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EDITORIAL

Radiologists’ empowerment through artificial intelligence

Guillermo Elizondo-Riojas
Department of Radiology, University Hospital, Universidad Autonoma de Nuevo Leon, Monterrey, Nuevo Leon, Mexico
ORCID: 0000-0002-9555-430X

On March 5™ there was an article in the New York
Times', and an interview in CNN? on March 7%, inform-
ing that an artificial intelligence (Al) algorithm detected
a breast cancer 4 years before that a radiologist on a
mammogram. This is a little misleading since this was
a retrospective study and with the “retroscope”, as we
usually say in medicine, it's very easy to see if some-
thing was there. The point is that the computed assisted
detection (CAD) system found this without knowing that
the images were from the same patient!. It’s not the
point to discuss the paper here, but the concept that
sooner rather than later, Al will be part of our normal
practice. As a matter of fact, on one interview, one of
the authors says: “I'm dreaming about the day when
women are going to a breast cancer center and they
are asking, ‘Do you have A.l. or not?”.

On March 14 the “Pi Day” (3.14), GPT4 was
announced and made public. It has now more contextual
features, more processing power, voice recognition, but
more importantly for us, the capabilities to process and
analyze imaging and contextualize them, let’s say, with
the electronic medical record of each patient.

But let’s contextualize this. Radiology is a critical field
in modern medicine with medical imaging playing an
essential role in the diagnosis and treatment of various
diseases. One of the most significant challenges we
are facing today is the growing workload and pressure
to process large volumes of medical images. Al
algorithms have demonstrated an ability to quickly and
accurately analyze these images, allowing us to process
more cases in less time. By automating routine and
repetitive tasks, Al can reduce our workload, freeing up
us to focus on more complex cases or engage in direct
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patient care. Additionally, Al can help to prevent us for
the burnout, which is becoming a common issue in our
field due to the high and demanding workload.

For example, in busy radiology departments, priori-
tizing cases based on severity or the likelihood of a
critical condition is crucial to ensure that patients with
urgent needs are attended promptly. Al can be used to
triage cases automatically, evaluating the urgency of
each case and flagging those that require immediate
attention. This will enable us to focus on the most crit-
ical cases first, potentially saving lives and improving
patient outcomes, and reducing workload and anxiety
associated with the triage process.

Every day, more and more research papers are pub-
lished describing that the new deep learning and gener-
ative transformer algorithms can be trained to recognize
subtle patterns and abnormalities in medical images that
may be difficult for the human eye to detect. By aug-
menting our capabilities as radiologists, Al can help us
to improve our diagnostic accuracy and minimize the risk
of missed or misinterpreted findings. This has the poten-
tial to significantly impact patient care, as early and
accurate diagnosis is crucial for optimal treatment and
prognosis, as the case of breast cancer that was dis-
cussed above. Moreover, Al algorithms can continuously
learn and improve, resulting in ever-increasing levels of
accuracy over time. With the use of ChatGPT-like algo-
rithms, we can even learn from “them,” as they now
explain why they categorized the findings as they did or
why they suggested certain actions for a particular
patient?.

In this context, Al's ability to identify patterns and
correlations in large datasets can contribute to the

Available online: 13-07-2023
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development of personalized medicine. By integrating
radiology findings with other patient information, such
as electronic medical records, genomics, and other
biomarkers, Al can provide a more holistic view of a
patient’s health. This can help us and other medical
specialists develop tailored treatment plans based on
each patient’s unique needs and circumstances, ulti-
mately leading to better patient outcomes.

In our everyday practice, we are often faced with
complex cases and challenging diagnostic dilemmas.
Al-driven decision support tools can assist us in making
more informed decisions by providing us with relevant
clinical information, contextual data, and evidence-
based recommendations. This can help improve patient
outcomes by ensuring that we have access to the most
up-to-date information and can make well-informed
decisions regarding diagnosis and treatment.

Besides the patient care and imaging workflow
capabilities, Al can also be an important aid for teaching
and medical education. The rapid advancements in
medical imaging techniques and the increasing
complexity of cases necessitate continuous learning
and skill development for radiologists. Al-powered
teaching tools can help us learn and improve our skills
by providing instant feedback, simulating complex
cases, and tracking progress over time. These tools
can be particularly valuable for trainees and residents,
allowing them to learn from real-life cases and receive
immediate feedback on their performance. Furthermore,
Al-driven education platforms can adapt to the individual
learner's needs, identifying areas of weakness and
providing targeted training materials, leading to more
efficient and effective learning. Some of these “apps”
are actually being used by some of our residents in
several institutions around the world.

Al also has the potential to facilitate the discovery of
new imaging biomarkers (Radiomics), disease associ-
ations, and predict treatment outcomes, which can
drive the development of new imaging techniques and
therapies. By analyzing large datasets and identifying
patterns and correlations, Al can uncover previously
unrecognized relationships between radiomic and
imaging findings and clinical outcomes. This can help
to do research on designing more targeted studies,
accelerate the development of novel imaging tech-
niques, and ultimately improve patient care.

Asradiology isincreasingly becoming a multidisciplinary
field, with radiologists collaborating with other healthcare
professionals, such as oncologists, surgeons, and
pathologists to provide comprehensive patient care,

Al-powered platforms can help connect us with other
specialists, facilitating collaboration on complex cases
and fostering a multidisciplinary approach to patient
care. By enabling a better communication and data
sharing, these platforms can facilitate the diagnostic
process and ensure that all patient’s doctors have
access to the information they need to make informed
decisions.

Last but not least, in the age of patient-centered care,
it is essential for patients to understand their medical
imaging results and be actively involved in their care.
Al-driven tools can help patients better understand
their imaging findings by providing clear, easy-to-
understand explanations and visualizations. Al tools can
empower patients to take an active role in managing
their health and make informed decisions about their
care. Furthermore, enhanced patient engagement has
been linked to improved patient satisfaction and better
health outcomes.

In summary, | am sure that Al will revolutionize the
field of radiology by augmenting our capabilities and
improving our efficiency, accuracy, and patient care.
While Al is not intended to replace us, it can support
and enhance our work, allowing us to focus on complex
cases, engage in direct patient care, and collaborate
more effectively with other medical professionals. By
combining the strengths of both human and machine
intelligence, the integration of Al into radiology has the
potential to transform our practice and ultimately lead
to better patient outcomes. It is essential for the radiol-
ogy community to embrace Al and actively participate
in its development and implementation to ensure its
responsible and ethical use in our specialty*.
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ABSTRACT

Diagnosing congenital neck masses in the pediatric population can be challenging, since the differential diagnosis often
includes rare or unfamiliar entities, and there is overlap in clinical presentation and imaging findings. A thorough understan-
ding of embryology, anatomy, and common lesions in the pediatric neck, along with the typical location, clinical presentation,
and imaging findings of commonly encountered pediatric nheck masses significantly decreases unnecessary testing and
delay in diagnosis and treatment. The purpose of this article is to present congenital lesions of the pediatric neck with per-
tinent embryology, clinical presentation, and imaging considerations.

Keywords: Branchial cleft. Branchial arch. Thyroglossal duct cyst. Thymus. Lymphatic malformation. Dermoid.

INTRODUCTION

Neck masses are not infrequently encountered in
the pediatric population and comprise a wide spec-
trum of benign and, less commonly, malignant entities.
Etiologies include congenital and anomalous develop-
mental lesions, nodal pathology, infectious/inflamma-
tory processes, and tumors, among others. In this
article, we focus on congenital entities, a lesion cate-
gory that is particularly important to bear in mind
among the pediatric population.

combination with the fourth arch, leaving 4 main arches
that are commonly discussed with congenital pediatric
lesions. On each side, there are four branchial (or pha-
ryngeal) arches separated from one another externally
by grooves (or clefts) and internally by pouches'.
Between the cleft and the pouch at each level is the
respective branchial plate?3. The outer surface of the
branchial apparatus, including the clefts, is lined by
ectoderm, and the inner surface of the branchial appa-
ratus, including the pouches, is lined by endoderm. The
branchial plate is made of mesoderm?3. A neurovascular
component supplies each arch which also contains
cartilage.

Branchial apparatus anomalies . ,
Between the third and seventh weeks of gestation,

The branchial apparatus has a major contribution to
the development of the head and neck. There are six
pairs of branchial arches that form at the fifth and sixth
week of gestation. The fifth arch regresses in humans,
and the sixth arch is often small, and discussed in
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the branchial apparatus undergoes complex morpho-
logical changes and differentiation, resulting in gradual
obliteration of the clefts and pouches via “invasion”, or
filling-in, by surrounding mesenchyme, and subsequent
maturation of various portions into the different head
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Table 1. Branchial apparatus and derivatives
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Arch Pouch derivatives Arch derivatives (mesoderm) Cleft
number (endoderm) ) . derivatives
Cartilage Bo.ne/ Muscle Connective tissue Nerve (emiasiem
cartilage
derivatives
First Middle ear Meckel's Maxilla Muscles of Anterior ligament Trigeminal External
(mandibular) Eustachian tube Mandible mastication of malleus (CNV) auditory
Zygoma Mylohyoid Sphenomandibular canal
Temporal bone Anterior belly of ligament
Malleus digastric
Incus Tensor veli palatini
Tensor tympani
Second Palatine tonsil Reichert’s  Styloid process Facial muscles Stylohyoid Facial Sinus of His
(hyoid) Lesser horn and  (incl. Buccinator, ligament (CN VI
upper body of  platysma, posterior
hyoid Belly of digastric)
Stapes Stylohyoid
Stapedius
Third Inferior parathyroid None Greater horn Stylopharyngeus None Glossopharyngeal  Sinus of His
Thymus and lower body (CN IX)
pyriform fossa of hyoid
Fourth Superior None Thyroid Pharyngeal and None Vagus Sinus of His
parathyroid cartilage extrinsic laryngeal (CN X)
Apex of pyriform Corniculate muscles
sinus cartilage Levator veli palatini
Ultimobranchial Cuneiform
body cartilage

CN: cranial nerve.

and neck structures®4. The mature head and neck car-
tilages, bones, muscles, ligaments, and associated
neurovascular structures derived from each of the bran-
chial arches, clefts, and pouches are listed in Table 1.

Branchial apparatus anomalies are thought to occur
by either the persistence of vestigial cellular remnants
within solid neck tissue, or incomplete obliteration of
clefts and pouches during morphological evolution of the
apparatus. Depending on the location of the vestigial
remnants or the extent of failed obliteration, anomalies
may manifest as cysts, sinuses, or fistulae. A cyst is a
focal fluid collection lined by epithelium surrounded by
soft tissue. A sinus is a blind-ending tubular or saccular
structure with communication either to the skin externally
or to the pharyngeal lumen internally. A fistula connects
to both the skin externally and the pharyngeal lumen
internally and is thought to arise secondary to persistence
of a portion of the branchial cleft with concomitant
rupture of the branchial membrane, resulting in a
complete external-internal communication®>®,

In general, the treatment of all branchial apparatus
anomalies is complete surgical excision of the lesion
with its associated sinus or fistulous tract. In cases of
third and fourth arch anomalies, cannulation and che-
mo-cauterization of the internal opening in the pyriform

sinus and associated fistulous tract may be done, how-
ever long-term efficacy of this method is not well-doc-
umented’. If a fourth arch anomaly is found, an
ipsilateral hemithyroidectomy should be performed.

First branchial cleft anomalies

First branchial cleft anomalies (BCA) are rare and
account for less than 10% of all branchial apparatus
anomalies and are more common in females®®. Most
of these anomalies present as cysts, but a minority of
cases can also present as sinuses or fistulae®. They
may communicate with the external auditory canal or,
rarely, the middle ear.® Based on the clinical and histo-
pathological features, the first BCA were classified into
two groups by Work'™.

Work type | anomalies are duplications of the mem-
branous external auditory canal and are composed of
ectoderm/keratinized stratified squamous epithelium.
These lesions manifest as cystic masses near the ear,
medial to the conchal cartilage and superficial to the
facial nerve and may extend to the postauricular region'°.

Work Type Il anomalies contain ectodermal and meso-
dermal elements and can manifest as a cyst, sinus,
fistula, or any combination of these'®. They manifest as
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Figure 1. First branchial cleft cyst. A: axial T2-weighted image shows a Work type | first branchial cleft cyst along the external auditory canal
(arrow). B: axial post-contrast fat-suppressed T1-weighted image shows a Work type Il first branchial cleft cyst (arrow). Notice the central
cystic component with peripheral enhancement that may represent mild inflammatory change.

a swelling or mass in the pre-, infra-, or postauricular
region at or below the mandibular angle. In cases where
there is an associated sinus or fistula, the external
opening is near the angle of the mandible and the
internal opening is inferior to or in the membra-nous
external auditory canal, typically at the bony-cartilaginous
junction. The tract is closely associated with or deep to
the facial nerve*', Clinical presentations vary and
patients may present with swelling near the ear, parotid,
or mandibular angle with cervical and/or auricular
symptoms. Auricular symptoms may include recurrent
otorrhea which may be mucoid or, if infected, purulent.
Cervical signs may include a pit near the mandibular
angle with mucoid or purulent drainage, and recurrent
unilateral parotitis.

In general, ultrasound is the first-line modality of
choice in the evaluation of superficial head and neck
masses, especially in the pediatric population. Ultrasound
is quick and cost-effective and provides information
about the size, shape, location, vascularity, and internal
content of the lesion and its relationship with the
surrounding structures'. On ultrasound, a first bran-
chial cleft cyst is a well-circumscribed rounded or oval
anechoic cystic structure with posterior acoustic
enhancement. A complex cystic structure with internal
septations and peripheral hypervascularity can be seen
in the setting of superimposed infection (Figure 1). For
delineation of a potential concurrent sinus or fistulous
tract, a high-resolution magnetic resonance imaging
(MRI), conventional fluoroscopy, or computed tomogra-
phy (CT) fistulogram may be helpful, as resection of the
tract is necessary to prevent future recurrence'?. A
fistulous tract between the lesion and external auditory
canal may been seen on heavily T2-weighted MR imag-
ing, which would confirm the diagnosis of a first BCA.

The differential diagnosis of a first branchial cleft cyst
includes other cystic lesions near the external auditory
canal and in or adjacent to the parotid: lymphatic
malformation (often multicystic, transpatial, and with
fluid-fluid levels), cystic node (including benign etiologies
such as mycobacterium infection and malignant
etiologies such as metastatic papillary thyroid carcinoma,
so the clinical context is important), pilomatricoma
(especially if close to the skin surface), and sialocele,
lymphoepithelial cyst, and cystic primary salivary tumor
(if in the parotid gland). Dermoid and epidermoid cysts
would show low-level echoes within the lesion on
ultrasound and different signal (e.g., diffusion weighted
imaging (DWI) hyperintensity) on MRI.

Second branchial cleft anomalies

The second branchial apparatus anomalies are most
frequent, accounting for as many as 67% to 93% of all
branchial anomalies' . They are the second-most com-
monly identified congenital head and neck malformations
after thyroglossal duct anomalies*. Second branchial cleft
cysts are three times more common than second bran-
chial sinuses and fistulae. Second branchial cleft cysts
present at a later age, compared to sinuses and fistulae,
usually in the second to the fourth decade of life with the
mean age being 40 years'®'8, Caution should be taken
when considering a second branchial cleft cyst as a
potential diagnosis in any adult patient, as cystic/necrotic
lymph nodes from metastatic squamous cell carcinoma
are much more common than the second branchial cleft
cysts in the adult population. Less than 3% of all second
branchial cleft lesions are seen in adults over 40'°.

The external opening of the second branchial anomaly,
when present, is usually located along the anterior



N. Shekhrajka et al. Imaging of congenital neck pathologies

Figure 2. Second branchial cleft cyst. A: ultrasound, and B: contrast-enhanced CT of the neck show a thin-walled well-circumscribed non-en-
hancing hypoechoic/hypodense lesion between the left submandibular gland and sternocleidomastoid muscle, anterior/superficial to the
carotid sheath, consistent with Bailey type Il second branchial cleft cyst (arrows). C: ultrasound and D: contrast-enhanced CT of the neck
show a more complex thick-walled hypoechoic/hypodense lesion deep to the right sternocleidomastoid muscle with internal septations,
enhancement of the walls and peripheral fatty stranding, consistent with an infected Bailey type Il second branchial cleft cyst (arrows).

CT. computed tomography.

border of the sternocleidomastoid muscle in the mid-to-
lower third of the neck. A second branchial sinus or
fistulous tract follows a course that involves the skin at
that level (mid-to-lower third anterolateral neck), pierces
the platysma, courses cranially along the carotid sheath
to the level of the hyoid bone, turns medially under the
posterior belly of the digastric muscle and over the
hypoglossal nerve. It then courses between the internal
and external carotid arteries, deep to the stylohyoid
ligament, superficial to the glossopharyngeal nerve, and
terminates at the tonsillar fossa'®". A second branchial
cleft cyst can be found anywhere along this tract from
the anterior border of the sternocleidomastoid muscle
to the tonsillar fossa. A classification system proposed
by Bailey?® in 1929 dividing the cysts into four types
depending on their anatomic location from lateral to
medial is still widely accepted.

Bailey Type I: The lesion is anterior to the sternoclei-
domastoid muscle and does not touch the carotid
sheath.

Bailey Type II: The most common type of second
branchial cleft cyst, the lesion is deep to the sternoclei-
domastoid muscle, posterior to the submandibular
gland, and immediately lateral to the carotid sheath
(Figure 2).

Bailey Type Ill: The lesion extends between the
internal and external carotid arteries and is lateral to
the pharynx.

Bailey Type IV: The lesion is medial to the carotid
sheath close to the pharynx and tonsillar fossa.

Fistulae and sinuses are usually present in infancy or
early childhood as chronic drainage from an opening in
the anterolateral neck along the anterior border of the
sternocleidomastoid muscle®. Cysts are more frequently
diagnosed during the second to fourth decade of life as
a progressive non-tender lump or swelling, usually noticed
when they enlarge rapidly in the setting of a respiratory
tract infection or infection within the cyst itself. An infected
cyst may present with pain or mass effect, resulting in
dyspnea or dysphagia. An infected cyst may develop into

85



86

J Mex Fep RabioL ImaGing. 2023;2(2):82-97

Figure 3. Retropharyngeal suppurative lymphadenitis. Contrast-
enhanced CT of the neck shows a peripherally enhancing hypodense
lesion in the left retropharyngeal space with surrounding soft tissue
edema and fat stranding, consistent with retropharyngeal suppurati-
ve lymphadenitis (arrow). Note the anterolateral displacement of the
left parapharyngeal fat pad indicating the lesion location in the retro-
pharyngeal space.

CT: computed tomography.

a frank abscess and may rupture to the skin, resulting in
a “pseudo-sinus” tract or opening.

Ultrasound may be used as an initial assessment
modality and can guide subsequent imaging. CT or MRI
with contrast is helpful not only to assess the size, loca-
tion, and contents of the cyst, but also to determine its
relationship with surrounding structures and delineate
potential associated sinus or fistulous tract. Especially
in adults, a fine needle aspiration (FNA) biopsy of the
cyst wall lining may be needed to rule out other possible
etiologies, and this may be performed under ultrasound
guidance?'.

Important differential diagnostic considerations for a
Bailey type Il second branchial cleft cyst include level
[l metastatic cystic/necrotic lymphadenopathy and sup-
purative lymphadenitis (if there is superimposed inflam-
matory change, Figure 3), and tuberculous granuloma
or mycobacterial adenitis. A lymphatic malformation is
possible in almost all locations in the neck, and is an
especially pertinent differential diagnosis for a cystic
cervical lesion in a child. A thyroglossal duct cyst is
generally more anterior and midline or, when infrahyoid,
in a paramedian location related to the strap muscles
and/or close to the thyroid cartilage. A dermoid cyst is
also usually found in the anterior midline neck
superficially?!.

Third and fourth branchial cleft anomalies

Third branchial arch anomalies are rare with a
reported incidence of 2-8%'3'62!, The external opening
of third branchial arch anomalies is along the anterior
border of the sternocleidomastoid muscle in the lower
neck. The sinus or fistulous tract, if present, passes
deep to the platysma, along the carotid sheath, deep
to the glossopharyngeal nerve, superficial to the hypo-
glossal nerve, pierces the thyrohyoid membrane cranial
to the superior laryngeal nerve to terminate into the
pyriform sinus?'.

Fourth branchial arch anomalies are extremely rare
with a reported incidence of 1-2%'3'62!. From the
external opening along the anterior border of the
sternocleidomastoid muscle in the lower neck, usually
on the left side, the fistulous tract of the fourth branchial
pouch extends down posterior to the internal carotid
artery. On the right it loops under the subclavian artery
whereas on the left it loops under the aortic arch and
courses cranially lateral to the trachea and recurrent
laryngeal nerve, passing inferior to the superior
laryngeal nerve with internal opening in the pyriform
sinus at the level of cricothyroid joint. Due to its
convoluted course, a complete fourth branchial fistula
has never been clinically described?".

More commonly, both third and fourth branchial tracts
do have an opening at the pyriform sinus, descending
a short distance in the neck, but with the other side
blind-ending within the soft tissues of the neck in the
paratracheal or thyroid region. It is generally clinically
difficult to distinguish between these two. On the skin
side, there have been a few case reports describing
tracts from the anterior border of the sternocleidomas-
toid muscle extending down below the clavicle into the
mediastinum?>24_ |t is therefore of key importance to
determine the relationship of the anomalous tract with
the superior and recurrent laryngeal nerves during sur-
gery. A course inferior to the superior laryngeal nerve
and superior to the recurrent laryngeal nerve suggests
a fourth pouch origin, while a course superior to the
superior laryngeal nerve suggests a third pouch ori-
gin®>%, Termination or adherence of an anomalous
sinus tract to the lateral aspect of the thyroid gland may
suggest a fourth pouch origin, since the lateral thyroid
primordia and superior parathyroid glands are derived
from the fourth pouch?"?".

