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Cystic Biliary Atresi

PEDIATRIC RADIOLOGICAL CASE

Brandon G. O’'Connor, DO; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Case Summary

An infant born at 33 weeks’
gestation presented with neonatal
cholestasis. Total and direct bilirubin
levels were significantly elevated.
The patient’s stool color was normal.
Mild jaundice and scleral icterus
were found on examination.

Imaging Findings

Ultrasound (US, Figure 1) showed
a1l mm X 8-mm atretic gallbladder,
despite the infant having nothing by
mouth for 5 hours prior to the study.
There were no visible intrahepatic
bile ducts. Additionally, a 5 x 4-mm
cyst was present near the hepatic
hilum.

MRI cholangiopancreatography
(MRCP) (Figure 2) confirmed
gallbladder atresiaand the cystinthe
hepatic hilum. The common bile duct
was notvisible.

Intraoperative cholangiogram
(Figure 3) showed filling of the cystic
structure but no contrast within
intrahepatic bile ducts or draining
into the duodenum.

Diagnosis

Cystic biliary atresia.

Affiliations: University of the Incarnate Word School of
Osteopathic Medicine, San Antonio, Texas (0’Connor);
Department of Radiology, Phoenix Children’s Hospital,
Phoenix, Arizona (RB Towbin, Schaefer); Cincinnati Children’s
Hospital, University of Cincinnati College of Medicine,
Cincinnati, Ohio (AJ Towbin).
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Differential diagnosis includes
choledochal cyst and Alagille
syndrome.

Discussion

Biliary atresia is a progres-
sive congenital disease involv-
ing sclerosing inflammation and
obstruction of the intra- and
extrahepatic bile ducts.”® While it
is the most common cause of
cirrhosis and hepatic failure in
children, its incidence varies by
region. BA is most common in
Taiwan, where it affects 1 in 5000
live births, and least common in
the Netherlands, where it affects
1 in 19,000 live births.>* Patients
typically present with jaundice,
pale-colored stool, dark urine,

coagulopathy, and failure to thrive.

Chronic findings include cirrhosis,
hepatosplenomegaly, and ascites.’
BA is classified according to the
most proximal level of the biliary
obstruction. In type 1 BA (~5%
of patients), the biliary system is
patent to the level of the proximal
common bile duct at the cystic
duct insertion. There is atresia
of distal common bile duct. In
type 2 BA (~2% of patients), the
common hepatic duct is atretic,
but intrahepatic ducts are patent
and cystic ducts can be found
at the porta hepatis. In type 2A,
the common bile duct is patent
while in type 2B the cystic ducts

and hepatic ducts are not patent.
Finally, in type 3 BA (~90% of
patients), the central intrahepatic
ducts and the extrahepatic biliary
are atretic.” Cystic biliary atresia
(CBA) is an uncommon variant
of BA accounting for 5% to 10%
of patients with BA.' CBA is
characterized by bile duct atresia,
with cystic changes in the common
hepatic or common bile duct.!
Abdominal US is the initial
imaging modality in patients with
suspected BA. In children younger
than 1 year, a healthy gallblad-
der should measure 15 to 30
mm in length and should have
thin, defined walls.® Patients with
BA may have findings known as
the gallbladder “ghost triad,” with
a gallbladder less than 19 mm
in length with a thin, indistinct
wall and an irregular or lobulated
contour.” Nonvisualization of the
gallbladder alone on US cannot
confirm BA.® Other than gallblad-
der abnormalities, additional US
findings of BA include triangu-
lar cord sign, absence/nonvisibility
of the common bile duct, and
hepatic artery enlargement.”® The
triangular cord sign represents a
triangular or tubular echogenic
cord of fibrous tissue more than
4 mm in thickness along the
anterior wall of the right portal
vein, representing an obliterated
bile duct.>® Prior studies have
shown that a hepatic artery
diameter greater than or equal to
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Figure 1. US of the liver showed an atretic gallbladder (A, arrow) 8 mm in length and 1 mm in diameter. A 5 mm cyst (B, calipers) was present at the
hepatic hilum. The common bile duct (C) was not definitively identified. However, a candidate duct (arrow) was 0.4 mm in diameter. There was a small
triangular cord sign (D, arrow), 2 mm in diameter.

1.5 mm has a high sensitivity,
specificity, and accuracy for BA.?
Although abdominal US is the
primary imaging modality used to
evaluate BA, an MRI, MRCP, nuclear
medicine hepatobiliary iminodiace-
tic acid (HIDA) scan, and cholan-
giography may also be used for
diagnosis. MRI and MRCP are
more commonly used to exclude
other causes of cholestasis.® MRI
and MRCP findings in patients
with BA are similar to US find-
ings. When using MRI, findings for
BA are triangular cord thickness
greater than or equal to 5.1 mm,

4 Applied Radiology

nonvisualization of the common
bile duct, and abnormal gallblad-
der.’ During HIDA scans, an injected
hepatobiliary agent is taken up

by hepatocytes. If the radiotracer
does not excrete into the small
bowel after 24 hours, a diagnosis

of BA can be suggested.’ However,
neonatal hepatitis can have similar
HIDA scan findings. Percutaneous
or intraoperative cholangiogram may
also be performed. The findings of
BA include failure of contrast to
opacify into the intrahepatic and
extrahepatic bile ducts .°

BA is ultimately diagnosed via
biopsy. An adequate liver biopsy
should be at least 2.0 cm long x
0.2 mm wide, and ideally contain
at least 10 portal areas.’ In BA,
the liver has expanded, edematous
myofibroblastic portal tracts with
bile duct proliferation and anas-
tomosing ductules at the periph-
ery of the portal tracts.® Ductular
bile plugs, fibroblast proliferation,
and inflammatory cells, particularly
neutrophils, are characteristic on
histopathology.® In CBA, the cyst has
a thin, uniform layer of dense scar
tissue with very few cells that tend

September / October 2024
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Figure 2. Coronal imaging (A) from MRCP and axial (B) and coronal T2-weighted images (C) showed a small cyst (arrow) at the hepatic hilum. There
were no visible gallbladder or intrahepatic bile ducts. Axial T2-weighted imaging (D) near the portal bifurcation (arrow) showed increased signal related
to inflammation, with no visible bile ducts. Note the diffuse, low T2 signal throughout the liver.

to peel from the inner cyst surface.
There is also focal myofibroblas-
tic hyperplasia enclosing the inner
scarred layer.’

