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PEDIATRIC RADIOLOGICAL CASE

Modified Davis Intubated Ureterotomy

Molly J. Pasque, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract

Patients with ureteral injuries who lack enough tissue to perform reanastomosis or a transureteroureterostomy are candidates
for a modified Davis ureterotomy. The minimally invasive Davis ureterotomy can effectively bridge large and small ureteral

defects.

Keywords: genitourinary tract, ureter, IR procedure

Case Summary

A teenager with a malignant left
retroperitoneal paraganglioma, with bone
metastases including vertebrae and skull,
ultimately underwent surgical resection of
the retroperitoneal mass. Then, 6 weeks
post resection, on a follow-up US, there
had been interval development of left
hydronephrosis and a large left retroper-
itoneal fluid collection, confirmed to be
a urinoma on a CT of the abdomen and
pelvis. A percutaneous left nephrostomy
tube was placed, as well as a percutane-
ous drainage catheter in the retroperito-
neal urinoma. There was an inability to
traverse the ureteral defect viaaretrograde
approach, and a modified percutaneous
Davis intubated ureterotomy (DIU) was
successfully performed to traverse the
ureteral defect from an antegrade and
retrograde approach.

resection demonstrated moderate left
hydronephrosis and extravasation of
contrast from the proximal left ureter
into a large left retroperitoneal urinoma
on delayed images (Figure 1A-C). There
was no opacification of the distal ureter.
A percutaneous left nephrostomy tube
was then placed as well as a percutane-
ous drainage catheter into the urinoma
(Figure 2). Subsequently, a percutaneous
DIU was performed, with placement of
a double-J ureteral stent traversing the
ureteral defect, allowing for antegrade
flow of urine from the renal pelvis into
the bladder and healing of the proximal
ureteral defect (Figures 3A-C, 4).

Diagnosis

Laceration/discontinuity of the
ureter post resection of a retroperito-
neal paraganglioma

Imaging Findings

A multiphase contrast-enhanced CT
of the abdomen and pelvis obtained
6 weeks post-left retroperitoneal mass

Discussion

Historically, the DIU was performed
to treat ureteral strictures.! In this case,
there was injury of the proximal ureter
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at the time of resection of the retro-
peritoneal mass, resulting in a urinoma
and discontinuity of the proximal ureter
with an approximate 3-cm gap. Thus,
a historical surgical procedure to treat
ureteropelvic junction strictures, the DIU,
was modified to create a percutaneous
solution. In the literature, there are
2 separate cases of ureteral intubation
procedures for the treatment of iatrogenic
injury and/or a traumatic injury of the
ureter.”® However, this appears to be the
first case using a modified percutaneous
DIU to treat a segmental ureteral injury
at the time of resection of a retroperi-
toneal malignancy. This discussion will
review both the original procedural steps
of the DIU and the histopathology of the
healing ureter.

The DIU was introduced in 1943.
The procedure was used primarily to
treat obstructive ureteral strictures, more
commonly in patients in whom the ureter
was not long enough to resect the stricture
and repair the ureteral defect. In the
original DIU, surgical exposure of the
kidney and ureter was accomplished.' An
incision was made in the renal pelvis
above and through the ureteral stricture
below, and a stent was positioned across
the stricture and ureteral defect. It was
then left in place for 4-6 weeks." Once
the stent was removed, the healed ureter
would ideally have a lumen diameter more
comparable to that of a healthy ureter.

Since its introduction, the intuba-
ted ureterotomy has been modified

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Figure 1. Multiphase CT of the abdomen/pelvis demonstrating urinoma (blue arrow) anterior and inferior to the hydronephrotic left kidney in the
transverse plane (A) and sagittal plane (B). (C) A delayed image in the sagittal plane demonstrates contrast in the proximal left ureter (green arrow) and

in the urinoma (blue arrow).

