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EDITORIAL

Evolution of cardiothoracic imaging: from images to improved healthcare

Suhny Abbara’© and Harold Goerne?®3*

"Department of Radiology, Division of Cardiothoracic Imaging, Mayo Clinic, Jacksonville, FL., USA; 2Department of Radiology, Hospital de Pediatria,
Centro Medico Nacional de Occidente, Instituto Mexicano del Seguro Social; *Centro de Imagen y Diagnostico. Guadalajara, Jalisco, Mexico

Cardiothoracic imaging is undergoing a profound trans-
formation. Once defined primarily by its ability to depict
anatomy and exclude disease, contemporary imaging
now increasingly informs prognosis, guides management
decisions, and shapes long-term care pathways'. This
evolution is not due to of a single technological break-
through, but rather the convergence of advances in
imaging hardware, computational modeling, artificial
intelligence (Al), and clinical integration. Together, these
developments are redefining what it means to “image”
the heart and thorax in modern medicine'-S. At the cen-
ter of this shift is a simple but significant change in
expectation: cardiothoracic imaging is no longer
judged solely by how accurately it detects disease, but
by how meaningfully it predicts outcomes and influen-
ces patient care. Across cardiac computed tomography
(CT) and magnetic resonance imaging (MRI), examina-
tions are increasingly expected to provide functional,
physiologic, and prognostic information — often from a
single acquisition — while remaining efficient, reproduci-
ble, and clinically actionable'*. Cardiothoracic imaging
is moving from descriptive assessment toward predic-
tive medicine.

Prognosis as a core imaging endpoint: integrating
imaging into risk stratification has long been a goal in
cardiovascular care. Traditional clinical risk scores, while
valuable, rely primarily on demographic, laboratory, and
historical variables that may not fully capture the com-
plexity of myocardial injury, plaque biology, or physio-
logic reserve. Advanced imaging offers a complementary
perspective by directly visualizing tissue characteristics
and the functional consequences of disease. Recent
studies using multiparametric cardiac MRl illustrate this
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shift. By combining clinical variables with quantitative
MRI-derived features and applying machine-learning
techniques, researchers have demonstrated improved
long-term prediction of major adverse cardiovascular
events after acute myocardial infarction?. Importantly,
these approaches do not replace clinical judgment;
rather, they enhance it by incorporating imaging bio-
markers that reflect myocardial injury, remodeling, and
functional impairment. Such studies highlight a broader
trend: imaging based models can outperform traditional
risk scores when they more directly capture disease
biology2. This paradigm is not limited to MRI or acute
coronary syndromes. In patients with stable angina, cor-
onary CT angiography-derived fractional flow reserve
(CT-FFR) has shown durable prognostic value over
extended follow-up?.

In the randomized SCOT-HEART trial in Scotland,
coronary CT angiography-guided management of
patients with stable chest pain demonstrated, at 10-year
follow-up, a sustained reduction in coronary heart
disease, non-fatal myocardial infarction or death.
Identification of atherosclerosis by coronary CT angio-
graphy informs preventative strategies and improves
long-term cardiovascular outcomes®. By transforming
an anatomic dataset into a physiologic assessment,
CT-FFR enables noninvasive identification of patients
at increased risk of adverse outcomes, even years
after imaging*. These findings reinforce the concept
that the value of cardiothoracic imaging increasingly
lies in its ability to quantify disease impact, not merely
its presence. Collectively, these advances signal a
reframing of imaging endpoints. Diagnostic accuracy
and morphology remain essential, but prognosis and
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risk stratification are becoming equally central mea-
sures of success. For radiologists and other cardiac
imagers, this evolution requires not only technical
expertise but also deeper engagement with clinical out-
comes and longitudinal care.

Technology as an enabler of clinical transformation:
the expanding therapeutic guidance and prognostic
role of cardiothoracic imaging has been made possible
by rapid technological innovation, particularly in CT.
Photon-counting CT represents a significant hardware
advance. Photon-counting detectors provide improved
spatial resolution, reduced noise, material decomposition,
iodine quantification, virtual monoenergetic images,
virtual non-contrast and calcium removed images, and
other enhanced spectral capabilities compared with
conventional energy-integrating detectors®. These fea-
tures result in clearer visualization of small structures,
reduced blooming from calcifications and stents, and
more efficient use of radiation and contrast material.
Clinically, the importance of these advances extends
beyond image quality. Improved spatial resolution and
spectral separation enable more accurate plaque char-
acterization, better assessment of coronary lumen and
vessel wall, and extraction of quantitative information
from a single dataset. In cardiothoracic imaging, where
subtle differences in plaque composition, myocardial
perfusion, or extracellular volume may carry prognostic
significance, such improvements are highly valuable.
Other CT innovations further broaden the scope of car-
diothoracic imaging. Upright and multi-position CT chal-
lenge the traditional assumption that all imaging must
occur in the supine position, opening new avenues
for assessing cardiopulmonary physiology under more
physiologic conditions. Dual-source CT is now available
with whole-heart coverage.

Al is a crucial integrative layer across technologies: Al
tools extract new information from existing images, trans-
forming how we interpret these images, guide interven-
tionalists, and manage structural heart disease patients.
These advances expand the questions CT can address,
moving beyond static anatomy to dynamic physiology.
Rather than serving as a standalone solution, Al enhances
the value of advanced hardware by enabling automated
segmentation, quantitative analysis, and pattern recogni-
tion at scales beyond human capability. In cardiothoracic
imaging, Al-driven tools are already facilitating plaque
quantification, ventricular function analysis, and extraction
of imaging biomarkers relevant to prognosis and predict-
ing intervention outcomes.

Bridging radiology and cardiovascular care: the
expanding prognostic role of cardiothoracic imaging

has significant implications for interdisciplinary collab-
oration. Imaging-derived metrics such as CT-FFR, myo-
cardial strain, and quantitative scar burden increasingly
influence clinical decision-making, from revasculariza-
tion strategies to long-term medical therapy. As a result,
cardiothoracic radiologists are becoming integral mem-
bers of cardiovascular care teams, rather than consul-
tants limited to diagnostic confirmation. This integration
is evident in current cardiology perspectives, which
trace the evolution of coronary CT angiography from a
rule-out test to a comprehensive tool for assessing
plaque burden, composition, and hemodynamic signif-
icance®. Functional CT techniques, combined with
Al-enabled analysis, are transforming how coronary
artery disease is evaluated and managed. Notably, this
evolution has been accompanied by growing accep-
tance within cardiology, reinforcing the clinical relevance
of advanced imaging. For radiologists, this shift presents
both opportunity and responsibility. Imaging reports must
convey prognostic and functional information in a clear,
standardized, and actionable manner. Quantitative
metrics must be reproducible and evidence-based,
with their limitations transparently acknowledged. As
imaging becomes more influential in guiding care,
close collaboration with referring practitioners becomes
essential.

Challenges and considerations: despite its promise,
the transformation of cardiothoracic imaging presents
several challenges. Advanced imaging techniques and
Al-driven models must be validated across diverse pop-
ulations and practice settings to ensure generalizability.
Workflow integration remains a practical concern, as
increasingly complex analyses must be delivered effi-
ciently to avoid delaying care. Additionally, the imple-
mentation and interpretability of machine-learning
models are ongoing topics of discussion, particularly
when imaging-derived predictions influence high-stakes
clinical decisions. Education and training also require
attention. As cardiothoracic imaging expands into
functional and prognostic domains, radiologists must
acquire new competencies in quantitative analysis,
data interpretation, and interdisciplinary communication.
Training programs will need to adapt to ensure that
future radiologists are prepared to navigate this evolving
landscape.

In conclusion, the future of cardiothoracic imaging is
one of integration: combining anatomy and morphology
with physiology, computational analysis, and clinical man-
agement pathways. Imaging is moving beyond the diag-
nostic sphere to embrace procedure planning, prognostic
evaluation, and clinical management. This transformation
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challenges radiologists and other cardiac imagers to
evolve their roles —not merely as interpreters of images,
but as stewards of imaging-derived insights that guide
therapeutic decisions and influence long-term outcomes.
Embracing this role will require continued innovation, rig-
orous validation, and close collaboration with clinical part-
ners. By doing so, cardiothoracic imaging can fulfill its
expanding promise: not only to diagnose disease more
clearly, but also to improve health through imaging.
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The call for mastering chest radiography — an urgent priority for training
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ABSTRACT

Chest radiography remains the most frequently performed imaging examination and the primary diagnostic tool for thoracic
evaluation worldwide. Despite its central clinical role, interpretive expertise has declined with the widespread adoption of
computed tomography (CT), which offers greater contrast resolution but introduces higher radiation exposure, increased cost,
and limited accessibility in many settings. This article argues that renewed emphasis on chest radiograph interpretation is
an urgent educational and professional priority. Chest radiography is technically and diagnostically unique, employing high
kilovoltage techniques to optimize grayscale latitude and enable detection of subtle pulmonary and mediastinal abnormalities.
Accurate interpretation requires understanding both imaging physics and structured analytic approaches. Foundational con-
cepts popularized by Benjamin Felson and others - including gestalt-based pattern recognition and classic signs such as
the silhouette, hilum overlay, or cervicothoracic signs remain essential but risk being underemphasized in contemporary
training. Strengthening education in these principles can improve diagnostic consistency, reduce unnecessary downstream
imaging, and enhance patient outcomes. While systemic workflow challenges influence radiology practice, responsibility for
interpretive excellence rests with educators and clinicians. Reinvesting in mastery of chest radiography is therefore both a
practical necessity and an ethical obligation, ensuring that this fundamental modality continues to support accurate, efficient,
and accessible patient care in modern medicine.

Keywords: Chest radiography. Aunt Minnie. Felson. Chest imaging. Gestalt.

INTRODUCTION

While chest radiography remains the most common
imaging examination in all radiology departments, its

abnormalities. Consequently, radiologists who interpret
both chest radiographs and CT scans often observe
findings on CT that may be subtle or even occult on

proficiency and interpretive interest seem to have grad-
ually diminished. This decline has become particularly
evident since the widespread adoption of computed
tomography (CT) after the 1980s. The reasons for this
decline are multifaceted, with several apparent factors.
CT provides significantly superior contrast resolution
compared to radiography, resulting in more conspicuous
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radiography. This raises the question of whether chest
CT scans should always be preferred over chest radiog-
raphy. However, this hypothetical question lacks practi-
cality for several reasons. First, the availability of CT
scanners and the time required for both performing and
interpreting CT scans may never be sufficient to replace
the use of chest radiography. Second, the high radiation
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dose associated with chest CT makes widespread use
impractical, given that chest radiography currently serves
as the primary imaging modality for this purpose.
Furthermore, the current level of radiation exposure
from CT scanning poses a public health concern. For
example, a study published in 2025 by Smith-Bindman
revealed that 5% of all new cancer cases are attributed
to current CT use and radiation dose'. Additionally, CT
may not always be feasible or practical in certain
settings, such as intensive care units or hospitals with
limited technological resources. Therefore, for the fore-
seeable future, chest radiography remains the initial
imaging tool for patient assessment. It is imperative that
we review, replan, and refine our skills in interpreting
chest radiographs to ensure their continued relevance
and accuracy.

The substantial volume of chest radiographs can
sometimes be overwhelming prompting radiology
departments to adopt various strategies to manage
their immense workload. Some departments choose
not to interpret chest radiographs, allowing clinicians to
review them independently. Others assign all chest
radiographs to general radiologists, reserving subspe-
cialty readers for more complex studies such as CT
and magnetic resonance imaging (MRI) at a higher
level of interpretation. Multiple strategies are feasible,
each with its own rationale. However, a common theme
emerges there is a low level of interest and sophistica-
tion in interpreting chest radiographs. This presents a
challenge, as chest radiography is the most frequently
performed study in any radiology department and may
contain critical information for clinical decision-making.
It is contradictory that the most common imaging exam-
ination, with significant potential impact on clinical deci-
sions, is perceived as a radiologic nuisance. While it
may seem reasonable to consider strategic and policy-
level responses to address the substantial workload in
radiology departments — particularly the high volume of
chest radiographs — such responsibilities largely
fall outside the scope of academic practitioners and
reside primarily with institutional leadership and radiol-
ogy administrators. Practicing radiologists, although
directly affected by these systemic pressures, have
limited influence over resource allocation, workflow
design, or policy implementation. Nevertheless, this
reality does not diminish our professional obligation.
Our foremost responsibility remains patient care
through the accurate and timely interpretation of chest
radiographs. Given these challenges, it is plausible that
current levels of proficiency may not consistently meet
optimal standards.

S. Martinez-Jimenez. Mastering chest radiography

EDUCATIONAL FRAMEWORK FOR CHEST
RADIOGRAPHY INTERPRETATION

Rather than viewing this limitation solely as a systemic
constraint, it should be recognized as a meaningful
opportunity for educational renewal. The current cir-
cumstances encourage educators and senior clinicians
to re-emphasize foundational interpretive principles,
reinforce structured approaches to image analysis,
and build confidence among trainees. By deliberately
strengthening the educational framework for chest
radiograph interpretation, radiology training programs
can promote greater diagnostic consistency and reduce
interpretive variability.

Improving trainees’ comfort and competence in read-
ing chest radiographs has implications that extend
beyond academic performance. Enhanced interpretive
accuracy can reduce downstream diagnostic uncer-
tainty, minimize unnecessary imaging or interventions,
and support more efficient clinical decision-making.
Ultimately, such improvements may mitigate not only
financial costs to healthcare systems but, more impor-
tantly, the human cost borne by patients through
delayed diagnoses, avoidable complications, or subop-
timal care. In this context, reinforcing fundamental
radiographic interpretation is not merely an educational
objective but a practical and ethical imperative.

WHY IS CHEST RADIOGRAPHY SUCH
A UNIQUE IMAGING STUDY?

Within the spectrum of diagnostic imaging, chest
radiography occupies a distinctive and uniquely
demanding role. It differs from other radiographic
examinations not only in technical execution but also
in diagnostic purpose, image characteristics, and inter-
pretive complexity. Unlike many region-specific radio-
graphs that focus primarily on the structural detail of
dense tissues, chest radiography is designed to evalu-
ate a wide range of structures with markedly different
radiographic properties, including air-filled lungs, the
soft tissue mediastinum, vascular structures, and osse-
ous components. This diversity of tissue composition
requires imaging parameters that differ fundamentally
from those used in abdominal or musculoskeletal
radiography.

One of the most defining technical features of chest
radiography is the routine use of a substantially higher
kilovoltage potential (kVp). This discussion refers to the
frontal chest radiograph performed on a fixed unit, not
a portable chest radiograph, which does not use the
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high kVp technique. While musculoskeletal radiographs
are commonly acquired at approximately 60-70 kVp
and abdominal studies at intermediate levels, chest
radiography is typically performed at approximately
120-140 kVp. This distinction is deliberate and reflects
the specific optimization required for thoracic imaging.

From a geometric perspective, chest radiography
often uses a relatively long source-to-image distance
to reduce magnification and distortion of thoracic struc-
tures, particularly the cardiac silhouette and mediasti-
num. Increasing this distance reduces beam divergence
at the detector, thereby improving dimensional accu-
racy. However, a greater distance also leads to atten-
uation of photon intensity before reaching the detector.
To compensate for this loss and maintain adequate
penetration through the thorax, higher beam energy is
required.

DIAGNOSTIC RATIONALE OF CHEST
RADIOGRAPHY RELATED TO IMAGE
INTERPRETABILITY

Beyond geometric factors, the diagnostic rationale for
using higher kVp is closely related to image interpret-
ability. High-kVp imaging produces a broader spectrum
of gray tones, commonly referred to as increased radio-
graphic latitude. This wide latitude is especially import-
ant for evaluating the lung parenchyma, where clinically
significant findings often appear as subtle variations in
attenuation rather than distinct high-contrast abnormal-
ities. The lungs contain a complex mix of air, interstitial
tissue, vascular structures, and potential pathological
processes, all of which produce only modest differences
in x-ray attenuation. A wide grayscale range allows these
subtle density variations to be appreciated simultane-
ously without sacrificing visibility of mediastinal or vas-
cular structures. In contrast, lower kVp techniques
produce images with higher contrast resolution but a
narrower grayscale range. This higher contrast enhances
visualization of cortical bone and fine osseous detail.

Another important effect of higher kVp is the relative
reduction in the visual prominence of osseous struc-
tures. As photon energy increases, the differential
attenuation between bone and soft tissue decreases,
effectively softening the appearance of ribs, clavicles,
and the thoracic spine. This reduction in bone contrast
is diagnostically advantageous because the primary
focus of chest radiography is typically the lung paren-
chyma and mediastinal structures rather than skeletal
anatomy. By reducing the conspicuity of overlying
bones, high-kVp imaging allows better visualization of

pulmonary markings and parenchymal abnormalities
that might otherwise be obscured.

This principle is especially evident when comparing
standard chest radiography with rib series imaging. Rib
radiographs, commonly acquired at lower kVp values,
are designed to maximize osseous contrast and delin-
eate cortical margins. In these images, the lung paren-
chyma appears more attenuated, diminishing the visibility
of intrinsic pulmonary abnormalities. In contrast, a stan-
dard chest radiograph acquired with higher kVp shows
the lung parenchyma with a wider range of grays, facil-
itating the detection of focal or diffuse opacities. For
example, identifying a pneumothorax relies on recogniz-
ing subtle differences in lung edge definition and pleural
air, a task that is considerably more challenging on lower-
kVp musculoskeletal-focused imaging.

In addition to improving visualization of pulmonary
structures, high-kVp chest radiography provides more
uniform penetration across the thorax. The thoracic cavity
contains regions with markedly different thicknesses and
densities, ranging from the air-filled lung apices to the
denser mediastinum and diaphragm. A higher-energy
beam reduces the risk of underpenetration in thicker
regions while preserving sufficient detail in thinner areas,
resulting in a more diagnostically balanced image.

THORACIC ANATOMY, IMAGING
GEOMETRY, AND DIAGNOSTIC
OBJECTIVES OF CHEST RADIOGRAPHY

The technical and physical principles explain why
chest radiography cannot be considered simply another
form of general radiography. Its acquisition parameters
are specifically tailored to balance penetration, contrast,
and diagnostic latitude to support the detection of subtle
and clinically significant pathology. Understanding these
distinctions is essential not only for technologists
performing the examination but also for radiologists
interpreting the images. Mastery of chest radiograph
interpretation therefore requires knowledge of both the
physical principles governing image formation and the
clinical implications of technique selection.

In summary, the routine use of higher kilovoltage in
chest radiography is not merely a technical preference
but a fundamental requirement dictated by thoracic
anatomy, imaging geometry, and diagnostic objectives.
By expanding grayscale latitude, reducing osseous
dominance, and enabling uniform penetration of hetero-
geneous thoracic structures, high-kVp imaging provides
the optimal foundation for accurate evaluation of pulmo-
nary and mediastinal pathology.



FUNDAMENTAL CONCEPTS OF
DIAGNOSTIC SIGNS IN CHEST
RADIOGRAPHY

The characteristics that distinguish chest radiography
from other radiographic modalities reinforce its unique
role in diagnostic imaging. This distinctiveness has led
several scholars to propose strategies that address the
specific features of chest radiography. A notable histor-
ical example is the collection of principles elucidated
and disseminated by Dr. Benjamin Felson?. In his sem-
inal work, “Chest Roentgenology,” a classic in the field
of radiology, Felson compiled a series of findings that
may not be immediately apparent but rather require a
holistic understanding, akin to a gestalt>3. Throughout
his distinguished academic career, he meticulously
identified these specific findings as diagnostic signs
(e.g., silhouette, hilum overlay, hilum convergence, cer-
vicothoracic, thoracoabdominal, etc.). Notably, he also
popularized the concept of Aunt Minnie’s (originally
described by Ed Duncan Neuhauser)*. This refers to
an evident and characteristic finding, similar to identi-
fying “Aunt Minnie” in a crowd through gestalt percep-
tion37. However, if an individual has not previously met
Aunt Minnie, it is impossible to recognize her. Similarly,
in the field of radiology, an Aunt Minnie requires the
radiologist to be familiar with Aunt Minnie’s facial fea-
tures to identify her among many findings.

This concept introduces a novel approach to learning
that challenges the traditional method of recognizing
individual findings and patterns. Instead of describing
each feature separately (such as the mouth, nose,
eyes, eyebrows, or hair), this approach emphasizes
recognizing the overall set of findings. It is similar to
recognizing a face without distinguishing its individual
characteristics, as proposed by the psychological theory
of gestalt®®. Felson introduced and emphasized the
importance of a gestalt approach in chest radiography
interpretation, noting that it is not intuitive and requires
deliberate learning to understand or appreciate
effectively. If radiology educators do not address and
teach these concepts comprehensively, they may
eventually become obsolete. This phenomenon may
help explain the increasing challenges radiologists face
in interpreting chest radiographs.

Fortunately, the fundamental concepts that Felson
introduced, along with additional ones described after
his seminal works, can still be learned. In an era where
intuitive development and logical deduction are the
prevailing norms, the gestalt approach is not mainstream.
Although technological advancements continue at a
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rapid pace, radiologists are constantly challenged to
expand their knowledge bases. Nevertheless, there is
a pressing need to revisit the fundamental principles
that have been somewhat overlooked or disregarded
over the past three to four decades. The following
examples, taken from Felson’s original textbook “Chest
Roentgenology,” are presented in this review to highlight
the importance of this distinct type of learning in
facilitating the proper interpretation of chest radiographs.

SILHOUETTE SIGN

The iconic sign popularized by Felson is arguably the
“silhouette” sign. In his original book, it is described as
follows?: “an intrathoracic lesion touching a border of
the heart, aorta, or diaphragm will obliterate that border
on the roentgenogram. An intrathoracic lesion not
anatomically contiguous with a border of one of these
structures will not obliterate that border”. Notably,
the sign refers to the absent or obliterated silhouette;
it signifies the absence of a silhouette, which can
sometimes confuse trainees.