BAistreated viathe Kasai
procedure, whichincludes hepatic
portoenterostomy, biliary remnant
resection, and creation of Roux-en-Y
intestinal anastomosis for bile flow."*
Ifthe Kasai procedure fails or the
patientdevelops cirrhosis, aliver
transplantisrequired.’ Treatment
after 60 postnatal days can acceler-
atehepaticfibrosisand liver failure,

September / October 2024

worsening patient outcomes.>* The
rapid developmentof cirrhosisin
patients with BA makesitcrucial to
differentiate CBA from choledochal
cyst.

CBA and choledochal cyst have
many clinical and imaging similari-
ties, which can make distinguishing
between CBA and choledochal cyst
challenging. Gallbladder morphol-
ogy, triangular cord thickness, and
cyst size, contents, and progression
are used to differentiate CBA from
choledochal cyst. A normal-sized

gallbladder (> 15 mm) is character-
istic of choledochal cyst, whereas
an atretic (< 15 mm) or abnor-
mally shaped (tubular or elonga-
ted) gallbladder is characteristic of
CBA."** The triangular cord sign
on US or MRI and a cyst size

under 1.5 cm on prenatal US are
diagnostic for CBA."** Prior studies
have also demonstrated that the
cyst size in CBA stays stable in

the prenatal phase and regresses
after birth. Patients with choledochal
cyst had continuous growth of cysts

Applied Radiology 5
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Figure 3. Intraoperative cholangiogram
showed contrast injected directly into
the cystic structure (arrow). There was
no extension of contrast proximally into
intrahepatic bile ducts or distally to the
duodenum.

after birth.* When incised, choledo-
chal cysts contain dark-green bile
and biliary sludge, whereas cysts in
patients with CBA have no content or
small amounts of yellow fluid."**

Conclusion

CBA is an uncommon variant
of BA. Distinguishing CBA from
choledochal cyst is paramount for
patients to receive timely treatment
and have the best outcomes.

6 Applied Radiology
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Case Summary

An adolescent with a history of
recurrent respiratory papillomatosis
(RRP) and pulmonary involvement
presented with progressive dyspnea
on exertion.

Imaging Findings

Chest radiograph (Figure 1) and
chest CT (Figure 2) showed both
cystic and solid lesions. The cystic
lesions had a variable appearance:
Some had a thick, irregular wall
while others had a thin, nearly
imperceptible wall. A small nodule
was visible in the posterolateral
trachea on CT.

Diagnosis

Recurrent respiratory papilloma-
tosis

Discussion

Recurrent respiratory papilloma-
tosis is a rare disease character-
ized by recurrent benign papillomas
that can occur anywhere along

Dalia Koujah; Richard B. Towhin, MD; Carrie M. Schaefer, MD; Alexander J. Towhin, MD

the respiratory tract, most com-
monly the larynx and vocal cords.
Globally, the incidence of RRP is
4 per 100,000 children and 2 per
100,000 adults.” Rates in the US have
been steadily declining since the
introduction of the human papillo-
mavirus (HPV) vaccine in 2006.> The
current estimated incidence of RRP
in children is 4 per 100,000 children
and 2 per 100,000 in adults annually.’
Specific types of HPV, most
commonly HPV 6 and HPV 11,
are associated with the wart-like
papilloma characteristic of RRP.?
HPV 11 is associated with more
aggressive disease, often seen in
children less than 5 years old.*
Recurrent respiratory papilloma-
tosis has a trimodal age distribution,
with age peaks at 7, 35, and 64 years,
and is classified as juvenile- or
adult-onset. Patients with juvenile-
onset RRP present between 2 and
6 years old with more aggres-
sive disease® transmitted vertically
either in utero or during passage
through an infected birth canal.
The etiology of adult-onset RRP is
unclear, with some sources favoring
transmition via oral-genital contact
while others favor genetic suscept-
ibility, including adult activation
of vertically transmitted disease.*”*
Upon infection, the virus remains
latent within the host cells, causing

3
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Recurrent Respiratory Papillomatosis

can occur anywhere in the
airway, from the nasopharynx
to the tracheobronchial tree and
pulmonary parenchyma. Clinical
presentation is nonspecific and
dependent on the location of the
lesions. Potential signs include
voice changes, cough, dyspnea,
wheezing, and stridor. In adults,
hoarseness is the most com-
mon presenting sign. In chil-
dren, presenting signs include
progressive hoarseness, stridor, and
breathing difficulties.” Owing to
the nonspecific signs, children
are often treated for pharyngitis,
asthma, or bronchitis, resulting in
delayed diagnosis and potential for
progression to respiratory distress.
Disease course is highly
variable, ranging from sponta-
neous remission to malignant
transformation. Squamous cell
carcinoma resulting from RRP is
rare but has a poor prognosis.
Malignant transformation is more
commonly associated with HPV 16
and 18, smoking, and radia-
tion therapy.’ Disease recurrence
is associated with diminished
lymphocyte response, although it
remains unclear whether this is
causative or a result of infection.”
Recurrentrespiratory papillomato-
sisisrarely diagnosed via chest
radiograph, although it can be visu

Affiliations: University of Arizona College of Medicine,
Phoenix Campus, Phoenix, Arizona (Koujah); Department
of Radiology, Phoenix Children’s Hospital, Phoenix, Arizona
(RB Towbin, Schaefer); Department of Radiology, Cincinnati
Children’s Hospital, University of Cincinnati College of
Medicine, Cincinnati, Ohio (AJ Towbin).

recurrences even after the elimina-
tion of the initial papilloma.
Papillomas are found primar-

alized as solid or cavitated pulmonary
nodulesifthereislunginvolvement.
In severe cases, chest radiograph may

ily in the larynx, although they demonstrate symptoms of bronchial

Published: October 1, 2024. https://doi.org/10.1016/10.37549/AR-D-24-0019
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Figure 1. Chest radiograph shows
multiple cystic (solid arrows) and solid
(dashed arrow) lesions in the lungs.

obstruction such as atelectasis and
bronchiectasis.*

CT is the preferred imaging
modality and can demonstrate
the tracheal and bronchial lesions
characteristic of RRP. Nodular
lesions can present on CT as focal
or diffuse large airway narrow-
ing. Lung lesions may be single
or multiple, nodular or polypoid,
and of varying size and distribu-
tion.* In some cases, lesions can
present as enlarged air-filled cysts,
and superimposed infection can
cause air-fluid levels. CT find-

ings of airway obstruction include
atelectasis and bronchiectasis.”
Diagnosis is confirmed via
laryngoscopy and bronchoscopy,
allowing direct visualization of
the vocal cords and airways, as
well as biopsy for histopatholog-
ical examination. Papillomas are
often visualized as pale poly-
poid lesions along the respiratory
tract. Definitive diagnosis is made
via histopathological examination,
which shows well-differentiated
squamous epithelium with a central
fibrovascular core.”