Figure 2. Fluoroscopic save image during
contrast injection of the newly placed
nephrostomy tube, with extravasation of
contrast from the proximal ureter into the
urinoma (blue arrow).

to a percutaneous procedure using a
ureteroscope. Hibi describes perform-
ing percutaneous intubated ureterotomy
procedures by accessing the ureter via

a nephrostomy and inserting a uretero-
scope. A holmium laser is used to make

https://doi.org/10.37549/JPCR-26-0080

incisions through the stricture enabling
passage of a ureteral stent into the distal
normal ureter to be left in place for 6
weeks.® Other options for incising the
ureter stricture are also utilized, including
an Acucise balloon (Applied Medical,
Rancho Santa Margarita, California), cold
knife, and electrocautery.>* A percutane-
ous approach decreases the risks of an
open procedure, but it can also often be
easier for the patient and interventional
radiologist and surgeon.’ This is especially
relevant for patients who have stric-
tures secondary to radiation therapy or
surrounding fibrosis and adhesions would
complicate exposing the ureter in an open
surgery.’ In this case, the DIU procedure
was further modified by Towbin and
colleagues® using invasive, image-guided
techniques that can be adapted to treat
ureteropelvic junction strictures as well
as ureteral injuries ranging from tears to
short segment resections.® In 2014, Liu
and colleagues described an alternative
procedure using an endoscope.®

In this situation, the ureteral repair
was approached antegrade and retrograde,
with urology accessing the distal ureter
from a retrograde urethral approach.
Sheaths and directional catheters over
wires were utilized antegrade and
retrograde, and the catheters positioned
at the junction of the proximal ure-
ter and urinoma from an antegrade

approach, and the cephalad aspect of the
distal ureteral segment from a retrograde
approach, under fluoroscopy. A loop
snare was deployed into the urinoma
from the retrograde approach, and an
angled guidewire advanced into the

loop snare from the antegrade approach
(Figure 3A,B). Once the wire was snared,
the glidewire was withdrawn into and out
of the retrograde sheath, thus the wire
extended outside of the antegrade and
retrograde placed sheaths (a body floss).
Subsequently, a double-J ureteral stent
was advanced over the wire through the
retrograde sheath, through the ureteral
defect, and the proximal loop of the
stent positioned in the left upper pole
calyx, the caudad double-J ureteral stent
loop positioned in the urinary blad-

der (Figure 3C). Additionally, the left
nephrostomy tube was replaced.

Thirteen days following double-J
ureteral stent placement, contrast
injection of the nephrostomy tube
demonstrated that contrast traversed the
stent lumen with opacification of the
urinary bladder, and there was not
extravasation of contrast into the urinoma.
The nephrostomy tube was removed
15 days following placement of the
ureteral stent. A retrograde pyelogram was
performed 6 weeks following ureteral stent
placement, demonstrating opacification of
an intact ureter and nondilated intrarenal

Applied Radiology
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Figure 3. Fluoroscopic save images during percutaneous intubated ureterotomy. (A) The loop snare is open (blue arrow) in the urinoma and placed

through the retrograde sheath, with the antegrade wire traversing the open snare (green arrow). (B) The snare is closed around the wire (blue arrow),
and the wire is being withdrawn into the retrograde sheath. (C) Double-J ureteral stent traversing the distal and proximal ureter (blue arrow) with the
proximal loop in the upper pole calyx (green arrow), which is opacified with contrast.

Figure 4. CT 3D rendering of the left double-J
ureteral stent (blue arrow), obtained 1 day
after placement, with the proximal stent loop
in the intrarenal collecting system and the
distal loop in the urinary bladder.

Applied Radiology

collecting system. A proximal ureteral
stricture was identified 2 months following
the initial stent placement on a retrograde
pyelogram, and interval ureteral stent
exchanges were performed out to at least
12 months.

A minimally invasive, image-guided
approach for repair of segmental ureteral
gaps is an increasingly important topic.
Since the introduction of laparoscopic
surgery, the rate of ureteral injury has
increased, and most injuries are identified
postoperatively.” The most common
urologic structure injured during pelvic
surgery is the ureter, with risk factors
including obesity, excessive bleeding,
enlarged uterus, and adhesions from
prior surgeries.®