Clinically, a third and fourth branchial anomaly may
present as a pit or draining sinus along the anterior
border of the sternocleidomastoid muscle in the
lower neck. Third branchial anomalies can present
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Figure 4. Fourth branchial cleft anomaly. A-B: axial contrast-enhanced CT, and C-D: axial T1-weighted post-contrast MRI show diffuse inflam-
matory changes with edema and contrast enhancement within and around the left thyroid lobe (arrows). There are also small multifocal foci
of peripherally enhancing hypodense abscesses in the region. Findings are consistent with left-sided thyroiditis. E: coronal video fluoroscopic
swallow study depicts a thick linear area of ingested contrast passing through the left pyriform sinus towards the left thyroid lobe (arrow),
consistent with the fistulous/sinus tract. Findings are consistent with a left-sided fourth branchial cleft anomaly.

CT: computed tomography; MRI: magnetic resonance imaging.

with hypoglossal nerve palsy in the setting of
infection. Fourth branchial anomalies can present
with acute or recurrent suppurative thyroiditis, usually
on the left (Figure 4)?8. Occasionally the fourth
branchial anomalies can also present as a “cold
thyroid nodule” on scintigraphy or may be mistaken
for a thyroglossal duct cyst?®. Other presentations
may include a rapidly enlarging lateral neck infection
in neonates as they start to swallow with the potential
to compromise the airway, recurrent upper respiratory
tract infections, neck or thyroid pain, or recurrent
cervical abscesses. A CT or MRI in conjunction with
a fluoroscopic barium pharyngogram study may
occasionally be able to demonstrate the tract
connecting to the pyriform sinus (Figure 4). Direct
pharyngoscopy may allow visualization of the tract
opening in the pyriform sinus.

Branchial anomalies may be associated with or be a
prominent feature in congenital syndromes, such as
mandibulofacial dysostosis (Treacher Collins syndrome,
bilaterally symmetrical first and second branchial arch
anomalies), velocardiofacial syndrome (DiGeorge syn-
drome, anomalies of the third and fourth branchial
pouches resulting in maldevelopment of thymus and

parathyroid glands), Oculo-auriculo-vertebral spectrum
(Goldenhar syndrome/hemifacial microsomia, malde-
velopment of first and second arch structures, pre-
auricular pit or sinus) and branchio-oto-renal (BOR)
syndrome (pre-auricular pit and second branchial cleft
cyst, sinus, or fistula).

Thyroglossal duct anomalies

During the third week of gestation, the endodermal
lining in the midline of the primitive pharynx, at a level
between the first and second branchial pouches,
becomes thick, giving rise to the tuberculum impar.
From here, a diverticulum develops, from which thyroid
primordia descend to its final location in the lower neck.
This diverticulum remains as a pit at the junction of the
anterior two-thirds and posterior one-third of the tongue,
called the foramen cecum®. As the thyroid primordia
descends, it retains an attachment to the foramen
cecum by the means of a thin epithelial stalk. This stalk
canalizes to become the thyroglossal duct by the begin-
ning of the fifth week of gestation and passes anterior
to the hyoid bone and laryngeal cartilages. Remodeling
of the hyoid bone after the passage of the thyroglossal
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duct creates the hooked appearance of the thyroglossal
duct around the inferior and posterior border of the
hyoid bone3®%". The Thyroid is hollow during early
descent, but solidifies as follicular elements form during
the descent®. The thyroid becomes bilobed by the end
of the fifth week, descends to its final position by the
seventh week, and the thyroglossal duct obliterates by
the ninth or tenth week of gestation?30:32,

Thyroglossal duct (TGD) anomalies are the most
common congenital head and neck malformation*.
They may be related to incomplete descent of thyroid
primordia resulting in remnants along the course of the
thyroglossal duct, or related to incomplete involution of
the thyroglossal duct itself resulting in a thyroglossal
duct cyst or fluid-filled segment of the tract. When there
is incomplete descent of thyroid primordia, ectopic
thyroid tissue can be present anywhere along the TGD
tract and can range from a small rest of cells to the
entire gland. When thyroid tissue remains at the
foramen cecum, it is termed lingual thyroid (Figure 5).
Lingual thyroid may be the only functioning thyroid
tissue in up to 70-80% of patients with this anomaly,
and its removal may lead to hypothyroidism*33. It is
important to bear in mind that ectopic thyroid tissue can
undergo the same disorders as ectopically located
thyroid gland, such as hyperthyroidism, thyroiditis, and
carcinoma3%:34,

When there is failure of TGD involution, a thyroglossal
duct cyst (TGDC) or sinus results, and this may occur
anywhere along the tract from the posterior tongue to the
thyroid isthmus. A TGDC is lined by respiratory epithelium,
which accounts for the viscous fluid found within the cyst
secreted by the mucus glands. Occasionally, lymphoid
tissue can also be seen along the walls of the TGDC,
resulting in inflammation and enlargement in the setting
of respiratory infection. A TGDC does not contain skin
appendages or cholesterol crystals, contrary to branchial
cleft cysts®. Two-thirds of thyroglossal duct anomalies
present in the first to third decades of life, with more than
half in the first decade. There is no gender predilection®.
The majority of the cases are sporadic, but can rarely be
familial®®. Approximately 90% of TGDCs occur in the
midline neck. A smaller proportion of the cysts can be
found in a paramedian location, usually in the infrahyoid
region (two-thirds of paramedian TGDCs). Very rarely,
intralingual TGDCs can be seen3%%,

Many TGD anomalies are asymptomatic and
incidentally found. When symptomatic, the common pre-
sentation is a painless, mobile midline or near midline
neck mass which often moves with swallowing or tongue
protrusion. TGDCs are prone to infections due to their

Figure 5. Ectopic thyroid. A: axial contrast-enhanced CT of the neck
at the level of tongue base, and B: at the level of thyroid bed shows
a well-circumscribed rounded hyperattenuating lesion in the midline
tongue base at the expected location of the foramen cecum consis-
tent with ectopic thyroid tissue (arrow). Also, note no appreciable
thyroid tissue in the thyroid bed.

CT: computed tomography.

anatomic relation with the oral cavity and approximately
one-third of the individuals with a TGD anomaly present
when the lesion undergoes acute or recurrent infection,
more commonly in adults®. The most common patho-
gens include Haemophilus influenzae, Staphylococcus
aureus, and Staphylococcus epidermidis. The TGD
does not communicate with the skin during embryogen-
esis but may present with a sinus tract in the midline
neck due to abscess with spontaneous rupture or surgi-
cal drainage3%2,

A minority of patients can also present with a foul
taste in the mouth if drainage occurs through the
foramen cecum. Rare presentations may include
feeding difficulties, respiratory distress, and sudden
infant death syndrome by the lesions at the tongue
base838-4°, TGDC may contain solid thyroid tissue. In
approximately 1.5% of patients with TGDC, the only
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functional thyroid tissue is located within the TGD®.
These patients often have hypothyroidism with elevated
TSH and resultant hypertrophy of the ectopic thyroid.
Rarely, patients may also present with a malignancy
within the thyroid tissue of a TGD, with papillary
carcinoma being the most common histological type*'.

Ultrasound is the modality of choice, especially in the
pediatric population, not only to characterize the lesion
but also to identify any orthotopic thyroid tissue within
the neck. CT and MRI may be needed in cases of
larger, recurrent, or complex lesions. On ultrasound, a
TGDC is a well-circumscribed hypo- or anechoic struc-
ture in the midline or paramedian neck with posterior
acoustic enhancement. On CT or MRI, the TGDC
appears as a well-circumscribed thin-walled, fluid filled
structure in the neck along the course of TGD with an
intimate relation to the tongue base, hyoid bone, or
strap muscles depending on the level it is found
(Figure 6). Internal septations and debris may be seen
due to proteinaceous material. Thickening of the cyst
wall with increased peripheral vascularity may be noted
in the setting of infection. Solid tissue associated with
the cyst may represent ectopic thyroid rest, but rarely
could represent a thyroid malignancy, especially when
there are associated foci of calcification (Figure 6).

Papillary carcinoma is the histological subtype in
more than 80% of the cases of thyroid malignancy in a
TGDC#43, Given the risk of recurrent infections and
the potential for harboring malignancy in the presence
of a mural nodule or calcifications, surgical resection is
generally advisable. A normally positioned thyroid
gland in the neck must be confirmed before surgery, as
the ectopic thyroid may be the only functioning thyroid
tissue, resection of which may lead to a hypothyroid
crisis and/or render patients permanently hypothyroid.

There is generally not much of a differential diagnosis
for a TGDC. At times, a midline cervical dermoid may
have a CT or ultrasound appearance resembling a
TGDC with internal complex debris, but the location is
often slightly different, with a dermoid usually more
superficial and remaining midline or near-midline even
in the lower neck. A thymic cyst is more lateral. Third
or fourth branchial anomalies most often present as
recurrent perithyroidal inflammation or edema leading
to the pyriform sinus.

Cervical thymus

The thymus originates from the endoderm of the
third branchial pouch during the sixth week of
gestation®#4. More specifically, the thymus arises from

the ventral part of the third pouch, whereas the inferior
parathyroid gland arises from the dorsal part. The
thymic primordia migrate inferiorly along the
thymopharyngeal ducts, one on each side, which fuse
in the midline neck by the eighth week of gestation
before reaching the superior mediastinum by the
twelfth week. The lumen of the thymopharyngeal duct
is obliterated by endothelial proliferation and transforms
into a solid cord called a thymopharyngeal cord. By
the tenth week of gestation, the thymopharyngeal cord
is destroyed by adjacent mesenchymal cells. The
remaining epithelium transforms into Hassall’'s
corpuscles®. Failed or incomplete involution, migration,
or sequestration of the thymopharyngeal duct or cord
may result in remnant or ectopic thymic tissue along
its path. A cervical thymic cyst is a result of cystic
degeneration of remnant thymic tissue, thymic
(Hassall's) corpuscles, or thymopharyngeal duct.

Cervical thymic cysts are uncommon with only around
150 cases reported in the literature, but probably occur
much more frequently than reported as they are mostly
asymptomatic and discovered incidentally*s. They may
become symptomatic due to rapid enlargement sec-
ondary to infection or hemorrhage*46. Asymptomatic
ectopic thymic tissue in the neck has been reported in
10% of adults and over 30% among the pediatric pop-
ulation on autopsy*”“8. More than two-thirds of cervical
thymic cysts are diagnosed in the first decade of life,
usually after 2 years of age, with males being affected
twice as often as females?4%4%50, They can present as
a cystic mass in the lateral or midline neck anywhere
between the mandibular angle to the mediastinum,
more commonly on the left side, and often in or near
the anterior triangle of the lower neck, paralleling the
sternocleidomastoid muscle, within or adjacent to the
carotid sheath*>46:505" These cysts may be present at
birth, or may develop after birth within ectopic thymic
tissue. Those present at birth develop from the per-
sistent remnants of the thymopharyngeal duct and are
usually unilocular. They can be large, involving the
almost entire duct spanning the length of the neck, in
which case they are referred to as thymopharyngeal
duct cysts*>52, The thymic cysts that develop after birth
result from degeneration of thymic corpuscles within
ectopic thymus along the thymopharyngeal duct, and
are more often multilocular*.

Cervical ectopic thymus demonstrates the same
imaging characteristics as normally positioned thymus.
On ultrasound, the thymic tissue demonstrates multi-
ple linear hyperechoic septae and homogeneously
distributed speckled hyperechoic foci (Figure 7)™5%5,
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Figure 6. Thyroglossal duct cyst. A-B: axial, and C: sagittal contrast-enhanced CT of the neck show a thin-walled hypodense lesion in the
midline neck, deep to the strap muscles, extending from the undersurface of the hyoid bone to the level of the thyroid cartilage (arrows),
consistent with a thyroglossal duct cyst. D: axial contrast-enhanced CT shows a slightly lobulated hypodense lesion in the midline neck at
the level of the thyroid cartilage, deep to the strap muscle, with mild peripheral enhancement and surrounding edema and fat stranding,
consistent with an infected thyroglossal duct cyst (arrow). E: ultrasound, and F: sagittal contrast-enhanced CT of the neck show a hypoechoic
lesion (arrow) with foci of calcification (arrowheads) in the midline infrahyoid neck on ultrasound and corresponding hyperattenuating lesion
on CT (arrow). The lesion was confirmed to be a papillary thyroid carcinoma in the thyroglossal duct remnant.

CT. computed tomography.
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Figure 7. Ectopic/cervical thymus. A: axial T2-weighted fat-suppressed MRI, and B: ultrasound of the neck show a well-circumscribed
lobulated T2 hyperintense mass in the right neck, anterior to the sternocleidomastoid and carotid sheath with homogeneously distributed
speckled hyperechoic foci on ultrasound, consisted with ectopic thymus (arrows).

MRI: magnetic resonance imaging.

Thymic cysts are well-defined thin-walled uni- or mul-
tilocular cystic lesions without enhancement (Figure
8). Increased attenuation of the cystic components
with peripheral enhancement can be seen in the set-
ting of hemorrhage or infection. In half the cases, the
cyst extends into the mediastinum. Continuity with the
dominant thymus through the thymopharyngeal duct
may aid in the diagnosis. Treatment of a cervical
thymic cyst consists of surgical removal of the cyst
with an excellent prognosis and no recurrence in
childrens*.

Congenital midline cervical cleft

Failure of fusion of the lateral branchial arches in the
midline may result in a superficial vertical defect in the
midline neck, known as congenital midline cervical cleft
(CMCC). This lesion is rare with only around 200 cases
reported in the literature®s. It occurs sporadically with-
out known hereditary form or gender predilection. The
lesion appears as a midline skin defect with a focal skin
protuberance at its superior aspect and may be located
anywhere between the lower lip to the sternal notch. A
blind-ending sinus tract may be present at the inferior
aspect of the cleft, from where mucoid discharge may
be expressed. The overlying epithelium is usually ery-
thematous. Over time, the cleft epithelializes and a
fibrous cord develops and thickens with age, which may
lead to restriction of mandibular movements and neck
extension in early childhood*%8. Ultrasound of the neck
shows a hypoechoic blind ending sinus tract in the
midline neck. On MRI the sinus tract is peripherally

enhancing with central T1 hypo and T2 hyperintensity
without disruption of the surrounding structures and
with a normal thyroid gland. In advanced cases, bony
spurring from the midline mandible can be seen due to
traction from the underlying fibrous cord®®. The cleft is
treated with complete surgical excision.

Lymphatic malformation

Lymphatic malformations (LMs) are congenital
endothelial-lined cystic lesions derived from lymphat-
ics and vasculature that fail to undergo proper anas-
tomosis, or portions of lymphatic sacs that group
together during embryogenesis®. Previously, lym-
phatic malformations were categorized according to
their size and depth of development, with the smaller,
superficial lesions known as lymphangioma circum-
scriptum and the deeper lesions known as cavernous
lymphangiomas and cystic hygromas. The new clas-
sification by the International Society for the Study of
Vascular Anomalies (ISSVA) divides the “common
(cystic) lymphatic malformations” into microcystic,
macrocystic, and mixed cystic types®8.

LMs constitute approximately 5.6% of all benign
lesions of childhood with no gender predilection®®. They
can occur anywhere in the body but around 80% are
found in the neck*%°, LMs are most commonly sporadic
but can also be associated with genetic syndromes
such as congenital ovarian hypoplasia syndrome
(Turner syndrome), Noonan syndrome, and trisomies
13, 18, and 21", About half of the lesions are detected
at birth and up to 90% are detected by 2 years of age®.
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Figure 8. Thymic cyst. A, B, C: axial contrast-enhanced CTs of the
neck in three different patients at the level of the thoracic inlet show
hypodense non-enhancing cystic lesions in the left lower neck ex-

tension into the superior/anterior mediastinum consistent with thymic
cysts (arrows).

CT: computed tomography.

LMs usually present as soft, non-tender masses and
they often occur in the submandibular region and pos-
terior cervical triangle, although they can be found any-
where in the head and neck. If the lesion is located
centrally near the aerodigestive tract and is large, it
may lead to respiratory and feeding difficulties. They
can rapidly enlarge in the setting of infection or with

intralesional hemorrhage. On ultrasound, macrocystic
lesions appear as multilocular hypo- or anechoic
lesions containing internal septae of varying thickness,
with vascularity along the walls and septae. The cyst
contents may be hyperechoic in cases of internal hem-
orrhage, infection, or elevated lipid contents. Microcystic
forms may appear hyperechoic due to the prevalence
of septations'"®2. When lesions are large, they have the
propensity to cross multiple anatomic spaces. Contrast-
enhanced MRI is useful in determining the location,
size, and extent of the malformation, ruling out a coex-
isting venous component, and assessing lesion rela-
tionship with adjacent neck structures, usually without
surrounding aggressive changes. LMs follow fluid sig-
nals on MRI (T1 hypointense and T2 hyperintense), but
T1 hyperintensity can be seen in cases of internal hem-
orrhage and proteinaceous contents.

A characteristic imaging feature of an LM is internal
“fluid-fluid levels” related to heterogeneous fluid contents
related to hemorrhagic and proteinaceous material set-
tling out in layers due to their differential densities from
simple cyst fluid (Figure 9). There is enhancement of the
walls and septae on post-contrast sequences, and when
there is a high concentration of septae in a microcystic
LM, it may appear to enhance like and mimic a solid
mass and is a pitfall to avoid. Asymptomatic LMs can be
monitored. Large or symptomatic LMs can be treated
surgically or with sclerotherapy or a combination of both.
Microcystic LMs are generally more resistant to sclero-
therapy and are usually surgically resected®?.

Hemangiomas

A wide range of terminologies has been used to
describe hemangiomas and various vascular anoma-
lies in the past. Historically, lesions of endothelial pro-
liferation were described based on the size of vascular
channels and internal contents. Lesions containing
blood were termed hemangiomas and were subclassi-
fied into capillary, strawberry, and cavernous hemangi-
omas based on channel sizes, whereas lymph-
containing lesions were termed lymphangiomas or cys-
tic hygromas®. Many subsequent classifications used
anatomic or descriptive terms to describe these lesions
without taking into account the biological behavior of
the lesions, which resulted in the misconception that
most of these lesions spontaneously disappear®. A
new biological classification adopted by the International
Society for the Study of Vascular Anomalies (ISSVA)
was influenced by the work of Mulliken and Glowacki®.
This classification groups endothelial malformations
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Figure 9. Lymphatic malformation. A: coronal T2-weighted fat-suppressed, and B: axial T2-weighted MRI of the neck in two different patients
shows multilobulated T2 hyperintense lesions in the neck extending into multiple fascial planes with internal septations and fluid levels
(arrows), consistent with macrocystic lymphatic malformations. C: axial T2-weighted fat-suppressed, and D: axial T1-weighted fat-suppressed
post-contrast MRI of the neck in the same patient show a multi-lobulated but unilocular cystic lesion in the left neck extending into multiple
fascial planes and thick peripheral enhancement consistent with an infected macrocystic lymphatic malformation (arrows).

MRI: magnetic resonance imaging.

into two groups, hemangioma and vascular malforma-
tion, based on physical findings, natural history, cellular
turnover, and histology. Hemangiomas are true benign
neoplasms of the endothelial cells and are further clas-
sified into infantile and congenital forms.

Infantile hemangiomas are the most common
congenital malformation, present in 5-10% of infants®”.
They are 5 times more common in girls than boys, with
higher incidence in Caucasians and preterm infants. The
head and neck are the most commonly involved locations
(60%)®8. They are usually small or absent at birth, and
often present between 2 weeks and 2 months of age.
These lesions progressively enlarge during the first year
of life (proliferative phase), followed by a stationary

phase and gradual regression (involution phase) between
ages 1 and 8 years with nearly all lesions resolved by
puberty®®. On histology, infantile hemangiomas are
glucose transporter protein type 1 (GLUT-1) positive.
In contrast to infantile hemangiomas, congenital
hemangiomas are present at birth as they begin their
proliferative phase in-utero and are GLUT-1 negative.
Three types of congenital hemangiomas are included in
ISSVA classification based on their clinical course.
Rapidly involuting congenital hemangiomas (RICH)
involute by 1-2 years of age. Non-involuting congenital
hemangiomas (NICH) do not involute or may steadily
grow. Partially involuting congenital hemangiomas
(PICH) only partially involute.
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Figure 10. Infantile hemangioma. A: axial T2-weighted, and B: coronal T2-weighted fat-suppressed MRI of the neck of a 3-month-old boy
shows a large T2 hyperintense lesion in the left anterior neck with multiple T2 hypointense internal flow voids consistent with an infantile

hemangioma (arrows).

MRI: magnetic resonance imaging.

Hemangiomas may have superficial, deep, or mixed
components. Superficial lesions have a “strawberry”
appearance when there is skin involvement, and a blue
appearance when there is deeper tissue involvement.
During the proliferative phase, these lesions may become
symptomatic due to rapid growth, resulting in ulceration
and/or bleeding. Up to 10% of the patients with cutaneous
hemangiomas also have airway lesions, typically in the
subglottic region, mostly posteriorly on the left.
Enlargement of the airway lesions may result in breathing
difficulties, stridor, and airway compromise. Intra/peri-
lesional bruit, pulsatility, or warmth can be appreciated
during the proliferative phase*+7°,

Diagnosis is predominantly based on clinical exam-
ination. On ultrasound, the lesions appear as cutane-
ous or subcutaneous masses with prominent vascularity,
demonstrating both arterial and venous waveforms on
Doppler. On MRI, it appears as a mass with heteroge-
neous T1 signal, hyperintense T2 signal with prominent
flow voids, high ADC values, and fairly homogeneous
enhancement with gradual filling on post-contrast
sequences, without surrounding aggressive changes
(Figure 10)'. The presence of flow voids in a discrete
enhancing mass helps to differentiate hemangiomas
from arteriovenous malformations, which have much
more aggressive behavior and require prompt treat-
ment planning. In the absence of complications, heman-
giomas may be observed as they regress spontaneously.
In the setting of complications, medical therapy such
as beta blockers or steroids and surgery may be

needed. Hemangiomas should be differentiated from
venous malformations which are low-flow vascular mal-
formations related to abnormal development of venous
channels, present at birth and grow proportionately to
the body growth without spontaneous regression, and
have heterogeneous enhancement and internal phleb-
oliths that maybe seen on imaging®s.