Figure 2. Chest CT through the trachea (A), subcarinal region (B), pulmonary vein insertion (C), and lung bases (D) shows multiple
lesions in the airways. Some cystic lesions have a thick, irregular wall (arrows) while others have a barely perceptible wall (yellow
arrowhead). Solid pulmonary nodules are also present (dashed arrows). A papilloma (orange arrowhead) is visible along the left

posterolateral aspect of the trachea.

8 Applied Radiology
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Currently there is no cure for RPP.
Papillomas are primarily treated
surgically, with adjunct therapy
recommended in approximately 20%
of patients.* Clinical criteria for
adjunct therapy include greater than
4 surgical procedures per year, rapid
regrowth with airway obstruction,
or distal multisite spread."”® Adjunct
therapy includes antiviral medi-
cations, COX-2 inhibitors, and
chemotherapeutics.

Conclusion

Recurrentrespiratory papillomato-
sisisarare disorder of benign
neoplasms of the respiratorytract,
commonlylocated along thelarynx
andvocal cords. Itis most commonly
associated with HPV 6 and HPV 11
infection, and hasatrimodal age
distribution, with more aggressive
diseasein children. If left untreated,
RRP canlead tosignificantrespiratory
distress and may lead to the develop-
mentof squamous cell carcinoma.
Although thereisno cure, surgical
excisionimproves symptoms. The
HPVvaccine hashelped decrease the
incidence of RRP.

September / October 2024
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Klippel-Trenaunay Syndrome

Brenden C. Maag, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Case Summary

An infant presented with a
large port-wine stain of the
right lower extremity, pelvis,
and trunk that was present
at birth. Additionally, the right
lower extremity was larger than
the left and there was intermit-
tent bleeding from skin lesions
of the right lower extremity.

A punch biopsy of a skin

lesion was performed for genetic
testing, documenting a somatic,
pathogenic PIK3CA variant. The
diagnosis was PIK3CA-related
overgrowth spectrum, and the
phenotype was consistent with
Klippel-Trenaunay syndrome (KTS).

Imaging Findings

MRI of the lower extremities
and pelvis showed the abnormali-
ties (Figure 1), including a large
lateral marginal vein extending
from the foot to the proximal
thigh, which drains centrally.
Additionally, there were scattered
lymphatic and venous malforma-
tions in the right lower extremity.

Affiliations: University of Central Florida College of Medicine,
Orlando, Florida (Maag); Department of Radiology, Phoenix
Children’s Hospital, Phoenix, Arizona (RB Towhin, Schaefer);
Department of Radiology, Cincinnati Children’s Hospital,
University of Cincinnati College of Medicine, Cincinnati, Ohio

(AJ Towhin).

Diagnosis

Klippel-Trenauney syndrome
(KTS)

Differential Diagnosis

CLOVES Syndrome

The limb overgrowth and port
wine stains seen in KTS manifest
similarly to CLOVES (congenital
lipomatous overgrowth, vascular
malformations, epidermal nevi,
and scoliosis/skeletal/spinal/anoma-
lies) syndrome, another manifesta-
tion of PIK3CA gene mutations.
In CLOVES, truncal involvement
with vascular malformations and
fatty overgrowth is more common.
Additionally, tethered spinal cord,
scoliosis, and renal abnormali-
ties such as Wilms tumor are
associated with CLOVES syndrome
but are not typically seen in KTS.

Proteus Syndrome

Proteus syndrome results from
a mutation in the AKT1 gene
pathway, resulting in an asym-
metric overgrowth pattern that
can affect all body parts.
When unilateral, this may appear
similarly to the overgrowth seen
in KTS, but Proteus syndrome
presents much more frequently
with progressive skeletal abnormal-
ities and pulmonary disease.

Published: October 1, 2024. https://doi.org/10.1016/10.37549/AR-D-24-0014
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Maffucci Syndrome

Maffucci syndrome is due to an
IDH1 gene mutation and initially
presents with enchondromas in the
long bones of the arms and legs.
Vascular malformations associated
with this syndrome are progressive
but usually present at 5 years of
age or older. The primary risk of
this syndrome is the development of
chondrosarcoma.

Sturge-Weber Syndrome

Sturge-Weber syndrome is another
genetic disorder that results from
a mutation of the GNAQ gene and
is associated with facial port-wine
stains and vascular malformations,
although the malformations are
almost always seen in the brain.
Additionally, these patients often
have delays in cognitive develop-
ment and ophthalmologic abnor-
malities, which are not seen in
isolated KTS.

Discussion

The diagnosis of KTS is usu-
ally clinical. The initial diagnos-
tic imaging modality of choice is
often Doppler US, which allows
for visualization of the varicosities
as well as appreciation of any
concurrent thrombosis or venous
insufficiency. The extent of the US
findings directly relates to disease
severity. Once extensive venous

September / October 2024
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Figure 1. MRI (A, B). Coronal STIR (A) and MR venography (B) of the lower extremities and pelvis. A large lateral marginal vein extends from the foot

to the proximal thigh (blue arrow), where it continues as the sciatic vein (red asterisk) and then drains into the right internal iliac vein (green arrow).
The lateral marginal and sciatic veins are persistent embryonic veins. The right lower-extremity deep veins are hypoplastic. Note the normal left femoral
vein (black arrow). Additionally, scattered lymphatic and venous malformations are shown in the right lower extremity (yellow arrows).

thrombosis is noted in the set-
ting of possible KTS or a thera-
peutic intervention is considered,
CT or MRI is often needed to
determine disease extent. Addi-
tionally, these imaging modali-
ties can evaluate for other

September / October 2024

malformations, including spinal
cavernous malformations, pulmo-
nary anomalies, and gastrointestinal
malformations."