This sign is widely recognized by radiologists and
most clinicians. It is such a fundamental concept that
no further explanation is typically necessary. Essentially,
any portion of the lung replaced by air and adjacent
to the silhouetted organ will cause obliteration of the
adjacent margin of that organ, such as portions of
the cardiac contour or other soft tissue structures like
the diaphragm or the neck, as the organ’s density
increases from air to soft tissue, provided both have
similar densities®'3. For example, a consolidated right
middle lobe can obscure the right cardiac contour.
Similarly, consolidation of the lingula can obscure the
left cardiac contour (Figure 1), and consolidation of the
apicoposterior aspect of the left upper lobe can obscure
the aortic arch contour.

However, the same principle underlying the concept
of the “silhouette” sign applies to various other imaging
instances. In the presence of pleural effusion, the
“meniscus sign” can be observed. This sign occurs
because pleural fluid, which is closer in density to soft
tissue than to air, causes “silhouetting” of the adjacent
diaphragm. Similarly, when there is consolidation of the
basilar portion of the lung, the consolidation leads to
obscuration of the adjacent diaphragm. Certain signs,
such as the “cervicothoracic” and “thoracoabdominal”
signs, are simply corollaries of this concept. For
example, if a mass is located in both the chest and the
neck (i.e., cervicothoracic sign), the mass has a distinct
inferior border but loses its superior border as it extends
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Figure 1. Patient with lingular pneumonia and the silhouette sign. A: frontal chest radiograph shows opacity along the left lower hemithorax
with obscuration (arrow) along the left heart border. B: lateral chest radiograph shows paracardiac opacities corresponding to the anatomic

location of the lingula.

into the neck, where it is no longer defined by lung air.
Consequently, the mass is “silhouetted” by the soft
tissues of the neck. This classic description by Felson
is discussed in greater detail later. Nevertheless, other
signs not typically considered corollaries of the
“silhouette” sign may also be explained by the same
principles, as discussed below.

HILUM OVERLAY AND HILUM
CONVERGENCE SIGNS

The hilum overlay sign and hilum convergence
sign are critical for understanding hilar contour
abnormalities®'4'. Typically, a convexity should not be
observed in the hilar regions. However, a convexity in
this region is considered abnormal and warrants further
investigation. Felson defined the hilum overlay sign as
a hilar convexity that still allows visualization of the
pulmonary vessels, which now lie over the abnormal
contour. His description is as follows?: “visibility, on the
PA film, of either the right or left pulmonary artery more
than a centimeter within the lateral edge of what
appears to be the cardiac silhouette”.

This phenomenon typically occurs with prevascular
masses, such as thymoma, germ cell tumor, lymphoma,
and others (Figure 2). However, it can also be seen in
masses located posterior to the hilum, such as a thoracic
aortic aneurysm. In this context, Felson describes that

the hilar vessels can be observed within 1 cm of the
edge of the contour abnormality but not beyond that?.
The absence of “silhouetting” of the pulmonary hilar
vessels is another consequence of this overlay sign.
Conversely, if the pulmonary vessels reach the edge
of the abnormal convexity but do not significantly
extend beyond it, this phenomenon is more accurately
described as the hilum convergence sign. The original
description states?: “If the pulmonary artery branches
converge toward the mass rather than toward the
heart, you are dealing with an enlarged pulmonary
artery”. This finding suggests that the contour
abnormality is due to an enlarged pulmonary trunk,
which may be associated with pulmonary hypertension
(Figure 3) or pulmonic valve stenosis (Figure 4).

THIRD MOGUL AND OTHERS

Another concept, less frequently mentioned but also
popularized by Felson? in his textbook and originally
described by Daves'®' is the “third mogul”. In skiing,
a mogul refers to a bump on a snow slope created by
skiers through turns and snow packing or intentionally
constructed for competition. As described by Daves,
several “moguls” can be found along the cardiac
silhouette. Within the cardiac silhouette, the term
“mogul” includes both normal and abnormal convexities.
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Figure 2. Patient with thymoma demonstrating the hilum overlay sign. A: frontal chest radiograph shows abnormal left hilar convexity (arrow)
with well-defined hilar vessels (arrowhead) visible through the hilar abnormality, known as the hilum, overlay sign. B: contrast-enhanced
chest CT shows a prevascular soft-tissue mass (arrow) corresponding to the abnormality seen on chest radiography.

CT. computed tomography.

Figure 3. Patient with pulmonary hypertension showing the hilum
convergence sign. Chest radiograph shows abnormal left hilar con-
vexity (arrow). Note that the hilar vessels reach the edge but are not
seen through the hilar convexity.

The right atrium, the first normal mogul, is the only
normal convexity on the right side. The left side has
two normal moguls: the aortic arch (first mogul) and
the left ventricle (fourth mogul). Under abnormal
circumstances, second and third moguls may also be

present, representing a large pulmonary trunk and a
large atrial appendage (Figure 5), respectively. When
encountering a hilar abnormal contour, it is important
to distinguish it from true hilar abnormality, such as the
hilum convergence and hilum overlay signs, as well as
the third mogul. An imaginary line along the left main
stem bronchus shadow serves as a useful landmark for
distinguishing true hilar abnormality above that line
from an enlarged atrial appendage (i.e., third mogul)
below the line. While most cases involving the third
mogul are associated with enlarged atrial appendages,
other potential causes include a mediastinal mass,
infundibular hump in tetralogy of Fallot, pericardial cyst,
and pulmonary arteriovenous malformation'®,

CERVICOTHORACIC AND
THORACOABDOMINAL SIGN

As previously stated, when a mediastinal mass or
contour abnormality — especially one above the sub-
jective vicinity of the aortic arch (i.e., in the superior
mediastinum) — has a distinct inferior border that
becomes obscured as it extends superiorly, this is
known as the cervicothoracic sign. Felson described it
as follows?: “based on the tenet that if a thoracic lesion
is in anatomic contact with the soft tissues of the neck,
its contiguous border will be lost. The cephalic border
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Figure 4. Patient with pulmonic valve stenosis showing the hilum
convergence sign. Frontal chest radiograph shows abnormal left hilar
convexity (arrow). Note that the hilar vessels reach the edge but are
not seen through the hilar convexity. Also note that the pulmonary
arteries are normal, which would not be expected in pulmonary
hypertension.

Figure 5. Patient with dilated left atrium showing the third mogul.
Frontal chest radiograph shows abnormal left hilar convexity (arrow).
Note that this convexity is slightly more inferior, notably below the
left mainstem bronchus compared to figures 3 and 4.

of the anterior mediastinum ends at the level of the
clavicles, whereas that of the posterior mediastinum
extends much higher. Hence, a lesion clearly above
the clavicles on the frontal view must lie posteriorly

and entirely within the thorax”. Felson introduced the
clavicle as a key anatomical landmark, using it to
demarcate the transition between the inferior, well-
defined, and superior ill-defined borders. Classic
masses exhibiting the cervicothoracic sign include
thyroid masses with intrathoracic extension (Figures 6
and 7), a tortuous but otherwise normal brachiocephalic
trunk, and rarer entities such as cervicothoracic
lymphangioma®19:20,

Many radiology textbooks have introduced a mis-
conception about this sign, deviating from Felson’s
original description. They have presented it as a sign
almost pathognomonic of paravertebral neurogenic
tumors. However, thoracic neurogenic tumors rarely
extend into the neck or vice versa, leading to confusion.
Contrary to some textbooks claims, a neurogenic tumor
typically does not exhibit a cervicothoracic sign.

The thoracoabdominal sign is a corollary of the
cervicothoracic sign and is useful when masses are
located within the chest but also extend into the
abdomen and, consequently, the thoracoabdominal
region. In contrast to the clavicle, Felson refers to the
hemidiaphragm as the defining anatomical landmark.
He described it as follows? “A silhouette sign on its
lowermost margin indicates that the mass ends at the
diaphragm or extends below it. Convergence of the
lower lateral margin toward the spine indicates that
the bottom lesion is nearby and, therefore, that the
lesion is probably entirely intrathoracic”. This situation
is frequently encountered, as in hiatus hernia. Conversely,
thoracic masses in this region that typically do not
extend into the abdomen, such as extramedullary
hemopoiesis, should not manifest the thoracoabdominal
sign.

LUFTSICHEL SIGN

One particularly challenging sign with an Aunt Minnie
character is the Luftsichel sign®%-25. The term originates
from Germany, combining “Luft” (air) and “Sichel”
(sickle)?. Although historical references indicate that
this sign was described by the Germans in the 1940s,
which explains its German name?®, Felson described
in his book? “LUL collapse has caused so much
forward displacement of the upper section of the major
fissure that the superior segment of the air-filled LLL
now lies in opposition to the aortic knob,” which is
exactly what is known as the Luftsichel sign. It refers
to an opacity of the superior hemithorax with a sickle —
or crescent-shaped hyperlucency typically overlying
the aortic arch. The sign is counterintuitive because



S. Martinez-Jimenez. Mastering chest radiography

Figure 6. Patient with thyroid goiter and cervicothoracic sign. A: frontal chest radiograph shows abnormal convexity along the left superior
mediastinum with a well-defined inferior border (arrow) which progressively fades (arrowhead) as it reaches the level of the ipsilateral
clavicle, the so-called cervicothoracic sign, which indicates this mass in partially within the chest and partially within the neck. B: nonen-
hanced chest CT shows enlarged thyroid with intrathoracic extension. Note that the inferior border of the mass (arrow) is outlined by lung,
which correlates with the radiographic manifestation of a well-defined inferior border.

CT: computed tomography.

Figure 7. Patient with cervical aortic arch without the cervicothoracic sign. A: frontal chest radiograph shows abnormal convexity along the
left superior mediastinum with well-defined inferior and superior borders (arrow), indicating that this mass is entirely within the chest and
does not extend into the neck. B: nonenhanced chest CT shows cervical aortic arch (arrow). This example is provided to contrast and clarify
the cervicothoracic sign.

CT: computed tomography.
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the superior segment of the left lower lobe anatomically
migrates superiorly into the upper hemithorax (which
is not its normal location) and, although denser,
appears aerated, making it difficult to appreciate the
significant atelectasis involving the left upper lobe.
This sign occurs in chronic atelectasis of the left upper
lobe, most often in lung cancer, but can also be seen
in chronic bronchial stenosis and, nowadays, after
placement of left upper lobe endobronchial valves
(Figure 8). The Luftsichel sign does not typically occur
in acute atelectasis of the left upper lobe, such as that
due to mucus plugging.

A special mention should be made of the less
commonly recognized right Luftsichel sign,?®25 which
consists of combined atelectasis involving the right
upper and middle lobes, also related to non-acute
obstructive processes such as malignancy. Like the
typical Luftsichel sign, the superior segment of the right
lower lobe is markedly displaced superiorly, creating a
confusing imaging appearance in which there is still
lucency in the upper portion of the corresponding
hemithorax?326. On chest radiography, there is a medial

Figure 8. Patient with chronic left upper lobe atelectasis exhibiting
the Luftsichel sign secondary to endobronchial valve placement.
Frontal chest radiograph shows left upper lobe opacity. In this case,
there is marked superior shift of the oblique fissure (arrowhead). Note
crescentic lucency overlying the aortic arch (arrow), which consti-
tutes the Luftsichel sign.

Figure 9. Patient with squamous cell lung cancer and the S of Golden sign. A: frontal chest radiograph shows opacity in the right upper
hemithorax with a distinct superiorly directed convexity (arrow) and abnormal hilar convexity (arrowhead), the so-called S of Golden sign.
B: coronal reformation of contrast-enhanced chest CT shows atelectatic right upper lobe (arrow) and right hilar mass (arrowhead).
The principle of the S of Golden sign can be replicated on CT of any postobstructive atelectasis due to a central mass.

CT: computed tomography.
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Figure 10. Patient with phantom tumors in the context of heart failure. A: frontal chest radiograph shows multiple mass-like opacities (arrows),
distinctly overlying the fissural anatomy, with some, such as the left, exhibiting an incomplete border (arrowhead) sign indicating extrapulmonary
location. B: lateral chest radiograph shows fusiform distribution of the opacity (arrows) along the expected course of the oblique fissure.

opacity that obscures the right mediastinal contour and
fades laterally. However, similar to the left Luftsichel
sign, if the superior segment of the right lower lobe
is significantly displaced superiorly, there may be
significant lucency in the right upper hemithorax
which is what makes the left Luftsichel sign somewhat
counterintuitive and difficult to diagnose.

S OF GOLDEN SIGN

This distinctive sign, predominantly seen in chronic
right upper lobe atelectasis, is almost exclusively
secondary to hilar malignancy. Although slightly more
intuitive than the Luftsichel sign, the S of Golden sign
is also gestaltic and often requires visual observation
before a definitive diagnosis can be made. The S sign
is a morphological description provided by Golden?,
sometimes referred to as the “reverse S of Golden,” in
which the lateral superior convexity is formed by
superior displacement of the horizontal fissure, while
the central inferior concavity represents the hilar
mass?10:2428-30_| jke the Luftsichel sign, the S of Golden
sign is typically associated with longstanding obstruction
and is not commonly seen in acute right upper lobe
atelectasis (Figure 9). The concept of the S of Golden
is significant, as the same principle can be applied
to CT, yielding similar implications®!, not only for

obstructive collapse of the right upper lobe. Thus, any
central obstructive mass will create a convexity, and its
downstream atelectasis will exhibit a concavity, often
delineated by the displaced adjacent fissure.

VANISHING OR PHANTOM TUMOR AND
THE INCOMPLETE BORDER SIGN

A widely recognized phenomenon popularized by
Felson is the vanishing tumor, also known as the
phantom or pseudotumor, which refers to localized
effusion along one of the fissures. This condition is
common in heart failure and typically resolves rapidly
as the patient’s condition improves. Felson described
this phenomenon as follows? “Interlobar effusion is
encountered most commonly in heart failure... may
cast a sharply marginated elliptical or circular shadow
which, on frontal roentgenogram, may closely resemble
a solid tumor. As the cardiac status improves, rapid
regression can occur”. This finding can be mistaken
for collapse, consolidation, or tumor. The diagnosis is
primarily suspected because the mass overlies the
expected course of the oblique or horizontal fissures
(Figure 10). Most cases are right-sided. Cases may be
challenging on frontal radiography, but the lateral
projection is often helpful by locating the abnormality
along the normal course of the fissures and because
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the collections tend to be elongated or exhibit tapering
ends (i.e. acute angles)32-%.

A more pertinent corollary of the above is the so-called
incomplete border sign, which can be instrumental in
distinguishing extrapulmonary masses from those
originating in the lungs®6-4%. Masses of pulmonary origin
tend to be circular or rounded and fully surrounded
by air (except those abutting the pleural surface);
thus, their margins tend to be well defined along the
entire perimeter in both radiographic projections
(e.g., pulmonary cancer or abscess). In contrast,
extraparenchymal masses (i.e., arising from the pleura
or chest wall) tend to have one well-defined border and
another poorly defined, referred to as the incomplete
border sign. This is typically due to air (from the lungs
or externally) outlining a portion of the mass, while
the other border is silhouetted by soft tissues. The prin-
ciple applies to extrapleural lesions such as those of the
pleura and chest wall, with the caveat that some
pulmonary parenchymal lesions abutting the pleura may
falsely exhibit this sign.

CONCLUSION

Chest radiography remains the most widely per-
formed imaging examination and continues to serve as
the foundation of thoracic diagnostic evaluation. Despite
technological advances in cross-sectional imaging, its
accessibility, efficiency, and clinical impact ensure its
enduring relevance. The apparent decline in interpre-
tive emphasis does not indicate diminished importance
but rather a shift in educational and professional
priorities that now requires deliberate correction. Chest
radiography is a technically unique modality that
demands a specific interpretive framework grounded in
both physical principles and pattern recognition. The
diagnostic concepts articulated by pioneers such as
Benjamin Felson — including gestalt-based recognition
and classic radiographic signs — remain essential tools
for accurate interpretation. These principles cannot be
acquired passively; they require structured teaching,
repeated exposure, and intentional practice.

Reinvesting in the mastery of chest radiograph inter-
pretation is not merely an educational preference but a
professional responsibility. Strengthening training in
this area will enhance diagnostic accuracy, support
efficient clinical decision-making, and ultimately
improve patient outcomes. In an era of expanding tech-
nological capability, disciplined interpretation of the
most fundamental imaging examination remains an

indispensable skill that radiology must actively pre-
serve and advance.
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ABSTRACT

Introduction: Artificial intelligence (Al) has improved the diagnostic performance of prostate magnetic resonance imaging
(MRI) and reduced interobserver variability in Prostate Imaging Reporting and Data System (PI-RADS) scores. This study
compared the diagnostic performance of a radiologist and mdprostate Al, using biparametric (bp) MRI, for predicting the
likelihood of clinically significant prostate cancer (csPCa) based on PI-RADS scores and assessed interobserver agreement.
Materials and methods: This retrospective cross-sectional study included patients who underwent bpMRI for suspected
prostate cancer. bpMRI scans were analyzed using PI-RADS v2.1 by an experienced radiologist and mdprostate. Prostate
lesions were classified as low (PI-RADS 1 to 3) or high/very high (PI-RADS 4 to 5) likelihood of csPCa. Sensitivity, specifi-
city, positive and negative predictive values, likelihood ratios, and accuracy were calculated. Cohen’s kappa coefficient was
used to assess interobserver agreement, and Bowker’s test of symmetry was used to analyze systematic differences in ordi-
nal PI-RADS scoring. Results: Eighty-two men with a mean age of 64 + 9.9 years (range 43-85) were included. The mean
PSA was 9.9 + 10.3 ng/mL. Mdprostate showed a sensitivity of 96.3%, specificity of 89.1%, and overall accuracy of 91.5%
in predicting high and very high likelihood of csPCa, with the radiologist as the gold standard. Interobserver agreement
between the radiologist and mdprostate was almost perfect (k = 0.81; 95% ClI, 0.67-0.96). Bowker’s test showed significant
differences in PI-RADS categories (p = 0.017), indicating that mdprostate tended to assign higher PI-RADS scores than the
radiologist, particularly for PI-RADS 5 lesions. Conclusion: Mdprostate demonstrated high diagnostic performance compa-
red to the radiologist and near-perfect agreement between both, using bpMRI to predict a high or very high likelihood of
csPCa based on PI-RADS assessment.

Keywords: Prostate cancer. Artificial intelligence. Biparametric magnetic resonance imaging. Mdprostate. Prostate Imaging
Reporting and Data System.

INTRODUCTION diffusion-weighted imaging (DWI), and apparent diffusion

coefficient (ADC) sequences, is faster and more cost-

Prostate cancer is one of the most common male  gffective than multiparametric (mp) MRI, with comparable

malignancies worldwide, and an important cause of
morbidity and mortality, ranking fourth globally with 1.4
million cases'. Prostate biparametric magnetic reso-
nance imaging (bpMRI), based on T2-weighted (T2W),
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diagnostic performance for detecting prostate cancer??.
Prostate MRI may exhibit high interobserver variability,
even among experienced radiologists*. In this context,
artificial intelligence (Al) is a valuable tool for detecting
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and characterizing prostate lesions, offering diagnostic
performance comparable to that of expert radiologists
with adequate reproducibility®8.

Commercial platforms designed for clinical integration,
such as Quantib Prostate (2020), ProstatlD (2022),
mdprostate (2023), and QP-Prostate (2024), incorporate
automated prostate segmentation, suspicious lesion
detection, Prostate Imaging Reporting and Data System
(PI-RADS) scoring, and structured reporting. These
tools improve diagnostic sensitivity, optimize reading
times, and especially assist radiologists with less expe-
rience in interpreting prostatic mpMRI™°, Mdprostate
(mediaire GmbH, Berlin, Germany) is an Al-based soft-
ware designed to assist in interpreting prostate MRI
using biparametric sequences, especially T2W, DWI,
and ADC®"'. Mdprostate uses deep neural networks for
automatic prostate segmentation, calculates quantita-
tive parameters such as prostate volume, lesion dimen-
sions, ADC values, and prostate-specific antigen (PSA)
density, detects suspicious prostate lesions, classifies
PI-RADS v2.1, and generates structured reports with
sectorial maps integrated in the PACS.

Despite Al's high performance in bpMRI, its external
validity and formal adoption need to be standardized,
with potential biases arising from the training datasets
used for the algorithms®'°. Several reviews on Al in MRI
emphasize the need for multicenter, prospective valida-
tions before widespread clinical adoption®>'™. This study
compared the diagnostic performance of a radiologist
and mdprostate Al using bpMRI to predict the likelihood
of csPCa based on PI-RADS score and assessed
interobserver agreement between the two.

MATERIALS AND METHODS

This cross-sectional study was conducted from
January to October 2025 in the Department of Magnetic
Resonance Imaging at Hospital Angeles Lomas,
Huixquilucan, State of Mexico, Mexico. Adult men with
PSA > 3 ng/mL who underwent prostate bpMRI were
included. Patients with claustrophobia, incomplete
bpMRI scans, studies with motion artifacts, or without
a PI-RADS score generated by mdprostate were
excluded. All participants provided written informed
consent. The study was approved by the Institutional
Research Ethics Committee and Research Committee.

Development and study variables

We recorded the patients” age and PSA (ng/mL). The
radiologist and mdprostate assigned a PI-RADS v2.1

score' on bpMRI using a five-point scale to indicate
the likelihood of csPCa, with a score of 1 indicating a
very low likelihood and a score of 5 indicating a very
high likelihood. Individual scores were assigned to each
sequence, with an overall score that summarized the
likelihood of csPCa. In this study, the PI-RADS score
was dichotomized as follows: PI-RADS of 1 to 3 indi-
cated a low likelihood of csPCa; PI-RADS > 4 indicated
a high or very high likelihood of csPCa. The PI-RADS
score agreement between the radiologist (EVS) with 5
years of MRI experience and mdprostate was assessed.