Dermoid and epidermoid lesions

Dermoid and epidermoid lesions arise from entrapped
elements of ectoderm within the substance of the neck,
and are, therefore “inclusion cysts.” As such, they may
be found near the skin surface, at locations where fold-
ing and morphological changes occur (e.g., along the
median and paramedian fusion plates at the junction of
bones, soft tissues, and embryonic membranes)’?, or
at locations where surface ectoderm fails to separate
from the neural tube during embryologic development.
Whether a dermoid or epidermoid results depends on
the internal types of cells and elements. Both lesions
are lined by ectodermal squamous epithelium. Dermoids
contain, in addition, dermal adnexa and mesodermal
components, such as hair, sebaceous glands, and
rarely tooth or bone. Both may contain “cheesy” kera-
tinous material’®. Teratomas, on the other hand, are
true neoplasms that arise from abnormally located
embryologic germ cells, and usually contain elements
of all three germ layers and a typical solid-cystic
appearance with internal areas of fat well identified on
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Figure 11. Dermoid cyst. A: ultrasound, and B: contrast-enhanced CT of the neck show a well-circumscribed thin-walled hypoechoic and
hypodense lesion (arrows) in the lower midline neck with internal punctate echogenic foci (arrowheads) likely representing fat, complex
debris, or calcification. C: sagittal, and D: axial T2-weighted MRI of the neck demonstrates a well-circumscribed T2 hyperintense lesion in
the midline floor of the mouth with an internal “sack of marbles” appearance consistent with a dermoid cyst (arrows).

CT. computed tomography; MRI: magnetic resonance imaging.

MRI. One-third of dermoid cysts are found in the head
and neck region’>7, Congenital dermoid cysts of the
head and neck can be categorized into 4 groups’>’®:

Group 1: Develops in the periorbital region - along
the naso-optic groove or lateral brow. Most common
location in the head and neck region.

Group 2: Develops along the nasal dorsum during
ossification of the frontonasal plate. Mostly confined to
the nasal dorsum but may have extension to the nasal
cartilage, ethmoid sinus, sphenoid sinus, cribriform
plate or intracranial compartment. When the embryo-
logic tract extends to the anterior skull base and a small

amount of ectopic brain tissue is entrapped in the tract,
this is termed nasal glial heterotopia.

Group 3: Develops in the submental region, floor of
mouth, and along the fusion line of first and second
branchial arches in the midline.

Group 4: Develops along the mid-ventral and mid-
dorsal fusion lines at the suprasternal, pre-thyroidal,
and suboccipital regions.

More than half of dermoid cysts are detected before 6
years of age and approximately one-third are present at
birth. There is no gender predilection’. They usually
manifest as a mobile, non-tender, palpable mass. Lesions
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arising from the skull (group 1 and group 2) may be
immobile and hard on palpation. On ultrasound,
dermoid and epidermoid cysts are well-circumscribed,
hypoechoic lesions compared to subcutaneous fat.
Echogenic foci may be seen in dermoids due to the
presence of fat and calcifications. Hyperechoic areas
may be seen when there is soft tissue or mucoid/
purulent material. On CT, the lesions are unilocular
and hypodense with varying degrees of internal
inhomogeneous densities. In dermoids, calcifications
appear as punctate hyperdensities, while fat globules
appear as hypodense round areas giving the lesion a
“sack of marbles” appearance, pathognomonic for
dermoid cysts (Figure 11). Fat-fluid levels may be found.
On MRI, the lesions are T2 hyperintense with varying
degrees of T1 hyperintensity owing to the presence
of fat in dermoids. There may be enhancement or
calcification of the cyst walls. Treatment includes
complete surgical excision.

CONCLUSION

A sound knowledge of embryology of the head and
neck spaces is essential to aid in timely imaging diag-
nosis of congenital lesions of the neck in the pediatric
population. A thorough clinical history and physical
examination, age at presentation, evaluation of the ana-
tomical site of origin, the clinical and radiological
appearance of a lesion, and its relationship with nearby
structures are important elements to consider, in order
to generate an appropriate differential diagnosis, arrive
at a most likely diagnosis, avoid non-essential testing,
and to guide the type and urgency of appropriate
intervention.
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ABSTRACT

Introduction: Radiologists’ participation in diagnosis and interventional therapeutic procedures has bioethical implications
and professional responsibilities. We determined the level of knowledge of bioethical principles and elements of responsibility
of radiologists and residents in public and private institutions in Mexico. Material and Methods: We conducted a digital
survey to assess the level of knowledge of bioethical principles (beneficence, nonmaleficence, autonomy, and justice), and
elements of responsibility. A low-level score was 0 to 9 points; a medium level, 10 to 13 points; and a high level, 14 to 22
points. Responsibility elements included appropriate imaging examination, informed consent, patient protection, radiologic
reporting, patient and attending physician communication, continuous education, and continuous quality improvement. A low
level of knowledge was 6 to 13 points; a medium level, 14 to 16 points, and a high level, 17 to 29 points. Results: We included
a total of 228 participants,104 (45.6%) radiologists and 124 (54.4%) residents. A medium level of knowledge of bioethical
principles was the most frequent in 55 (52.9%) radiologists and 75 (60.5%) residents. There was no statistically significant
difference between levels. Residents had higher levels of knowledge of responsibility (n = 49, 39.5%) than radiologists
(n = 26, 25.0%). Radiologists had low and medium (n = 39, 375%) in each level; in contrast to low (n = 36, 29.0%) and
medium levels (n = 39, 31.5%) in residents. There was no statistically significant difference between groups. Conclusion: A
medium level of knowledge of bioethical principles and elements of responsibility in radiologists and residents of public and
private institutions was found. This study is the first in Mexico that presents information about radiology specialists.

Keywords: Principlism. Principle-Based. Ethics. Bioethics. Elements of responsibility. Radiology.

INTRODUCTION

advances in radiology have led to a dissociation
between the benefits of imaging and patients” human
rights. Bioethical dilemmas may arise when performing
and interpreting images, such as placing an image over

Like other health professionals, radiologists focus
primarily on scientific knowledge and rarely consider

bioethical aspects of the physician-patient relationship'.
The four bioethical principles of principlism in relation
to patient vulnerability are autonomy, beneficence, non-
maleficence, and justice?. Technological and scientific
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clinical information, overlooking the target, who are
patients, subjecting them to various imaging examina-
tions, often without having interviewed or examined
them?3, and ethical dilemmas that are thought to arise
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when the right choice is not clear*. As technological
development increases, so does the risk of inappropri-
ate use®. According to the World Health Organization,
about 80% of medical decisions are made with imaging
studies®. The credibility and popularity of imaging have
reached a point where it is felt that no treatment can
be initiated, or a patient discharged, without an imaging
modality’.

Berlin® points out that due to the nature of the proce-
dures in their workplace, the radiologist has become
distanced from the patient and is dedicated only to view-
ing images® leaving aside the responsibility associated
with thinking over behavior in the face of bioethical
dilemmas and decision-making based on technological
advances®'%", Armstrong® described the seven basic
elements of radiologists’ responsibility: appropriate
imaging examination, informed consent, patient protec-
tion, radiologic reporting, communication with the patient
and attending physician, continuous education, and con-
tinuous quality improvement. Failure to comply with
these elements of responsibility can lead to errors that
affect patients®2,

Published studies have assessed the knowledge of
bioethical principles and elements of responsibility in
different medical specialties'3'>, but these have not been
assessed in radiology. The radiologist has gradually and
imperceptibly lost contact and communication with the
patient, with a depersonalized attitude that is more sci-
entific than focused on medical care. This study deter-
mined the level of knowledge of the bioethical principles
and elements of responsibility of radiologists and resi-
dents in public and private institutions in Mexico. The
theoretical basis of this study is related to the four bio-
ethical principles that apply to radiology,>'® and the
seven elements of radiologists” responsibility®.

MATERIAL AND METHODS

This cross-sectional, analytical study was conducted
from April to September, 2022, in Monterrey, Nuevo
Leon, Mexico. Mexican radiologists and residents of
either sex, with no age limit, working in public or private
institutions who agreed to participate were included.
Incomplete questionnaires and physicians or residents
from other specialties were not included. Informed con-
sent was obtained. The study was approved by the
Bioethics and Research Committees of the Instituto de
Investigaciones in Bioetica of Monterrey, Nuevo Leon,
Mexico.

Study development and variables

Radiology department heads and colleagues from
hospitals were contacted electronically or by tele-
phone in the following cities and states of Mexico:
Aguascalientes, Aguascalientes; Mexicali, Baja
California; Chihuahua, Chihuahua; Torreon and Saltillo,
Coahuila; Guadalajara, Jalisco; Mexico City; Morelia,
Michoacan; Monterrey, Nuevo Leon; Oaxaca, Oaxaca;
Puebla, Puebla; Matamoros, Nuevo Laredo, and
Ciudad Victoria, Tamaulipas. The aim of the study
was explained, and the radiologists were invited to
participate in the electronic digital survey. A digital
consent form was provided, and the survey had a
one-week deadline. It took approximately 20 minutes
to complete.

The variables recorded were age, sex, public or pri-
vate institutional affiliation (the affiliation of the radiolo-
gists who worked in both institutions was recorded in
relation to the institution with the highest number of
hours per day), the years of professional practice of the
radiologists and the year of education of the residents.
In addition, the following questions were asked: Have
you ever taken a bioethics course? Would you be inter-
ested in taking a bioethics course? Do you think that
updating your knowledge of bioethics would be useful
in your daily practice?

Instrument to measure knowledge of
bioethical principles

The instrument described by Casanova,'” and Porra'®
was used (Supplementary material, Appendix 1).
Knowledge of the bioethical principles, autonomy,
beneficence, nonmaleficence, and justice was assessed.
The survey included 22 multiple-choice questions that
were scored by the author (GOC) as low knowledge, 0 to
9 points; medium knowledge, 10 to 13 points, and high
knowledge, 14 to 22 points.

Instrument to measure knowledge of the
elements of responsibility

The instrument was based on the seven elements of
radiologists’ responsibility previously published®. The
author (GOC) designed a Likert-type questionnaire with
29 items (Supplementary material, Appendix 2). The
author (GOC) scored a low level of knowledge of the ele-
ments of responsibility as 6 to 13 points, a medium level
as 14 to 16 points, and a high level as 17 to 29 points.
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Table 1. Characteristics of radiologists and residents

Description Radiologists (n = 104) Residents (n = 124) Total (n = 228)
Public institutions, n (%) 52 (50.0) 119 (96.0) 171 (75.0)
Private institutions, n (%) 52 (50.0) 5 (4.0) 57 (25.0)
Age (years), mean SD + 47.6 + 12,97 29.1+294
Age groups, years, n (%)
<30 1(1.0) 80 (64.5) 81 (35.5)
30to 39 36 (34.6) 42 (33.9) 78 (34.2)
40 to 49 26 (25.0) 2(1.6) 28 (12.3)
50 to 59 13 (12.5) 0 13 (5.7)
> 60 28 (26.9) 0 28 (12.3)
Year of Residency
R1 39 (31.5) 39 (31.5)
R2 31(25.0) 31(25.0)
NA
R3 31 (25.0) 31(25.0)
R4 23 (18.5) 23 (18.5)
Years of professional practice of radiologists, n (%)
11010 46 (44.2) 46 (44.3)
11to 20 21(20.2) 21(20.2)
2110 30 20 (19.2) 20 (19.2)
NA
31t0 40 12 (11.5) 12 (11.5)
41t0 50 4(3.9) 4(3.8)
> 50 1(1.0) 1(1.0)
Have you taken a bioethics course? Yes, n (%) 66 (63.5) 90 (72.6) 156 (68.4)
Would you be interested in taking a bioethics course? 95 (91.3) 106 (85.5) 201 (88.2)
Yes, n (%)
:?]od\;ci)ll; E)h:;l(t:::; $zg,a;n;%3|0ethlcs knowledge is useful 101 (97.1) 114 (91.9) 215 (94.3)
NA: not aplicable.
Statistical analysis RESULTS

The sample size was calculated non-probabilistically
using simple random sampling. Inference of propor-
tions and comparison of two independent samples
were used with a power of 80%. The calculated sample
size was 96 radiologists and 96 residents. Categorical
variables were described as absolute frequencies and
percentages, and continuous variables as means and
standard deviations. Knowledge of bioethical principles
and elements of responsibility of radiologists and resi-
dents was assessed with the chi? test for categorical
variables and Student’s t-test for continuous variables.
IBM-SPSS software version 25 (IBM Corp., Armonk,
NY, USA) was used for data analysis.

Two hundred twenty-eight questionnaires from 228
participants were completed; 88 (38.6%) were women,
and 140 (61.4%) were men. There were 104 (45.6%)
radiologists and 124 (54.4%) residents (Table 1). Public
institution participation (n = 171, 75.0%) was higher,
mainly among residents (n = 119, 96.0%). The mean
age of the radiologists was 47.6 + 12.97 years and
29.1 + 2.94 years for residents. Participation by age
group was lower among radiologists under age 30
(n =1, 1.0%), in contrast to residents where most par-
ticipants were under age 30 (n = 80, 64.5%). No signif-
icant differences were found in the number of residents
per school year. Radiologists between 1 and 10 years
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Figure 1. Level of knowledge of radiologists and residents regarding
the bioethical principles. A medium level (10 to 13 points) was most
common in both groups. Differences were not statistically significant.
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Figure 2. Level of knowledge of bioethical principles according to the
type of institution. A medium level was more common among participants
from public institutions. A low level was significantly more common in
private institutions and a high level in public institutions (p < 0.05).

of professional practice after graduation from the spe-
cialty had higher participation (n = 46, 44.2%). One
hundred fifty-six (68.4%) participants reported having
taken a bioethics course; 201 (88.2%) would be inter-
ested in taking a bioethics course, and 215 (94.0%) of
228 felt that knowledge of bioethics would be useful in
their daily practice. Participation in bioethics courses
was higher among radiologists and residents of public insti-
tutions; 120 (76.5%) of 156; of these, 66 (42.3%) were
radiologists, and 90 (57.7%) were residents.

Level of knowledge of bioethical
principles

Figure 1 shows the level of knowledge of radiologists
and residents regarding bioethical principles. A medium
level (10 to 13 points) was most common in 55 (52.9%)
of 104 radiologists and 75 (60.5%) of 124 residents. A
high level was more common among residents (n = 23,
18.5%) than radiologists (n = 16, 15.4%). In contrast,

fewer residents showed a low level (n = 26, 21.0%) than
radiologists (n = 33, 31.7%). These differences were not
statistically significant.

The level of knowledge of bioethical principles by
type of institution is shown in Figure 2. A medium level
was more common, with 102 (59.7%) of 171 partici-
pants from public institutions and 28 (49.1%) of 57
participants from private institutions. The low level
was significantly more common in private institutions
(n =22, 38.6%) and the high level in public institutions
(n =32, 18.7%) (p < 0.05).

The level of radiologists” knowledge of bioethical prin-
ciples regarding to the number of years of professional
practice was comparable among the different groups
(Table 2). Regardless of the years of professional prac-
tice, a higher number of radiologists had a medium level.
The differences were not statistically significant. The
level of knowledge of bioethical principles among resi-
dents did not show significant differences in relation to
the year of residency (Table 3). Regardless of the year
of residency, a medium level of knowledge was most
common. A higher proportion of residents with a high
level of knowledge was observed in residency year 4
(R4) (n =7, 30.4%), but the difference was not significant
compared with the other years of residency. Figure 3
shows the relationship between the level of knowledge
of bioethical principles and whether a bioethics course
was taken. There were no statistically significant differ-
ences between knowledge levels.

Level of knowledge of the elements of
responsibility

Figure 4 shows the level of knowledge of the ele-
ments of responsibility of radiologists and residents.
A greater number of residents had a high level of knowl-
edge (n = 49, 39.5%) compared to radiologists (n = 26,
25%). On the other hand, more radiologists had a low
and medium level (n = 39, 37.5% in each level), in con-
trast to residents with a low (n = 36, 29.0%) and medium
level (n = 39, 31.5%). The differences were not statis-
tically significant.

No statistically significant difference was found with
respect to knowledge of the elements of responsibility
by type of institution, as the frequency of the different
levels of knowledge by institution was very similar
(Figure 5). Among radiologists, a medium level of
knowledge was found to be predominant in the group
with 1 to 10 years of professional practice, whereas a
low level of knowledge was higher among radiologists
with more than 30 years of professional practice;
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Table 2. Level of radiologists’ knowledge of bioethical principles regarding number of years of professional practice

Description Years of professional practice Total (n = 104)
110 10 (n = 46) 1110 20 (n = 21) 21 t0 30 (n = 20) >30 (n=17)

Low level, n (%) 13(28.3) 7(33.3) 7(35.0) 6 (35.3) 33(31.7)

Medium level, n (%) 24 (52.1) 11 (52.4) 10 (50.0) 10 (58.8) 55 (52.9)

High level, n (%) 9(19.6) 3(14.3) 3(15.0) 1(5.9) 16 (15.4)

Table 3. Level of knowledge of bioethical principles among residents regarding year of residency

Description Year of residency Total (n = 124)
R1 (n = 39) R2 (n = 31) R3 (n = 31) R4 (n = 23)

Low level, n (%) 4(10.2) 8(25.8) 8 (25.8) 6 (26.1) 26 (21.0)

Medium level, n (%) 29 (74.4) 16 (51.6) 20 (64.5) 10 (43.5) 75 (60.5)

High level, n (%) 6 (15.4) 7(22.6) 3(9.7) 7(30.4) 23 (18.5)

=95
% (60.9%)

Participants.

n=13
(18.1%)

High level (17 to 23 points)

=24
(33.3%)

Low level (6 to 13 points) Medium level (14 to 16 points)

= Bioethics course taken 1 Bioethics course not taken

Figure 3. Relationship between the level of knowledge of bioethical
principles and whether a bioethics course was taken. There were no
statistically significant differences.

n=39
@7.5%)

Participants

High level (14 to 22 points)

Low level (0 to 9 points)

Medium level (10 to 13 points)

=Radiologists = Residents

Figure 4. Level of knowledge of elements of responsibility of radiolo-
gists and residents. A greater number of residents with a high level
of knowledge was observed compared with radiologists. Differences
were not statistically significant.

however, the number of radiologists older than 30 was
low (n = 17); therefore, this group cannot be considered
a representative sample (Table 4).

Regarding the level of knowledge of the elements of
responsibility among residents, participants in their first
and second years (R1 and R2) achieved the highest
level of knowledge of the elements of responsibility
(43.6% and 45.2%, respectively) (Table 5). There was
no statistically significant difference between the differ-
ent years of residency and the level of knowledge about
the elements of responsibility. Figure 6 shows the rela-
tionship between the level of knowledge about the ele-
ments of responsibility and whether a bioethics course
was taken. No statistically significant differences were
found between knowledge levels.

DISCUSSION

We found that a medium level of knowledge of bio-
ethical principles and elements of responsibility pre-
vails among radiologists and residents in public and
private institutions in Mexico. It is recommended to
support training in residency programs and continu-
ing education courses, to achieve an optimal level of
knowledge to provide dignified, fair, and respectful
care for patients and to keep in mind that “Behind
an image is a person who deserves personalized
care with high scientific quality” (Figure 7).

The bioethical profile of radiology professionals
requires knowledge and application of bioethical and
deontological principles. Velazquez et al.'"* conducted a
study to measure the bioethical knowledge of 15 gen-
eral surgeons and 37 residents of the General Hospital
of Mexico City. An instrument from the College of
Toronto was used based on 4 clinical cases with ethical



G.E. Ornelas-Cortinas et al. Bioethical principles and responsibility in radiology

Table 4. Level of knowledge of the elements of responsibility by years of professional practice among radiologists

Description Years of professional practice Total (n = 104)
110 10 (n = 46) 11020 (n=21)  21to 30 (n=20) >30 (n = 17)

Low level, n (%) 14 (30.4) 7(33.3) 9 (45.0) 9 (52.9) 39 (37.5)

Medium level, n (%) 22 (47.9) 8(38.1) 7(35.0) 2(11.8) 39 (37.5)

High level, n (%) 10 (21.7) 6 (28.6) 4(20.0) 6 (35.3) 26 (25.0)

Table 5. Level of knowledge of responsibility elements in residents by year of residency

Description Year of residency Total (n = 124)
R1 (n = 39) R2 (n =31) R3 (n = 31) R4 (n = 23)

Low level, n (%) 12 (30.8) 4(12.9) 11 (35.5) 9(39.2) 36 (29.0)

Medium level, n (%) 10 (25.6) 13 (41.9) 9(29.0) 7(30.4) 39 (31.5)

High level, n (%) 17 (43.6) 14 (45.2) 11 (35.5) 7(30.4) 49 (39.5)

Participants

=
(24%)

n=21
(36.8%)

Lowlevel (6 to 13 points) Medium level (14 to 16 points)

= Public institution

High level (17 to 23 points)

= Private institution

Figure 5. The elements of responsibility show a comparable frequency
of the different levels of knowledge by type of institution.

n=49
(31.3%)

Participants

n=24
(33.3%)

n=22
(30.6%)

Low level (0 to 9 points) Medium level (10 to 13 points) High level (14 to 22 points)

=Bioethics course taken  ® Bioethics course not taken

Figure 6. Relationship between the level of knowledge regarding the
elements of responsibility and whether a bioethics course was taken.
No statistically significant differences were found.

dilemmas related to autonomy, beneficence, and jus-
tice'. General surgeons performed better than residents
in identifying bioethical dilemmas based on bioethical

principles. Casanova et al."” conducted a study with 20
general surgeons, 20 internists, 16 pediatricians, and 16
obstetrician-gynecologists to determine the level of
knowledge of bioethical principles. The survey included
13 questions. The level of knowledge was unsatisfactory,
with a mean of 46% correct answers. Pediatricians
performed better with 9 (59%) correct responses. No
significant differences were found between participants
regarding sex, master’s or doctoral degree, or history of
bioethics training. The authors believed that the better
performance of the pediatricians was related to the fact
that they had undergraduate studies in bioethics, unlike
the other participants who had not received bioethics
education during their professional training. Our study
found that knowledge of bioethical principles was at a
medium level among radiologists and residents. We
believe that a medium level of knowledge of bioethical
principles is not optimal for providing high-quality care
based on bioethical principles.