The intubated ureterotomy is successful
because of the unique healing process
and regeneration capabilities of the ureter.
Research into the regeneration process
raised the question of whether the

smooth muscle can completely regener-
ate either by muscle cell hypertrophy or
true replication.” Some studies found that
smooth muscle cells did not completely
regenerate around the circumference of
the ureter; instead, the gap was filled
with connective tissue.>"’ Current research
has shown that there is a more com-

plete understanding of how ureteral
healing occurs. Uroepithelial regenera-
tion is the initial step in ureter healing,
which usually occurs within the first 3
weeks." The stent acts as a guide to

direct the epithelial growth so that the
gap is closed in an organized manner.’
Once the epithelium has regenerated, this
serves as a foundation for the rest of the
ureteral layers to grow. It is believed that
stent removal after 3 weeks results in
normal healing of the ureter because the
epithelium has grown back at that point."
Next, the wound begins contracting and
the gap is filled with connective tissue.'>*

https://doi.org/10.37549/JPCR-26-0080
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Lastly, the fibroblasts in the connective
tissue are replaced by smooth muscle
cells.” This regeneration process is the
foundation for why intubation and stenting
workwellin patients with ureteral injuries.
The reported success rate for a DIU
approaches 89%." The rate of success
using minimally invasive techniques is
likely similar; however, no large series
are available for guidance. Complications
include irregular regeneration, diverticu-
lum formation, and obstruction secondary
to strictures or scarring. Other prob-
lems that can be identified are infec-
tion, urinoma formation, and loss of
renal function.

Conclusion

Patients with ureteral injuries who lack
enough tissue to perform reanastomosis or
atransureteroureterostomy are candidates
for a modified Davis ureterotomy. The

https://doi.org/10.37549/JPCR-26-0080
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minimally invasive Davis ureterotomy
can effectively bridge large and small
ureteral defects.
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Morgagni Hernia: An Adult with a
Congenital Anomaly

Rachel May, BS; Kevin M. Baskin, MD; Richard B. Towhin, MD; Alexander J. Towhin, MD

Abstract

Although Morgagni hernia is the rarest type of congenital diaphragmatic hernia, it is clinically important due to the potential for
delayed diagnosis and associated complications. Its bimodal age distribution underscores the importance of recognizing this

condition in both pediatric and adult populations, where symptoms can range from asymptomatic findings to severe pulmonary
or gastrointestinal issues. Accurate diagnosis depends on imaging, with lateral chest x-rays often identifying initial signs, while
advanced modalities like CT or MRI may provide definitive confirmation.

Keywords: gastrointestinal, stomach, adult with a congenital anomaly

Case Summary

A 40-year-old woman presented with
shortness of breath and chest pain.

Imaging Findings

In retrospect, a chest radiograph
at initial presentation (Figure 1) and
subsequent chest CT (Figure 2) showed
a small anterior diaphragmatic her-
nia containing only omental fat. She
continued to experience recurrent chest
pain, shortness of breath, and abdominal
symptoms without a definitive diagnosis.
Comorbidities in this patient included
severe degenerative disk disease, asthma,
and partially reversible anteroseptal
cardiac ischemia. Nine years later, a
chest radiograph obtained for difficulty
breathing and chest pain demonstrated
an enlarged anterior diaphragmatic hernia
misdiagnosed as a hiatal hernia at the
time. Six months later, she reported

Figure 1. (A) A posteroanterior chest radiograph demonstrating very subtle fat-attenuation tissue
herniating into the mediastinum just to the right of midline (arrows). (B) The lateral view shows the

same tissue (arrows) in the anterior mediastinum.

worsening chest and back pain, nausea,
vomiting, and diarrhea. Retrospective
review of an abdominal US from this
period showed herniating omental fat

in the anterior thorax that was not
recognized. Ten years from her initial
presentation, after a 60-pound weight loss
and recurring symptoms, the patient was
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admitted to the hospital. A chest x-ray
confirmed an enlarging Morgagni hernia
(Figure 3). Abdominopelvic CT on the
same date (Figure 4) demonstrated the
anterior Morgagni hernia and posteriorly
alarge paraesophageal hernia. Concurrent
chest CT imaging (Figure 5) showed the
intrathoracic extent of the hernias.

Diagnosis

Morgagni hernia.

Differential diagnosis includes hiatal
hernia, cardiophrenic fat pad, pericar-
dial cyst, diaphragmatic eventration,

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Figure 2. (A) An axial CT section through the lower chest, obtained 3 years after Figure 1,
demonstrating omental fat (asterisk) that has herniated into the anterior mediastinum.

(B) A mid-sagittal section from the same study showing the omental fat herniating through the
anterior defect in the diaphragm (arrowheads) that defines a Morgagni hernia.