KTS is an uncommon pedia-
tric disease characterized by an
activating mutation in the PIK3CA

gene, resulting in global or focal
tissue overgrowth. The disease is

a common subtype of PIK3CA-rela-
ted overgrowth syndromes and has
a variable but classic presentation
due to the mosaic pattern of gene
mutation." KTS is also associated

Applied Radiology 11
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with a triad of cutaneous angiomas,
venous and lymphatic abnormalities,
and soft-tissue or bony hypertrophy.
A diagnosis of KTS requires 2 of
these 3 features.>® These abnormal-
ities have various clinical conse-
quences, predominantly limb pain,
fatigue, and recurrent superficial
and deep-vein thrombosis.* On
examination, children with KTS have
overgrowth of the affected limbs
and/or cutaneous malformations on
the trunk. Port-wine stains are the
most common skin finding, which
are cutaneous manifestations of the
underlying capillary malformations.

The focus of therapy in refrac-
tory KTS is obliteration or removal
of the persistent embryonic veins,
which are the common cause of
signs and symptoms. The 2 vessels
that constitute the most problem-
atic veins in the leg are the
lateral marginal vein (LMV) and
the persistent sciatic vein (PSV).?
The LMV is an embryonic vessel
that originates on the dorsal side
of the foot and eventually contrib-
utes to the small saphenous vein
and superficial venous system before
naturally regressing. The PSV is a
deep vein of the posterior thigh
considered the major tributary of
the developing deep-venous system
before regressing. When these
vessels persist, they disrupt the
physiological growth of normal
venous anatomy and often dilate
to large diameters, greatly increas-
ing the risk of venous stasis. When
severe, this can result in life-
threatening complications, including
large-volume bleeding, pulmonary
emboli, and venous thromboses.
Despite being a common in affected
children, the prevalence of these
marginal veins is conservatively
measured at around 15% to 20%,
likely due to the highly variable
phenotype of KTS.?

When these embryonic veins
only cause mild and nondisruptive

12 Applied Radiology

symptoms, conservative treatment
with compression stockings, pain
control, and avoidance of injury are
the first-line treatment. Tradition-
ally, surgery has been the pri-
mary treatment method for severe
or refractory cases. The surgical
approach depends on disease extent
and usually includes vein stripping,
stab phlebectomies (whereby the
vein is hooked through a small
excision, brought outside the skin,
and removed), and gross excision.
Surgery has largely been replaced
by more minimally invasive
techniques, including embolization
using coils, vascular plugs and
other materials, endovenous laser
ablation therapy (EVLT) such
as radiofrequency ablation (RFA),
and sclerotherapy. These methods
occlude abnormal veins and avoid
the potential surgical complications
of poor wound closure and persistent
bleeding, and are first-line therapies
for persistent KTS.! Other ablative
techniques, such as cryoablation,
cannot currently deliver therapy
to the entire embryonic vessel,
which could result in collateraliza-
tion and incomplete response. The
best approach is not yet known.
EVLT can be used to treat
persistent embryonic veins, and
acts by emitting a wavelength of
light that generates photon-induced
damage to the vessel wall as well as
thermal damage to the surrounding
area.® EVLT is generally well-toler-
ated, with complications includ-
ing ecchymosis, skin burns, and
thrombophlebitis along the ablated
vein. Rarely, heat-induced thrombus
may occur, which is defined as
postprocedural thrombus propagat-
ing into deeper vessels cephalad to
the treated area.” RFA may cause
tissue necrosis in a localized area
by agitating adjacent molecules and
producing high temperatures.” The
complications of RFA are the same as
those of EVLT, owing to the similar

method of heat-induced vascular
damage.®

Sclerotherapy can treat a variety
of vascular diseases, including the
persistent embryonic veins in KTS.
In sclerotherapy, catheter injection
of a sclerosant, either alone or
in combination with other mini-
mally invasive techniques, damages
the intimal wall of the vessel
and induces thrombosis. A variety
of agents can be used based
on radiologist preference. Modern
agents include polidocanol and
sodium tetradecyl sulfate, which
thrombose the target vessel while
avoiding the local destruction and
ischemia that can occur with the
high doses of ethanol needed to
treat large vessels.” Complications
of sclerotherapy, such as deep-
vein thrombosis and extension of
thrombosis past the target lesion into
a deeper venous system, can occur.
More severe complications can result
in both transient and permanent
neurological deficits, including
visual disturbance, migraine, stroke,
and, rarely, death.® The expected
rate of neurological disturbance
is less than 2%, with permanent
damage even more rare.®

Conclusion

KTS is a disease that, when
severe, has devastating clinical
consequences, including severe
bleeding, deep-vein thrombosis, and
pulmonary emboli. Although the
presentation of KTS is variable, the
classic triad is cutaneous angiomas,
venous and lymphatic abnormalities,
and tissue overgrowth.. When KTS is
suspected in a child with unilat-
eral extremity overgrowth, imaging
will help identify the problematic
embryonic vein(s), both the LMV
and the PSV. US will demonstrate
a persistently dilated embryonic
vein with thrombosis, and MRI can
determine the extent of the lesion.
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MRI will additionally characterize
the soft tissue and bony overgrowth
and allow for treatment planning.
Treatment for this syndrome has
historically been surgical, which
can be associated with signifi-

cant complications. New minimally
invasive techniques, including RFA,
EVLT, and sclerotherapy, have
expanded treatment options with
fewer complications.
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Orbital Rhabdoid Tumor

Joshua V. Valbuena, BS; Richard B. Towbin, MD; Daniel Morgan, DO; Carrie M. Schaefer, MD; Alexander J. Towhin, MD

Case Summary

An infant presented with a 2-week
history of a bulging left eye, with
proptosis and entrapment. Orbital
CT and MRI revealed a left orbital
mass. Biopsy revealed that the mass
was a rhabdoid tumor (RT), and
the patient subsequently underwent
chemotherapy. Treatment signifi-
cantly decreased the mass.

Imaging Findings

Orbital CT with contrast
(Figure 1) and orbital MRI
without and with contrast
(Figure 2) revealed a heteroge-
neously enhancing 3.6 x 1.7-cm
retrobulbar mass in the left
orbit. No intracranial extension
was noted. CT of the chest,
abdomen, and pelvis showed no
metastatic disease.

Diagnosis

Rhabdoid tumor.