Radiologists must have relevant knowledge of the
elements of tasks and responsibilities to achieve opti-
mal professional performance quality. Tachiquin
Sandoval et al."® conducted a study in community, gen-
eral, and specialty hospitals of the health services of
Zacatecas, Mexico, to determine the knowledge of
responsibility among 861 health professionals, includ-
ing general practitioners and specialists, interns, gen-
eral nurses, auxiliary nurses, and nurses from other
areas; 267 were physicians. Knowledge of professional
responsibility was poor (0.4%). Lopez-Almejo et al.'®
assessed the knowledge of professional responsibil-
ity of 130 physicians specializing in orthopedics and
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Figure 7. Behind an image, there is a person who deserves persona-
lized care with high scientific quality.

traumatology in hospitals in Mexico City. The instru-
ment included 15 questions on professional responsi-
bility and the legal framework. The mean score was 5.7
(poor). Our study found a predominant medium level of
knowledge of the elements of responsibility. There
were no significant differences among participants who
attended bioethics courses or by type of institution,
years of professional practice, and year of residency.
Reinforcement of responsibility elements in radiology
beyond the medical-legal aspects and recognizing the
patient’s human rights are necessary?°.

In addition to the cognitive processes for efficient
performance, radiologists need knowledge of bioethical
principles and elements of responsibility to avoid errors
due to ethical misconduct or irresponsibility. Hebert
et al.”® conducted a study to measure ethical sensitivity
in 498 medical students in their first four years of under-
graduate study at the University of Toronto, Canada.
Participants evaluated four clinical cases to identify the
bioethical principles of autonomy, beneficence, and jus-
tice. The authors found that ethical sensitivity decreases
as they progress through the specialty. They suggested
that this may result from socialization in 4"-year resi-
dency students. In our study, radiologists with fewer
years of practice (1-10 years) and first- and second-year
residents demonstrated better knowledge levels
(medium and high) of bioethical principles and ele-
ments of responsibility. The differences were not sta-
tistically significant. It is likely that due to the increasing
interest in new technologies, radiologists with more
years of practice and residents of higher education
levels (R3/R4) focus their attention on cognitive aspects
with disinterest in patient contact.

The strengths of our study relate to the sample size and
the study population, which included radiologists with dif-
ferent years of professional practice and residents with

four years of education. The weaknesses relate to the
fact that the participants were mostly from public insti-
tutions. Some radiologists may practice in public and
private institutions, but this was not recorded in the
survey.

CONCLUSION

Our study showed that radiologists and residents
have a medium level of knowledge about bioethical
principles and elements of responsibility. This research
arose from an interest in promoting bioethics and deon-
tology courses in radiologists’ residency and fellowship
programs to increase their knowledge level of bioethics
and elements of responsibility and to provide more
humane, dignified, responsible, and beneficial care for
their patients.
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ABSTRACT

Introduction: SARS-CoV-2 infection primarily affects the lungs leading to a range of tomographic findings, from ground-glass
opacity to emphysema. However, studies on the long-term effects of the infection, known as Long COVID, are still limited.
Therefore, this cohort aimed to identify pulmonary abnormalities in adult patients with Long COVID, assessed by chest
computed tomography (CT) 6 to 30 months after the initial infection. Material and Methods: A cohort of patients from northern
Mexico, diagnosed with COVID-19 in 2020-2021 using RT-PCR and undergoing a simple chest CT examination, was followed
up for 6 to 30 months. Logistic regression was used to determine predictors of Long COVID. Results: A total of 67 patients
were included. Pulmonary tomographic abnormalities at 6 to 30 months were interstitial thickening (n = 41, 61.2%), subpleural
bands (n = 41, 61.2%), ground-glass opacity (n = 30, 44.8%), pleural thickening (n = 18, 26.9%), bronchiectasis (n = 13, 19.4%),
lymphadenomegaly (n = 11, 16.4%), emphysema (n = 6, 9.0%), and consolidation (n = 2, 3.0%). Ground-glass opacity and
fibrotic abnormalities decreased with increasing follow-up time: e.q., interstitial thickening from 6 to 11 months (84.6%), 12 to
18 (65.0%), and 19 to 30 months (50.0%). Hypertension was the most significant predictor of Long COVID. Conclusion: Our
study showed a high prevalence of persistent pulmonary abnormal tomographic findings in patients with Long COVID,
probably due to the high prevalence of hypertension and diabetes. Ground-glass opacity and fibrotic abnormalities were the
most commonly observed findings, which showed a decreasing trend over time.

Keywords: Long COVID. Pulmonary sequelae. COVID-19. Chest Computer tomography. Chest CT.

INTRODUCTION during the acute phase include peripherally distributed
ground-glass opacity, consolidation, and interlobular
interstitial thickening?. While most infected patients have
recovered and resumed their normal lives after being
experienced severe pulmonary complications, including  infected, a significant number still experience persistent
acute respiratory distress syndrome (ARDS)". The clini- symptoms such as fatigue, shortness of breath, and
cal and radiological features of COVID-19 have been cognitive impairment, adversely affecting their quality of
extensively studied. Chest computed tomography (CT) life®. This clinical condition is now known as post
has played a crucial role in assessing the pulmonary COVID-19 syndrome or Long COVID* Risk factors
condition of COVID-19 patients. Typical manifestations associated with the development of Long COVID are

COVID-19 became a major global health challenge
since of the pandemic. Initially, up to one-third of patients
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inconsistent, but mainly include sex, age, obesity and
severity of infection®%.

Initial studies showed that severe and critical ARDS
caused by COVID-19 pneumonia was associated with
significant radiological abnormalities (i.e., mosaic hypoat-
tenuation on chest CT) at four months of follow-up'. Six
months after recovering from severe COVID-19 pneumo-
nia, follow-up chest CT scan showed residual fibro-
sis-like changes, including traction bronchiectasis,
honeycomb pattern, interlobular pleural traction, and
pleural thickening®. Approximately one-third of patients
with moderate-to-severe pneumonia, particularly those
who required mechanical ventilation in the intensive care
unit (ICU), exhibited persistent abnormalities on chest
CT scans one year after the initial diagnosis, consistent
with the spectrum of COVID -19 syndrome, ranging from
parenchymal bands, bronchial dilatation, and fibrosis, or
with other findings such as unilobar and multilobar areas
of hypoattenuation, ground-glass opacities with mosaic
attenuation pattern, linear and curvilinear densities,
reticulations, honeycomb pattern, distortion of lung
architecture at various sites, and pneumatoceles'’.

One of the longest follow-up series with 83 patients
who survived severe COVID -19 pneumonia showed a
high prevalence of residual findings on the chest CT
scans at hospital discharge, with sustained improve-
ment observed 12 months after discharge. The propor-
tion of patients with residual CT findings progressively
decreased from 78% at three months post-discharge to
48% at six months, 27% at nine months, and 24% at
one-year later''. While radiological features have been
extensively studied at different stages of COVID-19
pneumonia, there are still insufficient data on the tomo-
graphic features of Long COVID'>'. Although most
changes following COVID-19 pneumonia resolve within
the first year of recovery, persistent or progressive fibro-
sis appears to be a significant concern'®'5, Hence, the
primary aim of this study was to identify the chest CT
features of Long COVID in adult patients evaluated 6 to
30 months after the initial infection.

MATERIAL AND METHODS

A cohort study was conducted on patients diagnosed
with COVID-19 in 2020 and 2021 at the Department of
Radiology in Christus Muguerza del Parque Hospital,
located in the city of Chihuahua in northern Mexico. This
private institution, with 80 beds, admits nearly ten thou-
sand patients annually. Participants who provided pri-
mary data signed written informed consent, and approval
from hospital authorities was obtained to retrieve

secondary data from the radiology department’s elec-
tronic archives. The study protocol was approved by
institutional ethics and research committees.

Study population and definitions

Participants were patients diagnosed with COVID-19
using reverse transcription-polymerase chain reaction
(RT-PCR) from a nasopharyngeal specimen using stan-
dard methods'®, and who had a simple chest CT scan
positive for COVID-19 at the initial diagnosis (COVID-19
Reporting and Data System/CO-RADS 5 and 6)", and
underwent a follow-up chest CT at least six months
after the baseline chest CT. Follow-up period ranged
from 6 to 30 months. Patients treated at ICU were
excluded from the study.

According to WHO?, Long COVID-19 is a new medi-
cal condition that “occurs in individuals with a history
of probable or confirmed SARS-CoV-2 infection, usu-
ally three months from the onset of COVID-19, with
symptoms that last for at least two months and cannot
be explained by an alternative diagnosis.”

Three groups of participants were sampled, corre-
sponding to prospective, retrospective, and ambispective
cohorts of patients. Figure 1 shows a flowchart depicting
the sampling strategy used to select study participants.

Prospective cohort: this group consisted of a sam-
ple of COVID-19 patients involved in the baseline study
between August and December 2020'8. Individuals
were treated at home or hospitalized with or without
oxygen support depending on the clinical severity of
the infection.

Retrospective cohort: this group included patients
diagnosed with COVID-19 who were hospitalized in 2020
and 2021 and had both a baseline and a follow-up chest
CT examination separated by at least six months. Both
the chest CT scans and the patients baseline data were
available in the hospital’s radiology archive (secondary
data).

Ambispective cohort: this group consisted of hos-
pitalized COVID-19 patients diagnosed in 2020 and
2021 who had a baseline chest CT available in the
hospital’s radiology archive. From the 369 eligible, a
stratified by age random sample of 35 was taken of
which 26 were followed under informed consent.

Study development and variables

Patients from the prospective and ambispective
cohorts were interviewed and physically examined
by trained medical residents, and various clinical,
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Prospective cohort (group I)

Adult patients positive for COVID-19 with a
baseline chest CT

Retrospective cohort (group II)

Adult patients positive for COVID-19 with a baseline
chest CT and follow-up CT at least 6 months later

Ambispective cohort (group IlI)

Adults testing positive for COVID-19 with
baseline chest CT

Eligible for follow-up, (n = 42)

v

v

Eligible for follow-up, (n = 369)

Eligible for fol

llow-up, (n = 18)

v

Follow-up chest CT, (n = 23)

Stratified by age random sample, (n = 35)

v

A

Patients

A 4

Total (n = 67)

Follow-up

included chest CT, (n = 26)

7y

Figure 1. Flowchart of a cohort study on persistent pulmonary tomography abnormalities in COVID-19 patients and their follow-up.

CT. computed tomography; COVID: coronavirus disease.

neuropsychological, and laboratory assessments
were performed. Presentation of clinical and metabo-
lomic results is ongoing'®. Subsequently, the patients
were transferred to the radiology department for a
simple chest CT scan. The total duration of the hos-
pital visit lasted around 60-75 minutes (10-15 minutes
for follow-up chest CT).

Basic sociodemographic and clinical data were col-
lected, including sex, age, smoking and alcohol use,
main comorbidities, and weight and height for calculat-
ing body mass index (BMI).

Image acquisition and analysis

A Somatom Definition AS® tomograph (Siemens
Corp., Munich, Germany) was used to obtain the chest
CT scans. The tomographic findings of the baseline
and follow-up chest CTs were assessed by two fourth-
year radiology residents and two senior radiologists
(VHA) (DMP) with 10 and 7 years of experience,
respectively. Consensus was reached in case of dis-
agreement. A dichotomous checklist was used to doc-
ument the following tomographic features: ground-glass
opacity, consolidation, interstitial thickening, pleural
thickening, subpleural bands, bronchiectasis, emphy-
sema and lymphadenomegaly.

A modified semiquantitative severity scale®® was
also used to evaluate pulmonary damage. This scale
scored the extent of damage for each pulmonary lobe
(three in the right lung and two in the left lung) as
follows: 0: 0%; 1. < 5%; 2: 5-25%; 3: 26-49%; 4:
50-75%, and 5: > 75% for a maximum of 25 points.
The scores for each lobe were summed, and the total
score was classified as mild (1-5 points), moderate
(6-15 points), and severe (> 15 points). This scale has
demonstrated good diagnostic performance, with an
area under the curve of 0.87; sensitivity of 80.0%,
specificity of 82.8% for assessing clinical severity and
interobserver agreement (intraclass correlation coeffi-
cient > 0.90; p < 0.001)2",

Statistical analysis

The prevalence of pulmonary damage according to
the semiquantitative assessment was presented by age
group (< 40, 40-59, and > 60 years). The prevalence of
pulmonary tomographic findings at baseline was strati-
fied by cohort group (I: prospective, II: retrospective, and
[1Il: ambispective), and by follow-up time (6-11, 12-18, and
19-30 months). The tomographic relationship between
baseline chest CT and 6- to 30-month follow-up was
presented separately for each dichotomous feature,
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resulting in four possible alternatives: (1) If both chest
CTs were negative, this meant that there was no abnor-
mal finding in either CT; (2) If the finding was negative
at baseline but positive at follow-up, this meant that the
finding may have been missed at the baseline CT or
that the feature had occurred after baseline CT (i.e.,
later during hospitalization); (3) if the finding was posi-
tive at baseline CT and remained positive at follow-up,
it meant that the feature persisted (i.e., sequelae); and
(4) if the finding was positive at baseline CT and
became negative at follow-up, it meant that the finding
had completely disappeared. McNemar tests were
used to determine statistically significant differences (p
< 0.05). Crude and adjusted odds ratios (OR) with 95%
confidence intervals (Cl) were calculated using binary
logistic regression to identify predictors of at least one,
two, and three persistent tomographic features (i.e.,
positive CT at follow-up). In the crude models only pre-
dictors with p < 0.10 were included, while in the adjusted
models, only predictors with p < 0.05 were considered.
The predictors tested included sex, age, smoking, alco-
hol use, diabetes, hypertension, and obesity. Data were
entered and analyzed using SPSS v.24.0 (IBM Corp.
Armonk, NY, USA).

RESULTS

A cohort of 67 patients with a baseline and follow-up
chest CT scans was included (Figure 1). At baseline, the
mean + SD age of patients was 53 + 14.8 years, with 46
(68.7%) being women and 21 (31.3%) being men.
Hypertension (n = 27, 55.2%), diabetes (n = 18, 26.9%),
and asthma (n = 3, 4.5%) were the most common comor-
bidities. Tobacco and alcohol use were by 13 (19.4%)
and 28 (41.8%) patients, respectively. Only 8 (12.9%)
patients had normal BMI, 17 (27.4%) were overweight,
21 (33.9%) had obesity grade I, 9 (14.5%) had obesity
grade II, and 7 (11.3%) had obesity grade III.

Most patients had moderate (n = 38, 56.7%) or severe
(n = 25, 37.3%) pulmonary damage according to tomo-
graphic findings. Among patients aged 40-59 years,
severe damage was more prevalent (n = 16, 47.1%) fol-
lowed by those aged > 60 years (n = 7, 33.3%) (Table 1).

In total, 62 (92.5%) patients had a CO-RADS 5 tomo-
graphic assessment, while 5 (7.5%) had a CO-RADS 6
assessment (Table 2). Ground-glass opacity was pres-
ent in nearly all patients (n = 66, 98.5%), and a large
proportion showed interstitial thickening (n = 60, 89.6%).
Consolidation (n = 46, 68.7%), subpleural bands (n = 39,
58.2%), and lymphadenomegaly (n = 32, 47.8%) were

Table 1. Severity of pulmonary damage was semiquantitatively? measured
at the baseline chest CT in patients diagnosed with COVID-19 in 2020-2021

Age, years Tomographic severity, n (%)

Mild Moderate Severe Total
<40 2(16.7) 8 (66.7) 2 (16.7) 12 (17.9)
40-59 1(2.9) 17 (50.0) 16 (47.1) 34 (50.7)
> 60 1(4.8) 13 (61.9) 7(33.3) 21 (31.3)
Total 4 (6.0) 38 (56.7) 25 (37.3) 67 (100)

aSemiquantitative scale for COVID-19 patients: mild 1-5, moderate 6-15, severe
> 15 points from Li K, Fang Y, et al.?

Table 2. Baseline chest CT findings in patients diagnosed with COVID-19
in 2020-2021

Description Group? Total,
-2 oot M-z
CO-RADS 5, n (%) 23(100) 15(83.3)  24(92.3)  62(92.5)
CO-RADS 6, n (%) 0(0) 3(16.6) 2(7.6) 5(7.5)
Ground-glass opacity, n (%) 22 (95.6) 18 (100) 26 (100) 66 (98.5)
Interstitial thickening, n (%) 22 (95.6) 16 (88.8) 22 (84.6) 60 (89.6)
Consolidation, n (%) 19(82.6) 10(55.5)  17(65.3) 46 (68.7)
Subpleural bands, (%) 19(826) 5(27.7) 15 (57.0) 39 (58.2)
Lymphadenomegaly, (%) 15 (65.2) 4(22.2) 13 (50.0) 32 (47.8)
Bronchiectasis, n (%) 8 (34.7) 1 (5.55) 2 (7.6) 11(16.4)
Emphysema, (%) 2(8.6) 0(0) 1(3.84) 3(4.5)

aGroup | (prospective) patients who underwent chest CT under informed consent
(primary data); Groups |l (retrospective), and Il (ambispective) patients whose
baseline chest CT was obtained from the tomographic electronic database
(secondary data) and the follow-up chest CT under informed consent (primary data).

also commonly observed. These findings were more
frequently reported in patients who underwent chest CT
scans under informed consent (group 1) compared to
those obtained from the tomographic database (groups
Il and IlI).

The most persistent tomographic findings (positive at
baseline and positive at follow-up CT) were interstitial
thickening (n = 36, 53.7%), followed by ground-glass
opacity (n = 30, 44.7%), and subpleural bands (n = 28,
41.8%) (p < 0.05) (Table 3). The finding most likely to
completely disappear (positive at baseline and negative
at follow-up) was consolidation (n = 45, 67.0%), followed
by ground-glass opacity (n = 36, 53.7%), interstitial
thickening (n = 24, 35.8%), and lymphadenomegaly
(n = 22, 32.8%). Some of the negative findings in the
baseline examination that turned positive on follow-up
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Table 3. Chest CT findings of patients diagnosed with COVID-19 in 2020-21
and followed-up 6-30 months after the initial infection

Description Baseline Follow-up chest CT
chest CT Negative  Positive
Interstitial thickening, n (%)  Negative 2(3.0) 5 (7.5)
Positive 24 (35.8) 36 (53.7)
Ground-glass opacity, n (%) Negative 1(1.4) 0(0)
Positive 36 (53.7) 30 (44.7)2
Subpleural bands, n (%) Negative  15(22.4) 13 (13.4)
Positive 11(16.4) 28 (41.8)2
Lymphadenomegaly, n (%) Negative 34 (50.7) 1(1.5)
Positive ~ 22(32.8) 10 (14.9)
Pleural thickening, n (%) Negative 37 (55.2) 9(13.4)
Positive 12 (17.9) 9(13.4)
Bronchiectasis, n (%) Negative 52 (77.6) 4 (6.0)
Positive 2 (3.0 9(13.4)
Emphysema, n (%) Negative 61 (91.0) 3(4.5)
Positive 01(0) 3 (4.5)

20 (29.8) 0(0)
2(3.0)

Consolidation, n (%) Negative

Positive 45 (67.0)

aStatistically significant McNemar test (p < 0.05).

chest CT included pleural thickening (n = 9, 13.4%),
subpleural bands (n = 13, 13.4%), and interstitial thick-
ening (n = 5, 7.5%) (Table 3). Examples of coronal and
axial chest CT scans from Long COVID patients are
shown in Figures 2 through 8.

The proportion of patients with persistent tomo-
graphic pulmonary abnormalities tended to decrease
with increasing follow-up time, except for lymphadeno-
megaly and emphysema (Table 4). This trend was par-
ticularly evident in interstitial thickening (6-11 months:
84.6%,12-18 months: 65.0%, and 19-30 months: 50.0%),
pleural thickening (6-11 months: 46.2%, 12-18 months:
30.0%, and 19-30 months: 17.6%), and for ground-glass
opacity (6-11 months: 84.6%,12-18 months: 30%, and
19-30 months: 38.2%).

In crude analyses, diabetes, hypertension, and obesity
were associated with persistent tomographic abnormal
findings 6 to 30 months after the initial COVID-19 diag-
nosis (Table 5). Hypertension was the only statistically
significant predictor of at least one (adjusted OR 3.90;
95% CI 1.05-14.4) and at least two (adjusted OR 3.11;
95% CI 1.13-8.8) persistent tomographic abnormalities

Figure 2. Chest CT of a 41-year-old male diagnosed with Long COVID.
A: coronal and B: axial baseline images show pleural thickening in the
fissures (solid arrows) and areas of interstitial impairment with ground-
glass opacity in the lobules, predominantly in the peripheral and inferior
segments with tendency for consolidation (open arrow). C: coronal and
D: axial follow-up images taken 17 months after the initial infection,
show focal and peripheral impairment with diffuse ground-glass areas,
mainly in the periphery (zoomed image with open arrow).