B

Figure 3. Posteroanterior (A) and lateral (B) chest radiographs obtained 10 years after Figure 1
showing the significant interval increase in the size of the Morgagni hernia (arrows), now
containing transverse colon and loops of small bowel in addition to omental fat.

Figure 4. Axial (A) and mid-sagittal (B) abdominopelvic CT sections obtained 10 years after
Figure 1 showing the significant interval increase in size of the Morgagni hernia (outlined by
arrowheads), located in the right anterior mediastinum, through the expanding sub-costosternal
diaphragmatic defect. Note is made of a coexisting paraesophageal hernia (star), with
approximately 40% of the stomach within the thoracic cavity.

El
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loculated pneumothorax, lower lobe lung
collapse or consolidation, lymphoma, or
thymic tumor.

Discussion

A Morgagni hernia is the rarest subtype
of congenital diaphragmatic hernia (CDH),
representing 2-4% of all cases." It results
from an anteromedial sub-costosternal
diaphragmatic defect defined by the
failure of the pars tendinalis of the
costochondral arches to fuse with the pars
sternalis during embryonic development.
Morgagni hernia exhibits a bimodal
age distribution, typically presenting in
infants and young children, predomi-
nantly males, within the first year of
life. The estimated incidence is between
11in 2000 and 1 in 5000 live births. In
children, it is often asymptomatic but
may present with nonspecific findings
such as respiratory distress, failure to
thrive, recurrent pulmonary infections,
poor feeding, or choking during feeding.
In pediatric patients, it is often associated
with other congenital abnormalities such
as cardiac anomalies and Trisomy 21." In
general, those presenting after 8 weeks
of life in the pediatric population have
a benign course and respond well to
surgical repair.” In rare cases, Morgagni
hernia may present in adulthood, with
a mean age at diagnosis of 57 years
and a higher prevalence observed in
females.’ Presentation in adults is often
(72%) symptomatic, most commonly with
pulmonary symptoms.* Acute complica-
tions, such as intestinal ischemia due to
bowel strangulation or gastric volvulus,
may also occur.’

These hernias are most frequently
located on the right side and are
characterized by the herniation of
abdominal contents into the thoracic
cavity.* While they most commonly
contain omental fat, herniation of the
transverse colon, small bowel, stomach,
or liver can also occur. Differential
considerations on plain chestx-ray include

Applied Radiology
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Figure 5. Axial (A) and mid-sagittal (B) chest CT sections obtained 1 month after Figure 4
demonstrating the intrathoracic extent of the Morgagni hernia (arrowheads) containing loops of
colon and small bowel and extending through the developmental defect (black arrows) between
the pars tendinalis and the pars sternalis of the diaphragm.

cardiophrenic fat pad, diaphragmatic
eventration, pericardial cyst, loculated
pneumothorax, lower lobe lung collapse
or consolidation, lymphoma, or thymic
tumor. Diagnosis is often made inciden-
tally on lateral chest x-ray, especially
when bowel is visible anteriorly within the
thoracic cavity.' If suspected, the diagnosis
may be confirmed when abdominal

CT or MRI demonstrates intrathoracic
herniation of omental fat or air-filled
viscera anteriorly,® with loss of continu-
ity between the diaphragm and the lower
sternum, especially on a sagittal view.

A barium study or US may support

the diagnosis.’

Applied Radiology

Conclusion

Although Morgagni hernia is the rarest
type of CDH, it is clinically important
due to the potential for delayed diag-
nosis and associated complications. Its
bimodal age distribution underscores the
importance of recognizing this condi-
tion in both pediatric and adult pop-
ulations, where symptoms can range
from asymptomatic findings to severe
pulmonary or gastrointestinal issues.
Accurate diagnosis depends on imaging,
with lateral chest x-rays often identifying

PEDIATRIC RADIOLOGICAL CASE

initial signs, while advanced modalities
like CT or MRI may provide defini-
tive confirmation.
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Pulmonary Agenesis

Vincent F. Carfagno, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towhin, MD

Abstract

Pulmonary agenesis is a rare developmental malformation that presents with nonspecific respiratory symptoms, a small
hemithorax, and unilateral absence of breath sounds. Diagnaosis is based on clinical suspicion and imaging findings.
Radiological workup is essential for diagnosis and helps to distinguish pulmonary agenesis from other developmental
malformations, such as pulmonary atresia and aplasia, and acquired conditions, such as foreign bodies and pneumonia.

