalgia appeared both as a primary complaint and as
an associated symptom, making it the most recurrent
accompanying clinical feature. Symptomatic men with
clinical findings such as a palpable mass, breast pain,
or nipple abnormalities require mammography and US
evaluation®.

Most breast lesions in men are benign, and gyneco-
mastia is the most common®. It is caused by metabolic,
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Table 6. Histopathologic and imaging diagnosis in 28 men with benign
breast lesions other than gynecomastia

Description n (%)

Histopathologic diagnosis
Mastitis 8(28.5)
Epidermoid cyst 2(7.1)
Pseudoangiomatous stromal hyperplasia 2(7.1)
Duct ectasia 2(7.1)
Myofibroblastoma 1(3.6)
Dermoid cyst 1(3.6)
Hemangioma and cyst 1(3.6)
Leiomyoma 1(3.6)
Inclusion cyst 1(3.6)
Pilomatrixoma 1(3.6)

Imaging diagnosis®
Lipoma 6 (21.4)
Simple cyst 1(3.6)
Sebaceous cyst 1(3.6)

aThe diagnosis was made by imaging findings on mammography and/
or US in 8 men.

endocrinological, neoplastic, or drug-induced diseases®.
Gynecomastia presents as an enlarged breast or palpa-
ble mass, sometimes accompanied by pain or increased
local sensitivity*'"2'4, Fibroglandular tissue detected on
imaging establishes the diagnosis of gynecomastia'.
Mufioz et al.8 in a retrospective study of 628 Spanish
men, reported that gynecomastia was the most common
diagnosis (n = 502, 80.4%). Gynecomastia can present
simultaneously with other benign breast lesions. In our
study, gynecomastia was detected in 20 (71.4%) of 28
men with other benign breast lesions. A comparable
result was reported by Santana-Vela et al.'® in Mexican
men with gynecomastia present in 60.9% (n = 28). Most
cases of gynecomastia can be distinguished from other
breast diagnoses by combining clinical and imaging
findings.

Benign histopathological breast lesions in men
beyond gynecomastia, are diverse and include mastitis,
lipoma, and epidermoid cyst, as well as less common
entities such as pilomatrixoma and hemangioma*”.
AlSharif et al.’® in a narrative review of unusual breast
lesions in men, highlighted uncommon entities such as
pilomatrixoma and hemangioma. These breast lesions,
detected incidentally or more often as a palpable mass
on clinical examination, may have imaging findings
that mimic malignancy, such as irregular borders and

heterogeneous echogenicity on US. In our study, 20
(71.4%) breast biopsies were performed, while 8 cases
were based only on imaging findings. The histopatho-
logic diagnoses of non-gynecomastia benign breast
lesions in men were varied. Mastitis was the most com-
mon diagnosis (n = 8, 28.5%), followed by epidermoid
cyst, pseudoangiomatous stromal hyperplasia, ductal
ectasia, myofibroblast, dermoid cyst, hemangioma and
cyst, leiomyoma, inclusion cyst, and pilomatrixoma. In
contrast, Santiago-Sanabria et al.® reported that in
Mexican men, myofibroblastoma was the predominant
lesion (n = 4, 25.0%). Other diagnoses included fibro-
adenoma, ductal ectasia, mastitis, and duct hyperpla-
sia. There is great heterogeneity among benign lesions
of the male breast. Histopathology examination may be
needed to establish a definitive diagnosis.

The strengths of this study of benign breast lesions
in men are related to the integration of clinical manifes-
tations, imaging findings, and histopathologic examina-
tion. The imaging findings were assessed using the
BI-RADS lexicon. The limitations of the study include a
small sample size, a single-center, retrospective design,
and its conduction at a tertiary care center, which intro-
duces potential selection bias.