CT: computed tomography; COVID: coronavirus disease.

Figure 3. Chest CT of a 51-year-old male diagnosed with COVID-19.
A: coronal and B: axial baseline images showing an azygos lobe with
interstitial impairment (open arrow) and subpleural atelectasis in the
right lung (solid arrow), along with pleural thickening in the fissures
(solid arrows) and patches of ground-glass opacity with peripheral
and bilateral distribution (circles). C: coronal and D: axial follow-up
images obtained 19 months after the initial infection, demonstrate
complete remission of the findings.

CT: computed tomography; COVID: coronavirus disease.

in adjusted analyses. Hypertension was also a risk factor
for at least three features (adjusted OR 3.03; 95% CI
1.13-8.8). Obesity appeared to have a protective effect
(adjusted OR 0.34; 95% CI 0.11-1.01).
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Figure 4. Chest CT of a 42-year-old male diagnosed with Long COVID. A:
coronal and B: axial baseline images showing consolidation areas with
bilateral distribution, predominantly in the lower lobules and peripheral
segments, along with an air bronchogram (solid arrow). C: coronal and
D: axial follow-up images taken 25 months after the initial infection, show
septal thickening and distortion of the pulmonary architecture (open
arrow) in the areas of initial consolidation, as well as retraction bands
and subsegmental laminar atelectasis (solid arrow).

CT: computed tomography; COVID: coronavirus disease.

Figure 5. Chest CT of a 68-year-old female diagnosed with Long
COVID. A: coronal and B: axial baseline images showing septal
thickening and multiple areas of ground-glass opacity (circle) as-
sociated with subpleural reticular bands (solid arrow). C: coronal
and D: axial follow-up images, obtained 14 months after the initial
infection, show decreased density and extension of the ground-
glass opacity, but persistence of interstitial centrilobular thickening
and subpleural reticular opacities (open arrow).

CT: computed tomography; COVID: coronavirus disease.

DISCUSSION

This study has one of the longest published fol-
low-up period evaluating persistent abnormal pulmo-
nary tomographic findings 6-30 months after the initial

B

Figure 6. Chest CT of a 73-year-old female diagnosed with Long
COVID. A: coronal and B: axial baseline images showing areas of
ground-glass opacity and alveolar occupation with bilateral distribu-
tion, predominantly subpleural in the upper lobes (circle), along with
areas of centrilobular emphysema in the left lower lobe. C: coronal
and D: axial follow-up images, taken 19 months after the initial infec-
tion, show persistent residual ground-glass opacity with less density
and centrilobular emphysema (solid arrow) without changes compa-
red to the baseline findings.

CT: computed tomography; COVID: coronavirus disease.

Table 4. Chest CT persistent abnormal findings by follow-up time in
patients diagnosed with COVID-19

Description Follow-up in months Total
6-11 12-18 19-30

Interstitial thickening?, n (%) 11 (84.6) 13 (65.0) 17 (50.0) 41 (61.2)
Subpleural bands, n (%) 7 (53.8) 14 (70.0) 20(58.8)  41(61.2)
Ground glass?, n (%) 11(84.6)  6(30.0) 13(38.2) 30 (44.8)
Pleural thickening, n (%) 6 (46.2) 6 (30.0) 6(17.6)  18(26.9)
Bronchiectasis, n (%) 2(15.4) 6 (30.0) 5(147)  13(19.4)
Lymphadenomegaly, n (%) 1(7.7) 2(10.0) 8(23.5) 11 (16.4)
Emphysema, n (%) 1(7.7) 2(10.0) 3(8.8) 6(9.0)
Consolidation, n (%) 1(7.7) 1(5.0) 0(0) 2 (3.0)
Total, n 13 20 34 67

aStatistically significant (p < 0.05), Pearson chi? test was used.

CQVID-19 infection. The most common findings included
ground-glass opacity, interstitial thickening, and sub-
pleural bands, with nearly half or more of the patients
having these abnormalities throughout the follow-up
period.

One study with a follow-up period of 18.5 months is
a longitudinal cohort of 208 COVID-19 convalescents
patients from Wuhan, China, in which approximately
30% of patients still had abnormal chest CT patterns.

1
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Table 5. Crude and adjusted odds ratios from binary logistic regression to
identify predictors of persistent pulmonary tomographic findings at 6 to
30 months in Long COVID patients

Tomographic 0dds Ratio (95% confidence interval)

findings?

Crude® p-value Adjusted® p-value

At least one finding
Diabetes 5.82 (0.69-48.5)  0.10 - -
Hypertension 3.90 (1.05-14.4) 0.04  3.90(1.05-14.4) 0.04
At least two findings
Hypertension 3.11(1.13-8.80) 0.02 3.11(1.13-8.8) 0.02
At least three findings
Diabetes 3.04(0.99-9.36)  0.05 - -
2.63(0.93-7.48)  0.06  3.03(0.99-9.32) 0.05

0.36 (0.12-1.03) 0.06  0.34(0.11-1.01) 0.05

Hypertension

Obesity?

alt includes ground-glass opacity, consolidation, interstitial thickening, bron-
chiectasis, emphysema, pleural thickening, subpleural bands, and lymphade-
nomegaly; ®Includes only predictors with p-values < 0.10 in bivariate analyses;
diabetes, arterial hypertension, sex, age, body mass index, smoking, alcohol
use, and clinical severity at baseline were tested; “The final model included
only predictors with p-values < 0.05; 9BMI > 30 kg/mZ%

Figure 7. Chest CT of a 59-year-old male diagnosed with Long COVID.
A: coronal and B: axial baseline images showing multifocal areas of
ground-glass opacity with predominantly peripheral distribution (solid
arrows). C: coronal and D: axial images of follow-up, obtained 18
months after the initial infection, show atelectasis (solid arrow),
peripheral septal thickening (circle), and residual cylindrical bron-
chiectasis (open arrow).

CT: computed tomography; COVID: coronavirus disease.

The higher prevalence of persistent tomographic abnor-
malities in our cohort may be related to the high prev-
alence of comorbidities such as hypertension (55.2%)
and diabetes (26.9%). Notably, ground-glass opacity
and features associated with fibrosis, such as interstitial
and pleural thickening, tended to diminish as the fol-
low-up time increased, as reported in the systematic

Figure 8. Chest CT of a 75-year-old female diagnosed with COVID-19.
A: coronal and B: axial baseline images showing multifocal areas
with ground-glass opacity with bilateral diffuse distribution (circles).
C: coronal, and D: axial images of follow-up, taken 6 months after the
initial infection showing complete resolution of the baseline pulmo-
nary tomographic findings.

CT: computed tomography; COVID: coronavirus disease.

review and meta-analysis recently published on this
topic™. In our cohort, ground-glass opacity was present
in almost all patients at baseline (98.5%), but its prev-
alence progressively decreased to 53.8% at 6-11
months and continued to decline to nearly one-third
thereafter. This decrease was also observed in abnor-
malities associated with fibrotic changes, such as inter-
stitial thickening (from 84.6% at 6-11 months to 65% at
12-18 months to 50% at 19-30 months) and pleural
thickening (from 46.2% to 30% to 17.6%). In the
meta-analysis of CT findings of Long COVID-19 patients
one year after initial infection, which included 15 stud-
ies, reported that one-third of patients had residual
chest CT abnormalities. Ground-glass opacity (21.2%)
and fibrotic changes (20.6%) were the most commonly
observed, showing gradual recovery as the follow-up
period increased (CT abnormalities at 6 months: 52.9%
and at 12 months: 32.6%)"3.

A secondary objective was to identify potential risk
factors for the persistence of pulmonary abnormal
findings in Long COVID. Hypertension was the only
consistent risk factor that increased the likelihood
of persistent pulmonary abnormalities, particularly
interstitial thickening. Although no specific study has
addressed hypertension and the persistence of tomo-
graphic sequelae, evidence suggests that severe cases
in convalescent COVID-19 patients have a higher prev-
alence of comorbidities, particularly hypertension and
diabetes?. On the other hand, we found no association
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between tomographic severity at baseline chest CT and
the occurrence of follow-up abnormalities, as others
have found among severe and critical cases''. Further
studies are needed to better understand the per-
sistence of tomographic pulmonary abnormalities in
Long COVID patients in relation to the clinical charac-
teristics of the infected population.

This study has several strengths. The most signifi-
cant strength is the duration of follow-up period, which
is one of the longest reported to date and provides
relevant data on long-term pulmonary tomography find-
ings in Long COVID. The presentation of tomographic
abnormalities in a group with a high prevalence of
comorbidities, such as hypertension and diabetes, sug-
gests that persistent abnormalities may also depend on
population characteristics. On the other hand, this
cohort study has three major methodologic limitations
that should be mentioned. First, the small sample size
leads to unstable estimates, especially when the data
are stratified. Second, there is a potential for selection
bias, because Long COVID patients may not represen-
tative of those who attended the hospital. Third, the
results have limited generalizability due to the differ-
ences in characteristics and treatment received by pri-
vate patients compared to the general population.

CONCLUSION

In our study, the prevalence of persistent pulmonary
tomographic abnormalities was high in Long COVID
patients. This may be partly attributed to the high fre-
quency of hypertension and diabetes in our patient
population. Ground-glass opacity and fibrotic abnor-
malities (e.g., interstitial thickening) were the most fre-
quently observed findings, which tended to decrease
over time. Longer follow-up periods are needed to con-
firm the occurrence of long-lasting pulmonary tomo-
graphic abnormalities in Long COVID patients.
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ABSTRACT

Introduction: A breast nonmass (NM) on ultrasound (US) is associated with a wide spectrum of breast pathologies. The
aims of this study were to (1) re-evaluate the ultrasonographic features of breast NM using a standardized lexicon and (2)
identify the ultrasonographic features that predict malignancy in NM and its histopathologic confirmation. Material and
Methods: Women with ultrasonographic report of breast NM with BI-RADS category 3, 4, or 5 and diagnosis by biopsy or
ultrasonographic follow-up over 24 months were included. The following features of breast NM were assessed by ultrasound:
echogenicity, distribution, orientation, and associated findings according to the standardized lexicon of the fifth-edition update
of the ACR BI-RADS. Univariate and multivariate analyses were performed. Results: Seventy-two women with breast NM
were included; 53 (73.6%) had confirmed benign NM, 3 (4.2%) had benign with upgrade potential (BWUP) NM, and 16
(22.2%) had malignant NM. Significant ultrasonographic findings predictive of malignant NM were echogenic rind (OR 12.66,
95% Cl 2.08 - 76.83), hypervascularity (OR 796,95% CI 1.71 - 3702), and calcifications (OR 18.61,95% Cl 2.71-12765) with
sensitivity of 75.0% (95% ClI, 50.5 - 89.8%), specificity of 96.1% (95% Cl, 86.8-98.9), PPV of 85.7% (95% CI, 60.1-96.0), and
NPV of 92.5% (95% ClI, 82.1-970). The accuracy for diagnosing malignant breast NM was 91.0% (95% ClI, 81.8-95.8%).
Conclusion: The ultrasonographic features of breast NM were defined using a standardized lexicon. Malignant breast NM
was diagnosed in one out of four women. The predictive ultrasound findings were echogenic rind, hypervascularity, and
calcifications. In breast NMs, a biopsy is recommended to confirm the diagnosis.

Keywords: Ultrasound. BI-RADS. Breast nonmass. Nonmass lesion. Standardized lexicon. Breast carcinoma.

INTRODUCTION The ultrasonographic features of breast NM vary.

. . They are often as hypoechoic area, architectural dis-
A breast nonmass (NM) includes a wide spectrum of tortion, asymmetry, or focal asymmetry' 481112, Breast

benign, benign with upgrade potential (BWUP), or N jacks the 3-dimensionality of a mass: is identifiable
malignant pathologies™?. NM ultrasound findings asso- i, at |east 2 planes but may be primarily visualized
ciated with breast malignancy include architectural dis- i 1 plane only. Lacks definable shape and margin
tortion, hypervascularity, and calcifications"*®. Ductal for assessment'3. The American College of Radiology
carcinoma in situ and invasive lobular carcinoma can Breast Imaging Reporting and Data System (ACR
present as breast NM,*”® and are the most frequent BI-RADS) proposed standardized terminology to

diagnoses associated with malignant etiology™°1°. describe NMs detected on breast ultrasound (US)™.
*Corresponding author: Received for publication: 13-02-2023 Available online: 13-07-2023
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It includes ultrasonographic features of echogenicity,
distribution, orientation, and associated findings (echo-
genic rind, architectural distortion, posterior shadowing,
hypervascularity, ductal extension or abnormal ductal
changes, and calcifications)'®. The aims of this study
were to (1) re-evaluate the ultrasonographic features of
breast NM using a standardized lexicon proposed in
the fifth-edition update of the ACR BI-RADS, and (2)
identify ultrasonographic features that predict malig-
nant NM.

MATERIAL AND METHODS

This cross-sectional study was conducted from
January 2016 to December 2022 in the Breast Imaging
Department of Hospital San Javier in Guadalajara,
Jalisco, Mexico. Women with ultrasonographic report of
breast NM and diagnosis by histopathologic examination
or 24-month follow-up with breast US were included.
Women with BI-RADS 6 were excluded. Informed con-
sent was not required for the use of data collected during
routine clinical care. This study was approved by insti-
tutional ethics and research committees.

Study development and variables

Ultrasound examinations of breast NM cases with a
report based on findings such as hypoechoic, architec-
tural distortion, asymmetry, and/or focal asymmetry

Table 1. Etiologic diagnosis of breast NMs with histopathologic confirmation
or stability by US examination at 24-month follow-up

Benign breast NM n (%)
Fibrocystic changes 11 (20.7)
Fibroadenomatoid changes 6(11.3)
Fibroadenoma 5(9.4)
Sclerosing adenosis 4 (1.5)
Adenosis 2(3.8)
Radial scar 2(3.8)
Chronic granulomatous mastitis 1(1.9)
Tuberculosis 1(1.9)
Pseudoangiomatous stromal hyperplasia 1(1.9)
Stromal fibrosis 1(1.9)
Benign for stability 192(35.9)
Total 53 (100)
BWUP breast NM n (%)
Atypical ductal hyperplasia 2 (66.6)
Focal papillomatosis 1(33.4)
Total 3(100)
Malignant breast NM n (%)
Invasive ductal carcinoma 10 (62.4)
Ductal carcinoma in situ 4 (25.0)
Invasive lobular carcinoma 11(6.3)
Paget’s disease associated with invasive 1(6.3)
ductal carcinoma

Total 16 (100)

aln 19 patients the lesion was stable by breast US examination at 24-month
follow-up, and no biopsy was performed; BI-RADS: Breast Imaging- Reporting
and Data System; NM: nonmass; BWUP: benign with upgrade potential.

Table 2. Comparison of breast NM diagnosis by age, purpose of US examination, and BI-RADS categories

Description Benign breast NM BWUP breast NM Malignant breast NM Total p-value
n =53 (73.6%) n =3 (4.2%) n =16 (22.2%) n =72 (100%)
Age, years, mean = SD 447 + 11.08 53.2 + 16.34 51.1 £ 11.04 46.7 + 11.73 0.068
min, med, max (21, 44, 69) (40, 49, 81) (34, 51, 70) (21, 45, 81)
Age groups 0.295
< 52 years 40 (75.4) 1(33.3) 9 (56.3) 50 (69.4)
> 52 years 13 (24.6) 2 (66.7) 7(43.7) 22 (30.6)
Purpose of the US examination 0.563
Screening 32 (60.4) 2 (66.7) 9 (56.3) 43 (59.7)
Diagnostic 21 (39.6) 1(33.3) 7(43.7) 29 (40.3)
BI-RADS Category < 0.001
BI-RADS 3 9(17.3) 0 0 9 (12.5)
BI-RADS 4A 13 (25.5) 1(33.3) 0 14 (19.4)
BI-RADS 4B 22 (41.5) 2 (66.7) 2 (12.5) 26 (36.1)
BI-RADS 4C 7(13.7) 0 6 (37.5) 13 (18.1)
BI-RADS 5 2(2.0) 0 8 (50.0) 10 (13.9)

US: ultrasound; BI-RADS: Breast Imaging- Reporting and Data System; min: minimum; med: medium; max: maximum; NM: nonmass; BWUP: benign with upgrade

potential.
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Table 3. Comparison of breast US features between benign, BWUP and malignant breast NMs based on a standardized lexicon?

Description Benign breast NM BWUP breast NM Malignant breast NM Total p-value
n =53 (73.6%) n =3 (4.2%) n =16 (22.2%) n =72 (100%)

Echogenicity 0.117
Hypoechoic 33(62.3) 2 (66.7) 8 (50.0) 43 (59.7)
Isoechoic 1(1.9) 1(20.0) 0 2(2.8)
Hyperechoic 1(1.9) 0 2 (12.5) 3(4.2)
Mixed echogenicity 18 (33.9) 0 6 (37.5) 24 (33.3)

Distribution 0.210
Regional 12 (22.6) 0 5(31.3) 17 (23.6)
Focal 38 (71.6) 3(100) 8 (50.0) 49 (68.1)
Linear 2(3.8) 0 0 2(2.7)
Segmental 1(2.0) 0 3(18.7) 4 (5.6)

Orientation 0.372
Parallel 22 (41.6) 1(33.3) 9 (56.3) 32 (44.4)
Antiparallel 31 (58.4) 2 (66.7) 7(43.7) 40 (55.6)

Echogenic rind 0.015
Yes 11 (20.8) 0 9 (56.0) 20 (27.8)
No 42 (79.2) 3 (100) 7 (44.0) 52 (72.2)

Architectural distortion 0.280
Yes 27 (50.9) 3(100) 12 (75.0) 42 (58.3)
No 26 (49.1) 0 4 (25.0) 30 (41.7)

Posterior shadowing 0.439
Yes 34 (64.1) 1(33.3) 13 (81.3) 48 (66.7)
No 19 (35.9) 2 (66.7) 3(18.7) 24 (33.3)

Hypervascularity < 0.001
Yes 11(20.8) 1(33.3) 11 (68.7) 23 (31.9)
No 42 (79.2) 2 (66.7) 5(31.3) 49 (68.1)

Ductal extension or abnormal ductal change 0.169
Yes 3(5.7) 0 3(18.7) 6(8.3)
No 50 (94.3) 3(100) 13 (81.3) 66 (91.7)

Calcifications 0.002*
Yes 5(9.5) 0 8 (50.0) 13 (18.1)
No 48 (90.5) 3(100) 8 (50.0) 59 (81.9)

US: ultrasound; NM: nonmass; BWUP: benign with upgrade potential. ® Newell MS, Destounis S, Leung J, DeMartini W, Eby P. BI-RADS update: The edition
formerly known as the 5th. Reston VA. USA. American College of Radiology (ACR); 2021.

classified as BI-RADS 3, 4A, 4B, 4C, and 5 were retro-
spectively reviewed. Histopathologic confirmation by
breast biopsy or follow-up with breast US at 24 months
was used to define stability. Images were obtained from
PACS (Picture Archiving and Communication System)
(Carestream TM, Health Inc, version 12.1.5, Rochester,
NY, USA). Age and reason for the US examination
(screening or diagnosis) were recorded.

Ultrasound acquisition and analysis

Ultrasound examinations were performed with an Aloka
ultrasound system (Hitachi Co. Metzingen, Germany) with
a 10-16 MHz multifrequency linear transducer in gray-
scale, color Doppler, and power Doppler imaging. The
evaluation was performed by a specialized radiologist
(JPV) with 10 years of experience in breast imaging.
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Table 4. Univariate analysis of significant ultrasonographic features comparing benign and malignant breast NM

Description Benign breast NM Malignant breast NM p-value OR (95% ClI)
(n=53) (n=16)

Echogenic rind, n (%) 11 (20.8) 9 (56.0) 0.009 5.27 (1.58-17.60)

Hypervascularity, n (%) 11 (20.8) 11 (68.7) < 0.001 9.02 (2.55-31.90)

Calcifications, n (%) 5(9.5) 8 (50.0) 0.001 9.20 (2.39-35.35)

NM: nonmass; OR: odds ratio; Cl: confidence interval.

Table 5. Multivariate analysis of significant ultrasonographic features
predicting malignant breast NM

Description p-value OR (95% CI)
Echogenic rind 0.006 12.66 (2.08-76.83)
Hypervascularity 0.008 7.96 (1.71-37.02)
Calcifications 0.003 18.61 (2.71-127.65)

NM: nonmass; OR: odds ratio; Cl: confidence interval.

Table 6. Diagnostic performance of the three significant ultrasonographic
features? predicting malignant breast NM

Parameter % 95% Cl

Sensitivity 75.0 50.5-89.8
Specificity 96.1 86.8-98.9
PPV 85.7 60.1-96.0
NPV 92.5 82.1-97.0
Accuracy 91.0 81.8-95.8

aEchogenic rind, hypervascularity and calcifications; Cl: confidence interval;
NPV: negative predictive value; PPV: positive predictive value; NM: nonmass.

The ultrasonographic features of breast NM included in
the standardized lexicon of the updated ACR-BI-RADS
fifth-edition™ were echogenicity (hypoechoic, isoechoic,
hyperechoic, or mixed), distribution (regional, focal, linear,
or segmental), orientation (parallel or antiparallel), and
associated findings (echogenic rind, architectural distor-
tion, posterior shadowing, hypervascularity, ductal exten-
sion or abnormal ductal changes and calcifications).