Keywords: thorax, airway, congenital

Case Summary

A twin female toddler born at 32 weeks
of gestation presented with tachypnea on
exertion. The toddler’s medical history
includes a vascular ring, gastrostomy tube
dependence, and agenesis of the left lung
and pulmonary veins.

Imaging Findings

Chest radiograph (Figure 1) demonstra-
ted a hyperinflated right lung with a
mediastinal shift toward an opaque and
small lefthemithorax. There was no visible
aeration of the left tracheobronchial tree.
Contrast-enhanced CT (CECT) (Figure 2)
displayed leftward mediastinal shift, with
the absence of the left lung and pulmonary
vasculature. Bronchoscopy confirmed
absence of the left mainstem bronchus.

Diagnosis

Pulmonary agenesis.

The differential diagnosis for tachypnea
on exertion includes respiratory pathology
such as bronchopulmonary dysplasia,
asthma, and pneumonia. Nonrespira-
tory causes include developmental
heart defects and metabolic disturb-
ance. The differential diagnosis for
radiographic imaging demonstrating an
opaque hemithorax with contralateral
lung hyperinflation includes pulmonary
agenesis, pulmonary aplasia, atelectasis,
and pneumonectomy.

Discussion

Pulmonary agenesis (PA) is a devel-
opmental malformation with absence
of one or both lungs, bronchi, pul-
monary parenchyma, and vasculature.’
This developmental anomaly should not
be confused with pulmonary atresia,

a heart valve defect resulting in an
absent pulmonary valve. While bilat-
eral pulmonary agenesis may occur, it
is not compatible with life. Patients
with unilateral agenesis have a variable
prognosis, with 50% dying within the
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Figure 1. Chest radiograph showing a
hyperinflated right lung. The left hemithorax
is small, and there is a complete leftward
mediastinal shift. The right mainstem
bronchus (arrow) is visible. There is no visible
left mainstem bronchus.

first 5 years of life and others having a
normal lifespan with minimal symp-
toms.”® Mortality rates in patients with
unilateral pulmonary agenesis vary based
on the presence of recurrent infections,
associated malformations, and the side of
agenesis. Right-sided pulmonary agenesis
has a higher risk of mortality due to
more pronounced mediastinal shift and
resultant tracheal compression.”
Pulmonary agenesis is rare, occurring
in 1in 10,000-15,000 births.® Unilateral
pulmonary agenesis occurs on the right
and left sides with equal frequency. It may
occur in isolation or as part of a group
of related developmental malformations,
with the latter portending a worse
prognosis.® If not diagnosed in utero,
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Pulmonary Agenesis

Figure 2. (A) Axial contrast-enhanced CT of the chest in lung windows showing a hyperinflated
right lung and absence of the left lung. There is a leftward shift of the heart and mediastinum.
(B) Axial contrast-enhanced CT of the chest in soft tissue windows showing the right pulmonary
artery (arrow) and absence of the left pulmonary artery. (C) Coronal minimum intensity projection
image and (D) 3D-reformatted image of the airway highlighting the trachea and right mainstem
bronchus. The right lower lobe bronchus (arrow) arises from the mainstem bronchus. There is no

left mainstem bronchus.

patients may present with nonspecific
symptoms. An ultimate diagnosis is
made with chest imaging. Radiological
workup begins with a chest radiograph,
which shows a hyperinflated contrala-
teral lung and a small hemithorax with
ipsilateral mediastinal shift.* Transthora-
cic echocardiogram with Doppler may
also be utilized to evaluate for agene-
sis of pulmonary vasculature on the
affected side.

Diagnosis is confirmed with CECT
displaying a single mainstem bronchus,
unilateral absence of lung parenchyma,
compensatory hyperinflated contralateral
lung, and a single-branch pulmonary
artery. CT can also highlight tracheobron-
chial branching abnormality.* Intrave-
nous contrast can demonstrate associated

https://doi.org/10.37549/JPCR-26-0079

vascular abnormalities such as pulmo-
nary artery hypoplasia, right aortic arch,
anomalous venous return, septal defects,
and Tetralogy of Fallot.