CONCLUSION

This study provides clinical, imaging, and histopatho-
logical evidence on a scarcely studied population of
Mexican men with non-gynecomastia benign breast
lesions. Our study demonstrated that other benign
breast lesions may occur simultaneously with gyneco-
mastia. More than half of the cases showed suspicious
findings for malignancy on mammography and/or US
with BI-RADS category 3, 4, or 5, and required breast
biopsy for diagnosis. These results highlight the need
to integrate clinical and imaging findings with histo-
pathologic examination to achieve a definitive diagnosis
of breast lesions in men.
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hemangioma: a case report
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ABSTRACT

Anorectal vascular lesions, such as hemangiomas and vascular malformations, are uncommon clinical entities. Cavernous
hemangioma is particularly rare, with only a limited number of histopathologically confirmed cases reported in the literature.
This case report presents a 20-year-old woman with lifelong hematochezia and transfusion-dependent anemia. She was pre-
viously misdiagnosed with grade Ill hemorrhoidal disease. Non-contrast-enhanced computed tomography (CT) images showed
multiple mural phleboliths in the rectal region. Contrast-enhanced CT showed concentric mural thickening of the rectum,
multiple perirectal serpentine vascular structures, and phleboliths in the rectal wall. Contrast-enhanced pelvic magnetic reso-
nance imaging (MRI) demonstrated diffuse circumferential rectal wall thickening and numerous perirectal serpiginous vessels.
There was marked enhancement of the rectal wall and perirectal vessels after gadolinium administration with signal voids
corresponding to phleboliths. The combination of phleboliths and serpentine vessels is a pathognomonic feature that suggests
the diagnosis of cavernous hemangioma. Laparoscopic abdominoperineal resection was successful, and the patient was
discharged with a functional colostomy. Postoperative imaging confirmed complete lesion resection. Histopathologic examina-
tion of the surgical specimen confirmed the diagnosis of cavernous hemangioma. This case report is for educational purposes.
It exemplifies the essential imaging-pathologic correlation and highlights the critical role of multimodality imaging.

Keywords: Cavernous hemangioma. Magnetic resonance imaging. Multidetector computed tomography. Gastrointestinal
hemorrhage. Case report.

INTRODUCTION

can reach considerable size in the rectal region.
Clinically, they follow an insidious course, manifesting

Hemangiomas are congenital hamartomatous vas- a5 recurrent and often occult transrectal hemorrhage

cular malformations characterized by excessive pro-
liferation of blood vessels, predominantly veins and
capillaries. These rare benign tumors account for
approximately 5% of all gastrointestinal neoplasms of
this type and typically arise within the submucosal
connective tissue, as solitary or multiple lesions'2. The
principal pathological variants include cavernous, capil-
lary, and mixed forms3. Although hemangiomas usually
range from a few millimeters to two centimeters, they
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that can lead to chronic anemia®*.

Computed tomography (CT) and magnetic resonance
imaging (MRI) play a pivotal role in distinguishing the
characteristic findings of hemangiomas from other
pathologies®8. We present the case of a young woman
with lifelong hematochezia, initially misdiagnosed as
hemorrhoidal disease, in whom contrast-enhanced CT
and MRI were instrumental in identifying an anorectal
cavernous hemangioma.
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Figure 1. Non-contrast and contrast-enhanced abdominopelvic CT of a 20-year-old woman with intermittent hematochezia and severe anemia.
A: coronal non-contrast CT image shows multiple mural phleboliths in the rectal region (orange arrowhead). B: axial contrast-enhanced
venous phase CT image shows concentric rectal thickening (orange arrowhead), mild mucosal enhancement (green arrowhead), and multiple
perirectal serpentine vascular structures (blue arrowhead). C: axial contrast-enhanced CT image shows phleboliths in the rectal wall (orange
arrowhead). D: axial contrast-enhanced CT image shows concentric mural thickening of the rectum (orange arrowhead) and multiple perirectal

serpentine vascular structures (green arrowhead).
CT: computed tomography.

CASE DESCRIPTION

A 20-year-old woman with a lifelong history of inter-
mittent hematochezia, requiring blood transfusions
twice a year, was admitted to the emergency depart-
ment due to lower gastrointestinal bleeding. Physical
examination revealed the patient was pale but hemo-
dynamically stable. Digital rectal examination was
deferred.