The differential diagnosis includes
other similar round-cell tumors such
as neuroblastoma and rhabdomyo-
sarcoma.
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Discussion

RT of the orbit was initially
described as a sarcomatous variant
of Wilms tumor in 1978. However,
since then it has been recog-
nized as a distinct entity." RTs
have a wide phenotypic range
and can be present in many
parts of the body. According to
a population study using data
from the Surveillance, Epidemi-
ology, and End Results (SEER)
program, RTs most commonly
arise in the central nervous
system (CNS) (35%) and kidneys
(20%), with the remaining 45%

located extracranially.>® An RT
can occur anywhere in the brain
or spine. CNS RT, also called
atypical teratoid rhabdoid tumor,
most commonly arises within the
posterior fossa.*®

Histologically, RTs have
polygonal cells with eccentric
nuclei and hyperchromatic nucleoli
with vimentin and epithelial
membrane antigen positivity.
Additionally, RTs are united by
a loss-of-function mutation in
the SMARCBI or, less commonly,
SMARCA4 tumor suppressor gene.®
The presence of a mutation is
diagnostic of MRT in the context

2,7,8

Figure 1. Axial contrast-enhanced CT shows a mildly enhancing mass (arrow) of the left

orbit causing proptosis.
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Figure 2. Axial T1-weighted MRI (A) shows an isointense orbital mass (arrow) causing proptosis. Axial T2-weighted MRI (B) shows the lobulated mass
(arrow) to be heterogeneous and mostly hypointense with small hyperintense foci. T1-weighted postcontrast MRI (C) showing the mass (arrow) to have
mild peripheral enhancement.

of poorly differentiated malignant
rhabdoid cells.®

Orbital RTs are rare and typically
occur in infants, with a mean age
of diagnosis of 10.37 months + 14.5
months. The tumors account for less
than 1% of all RTs and occur in less
than 1 in a million people. Diagnosis
is most often made in children 11
to 18 months old.*” Patients present
with rapidly progressing prop-
tosis, preauricular/submandibular
lymphadenopathy, eyelid swelling,
and loss of light reaction in the eye
in more advanced cases.”’ Orbital
RTs are not always confined to the
orbit. CNS involvement has been
linked with worse outcomes and
poses a problem for the possibility
of resection.'’ Unfortunately, orbital
RTs have a poor prognosis, with a
3-year survival rate of 9%.°

MRI is the most useful modality
to assess the disease extent owing
to its ability to assess intracranial
extension and optic nerve involve-
ment. CT is helpful when an MRI
cannot be obtained or when bone
destruction is suspected. Orbital
RT appears as a heterogeneous
retrobulbar, intraconal mass causing
proptosis on MRI. It is hypo- to
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isointense on T1-weighted images,
iso- to hyperintense on T2-weigh-
ted images with areas of edema,
calcification, and hemorrhage, and
inhomogeneously enhances after the
administration of gadolinium-based
contrast media. If CT is performed,
the mass appears as a heterogene-
ous, hypodense solid mass. The
tumor does not typically enhance
after the administration of iodinated
contrast media. CT of the chest and
CT or MRI of the abdomen and pelvis
are frequently performed to assess
the presence of metastatic disease.

Treatment guidelines are not
well established for this rare
disease, but multimodal approaches
have been used with some success
in decreasing tumor burden. These
approaches include combination
chemotherapy, radiotherapy, and/or
stereotactic radiosurgery.” Most
tumors are ultimately resected and
the globe enucleated.

Conclusion

Orbital RT is a rare tumor that
presents with rapid progression of
proptosis and eye swelling. The

tumor is typically characterized
via imaging with CT and MRI

and diagnosed via biopsy. Patients
are treated with a multimodal
approach. Orbital RTs have a poor
prognosis, and continued improve-
ments in therapy are needed.
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Case Summary

Ateenager presented with chronic
abdominal pain and severe nau-
sea. The patient previously under-
wentsurgery for median arcuate
ligament syndrome, with persistent
chronic abdominal pain, nausea,
and vomiting as well as and pro-
gressive weightloss. One month
priorto presentation, the patient
was diagnosed with pancreatitis and
dilated intra- and extrahepatic bile
ductswith acommon bile duct
(CBD) stone on magnetic resonance
cholangiopancreatography (MRCP).
Additionally, pancreas divisum was
noted onthe MRCP.

Diagnosis

Pancreatic divisum (PD).

The differential diagnosis for
PDincludes gallstones, microlithia-
sis, medication-induced pancreatitis,
autoimmune metabolic disorders,
and otheranomaliessuchas
annular pancreas.’

Imaging Findings

Coronal MRCP sequence images
(Figure 1A-C) show that the ventral

Pancreatic Divisum in Children

Nick Groth, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

(Wirsung) duct joins the CBD and
drains into the duodenum via the
major papilla. There is dilatation
of the intra- and extrahepatic bile
ducts as well as a stricture of the
CBD. The distal dorsal pancreatic
duct (Santorini) is shown emptying
into the duodenum via the minor
papilla, dorsal pancreatic duct. PD
is diagnosed when the ducts of
Wirsung and Santorini fail to fuse.

Discussion

PD is a congenital malformation of
the pancreatic ducts, with a reported
prevalence of approximately 10% in
the general population. The anomaly
is usually identified at autopsy with
MRCP or with endoscopic retrograde
cholangiopancreatography (ERCP)
studies.” The clinical significance of
PD has not been clearly defined,
with more than 95% of these
patients found to have PD inciden-
tally, lacking pancreatic symptoms.>
However, in the INSPPIRE (INter-
national Study Group of Pediatric
Pancreatitis) cohort of children
with acute recurrent or chronic
pancreatitis, 14.6% were found to
have PD, which is more than the
general population.*

The embryological development of
the pancreas startsaround the fifth
weekwhenthe pancreasstartsas