Imaging acquisition and data
analysis protocol

bpMRI was performed on 1.5T MAGNETOM Aera or
3.0T MAGNETOM Skyra Fit equipment (Siemens
Healthineers, Erlangen, Germany) with an 18-channel
radiofrequency surface coil. A conventional T2W
sequence was acquired in the axial plane and DWI
(b = 1500 s/mm?) with ADC map generation. Standard
clinical acquisition parameters are shown in table 1.

After acquisition, the images were automatically
transferred to the mdprostate software (Mediaire
GmbH, Berlin, Germany) for analysis. Mdprostate gen-
erated a PI-RADS score, and the radiologist’s evalua-
tion was recorded.

Statistical analysis

Quantitative variables were analyzed with descriptive
statistics. The Shapiro-Wilk test was used to assess
the distribution of quantitative variables. Results were
expressed as mean and standard deviation (SD).
Diagnostic performance using the radiologist or mdpros-
tate as the gold standard was assessed with sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), positive and negative likelihood
ratios, and accuracy. Inter-reader agreement between
the radiologist and mdprostate was analyzed using
Cohen’s kappa, and Bowker’s test of symmetry was
used to evaluate systematic differences in paired ordinal
PI-RADS scores. A p value < 0.05 was considered sta-
tistically significant. The analysis was performed with
RKWard v0.8.0™.

RESULTS

Eighty-two patients with a mean age of 64 + 9.9 years
(range 43-85) were included. The mean PSA value was
9.9 + 10.3 ng/mL, with a median of 6.1 ng/mL (range
3.1-71.9 ng/mL).
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Table 1. Prostate bpMRI protocol used by mdprostate Al

Field Sequence FOV (mm) Matrix TR (ms)  TE (ms) b values [number of samples] Slices/Slice

strength (s/mm?) thickness (mm)?

1.5T Axial T2W TSE 220%220 266*320 5730 87 N/A 30/3.0
Axial EP1 DWI 220%220 110%110 6700 74 50 [2], 400 [5], 1600 [10], 2000° 30/3.0

3.0T Axial T2W TSE 200*200 352%352 6000 105 N/A 25/3.0
Axial EP1 DWI 200*200 104*104 4600 75 50 [2], 800 [5], 1500 [14], 2000° 25/3.0

aNo gap between slices; "Synthetic high b value was calculated by the scanner. DWI: diffusion-weighted imaging; EPI: echo planar
imaging; FOV: field-of-view; MRI: magnetic resonance imaging; N/A: not applicable; T: tesla; TE: echo time; TI: inversion-recovery time;

TR: repetition time; TSE: turbo spin echo; T2W: T2-weighted.

Comparison of PI-RADS scores assigned
by the radiologist and mdprostate

Cases classified as PI-RADS 2 (n = 51, 62.2%) and
PI-RADS 3 (n = 6, 7.3%) by the radiologist were com-
parable to those classified by mdprostate (n = 43,
52.4% and n = 5, 6.1%, respectively) (Table 2). The
radiologist classified 14 (17.1%) and 11 (13.4%) cases
as PI-RADS 4 and 5, respectively, while mdprostate
classified 9 (11.0%) and 21 (25.6%) cases. The radiol-
ogist and mdprostate PI-RADS scores were compared
using Bowker’s test of symmetry with a significant dif-
ference (p = 0.017), indicating systematic differences in
score assignment. Specifically, mdprostate classified
more cases as higher (PI-RADS 5) than the radiologist.
This difference is likely due to mdprostate’s tendency
to overestimate lesion segmentation. However, this
overestimation was observed from categories 4 to 5
and does not directly impact the likelihood of csPCa.

Diagnostic performance of mdprostate
using bpMRI, with the radiologist as the
gold standard in predicting the likelihood
of csPCa

Compared with the radiologist, mdprostate showed a
sensitivity of 96.3% (95% Cl: 92.1-100) and a specificity
of 89.1% (95% CI: 82.3-95.8) for predicting high likeli-
hood (PI-RADS 4) and very high likelihood (PI-RADS 5)
of csPCa (Table 3). The PPV was 81.2%, and the NPV
was 98.0%, reflecting a high probability that both positive
and negative classifications were accurate. The diagnos-
tic accuracy was 91.4% (95% Cl: 85.4-97.5).

The positive likelihood ratio was 8.8 (4.1-18.9), indi-
cating that a positive result strongly predicts csPCa.
The negative likelihood ratio was 0.04 (0.01-0.29), indi-
cating that negative results greatly reduce the proba-
bility of disease. Mdprostate tended to classify more
cases as very high likelihood of csPCa (PI-RADS 5).

Table 2. Comparison of PI-RADS scores assigned by the radiologist
and mdprostate in patients with suspicious prostate lesions

Score Radiologist (n =82)  Mdprostate (n = 82)
PI-RADS 1, n (%) 0 4(4.9)
PI-RADS 2, n (%) 51 (62.2) 43 (52.4)
PI-RADS 3, n (%) 6 (7.3) 5(6.1)
PI-RADS 4, n (%) 14 (17.1) 9(11.0)
PI-RADS 5, n (%) 11 (13.4) 21 (25.6)

PI-RADS: Prostate Imaging Reporting and Data System.

Diagnostic performance of the radiologist
using bpMRI, with mdprostate as the gold
standard in predicting the likelihood of
csPCa

The radiologist demonstrated high diagnostic perfor-
mance compared to mdprostate (Table 4). Sensitivity
was 81.2% (95% CI: 63.6-92.8), and specificity was
98.0% (95% Cl: 89.3-99.9), indicating an excellent abil-
ity of the radiologist to identify true-negative cases. The
PPV and NPV were 95.1% and 91.7%, respectively,
reflecting a high probability that both positive and neg-
ative results were accurate. The accuracy was 92.6%
(95% CI 84.7-97.2). The mean positive likelihood ratio
was 40.6 (5.8-284.8), suggesting a strong ability to
confirm disease, while the mean negative likelihood
ratio was 0.19 (0.09-0.39), indicating a good ability to
establish a negative diagnosis, though less strong than
the positive ratio.

Interobserver agreement in PI-RADS scoring
between the radiologist and mdprostate

There was strong concordance between the radiologist
and mdprostate, with almost perfect agreement (k = 0.81,
95% CI 0.67-0.96) in assigning PI-RADS scores. The
kappa values support the reliability of mdprostate in a
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Table 3. Diagnostic performance of mdprostate using bpMRI, with the ~ Table 4. Diagnostic performance of the radiologist using bpMRI, with
radiologist as the gold standard in predicting the likelihood of csPCa  mdprostate as the gold standard in predicting the likelihood of csPCa

based on PI-RADS scores based on PI-RADS scores

Description Parameter Description Parameter
Sensitivity, % (95% Cl) 96.3 (92.1-100) Sensitivity, % (95% Cl) 81.2 (63.6-92.8)
Specificity, % (95% Cl) 89.1 (82.3-95.8) Specificity, % (95% Cl) 98.0 (89.3-99.9)
PPV, % (95% ClI) 81.2 (72.7-89.7) PPV, % (95% Cl) 95.1 (73.1-99.2)
NPV, % (95% ClI) 98.0 (94.9-100) NPV, % (95% CI) 91.7 (84.4-95.8)
LR+, mean (min-max) 8.8 (4.1-18.9) LR+, mean (min-max) 40.6 (5.8-284.8)
LR-, mean (min-max) 0.04 (0.01-0.29) LR-, mean (min-max) 0.19 (0.09-0.39)
Accuracy, % (95% Cl) 91.4 (85.4-97.5) Accuracy, % (95% Cl) 92.6 (84.7-97.2)

Al: artificial intelligence; bpMRI: biparametric magnetic resonance Al: artificial intelligence; bpMRI: biparametric magnetic resonance
imaging; csPCa: clinically significant prostate cancer; Cl: confidence  imaging; csPCa: clinically significant prostate cancer; Cl: confidence
interval; LR+: positive likelihood ratio; LR—: negative likelihood ratio; interval; LR+: positive likelihood ratio; LR—: negative likelihood ratio;
NPV: negative predictive value; PI-RADS: Prostate Imaging Reporting ~ NPV: negative predictive value; PI-RADS: Prostate Imaging Reporting
and Data System; PPV: positive predictive value. and Data System; PPV: positive predictive value.

Lesion Details and PI-RADS Scoring

VOLUME DIMENSIONS ADC (MIN/MEAN) PI-RADS
LESION [mi] [mm] ZONE [um?/s] EPE OVERALL
wl 0.1 8.0 35x90 Pz 466 /892 NO 4

Figure 1. bpMRI of a 69-year-old man with an elevated PSA of 10 ng/mL. The upper panel shows the images assessed by the radiologist:
A: T2W axial sequence shows a hypointense nodule (dashed line) with well-defined margins, measuring 8.2 mm x 3.6 mm x 6.4 mm along the
transverse, anteroposterior, and longitudinal axes, respectively, with an estimated volume of 0.09 mL. The nodule is located in the right pos-
terolateral PZ. B: an axial DWI sequence showing marked nodule hyperintensity (dashed line). C: ADC map shows marked hypointensity
(dashed line) with a mean of 654 pm%s (min 466, max 894), indicating diffusion restriction. The radiologist classified this nodule as PI-RADS 4.
The lower panel shows images assessed by mdprostate: D: axial T2W sequence, E: axial DWI sequence, and F: ADC map. Mdprostate analysis
shows segmentation of the prostate (green circle) and the nodule (orange circle). The data at the bottom show the prostate nodule volume,
dimensions, zone, and ADC, with a PI-RADS score of 4. The histopathologic biopsy diagnosis of the nodule was prostate adenocarcinoma,
Gleason 3 + 4. This case showed agreement between the radiologist and mdprostate on PI-RADS scoring.

ADC: apparent diffusion coefficient; bpMRI: biparametric prostate magnetic resonance imaging; DWI: diffusion-weighted imaging; PSA: prostate-specific antigen;
PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W: T2-weighted.
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Lesion Details and PI-RADS Scoring

VOLUME DIMENSIONS
LESION [mi] [mm]
' 2.7 19.4 x 14.6 x 24.0

ADC (MIN/MEAN) PI-RADS
ZOMNE [um?/s] EPE OVERALL
PZ 222 /708 NO -

Figure 2. bpMRI of an 85-year-old man with an elevated PSA of 9.5 ng/mL. The upper panel shows the images assessed by the radiologist:
A: T2W axial sequence shows a nodule with poorly defined margins (dashed line) that partially bulges the prostate capsule, measuring
21.1 mm x 7.2 mm x 16.3 mm along the transverse, anteroposterior, and longitudinal axes, respectively, with an estimated volume of 1.2 mL.
The nodule is located in the left posterolateral and posteromedial PZ and extends into the left posterior TZ. B: axial DWI sequence shows
marked hyperintensity within the nodule (dashed line). C: the ADC map shows marked hypointensity (dashed line) due to diffusion restriction,
with a mean ADC of 544 pm¥s (range 385-750). The radiologist classified the nodule as PI-RADS 5. The lower panel shows the images assessed
by mdprostate: D: axial T2W sequence, E: axial DWI sequence, and F: ADC map. Analysis by mdprostate shows segmentation of the prostate
(green circle) and nodule (orange circle). The data at the bottom show the volume, dimensions, prostate zone, and ADC of the prostate nodule,
with a PI-RADS score of 5. This case showed agreement in PI-RADS scoring between the radiologist and mdprostate.

ADC: apparent diffusion coefficient; bpMRI: biparametric prostate magnetic resonance imaging; DWI: diffusion-weighted imaging; PSA: prostate-specific antigen;

PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W: T2-weighted; TZ: transition zone.

clinical setting, reinforcing that the likelihood of csPCa was
accurately classified in both positive and negative cases
when mdprostate was compared with the radiologist.
Figure 1 shows a bpMRI of a 69-year-old man with an
elevated PSA of 10 ng/mL. A prostate nodule with marked
hyperintensity on the DWI sequence is located in the
right posterolateral peripheral zone (PZ). The ADC map
shows marked hypointensity, with a mean of 654 um?/s,
indicating diffusion restriction. The radiologist and
mdprostate agreed and classified this nodule as PI-
RADS 4. Histopathologic analysis of the nodule biopsy
showed prostate adenocarcinoma, Gleason 3 + 4.

Figure 2 shows a bpMRI of an 85-year-old man with an
elevated PSA of 9.5 ng/mL. A prostate nodule with marked
hyperintensity on the DWI sequence is located in the left
posterolateral and posteromedial PZ, extending into the
left posterior transition zone (TZ). The ADC map shows
marked hypointensity due to diffusion restriction, with
a mean ADC of 544 pm?/s. The radiologist and mdpros-
tate agreed and classified the nodule as PI-RADS 5.

Figure 3 shows a bpMRI of a 62-year-old man with
an elevated PSA of 40 ng/mL, fever, and dysuria. The
T2W axial sequence shows homogeneous diffuse
hypointensity in the TZ and PZ of both prostatic lobes,
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Lesion Details and PI-RADS Scoring

VOLUME DIMENSIONS ADC [MIN/MEAN) PI-RADS
LESION [mi} [mm] ZOMNE [pm?is] EPE OVERALL
o 7.4 49.3 % 27.4 x 180 1z 2921827 NO 5

Figure 3. bpMRI of a 62-year-old man with fever, dysuria, and an elevated PSA of 40 ng/mL. The upper panel shows the images assessed by
the radiologist: A: T2W axial sequence shows homogeneous diffuse hypointensity (dashed line) in the TZ and PZ of both prostate lobes,
predominantly on the left, measuring 40 mm x 20.9 mm x 25.5 mm along the transverse, anteroposterior, and longitudinal axes, respectively,
with an estimated volume of 11 mL. B: axial DWI sequence shows mild TZ and PZ hyperintensity of both prostate lobes, predominantly on the
left (dashed line). C: ADC map shows marked TZ and PZ hypointensity of both prostatic lobes (dashed line), predominantly on the left, with
restricted diffusion and a mean ADC of 762 pm?/s (range 520-984). The radiologist assigned a PI-RADS score of 2. The lower panel shows the
images assessed by mdprostate: D: axial T2W sequence, E: axial DWI sequence, and F: ADC map. Analysis by mdprostate includes segmen-
tation of the prostate (green line) and identification of a diffuse hypointense area on T2W (orange line). The data at the bottom show the
volume, dimensions, prostate zone, and ADC of the prostate nodule, with a PI-RADS score of 5. A prostate abscess was ruled out. There was
no agreement between the radiologist (PI-RADS score 2) and mdprostate (PI-RADS score 5). Based on clinical data, antibiotic treatment was
administered, and symptoms resolved. Due to persistently elevated PSA, the patient underwent prostate biopsy, which showed acute pros-
tatitis due to Klebsiella pneumoniae without evidence of malignancy.

ADC: apparent diffusion coefficient; bpMRI: biparametric prostate magnetic resonance imaging; DWI: diffusion-weighted imaging; PSA: prostate-specific-antigen;
PI-RADS: Prostate Imaging Reporting and Data System; PZ: peripheral zone; T2W: T2-weighted. TZ: transition zone

predominantly on the left. The DWI sequence shows
mild hyperintensity. The ADC map shows marked hypo-
intensity in the TZ and PZ of both prostatic lobes, pre-
dominantly on the left, with restricted diffusion and a
mean ADC value of 762 ym?/s. There was no agreement
between the radiologist (PI-RADS score 2) and mdpros-
tate (PI-RADS score 5). The patient underwent prostate
biopsy, which showed acute prostatitis due to Klebsiella
pneumoniae without evidence of malignancy.

Figure 4 shows a bpMRI of a 63-year-old man with
a PSA of 7.14 ng/mL and a small nodule with a poorly
defined border in the right posteromedial PZ. The DWI

axial sequence shows marked focal hyperintensity. The
ADC map shows marked focal hypointensity (asterisk),
indicating restricted diffusion with a mean ADC value
of 638 pm?/s. The radiologist assigned this nodule a
PI-RADS score of 4. Mdprostate assigned the small nod-
ule a PI-RADS 3 and segmented the nodule as larger
than calculated by the radiologist. In the DWI sequence,
this nodule showed marked restriction, and because it
was in the peripheral zone, the radiologist assigned a
PI-RADS score of 4. A targeted prostate biopsy was per-
formed, and the histopathologic diagnosis was prostate
adenocarcinoma.
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Lesion Details and PI-RADS Scoring
VOLUME DIMENSIONS ADC (MIN/MEAN) PI-RADS
LESION [mi] [mm] ZONE [um?/s] EPE OVERALL
wm? <0.1 55x50x9.0 Pz 4621719 NO 3

Figure 4. bpMRI of a 63-year-old man with a PSA of 7.14 ng/mL. The upper panel shows the images assessed by the radiologist: A: T2\ axial
sequence shows a nodule with poorly defined margins (asterisk) measuring 5.2 mm x 4.5 mm x 6.1 mm along the transverse, anteroposterior,
and longitudinal axes, respectively, with an estimated volume of 0.07 mL. The nodule is located in the right posteromedial PZ. B: DWI axial
sequence shows marked focal hyperintensity (asterisk). C: ADC map shows marked focal hypointensity (asterisk), indicating restricted diffu-
sion, with a mean ADC of 638 pm¥s (range 509-917). The radiologist assigned this nodule a PI-RADS score of 4. The lower panel shows the
images assessed by mdprostate: D: axial T2W sequence, E: axial DWI sequence, and F: ADC map. Analysis by mdprostate includes segmen-
tation of the prostate (green line) and the nodule (orange line). The data at the bottom show the volume, dimensions, prostate zone, and ADC
of the prostate nodule, with a PI-RADS score of 3. Additionally, a small nodule (purple line) was scored PI-RADS 2 by both the radiologist
and mdprostate. A targeted prostate biopsy was performed, and histopathologic diagnosis was prostate adenocarcinoma, Gleason 3 + 3 (ISUP 1).
The patient received HIFU treatment. Mdprostate assigned the nodule a PI-RADS 3 and segmented it as larger than the radiologist calculated.
In the DWI sequence, this nodule showed marked restriction, and because it was in the peripheral zone, the radiologist assigned a PI-RADS
score of 4.

ADC: apparent diffusion coefficient; bpMRI: biparametric prostate magnetic resonance imaging; DWI: diffusion-weighted imaging; HIFU: high-intensity focused
ultrasound; ISUP: International Society of Urological Pathology; PSA: prostate-specific antigen; PI-RADS: Prostate Imaging Reporting and Data System; PZ:
peripheral zone; T2W: T2-weighted.

DISCUSSION

Our study showed that mdprostate had high diagnostic
performance compared to the radiologist using bpMRI
in predicting a high or very high likelihood of csPCa
based on the PI-RADS score. Interobserver agreement
between the radiologist and mdprostate was almost per-
fect. Mdprostate can be used as a second reader for

csPCa using the PI-RADS score. Multicenter studies
demonstrate that Al systems achieve diagnostic perfor-
mance comparable to or better than that of experienced
radiologists'®'. Bayerl et al.,® using mdprostate and
PI-RADS v2.1 in a retrospective study of 123 German
men with suspected PCa, found that 53 (43.1%) did not
have PCa, 15 (12.2%) had prostate cancer (Gleason
score 6) and 55 (44.7%) had csPCa. PI-RADS > 4 had

bpMRI to predict the likelihood of csPCa based on the
PI-RADS score.

Al-based tools for prostate MRI demonstrate good
diagnostic performance in detecting and classifying

a sensitivity of 85.5% and a specificity of 63.2%.
PI-RADS 5 had a sensitivity of 88.7%. Results were
comparable to those of an expert radiologist. Chen
et al.'" in a meta-analysis compared the performance
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of various Al systems, including mdprostate versus
radiologists in detecting csPCa in a multinational study
with 20,423 patients from Asia, Europe, and the United
States. Both 1.5T and 3.0T mpMRI scanners from var-
ious brands (Siemens, General Electric, and Philips)
were used. Al systems showed diagnostic performance
with a sensitivity of 87% and specificity of 61%, compa-
rable to radiologists with a sensitivity of 85% and a spec-
ificity of 63% for detecting csPCa. In our study, mdprostate
showed higher sensitivity (96.3%) than the radiologist
(81.2%) in predicting the likelihood of csPCa based on
PI-RADS using bpMRI, even higher than that reported
by Bayerl et al.® and Chen et al.'. The high sensitivity
observed in our study supports the clinical utility of
mdprostate as a diagnostic tool in prostate bpMRI inter-
pretation to accurately predict the likelihood of csPCa
based on PI-RADS for suspicious prostate lesions.

Al software tends to overdiagnose, especially for
PI-RADS 3 lesions, prostatitis, and benign prostatic
hyperplasia, resulting in unnecessary biopsies’. In their
meta-analysis, Chen et al."" reported that specificity is
generally higher among radiologists, suggesting that
increased lesion detection may lead to overclassifica-
tion. The international Prostate Imaging-Cancer Artificial
Intelligence (PI-CAl) project by Saha et al.'® showed that
certain Al algorithms can reduce false positives in
detecting prostate cancer compared with specialized
radiologists. Al software achieved performance that was
not inferior to, and was even superior to, that of expert
radiologists using PI-RADS v2.1 for csPCa in a multi-
center, retrospective study of 10,207 prostate MRI scans
from 9,129 patients in the Netherlands and Norway.
Patients had suspected prostate lesions due to elevated
PSA, abnormal digital rectal examination, or both. In
total, 2,440 cases had csPCa confirmed by biopsy. Both
1.5T and 3.0T MRI equipment were used (Siemens
Healthineers and Philips Medical Systems, respectively).
The Al system was trained primarily with bpMRI, while
radiologists evaluated mpMRI with PI-RADS v2.1. The
Al was trained to prioritize detecting csPCa. Al software,
including mdprostate, showed fewer false positives than
radiologists (56 versus 113, respectively). The authors
emphasize the ability of Al software to improve clinical
specificity by achieving high detection of csPCa, reduc-
ing false positives, and lowering the risk of overdiagno-
sis. In our study, mdprostate demonstrated a tendency
toward higher PI-RADS categorization, particularly for
PI-RADS 5 lesions. The radiologist classified 11 (13.4%)
cases, while mdprostate classified 21 (25.6%) cases.
Therefore, specificity was lower for mdprostate (89.1%)
compared to the radiologist (98.0%). This finding is

consistent with the significant differences identified by
Bowker’s test and may reflect a diagnostic strategy of
mdprostate to overestimate the PI-RADS score.