She had previously been diagnosed with grade |lI
hemorrhoidal disease based on the presence of blood
clots in the anal region. Laboratory test showed severe
anemia with a hemoglobin level of 4 g/dL. Colonoscopy
revealed rectal luminal collapse caused by multiple
submucosal nodular lesions with a soft, compressible
consistency that collapsed under instrumental com-
pression. The overlying mucosa exhibited diffuse telan-
giectasias, with preserved mucosa and no evidence of
ulceration, active bleeding, or inflammatory changes.
These findings were suggestive of an extensive sub-
mucosal vascular lesion.

IMAGING FINDINGS
Computed tomography

A non-contrast and contrast-enhanced abdominopel-
vic CT scan was performed using a GE Revolution
EVO/128 (GE Medical Systems, Chicago, IL, USA). The
examination revealed diffuse rectal wall thickening
measuring 2.5 to 3.5 cm, with a craniocaudal extent of
approximately 13.8 cm (Figure 1). Multiple intramural
phleboliths and serpiginous perirectal vessels were
also observed.

Magnetic resonance imaging

Non-contrast and contrast-enhanced pelvic MRI was
performed using a MAGNETOM Skyra 3.0T scanner
(Siemens Healthineers, Erlangen, Germany). The
imaging examination confirmed diffuse concentric
mural thickening of the anorectal region, which mea-
sured 13.8 cm in length from the anal verge. Additional
findings included small punctate phleboliths of low
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Figure 2. Non-contrast and contrast-enhanced pelvic MRI of a 20-year-old woman with intermittent hematochezia and severe anemia.
A: axial T1-weighted image reveals concentric anorectal mucosal and submucosal thickening (asterisk). B: sagittal T2-weighted image shows
diffuse concentric thickening of the anterior and posterior anorectal walls (orange arrowheads). This thickening measures 13.8 ¢cm in cranio-
caudal length from the anal verge (dotted line), and contains small, punctate, low-signal intensity phleboliths within the anorectal wall (green
arrowheads). C: axial fat-saturated T2-weighted image shows numerous serpentine vascular structures within the perirectal fat (orange
arrowheads) and concentric mucosal and submucosal thickening of the anorectal region (asterisks). D: coronal fat-saturated post-contrast
T1-weighted image shows intense enhancement of the anorectal wall (orange arrowhead) and multiple enhancing serpentine perirectal
vascular structures (green arrowhead), one of which contains a signal void corresponding to a phlebolith (blue arrowhead).

MRI: magnetic resonance imaging.

signal intensity within the anorectal wall (Figure 2). The
lesion exerted a mass effect, causing anterior displace-
ment of the uterus and urinary bladder with no evidence
of invasion. Numerous enhancing serpiginous vessels
within the anorectal wall were well visualized on
post-contrast fat-saturated sequences, with increased
signal intensity in the perirectal fat. These imaging
features were suggestive of an anorectal cavernous
hemangioma.

Clinical outcome

The patient underwent laparoscopic abdominoperi-
neal resection with a colostomy. Postoperative imaging
confirmed complete resection (Figure 3). Gross exam-
ination of the surgical specimen revealed a large intes-
tinal segment with hemorrhagic serosa and congested
adipose tissue. The mucosa was hemorrhagic and
edematous. Histopathologic analysis confirmed numer-
ous dilated, congested blood vessels with organized
thrombi in the submucosa, diagnostic findings of a

cavernous hemangioma (Figure 4). The lesion con-
sisted of many large, irregular vascular channels closely
apposed in a sinusoidal pattern, lacking cellular atypia.
The overlying rectal mucosa showed no atypia but
exhibited nodular protrusion due to displacement by the
underlying submucosal mass.

DISCUSSION

This case of a 20-year-old woman with intermittent
hematochezia and severe anemia highlights the pathog-
nomonic imaging findings of anorectal cavernous
hemangioma on contrast-enhanced CT and pelvic MRI,
such as circumferential anorectal wall thickening, mul-
tiple intramural vessels, and intramural phleboliths, with
the latter being the most specific sign. Contrast-enhanced
CT and pelvic MRl are also useful for preoperative plan-
ning, providing critical information about lesion extent
and involvement of adjacent structures.