PEDIATRIC RADIOLOGICAL CASE

bud originatinginthe foregut. The
ventral bud containsthe duct of
Wirsung, and the dorsal bud, the duct
of Santorini. Asthe CBD rotates, the
2 components fuse to form the main
pancreatic duct of Wirsung, opening
into the major papillain the CBD.
Anaccessory ductof Santorini from
the dorsal bud can either atrophy or
persistasan accessory duct.’
PDariseswhenthe 2 ductsfail
to fuse. The degree of this failure
canresultinseveral subtypes: (1)
Inclassic PD (major variant), there
isnocommunication between the 2
ducts; the ventral duct opensinto the
major papillaand the longer dorsal
ductopensinto the minor papilla. (2)
When thereisincomplete PD (minor
variant), the anatomy is similarto the
classic PD but with a small commu-
nication betweenthe 2 ducts. (3) In
reverse PD (rare variant), the duct of
Santorini does not communicate with
the main duct or the minor papilla.’
Due to most patients with PD
being asymptomatic in the absence
of additional risk factors such
as cholelithiasis, cystic fibrosis,
medications (most notably valproic
acid and asparaginase), or muta-
tions in genes encoding pancreatic
enzymes, screening asymptomatic
children is not recommended except
for children with cystic fibrosis
identified with an abnormal sweat
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chloride test.! Young children with
pancreatitis, especially infants and
toddlers, present with generalized
abdominal pain and irritability

ventral and dorsal pancreatic buds.
Theventral pancreatic bud originates
inthehepatobiliary system, rotates,
and fuses with the dorsal pancreatic
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Figure 1. Posterior to anterior images. All images are a coronal MRCP sequence. The ventral (Wirsung) duct (A, yellow arrow) joins the CBD and drains
into the duodenum via the major papilla. There is dilatation of the intra- and extrahepatic bile ducts as well as a stricture of the CBD (red arrow).

The distal dorsal pancreatic duct (B, Santorini) empties into the duodenum via the minor papilla (blue arrow), dorsal pancreatic duct (C, blue arrows).
Pancreatic divisum is diagnosed when the ducts of Wirsung and Santorini fail to fuse.

Abbreviations: CBD = dilated proximal common bile duct, GB = gallbladder, IHD = dilated intrahepatic ducts. *Minimally dilated distal CBD.

whereas adolescents and adults
present with severe epigastric pain
radiating to the back.' According
to the INSPPIRE criteria, a diagno-
sis of acute pancreatitis in pediatric
patients must meet 2 of 3 criteria:
(1) abdominal pain, (2) serum lipase
or serum amylase level 3 times
the normal level, and (3) charac-
teristic findings of acute pancreati-
tis on imaging.*” Of note, serum
lipase is a more reliable laboratory
marker since amylase production is
physiologically low in infants.!
Patients with asymptomatic PD
require no further workup and
treatment. Those with minor or
infrequent symptoms are treated
conservatively with a low-fat diet,
analgesics, anticholinergics and,
if necessary, pancreatic enzyme
supplementation. Children with
recurrent or severe symptoms
warrant MRCP for evaluation and
possible treatment of a stenotic
minor papilla orifice or obstruc-
tive causes. Treatment of PD can
include an endoscopic sphincter-
otomy, which is less invasive
than a surgical sphincteroplasty.*’
Therapy should be based on
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morbidity, patient preference, and
local institutional expertise.’
If a patient with PD presents
with pancreatitis, oral feeding is
recommended as soon as tolerated.
If oral feeds are not tolerated or the
required calories cannot be achieved
in 72 hours, enteral tube feeding
is recommended.® Aggressive fluid
replacement therapy is recommen-
ded in children for the first 24
hours.® Analgesia should be provided
when indicated, with an empha-
sis on nonopioid medications."*
Endoscopic therapy for PD includes
minor papilla endoscopic sphincter-
otomy, minor papilla orifice balloon
dilation, and trans minor papilla
duct stenting. Total pancreatectomy
and islet auto transplantation is
a surgical option to reduce the
recurrence of chronic pancreatitis
refractory to other therapies.*®
Endoscopic US can diagnose PD,
with a sensitivity of 87% to 95%
with secretin enhancement to better
visualize the ducts by stimulat-
ing pancreatic secretions.’ Findings
suggestive of pancreatic anomalies
include the absence of the “stack
sign” in which the distal CBD, ventral

pancreatic duct, and portal vein
run on a parallel axis in a normal
pancreas. The presence of a “crossed
duct sign,” in which the dorsal
pancreatic duct crosses over the
bile duct anteriorly and superiorly,
indicates the presence of PD.?
Contrast-enhanced abdominal CT
isrecommended onlyin pediatric
patientswho are clinically deterio-
rating. CT will visualize acute and
chronicchangessuchas pancre-
aticatrophyand fatreplacement
butwill not detect subtle parenchy-
malchanges.' On contrast-enhanced
CT, thefindings are described as
dorsal duct crossing anteriorly and
superiorlytothedistal CBD inthe
pancreatic head openinginto minor
papillawith asmall ventral duct
openinginto the major papilla. CT
sensitivity can be aslowas 50% to 60%
whenthereis pancreaticinflamma-
tionandisnotdesirable in childhood
duetotheradiation exposure.”*
ERCPis considered the gold
standard for diagnosing PD and can
beusedinthistherapeuticsetting but
isnotrecommended for diagnos-
tic purposes alone due toitsinva-
sive nature.”* MRCPis comparable

September / October 2024



to ERCP, and noninvasive MRCP
isrecommended forasuspected
pancreatic ductalleakinjuryor
suspected biliary tractabnormalities.®
Sensitivity and specificity increase
with secretin-enhanced MRCPto
83% to 86% and 97% to 99%, respec-
tively. MRCPfindings caninclude a
Santorinicele, described asa cystic
dilation of the dorsal ductnear

the opening of the minor papilla.’
Inaddition toitslack of radia-

tion exposure, MRCPis significantly
more sensitive than CT for detect-
ing chronic changes andirregular-
itiesof the pancreatic ductsand
sidebranches.'

Conclusion

Although PD is a congenital
malformation of the pancreas,

September / October 2024
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pancreatitis is unlikely; however,
there may be an increased risk.
Imaging findings, including the
crossed duct sign can diagnose PD.
Patients should be treated for PD
when they have associated severe or
chronic pancreatitis.
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Solid Pseudopapillary Tumor of the Pancreas

EA Sanchez Perez; Alexander J. Towbin, MD; Daniel Morgan, DO; Richard B. Towbin, MD

Case Summary

A teenager to the emergency
room after a motor vehicle
collision and 5 weeks follow-
ing Caesarean-section. The chief
complaint was of left lower-quad-
rant abdominal pain. Computed
tomography showed no traumatic
injury but identified a pancreatic
tail mass. Subsequent laboratory
testing revealed normal lipase and
cancer antigen 19-9 levels.