Previous reports have shown mild to high interobserver
variability in PI-RADS classification, depending on the
radiologist’s experience and MRI image quality’®®.
Therefore, Al tools are proposed to improve the standard-
ization and reproducibility of prostate cancer diagnosis.
The multicenter study by Forookhi et al.2® demonstrated
that Quantib® Prostate software v2.0.1 (Quantib BV,
Rotterdam, The Netherlands) improved agreement
among less experienced radiologists. Cohen’s Kappa
showed excellent interobserver agreement between
mdprostate and radiologists, using two categories:
nonsuspicious (PI-RADS 1-3) and suspicious prostate
cancer (4 and 5), and found improvement in PI-RADS
assessment by less experienced radiologists. The mul-
ticenter PI-CAl study' reported that Al algorithms
match or exceed the average performance of radiolo-
gists in detecting csPCa. Software such as mdprostate
has demonstrated high concordance (k > 0.80), consid-
ered almost perfect. These results are consistent with
reports that Al can be effectively integrated into clinical
practice as a diagnostic support system, especially for
less experienced radiologists, with reductions in false
positives and less interobserver variability®'®. Our
results showed comparable findings with almost perfect
interobserver agreement (k = 0.81, 95% CI 0.67-0.96)
between the radiologist and mdprostate in assigning
PI-RADS scores. These findings support the evidence
that Al-assisted prostate MRI interpretation with software
such as mdprostate may serve as a reliable complemen-
tary tool to improve lesion detection, reduce diagnostic
variability, and potentially facilitate more standardized
reporting in clinical practice.

The main strength of our study is that it evaluated
diagnostic performance and interobserver agreement
of mdprostate, allowing a comprehensive assessment
in a clinical setting, which is infrequent in the literature.
However, the study has several limitations. First, this
was a retrospective single-center study with a limited
sample size, which may restrict the generalizability of
the findings. Second, histopathological confirmation of
prostate cancer was not available for all patients, limit-
ing the use of the standard reference for the radiologist
to evaluate the diagnostic performance of mdprostate.
Third, a single radiologist performed the PI-RADS eval-
uation, so interobserver variability between radiologists
was not assessed. Finally, two MRI scanners were used,
which may have caused variability in image features.
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CONCLUSION

Mdprostate demonstrated high diagnostic perfor-
mance compared to the radiologist using bpMRI for
the prediction of high and very high likelihood of csPCa
based on the PI-RADS score. Additionally, agreement
between the radiologist and mdprostate was almost per-
fectfor PI-RADS scoring of prostate lesions. Implementing
mdprostate as a second-reading tool may improve diag-
nostic standardization by prioritizing sensitivity over
specificity®. Its progressive integration into clinical prac-
tice will likely play an increasingly important role in
detecting and characterizing csPCa.
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T2 relaxometry and cross-sectional area of the median nerve
as quantitative MRI biomarkers in carpal tunnel syndrome
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ABSTRACT

Introduction: T2 relaxometry and cross-sectional area (CSA) values of the median nerve, assessed by magnetic resonance
imaging (MRI) at various levels of the carpal tunnel have not been sufficiently evaluated in patients with carpal tunnel syn-
drome (CTS). This study aimed to assess the CSA and T2 relaxometry values of the median nerve at the proximal and distal
levels of the carpal tunnel using MRI in Mexican patients with CTS. Material and methods: This case series included patients
clinically diagnosed with CTS. Wrist 3.0T MRI scans were performed, and CSA and T2 relaxometry maps of the median nerve
were obtained at the proximal (pisiform bone) and distal (hook of hamate bone) levels of the carpal tunnel. Age, weight, height,
body mass index (BMI), and clinical severity and functional scores of CTS were recorded. Results: Twelve wrists from 10
patients with CTS were included. The mean CSA of the median nerve at the proximal level (12.7 + 2.1 mm?) was significant-
ly higher than at the distal level (9.7 = 1.9 mm? p < 0.001), with a large effect size (Cohen’s d = 1.43). The mean T2 relaxation
time was higher at the proximal level (64.7 + 74 ms) than at the distal level (59.6 = 78 ms; p = 0.034), with a moderate effect
size (Cohen’s d = 0.70). No significant correlations were observed between anthropometric measures and CSA, T2 relaxom-
etry, or CTS clinical and functional scores. Conclusion: T2 relaxometry and CSA values of the median nerve on MRI showed
regional variation, with significantly higher values at the proximal carpal tunnel level in patients with CTS. T2 relaxometry
values at the proximal level were abnormally elevated compared with reference values from healthy Mexican subjects. T2
relaxometry and CSA are complementary biomarkers for assessing median nerve damage in CTS.

Keywords: Magnetic resonance imaging. Relaxometry. Median nerve. Carpal tunnel syndrome.

INTRODUCTION

Carpal tunnel syndrome (CTS) is a common entrap-
ment neuropathy caused by compression of the
median nerve within the carpal tunnel, resulting in
pain, paresthesia, or altered sensation. A small carpal
tunnel area is considered a risk factor for CTS'.
Morphological evaluation of the median nerve is per-

an increased cross-sectional area (CSA), hyperinten-
sity on T2-weighted images, and loss of fascicular
architecture3. Advances in MRI technology, including
high-field and multi-channel coils, provide robust signal-
to-noise ratios, enabling quantitative imaging of periph-
eral nerves using techniques such as T2 relaxometry
and diffusion imaging*. T2 relaxometry has been pro-

formed with conventional magnetic resonance imag-
ing (MRI) using standardized anatomical references
for the carpal tunnel. Patients with CTS typically show
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Integrating morphometric parameters, such as CSA,
with quantitative T2 relaxometry improves diagnostic
accuracy and characterization of nerve damage in
patients with CTS8. T2 relaxometry may vary with mag-
netic field strength (1.5T versus 3.0T), the sequence
used, the anatomical level, and individual factors such
as age, sex, and body mass index (BMI)°. Disorders
such as a bifid median nerve can alter measurements
if not properly recognized.

There are no established diagnostic cut-off points for
CSA and T2 relaxometry that differentiate healthy sub-
jects from patients with CTS. A T2 relaxometry value
of 58.8 ms at the proximal carpal tunnel level of the
median nerve was reported in a previous study of
healthy Mexican subjects'®. Higher CSA and T2 relax-
ometry values have been reported in patients with CTS
compared with healthy individuals®. The aim of this study
was to assess CSA and T2 relaxometry values of the
median nerve at the proximal and distal levels of the
carpal tunnel using MRI in Mexican patients with CTS.

MATERIAL AND METHODS

This case series was conducted from June to
November 2025 in the Magnetic Resonance Department
of Hospital Angeles Lomas in Huixquilucan, State of
Mexico, Mexico. Adult patients with a clinical diagnosis
of CTS referred by neurology or neurosurgery special-
ists were included. Patients with metal implants, move-
ment disorders, claustrophobia, incomplete or
low-quality MRI, or prior wrist surgery were excluded.
Written informed consent was obtained from all partic-
ipants. The study was approved by the institutional
Ethics and Research Committee.

Study development and variables

Data on sex, age, weight, height, BMI, occupational
activity, and median nerve laterality were recorded.
CSA and T2 relaxation time color maps at the proximal
and distal carpal tunnel levels were obtained. CSA ref-
erence values were based on data reported by
Middleton et al.'. At the proximal carpal tunnel level,
the CSA reference value was < 7 mm2 At the distal
level, it was < 8 mm2 The T2 relaxation time at the
proximal carpal tunnel level was based on Castro-Teran
et al.'® with a mean of 58.8 ms in healthy Mexican sub-
jects. No reference value was defined for T2 relaxation
time at the distal carpal tunnel level.

Symptoms and functional status were assessed
using the Boston Carpal Tunnel Questionnaire (BCTQ)™,

a disease-specific measure that includes a self-
reported symptom severity scale (SSS) with 11 ques-
tions rated on a five-point scale and a functional status
scale (FSS) with 8 items rated for degree of difficulty
on a five-point scale.

Imaging acquisition and analysis protocol

Wrist MRI scans were performed on a 3.0T
MAGNETOM Skyra Fit (Siemens Healthineers, Erlangen,
Germany). Images were acquired at the wrist using a
16-channel radiofrequency hand/wrist coil. The proto-
col included two sequences for the median nerve: T2
turbo spin-echo (TSE) and isotropic coronal T2-weighted
multiple-echo data image combination (MEDIC), and an
axial T2 map spin-echo multi-echo image for relaxom-
etry time quantification. The relaxometry images were
automatically processed by the system, yielding two
image series: a grayscale T2 map and a color map.

T2 MEDIC images were analyzed to determine nerve
position, and the proximal and distal nerve levels were
localized on both grayscale and T2 color map images.
The color map was merged with the grayscale image
using syngo.via software (Siemens Healthineers,
Erlangen, Germany). The median nerve was assessed
at the pisiform bone for the proximal level and at the
hook of the hamate bone for the distal level. A region
of interest (ROI) of 2.5 to 3.0 mm?2 was manually out-
lined, and the mean relaxation time across all pixels
within each ROI was calculated.

Statistical analysis

All measures of central tendency were obtained at
both carpal tunnel levels. The Shapiro-Wilk normality
test was performed, and the p value was < 0.05, indi-
cating normal distributions for CSA and T2 relaxation
time of the median nerve at the proximal and distal
carpal tunnel levels. Inferential analysis of the ROl and
comparison with published reference values for CSA'"
and T2 relaxometry'® were performed using Student’s
t-test. Cohen’s d values were calculated for each test
to quantify effect size and provide a standardized dif-
ference between means'®. Pearson correlation coeffi-
cients were calculated between the proximal and distal
carpal tunnel levels and between age, height, weight,
BMI, SSS, and FSS. A p value < 0.05 was considered
significant for all tests. RKWard v0.8.0 software was
used for the analysis'.
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Table 1. Characteristics of patients with CTS and quantitative values of median nerve CSA and T2 relaxometry using wrist MRI

Case Sex Age Weight Height BMI BMI

Occupational Laterality

Median nerve

(years) (kg) (meters) (nI:gz])/ category activity BCTQ CSA D@

SSS FSS Proximal Distal Proximal Distal

(mm?)  (mm?)  (ms)  (ms)

18 w 52 70 1.65 25.7 Overweight Housework Left 2.0 1.6 10.8 6.3 70.78 +  59.25
2.64 +5.38

2 w 52 70 1.65 25.7 Overweight Housework Right 2.1 2.1 1.1 1.2 76.64 +  68.67
3.03 +3.18

3 w 61 47 1.56 19.3 Normal Housework Right 2.1 1.0 15.7 9.5 7130+  71.60
5.60 +578

4 m 49 71 1.63 29.0 Overweight Radiologist Right 2.0 1.1 14.2 116 5525+ 65.86
0.96 + 552

5 m 42 72 164  26.8 Overweight Technician Right 1.6 1.3 8.8 8.3 60.50 +  60.86
2.55 +3.78

6> w 50 60 1.56 24.7 Normal Accountant Right 25 1.5 14.2 118 61.21+ 60.86
5.07 +3.78

7 w 50 60 1.56 247 Normal Accountant Left 25 1.6 13.7 10.1 61.57 + 5438
3.92 +4.37

8 w 70 62 163 233 Normal Nurse Left 34 41 11.6 8.7 66.30 +  48.17
6.55 +3.59

9 w 38 50 1.57 20.3 Normal Housework Right 2.0 1.6 1.1 112 5587+ 48.60
6.46 +3.85

10 w 48 70 1.56 28.8 Overweight  Secretary Right 2.3 19 15.5 9.3 7579+ 66.14
3.33 +4.07

1 m 37 120 183 358  Obesity® Physician Right 1.2 1.0 12.0 9.3 57.50 +  50.64
5.24 +191

12 w 35 51 153 218 Normal Nurse Right 22 19 131 128 6357+ 60.29
7.09 +4.84

aCases 1 and 2 are the same patient with bilateral CTS. "Cases 6 and 7 are the same patient with bilateral CTS. °Grade 2 obesity. BCTQ:
Boston Carpal Tunnel Questionnaire; BMI: body mass index; CTS: carpal tunnel syndrome; CSA: cross-sectional area; FSS: functional status
scale; m: man; MRI: magnetic resonance imaging; SSS: symptom severity scale; w: woman.

RESULTS

Twelve wrist MRIs from 10 patients with CTS were
included, comprising 7 women and 3 men. Data for
each patient are shown in table 1. The mean age was
48.2 + 11.1 years. The mean weight was 67.9 + 21.0
kg, the mean height was 1.61 + 0.08 meters, and the
mean BMI was 25.5 + 4.9 kg/m2. The mean SSS was
2.2 + 0.5, indicating moderate symptom severity, and
the mean FSS was 1.7 + 0.8, suggesting mild functional
impairment.

Comparison of median nerve CSA and T2
relaxometry at the proximal and distal carpal
tunnel levels using MRI in patients with CTS

The mean CSA at the proximal carpal tunnel level
was higher (12.7 + 2.1 mm?) than at the distal level (9.7
+1.9 mm?2, p <0.001) (Table 2). The median nerve CSA

showed a mean difference of 3.0 mm? between the
proximal and distal levels (p < 0.001), with a large effect
size (Cohen’s d = 1.43). The coefficients of variation
were comparable between the two levels (0.17 and
0.15, respectively), indicating similar proportional vari-
ability across the two segments evaluated.

The proximal level had a higher mean T2 relaxometry
value than the distal level (64.7 + 7.4 ms versus 59.6 +
7.8 ms, respectively; p = 0.034), with a mean difference
of 5.1 ms and a moderate effect size (Cohen’s d = 0.70).
The mean difference in T2 relaxometry between the
proximal and distal median nerve was significant. The
coefficients of variation for T2 relaxometry values at
both levels were comparable (0.11 and 0.12, respec-
tively), indicating similar proportional variability between
the two segments evaluated. The difference between
the means of the median nerve T2 relaxometry varied
according to the level measured, with different values
between proximal and distal levels. Figure 1 shows a
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Table 2. Comparison of median nerve CSA and T2 relaxometry at the proximal and distal carpal tunnel levels using wrist MRI in patients with

CTS
Description n Mean SD Min Max Coefficient Mean p Cohen’s d
of variation  difference

Median nerve CSA
Proximal level, mm? 12 12.7 2.1 8.8 15.7 0.17 3.0 < 0.001 1.43
Distal level, mm? 12 9.7 1.9 6.3 12.8 0.15

Median nerve T2 relaxometry
Proximal level, ms 12 64.7 1.4 55.2 76.6 0.11 5.1 0.034 0.70
Distal level, ms 12 59.6 7.8 48.1 71.6 0.12

CTS: carpal tunnel syndrome; CSA: cross-sectional area; MRI: magnetic resonance imaging; SD: standard deviation.
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Figure 1. T2 relaxometry raincloud plot of the median nerve in patients with CTS. A: T2 relaxometry at the proximal carpal tunnel level. B: T2
relaxometry at the distal carpal tunnel level showing the scatter plot, box plot, and distribution curve. Values represent the variability of each
individual measurement. The difference in means and the asymmetry of the distribution curve between levels are shown. The dotted line
indicates the value reported in healthy Mexican patients? (58.8 ms). In CTS, both proximal and distal levels show increased T2 relaxometry

values, with higher values at the proximal level of the carpal tunnel.
aCastro-Teran et al.’ CTS: carpal tunnel syndrome; SD: standard deviation.

raincloud plot displaying the dispersion of T2 relaxom-
etry values for each affected wrist, along with their
representation in a box plot and distribution curve. The
mean proximal T2 relaxometry value was 64.7 + 7.4 ms
(min 55.2, max 76.6). The mean T2 relaxometry at the
distal level was 59.6 + 7.8 ms (min 48.1, max 71.6).
Figure 2 shows wrist MRI and T2 relaxometry color
map of a 52-year-old woman with pain, weakness, and
nocturnal paresthesias of the left hand, with a clinical
diagnosis of CTS. An increased CSA (10.8 mm?, refer-
ence value 7 mm?) was found at the proximal level
compared with the distal level (6.3 mm?, reference
value 8 mm?). T2 relaxometry time of the median
nerve was higher at the proximal level (70.8 ms, refer-
ence value 58.8 ms) than at the distal level (59.2 ms).
The imaging diagnosis was CTS. Figure 3 shows the

right wrist MRI of the same patient as in figure 2, with
a clinical diagnosis of bilateral CTS. Increased CSA
(11.1 mm?, reference value 7 mm?) was found at the
proximal level compared with the distal level (7.2
mm?, reference value 8 mm?). T2 relaxometry time
of the median nerve was higher at the proximal level
(76.64 ms, reference value 58.8 ms) than at the distal
level (68.67 ms). The imaging diagnosis was CTS.

Figure 4 shows the wrist MRI of a 70-year-old woman
with pain and nocturnal paresthesias. The proximal
carpal tunnel showed increased CSA (11.6 mm?, refer-
ence value 7 mm?). Increased T2 relaxometry time
(66.3 ms, reference value 58.8 ms) indicated intraneu-
ral edema. The imaging diagnosis was CTS. Quantitative
findings showed variability, with increased CSA and T2
relaxometry values at the proximal level.
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PROXIMAL

DISTAL

Figure 2. Wrist MRI of a 52-year-old woman with pain, weakness, and nocturnal paresthesia involving the left median nerve. The clinical diagnosis
was CTS. A: T2 TSE axial view of the proximal carpal tunnel shows median nerve thickening with a CSA of 10.8 mm? (arrowhead) (reference value
7 mm2)2. B: T2 relaxometry of 70.8 ms (arrowhead) (reference value 58.8 ms)®, consistent with intraneural edema. The imaging diagnosis was CTS.
C: T2 TSE axial view at the distal carpal tunnel shows the median nerve with ovoid morphology. CSA measures 6.3 mm? (arrowhead) (reference value
8 mm2)2. D: T2 relaxometry map at the distal carpal tunnel shows a relaxation time of 59.2 ms (arrowhead), with no evidence of intraneural edema.
aMiddleton et al."!, Castro-Teran et al."®. CSA: cross-sectional area; CTS: carpal tunnel syndrome; MRI: magnetic resonance imaging; TSE: turbo spin echo.

Pearson correlation coefficients between
median nerve CSA and T2 relaxometry
and age, weight, height, and BMI in
patients with CTS

No correlation was found between CSA and T2 relax-
ometry at the proximal and distal levels of the carpal
tunnel of the median nerve, and age, weight, height, or
BMI in patients with CTS (Table 3). Proximal and distal
CSA measurements showed a moderate positive cor-
relation (r = 0.47, p = 0.125), but this association was
not significant. T2 relaxometry values at the proximal
and distal levels showed a positive relationship: as the
value at one level increased, the other also increased.

Correlation between BCTQ scales and
median nerve CSA and T2 relaxometry in
patients with CTS

There was no significant correlation between CSA
and the BCTQ for symptom severity and functional

status, with r = 0.16 and 0.19, respectively, at the proximal
level and r = -0.04 and -0.19, respectively, at the distal
level (p > 0.05) (Table 4). There was no significant cor-
relation between T2 relaxometry values and the BCTQ for
symptom severity and functional status, with r = 0.41 and
0.29, respectively, at the proximal level and r = —0.04 and
-0.38, respectively, at the distal level (p > 0.05).

DISCUSSION

In our study of Mexican patients with CTS, MRI
showed that the median nerve at the proximal carpal
tunnel level had a larger CSA and a longer T2 relax-
ometry time than at the distal carpal tunnel level. The
CSA and T2 relaxometry time at the proximal level were
abnormally high compared with reference values for
healthy individuals. Combining a morphological param-
eter, such as CSA, with a quantitative measurement,
such as T2 relaxometry, may improve characterization
of median nerve involvement in CTS. Our results show
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Figure 3. Right wrist MRI of the same patient as in Figure 2, with a clinical diagnosis of bilateral CTS. A: T2 TSE axial view at the proximal
carpal tunnel level shows median nerve thickening with a CSA of 11.1 mm? (arrowhead) (reference value 7 mm??2. B: T2 relaxometry map at the
proximal carpal tunnel level shows the median nerve with an increased relaxation time of 76.6 ms (arrowhead) (reference value 58.8 ms)®,
suggestive of intraneural edema. C: T2 TSE axial view at the distal carpal tunnel level shows the median nerve with ovoid morphology. CSA
measures 7.2 mm? (arrowhead) (reference value < 8 mm2)?. D: T2 relaxometry map at the distal carpal tunnel level shows the median nerve
with an increased relaxation time of 68.7 ms (arrowhead), consistent with intraneural edema. The imaging diagnosis was CTS.

aMiddleton et al.", "Castro-Teran et al.'%. CSA: cross-sectional area; CTS: carpal tunnel syndrome; MRI: magnetic resonance imaging; TSE: turbo spin echo.

Table 3. Pearson correlation coefficients between median nerve CSA and T2 relaxometry and age, weight, height, and BMI in patients with CTS

Description Age Weight Height BMI Carpal tunnel
CSA T2 relaxometry
Proximal level  Distal level it (]
Median nerve CSA
Proximal level 0.33 -0.23 -0.41 -0.12
Distal level 0.07 -0.36 -0.38 -0.34 0.47
Median nerve T2 relaxometry
Proximal level 0.41 -0.21 -0.19 -0.16 0.10 -0.42
Distal level 0.21 -0.21 -0.29 -0.11 0.26 -0.36 0.57

BMI: body mass index; CTS: carpal tunnel syndrome; CSA: cross-sectional area.

that CSA and T2 relaxometry are sensitive biomarkers
for local changes in the median nerve, especially at the
proximal carpal tunnel level.