Of note, CECT may also help dis-
tinguish unilateral pulmonary agenesis
from the similar, yet distinct unilateral
pulmonary aplasia. While both malforma-
tions involve the absence of pulmonary
parenchyma and vasculature, pulmonary
aplasia maintains 2 mainstem bronchi,
one of which ends in a blind-ended
pouch. This is due to developmental arrest
occurring at a later stage in fetal lung
development after the formation of the
mainstem bronchi.

Although bronchoscopy is not necessary
for confirming the diagnosis of pulmonary
agenesis, it may be used instead of imaging

PEDIATRIC RADIOLOGICAL CASE

if the differential diagnosis includes other
causes of unilateral absence of breath
sounds.”, ® If bronchoscopy is performed,
the absence of a mainstem bronchus on
the affected side confirms the diagnosis of
unilateral pulmonary agenesis.

Respiratory insufficiency may occur
in patients with unilateral pulmonary
agenesis due to recurrent respiratory
infections, tracheal compression, and
pulmonary hypertension.>* Because
infection is a significant source of
morbidity, patients may be treated
with prophylactic antibiotics. Addition-
ally, because mediastinal shift may lead
to tracheal kinking and compression,
tracheal stenting or tracheoplasty may
be performed to improve aeration of
the lung.’

The outcome of children with PA is
variable and is associated with associated
anomalies and the degree of respiratory
failure. In general, over 50% of infants die
by age 5 years, with about a third passing in
the first year. In contrast, children with
no associated malformations often live
into adulthood.

Conclusion

Pulmonary agenesis is a rare devel-
opmental malformation that presents
with nonspecific respiratory symptoms,
a small hemithorax, and unilateral
absence of breath sounds. Diagnosis is
based on clinical suspicion and imag-
ing findings. Radiological workup is
essential for diagnosis and helps to
distinguish pulmonary agenesis from
other developmental malformations, such
as pulmonary atresia and aplasia, and
acquired conditions, such as foreign
bodies and pneumonia.
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Arthrogryposis Multiplex Congenita
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Keywords: musculoskeletal, syndrome, congenital

Arthrogryposis multiplex congenita (AMC) is a multietiologic congenital syndrome resulting from decreased fetal movement
and defined by joint contractures involving 2 or more body regions. The 6 major etiologic categories include neuropathic
abnormalities, muscle abnormalities, connective tissue abnormalities, uterine space limitations, intrauterine vascular
compromise, and maternal disease. Prenatal US most commonly detects joint contractures during the second or third trimester,
although first-trimester findings such as increased nuchal translucency or congenital anomalies may suggest the diagnosis
earlier. In cases where fetal movement is not assessed, diagnosis may be delayed until birth. Careful attention to imaging
findings is essential when evaluating any pregnancy in which decreased fetal movement is reported or AMC is suspected.

Clinical Summary

A G5P2 woman presented for level 2 US
at 25 weeks of gestation after club foot was
identified on level 1 US.

Imaging Findings

Fetal US (Figure 1) and MRI (Figure 2)
showed fixed extension of the elbows and
flexion of the wrists. Bilateral clubfoot was
also present.

Diagnosis

Arthrogryposis multiplex congenita
(AMC) is an umbrella term encom-
passing a wide range of congenital
conditions characterized by multiple
joint contractures.

The differential diagnosis is broad and
includes distal arthrogryposis, congeni-
tal bony fusions, contractural arachnodac-
tyly, multiple pterygium syndrome, and

other disorders that affect both the limbs
and additional organ systems.

Discussion

AMC is a congenital syndrome defined
as a group of conditions characterized
by joint contractures involving 2 or more
body regions." The unifying mechanism
across all forms of AMC is decreased
fetal movement (fetal akinesia).? When
movement is restricted early in gestation,
the resulting contractures are typically
more severe.’ The causes of fetal akinesia
are diverse and often multifactorial.
However, they can generally be grouped
into 6 major categories: neuropathic
abnormalities, muscle abnormalities,
connective tissue abnormalities, uterine
space limitations, intrauterine vascular
compromise, and maternal disease.”