Anorectal cavernous hemangioma can be easily
overlooked when appropriate imaging modalities are
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Figure 3. Non-contrast post-surgical abdominopelvic CT. A: axial image of a colostomy stoma (orange arrowheads). B: axial image shows
surgical resection of the anorectal segment (orange arrowheads) and silicone drain tubes in the pelvic cavity (green arrowheads). C: coronal
image demonstrates persistent serpentine perirectal vessels (asterisk). D: a sagittal image shows a silicone drain tube in the pelvis (orange

arrowheads).
CT: computed tomography.

unavailable or when clinicians are unfamiliar with
this rare entity. Therefore, contrast-enhanced cross-
sectional imaging, particularly pelvic MRI, has a crucial
role in diagnosis and surgical planning due to its high
precision in delineating lesion boundaries and defining
their relationship to adjacent anatomical structures?.
Serpiginous vascular structures and the presence of
phleboliths are useful diagnostic signs for cavernous
hemangioma'346. Radiologists must be familiar with
the pathognomonic imaging characteristics visible on
contrast-enhanced CT and MRI to establish an accu-
rate diagnosis and avoid misdiagnosing malignant neo-
plasms or benign stenotic processes.

Anorectal cavernous hemangioma commonly
occurs insidiously with recurrent rectal bleeding?46-8.
Although these lesions lack malignant potential, they
can cause significant morbidity due to chronic blood
loss®. The craniocaudal extent in our case exceeded
the dimensions typically described in the literature®'°.
Zhang et al." reported a cavernous hemangioma of the
mesorectum involving the rectum measuring approxi-
mately 3 x 3 cm. Colonoscopy is often considered the
most sensitive modality for detecting gastrointestinal

lesions because it allows direct visualization of telangi-
ectasias and vascular nodules®*. When a colonoscopy
is inconclusive for diagnosing cavernous hemangioma
due to anorectal luminal collapse, as in our case,
contrast-enhanced CT and pelvic MRI are essential for
accurate diagnosis.

The nonspecific nature of the clinical presentation of
cavernous hemangioma leads to a broad differential
diagnosis, including proctitis, inflammatory bowel dis-
ease, vasculitis, and gastrointestinal neoplasms, often
resulting in significant diagnostic delay*'2. Angiomatosis
is an important differential diagnosis in the evaluation
of anorectal vascular malformations. Kaijser categori-
zation provides a systematic framework for distinguish-
ing various vascular lesions in this anatomical region'®.
Hemangioendothelioma or hemangiopericytoma can
present with similar characteristics, although very
rarely. However, they are considered malignant vascu-
lar neoplasms based on the Wood classification*. Some
anorectal vascular malformations manifest as rigid
luminal narrowing with radiological features that mimic
carcinoma and stenosis secondary to diverticulitis,
ischemia, or radiation®. Tariq et al.? performed a
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Figure 4. Histopathologic findings of anorectal cavernous hemangioma. A: transition zone between rectal mucosa without atypia (orange
arrowheads) and vascular channel proliferation with sinusoidal appearance containing partially organized hematic content (green arrow-
heads) (H&E stain, 5x). B: cavernous vascular channels without atypia (orange arrowheads), irregular in shape, size, and contour, intimately
apposed in a sinusoidal pattern, embedded within loose connective tissue and fibroadipose stromal tissue (green arrowheads) (H&E
stain, 10x). C: detail of the cavernous vascular architecture showing wide, thin-walled channels lined by endothelial cells without atypia
(orange arrowheads), filled with erythrocytes, confirming the benign nature of the lesion (H&E stain, 40x). D: rectal mucosa without atypia
(orange arrowheads) displaying nodular protrusion secondary to displacement by an underlying submucosal lesion consisting of cavernous

vascular channel proliferation without atypia (H&E stain, 10x).

H&E: hematoxylin and eosin.

double-contrast barium enema in a patient with cavern-
ous hemangioma, which yielded a radiological impres-
sion of sigmoid colon carcinoma. Radiologists must be
familiar with the pathognomonic findings on con-
trast-enhanced CT and MRI to establish an accurate
diagnosis and avoid misdiagnosis.