Statistical analysis

The mean, standard deviation, minimum, median, and
maximum of age was reported and ANOVA was calcu-
lated to compare the mean age between pathologic diag-
noses of breast NM. Fisher's exact test was used to
compare the frequency of ultrasonographic features sus-
picious for malignancy and histopathologic confirmation.
Univariate odds ratio (crude OR) with a 95% confidence

interval and a multivariate binary logistic regression were
calculated to identify significant independent variables
predictive of malignant breast NM. Sensitivity, specificity,
positive predictive value, negative predictive value, false
positive rate, false negative rate, and accuracy for predict-
ing malignant breast NM were determined using signifi-
cant ultrasonographic features in the logistic regression
analysis. A p-value < 0.05 was considered significant.
IBM-SPSS Version 25 (IBM Co. Armonk, NY, USA) was
used for data analysis.

RESULTS

Seventy-two women with breast NM were included.
Table 1 describes the diagnoses and histopathologic
confirmation. The most common diagnoses of benignity
were fibrocystic changes in 11 (20.7%), fibroadeno-
matoid changes in 6 (11.3%), fibroadenoma in 5 (9.4%),
and sclerosing adenosis in 4 (7.5%). In 19 (35.9 %)
cases benign breast NM was defined based on the
24-month follow-up US. Other less common benign
histopathologic diagnoses are shown in Table 1. BWUP
histopathologic diagnosis was made in three NM cases;
two with atypical ductal hyperplasia, and one with focal
papillomatosis. The most common diagnosis in the
malignant NM group was invasive ductal carcinoma
(n = 10, 62.4%) and ductal carcinoma in situ (n = 4,
25.0%). Other less common diagnoses were invasive
lobular carcinoma (n = 1, 6.3%) and Paget’s disease
(n=1, 6.3%).

Table 2 compares the age, reason for breast US, and
BI-RADS category of the 72 women. There were 53
(73.6%) women with benign breast NM, 3 (4.2%) with
BWUP breast NM, and 16 (22.2%) with malignant
breast NM. Malignant etiology was found in approxi-
mately in 1 of 4 women with a breast NM. There were
no significant differences in age for malignant NM in
women younger, equal, or older than 52. Breast US
screening was performed in 32 (60.4%) of 72 women.
Malignant NMs were significantly associated with
higher BI-RADS categories: BI-RADS 4B (n =2, 12.5%),
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Figure 1. US in grayscale and power Doppler showing the echogenicity of breast NM. A: hypoechoic (arrowheads). B: isoechoic (arrowheads).

C: hyperechoic (arrowheads). D: mixed echogenicity (arrowheads).

NM: nonmass; US: ultrasound.

BI-RADS 4C (n = 6, 37.5%), and BI-RADS 5 (n = 8,
50.0%), in contrast to benign NMs in categories 4B
(n = 22, 41.5%), BI-RADS 4C (n = 7, 13.7%), and
BI-RADS 5 (n = 2, 2.0%) (p < 0.001).

The ultrasonographic features of benign, BWUP, and
malignant breast NMs are compared in Table 3.
Echogenic rind (p = 0.015), hypervascularity (p < 0.001),
and calcifications (p = 0.002) were more frequent in
malignant breast NMs. There were no significant differ-
ences in echogenicity, distribution, orientation, poste-
rior shadowing, or ductal changes between the three
groups. Figure 1 shows the echogenicity features of the
breast NM (hypoechoic, isoechoic, hyperechoic, and
mixed echogenicity), Figure 2 the distribution features
(regional, focal, linear, and segmental), and Figure 3
the orientation features (parallel and antiparallel). The
associated findings (echogenic rind, architectural dis-
tortion, posterior shadowing, hypervascularity, ductal
extension or abnormal ductal change, and calcifica-
tions) are shown in Figure 4. Figure 5 shows two cases
of benign breast NM with histopathologic diagnosis
of simple and sclerosing adenosis. Figure 6 shows
one case of BWUP breast NM with histopathologic

diagnosis of atypical ductal hyperplasia. Figure 7 shows
two cases of malignant breast NM with histopathologic
diagnosis of invasive ductal carcinoma and ductal car-
cinoma in situ.

In the univariate analysis (Table 4) and multivariate
binary logistic regression (Table 5), we compared
breast NM with benign and malignant diagnosis.
Echogenic rind (OR 12.66, 95% CI 2.08-76.83), hyper-
vascularity (OR 7.96, 95% Cl 1.71-37.02), and calcifica-
tions (OR 18.61, 95% Cl 2.71-127.65) were significantly
associated with the risk of malignant breast NMs.

Regarding the diagnostic performance of the three
significant ultrasonographic features predicting malig-
nant breast NMs (echogenic rind, hypervascularity, and
calcifications) (Table 6), sensitivity was 75% (95% ClI,
50.5-89.8%), specificity 96.1% (95% CI, 86.8-98.9),
positive predictive value 85.7% (95% ClI, 60.1-96.0),
negative predictive value 92.5% (95% CI, 82.1-97.0),
and accuracy 91.0% (95% CI, 81.8-95.8%). There were
false-positive results in 2 (3.8%, 95% ClI, 1.1-13.2) of 53
cases with benign breast NM and false-negative results
in 4 (25.0%, 95% Cl, 10.2-49.5) of 16 cases with malig-
nant breast NM.
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Figure 2. US in grayscale and power Doppler showing the distribution of breast NM A: regional (arrowheads). B: focal (arrowheads). C: linear

(arrowheads). D: segmental (arrowheads).

NM: nonmass; US: ultrasound.

DISCUSSION

In our study, we found that the presence of echogenic
rind, hypervascularity, and calcifications were ultraso-
nographic features that predicted malignancy in breast
NM. These three features have high diagnostic accu-
racy; however, their absence may be a false-negative
result. Therefore, we recommend breast biopsy in all
patients with a breast NM. The use of the standardized
breast US lexicon provided by the ACR BI-RADS
fifth-edition update is useful for accurately describing
breast NM and may allow systematizing management
and follow-up.

Breast carcinoma can present as breast NM with
different features on US. Lin et al." reported an inci-
dence of malignant NM of 4.59% (47/1024). Park et al.®
found 88 (72.7%) cases of benign NM and 33 (27.3%)
malignant NM cases in a retrospective study of 121
patients. Ductal carcinoma in situ (17/33, 51.5%) and
invasive ductal cancer with or without ductal carcinoma

in situ (13/33, 39.4%) were the main malignancies.
These results are comparable to our study, in which
malignant breast NM was detected in 16 (22.2%) of 72
women. In contrast, invasive ductal cancer was more
frequent in our cases (n = 10, 62.4%). Ultrasonographic
findings that predict malignant breast NMs were echo-
genic rind (OR 12.66, 95% CI 2.08-76.83), hypervas-
cularity (OR 7.96, Cl 1.71-37.02), and calcifications
(OR 18.61, ClI 2.71-127.65). On the other hand, in a
retrospective study of 715 women'® the significant US
features associated with malignancy were segmental
distribution (OR 3.03, 95% CI 1.50-6.15), calcifications
(OR 4.26, 95% Cl, 1.62-11.18), abnormal ductal changes
(OR 4.91, 95% ClI, 2.07-11.68), and posterior shadow-
ing (OR 20.20, 95% Cl, 6.46-63.23). Lin et al." reported
that microcalcifications and posterior shadowing were
associated with malignant breast NM in 59 women.
The ultrasonographic features that were significant for
malignancy in our study may support the suspicion of
malignant breast NM.
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Figure 3. US in grayscale shows the orientation of breast NM. A: parallel (arrowheads), B: the 21-mm maximum axis (yellow line) of the lesion
is shown parallel to the skin plane, C: antiparallel (arrowheads), and D: the 21.2-mm long maximal axis is in the anteroposterior plane (yellow

line).
NM: nonmass; US: ultrasound.

The likelihood of malignancy in some breast NMs is
underestimated'. The diagnostic accuracy of ultrasound
findings in predicting malignant breast NMs has been
evaluated. Zhang et al.'® found a correlation between
microcalcifications and malignant breast NMs in a retro-
spective study of 71 NMs assessed with US. The sen-
sitivity was 100%, specificity was 29%, and accuracy
was 69.0%. In our study, echogenic rind, hypervascular-
ity, and calcifications had a sensitivity of 75%, specificity
of 96.1%, and accuracy of 91%. The proportion of false
negative results in our study population was high (25%);
therefore, we cannot rule out malignancy based on
breast US features alone. Biopsy of breast NM is rec-
ommended to confirm the diagnosis.

BWUP breast lesions are pathologies that increase
the risk of subsequent breast malignancy over time'”. In
a systematic review and meta-analysis that included 129
studies, 11423 BWUP breast lesions were evaluated,
and 2160 (17%) were found to have malignancy. BWUP
breast lesions have different ultrasound features and
may present as NM'. In our study, 3 (4.2%) of the 72
cases with breast NMs were BWUP cases. The US fea-
tures of these BWUP breast NMs were predominantly

hypoechoic, focal with antiparallel orientation, and archi-
tectural distortion. BWUP lesions presenting as breast
NM have ultrasonographic features suspicious for malig-
nancy, and biopsy is recommended for histopathologic
confirmation.

Benign breast NM occurs in a variable proportion of
cases, according to the literature’®'*'®. Lee et al.”®
reported 95 (1.0%) NM in a retrospective study of 8856
asymptomatic women screened with breast US. Of the
93 lesions that were followed or confirmed histopatholog-
ically, 89 (95.6%) were benign, 2 (2.2%) were BWUP, and
2 (2.2%) were malignant breast NMs. Forester et al.’®
studied 166 patients with breast NM and found 104
(62.6%) benign NMs, 33 (19.9%) BWUP lesions, and 29
(17.5%) malignant breast NMs. These results are compa-
rable to our study, in which 53 (73.6%) of 72 cases had
benign breast NM. Fibrocystic changes were the most
common benign diagnoses (11, 20.7%), similar as reported
by other authors*810. US features of benign breast NMs
were variable, with hypoechoic (n = 33, 62.3%), focal
(n = 38, 71.6%), avascular (n = 42, 79.2%), and noncalci-
fied (n =48, 90.5%) most frequently observed. Radiologists
should be familiar with the ultrasonographic findings of
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Figure 4. US in grayscale and power Doppler showing the associated findings of breast NM. A: echogenic rind (arrowheads).
B: architectural distortion (arrowheads). C: posterior shadowing (star). D: Breast US power Doppler showing NM with hypervascularity.

E: ductal extension (arrowheads). F: calcifications (arrowheads).
NM: nonmass; US: ultrasound.

benign breast NM to avoid upgrading their category in
overestimated malignancy.

This study has several strengths. The diagnosis
was confirmed in all included cases. The ultrasono-
graphic features of breast NM were defined using a
standardized lexicon that provides consistency and

systematization to achieve the reproducibility. Some
limitations are related to the small sample size and
the retrospective design. On the other hand, the breast
US was evaluated by only one observer, which may
introduce bias due to the subjectivity of a single
evaluator. Inter- and intraobserver agreement with the
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Figure 5. A 55-year-old woman with screening examination. A: grayscale US with focal breast NM (arrowheads), mixed echogenicity (arrow),
antiparallel with architectural distortion and posterior shadowing (star). B: US Doppler power showing avascular breast NM.
C: CNB. Mild focal proliferation of the small ducts with granular luminal secretion and lining by double row of polygonal, uniform cells without
atypia, H&E 100x. Histopathologic diagnosis of simple adenosis. A 43-year-old woman with screening examination. D: US in grayscale with
focal, hypoechoic, parallel breast NM with architectural distortion and posterior shadowing (star). E: US Doppler power showed avascular
breast NM. F: CNB. Dense fibroelastic stroma with trapped and distorted ducts in an angulated shape with a layer of cubic to flat luminal
cells, H&E 100x. Histopathologic diagnosis of sclerosing adenosis.

NM: nonmass; US: ultrasound; CNB: core needle biopsy; H&E: hematoxylin and eosin.

Figure 6. A 78-year-old woman with a routine study. A: US in grayscale with breast NM, hypoechoic (arrowheads), and posterior shadowing
(star). B: US Doppler power showed avascular breast NM. C: CNB. Breast tissue with dilated ducts, hyperplasia of luminal cells forming
roman bridges and broad-headed papillae. The cells are cylindrical with moderate eosinophilic cytoplasm, the nuclei are monomorphous,
round, hyperchromatic, basal and myoepithelial cells are evident H&E, 200x. The histopathologic diagnosis was atypical ductal hyperplasia.

NM: nonmass; US: ultrasound; CNB: core needle biopsy; H&E: hematoxylin and eosin.

standardized breast NM lexicon was not assessed. malignant breast NM. All breast NMs should be considered
Elastography, which complements the characteriza- suspicious for malignancy and classified as category 4. In

tion of breast NM, was not included. the presence of predictive features for malignancy, they
should be classified at least as category 4B. For all breast
CONCLUSION NMs, biopsy is recommended for histopathologic confir-

mation of the diagnosis due to the possibility of malig-

In our study, the ultrasonographic features of breast NM  nancy. Interpretation of the ultrasonographic features of

were defined using a standardized lexicon. Echogenic rind,  breast NM using a standardized lexicon can help radiol-
hypervascularity, and calcifications were predictors for  ogists describe them accurately and systematically.
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Figure 7. A 34-year-old woman with a screening examination. A: US in grayscale showing segmental, hypoechoic, parallel breast NM with
echogenic rind, architectural distortion, posterior shadowing, ductal extension (arrowheads), associated with microcalcifications (arrow).
B: breast US Doppler power with peripheral vascularity. G: CNB. Malignant neoplasm of the primary epithelial lineage of the mammary gland
composed of nests, cords and tubular formation of less than 5%, H&E 400x. Histopathological diagnosis of invasive ductal carcinoma.
A 52-year-old woman with screening examination. D: US in grayscale with focal breast NM, mixed echogenicity, antiparallel with echogenic
rind (arrowhead), architectural distortion, posterior shadowing (star), associated with microcalcifications (arrow). E: US power Doppler shows
avascular breast NM. F: CNB. Epithelial malignant neoplasm, of ductal origin, with a predominantly solid pattern and scarce glandular
formations, located in the mammary ducts, H&E 100x. Histopathological diagnosis of ductal carcinoma in situ.

NM: nonmass; US: ultrasound; BAG: core needle biopsy; H&E: hematoxylin and eosin.
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ABSTRACT

The association between preoperative structural magnetic resonance imaging (MRI) and seizure freedom in Mexican patients
with refractory temporal lobe epilepsy (TLE) undergoing surgery has not been reported. This study describes the hippocampal
findings in preoperative structural MRI and their relationship with postoperative prognosis in Mexican patients with refractory
TLE.This retrospective cohort study included patients older than 18 years with refractory TLE who underwent epilepsy surgery.
The Harmonized Neuroimaging of Epilepsy Structural Sequences (HARNESS-MRI) protocol was used. Patients were followed
for 24 months, and seizure freedom was determined based on the Engel classification. Forty-four patients with refractory TLE
who underwent epilepsy surgery, 22 men and 22 women with a mean age of 35.2 + 10.6 years (range 20 to 61), were
assessed. Abnormal findings on preoperative structural MRI were identified in 36 patients. Hippocampal atrophy and
increased signal on T2/FLAIR were the most common (n = 17 472%). Seizure freedom was achieved in 30 (83.3%) of 36
patients. In contrast, only 4 (50%) of 8 patients with a normal preoperative structural MRI achieved seizure freedom
(p = 0.042). This study is the first in Mexico that demonstrates the association between abnormal preoperative structural MR/
findings and seizure freedom in patients with TLE undergoing epilepsy surgery.

Keywords: Refractory temporal lobe epilepsy. Hippocampal sclerosis. Magnetic resonance imaging. Postoperative prognosis.

INTRODUCTION

Structural magnetic resonance imaging (MRI) is cru-
cial in the presurgical evaluation of refractory temporal
lobe epilepsy (TLE). MRI identifies potentially epilepto-
genic brain structures, particularly in the temporal lobe
(lesional epilepsy)'. Randomized clinical trials have
reported that epilepsy surgery is more effective in con-

T2-weighted signal intensity in the hippocampus'. Other
features that may occur as secondary findings are atro-
phy of the ipsilateral fornix, mammillary body, and ipsi-
lateral temporal lobe, especially the temporal pole'®.
Hippocampal atrophy suggestive of HS found on preop-
erative structural MRI is the most important prognostic
factor for achieving seizure freedom after surgery368.

trolling seizures than continued treatment with an anti-
seizure medication in patients with drug-refractory
epilepsy?. Hippocampal sclerosis (HS) is the most com-
mon histologic abnormality in patients with refractory
TLE3#. Typical MRI findings of HS are atrophy, loss of
internal structure, decreased T1-weighted, and increased
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Approximately 30% of patients with refractory TLE have
a normal MRI on visual analysis (MRI-negative TLE),
indicating the absence of an epileptogenic zone (non-
lesional epilepsy)®. A normal or negative preoperative
structural MRI in patients with TLE is associated with a
less favorable postoperative outcome®®.
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The postoperative clinical course and the relation-
ship of structural MRI findings with seizure freedom
have not been described in Mexican patients with
refractory TLE. This study describes the hippocampal
findings on preoperative structural MRI and their rela-
tionship with seizure freedom in Mexican patients with
refractory TLE.

MATERIAL AND METHODS

This retrospective cohort study was conducted from
January 2015 to December 2020 at the Department of
Imaging and Epilepsy Clinic of the Neuroscience
Service of the Hospital Regional de Alta Especialidad
del Bajio, Secretaria de Salud in Leon, Guanajuato,
Mexico. The study included patients over 18 years
with refractory TLE who underwent epilepsy surgery.
Patients with incomplete examinations (no MRI) or a
tumor, vascular malformation, encephalomalacia, glio-
sis, or cortical dysplasia were excluded. Patients who
did not complete the 24-month postoperative follow-up
were also excluded. Informed consent was not required
for data collected as part of routine medical care. The
protocol was approved by the institutional ethics and
research committees.

Study development and variables

The clinical records of patients with refractory TLE
who underwent epilepsy surgery were retrospectively
reviewed. The indication for refractory TLE surgery was
based on a complete diagnostic protocol that included a
neurological physical examination, neuropsychological
assessment, surface electroencephalogram, a functional
MRI, the Wada test, positron emission tomography, and
interictal cerebral single-photon emission computed
tomography to determine the etiology and epileptogenic
zone. Selective amygdalohippocampectomy was per-
formed in patients with an epileptogenic zone in the
dominant lobe with a good intelligence Quotient (IQ).
Anterior temporal lobectomy was performed in patients
with an epileptogenic zone in the non-dominant lobe or
mental retardation in the dominant lobe. This study
focuses only on reporting structural MRI findings.

The recorded variables included age, sex, duration
of epilepsy in months, type of surgery, and laterality.
Postoperative follow-up was conducted in the epi-
lepsy clinic for a minimum of 24 months. Seizure
outcome was assessed annually after the surgery
date. Patients’ seizure classifications could change
over the course of 24 months.

Table 1. Abnormal hippocampal findings on preoperative structural MRI
in patients with refractory TLE undergoing epilepsy surgery

Typical findings n (%)

Atrophy and increased T2/FLAIR signal intensity 17 (47.2)
Hippocampal atrophy 14 (38.9)
Increased T2/FLAIR signal intensity 5(13.9)
Total 36 (100)
Other findings n (%)

Atrophy of the fornix 12 (33.3)
Loss of GM-WM differentiation at the temporal lobe 6 (16.6)
Atrophy of mammillary bodies 5(13.9)
Loss of hippocampal head digitations 2 (5.6)

None 11 (30.6)
Total 36 (100)

MRI: magnetic resonance imaging; T2: weighted turbo-spin-echo sequence;
FLAIR: fluid-attenuated inversion recovery; GM: gray matter; WM: white matter.

Definitions

Refractory TLE, according to the International League
Against Epilepsy (ILAE), is “that in which there has
been a failure of two trials of antiseizure medication, in
monotherapy or combination, tolerated, appropriately
chosen and adequately used to achieve the sustained
absence of crises®.”

Postoperative seizure freedom was based on the
Engel classification of seizures'.

Acquisition and analysis protocol

MRI was performed with a Magnetom Avanto 1.5 T unit
(Siemens Healthcare, Erlangen, Germany) using the
Harmonized Neuroimaging of Epilepsy Structural
Sequences (HARNESS-MRI) protocol' with T1 and
FLAIR-weighted sequences in axial, sagittal, and coro-
nal views, and T2 in coronal view. MRI findings were
described based on the Bliimcke/ILAE classification*'2.,

The structural MRI was assessed by a board-certified
neuroradiologist (OSF) with 15 years of experience.
The clinical follow-up was conducted by a neurologist
(JICM) specializing in epilepsy with 20 years of
experience.

Statistical analysis

Quantitative variables are reported as means, stan-
dard deviations, and ranges. The chi-square test was
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Figure 1. Examples of typical findings on preoperative structural MRI in patients with refractory TLE showing volume and signal abnormalities
in the hippocampus. Magnified views are shown. A: coronal FLAIR view of a 38-year-old woman with atrophy and increased signal intensity
in the right hippocampus (arrow). B: coronal T2-weighted view of a 36-year-old woman with atrophy and increased signal intensity in the
right hippocampus (arrow). C: coronal FLAIR view of a 43-year-old woman with atrophy and increased signal intensity in the left hippocampus
(arrow). D: coronal T2-weighted view of a 33-year-old man with atrophy and increased signal intensity in the left hippocampus (arrow).
E: coronal T2-weighted view of a 27-year-old woman with normal volume and increased signal intensity of the right hippocampus (arrow).
F: coronal T2-weighted view of a 32-year-old man with atrophy and normal signal intensity of the left hippocampus (arrow). G: coronal
T2-weighted view of a 35-year-old woman with atrophy and normal signal intensity in the left hippocampus (arrow). H: coronal T2-weighted
view of a 21-year-old woman with atrophy and normal signal intensity in the right hippocampus (arrow). I: coronal T2-weighted view of a

35-year-old man with atrophy and normal signal intensity in the left hippocampus (arrow).