Both CSA and T2 relaxometry are typically increased
in CTS compared with healthy subjects*®'. Cha et al.,*
in a prospective study, compared CSA and T2 relaxometry

at three anatomical carpal tunnel levels in 12 Korean
CTS patients and 12 healthy controls using a 3.0T
Signa HDxt MRI (GE Medical Systems, Milwaukee, WI,
USA). CSA was 18.6 mm? in CTS versus 10.2 mm? in
healthy controls (p = 0.003) at the proximal level. CSA
was 12.0 mm? in CTS versus 9.6 mm? in healthy
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Figure 4. Wrist MRI of a 70-year-old woman with pain and nocturnal paresthesia. The clinical diagnosis was CTS. A: T2 TSE axial view at the
proximal carpal tunnel level shows median nerve thickening with a CSA of 11.6 mm? (arrowhead) (reference value 7 mm2)2. B: T2 relaxometry
map at the proximal carpal tunnel level shows an increased relaxation time of 66.3 ms (arrowhead) (reference value 58.8 ms)®, suggestive of
intraneural edema. The imaging diagnosis was CTS. C: T2 TSE axial view at the distal carpal tunnel level shows flattening and bulging of the
median nerve under the flexor retinaculum (arrowhead). CSA is 8.7 mm? (reference value 8 mm?2)2. D: T2 relaxometry map at the distal carpal

tunnel level shows a relaxation time of 48.1 ms (arrowhead).

aMiddleton et al.", "Castro-Teran et al.'%. CSA: cross-sectional area; CTS: carpal tunnel syndrome; MRI: magnetic resonance imaging; TSE: turbo spin echo.

Table 4. Correlation between BCTQ scales® and median nerve CSA
and T2 relaxometry in patients with CTS

Description Parameter Carpal tunnel

Proximal level Distal level
CSA T2 CSA T2
relaxometry relaxometry

Symptom r 0.16 0.41 -0.04 -0.04
Severity
Scale
Functional r 0.19 0.29 -0.19 -0.38
Status
Scale

aBCTQ: Boston Carpal Tunnel Questionnaire'2. CTS: carpal tunnel
syndrome; CSA: cross-sectional area.

controls (p = 0.10) at the distal tunnel. CSA was
14.9 mm? in CTS versus 10.5 mm? in healthy controls
(p = 0.002) at the distal radioulnar joint. Median nerve
T2 relaxometry at the proximal level was 52.1 ms in

CTS versus 44.3 ms in healthy controls (p = 0.03), and
51.0 ms in CTS versus 41.8 ms in healthy controls
(p = 0.03) at the distal level. At the distal radioulnar
joint, it was 44.4 ms in CTS versus 44.0 ms in healthy
controls (p = 0.84). The increased CSA and T2 relax-
ometry were mainly at nerve compression sites (prox-
imal and distal) in the carpal tunnel. Maeda et al.® found
a significant increase in median nerve T2 relaxometry
in the proximal carpal tunnel (56.7 + 16.4 ms) compared
to the control group (51.2 + 10.8 ms) (p = 0.02) in 71
Japanese patients with CTS and 26 healthy controls
using a 3.0T Trillium Oval scanner (Hitachi Ltd, Tokyo,
Japan). There was no significant difference at the distal
level (p = 0.64), with values of 51.0 + 17.3 ms in CTS
patients and 49.4 + 8.5 ms in healthy controls. The
authors concluded that T2 relaxometry values in CTS
patients were higher in the proximal carpal tunnel than
in healthy controls, with no significant difference at the
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distal level. Castro-Teran et al.,'” in a cross-sectional
study of 30 healthy Mexican individuals using a 3.0T
Magnetom Skyra Fit (Siemens Healthineers, Erlangen,
Germany), reported a mean T2 relaxometry time of
58.8 + 9.0 ms at the proximal carpal tunnel level. In our
study of Mexican patients with CTS, we found signifi-
cantly increased T2 relaxometry times (64.7 ms) in the
proximal carpal tunnel compared with those previously
reported in healthy Mexican subjects (58.8 ms). The
differences observed between our results and those of
Cha et al.* and Maeda et al.> may, in part, be due to
the use of different scanners and population character-
istics'®. There are currently no reference standard val-
ues for CSA and T2 relaxometry in CTS. This may
reflect several technical and biological factors across
populations. In CTS, the median nerve shows region-
dependent alterations within the carpal tunnel, charac-
terized by increased T2 MRI signal and nerve
enlargement, predominantly at the proximal level. This
pattern is attributed to the pathophysiology of compres-
sive neuropathy, in which mechanical compression at
the distal tunnel leads to impaired venous return,
intraneural edema, and retrograde fluid accumulation,
which cause pronounced changes proximally585-17,
CSA may be affected by factors such as weight,
height, and BMIS. In contrast, T2 relaxometry appears
to be a more specific biomarker of neural microstructural
damage, as it reflects intrinsic tissue alterations, such as
intraneural edema and changes in water content. It is
also less influenced by anthropometric variability®.
Bowers et al.'® evaluated the relationship between the
median nerve CSA and BMI in a prospective study of 24
American patients with CTS and 283 patients without
CTS using 1.5T or 3.0T MRI. They found that higher BMI
was associated with higher CSA, with significant differ-
ences at both proximal and distal levels (p = 0.01).
Patients with CTS had significantly higher CSA, and high
BMI was associated with increased median nerve size,
even without CTS. The correlation between T2 relax-
ation time and age has not been clearly defined. Kronlage
et al.B in a study of 60 healthy German subjects evalu-
ated with 3.0T MRI, assessed T2 relaxation of the
median, ulnar, and sciatic nerves and found correlations
with height (r = 0.28), weight (r = 0.40), and BMI (r = 0.35),
but not with age (r = 0.23). Castro-Teran et al.'* in
healthy Mexican individuals, found a weak positive cor-
relation indicating that median nerve T2 relaxation
increased with age. However, insufficient data exist to
establish a definitive correlation between age and T2
relaxation time. We did not find a correlation between
anthropometric variables (age, weight, height, and BMI)

and CSA or T2 relaxometry values in patients with CTS.
These findings suggest that in our sample of Mexican
patients with CTS, both CSA and T2 relaxometry are
independent of patient anthropometric characteristics,
reinforcing the concept that the primary effect is due to
local nerve alterations rather than systemic influences.

The relationship between morphological parameters,
such as CSA, and quantitative measurements, such as
T2 relaxometry, and symptoms and functional status in
patients with CTS has been rarely evaluated. Samanci
et al.?2% reported a study of 23 Turkish patients with CTS
and abnormal nerve conduction studies. The control
group consisted of 24 healthy individuals matched for
age, sex, and BMI. Symptoms and functional scores
were assessed using the BCTQ. The preoperative
BCTQ values were 3.6 + 0.8 for the SSS and 3.3 + 0.94
for the FSS, based on the average of all responses
weighed to 5, whereas the postoperative values were
1.9 £ 0.6 for both SSS and FSS. In our study, the mean
SSS value was 2.2 + 0.5, indicating moderate symptom
severity. The mean FSS value was 1.7 + 0.8, suggest-
ing mild functional impairment. No correlation was
found between CSA or T2 relaxometry and the clinical
scales (SSS and FSS). The lack of correlation between
quantitative MRI findings and clinical scales in CTS
may be due to several factors, such as the timing of
diagnosis relative to imaging assessment.

The strengths of this study include the use of quan-
titative 3.0T MRI parameters and a standardized acqui-
sition and analysis protocol, enabling reproducible
assessment of the median nerve at two carpal tunnel
levels in patients with CTS. However, there are several
limitations, particularly the case-series design without
a healthy control group, which limits the generalizability
of the findings. Additionally, electromyographic diagno-
sis of CTS was not available.

CONCLUSION

In patients with CTS, the median nerve shows sig-
nificantly higher CSA and T2 relaxometry at the proxi-
mal carpal tunnel level than at the distal level. CSA and
T2 relaxometry are complementary MRI biomarkers
that assess median nerve damage. These measure-
ments provide objective information on microstructural
changes in the nerve, regardless of clinical severity or
function. Further studies should include larger sample
sizes, a healthy control group, and correlations with
electrodiagnostic studies to validate this diagnostic
approach in clinical practice.
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ABSTRACT

Introduction: Non-stenotic carotid plaque is associated with embolic stroke of undetermined source (ESUS). This study
characterizes the morphology of non-stenotic carotid plaque using head and neck CTA in Mexican patients with ipsilateral
ESUS and in patients without ESUS but with other neurological diagnoses. Material and methods: This cross-sectional study
was conducted in patients with non-stenotic carotid plaque (< 50%). Only unilateral evaluation of the carotid artery was re-
ported using head and neck CTA. Patients with non-stenotic carotid plaque were classified into two groups: those with ipsi-
lateral ESUS and those without ESUS but with other neurological diagnoses. The characteristics of non-stenotic carotid
plaque considered high-risk for ischemic stroke, and those not considered high-risk, a history of ipsilateral ischemic stroke,
and a transient ischemic attack (TIA) were recorded. Results: We included 410 patients with non-stenotic carotid plaque
assessed by head and neck CTA: 175 (42.7%) with ipsilateral ESUS and 235 (57.3%) without ESUS but with other neurolo-
gical diagnoses, including aneurysm, intracranial hemorrhage, demyelinating disease, or epilepsy. In the ipsilateral ESUS group,
the most frequent high-risk characteristics of non-stenotic carotid plaque were irreqular surface (n = 168, 96.0%) and ulceration
(n = 102, 58.3%), whereas punctate calcifications (n = 131, 74.8%) and plaque length > 10 mm (n = 111, 63.4%) were not
considered high-risk. In the group without ESUS, an irreqular surface was observed in 218 (92.8%) and ulceration in 131
(55.7%); punctate calcifications, identified in 164 (69.8%), and plaque length > 10 mm in 159 (676%), were not considered
high-risk. None of the morphological characteristics of non-stenotic carotid plaque showed a significant association with ip-
silateral ESUS. Conclusion: In Mexican patients with ipsilateral ESUS, high-risk morphological characteristics of non-
stenotic carotid plaque on head and neck CTA included an irreqular surface, ulceration, a lipid-rich necrotic core, and intra-
plaque hemorrhage. Comparable results were found in patients without ESUS but with other neurological diagnoses.

Keywords: Embolic stroke. Computed tomography angiography. Embolic stroke of undetermined source. Non-stenotic carotid
plaque. High-risk carotid plaque.
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INTRODUCTION

Ischemic stroke is a leading cause of morbidity and
mortality worldwide, but in approximately 30% of cases,
the etiology remains undetermined and is termed cryp-
togenic stroke', which is classified into three subgroups?:
stroke with no identifiable cause after a complete diag-
nostic evaluation; stroke with multiple possible underly-
ing causes; and stroke with an incomplete diagnostic
evaluation. Within the subgroup with a complete diag-
nostic evaluation, the term embolic stroke of undeter-
mined source (ESUS) defines a specific group of
patients with non-lacunar cerebral infarction, non-
stenotic carotid plaque (< 50%), and no major identifi-
able cardioembolic source. ESUS represents approxi-
mately 15%-20% of all ischemic strokes and is a
clinically relevant entity due to its heterogeneous etiol-
ogy and an annual recurrence risk of 4% to 5%

Non-stenotic carotid plaque (< 50%) has traditionally
been considered low risk for ischemic stroke®*. However,
recent evidence suggests that high-risk plaque features
such as an irregular surface, ulceration, a lipid-rich
necrotic core, or intraplaque hemorrhage may cause
embolism®. Other features, such as punctate calcifica-
tions® and plaque length > 10 mm’ have been consid-
ered non-high risk. Various imaging modalities have
been used to evaluate the morphological characteristics
of non-stenotic carotid plaque, including color Doppler
ultrasound®, head and neck computed tomography
angiography (CTA)5, magnetic resonance imaging
(MRI)®, and positron emission tomography-computed
tomography (PET-CT)'°.

In patients with ESUS, the prevalence of non-stenotic
carotid plaque has been reported to range from 39.1%!"!
to 42.1%'2, and it occurs more frequently on the ipsilat-
eral than the contralateral side. High-risk characteris-
tics of non-stenotic carotid plaque (< 50%) have been
identified by head and neck CTA®. The prevalence of
morphological characteristics of non-stenotic carotid
plaque on head and neck CTA in patients with ipsilat-
eral ESUS is heterogeneous worldwide; however, infor-
mation on Latin American populations is scarce'. This
study describes the morphological characteristics of
non-stenotic carotid plaque on head and neck CTA in
Mexican patients with ipsilateral ESUS and in those
without ESUS but with other neurological diagnoses.

MATERIAL AND METHODS

This retrospective cross-sectional study was conducted
from March 2024 to February 2025 in the Department

of Neuroimaging at the Instituto Nacional de Neurologia
y Neurocirugia Manuel Velasco Suarez, in Mexico City,
Mexico. Consecutive adults (> 18 years) with acute
neurological symptoms and non-stenotic carotid plaque
identified on head and neck CTA were included.
Patients with non-stenotic plaques were excluded if
they had an ischemic stroke of determined etiology
according to TOAST criteria'?, a carotid stenosis = 50%,
complete carotid occlusion, carotid dissection, or scans
with incomplete acquisition or an inadequate arterial
phase. Informed consent was waived due to the study’s
retrospective design and the use of data obtained
during routine clinical care. The study was approved by
the Institutional Research and Ethics Committees.

Study development and variables

Clinical and imaging records were analyzed, and the
following variables were collected: age, sex, smoking
history, transient ischemic attack (TIA), systemic arterial
hypertension, type 2 diabetes, family history of stroke
in a first-degree relative, and a previous ipsilateral isch-
emic stroke documented by computed tomography
(CT) on admission.

The morphological characteristics of high-risk non-
stenotic carotid plaque, including an irregular surface,
ulceration, lipid-rich necrotic core, and intraplaque
hemorrhage, were recorded. Features not considered
high-risk for ischemic stroke, such as punctate calcifi-
cations and plaque length > 10 mm, were also recorded.

Two groups were defined: patients with ipsilateral
ESUS, including those with non-stenotic carotid plaque
(< 50%) in whom other etiologies were excluded accord-
ing to TOAST", and patients without ESUS but with
other neurological diagnoses (aneurysm, intracranial
hemorrhage, demyelinating disease, or epilepsy) who
had no imaging evidence of ischemic stroke, and a
non-stenotic carotid plaque as an incidental finding. In
patients with ESUS, only the carotid artery on the same
side as the ischemic event was evaluated. In patients
without ESUS, but with other neurological diagnoses,
a unilateral carotid artery with a non-stenotic plaque
and greater atherosclerotic burden was assessed.

Definitions'?

Irregular surface: plaque contour variability exceed-
ing 1 mm in depth.

Ulceration: contrast extension = 1 mm projecting
beyond the luminal boundary into the plaque.

Lipid-rich necrotic core: a plaque component with
attenuation less than 30 Hounsfield units (HU).
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Intraplaque hemorrhage: subadventitial or intraplaque
hyperdensity associated with adjacent fat stranding.

Punctate calcifications: hyperdense foci within the
plague > 130 HU.

Plaque length: the maximum longitudinal extent
measured (mm) on multiplanar head and neck CTA
reconstructions.

Image acquisition protocol

Head and neck CTA examinations were performed
on a 128-slice CT scanner (Somatom Definition AS+,
Siemens Healthcare, Forchheim, Germany). Automatic
exposure control (CARE Dose 4D) was used with a
reference tube current of 90 mAs. Tube voltage was
selected based on scout acquisition (CARE kV). A total
of 50 mL of non-ionic iodinated contrast medium
(lomeprol 300 mg/mL, Lomeron® 300; Bracco Imaging,
Milan, Italy) was administered at 5 mL/s via a power
injector (EmpowerCTA+, ACIST Medical Systems,
Eden Prairie, MN, USA), followed by a 30-mL saline
flush. Scanning was performed in the caudocranial
direction with a pitch of 1.4 and a rotation time of 0.33 s
at 120 kV. Images were reconstructed using the
sinogram-affirmed iterative reconstruction (SAFIRE;
Siemens Healthcare, Forchheim, Germany) algorithm
with a strength level of 3. Bolus tracking was performed
using a region of interest (ROI) positioned in the aortic
arch; acquisition was automatically triggered when
attenuation reached 70 HU.

Statistical analysis

Quantitative variables tested for normality with the
Shapiro-Wilk test were reported as means + standard
deviation or as medians with interquartile ranges, as
appropriate. Qualitative variables were reported as
absolute and relative frequencies. Comparative analy-
ses assessed differences in carotid plaque morpholog-
ical characteristics between patients with and without
ESUS using Student’s t-test or the Mann-Whitney U
test for continuous variables and the chi-square test or
Fisher's exact test for categorical variables. A p value
< 0.05 was considered statistically significant. Statistical
analyses were performed using SPSS Statistics version
26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Four hundred ten patients with a non-stenotic carotid
plaque (< 50%) were included; 175 (42.7%) in the

ipsilateral ESUS group and 235 (57.3%) in the group
without ESUS but with other neurological diagnoses
(Table 1). Age was significantly higher in patients with
ipsilateral ESUS (68.7 + 13.0 vs 64.4 + 13.0 years;
p < 0.001). The groups were comparable by sex (n = 206,
50.3% vs n = 204, 49.7%) and smoking status (n = 80,
45.7% vs n = 104, 44.2%; p = 0.836).

A history of ipsilateral ischemic stroke was more
common in patients with ipsilateral ESUS than in the
non-ESUS group (n = 140, 80.0% vs n = 4, 1.7%;
p < 0.001). Similarly, TIA (n = 56, 32.0% vs n = 38, 16.2%;
p < 0.001), systemic arterial hypertension (n = 127, 72.6%
vs n = 125, 53.2%; p < 0.001), and type 2 diabetes
(n =78, 44.6% vs n = 76, 32.3%; p < 0.05) were signifi-
cantly associated with ipsilateral ESUS.

Morphological characteristics of
non-stenotic carotid plaque

In patients with non-stenotic carotid plaque and ipsi-
lateral ESUS, the most frequent high-risk characteris-
tics were an irregular surface (n = 168, 96.0%), followed
by plaque ulceration (n = 102, 58.3%) (Table 2). Among
the morphological characteristics not considered high-
risk, punctate calcifications were present in 131 (74.8%)
patients, followed by plaque length > 10 mm (n = 111,
63.4%). Two or more morphological characteristics
of non-stenotic carotid plaque were present in most
patients.

In the group without ESUS but with other neurological
diagnoses and non-stenotic carotid plaque, the most
frequent high-risk characteristic was an irregular surface
(n =218, 92.8%), followed by plaque ulceration (n = 131,
55.7%). Among morphological characteristics not con-
sidered high-risk, punctate calcifications were present
in 164 (69.8%) patients, followed by plaque length >
10 mm (n = 159, 67.6%). Two or more morphological
characteristics of non-stenotic carotid plaque were
observed in most patients.

Morphological characteristics of non-stenotic carotid
plaques evaluated by head and neck CTA are shown
in figure 1. A head and neck CTA scan of a non-stenotic
carotid plaque with high-risk morphological character-
istics associated with ipsilateral ESUS is shown in
figure 2. Additionally, figures 3 and 4 show high-risk
morphological characteristics and other features not
considered high risk in non-stenotic carotid plaque in
patients without ESUS but with other neurological diag-
noses, such as intracranial aneurysm and epilepsy.
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Table 1. Characteristics of patients with non-stenotic? carotid plaque with ipsilateral ESUS compared with patients without ESUS, but with
other neurological diagnoses® assessed with head and neck CTA

Description Total Ipsilateral ESUS Other neurological p
(n = 410) group (n = 175) diagnoses group (n = 235)
Age, years, mean + SD 66.2 + 12.6 68.7 + 13.0 64.4 £ 13.0 < 0.001
Sex, n (%)
Women 206 (50.3) 89 (50.8) 117 (49.8) 0.901
Men 204 (49.7) 86 (49.1) 118 (50.2) 0.901
Smoking, n (%) 184 (44.9) 80 (45.7) 104 (44.2) 0.836
Family history of stroke in first-degree relatives, n (%) 18 (4.4) 12 (6.8) 6 (2.5) 0.068
Previous ipsilateral ischemic stroke®, n (%) 144 (35.1) 140 (80.0) 4(1.7) < 0.001
Presence of TIAY, n (%) 94 (22.9) 56 (32.0) 38(16.2) < 0.001
Comorbidities
Systemic arterial hypertension, n (%) 252 (61.5) 127 (72.6) 125 (53.2) < 0.001
Type 2 diabetes, n (%) 154 (37.6) 78 (44.6) 76 (32.3) < 0.05

aStenosis less than 50% of the arterial lumen. PPatients with non-stenotic carotid plaque and no imaging evidence of ESUS, but with other
neurological diagnoses such as aneurysm, intracranial hemorrhage, demyelinating disease, or epilepsy. °Non-recent ipsilateral ischemic
stroke, documented by CT scan on admission. Clinical history of TIA before the current event. CTA: computed tomography angiography;
ESUS: embolic stroke of undetermined source; SD: standard deviation; TIA: transient ischemic attack.

Table 2. Morphological characteristics of non-stenotic carotid plaque? in patients with ipsilateral ESUS compared with patients without ESUS,
but with other neurological diagnoses® assessed with head and neck CTA

Description Total® Ipsilateral ESUS Other neurological
(n =410) group (n = 175) diagnoses group® (n = 235)
High-risk morphological characteristics of non-stenotic carotid plaque
Irregular surface, n (%) 386 (94.1) 168 (96.0) 218 (92.8)
Ulceration, n (%) 233 (56.8) 102 (58.3) 131 (55.7)
Lipid-rich necrotic core, n (%) 54 (13.2) 20 (11.4) 34 (14.5)
Intraplague hemorrhage, n (%) 2(0.5) 1(0.6) 1(0.4)
Not considered high-risk morphological characteristics of non-stenotic carotid plaque
Punctate calcifications, n (%) 295 (71.9) 131 (74.8) 164 (69.8)
Plaque length > 10 mm, n (%) 270 (65.8) 111 (63.4) 159 (67.6)

aStenosis < 50% of the carotid arterial lumen. PPatients with a non-stenotic carotid plaque and no imaging evidence of ESUS, but with
other neurological diagnoses such as aneurysm, intracranial hemorrhage, demyelinating disease, or epilepsy. °Two or more morphological
characteristics of non-stenotic carotid plaque were found in patients. CTA: computed tomography angiography; ESUS: embolic stroke of
undetermined source.