Imaging Findings

Computed tomography imaging
(Figure 1) showed an oval, well-cir-
cumscribed, 9.5-cm mass arising
from the tail of the pancreas. The
mass had a heterogeneous appear-
ance with solid and cystic regions. It
compressed the splenic vein, causing
large splenic collateral vessels.

On MRI (Figure 2), the mass
appeared heterogeneous, with
layeringhemorrhage on T2-weigh-
tedimages. Postcontrastimages
showed mild enhancementofthe
irregular soft-tissue component. The
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areas of enhancementalso displayed
restricted diffusion.

Diagnosis

Solid pseudopapillary tumor (SPT)
of the pancreas.

Differential diagnosisincludes
mucinous cystadenoma, mucinous
cystadenocarcinoma, pancreatoblas-
toma, pancreatic adenocarcinoma,
and pancreatic neuroendocrine
tumor.

Discussion

An SPT of the pancreas is a
low grade neoplasm of the exo-
crine parenchyma characterized by
heterogeneous components of a
cystic and/or solid nature.' The
latter characteristic had given rise
to various names commonly used in
the literature.” Such names include
solid and cystic acinar tumor,
papillary epithelial neoplasm, solid
pseudopapillary epithelial neoplasm,
and Gruber-Frantz tumor."**

Solid psuedopapillary tumors of
the pancreas have a relatively low
incidence, accounting for 1% of
pancreatic neoplasms, 6% of all
exocrine subtypes, and 8 to 17%
of pediatric pancreatic tumors,
noting that pancreatic tumors are
highly unusual in children.>® This
type of pancreatic neoplasm has
a disproportionately high 1:5.3-10
male-to-female (M:F) ratio and

typically occurs during the third
decade of life.>>® Papavramidis et al
showed that SPTs are more likely

to be diagnosed in children.’ In
their study, 22% of patients were
diagnosed when younger than 19
years of age while only 6% of
patients were diagnosed when older
than 51 years.’

The predilection for the tumor
to occur in young women suggests
that reproductive hormones, such
as estrogen, may play a role in the
pathogenesis of SPT of the pan-
creas. This theory is supported by
data showing that postmenopausal
women with SPT have a smaller
tumor size compared with premeno-
pausal women.” Also, pediatric series
have reported M:F ratios between
1:1.75-6.5, lower than the ratio seen
in adults.?

Incidental detection, as seen
here, is relatively common. When
symptomatic, patients typically
present with vague abdominal
pain, bloating, and discomfort.>*!
Other signs can include a
palpable abdominal mass or
more nonspecific presentations
such asnausea, vomiting, and
weight loss.® Tumors in the
pancreatic head may eventu-
ally cause obstructionand signs
associated with biliary backflow
and obstruction (eg, jaundice,
pancreatitis).””

Diagnosis is usually made
using fine-needle aspiration (FNA)
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Figure 1. Axial (A) and coronal (B) contrast-enhanced CT of the abdomen shows a mass (arrows) arising from the tail of the pancreas.

The mass compresses the splenic vein (arrowhead in A) and has a solid, enhancing component posteriorly and inferiorly (arrowhead
in B).

Figure 2. Axial T2-weighted MRI without (A) and with (B) fat suppression shows a heterogeneous pancreatic mass (arrow). The mass
has layering fluid/debriswithin the cystic component (arrowhead in A), a heterogeneous posterior solid component, and does not
contain fat. Axial T1-weighted dynamic spoiled gradient echo sequence (C) obtained 4 minutes after contrast administration shows
mild enhancement (arrow) of the solid component of the mass. Diffusion-weighted sequence (b-value = 800) (D) shows restricted
diffusion (arrow) in the enhancing portion of the mass.
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guided by endoscopic ultrasound
(EUS).* Histological features of
SPT include branching fragments
with central capillaries and
myxoid stroma. On microscopic
examination, the cells are
uniform and polygonal, with
abundant cytoplasm containing
oval, regular nuclei. Immunohisto-
logical markers have been used
adjunctly for diagnosing SPTs of
the pancreas. These tumors are
strongly positive for vimentin,
alpha-1 antitrypsin, and neuron-
specific enolase.>* Tumor cells
from SPTs usually do not stain for
chromogranin and synaptophysin,
which help distinguish them from
islet cell tumors. They usually do
not stain for keratin, which can
help distinguish SPTs from acinar
carcinoma.* This is important as
SPT is often considered in the
differential diagnosis based on
imaging characteristics, but it is
uncommon.”

On imaging, SPT is character-
ized by hemorrhage and cystic
degenerative change; it can be
cystic, cystic and solid, or a solid
mass. On ultrasound, SPT typically
appears as large and well-defined,
with capsular integrity.”* On CT, it
is typically well-encapsulated, with
heterogeneous density and contrast
enhancement of peripherally-loca-
ted solid components.”* On MRI,
SPTs are usually heterogeneously
hypointense on T1, and hetero-
geneously hyperintense on T2.""
After contrast injection, there is
patchy enhancement of internal
components.”* MRI is generally
the imaging modality of choice as
it can show hemorrhage, cystic
degeneration, and integrity of
tumor capsule, the classic features
of pancreatic SPT.*

22 Applied Radiology

There is inconsistency in the
literature regarding its most
common location; some studies
suggest that the body and tail of
the pancreas are more common,
whereas others have found that
SPT occurs relatively equally in the
head and tail .»**'" The tumors are
typically large at diagnosis, with
an average diameter of 8cm.”™* A
systematic analysis that collected
studies performed before and after
the year 2000 found that the average
size at diagnosis had decreased while
the number of cases of pancreatic
SPT had increased.'’ These trends
are thought to be due to earlier
detection with improved imaging.

Solid pseudopapillary tumor
typically has a good prognosis
after surgical resection. However,
malignant progression and fatal
outcomes have been reported.** It is
not clear what causes malignant or
aggressive progression.*

Conclusion

An SPT of the pancreas is an
exocrine parenchymal neoplasm
characterized by cystic and/or solid
components that usually affect
young women of reproductive age.
Patients most commonly present
with abdominal pain and a palpable
mass. Diagnosis is usually made
using FNA guided by EUS.