MRI: magnetic resonance imaging; TLE: temporal lobe epilepsy; T2: weighted turbo-spin-echo sequence; FLAIR: fluid-attenuated inversion recovery.

used to compare frequencies and nominal data. The
chi-square test compared a normal or abnormal MRI
and seizure freedom. A p-value <0.05 was considered
statistically significant. The data were analyzed using
SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Fifty-three patients with refractory TLE who under-
went epilepsy surgery were evaluated. Nine patients
with other MRI-proven diagnoses were excluded: three
with tumors, two with vascular malformations, two with

encephalomalacia, one with gliosis, and one with cortical
dysplasia. Forty-four patients, 22 men and 22 women,
with a mean age of 35.2 + 10.6 years (range 20 to 61),
were evaluated. The mean duration of epilepsy was
254.7 + 127.6 months (range 36-636). Selective amyg-
dalohippocampectomy + anterior temporal lobectomy
was performed in 39 patients, while three underwent
amygdalohippocampectomy and two anterior temporal
lobectomy. Epilepsy surgery was performed on the
right side in 28 patients and on the left side in 16.
The preoperative structural MRl was normal in 8
patients, while abnormal MRI findings were observed
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Figure 2. Examples of other abnormal findings on a preoperative structural MRI of patients with refractory TLE. Magnified views are shown.
A: coronal T2-weighted view of a 34-year-old man with a loss of hippocampal head digitations in the right hippocampus (arrow). B: coronal
T2-weighted view of a 21-year-old man with a loss of hippocampal head digitations in the right hippocampus (arrow). C: coronal T2-weighted
view of a 37-year-old woman with atrophy of the left fornix (black arrowhead). D: coronal T2-weighted view of a 39-year-old man with atrophy
of the left fornix (arrowhead). E: coronal T2-weighted of a 29-year-old woman with a loss of grey-white matter differentiation in the temporal
lobe (black arrow) and atrophy of the right fornix (black arrowhead). F: coronal T2-weighted view of a 35-year-old man with a loss of grey-white
matter differentiation in the left temporal lobe (black arrowhead). G: coronal T2-weighted view of a 21-year-old man with atrophy of the right
mammillary body (black arrowhead). H: coronal FLAIR view of a 44-year-old woman with atrophy of the left mammillary body (black arrowhead).
I: coronal T2-weighted view of a 21-year-old man with atrophy of the right mammillary body (black arrowhead).

MRI: magnetic resonance imaging; TLE: temporal lobe epilepsy; T2: weighted turbo-spin-echo sequence; FLAIR: fluid-attenuated inversion recovery.

in 36 patients (Table 1). The most common typical
findings were hippocampal atrophy and increased
T2/FLAIR signal, present in 17 (47.2%) of the 36
patients with an abnormal preoperative structural
MRI. Hippocampal atrophy was found in 14 (38.9%)
patients and increased T2/FLAIR signal in 5 (13.9%).
Other findings such as atrophy of the fornix (n = 12,
33.3%) was the most common, followed by a loss of
gray matter (GM)-white matter (WM) differentiation
in the temporal lobe in 6 (16.6%) patients, atrophy of
the mammillary bodies in 5 (13.9%) patients, and loss
of the hippocampal head digitations in two (5.6%)
patients.

Figure 1 shows typical findings on structural MRI in
patients with refractory TLE with volume and signal
abnormalities in the hippocampus. Figure 2 shows
examples of other structural MRI findings in patients
with refractory TLE. Figure 3 shows pre- and postop-
erative findings of abnormal and normal structural MRI
in two and one patient with TLE, respectively.

At the 24-month follow-up, 30 (83.3%) patients with
an abnormal preoperative structural MRI achieved
complete seizure control (Engel 1A, completely seizure-
free since surgery), while only 4 (50%) of 8 patients
with a normal MRI were classified as Engel IA
(p = 0.042). Two (5.6%) of 36 patients were classified
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Figure 3. Preoperative and postoperative MRI findings of the patients with refractory TLE who underwent epilepsy surgery. A: abnormal
preoperative coronal T2-weighted view of a 21-year-old man with atrophy and increased signal intensity in the right hippocampus (arrow).
B: postoperative coronal T2-weighted view with changes secondary to right temporal lobectomy with right amygdalohippocampectomy.
A residual hygroma is seen in the subarachnoid space of the frontal and temporal convexity (arrow). C: abnormal preoperative coronal
T2-weighted view of a 32-year-old woman with atrophy and increased signal intensity of the left hippocampus (arrow). D: postoperative
coronal T2-weighted view with changes secondary to amygdalohippocampectomy with an area of encephalomalacia and areas of gliosis at
the left temporal level (arrow). E: normal preoperative coronal T2-weighted view of a 58-year-old man with normal volume and signal intensity
in the bilateral hippocampus (arrow). F: postoperative coronal T2-weighted view with an area of encephalomalacia and gliosis in the right
temporal level (arrow).

MRI: magnetic resonance imaging; TLE: temporal lobe epilepsy; T2: weighted turbo-spin-echo sequence.
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5 n=6
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Figure 4. Comparison of normal or abnormal preoperative structural
MRI with seizure freedom at 24-month follow-up after epilepsy surgery
in patients with refractory TLE. Patients with an abnormal preoperative
structural MRI had a significant difference in seizure freedom (n = 30,
83.3%) compared to patients with a normal MRI (n = 4, 50%) (p = 0.042).

MRI: magnetic resonance imaging; TLE: temporal lobe epilepsy.

as Engel IB (non-disabling simple partial seizures only
since surgery). Four (11.1%) of 36 patients with an
abnormal MRI and 4 (50%) of 8 patients with a normal
MRI were Engel IIA (rare disabling seizures, almost
seizure free: initially free of disabling seizures but has
rare seizures now). The mean duration of TLE was
233.65 + 112.23 months in 34 patients with Engel IA,
compared to 326.40 + 155.82 months in the 10 patients
with other categories (p = 0.586).

Postoperative complications included choroidal artery
infarction in two patients and one with VI cranial nerve

palsy.

DISCUSSION

This study is the first in Mexico that demonstrates an
association between abnormal preoperative structural
MRI findings and seizure freedom in patients with TLE
undergoing epilepsy surgery. Abnormal findings in the
hippocampus on preoperative structural MRI were
associated with a favorable postoperative prognosis.

Preoperative structural MR is the only imaging modal-
ity with a prognostic impact in patients with refractory
TLE who undergo epilepsy surgery®. In our study, abnor-
mal structural MRI findings in the hippocampus were
associated with a favorable postoperative prognosis
of seizure freedom in 30 (83.3%) with refractory TLE.
In contrast, patients with a normal structural MRI
showed a less favorable prognosis, with only 4 (50%)
achieving seizure freedom. Lesional epilepsy detected

by abnormal MRI findings is associated with a better
outcome than nonlesional epilepsy. A systematic review
and meta-analysis by Téllez-Zenteno et al.” that included
40 articles involving 697 patients with nonlesional epi-
lepsy and 2860 patients with lesional epilepsy found that
patients with lesions on MRI or histopathology were
2.5 times more likely to be seizure-free after surgery
(OR 2.5, 95% ClI, 2.1-3.0, p < 0.001). Furthermore, a
meta-analysis'™ of 38 studies with a total of 84,703
patients demonstrated that an abnormal MRl is a favor-
able predictor of seizure freedom in epilepsy surgery.
Our study provides evidence in Mexican patients with
results comparable to studies that included a large
patient series.

Patients with refractory TLE and normal MRI who
undergo epilepsy surgery tend to have a less favorable
postoperative outcome. In our study, 50% of patients
with a normal MRI were seizure-free after surgery. Bell
et al.', in a study of 44 patients with TLE and a normall
MRI, 26 (60%) were seizure-free after anterior temporal
lobectomy, and 15% had a decrease in seizure fre-
quency (Engel Il). Wang et al.’s, in a systematic review
and meta-analysis of 18 studies with a total of 391
patients, reported that a normal MRI was associated
with seizure freedom after temporal lobe surgery in 51%
of cases. Muhlhofer et al.® reported that a normal MRI
with no abnormalities in the temporal region was asso-
ciated with seizure freedom in 51% of patients with TLE
who underwent surgery. Therefore, a normal preoper-
ative structural MRI is considered a less favorable pre-
dictor of postoperative seizure freedom in patients with
refractory TLE.

The strengths of the study include its cohort design
and the performance of preoperative and postoperative
structural MRI with follow-up in all patients. However,
the study is limited by its small sample size from a sin-
gle center. Additionally, visual volume analysis of the
hippocampus was used, which is less accurate than
manual or automated volumetry''. The histopathologi-
cal results of hippocampal sclerosis were not included.
On the other hand, other clinical factors, such as men-
tal retardation and generalized tonic-clonic seizures,
which may impact postoperative seizure outcomes,
were not recorded.

CONCLUSION

Our study showed that hippocampal abnormalities
on preoperative structural MRI in Mexican patients with
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refractory TLE predicted a favorable prognosis with
seizure freedom in 4 out of 5 patients who underwent
epilepsy surgery. Identifying an epileptogenic lesion
provides a surgical target and increases the likeli-
hood of achieving seizure freedom after surgery for
eligible patients. Therefore, performing MRI examina-
tions early in the clinical course using an optimized
protocol (HARNESS-MRI)"" is crucial. Future studies
with a larger number of patients from multiple centers
and a prospective design are needed to minimize
bias and further investigate the postoperative prog-
nosis in Mexican patients with refractory TLE.
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ABSTRACT

A standardized structured Doppler duplex ultrasound (US) report format for lower extremity venous system assessment has
not been previously described. This technical note proposes a standardized, structured report for a complete Doppler duplex
US protocol for evaluating lower extremity venous insufficiency and thrombosis. The protocol begins in the upper abdomen
with an assessment of the heart, the ostium of the inferior vena cava (IVC), the caval hiatus, the entire course of the IVC, the
iliac veins on both sides, and the entire course of the superficial and deep, perforator, and reticular venous system of the
lower extremities. The diameter, compressibility, permeability, competence, velocity, thrombosis, or endothelial thickening in the
transverse plane with compression maneuvers, the Valsalva maneuver, respiratory variation, and augmentation of one or both
lower extremities are described according to the referring physician’s request. Additional pathologic findings of varicose
plexuses, incompetent perforating veins, thrombi, or surgical changes are reported. The proposed standardized structured
report format, developed for educational purposes for radiologists and residents, is intended to improve accuracy and con-
sistency of information. It also facilitates effective communication by providing relevant information to clinicians and patients.

Keywords: Structured standardized report. Venous insufficiency. Duplex ultrasonography. Thrombosis.

INTRODUCTION

The assessment of venous insufficiency and thrombo-
sis of the lower extremities is one of the most common
indications for Doppler duplex ultrasound (US) world-

insufficiency®, causing pain, swelling, edema, skin
changes, and ulceration. Primary venous insufficiency
is not associated with thrombosis, while secondary
insufficiency is associated with obstruction and/or
thrombosis; reflux leads to chronic venous hyperten-

wide. The prevalence of venous insufficiency varies from
5% to 30% of the adult population with a female-to-male
ratio of 3 to 11'. It affects approximately 20 million
Americans each year?. Lower extremity venous insuffi-
ciency was found in 231 (66.0%) women and 119 (34.0%)
men (2:1 ratio) in a preliminary report of 350 Mexican
patients (personal communication). Clinical manifesta-
tions can be due to venous obstruction or valvular
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sion in both types.

The venous system is, in many ways, far more com-
plicated than the arterial system*. Effective venous
return from the lower extremities requires the interaction
of the heart, a pressure gradient, peripheral muscle
pumps of the leg, and competent venous valves®. The
venous system of the lower extremities includes the
deep veins, which lie beneath the muscle fascia and
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Figure 1. A: grayscale US subxiphoid approach showing the four chambers of the heart. B: transverse view, grayscale US showing the vena
cava hiatus (3.54 ¢cm, not shown). C: sagittal view, color Doppler US of the vena cava hiatus (arrow) to the root of the IVC (right atrium).
D: transverse view, color doppler US showing normal aorta, IVC, superior mesenteric artery, and vein. E: transverse view, grayscale US
showing the normal left renal vein (5 mm, not shown) at the junction of the aorta and superior mesenteric artery (arrow) and its junction with
the normal IVC. F: transverse view, grayscale US of the normal aorta (1.89 cm) and IVC. G: transverse view, color Doppler US showing the
bifurcation of the aorta and the IVC with normal patency and flow direction. H: sagittal view, color Doppler US of the right external iliac artery
and vein showing normal patency and flow direction. I: sagittal view, color Doppler US and spectrum of the right external iliac vein with

normal spectral morphology and velocity (26.2 cm/sec).
IVC: inferior vena cava; US: ultrasound.

drain the muscles of the lower extremities; the superficial
veins, which are above the deep fascia and drain the
cutaneous microcirculation; and the perforating veins,
which penetrate the muscular fascia and connect the
superficial and deep veins®. The communicating veins
connect the veins within the same compartments.
Several authors have emphasized the importance of a
standardized structured radiology report>”, and Mexican
radiologists prefer a standardized structured report”. A
standardized structured report of quantitative ultrasound
findings, which may help to systematize the evaluation,
diagnosis, and follow-up of patients with pelvic conges-
tion syndrome or asymptomatic pelvic venous conges-
tion, was recently published®. There is no standardized
structured reporting format for ultrasound-based lower
extremity venous system assessment. On the other
hand, there is also no consensus on a defined examina-
tion protocol. The American College of Radiology rec-
ommends performing the imaging examination from the
thigh to the ankle and independently assessing venous

insufficiency or thrombosis®. Another protocol describes
only examining in the standing position'®. This technical
note proposes a standardized structured report of
Doppler duplex US based on a complete protocol for the
assessment of venous insufficiency and thrombosis of
the lower extremity.

US DUPLEX DOPPLER ACQUISITION
PROTOCOL

Lower extremity venous system assessment is per-
formed with a complete US examination protocol using
different modalities: grayscale, Doppler duplex, color
Doppler, power Doppler, and, more recently, B-Flow. A
vascular presetting is used in the abdomen and the
lower extremity venous system. The approximate dura-
tion of the full protocol is approximately 60 minutes per
extremity. The complete examination protocol was
developed by a radiologist (MFS) with 30 years of expe-
rience in vascular imaging.
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Figure 2. A: transverse view, grayscale US, the right common femoral vein is identified, with normal morphology and compressibility. B-C: sagittal
view, the bifurcation of the common femoral vein is identified with grayscale and color Doppler US showing normal patency and flow direction.
D: sagittal view, color Doppler US of the middle third of the right common femoral vein with normal patency and flow direction; there is no
reflux during the Valsalva maneuver. E: sagittal view, color Doppler US of the left femoral vein in its distal third with no reflux with the Valsalva
maneuver. F: transverse view, B-Flow US showing dilated external pudendal vein (8 mm, not shown) with retrograde flow. G: transverse view,
grayscale US of the distal third of the left posterior tibial veins with diameters of 3.4 and 2.5 mm (not shown), normal with a complete com-
pression maneuver. H: transverse view, color Doppler US of the left peroneal veins with a transverse echogenic band (arrow) in a peroneal
vein, secondary to chronic thrombosis. Reflux is seen with the Valsalva maneuver (arrowhead). I: transverse view, color Doppler US showing
the popliteal vein with a normal bifid segment (yellow arrows) and left gastrocnemius (white arrow). No reflux is observed during the Valsalva

maneuver. A normal popliteal artery is seen (arrowhead).
US: ultrasound.

Respiratory variation and Valsalva maneuvers are
used to evaluate the abdominal venous system with
compression maneuvers in the transverse plane; aug-
mentation, and Valsalva are performed in the reverse
Trendelenburg position*. For insufficiency examination,
the legs must be positioned below the level of the
patient’s head to maximize venous filling and optimize
assessment of reflux*.

The thigh and leg are examined in bipedestation
when no reflux is demonstrated. All vessel diameters
are recorded in the transverse plane and after the
Valsalva maneuver.

Definitions

Venous reflux: retrograde flow associated with dila-
tion during the Valsalva maneuver. A spectral inversion

of > 1-second duration and a change from blue to red
on color Doppler are demonstrated!!.

Incompetent perforating vein: dilatation > 3 mm with
flow inversion with an abnormal direction from the deep
to the superficial system.

Reverse Trendelenburg: the 45-to-60-degree tilt of
the examination table in the caudal direction.

Color Doppler: the estimation and display of mean
velocities relative to the direction of the ultrasound beam,
interpreted as a color overlay on grayscale images.

Power Doppler: the display of scattering velocities
relative to the direction of the interrogating ultrasound
beam at positions throughout the image field, ignoring
velocity and estimating only the strength. No direction
is given.

Spectral Doppler: visual display of the audible veloc-
ity and directional shifts in blood flow.
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Figure 3. A: sagittal view, color Doppler US of the left saphenous-femoral junction, showing patency and flow direction. No reflux is observed
with the Valsalva maneuver. B: sagittal view; color Doppler US of the left saphenous-femoral junction with patency and normal flow direction.
Reflux is observed with the Valsalva maneuver (arrow). C: transverse view, grayscale US of the right great saphenous vein in the proximal
third of the thigh with a diameter of 7.2 mm (not shown) and complete compressibility maneuver. D: transverse view, grayscale and color
Doppler US of the left great saphenous vein in the middle third of the thigh with echogenic material corresponding to a chronic thrombus with
partial recanalization <50%. E: transverse view, grayscale and color Doppler US of the left great saphenous vein in the distal third of the leg
with a diameter of 4.3 mm (not shown) and complete compression maneuver. There is also mild edema of the subcutaneous tissue (arrow).
F: transverse view, grayscale US of the left lesser saphenous vein with a diameter of 4 mm (not shown) in the middle third with complete
compression maneuver. G: transverse view, US grayscale and sagittal view in B-Flow showing a variant of Giacomini’s vein with a 7.9-mm
(not shown) diameter and normal patency in B-Flow US. H: transverse view, grayscale US showing the left paratibial perforating vein with a
diameter of 4.57 mm, located 10 ¢cm from the inferior border of the lateral malleolus. It drains into a dilated superficial varicose vein (8.14 mm,

not shown). I: transverse view, grayscale US of the left inframalleolar variceal bundle with 8- and 9-mm (not shown) diameters.

US: ultrasound.

B-Flow: blood flow with grayscale or B-mode US, dig-
itally encoded wide band pulses transmitted and received
to differentiate soft tissue from blood. No velocity or
direction is given.

STANDARDIZED STRUCTURED REPORT
FORMAT

The proposed standardized structured report format
is shown in Table 1. In the case of a bilateral examina-
tion, the left lower extremity is recorded first. In the
case of a unilateral examination, information on the
corresponding extremity is recorded. The entire abdom-
inal and pelvic region is always examined bilaterally,
regardless of whether the lower extremity is examined
unilaterally or bilaterally. The editable format of the
standardized structured ultrasound report is available
as a at DOI: 10.24875/JMEXFRI.M23000045.

Patient data and relevant clinical information are
recorded in the report format. It is recommended that
the clinician record the clinical, etiological, anatomical,
and pathophysiological (CEAP) classification®.

The assessment includes the heart, the ostium of the
inferior vena cava (IVC), the suprahepatic, and entire
course of the IVC, the left renal vein, the bifurcation and
formation of the primitive, external, and hypogastric iliac
veins; a bilateral examination is always performed in the
pelvis (Figure 1). The diameter, permeability, velocity,
and presence of thrombi or endothelial thickening are
recorded in transverse and sagittal projections, exclud-
ing obstruction and/or extrinsic compression. The heart
is examined in a transverse four-chamber plane with a
subxiphoid approach because effective venous return
from the lower extremities requires interaction with the
heart®. Findings, such as thrombi, pericardial effusion,
and myxomas.
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Figure 4. A: transverse view, color Doppler US of the left common femoral vein with central endoluminal echogenic material (arrow). Valsalva
maneuver shows reflux secondary as a sequel of chronic thrombosis (arrowhead). B: sagittal view (upper image) color Doppler US of the left
femoral vein in the middle third with thick endoluminal echogenic bands, central, fixed to the inferior wall due to chronic thrombosis with
valvular damage and reflux (arrow). B-Flow (lower image) showing recanalization of the femoral vein (arrowheads) C: transverse view,
grayscale US, and D: sagittal view, color Doppler US of the left popliteal vein with fixed central echogenic material secondary to a chronic
recanalized thrombus. E: transverse view, grayscale US, and F: sagittal view, color Doppler US of the left peroneal veins with hyperechogenic,
heterogeneous material in one of the noncompressible peroneal veins (arrow). Absence of flow in relation to a subacute thrombus with
complete obstruction (arrowheads). G: transverse view, color Doppler US shows left lesser saphenous vein dilated with a 10-mm diameter
(not shown). Reflux is observed with the Valsalva maneuver. H: transverse view, color Doppler US showing a dilated and incompetent perfo-
rator with a diameter of 6.1 mm (not shown) located 12 cm from the inferior border of the medial malleolus. I: transverse view, color Doppler
US showing a dilated and incompetent perforating vein with a 5.8 mm (not shown) diameter, located 2 ¢cm from the inferior border of the

medial malleolus.
US: ultrasound.

The examination continues along the entire deep
(Figure 2) and superficial venous systems (Figure 3).
Assessment of the deep, superficial, perforating, and
reticular venous systems in the thigh continues with
assessment of the diameter, compressibility, permeabil-
ity, competence, velocity, and presence of thrombi or
endothelial thickening (Figure 3). The maximum diameter
of the vessels is described in the transverse plane and
after the Valsalva maneuver. Perforating veins in the
thigh are designated as anteromedial, anterolateral, or
posterolateral depending on their location, as is their
distance in centimeters from an anatomic reference point
such as the popliteal fossa. The popliteal fossa is exam-
ined with the knee flexed and in the sitting or prone
position. In the leg, the location of the perforating system
is described in the same way, and the distance to the
medial and lateral malleolus in the ankle is determined.