DISCUSSION

In this study, head and neck CTA identified an irreg-
ular surface, ulceration, a lipid-rich necrotic core, and
intraplaque hemorrhage as high-risk morphological
characteristics of non-stenotic carotid plaque in Mexican
patients with ipsilateral ESUS. Additionally, features not

This study is the first to describe the morphological
characteristics of non-stenotic carotid plaque in Mexican
patients with ipsilateral ESUS.

Non-stenotic carotid plaques can exhibit morpholog-
ical features associated with instability, regardless of
the degree of luminal stenosis. These features include
an irregular surface, ulceration, a lipid-rich necrotic core,

considered high-risk, such as punctate calcifications
and plaque length > 10 mm, were also commonly
observed. Similar findings were observed in patients
without ESUS but with other neurological diagnoses.

and intraplaque hemorrhage, which have been defined
as high-risk markers of plaque vulnerability'-'>16. Demir
et al.”” in a retrospective cross-sectional study using
head and neck CTA evaluated 81 Turkish patients
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Figure 1. Morphological characteristics of non-stenotic carotid plagues by head and neck CTA. A: arterial phase oblique sagittal reconstruction
MIP and vascular filter in the carotid bulb showing an irregular plaque surface (red arrowheads). B: arterial phase axial view of the carotid
bulb showing subendothelial punctate calcifications (red arrowhead). C: arterial phase of the carotid bulb with oblique sagittal MIP recons-
truction showing contrast extending > 1 mm beyond the luminal contour, indicating plaque ulceration (red curly bracket). D: arterial phase
MIP of the carotid bulb, axial view. The orange dotted line marks the arterial contour, and the white dotted line marks the hypodense plaque
contour, with attenuation of 21 + 8 HU, suggesting a lipid-rich necrotic core. E: unenhanced-phase axial view of the carotid artery. The orange
dotted line marks the arterial contour. The hyperdense intraplaque area, indicated by white dotted lines, suggests intraplaque hemorrhage.
CTA: computed tomography angiography; HU: Hounsfield units; MIP: maximum intensity projection.

with ESUS. Non-stenotic carotid plaques were more
frequent in the ipsilateral carotid artery than on the con-
tralateral side (44/81, 54.3% vs 24/81, 29.6%; p = 0.002).
Plaque thickness > 3 mm (28/81, 34.6% vs 11/81,
13.6%; p = 0.003), plaque ulceration (24/81, 29.6% vs
7/81, 8.6%; p = 0.001), plaque irregularity (34/81, 42.0%
vs 10/81, 12.3%; p < 0.001), noncalcified plaque (21/81,
26.0% vs 5/81, 6.2%; p = 0.001), and plaque hypoden-
sity (20/81, 24.7% vs 5/81, 6.2%; p = 0.002) were

significantly more frequent in the carotid artery on the
same side as the ischemic event. The authors con-
cluded that non-stenotic carotid plaques, particularly
those with high-risk characteristics, are more prevalent
on the ipsilateral side and should be considered in the
clinical evaluation and treatment of ESUS. In a meta-
analysis that included 10 studies with a predominance
of patients with ESUS (n = 797), the prevalence of
non-stenotic carotid plaques was 55% (95% Cl: 42-68)'".
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Figure 2. Head and neck CT of the right carotid artery shows a non-stenotic carotid plaque with high-risk morphological characteristics in a
67-year-old man presenting with sudden-onset left hemiparesis, right lip deviation, and dysarthria, without altered consciousness. The initial CT
ruled out hemorrhage and demonstrated an ipsilateral cerebral infarction. A: MIP arterial phase in the oblique sagittal plane shows contrast
extending > 1 mm beyond the luminal contour, indicating plague ulceration in the right carotid bulb (red curly bracket). B: unenhanced-phase
axial view showing an atherosclerotic plaque with punctate calcification (red arrowhead). C-D: unenhanced-phase views of the right carotid
bulb show an intraplaque hypodense component (red arrowheads) and an ROl of 24 + 1 HU consistent with a lipid-rich necrotic core. E: unen-
hanced-phase view showing a wedge-shaped hypodense area in the right cerebral hemisphere, consistent with an ipsilateral subacute cerebral
infarction (red arrowheads). The diagnosis was ESUS ipsilateral to the non-stenotic carotid plaque.

CT: computed tomography; CTA: computed tomography angiography; ESUS: embolic stroke of undetermined source; HU: Hounsfield units; MIP: maximum intensity
projection; ROI: region of interest.
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Figure 3. Head and neck CTA in a 56-year-old woman with a sudden onset of right hemicranial headache (NAS 10/10), right eyelid ptosis, and
retroauricular and retro-orbital pain secondary to an intracranial aneurysm. Non-stenotic carotid plaque with high-risk morphological characte-
ristics was an incidental finding. A: arterial-phase MIP in the oblique sagittal plane of the right carotid, demonstrating contrast extending
> 1 mm beyond the luminal contour, indicating plaque ulceration in the carotid bulb associated with punctate calcifications (red curly bracket).
B: unenhanced-phase axial view of the right carotid bulb showing a plaque outlined by white dotted lines, with the carotid lumen indicated by
orange dotted lines. The plague contains punctate calcifications and a hypodense component with an attenuation of 22 + 4 HU (ROI), consistent
with a lipid-rich necrotic core. C: unenhanced-phase view of the right carotid bulb showing punctate subendothelial calcification (red arrowhead).
D: unenhanced-phase view at the level of the basal ganglia, with no evidence of cerebral infarction. E: arterial phase axial view shows a saccular
arterial dilation in the posterior communicating segment of the right internal carotid artery (red arrowhead).

CTA: computed tomography angiography; HU: Hounsfield units; MIP: maximum intensity projection; NAS: numerical analog scale; ROI: region of interest.
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Figure 4. Head and neck CT of a 55-year-old woman with a history of epilepsy. The head CT showed no evidence of an acute ischemic event
(not shown). A non-stenotic carotid plaque with high-risk morphologic characteristics was incidentally identified. A: oblique sagittal arterial-phase
MIP shows an irregular plaque extending from the common carotid artery toward the carotid bulb and the right internal carotid artery (red curly
bracket). A hypodense intraplaque area is identified with an ROl of 18 + 0 HU, suggesting a lipid-rich necrotic core. B: arterial-phase axial view
at the level of the right carotid bulb shows subendothelial punctate calcifications (red arrowheads). C: unenhanced-phase view shows decreased
brain volume in the right hemisphere, with widened sulci related to atrophy.

CT. computed tomography; CTA: computed tomography angiography; ESUS: embolic stroke of undetermined source; HU: Hounsfield units; MIP: maximum inten-

sity projection; ROI: region of interest.

The authors concluded that non-stenotic carotid
plaques are highly prevalent in patients with ESUS and
may represent an underrecognized embolic source in
ischemic stroke. Ospel et al.'' analyzed an interna-
tional, multicenter cohort of 138 patients with ESUS
who underwent head and neck CTA. Non-stenotic
carotid plaques were more frequent in patients with
ESUS than in those with non-ESUS (54/138, 39.1% vs
77/308, 25.0%; p = 0.002). Among patients with ESUS,
non-stenotic carotid plaques were more frequent ipsi-
lateral to the ischemic event than in the contralateral
carotid artery (40/137, 29.2% vs 26/139, 18.7%; p =
0.041). In our study, the prevalence of high-risk and
non-high-risk non-stenotic carotid plaques was ele-
vated; however, the morphological characteristics did
not show a significant association with ipsilateral ESUS
compared to patients without ESUS but with other neu-
rological diseases. This discrepancy could be due to
methodological differences, particularly the lack of a
contralateral carotid artery comparison and the selec-
tion of the comparison group without ESUS based on
a higher atherosclerotic burden.

Non-stenotic carotid plaques with vulnerability fea-
tures are associated with a higher risk of ischemic

recurrence. In a meta-analysis of 2,350 patients, Rizvi
et al.’® reported that intraplaque hemorrhage was asso-
ciated with an annualized rate of ischemic events of
11.9%, while lipid necrotic core and rupture or thinning
of the fibrous cap showed rates of 5.4% and 5.7%,
respectively'®. Furthermore, intraplaque hemorrhage
has been identified as an independent predictor of
recurrence, with ipsilateral stroke rates of 9.0% per year
in patients with less than 50% carotid stenosis (odds
ratio of 11.0) compared to 0.7% in the absence of
intraplaque hemorrhage'. In a meta-analysis by Singh
et al.?0 that included 31 studies with 13,428 patients
with non-stenotic carotid plaque, the incidence of asso-
ciated ischemic events was evaluated using various
imaging techniques-ultrasound, CTA, magnetic reso-
nance angiography, or digital subtraction angiography.
In patients with asymptomatic non-stenotic carotid
plaque, the incidence of the first stroke or TIA event
was 0.5 per 100 person-years; in contrast, in symptom-
atic non-stenotic plaques, the recurrence rate was 2.6
per 100 person-years, and in those with intraplaque
hemorrhage 4.9 per 100 person-years. In our study, a
high proportion of patients with a history of ipsilateral
ischemic stroke related to the non-stenotic carotid
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plaque was identified in 140 (80.0%) patients in the
ipsilateral ESUS group compared to 4 (1.7%) in the
group without ipsilateral ESUS (p < 0.001), indicating
a high recurrence rate in ESUS group. Likewise, a
higher frequency of prior TIA was found in patients with
ipsilateral ESUS (n = 56, 32.0%) compared to the group
without ESUS (n = 38, 16.2%) (p < 0.001). These findings
are consistent with those reported in a meta-analysis
by Singh et al.2% which found that symptomatic non-
stenotic carotid plaque with high-risk morphological
features was associated with a higher risk of ESUS
recurrence. In our study, a high frequency of history of
stroke and TIA was observed in the ipsilateral ESUS
group, suggesting a clinical pattern compatible with a
higher risk of recurrence. Non-stenotic carotid plaque
may be associated with an increased risk of recurrent
ischemic events, particularly in patients with high-risk
carotid plaque morphology, suggesting its potential as
an embolic source.

Among the strengths of this study are the sample
size, the systematic evaluation using head and neck
CTA in all patients, and the characterization of morpho-
logical features of non-stenotic carotid plaque, which
has traditionally been underestimated in the etiological
evaluation of stroke. However, the study has limitations
related to its retrospective design. Carotid plaque char-
acterization was performed solely using head and neck
CTA, without the inclusion of vascular wall MRI. Moreover,
it was not possible to definitively establish a causal rela-
tionship between plaque characteristics and the isch-
emic event due to the possible coexistence of other
causes not routinely evaluated, such as subclinical atrial
fibrillation, atrial cardiomyopathy, small intracavitary
thrombi, and hereditary or acquired thrombophilias.
Finally, the clinical characteristics and their relationship
to the morphological features of the non-stenotic carotid
plaque are not described.

CONCLUSION

In our study, the most common high-risk morpholog-
ical characteristics of non-stenotic carotid plaque on
head and neck CTA in patients with ipsilateral ESUS
were an irregular surface and ulceration. Prospective
studies with larger sample sizes, including assessment
of the contralateral carotid and complementary imaging
techniques, are needed to enable more detailed char-
acterization of the morphological features of non-
stenotic carotid plaque in ESUS.
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Agreement between volBrain and mdbrain Al software for thalamic
and white matter lesion volumetry in multiple sclerosis
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ABSTRACT

Introduction: Artificial intelligence (Al)-based software platforms utilizing magnetic resonance imaging (MRI) have been
developed to quantify brain structures and white matter lesions (WML) in patients with multiple sclerosis (MS). This study
evaluated the agreement between volBrain and mdbrain software for thalamic and WML volumetry in patients with MS.
Material and methods: This retrospective cross-sectional study included patients with MS. MRI examinations were performed
on 15T or 3.0T scanners. Thalamic and WML volumes obtained with volBrain software were compared with those generated
by mdbrain software. Statistical analysis included Student’s paired t-test or the Wilcoxon signed-rank test, correlation analysis,
and the Bland-Altman agreement assessment. Results: In 31 MS patients, the mean thalamic volume with volBrain was
14.48 + 1.88 mL; the mean with mdbrain was 14.29 = 1.94 mL. volBrain and mdbrain showed excellent thalamic volumetry
agreement, with a bias of -0.194 mL and narrow limits of agreement (—-1.199, 0.810) without proportional bias. WML volume-
try exhibited significant disagreement between volBrain and mdbrain, with median volumes of 3.32 mL (IQR 5.08) and
4.48 mL (IQR 6.25), respectively. WML volumetry demonstrated minimal bias (0.062 mL) but wider limits of agreement
(-5.588, 5.713) and significant proportional bias (p < 0.001). Conclusion: Agreement between volBrain and mdbrain for
thalamic volumetry using MRI in patients with MS was excellent. However, proportional bias was observed in WML volume-
try, particularly with high WML volume. VolBrain showed greater disagreement with mdbrain as lesion volume increased,
suggesting that Al software may not be interchangeable for evaluating patients with MS.

Keywords: Multiple sclerosis. Thalamus. White matter lesion. mdbrain. volBrain. Artificial intelligence.

INTRODUCTION of automated Al-based brain segmentation tools for esti-
mating lesion volumes and burden in MS patients' 7.

Artificial intelligence (Al) tools for automated brain  Commercial software platforms such as icobrain',

volume and white matter lesion (WML) assessment
have been integrated into clinical magnetic resonance
imaging (MRI) workflows for patients with multiple
sclerosis (MS)"2. Thalamic atrophy is an early and sen-
sitive marker of neurodegeneration, associated with
physical disability and cognitive decline in MS3%, while
WML volume reflects the accumulated inflammatory
burden®. Several studies have demonstrated the utility
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Pixyl.Neuro.MS'", Jazz'?, NeuroQuant'®, FIRST', and
mdbrain', among others, provide automated detection
and segmentation of WML. The machine-learning-based
software mdbrain uses standard MRI sequences to mea-
sure brain volume, analyze gray and white matter vol-
umes, and assess WML in MS patients'. Mdbrain
provides radiologists with automatic lesion load quantifi-
cation, and it is CE-certified clinical software?. In contrast,
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Table 1. Brain MRI 1.5T and 3.0T segmentation and volumetry protocol with mdbrain Al software in patients with MS

Field Sequence Tl FOV Matrix TR TE Magnetic Flip angle  Slice thickness

strength (ms) (mm) (ms) (ms)  preparation (ms)  (degree) (mm)

1.5T T1-MPRAGE 3D No 250 x 250 256 x 256 2200 2.67 900 8 1.0
SPACE 3D FLAIR 1600 260 x 260 220 x 256 5000 335 125 120-90 1.0

3.0T T1-MPRAGE 3D No 240 x 240 256 x 256 2300 2.32 900 8 0.9
SPACE 3D FLAIR 2050 230 x 230 256 x 256 7000 395 125 120-90 0.9

FLAIR: fluid-attenuated inversion recovery; FOV: field of view; MPRAGE: magnetization-prepared rapid gradient echo; MRI: magnetic
resonance imaging; MS: multiple sclerosis; SPACE: sampling perfection with application-optimized contrasts using different flip-angle
evolutions; T: tesla; T1-weighted image; TE: time-echo; Tl: inversion-recovery time; TR: time repetition.

the volBrain platform is an open-access, online tool with
a user-friendly interface and fully automated processing
pipelines®'™®. The volBrain platform has demonstrated
high performance, consistency, and accuracy in seg-
menting subcortical structures and assessing regional
atrophy metrics®156,

The agreement between mdbrain, used in clinical
assessments of patients with MS, and other software
used in research, such as volBrain, has not been estab-
lished™. It is unknown whether high WML volume affects
agreement among Al systems in volumetric assessment
of deep brain structures, such as the thalamus; there-
fore, this study evaluated agreement between volBrain
and mdbrain Al in assessing thalamic and WML volumes
in patients with MS.

MATERIAL AND METHODS

This cross-sectional, retrospective study was con-
ducted from April 2025 to January 2026 in the Magnetic
Resonance Department of Hospital Angeles Lomas in
Huixquilucan, State of Mexico, Mexico. MS patients who
underwent brain MRI scans were included. Low-quality
MRI scans or those without an mdbrain report were
excluded. Informed consent was not required because
information was collected during routine clinical care.
The institutional Research and Ethics in Research
Committees approved the study.

Study development and variables

For this research, we used the database from a pre-
vious study of patients with MS'™. We recorded age,
sex, thalamus volume, and WML obtained with volBrain
and mdbrain software.

Imaging and analysis protocol

A 1.5T MAGNETOM Aera or a 3.0T MAGNETOM
Skyra Fit MRI scanner (Siemens Healthineers, Erlangen,

Germany) was used. The workflow for volBrain soft-
ware was described previously'. The protocol for
segmentation and volumetry with mdbrain software in
MS patients is shown in table 1. All images were
acquired with a 32-channel head coil. Brain MRI was
performed using our institution’s MS protocol, including
3D T1-weighted magnetization-prepared rapid acquisition
gradient-echo (T1-MPRAGE) and volumetric T2-
weighted fluid-attenuated inversion recovery (T2-FLAIR)
sequences with standard clinical acquisition parameters.

mdbrain Al software

The sequences for post-processing by mdbrain Al
software v4.13.0 (Mediaire GmbH, Berlin, Germany)
were obtained from the Picture Archiving and
Communication System (PACS) Orchestrator (Philips,
Eindhoven, Netherlands). Mdbrain software functions
as a PACS-integrated module and provides two reports
related to brain and WML volumetry. The first report
segments three tissue classes and 21 brain regions,
including thalamic volume, using T1-MPRAGE. The
second report, WML characterization, is automatically
segmented from a T2-FLAIR sequence using a deep
convolutional neural network (U-Net), trained on 280
heterogeneous patient datasets from different scanner
types and sequences®.

Statistical analysis

The Shapiro-Wilk test was used to assess the distri-
bution of quantitative variables. Thalamic volume and
age were normally distributed and are expressed as
means and standard deviations (SD). WML volumetry
was a nonparametric variable expressed as a median
and interquartile range (IQR). Comparisons between vol-
Brain and mdbrain software were performed using
Student’s paired t-test and the Wilcoxon signed-rank test
for normal and nonparametric variables, respectively.
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Table 2. Age, sex, and volumetry values of patients with MS comparing
volBrain and mdbrain Al software

Parameter

45.4 + 12.5 (20-70)

Description

Age, years, mean = SD (min-max)

Sex, n (%)
Women 21 (67.7)
Men 10 (32.3)
Segmentation volBrain mdbrain
software software
Thalamus volume (mL), 1448 +1.88 1429+ 1.94
mean + SD (min-max) (10.54-19.58)  (8.80-19.60)
WML volume (mL), median, 3.32, 5.08 4.48, 6.25
1QR (min-max) (0.02-30.19)  (0.29-19.40)

1QR: interquartile range; MS: multiple sclerosis; SD: standard
deviation; WML: white matter lesion.

Pearson and Spearman correlations were also per-
formed between thalamic and WML volumetry for both
software. The Bland-Altman plot was used to assess the
bias and limits of agreement between the software. To
assess proportional bias, linear regression was per-
formed on the differences of the measurements and the
mean of the two software; a slope significantly different
from zero was considered proportional bias. A p < 0.05
was considered statistically significant. The analysis was
performed with RKWard v0.8.0".

RESULTS

Forty MS patients were eligible. Nine patients were
excluded because the mdbrain report was not com-
pleted. Thirty-one patients with a mean age of 45.4 + 12.5
years (range 20 to 70) were included. There were
21 (67.7%) women and 10 (32.3%) men (Table 2). The
mean thalamus volume with volBrain was 14.48 =+
1.88 mL, with a minimum of 10.54 mL and a maximum
of 19.58 mL. The mean thalamus volume with mdbrain
was 14.29 + 1.94 mL, with a minimum of 8.80 mL and
a maximum of 19.60 mL. Regarding WML volume, the
median with volBrain was 3.32 mL (IQR 5.08) with
a minimum of 0.02 mL and a maximum of 30.19 mL.
The median with mdbrain was 4.48 mL (IQR 6.25) with
a minimum of 0.29 mL and a maximum of 19.40 mL.
Measures of central tendency were comparable
between the two software for the thalamus; however,
the Wilcoxon signed-rank test showed a statistically
significant difference (p = 0.016) for WML volume,
indicating a shift in the distribution of measurements
between the two software.

Correlation between volBrain and mdbrain
for thalamic and WML volume

Scatterplots show the correlation between volBrain
and mdbrain for thalamic and WML volume using MRI
segmentation in patients with MS (Figure 1). The
Pearson correlation for thalamic volume measured by
the two software was r = 0.96 (p < 0.001). The Spearman
correlation for WML volume measured by volBrain and
mdbrain was r = 0.97 (p < 0.001). The correlation
between the two software was nearly perfect, with close
proportional growth between the measured values. The
evaluation of each patient with both software programs
showed an almost perfect correlation.

Comparison of thalamus and WML
volumes with volBrain and mdbrain

Figure 2 shows a comparison of the correlation
coefficient of thalamic volume, which was r = -0.40
(p = 0.025), and WML volume, which was r = -0.39
(p = 0.027), using volBrain and mdbrain, respectively.
Both datasets have a negative slope, with a significant
correlation between higher WML volume and lower tha-
lamic volume. This is seen in the graph, where each
dataset appears to have high dispersion, but statistical
analysis reveals a trend. Some values are outliers; for
example, in volBrain, three patients have WML volumes
of 24.95 mL, 26.15 mL, and 30.19 mL, while the remain-
ing values are below 20 mL. In mdbrain, one patient
has a thalamic volume of 8.80 mL, and all other values
are greater than 10 mL.