These tumors are considered
low-grade neoplasms with an overall
good prognosis. Early recognition of
characteristic imaging features on
ultrasound, CT, and/or MRI can aid
in diagnosis.
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Cerebral Venous Sinus Thrombosis

Rayan W. Yahia, MD; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Daniel Morgan, DO; Alexander J. Towhin, MD

Case Summary

A teenager with a surgi-
cal history of craniotomy for
craniosynostosis and a medical
history of menorrhagia requiring
oral contraceptives presented with
1 month of worsening fron-
tal, parietotemporal, and occipital
headaches. Initially, the headaches
occurred only in the morning but
progressed to occurring through-
out the day. The patient noted
that the headaches improved while
lying flat and worsened with
Valsalva, increased activity, and
bending over.

Imaging Findings

Noncontrasthead CT (Figure 1)
showed asymmetric, increased
attenuationinthelefttransverseand
sigmoid sinuses extending to the
superior aspect of theleftinternal
jugularvein.

Subsequent MRI and magnetic
resonance venography (MRV) of
the brain (Figure 2) confirmed
the thrombus within the left
transverse and sigmoid sinuses
extending from the origin of
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the left internal jugular vein to
the level of C5. There was a
corresponding T1 hyperintensity,
minimal T2 hyperintensity, and
moderate magnetic susceptibility
effect in these regions, consistent
with an intraluminal thrombus.

Diagnosis

Cerebral venous sinus thrombosis
(CVST).

The differential diagnosis for
new-onset headaches includes
primary and secondary causes.
Primary causes include tension,
migraine, and cluster headaches.’
Secondary headaches can stem from
intracranial tumors, hemorrhage,
venous sinus thrombosis, increased
intracranial pressure, and trauma.’

Discussion

In adults, the annual incidence
of CVST is estimated to be 5
cases per million.? It is more
common in women.? This differs
from children, where the annual
incidence is approximately 7 cases
per million.* Pediatric CVST occurs
most commonly in neonates. There
is no gender difference in incidence
in children.*

CVST may occur because of
local or systemic factors. Local
factors that impact venous sinus
blood flow include trauma, infection,
and neoplasm. Systemic factors
include medications such as oral

contraceptives and prothrombotic
conditions or states. CVST has
no known cause in up to 25%
of patients.’

Headache is the most common
presenting symptom in up to
95% of patients.® Other nonspecific
signs and symptoms may include
lethargy, mental status changes, and
vomiting. Focal neurological deficits
can also occur. These are more
common in patients with parenchy-
mal changes on imaging.®

In CVST, the increased venous
pressure and subsequent disruption
of the blood-brain barrier lead
to extravasation of fluid, causing
cerebral edema.® If the elevated
venous pressure exceeds arterial
pressure, ischemia or hemorrhagic
stroke can occur.’ Depending on its
location, the thrombus can prevent
reabsorption of cerebrospinal fluid
from the periventricular regions.*

The superficial venous system
is most commonly affected, with
the superior sagittal and trans-
verse sinuses serving as primary
locations. The internal jugular and
cerebral veins are also common sites
of thrombosis.*

Diagnosis is made via imaging,
and the initial imaging modality
of choice depends on the popula-
tion. In neonates, transfontanelle
US is often the first-line imaging
technique used due to its noninva-
sive nature and bed-side portability.’
This is usually followed by brain
CT or MRI to determine the extent
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Figure 1. Noncontrast head CT showing
asymmetric, increased density in the
left transverse sinus (arrow).

of the thrombus and its impact.

In children and adults, noncontrast
head CT is typically the initial
imaging modality. If the results

are positive or equivocal with high
clinical suspicion, a CT venogram
or MRI/MRYV is often obtained to
determine the extent and impact of
the thrombosis.’

CVST may be diagnosed by the
“cord” sign or “empty delta” sign.
The cord sign is used to describe the
linear, expanded, hyperdense venous
sinus on noncontrast CT. It is not a
sensitive sign as it is only present

24 Applied Radiology

in ~25%-56% of cases.® The empty
delta sign occurs on postcontrast CT
or MRI when the thrombus appears
as a triangular-shaped filling defect
surrounded by enhancing dural
venous sinus or collateral channels,
typically on axial imaging.® This sign
is only present in approximately 29%
to 35% of patients.®

On MRI, CVST may be first
diagnosed with an absent or
altered flow void.® The thrombus
varies in signal intensity depend-
ing on its age. An acute CVST
(1-5 d) appears isointense on

T1-weighted images and hypointense
on T2-weighted images, a subacute
CVST (6-15 d) appears as hyperin-
tense on both T1- and T2-weigh-

ted images, and a chronic CVST
(>15d) is isointense on T1-weigh-

ted images and iso/hyperintense on
T2-weighted images.' MRI can also
detect associated findings such as
sinusitis, emypema, brain parenchy-
mal abnormalities near the site

of thrombus (~40%-60%), paren-
chymal hemorrhages (~30%-35%),
and - less commonly - gyral
edema/enhancement, diffuse edema,
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Figure 2. Axial susceptibility-weighted image (A) shows moderate magnetic susceptibility effect in the left transverse sinus (arrow). There is also
magnetic susceptibility effect in veins along the left side of the tentorium (arrowhead). Axial T1-weighted postcontrast fat-suppressed images at the
level of the transverse sinus (B) and foramen magnum (C) show an intraluminal filling defect (arrow) within the left transverse sinus extending to the
left internal jugular vein (C). In the sagittal T1-gradient echo postcontrast image (D), the intraluminal filling defect is surrounded by contrast, giving a
form of the “empty delta sign.” Coronal maximum intensity slab image (E) from the time of flight MRV highlights normal flow-related enhancement in
the right transverse sinus (dashed arrow) extending to the right internal jugular vein. No flow-related enhancement is seen on the left owing to the
sinus venous thrombosis.

and decreased size of ventricles or endovascular thrombectomy if signs and symptoms are nonspe-

secondary to mass effect.’® feasible.® Both acute and chronic cificandinclude headache, lethargy,
The treatment for CVST is typically
divided into acute phase and chronic

phase. During the acute phase,

phases warrant anticoagulation.® altered mentation, vomiting, or focal

neurological deficits. Imagingis

crucialfor diagnosing and deter-

treatment depends on the condi-
tion’s severity. Patients with new
focal neurological deficits should
be considered for thrombolysis

September/October 2024

Conclusion

CVSTisararedisorder more
common in the pediatric population,
especiallyin neonates. Presenting

mining CVST location. Treatment
typically involves anticoagulation,
thrombolysis, and/or endovascular
thrombectomy.
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