Because of the complex anatomic variations of the
lower venous system, it is important to know the most
common variations to not confuse benign findings with
pathologic changes.

Additional pathologic findings of the heart, abdomen,
pelvis, and superficial and deep venous systems of the
lower extremities, such as varicose veins, their location,
diameter, communication with perforating veins, and
thrombosis, are specifically described. In the case of
abnormal perforating veins, their location and diameter
are assessed. Some examples are shown in Figure 4.

The pathological findings of the abdominal region,
the presence or absence of insufficiency and/or throm-
bosis of the deep and/or superficial venous system,
and a brief description of other pathological findings are
recorded as conclusions at the end of the standardized
structured report format.
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REPORT FOR LOWER EXTREMITY VENOUS
INSUFFICIENCY OR THROMBOSIS?

Table 1. Ultrasound examination of the venous system of the lower extremities is performed in the supine, reverse
Trendelenburg, and upright positions. The following ultrasound modes are used: real time mode B, Doppler duplex,
color, and power Doppler in the transverse and longitudinal planes. The following maneuvers are performed:
1. Compression in the transverse plane, 2. Valsalva maneuver, 3. Respiratory variation, and 4. Augmentation.
@The editable format of the standardized structured report is available as a digital appendix at www.jmexfri.com.

JME Fa STANDARDIZED STRUCTURED ULTRASOUND

Patient name: Sex: Age: Date:

Clinical Data (CEAP)': 0 1 2 3 4 5 6

Clinical diagnosis:

Previous procedures and examinations of the lower extremities:

ABDOMEN AND PELVIS

Vein Diameter Compressibility? Permeability Competence® Velocity Thrombosis or
(mm) (Yes/No) (Yes/No) (Yes/No) (cm/sec) Endothelial
thickening
(Yes/No)

Inferior vena cava®

Right primitive iliac

Left primitive iliac

Right external iliac

Left external iliac

aSince the inferior vena cava and the primitive iliac veins are deep in the abdomen, compressibility is not evaluated.

bSince the inferior vena cava and the primitive and external iliac veins lack valves, competence is not evaluated.

The evaluation of the heart is done in a transverse 4-chamber plane and only pathological findings (thrombus, pericardial effusion,
myxoma, etc.) are recorded in the additional findings section.

DEEP VENOUS SYSTEM OF THE LEFT LOWER EXTREMITY

Vein Diameter Compressibility Permeability Competence? Velocity Thrombosis or
(mm) (Yes/No) (Yes/No) (Yes/No) (cm/sec) endothelial
thickening
(Yes/No)

Common femoral

Deep femoral

Proximal third femoral

Middle third femoral

Distal third femoral

Popliteal®

Anterior tibialis

Posterior tibialis

Peroneals

Main gastrocnemic

alf “yes,” record the total time of reflux in seconds followed by “/” and the maximum velocity of reflux in cm/sec (example, 5 sec/20 cm/
sec) "The popliteal vein is assessed with the patient in the prone position at the end. The patient is asked to lift the foot and rest on the
toes.
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SUPERFICIAL VENOUS SYSTEM OF THE LEFT LOWER EXTREMITY

Vein

Diameter
(mm)

Compressibility
(Yes/No)

Permeability
(Yes/No)

Competence?
(Yes/No)

Velocity
(cm/sec)

endothelial thickening

Thrombosis or

(Yes/No)

Femoral-saphenous junction

Greater saphenous vein

Segment 1

Segment 2

Segment 3

Segment 4

Segment 5

Segment 6

Lesser saphenous vein

alf “yes,” record the total time of reflux in seconds followed by “/* and the maximum velocity of reflux in cm/sec (example, 5 sec/20 cm/sec).

ADDITIONAL PATHOLOGICAL FINDINGS OF THE LEFT LOWER EXTREMITY

VARICOSE PLEXUS: indicate the presence or lack of varicose plexuses. If they exist, describe their location and if patent or

thrombosed.

PERFORATING VEINS: indicate the existence or lack of incompetent perforators. Describe their maximum diameter in mm and

location on the limb.

DEEP VENOUS SYSTEM OF THE RIGHT LOWER EXTREMITY

Vein

Diameter
(mm)

Compressibility
(Yes/No)

Permeability
(Yes/No)

Competence?
(Yes/No)

Velocity
(cm/sec)

Thrombosis or
endothelial
thickening

(Yes/No)

Common femoral

Deep femoral

Proximal third femoral

Middle third femoral

Distal third femoral

Popliteal

Anterior tibialis

Posterior tibialis

Peroneals

Main gastrocnemic

alf “yes,” record the total time of reflux in seconds followed by “/” and the maximum velocity of said reflux in cm/sec (example, 5 sec/20 cm/sec).
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SUPERFICIAL VENOUS SYSTEM OF THE RIGHT LOWER EXTREMITY

Vein Diameter Compressibility Permeability Competence? Velocity Thrombosis or
(mm) (Yes/No) (Yes/No) (Yes/No) (cm/sec) endothelial
thickening
(Yes/No)

Femoral-saphenous junction

Greater saphenous vein

Segment 1

Segment 2

Segment 3

Segment 4

Segment 5

Segment 6

Lesser saphenous vein

alf “yes,” record the total time of reflux in seconds followed by “/” and the maximum velocity of said reflux in cm/sec (example, 5 sec/20 cm/sec).

ADDITIONAL PATHOLOGICAL FINDINGS OF THE RIGHT LOWER EXTREMITY

VARICOSE PLEXUS: : indicate the presence or lack of varicose plexuses. If they exist, describe their location and if patent or
thrombosed.

PERFORATING VEINS: indicate the existence or lack of incompetent perforators. Describe their maximum diameter in mm and
location on the limb.

CONCLUSIONS:

e Abdominal pathological findings (no, or if yes, describe):
e Left lower extremity

1. Deep venous system: competent or incompetent (describe pathological segments).

2. Superficial venous system: competent or incompetent (describe pathological segments).

3. Additional pathological findings: varicose plexus, incompetent perforating veins, thrombus, surgical changes, etc.
¢ Right lower extremity

4. Deep venous system: competent or incompetent (describe pathological segments).

5. Superficial venous system: competent or incompetent (describe pathological segments).

6. Additional pathological findings: varicose plexus, incompetent perforating veins, thrombus, surgical changes, etc.

140



M. Figueroa-Sanchez et al. US report of lower extremity venous system

CONCLUSION

In this technical note, we propose for the first time a
structured standardized reporting format for ultrasono-
graphic examination of venous insufficiency and throm-
bosis of the lower extremities based on a complete
protocol with different US modalities. A thorough know!-
edge of the anatomy and hemodynamics of the lower
extremity venous system is essential for optimal exam-
ination. The described protocol allows obtaining a com-
plete vascular map with morphologic and hemodynamic
information about the sites of retrograde flow and
venous leakage, enabling the referring clinician and
surgeon to determine therapy based on the standard-
ized structured report findings with precise and repro-
ducible language for multicenter studies and research
purposes. The standardized structured report format is
intended for educational purposes to assist the radiol-
ogists and residents in performing a systematic, com-
plete, and reproducible examination of the venous
system of the lower extremities to achieve clear, accu-
rate, and complete communication with the referring
clinician and patients.

Supplementary data

Supplementary data are available online in the
Journal of the Mexican Federation of Radiology and
Imaging online (DOI: 10.24875/JMEXFRI.M23000045).
These data are provided by the corresponding author
and published online for the reader’s benefit. The con-
tents of supplementary data are the sole responsibility
of the authors.
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ABSTRACT

Metaplastic breast carcinoma (MBC) may present nonspecific imaging findings that mimic benignity. This case report
describes a 77-year-old woman with MBC who initially presented with dystrophic calcification on mammography. A screening
mammogram and US examination performed in 2020 showed dystrophic calcification in the left breast, BI-RADS 2. In 2021,
screening mammography and US showed the previously detected dystrophic calcification with an increase in size compared
to previous examinations, BI-RADS Category 2. Eight months later, she had a rapidly growing mass in the left breast.
Mammography and US examination showed a mass abutting into the dystrophic calcification with suspected malignancy,
BI-RADS 4B. An excisional biopsy was histopathologically diagnosed as MBC with malignant bone formation and chondroid
components. Neoplastic cells were positive for P53 and CK AE1/AES. Estrogen, progesterone, and HER2/neu receptors were
negative. This case report is the first in the literature on MBC initially presenting as dystrophic calcification mimicking benignity.
It is published for educational purposes to show mammographic and US findings.

Keywords: Dystrophic calcification. BI-RADS. Metaplastic breast carcinoma. Mammography. Ultrasound.

INTRODUCTION

Metaplastic breast carcinoma (MBC) is a heteroge-
neous group of neoplasms that share metaplastic
changes of non-glandular components of the breast
tissue'. According to the World Health Organization
classification of tumors of the breast,2 MBC is classified
into four histopathological types: adenosquamous,
fibromatosis-like, squamous and spindle cell, and mes-

nonspecific imaging findings on mammography and
ultrasound (US)"4. Calcifications in MBC are observed
in the osteoclastic type'2. Malignant calcifications are
usually pleomorphic, clustered, linear or segmental.
This report describes a woman with MBC with dystro-
phic calcification on mammography and US.

CASE DESCRIPTION

142

enchymal metaplastic carcinoma with chondroid and
bone metaplasia.

MBC is a rare breast neoplasia®. Its different histo-
pathological types are associated with variable and
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The patient is a 77-year-old woman of Japanese ori-
gin with a history of a sister diagnosed with infiltrating
ductal breast carcinoma. The patient was referred for
annual mammography and US screening. In 2020, she
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Figure 1. A 77-year-old asymptomatic woman with a screening
examination. A-B: mammography in MLO and CC views showing
dystrophic calcification (arrow) in the lower-inner quadrant of the
middle third of the left breast. C: magnification cone of the left
breast that delineates the dystrophic calcification. Suspicious
findings of malignancy were ruled out. D: US at 7 o’clock of the left
breast, 5-mm dystrophic calcification with an acoustic shadow is
observed; BI-RADS Category 2.

BI-RADS: Breast Imaging Reporting and Data System; MLO: medial-lateral
oblique; CC: craniocaudal; US: ultrasound.

was asymptomatic. Her mammography showed dystro-
phic calcification in the lower inner quadrant of the
middle third of the left breast (Figure 1). US showed a
5-mm calcification with acoustic shadowing, BI-RADS
Category 2. In 2021, she came for a breast examina-
tion. She was asymptomatic. Screening mammography
and US showed the previously detected dystrophic cal-
cification with an increase in size compared to previous
examinations, BI-RADS Category 2 (Figure 2). Eight
months later, she had a palpable, painful, rapidly grow-
ing mass in the left breast. Mammography of the left
breast showed an irregular, indistinct, hyperdense
mass abutting the dystrophic calcification detected on
previous examinations (Figure 3). US showed a calci-
fied, irregular mass with complex echogenicity and
combined pattern, BI-RADS Category 4B.

An excisional biopsy was performed. Histopathologic
findings were MBC with chondroid and metaplastic
bone consisting mostly of osteoid with focal mineraliza-
tion (Figure 4). P53 and CK AE1/AE3 were positive in
the neoplastic cells. Estrogen, progesterone, and
human epithelial growth factor receptor 2 (HER2/neu)

Figure 2. A 77-year-old asymptomatic woman with a screening exami-
nation one year later. A-B: mammography in MLO and CC views showing
dystrophic calcification (arrow) in the lower quadrant of the middle third
of the left breast with an increase in size compared with previous
screening examinations. C: magnification of the dystrophic calcification,
with no finding suspicious for malignancy. D: US examination at 7
o'clock of the left breast, focusing on the dystrophic calcification,
unchanged from the previous examination; BI-RADS Category 2.

BI-RADS: Breast Imaging Reporting and Data System; MLO: medial-lateral
oblique; CC: craniocaudal; US: ultrasound.

receptors were negative. The patient had no metasta-
ses and underwent a left mastectomy with a good
postoperative outcome.

DISCUSSION

This case report describes a 77-year-old woman
diagnosed with MBC who initially had dystrophic calci-
fication that mimicked benignity on mammography.
This report is the first of a bone-forming MBC with
malignant dystrophic calcification and is published for
educational purposes to show the findings on mam-
mography and US.

There are no specific imaging findings for MBC, and
it may simulate benign lesions'. Table 1 shows several
reports in the literature describing MBC imaging find-
ings on mammography, US, and magnetic resonance
imaging (MRI)-35. MBC is often a large, firm, rapidly
growing mass. On mammography, it may present an
irregular, oval mass circumscribed or not with or without
calcifications'3®, On US images, it is a variable-shaped
(round, oval, lobulated) circumscribed and hypoechoic
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Table 1. Literature review of MBC and current case

Author  Country n Age, Clinical Mammography Ultrasound Magnetic Immuno
years presentation resonance histochemistry
imaging

Toumi* Japan 1 78 2 cm firm, Circumscribed Round, N/A ER positive
palpable mass mass circumscribed, PR negative

hypervascularized HER2/neu
mass. negative

Kim3 Korea 5 51.6 Palpable mass Circumscribed, Complex, T1: rounded, ER negative

(46-55)  (80% of cases) dense, lobulated mass circumscribed, PR negative
noncalcified hypointense mass HER2/neu
mass T2: hyperintense positive or

mass negative
Gd: heterogeneous

peripheral

enhancement

Type Il curve

Donato’  Portugal " 65 (30-86) Palpable mass Dense oval mass  Oval mass (64%) T1: hypointense ER negative
(45%) (56%) Circumscribed and PR negative
Screening (36%)  Uncircumscribed  (55%) heterogeneous HER2/neu
Distant margins (67%) Non-circumscribed mass. negative or
metastases Calcifications (45%) T2: hyperintense  positive
(18%) (pleomorphic and  Parallel (45%) mass

coarse Non-parallel Gd: heterogeneous
heterogeneous) (18%) reinforcement
(44%) Complex Type | curve
Skin thickening echogenicity Type Il curve
and retraction (82%) peripheral
(11%) Hypoechoic (18%) enhancement
Asymmetry 22%  Acoustic

reinforcement

(55%)

Jia? China 19  55(28-75) Palpable 1-6 cm  Oval mass (54.5%) Oval mass (57%) T2: Heterogeneous  ER negative
(mean 3 cm) Indistinct margin ~ Hypoechoic areas mass with central PR negative
mass (45.5%) (85%) hyperintensity HER2/neu

Hyperdense (100%). negative
(72.7%) indistinct margin

(75%)

Gd: peripheral

enhancement

(58.3%).

Type Il curve

(91.7%)

DWI: restriction

of diffusion

Kimura®  Japan 1 70 Fast-growing, Irregular, Heterogeneous T2: irregular, N/A
palpable mass microlobulated, lobulated mass heterogeneous

hyperdense mass  with mixed mass
posterior pattern.

Current  Mexico 1 77 Palpable, Irregular? Irregular mass? N/A ER negative

case painful, rapidly indistinct, with calcification PR negative
growing mass hyperdense mass and combined HER2/neu

with dystrophic pattern®. negative

calcification

MBC: metaplastic breast carcinoma; n: number of subjects; ER: estrogen receptor; PR: progesterone receptor; HER2/neu: human epithelial growth factor receptor 2;
NA: not available. *Mammography and US findings when excisional biopsy was performed.
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Figure 3. A 77-year-old woman with a rapidly growing painful mass
in her left breast. A-B: mammography in MLO and CC projection
shows an irregular, indistinct, and hyperdense mass (arrow) in the
lower inner quadrant of the middle third of the left breast associated
with the dystrophic calcification noted in previous examinations.
C: magnification cone of the left breast shows enlarged dystrophic
calcification associated with an irregular, microlobulated, and hyper-
dense mass in the lower-inner quadrant. D: US shows an enlarge-
ment of the calcification in the left breast. E: US focused on the 7 o"clock
of the left breast with an irregular, microlobulated mass parallel to
the coronal plane, with complex echogenicity and combined pattern
(arrow); BI-RADS Category 4B.

BI-RADS: Breast Imaging Reporting and Data System; MLO: medial-lateral
oblique; CC: craniocaudal; US: ultrasound.

mass that is less commonly heterogeneous, with
non-circumscribed margins or complex echogenicity
and acoustic shadow or enhancement'®. Donato et
al.!' reported two MBC cases with pleomorphic and
heterogeneous thick calcifications consistent with a his-
topathological image of bone matrix forming. In con-
trast, the calcifications in our case were dystrophic and
developed insidiously with a malignant rapidly-growing
mass. Calcifications in the breast are the most common
abnormal radiographic findings detected on screening
mammography®. Mammographic calcifications may be
the only radiographic manifestation of breast cancer.
Therefore, one must be aware of the appearance of
these calcifications, and if there are unusual changes
or additional findings, a histopathological examination
is warranted to detect malignancy.

MBC usually behaves as a highly malignant neo-
plasm with a large mass®. Diagnosis of the specific
MBC type is based on co-expression of mesenchymal
and epithelial cell markers'. It is often negative for

MBC mimicking a benign finding on mammography

hormone receptors, limiting therapeutic targets®. The
two cases with pleomorphic and coarse heterogeneous
calcification reported in the literature had a diagnosis
of MBC and were bone-forming'. On the other hand,
only one case with a solid tumor and pleomorphic cal-
cification diagnosed as a bone matrix-producing MBC
was documented by Ebrahim®. A case of a woman with
a high-grade carcinoma in situ associated with a benign
dystrophic calcification into in a small oil cyst sur-
rounded by neoplasia was also reported®. In contrast,
the dystrophic calcification in our case corresponded
to malignant calcification, and its association with a
benign lesion by histopathology was ruled out. The
diagnosis of calcified MBC was confirmed in relation to
a carcinoma producing a bone matrix. In this case, the
histopathologic diagnosis was MBC with heterologous
chondroid and bone components.

Dystrophic calcifications are associated with benign
processes such as fat necrosis, a history of trauma and
surgery, irradiated breasts, or dystrophic subcutaneous
dermatomyositis. Benign calcifications may coexist in
breast tissue, abutting or incorporated into the malignant
tumor as it grows®. The differential imaging diagnosis of
malignant dystrophic breast calcification includes infil-
trating ductal carcinoma®, low-grade ductal carcinoma in
situ, and bone-producing tumors, such as bone meta-
plasia in a phyllodes tumor, primary breast sarcoma,
mixed mammary fibromatosis,® and osteosarcoma. In
our case report, malignant dystrophic calcification was
the initial presentation of MBC bone formation.

CONCLUSION

In this case report, we present the radiological and
histopathological correlation with a confirmed diagnosis
of malignant calcification due to a bone matrix-forming
MBC. A limitation is that MRI was not performed as a
complementary examination. The radiologist should be
familiar with malignant calcifications associated with
various forms of breast cancer, as there are rare vari-
ants, such as MBC, with nonspecific imaging findings
that may mimic benignity.
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Figure 4. A: left breast tumor with heterogeneous appearance. B: areas of mature bone tissue (arrowheads) are seen, H&E (20x). C: fusiform
areas with a storiform pattern of long fascicles (arrowheads), H&E (40x). D: a mature chondroid element (arrowhead), H&E (40x). E: immu-
noreactive P53 in neoplastic cells, H&E (40x). F: immunoreactive CK AE1/AE3 in neoplastic cells, H&E (40x). The histopathological diagnosis
was MBC with bone and chondroid components.

H&E: hematoxylin and eosin; MBC: metaplastic breast carcinoma; x: microscopy magnification number.
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We examined a 44-year-old patient who presented to
us with a deformity of the right thigh. A magnetic res-
onance (MR) imaging of the lower extremity was per-
formed, which showed a multicystic lesion involving
the right adductor magnus muscle, with a hypointense
T1 signal, moderate signal intensity in PD (proton
density sequence), hyperintense in T2 and STIR
(Figure 1) with a size of 64.1 x 75.7 x 130 mm (ante-
ro-posterior/lateral/longitudinal diameter) and a com-
pressive effect on the vascular bundle. The imaging
findings correlated with biological analysis and con-
firmed the diagnosis of a primary muscular hydatid
cyst.

Hydatid cyst is a parasitic disease caused by
Echinococcus granulosus, and is endemic to the
Mediterranean region, Africa, and Asia'. Muscular
hydatidosis is rare and accounts for approximately
3-5% of all hydatidosis cases, likely due to the fact
that the cyst requires oxygen for growth, while muscle
typically contains lactic acid®. The most typical treat-
ment for a simple muscular hydatid cyst is surgical
removal. Drug treatment with albendazole is an alter-
native for inoperable cases'?.
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Figure 1. MR imaging of a 44-year-old patient with a deformity of the right thigh. A: multicystic lesion with T1 hypointensity. B: PD moderate
signal intensity. C: T2 hyperintensity. D: STIR hyperintensity.
MR: magnetic resonance; PD: proton density.




	01_JMxFRI_M44_23_Radiologists_Elizondo_ED_UK
	02_JMxFRI_003_23_Shekhrajka_Imaging_IDR_UK
	03_JMXFRI_M47_23_Knowledge_Ornelas_FRA_UK
	04_JMXFRI_M48_23_Long_Diaz_FRA_UK
	05_JMXFRI_M49_23_Ultrasound_Parada_FRA_UK
	06_JMXFRI_M50_23_Structural_Cuellar_BRA_UK
	07_JMXFRI_M45_23_Standardized_Figueroa_BRA_UK
	08_JMXFRI_M46_23_Metaplastic_Rojas_CR_UK
	09_JMXFRI_004_23_Primary_Popa_IR_UK