Agreement between volBrain and mdbrain
for thalamic and WML volume estimation

Bland-Altman plots show the agreement between vol-
Brain and mdbrain for thalamic and WML volume using
MRI segmentation in patients with MS (Figure 3). The
mean difference for thalamic volume was -0.194 mL
(limits of agreement: -1.199, 0.810) with higher values
for volBrain indicating a tendency for volBrain to seg-
ment larger volumes, but without a proportional bias
(slope = 0.0347, p = 0.491). The agreement between
the two software programs for thalamic segmentation
and volumetry was adequate. The mean difference for
WML volume segmentation was 0.062 mL (limits of
agreement: -5.588, 5.713). Three outlier values were
observed (mean measurements of 24.73 mL, 22.77 mL,
and 22.12 mL; differences between software were
-10.91 mL, -6.75 mL, and -5.65 mL, respectively).
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Figure 1. Scatterplots show the correlation between volBrain and mdbrain software for thalamic and WML volume using MRI segmentation in
patients with MS. A: the Pearson correlation of thalamic volume measured by the two software was r = 0.96 (p < 0.001). B: the Spearman
correlation of WML volume measured by volBrain and mdbrain was r = 0.97 (p < 0.001). Values show a similar trend with excellent correlation.
MRI: magnetic resonance imaging; MS: multiple sclerosis; WML: white matter lesion.

WML volumetry demonstrated minimal bias (0.062 mL)
but wider limits of agreement (-5.588, 5.713) and sig-
nificant proportional bias (p < 0.001), indicating dis-
agreement between volBrain and mdbrain in WML
segmentation and volumetry.

Figure 4 shows representative axial T1-MPRAGE
images with overlaid automated brain MRI segmenta-
tion masks, comparing volBrain and mdbrain in a
patient with MS. Both software delineated comparable
thalamic regions, with similar extent and morphology in
the axial slice shown. This visual finding aligns with the
agreement demonstrated in the Bland-Altman analysis,
where bias was minimal (-0.194 mL), and no propor-
tional bias was observed. Differences in the extent and
boundaries of other segmented brain regions reflect the
distinct atlas-based and deep learning approaches
used by each software. Figure 5 shows two represen-
tative patients with high and low WML volumes, illus-
trating the differences in automated WML segmentation
between the two software packages. In the patient with
low WML volume (Figures 5A-B), segmentation was
similar between volBrain and mdbrain, with minor dis-
crepancies in some small lesions detected by only
one software. In the patient with high WML volume
(Figures 5C-D), segmentation differed substantially
between the software; volBrain delineated a greater
extent of periventricular WML than mdbrain, although
it did not segment a WML in the left frontal lobe. These
visual differences are consistent with the proportional
bias identified in the Bland-Altman analysis, which
showed that the greater the WML volume, the greater
the discrepancy between software, predominantly due
to larger volumes segmented by volBrain.

* volBrain

* mdbrain

Thalamic volume, mL

WML volume, mL

Figure 2. Scatterplot of MRI volumetry of the thalamus and WML
comparing volBrain (orange marks) and mdbrain (blue marks) in
patients with MS. The correlation coefficient for thalamic volume was
r = —0.40 (p = 0.025) and for WML volume was r = —0.39 (p = 0.027)
with volBrain and mdbrain, respectively. Three pairs of outlier values
above 15 mL were observed in WML segmentation for both software
(24.95 mL, 26.15 mL, and 30.19 mL vs. 19.3 mL, 19.4 mL and 19.28 mL
for volBrain and mdbrain, respectively) indicating increased extreme
values of WML volumetry using volBrain.

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

DISCUSSION

Our study found high agreement between volBrain
and mdbrain Al software in thalamic volumetry in patients
with MS. However, WML volume quantification showed
a significant proportional bias toward higher WML vol-
umes: as lesion volume increased, volBrain showed
greater disagreement with mdbrain. Therefore, it is rec-
ommended not to change the software used for the
clinical follow-up of MS patients, as within-subject mea-
surement bias may occur when switching software.
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Figure 3. Bland-Altman plots showing agreement between volBrain and mdbrain for thalamic and WML volume using MRI segmentation in
patients with MS. Bias is indicated by the dashed green line, and the limits of agreement (1.96 standard deviations) by the dashed red lines.
A: the mean difference for thalamic volume was —0.194 mL (-1.199, 0.810). For the thalamus, agreement between volBrain and mdbrain was
demonstrated, with three patients outside the limits of agreement, but without proportional bias. B: the mean difference for WML volume
segmentation was 0.062 mL (-5.588, 5.713). Three outlier values were observed (mean measures of 24.73 mL, 22.77 mL, and 22.12 mL; postpro-
cessing differences of —10.91 mL, —6.75 mL, and —5.65 mL, respectively) with higher values for volBrain. WML volumetry showed significant
proportional bias (slope = —0.343, p < 0.001), indicating a difference between volBrain and mdbrain dependent on WML burden.

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

Figure 4. Representative axial T1-MPRAGE images with overlaid automated brain MRI segmentation masks, comparing A: volBrain and
B: mdbrain, in a patient with MS. Both software delineate comparable thalamic regions (arrows). Differences in the extent and boundaries
of other segmented brain regions reflect the distinct atlas-based and deep learning approaches used by each method.

MPRAGE: magnetization-prepared rapid acquisition gradient echo; MRI: magnetic resonance imaging; MS: multiple sclerosis.

Volumetry of deep structures such as the thalamus programs: volBrain and mdbrain for segmentation and
using Al is reproducible. Evidence of thalamic atrophy automatic volumetry. No significant differences were
is associated with clinical progression of MS®'8, We found between the measured values. Koussis et al.'®
found agreement in thalamic volume using two software  evaluated brain volumes in 56 Greek patients (22 men
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Figure 5. Axial MRI reformats from SPACE 3D FLAIR with overlaid automated WML masks, comparing volBrain and mdbrain in two patients
with different WML volumes. A: volBrain and B: mdbrain postprocessing image from a 61-year-old woman with low WML volume. The overall
MRI segmentation is similar between the two software, with only minor discrepancies; volBrain unifies one WML while mdbrain segments it
as two separate lesions (void arrows). C: volBrain and D: mdbrain postprocessing image from a 50-year-old man with high WML volume. MRI
segmentation differs substantially between the software, with volBrain delineating a larger periventricular WML extent than mdbrain (void
arrows). Note that volBrain did not segment one WML in the left frontal lobe (solid arrow).

MRI: magnetic resonance imaging; MS: multiple sclerosis; SPACE 3D FLAIR: sampling perfection with application optimized contrasts using different flip angle
evolution 3D fluid-attenuated inversion recovery; WML: white matter lesion.
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and 34 women) aged 18 to 70 years. Of these, 27 (48.2%)
had MS, 21 (37.5%) had dementia, and 8 (14.3%) were
healthy. NeuroQuant and volBrain were compared
using 3D T1-weighted sequences. Intracranial volume,
putamen, thalamus, amygdala, cerebrum, cerebellum,
white matter, and the hippocampus were assessed.
Paired t-test analysis showed significant differences
(p < 0.001) in all segments except the hippocampus.
Good to excellent linear regression and intraclass
correlation coefficient (ICC) were found in most mea-
surements, indicating that NeuroQuant and volBrain
can detect the relative size of each brain segment. The
use of automated brain volumetry software is strongly
recommended for research and clinical studies to eval-
uate and interpret a patient’s condition. However, chang-
ing software or scanning parameters during a research
project or patient monitoring should be avoided, as this
may lead to severe errors and misleading results'™. Tekin
et al.® in a retrospective study, assessed 100 Turkish
individuals, including 50 patients diagnosed with MS and
50 healthy controls. They used volBrain as an automated
segmentation tool and reported significant differences
in volume values between the groups (p < 0.001) for
the putamen, thalamus, and globus pallidus with sub-
cortical atrophy in MS patients®. Our study found agree-
ment between the two software packages for thalamic
volume in MS patients with no evidence of proportional
bias. Thalamic volumetry was highly reproducible
between volBrain and mdbrain.

Volumetric quantification of WML is important for eval-
uating inflammatory activity, progression, and therapeu-
tic response in patients with MS'. The literature reports
that changes in acquisition sequence parameters, arti-
facts during acquisition, scanner changes, and the use
of different Al software in the same MS patient to eval-
uate clinical evolution can lead to errors in assessing
the thalamus and WML'®'31° Pareto et al.?’ used a
database of 115 patients with clinically isolated syn-
drome (CIS); 39 were classified as MS due to their
symptoms at a follow-up of up to 3 years, the rest
remained as CIS. The sample was collected as part of
an ongoing research protocol. The goal of the study was
to assess agreement between NeuroQuant and FIRST
in estimating overall and regional volume. Additionally,
WML volume was estimated with NeuroQuant and the
Lesion Segmentation Toolbox (LST). They found that
brain volume agreement between NeuroQuant and
FIRST depends on the structure of interest, with larger
structures showing better agreement. Agreement was
low (ICC < 0.40) for smaller structures such as the
amygdala and globus pallidus, fair to good (ICC > 0.40)

for the thalamus, putamen, hippocampus, and total
intracranial volume, and fair for lesion volume (ICC =
0.61), with NeuroQuant estimates lower than LST. In our
study comparing volBrain and mdbrain, significant dif-
ferences in central tendency were observed in WML
volume among patients with MS. Three values outside
the limits of agreement resulted in a significant propor-
tional bias (slope = -0.343, p < 0.001); volBrain esti-
mated a larger WML volume when patients with high
WML burden were analyzed. This suggests differences
in the architecture or training of the neural networks.
Therefore, the software programs may not be inter-
changeable for the clinical monitoring of patients with
MS. Our results indicate that volBrain and mdbrain are
not interchangeable for the clinical evaluation of patients
with MS due to potential segmentation inaccuracies in
cases with high WML burden; switching software may
introduce artificial volume changes.

One strength of the study is the combined evaluation
of deep structures such as the thalamus and WML,
both of which are important for monitoring and progno-
sis in MS. A direct comparison between the two soft-
ware programs, volBrain and mdbrain, for assessing
thalamic and WML volumetry has not been reported
previously. The study has limitations, including its small
sample size and retrospective design. Therefore, it was
not possible to define the variability of findings over
time and their relationship with clinical manifestations.
Additionally, two different MRI scanners (1.5T and 3.0T)
were used. This factor was neither controlled nor eval-
uated to assess intra-scanner differences, which could
introduce inter-scanner variability when comparing the
two software programs®.

CONCLUSION

Our study demonstrated high agreement between vol-
Brain and mdbrain software in thalamic volumetry in MS
patients. In contrast, WML volume quantification showed
a significant proportional bias: as lesion volume
increased, volBrain showed greater disagreement with
mdbrain. Larger sample sizes and multicenter studies,
including multisoftware studies, are recommended to val-
idate the variability and clinical agreement between soft-
ware, especially in MS patients with high WML volume.
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Saline needle-tract sealing for preventing complications in CT-guided
percutaneous lung biopsy: an exploratory study
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ABSTRACT

Saline needle tract sealing is a technique used to reduce pleuropulmonary complications during computed tomography
(CT)-guided percutaneous lung biopsy. This retrospective, comparative cohort study compared complication rates in patients
who underwent CT-guided percutaneous lung biopsy using the standard coaxial technique, with and without saline needle
tract sealing. Pneumothorax and pulmonary hemorrhage were recorded as biopsy complications in patients with and without
saline needle tract sealing. Thirty-three patients underwent CT-guided percutaneous lung biopsy with the standard coaxial
technique: 15 (45.5%) with saline sealing and 18 (54.5%) without sealing. The incidence of pneumothorax was 11.1% (2/18
patients) in the group without saline sealing and 0% in the group with saline sealing (p = 0.19). The incidence of pulmonary
hemorrhage was 22.2% (4/18 patients) in the unsealed group and 0% in the needle tract saline-sealing group (p = 0.055).
Saline needle tract sealing in patients undergoing CT-guided percutaneous lung biopsy with the standard coaxial technique
may prevent pleuropulmonary complications, such as pneumothorax and pulmonary hemorrhage, compared with patients
without saline sealing. In this exploratory study of Mexican patients, sealing the needle tract with saline solution during
CT-guided lung biopsy was associated with no complications. It is a simple, safe, and low-cost technique that may improve
the safety of lung biopsy.

Keywords: Needle tract saline sealing. Percutaneous lung biopsy. Pneumothorax. Pulmonary hemorrhage.

is pneumothorax, with an incidence of 20%-45%'.
Various strategies have been proposed to reduce the
incidence of pneumothorax, including the rapid turning

INTRODUCTION

Computed tomography (CT)-guided percutaneous lung

biopsy is a widely used technique for histological diagno-
sis of lung lesions. The standard coaxial technique, which
uses an introducer needle to allow multiple passes of a
cutting needle through a single pleuropulmonary access,
remains the most widely used approach'2. Pneumothorax,
pulmonary hemorrhage, and hemoptysis are complica-
tions of CT-guided percutaneous lung biopsy that have
been associated with various technical and patient-
related clinical factors?. The most common complication
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maneuver and the use of sealing materials®4, which
increase the cost and/or time of the lung biopsy proce-
dure. These materials can also cause local inflammatory
reactions, including granuloma formation and fibrotic
changes in the lung parenchyma?®.

Saline sealing of the needle path at the puncture site
has been proposed as a simple, inexpensive, and safe
option to reduce the risk of pneumothorax after lung
biopsy*8. This technique involves temporarily replacing
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alveolar air with isotonic fluid during removal of the
coaxial needle, thereby promoting collapse of the pleu-
roparenchymal tract and reducing air leakage'®’.
Previous reports have shown significant reductions in
the incidence of pneumothorax®8. The benefits of
saline needle tract sealing vary with the characteristics
of the study population and anatomical risk factors®1°.
This study compared complication rates of CT-guided
percutaneous lung biopsy using the standard coaxial
technique, with and without saline needle tract sealing.

MATERIAL AND METHODS

This comparative, retrospective, cohort study was
conducted from March 2023 to December 2025 at
Zambrano Hellion Hospital, San Jose Hospital, Swiss
Hospital, Doctors Hospital, and Christus Muguerza
Hospital in Monterrey, Nuevo Leon, Mexico. Patients
with lung lesions who underwent CT-guided percutane-
ous lung biopsy using the standard coaxial technique
were included. Patients with incomplete records or
without post-procedure imaging were excluded. All
patients provided informed consent.

Study development and variables

Age, sex, maximum size and location of the lung lesion,
pleura-lesion distance, number of samples obtained,
patient position during the procedure, and needle caliber
were recorded. The presence of lung emphysema,
defined radiologically as areas of low pulmonary atten-
uation without visible walls, with centrilobular, parasep-
tal, or panlobular predominance on baseline CT before
the procedure, was also documented.

All patients underwent CT-guided percutaneous lung
biopsy using the standard coaxial technique and were
classified into two groups: with or without saline needle
tract sealing. The interventional radiologist arbitrarily
assigned patients to groups based on lesion depth, loca-
tion, and size. The complications evaluated were pneu-
mothorax after percutaneous lung biopsy, defined as air
in the pleural space, and pulmonary hemorrhage, defined
as alveolar opacities and perilesional or biopsy-path
consolidation on immediate post-procedural chest CT.

CT-guided percutaneous lung biopsy
technique

A 17-gauge (G) coaxial system and an 18-G cutting
needle were used. Patients were positioned supine,
prone, or lateral, depending on lesion location. The biopsy

Patients with CT-guided
percutaneous lung biopsy n = 33
(March 2023 - December 2025)

( Standard coaxial technique )

[ With needle tract saline sealing Without needle tract saline sealing ]

n=15 n=18

Incidence of complications

With needle tract saline sealing: Without needle tract saline sealing:
Pneumothorax: 2 (11.1%)

Pulmonary hemorrhage: 4 (22.2%)

Pneumothorax: 0%

Pulmonary hemorrhage: 0%

Figure 1. Flow diagram of patients who underwent CT-guided percu-
taneous lung biopsy using the standard coaxial technique. The inci-
dence of pneumothorax and pulmonary hemorrhage was compared
between patients with and without needle tract saline sealing.

CT: computed tomography.

technique was performed as described by vanSonnenberg
et al™. In the needle tract saline-sealing group, after
the biopsy, the puncture access was sealed with 1 to
3 mL of 0.9% NaCl solution during withdrawal of the
coaxial needle. Patients were monitored for two hours
after the lung biopsy to assess for complications. A
post-procedural chest CT was performed in all patients.
All procedures were performed by the same interven-
tional radiologist (MCM), who has 32 years of experience
in image-guided procedures.

Statistical analysis

Absolute and relative frequencies were calculated,
and the chi-square and Mann-Whitney U tests were
used to compare variables. A p value < 0.05 was con-
sidered statistically significant. Epi Info version 7.2.6.0
(Centers for Disease Control and Prevention, Atlanta,
GA, USA) was used for analyses.

RESULTS

Thirty-six patients undergoing CT-guided percutane-
ous lung biopsy were evaluated. Three cases were
excluded due to missing information on the procedure
or CT scan. Thirty-three patients were included and
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Table 1. Characteristics of patients undergoing CT-guided percutaneous lung biopsy with and without saline needle tract sealing

Description Standard coaxial technique p
With saline needle Without saline needle
tract sealing (n = 15) tract sealing (n = 18)
Sex, n (%) 0.85
Men 8 (46.7) 9 (50.0)
Women 7 (53.3) 9 (50.0)
Age, years, mean + SD 66.6 + 11.8 727 +128 0.17
Emphysema, n (%) 1(6.7) 3(16.7) 0.388
Lesion size, mm, mean = SD 35.1 +10.6 454 + 227 0.193
Location of pulmonary lesion, n (%) 0.476
Upper lobe 8 (53.3) 9 (50.0)
Middle lobe 1(6.7) 0
Lower lobe 6 (40.0) 9 (50.0)
Pleura-to-lesion distance, mm, mean + SD 21.1+123 99+108 0.007
Lesion depth, n (%) 0.044
Adherent 0 9 (50.0)
Superficial 9 (60.0) 7(38.9)
Non-superficial 6 (40.0) 2(11.1)
Patient position, n (%) 0.624
Supine 6 (40.0) 9 (50.0)
Prone 8 (53.3) 7 (38.9)
Lateral 1(6.7) 2(11.1)
Number of lung biopsy samples, mean + SD 3+1 31 0.446

CT: computed tomography; SD: standard deviation.

Table 2. Comparison of complications during CT-guided percutaneous
lung biopsy with and without saline needle tract sealing

Complication Standard coaxial technique p
With saline Without saline
needle tract needle tract
sealing (n = 15)  sealing (n = 18)
Pneumothorax, n (%) 0 2(11.1) 0.19
Pulmonary 4(22.2) 0.055

hemorrhage, n (%)

CT: computed tomography.

divided into two groups: 15 (45.5%) with saline needle
tract sealing and 18 patients (54.5%) without needle
tract sealing (Figure 1). All procedures were performed
with an 18-G needle.

Characteristics of patients undergoing
CT-guided percutaneous lung biopsy with
and without saline needle tract sealing

Sex, age, emphysema, size and location of the lung
lesion, patient position, and number of lung biopsies

did not differ significantly between the groups with and
without saline needle tract sealing (Table 1). The pleura-
lesion distance was significantly greater in the needle
tract saline-sealing group (21.1 + 12.3 mm) than in the
group without saline needle tract sealing (9.9 + 10.8 mm)
(p = 0.007). Lesion depth was superficial in 9 patients
(60.0%) and non-superficial in 6 (40.0%) in the needle
tract saline-sealing group, whereas in the group without
saline needle tract sealing, 9 patients (50.0%) had
adherent lesions, 7 (38.9%) had superficial lesions, and
2 (11.1%) had non-superficial lesions (p = 0.044). The
mean number of samples obtained per procedure was
similar between the two groups (3 + 1 vs. 3 + 1, respec-
tively; p = 0.446).

Comparison of the incidence of CT-guided
percutaneous lung biopsy complications
with and without saline needle tract sealing

The incidence of pneumothorax was 11.1% (2/18 proce-
dures) in the group without needle tract saline sealing. Pleural
drainage was not required in the pneumothorax cases.
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Figure 2. Axial chest CT of a 45-year-old man with a left lung mass who underwent a CT-guided percutaneous lung biopsy using the standard
coaxial technique and saline needle tract sealing. A: a left lower lobe pulmonary mass (arrowhead). B: the position of the 18G coaxial needle
within the left lower-lobe mass (arrowhead). C: a linear tract of saline solution is observed after withdrawing the coaxial needle (arrowhead).

There is no evidence of post-procedural pneumothorax or pulmonary hemorrhage on immediate post-biopsy chest CT.

CT. computed tomography; G: gauge.

Figure 3. Axial chest CT of a 67-year-old man with a right lung mass who underwent a CT-guided percutaneous lung biopsy using the standard
coaxial technigue without saline needle tract sealing. A: right upper lobe pulmonary mass (arrowhead). B: position of the 18G coaxial needle
within the right upper lobe lesion (arrowhead). C: right pulmonary mass with a visible post-biopsy tract after withdrawing the coaxial needle.

A small pneumothorax (arrowhead) was identified on immediate post-biopsy chest CT.

CT: computed tomography; G: gauge.

There were no cases of pneumothorax in the saline
needle tract sealing group (Table 2). Pulmonary hemor-
rhage occurred in 22.2% (4/18) of procedures without
needle tract saline sealing, whereas no complications
occurred with saline sealing (p = 0.055).