While histology remains the definitive diagnostic
standard, radiological suspicion helps avoid misdiag-
nosis and unnecessary invasive procedures®. In our
case, histopathological analysis of the resected speci-
men confirmed the diagnosis, revealing dilated, con-
gested submucosal vessels with intraluminal thrombi
and hemorrhage, consistent with cavernous hemangi-
oma. Postoperative imaging confirmed successful resec-
tion of the primary anorectal segment but also revealed
persistent perirectal serpiginous vessels, highlighting
the infiltrative nature of these lesions. Djourhi et al.5 rec-
ommend MRI as the preferred modality for both pre-
and postoperative evaluation, as it avoids repeated
exposure to ionizing radiation and intravenous contrast
material associated with CT.

CONCLUSION

This case report of an anorectal cavernous heman-
gioma underscores the essential role of multimodality
imaging in diagnosis. Contrast-enhanced CT and
pelvic MRI are the cornerstones that identify the
pathognomonic triad: circumferential wall thickening,
serpiginous perirectal vessels, and intramural phlebo-
liths. Recognition of these characteristic imaging fea-
tures by radiologists is critical to prevent diagnostic
delays and guide appropriate surgical intervention in
patients with chronic gastrointestinal bleeding.
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Head CT: rebleeding subdural hematoma in acute myeloid leukemia

Laura J. Vega-Gonzalez*(® and Abel Medina-Islas
Diagnostic and Therapeutic Imaging Department, Hospital Espafiol de Mexico, Mexico City, Mexico

A 34-year-old man with acute myeloid leukemia with cen-
tral nervous system metastases presented to the emer-
gency department with a holocranial headache rated 8
out of 10 on the pain scale, which began after his first
intrathecal chemotherapy two months before admission.
A non-contrast computed tomography (NCCT) scan of
the head revealed a mixed-age subdural hematoma (SDH)

with acute and subacute components, mass effect, right-
ward midline shift, and subfalcine herniation (Figure 1).
After treatment with atorvastatin, a follow-up NCCT 12
days later showed a reduction in the size of the hema-
toma and the rightward midline shift (Figure 2).

SDHs are typically associated with head trauma’. In
the absence of trauma, their incidence is rare and
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Figure 1. Head NCCT of a 34-year-old man with acute myeloid leukemia and severe headache. A: axial section and B: coronal reconstruction
show a mixed-age SDH overlying and compressing the left hemisphere (white arrows), with 22 HU indicating subacute evolution and 77 HU
indicating acute evolution (black arrows). The subdural collection measures up to 11 mm thickness, causing mass effect with a rightward
midline shift of 10.9 mm, development of subfalcine herniation (green arrow), and compression of the left lateral ventricle and adjacent brain
parenchyma.

NCCT: non-contrast computed tomography; SDH: subdural hematoma; HU: Hounsfield units.
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Figure 2. Follow-up head NCCT, 12 days after treatment of a 34-year-old man with acute myeloid leukemia and severe headache. A: axial
section and B: coronal reconstruction. Compared to the previous scan, the diameter of the left hemispheric mixed-age SDH has decreased,
with 18 HU (white arrows) and 32 HU (black arrows), and a slight reduction in midline shift (10 mm).

NCCT: non-contrast computed tomography; SDH: subdural hematoma; HU: Hounsfield units.

related to underlying medical conditions, with leukemia
being the most common cause. Dural metastases can
cause leukocytic stasis, occlusion, and rupture of dural
vessels, allowing blood to enter the subdural space?.
In patients receiving chemotherapy, iatrogenic breach
of the subarachnoid space or intracranial hypotension
can create traction on bridging subdural veins, leading
to SDH with an increased risk of rebleeding®. A head
NCCT can identify the age of the hematoma by its
density: densities greater than 50 Hounsfield units (HU)
indicate an acute stage, while densities of 20 to 40 HU
suggest a subacute stage®*.
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