Figure 2 shows a chest CT axial view of a 45-year-old
man with a left lung mass who underwent CT-guided
percutaneous lung biopsy using the standard coaxial
technique with needle tract saline sealing. No evidence
of post-procedural complications such as pneumothorax

or pulmonary hemorrhage on post-biopsy chest CT is
seen. Figure 3 shows an axial view of a 67-year-old
man with a right lung mass who underwent CT-guided
percutaneous lung biopsy using the standard coaxial
technique without needle tract saline sealing. A small
residual pneumothorax was identified on post-biopsy
chest CT. Figure 4A-C shows a chest CT view of a
64-year-old man with a left upper lobe pulmonary mass
who underwent CT-guided percutaneous lung biopsy
using the standard coaxial technique without needle tract
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Figure 4. Chest CT scan of a 64-year-old man with a left upper-lobe mass who underwent a CT-guided percutaneous lung biopsy using the
standard coaxial technique without saline needle tract sealing. A: left upper lobe pulmonary mass (arrowhead). B: position of the 18G coaxial
needle within the pulmonary lesion (arrowhead). C: post-biopsy CT image with no complications (arrowhead). Chest CT view of a 74-year-old
man with a left lower-lobe pulmonary nodule who underwent a CT-guided percutaneous lung biopsy using the standard coaxial technique
without saline needle tract sealing. D: left lower lobe nodule (arrowhead). E: position of the 18G coaxial needle before tissue sampling
(arrowhead). F: perilesional ground-glass opacities compatible with pulmonary hemorrhage are seen on post-biopsy chest CT (arrowhead).

CT: computed tomography; G: gauge.

saline sealing. There is no evidence of complications
on post-biopsy chest CT. Figure 4D-F shows a 74-year-
old man with a left lower lobe pulmonary nodule who
underwent CT-guided percutaneous lung biopsy using

the standard coaxial technique without needle tract saline
sealing. Perilesional ground-glass opacities compatible
with pulmonary hemorrhage are seen on post-biopsy
chest CT.
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DISCUSSION

No complications occurred in patients who under-
went CT-guided percutaneous lung biopsy with saline
needle tract sealing. In contrast, patients without nee-
dle tract saline sealing presented pneumothorax and
pulmonary hemorrhage. In this exploratory study in
Mexican patients, sealing the needle tract with saline
solution during CT-guided lung biopsy was associated
with no complications and is a simple, safe, and low-
cost strategy that can improve the safety of lung biopsy.

Needle tract saline sealing obliterates the pleuro-
parenchymal tract by transiently replacing alveolar air
with isotonic saline, thereby inducing collapse and
limiting air leakage"®7°. Billich et al.® conducted a pro-
spective study that evaluated 140 German patients
undergoing CT-guided percutaneous lung biopsy using
the coaxial technique. Patients were alternately assigned
to a tract saline sealing group (n = 70) — instillation of
2-4 mL of 0.9% saline solution during removal of the
guide needle, or to a control group (n = 70) without
sealing. A significant reduction in pneumothorax from
34% to 8% was reported (p < 0.001). Babu et al. retro-
spectively compared 100 CT-guided transthoracic per-
cutaneous lung biopsies using the coaxial technique
with injection of 1-3 mL of saline during sheath removal
with 100 unsealed biopsies. The incidence of pneumo-
thorax was 32% in the sealed group and 46% in the
group without saline injection along the needle tract
(p = 0.042). Li et al.!, in a randomized study, evaluated
322 Chinese patients undergoing CT-guided lung
biopsy using the coaxial technique, with 161 patients in
a tract saline-sealing group and 161 in a non-sealing
group. They found a significant reduction in the inci-
dence of pneumothorax from 26.1% t0 6.2% (p < 0.001)
in the saline-sealing group. In contrast, Okamoto et al.'?,
in a single-center Japanese retrospective study analyzing
298 CT-guided lung biopsies, compared a tract saline
sealing group (n = 138), in which 1-5 mL of normal
saline was instilled during inserter needle removal, with
a control group without sealing (n = 160). They did not
find a significant reduction in the incidence of pneumo-
thorax or chest tube placement. They suggested that
in patients with a high prevalence of small lesions, iso-
lated saline sealing may be insufficient to decrease the
risk of post-biopsy pneumothorax. The incidence of pneu-
mothorax in our study was 11.1% in the group without
saline needle tract sealing, whereas none was observed
in the group with saline needle tract sealing. These find-
ings confirm the protective effect of saline needle tract
sealing, which maintained its preventive effect even when

applied to deeper lesions, a factor recognized as an inde-
pendent predictor of pneumothorax™-29.

Pulmonary hemorrhage, although generally self-
limiting, is a clinically relevant complication in patients
who have undergone CT-guided percutaneous lung
biopsy. From a pathophysiological perspective, saline
sealing acts as an inert liquid sealant that promotes
alveolar collapse and may also limit blood extravasa-
tion into the lung parenchyma®®. Zhang et al.® in a
single-center retrospective study in China, evaluated
227 patients who underwent CT-guided percutaneous
lung biopsy using the standard coaxial technique.
These researchers compared a saline tract sealing
group (n = 95) with a group without saline tract sealing
(n=132). Three to five mL of normal saline was applied
during the gradual withdrawal of the coaxial needle in
the saline tract-sealing group. They found no statistically
significant difference between the two groups in the
frequency of pulmonary hemorrhage (42.1% and 38.6%,
respectively, p = 0.599). The authors concluded that
saline tract sealing does not increase the risk of hem-
orrhagic complications. Billich et al.® reported three
cases of pulmonary hemorrhage in a saline-sealed
group (n = 70) compared to two cases in a non-sealed
group (n = 70), with no significant difference between
the groups (p = 0.65). There was no evidence of a clin-
ically relevant increase in bleeding risk associated with
saline instillation. In our study, pulmonary hemorrhage
occurred only in the group without saline needle tract
sealing. Our results suggest that the benefit of saline
sealing is not limited to reducing pneumothorax but
may also provide a protective effect, improving the
overall safety of CT-guided percutaneous lung biopsy.

The strength of the present study is its comparative
analysis of procedures with and without saline needle
tract sealing in a real clinical setting, which lends prac-
tical relevance to the findings. However, this study has
several limitations, including a small sample size, which
limits statistical power, and the non-random assign-
ment of patients to groups, which may introduce selec-
tion bias. The presence of hemoptysis was not
evaluated. These limitations restrict the generalizability
of the findings.

CONCLUSION

In this exploratory study, patients who underwent
CT-guided percutaneous lung biopsy using the standard
coaxial technique with needle tract saline sealing
had no complications, while those without saline sealing
developed pneumothorax and pulmonary hemorrhage.
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Needle tract saline sealing may prevent complications in
patients undergoing CT-guided percutaneous lung
biopsy. Prospective studies with larger sample sizes are
needed to confirm these results and establish its role as
a standard for preventing complications.
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Multimodality imaging of right-sided May-Thurner syndrome for accurate
diagnosis and effective endovascular therapy: three case reports
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ABSTRACT

Right-sided May-Thurner syndrome (MTS) is a rare variant involving iliac vein compression and can lead to delayed diagnosis.
We present three male patients with chronic venous insufficiency of the right lower extremity who underwent Doppler ultra-
sound (US), digital subtraction venography (DSV), and intravascular ultrasound (IVUS). Doppler US identified hemodynamic
abnormalities suggestive of venous obstruction. DSV demonstrated focal stenosis, intraluminal defects, and collateral circu-
lation. IVUS confirmed significant luminal narrowing and precisely characterized the stenosis. All patients underwent throm-
bectomy, balloon angioplasty, and placement of an uncovered self-expanding stent, achieving adequate stent expansion and
restoration of venous flow. These cases highlight the value of multimodal imaging for accurate diagnosis and effective endo-
vascular management of right-sided MTS, particularly when iliac vein compression is atypical. Right-sided MTS is an unusual
entity that is often overlooked in clinical practice. It is important to document the success of multimodal imaging, as diagno-
ses are often delayed due to its rarity. Therefore, combining Doppler US, DSV, and IVUS compensates for the limitations of
each imaging modality. Endovascular therapy is the standard of care for restoring venous flow in right-sided MTS. It is safe,
minimally invasive, and provides immediate restoration of vessel patency. This is the first report of three men with right-sided
MTS, published for educational purposes.

Keywords: May-Thurner syndrome. lliac vein compression. Doppler. Intravascular ultrasound. Digital subtraction venography.
Endovascular procedures.

INTRODUCTION mild symptoms®$. Significant differences in clinical pre-
sentation are observed by gender’. While men more
Right-sided May-Thurner syndrome (MTS) is a rare  frequently report leg pain and swelling, women tend to
condition characterized by anatomical variants, including present at a younger age and are more likely to develop
compression of the right common iliac vein (CIV) that  pyimonary embolisny’.
becomes trapped between the right internal and exter- The initial diagnostic approach uses Doppler ultra-
nal iliac arteries', situs inversus associated with dextro-  sound (US) to identify indirect findings of hemodynamic
cardia?, a left-sided inferior vena cava, and a high aortic  alterations, such as loss of phasicity, increased veloc-
bifurcation®#. This condition is more prevalent in women ity, and turbulent flow. Digital subtraction venography
(2:1). Most patients are asymptomatic or present with (DSV) with intravascular ultrasound (IVUS) is the gold
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standard for diagnosing MTS®. In the interventional set-
ting, DSV allows dynamic assessment of venous flow
and stenotic areas®. In this context, IVUS is a key tool,
providing a more accurate assessment of the venous
lumen, quantifying the luminal area, and characterizing
intraluminal abnormalities that may not be evident on
DSVe.

Treatment of symptomatic MTS is predominantly
endovascular, especially when thrombosis is
present’%". Among therapeutic methods, balloon
angioplasty combined with placement of an uncovered
self-expanding stent is the most commonly used to
correct underlying stenosis'®'3. This report describes
multimodal imaging findings, including Doppler US,
DSV, and IVUS, in three men with right-sided MTS who
underwent endovascular management.

CASE CLINICAL DESCRIPTION
Case 1

A 56-year-old man presented with progressive edema
of the right lower limb over 7 months, associated with
pain, heaviness, and fatigue, all worsened by prolonged
standing. Imaging findings: Doppler US (VINNO, E35,
Barcelona, Catalonia, Spain) showed decreased peak
systolic velocity (PSV) in the prestenotic segment of the
right common iliac vein (CIV) and distal flow turbulence
due to compression by the right common iliac artery
(CIA) (Figure 1). The diagnosis was right-sided MTS.
IVUS (Philips, Volcano, Amsterdam, Netherlands)
confirmed a focal area of significant stenosis with a
reduced luminal area. DSV (Philips, DSV Azurion 7 m20
Flex Arm, Amsterdam, Netherlands) demonstrated a
stenotic segment with a filing defect consistent with
thrombus and collateral circulation. Endovascular
treatment included thrombectomy, balloon angioplasty,
and placement of uncovered self-expanding stents (Zilver
Vena Venous Self-Expanding Stent, Cook Medical,
Bloomington, IN, USA). Follow-up DSV showed adequate
stent expansion, restoration of luminal caliber, and
improved flow.

Case 2

A 74-year-old man presented with chronic edema of
the right lower limb, accompanied by pain, heaviness,
and fatigue, all worsened by prolonged standing.
Imaging findings: Doppler US (SonoScape, S9,
Guangzhou, Guangdong, China) showed compression
of the right CIV by the right CIA (Figure 2). The diagnosis
was right-sided MTS. IVUS (Philips, Volcano) showed

significant stenosis of the right CIV, with reduced luminal
area and minimum diameter. After placement of uncov-
ered self-expanding stents (Zilver Vena Venous Self-
Expanding Stent), intraoperative IVUS demonstrated
adequate expansion and restoration of vessel caliber.
DSV (Philips, Volcano) confirmed the pre-treatment
stenosis site, correct stent placement, and restoration of
venous flow.

Case 3

A 63-year-old man with a history of right iliofemoral
deep vein thrombosis and an inferior vena cava filter
presented with pain in his right lower extremity over
approximately 6 months. The pain progressively wors-
ened, with heaviness, distal edema, and visible vari-
cose veins. Symptoms were exacerbated by prolonged
standing and partially improved with rest and limb ele-
vation. Imaging findings: Doppler US (VINNO, E35)
showed iliac venous compression (Figure 3). The diag-
nosis was right-sided MTS. DSV (Philips, Volcano)
showed focal stenosis of the right CIV due to the right
CIA, with absence of opacification in its upper third and
collateral circulation, findings compatible with venous
compression and recanalized chronic thrombosis. After
thrombectomy and balloon angioplasty, multiple uncov-
ered self-expanding stents (Zilver Vena Venous Self-
Expanding Stent) were placed in the affected segment.
DSV showed restoration of venous flow in the upper third,
with no evidence of residual stenosis.

DISCUSSION

Multimodal imaging evaluation of right-sided MTS
caused by extrinsic iliac venous compression in three
men, using Doppler US, DSV, and IVUS, enabled
accurate diagnosis and efficient endovascular therapy,
including angioplasty and placement of uncovered
self-expanding stents to restore deep venous flow. This
is the first report of three men with right-sided MTS,
published for educational purposes.

The diagnosis of MTS is traditionally based on demon-
strating mechanical iliac venous stenosis in patients
with chronic venous stenosis or thrombosis, and clinical
suspicion is almost exclusively in the left limb''. The
combination of DSV with IVUS is considered the gold
standard for visualizing iliac vein compression and
establishing the diagnosis of MTS?. In our three reported
cases, the diagnostic protocol began with Doppler US,
which detected hemodynamic alterations characterized
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Figure 1. A 56-year-old male with progressive edema of the right lower limb over 7 months, accompanied by pain, heaviness, and fatigue during
standing. A: color Doppler and spectral US of the right common iliac vein show a pre-stenotic segment with decreased PSV
(28.39 cm/s), suggestive of proximal stenosis. B: color Doppler and spectral US of the upper third of the right common iliac vein show turbulent
flow with increased PSV (82.92 ¢cm/s) due to acceleration. These findings are consistent with right May-Thurner syndrome. C: IVUS demonstrates
stenosis of the right common iliac vein (yellow arrowhead), with a luminal area of 38.9 mm2 (reference value 150 mm?), confirming the stenosis.
D: IVUS after balloon angioplasty and placement of an uncovered self-expanding stent in the stenotic segment shows adequate expansion and
restoration of caliber, with a luminal area of 122.5 mm2 E: DSV shows a stenotic segment (blue arrowhead) and a filling defect in the upper
third of the right common iliac vein, compatible with thrombus (dotted square). F: DSV shows collateral venous vessels (blue arrowhead) se-
condary to the thrombus. G: DSV during endovascular therapy, post-thrombectomy, shows balloon angioplasty and placement of an uncovered
self-expanding stent in the stenotic segment. H: DSV after placement of an uncovered self-expanding stent in the right common iliac vein shows
restoration of luminal caliber and adequate opacification after intravenous administration of iodinated contrast media.

DSV: digital subtraction venography; IVUS: intravascular ultrasound; PSV: peak systolic velocity; US: ultrasound.
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Figure 2. A 74-year-old male with right lower-limb edema, associated with heaviness and pain that worsen with prolonged standing. A: intraope-
rative IVUS shows significant stenosis of the right common iliac vein (yellow arrowhead), with an area of 83 mm?2 and a minimum diameter
of 5.7 mm. The diagnosis is right May-Thurner syndrome. B: intraoperative IVUS after placement of an uncovered self-expanding stent in the
right common iliac vein shows adequate expansion and restoration of caliber (blue arrowhead), with an area of 190 mm2 and a minimum
diameter of 14.6 mm. C: intraoperative DSV shows a site of stenosis in the right common iliac vein before plasty (blue arrowhead). D: balloon
plasty and uncovered self-expanding stents, with indentation at the stenosis site still visible on the lateral wall of the vessel (blue arrowhead).
E: intraoperative DSV confirms correct positioning of the uncovered self-expanding stents and restoration of venous flow.

DSV: digital subtraction venography; IVUS: intravascular ultrasound.
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Figure 3. A 63-year-old male with right lower-limb pain for 6 months, associated with varicose veins and worsening symptoms with standing.
He is diagnosed with right May-Thurner syndrome. A: DSV with focal stenosis (yellow arrowhead) of the right common iliac vein and absence
of opacification in its upper third, associated with multiple collateral venous vessels (blue arrowhead and dotted square), consistent with
venous compression and chronic thrombosis with recanalization. B: post-thrombectomy fluoroscopic image shows placement of three uncovered
self-expanding stents (blue arrowheads) in the right common iliac vein after balloon angioplasty. The stenosis was corrected. C: DSV shows
restored venous flow through the segment with uncovered self-expanding stents and no residual stenosis.

DSV: digital subtraction venography.

by a marked decrease in PSV in the pre-stenotic seg-
ment and turbulent flow with a compensatory increase
in PSV distal to the site of obstruction due to thrombosis
or venous stenosis. All three patients showed imaging
findings of extrinsic compression of the right CIV by the
right CIA, with a clinical presentation of obstructive
venous symptoms. DSV complemented the diagnosis in
cases one and three by revealing filling defects consis-
tent with thrombosis and the development of multiple
collateral vessels secondary to chronic obstruction. The
incorporation of IVUS enabled precise identification of
intraluminal structures such as spurs and fibrosis and
accurate characterization of the degree of stenosis'®".
In our cases, IVUS overcame DSV'’s tendency to under-
estimate the severity of the obstruction’. Multimodal
evaluation with Doppler US as an initial method to iden-
tifty hemodynamic alterations, combined with DSV and

IVUS, allows characterization of stenosis and represents
the most accurate diagnostic strategy in right-sided
MTS1,3,11_

The principles of left-sided MTS management also
apply to rare right-sided MTS variants, yielding signifi-
cant clinical improvement with mechanical thrombec-
tomy and stent placement. In our three reported cases,
endovascular techniques, including balloon angioplasty
and placement of uncovered self-expanding stents,
effectively restored vein integrity and normalized deep
blood flow. The intervention immediately resolved the
mechanical stenosis, as confirmed by follow-up IVUS,
which demonstrated adequate expansion and resto-
ration of vessel caliber. Similarly, Chen et al.'® demon-
strated that endovascular treatment of non-thrombotic
iliac venous compression yields excellent patency with
uncovered self-expanding stents, which allow more
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precise positioning without migration. After deploying
the uncovered self-expanding stent, post-dilation with
larger balloons ensures proper stent attachment to the
vessel wall, providing stability against extrinsic com-
pression and chronic arterial pulsation'®'". This endo-
vascular approach represents a critical advancement
over open surgery, as it allows direct visualization of
the degree of obstruction and repair of intraluminal
stenosis without the morbidity associated with open
surgery. Placement of uncovered self-expanding stents
is essential when persistent stenosis remains after
angioplasty, ensuring vessel stability against extrinsic
compression and chronic arterial pulsation'’. These
techniques enable conclusive diagnosis and treatment
in a single procedure, minimizing hospital stay®',

CONCLUSION

Multimodal evaluation with Doppler US, DSV, and IVUS
enabled accurate diagnosis and efficient endovascular
management of right-sided MTS, resulting in complete
restoration of deep venous flow in all three patients. Key
imaging findings included decreased PSV and distal
turbulence on Doppler US, significant focal stenoses
with reduced luminal area on IVUS, and visualization
of chronic thrombi and collateral circulation on DSV.
Therefore, right-sided MTS should be considered in the
differential diagnosis of unilateral edema or thrombosis
of the right lower extremity. Multimodal assessment of
extrinsic iliac venous compression should be prioritized.
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Contrast-enhanced CT findings of primary pancreatic lymphoma with
bilateral renal involvement
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A 13-year-old girl presented with a one-month history
of jaundice, abdominal pain, and weight loss. Con-
trast-enhanced computed tomography (CECT) showed a
hypoenhancing pancreatic head mass encasing the por-
tal vein and superior mesenteric artery without vascular
occlusion (Figure 1A). At a higher axial level, intrahepatic

bilateral, rounded, hypoenhancing renal parenchymal
masses, compatible with lymphomatous renal involve-
ment (Figure 2A). The pancreatic head mass was as-
sociated with intrahepatic and extrahepatic biliary duc-
tal dilatation (Figure 2B). No significant retroperitoneal
or peripancreatic lymphadenopathy was identified. Ul-

biliary ductal dilatation and hepatosplenomegaly,
consistent with distal biliary obstruction, were observed
(Figure 1B). Coronal reformatted images showed multiple

trasound- guided biopsy of a renal lesion revealed B-cell
lymphoblastic lymphoma. The diagnosis was primary pan-
creatic lymphoma (PPL) with bilateral renal involvement.

Figure 1. A 13-year-old girl was evaluated for a one-month history of jaundice, abdominal pain, and weight loss. A: axial CECT image shows
a hypoenhancing mass in the pancreatic head (dashed circle) with encasement of the portal vein (yellow arrowhead) and the superior me-
senteric artery. Multiple bilateral hypoenhancing renal parenchymal masses are also present (asterisks). B: CECT image at a more cranial
level shows hepatosplenomegaly and marked intrahepatic biliary duct dilatation (white arrowheads). An ultrasound-guided biopsy of a renal
lesion revealed B-cell lymphoblastic lymphoma. The diagnosis was PPL with bilateral renal involvement.

CECT: contrast-enhanced computed tomography; PPL: primary pancreatic lymphoma.
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Figure 2. A 13-year-old girl was evaluated for a one-month history of jaundice, abdominal pain, and weight loss. A: coronal CECT reconstruction
shows bilateral renal involvement with multiple rounded, hypoenhancing parenchymal masses (asterisks), consistent with lymphomatous
infiltration. B: coronal CECT reconstruction shows a hypoenhancing mass in the pancreatic head (dashed circle), with intrahepatic (yellow
arrowheads) and extrahepatic (white arrowheads) biliary duct dilatation, consistent with distal biliary obstruction. Hepatosplenomegaly is

present. The diagnosis was PPL with bilateral renal involvement.

CECT: contrast-enhanced computed tomography; PPL: primary pancreatic lymphoma.

PPL is a rare neoplasm, particularly in the pediatric
population'. It poses a diagnostic challenge because of
its clinical and imaging similarities to other pancreatic
lesions, primarily pancreatic adenocarcinoma?. An
accurate diagnosis is crucial because treatments differ
significantly: PPL responds well to chemotherapy,
whereas adenocarcinoma requires surgical resection?.
CECT findings, such as a bulky mass that encases
vessels without occlusion and the absence of signifi-
cant pancreatic ductal dilatation, help differentiate PPL
from adenocarcinoma®#. Although PPL itself is uncom-
mon, its presentation can be even more atypical, as
demonstrated by rare cases of simultaneous bilateral
renal involvement, which further underscores its diag-
nostic complexity®.
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