The 6 etiologic categories of AMC
encompass a wide range of underlying
abnormalities. Neuropathic causes involve
both the central and peripheral nervous
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systems and include cerebellar hypo-
plasia, spinal muscular atrophy (SMA),
and other anterior horn cell diseases.>*
Muscle-related causes include maternal
antibody translocation in myasthenia
gravis, congenital muscular dystrophies,
and mitochondrial disorders.>* Connec-
tive tissue abnormalities may result
from normal tissue forming at inappro-
priate attachment sites or from intrin-
sic connective tissue defects such as
dystrophic dysplasia.” Space limitations
within the uterus, as seen with oligohy-
dramnios, fibroids, uterine growths, or
multiple gestations, can also contribute
to the development of AMC.>* Intrau-
terine vascular compromise leads to
decreased blood flow, which can damage
fetal nerves and muscles and result

in akinesia.” Maternal factors, includ-
ing infections, trauma, and exposure to
teratogenic medications, have also been
implicated.>>® Notably, many chromoso-
mal deletion and duplication syndromes
have been associated with AMC,® and
more than 400 specific conditions and
over 400 genes have been linked to

its development.>’

Individuals with AMC have restricted
joint motion that may be accompanied
by varying degrees of muscle weak-
ness. These musculoskeletal abnormali-
ties result from reduced fetal movement,
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Figure 1. Fetal US performed at 25 weeks of gestational age showing (A) fixed extension of the
elbow (arrowhead) and flexion of the wrist (arrow). (B) Imaging of the left lower extremity showing

a clubfoot (arrow).

Figure 2. Fetal MRI performed at 25 weeks of gestational age showing (A) fixed extension of the
elbow (arrowhead) and flexion of the wrist (arrow). (B) Imaging of the left lower extremity showing

a club foot (arrow).

which leads to fixed joint positions and
muscle imbalance. In addition to limb
contractures, spinal deformities such as
scoliosis or kyphosis may be present

at birth or develop later in childhood

or adolescence. Other organ systems,
including the central nervous system
(CNS), respiratory, gastrointestinal, and
genitourinary systems, may also be
affected. Cognitive impairment can occur
when the CNS is involved, but sensa-

tion is typically preserved. The over-

all impact on function depends on the
degree of musculoskeletal and systemic
involvement, with outcomes ranging from
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mild limitations in mobility to severe
lifelong disability."

The clinical presentation of AMC is
highly variable, reflecting the diversity
of underlying causes. The most com-
mon subtype, amyoplasia, accounts for
approximately one-third of cases and
represents the classic form of AMC.
Amyoplasia is characterized by under-
development of skeletal muscle and
replacement of muscle tissue with
fibrofatty tissue. Affected patients typically
demonstrate symmetric flexion of the
wrists, extension of the elbows, internal
rotation of the shoulders, and severe

lower-extremity contractures. Additional
findings may include decreased muscle
bulk, body weight below the 10th
percentile, shortened limbs, and dimpling
over affected joints. Other presentations
may involve only the limbs, primarily

the distal limbs, or combinations of

limb and systemic involvement, including
neuromuscular disorders with associated
cognitive or nervous system abnormali-
ties.

US is the primary tool for prenatal
diagnosis of AMC.® Findings are most
often detected in the second or third
trimester, typically following maternal
reports of reduced fetal movement. At this
stage, US can readily identify most types
of arthrogryposes. The most common
contracture observed is clubfoot, although
additional findings may include internal
rotation or adduction of the shoulders,
abnormal flexion or extension of the
elbows, ulnar deviation of the wrists,
hip dislocation, and clenched hands.®
Earlier diagnosis is also possible, as
fetal movement can be visualized by US
as early as 8 weeks of gestation.® In
the first trimester, secondary findings
such as increased nuchal translucency,
cystic hygroma, or a hypoplastic mandible
should prompt further evaluation.

In the late second and third trimes-
ters, fetal MRI complements US by
identifying potential CNS causes of AMC,
including cortical atrophy, lissencephaly,
spinal cord atrophy, and cerebellar or
pontine hypoplasia.” Additional prenatal
MRI findings may include hypoplas-
tic lungs, muscular atrophy, growth
restriction, craniofacial abnormalities,
scoliosis, a short umbilical cord, and
abnormal amniotic fluid volume.® After
birth, radiographs can help identify joint
dislocations, ankylosis, bony dispropor-
tion, scoliosis, or fusions. Postnatal MRI
and US can further evaluate the CNS and
musculature to characterize the extentand
underlying cause of abnormalities.’

The prognosis of AMC varies widely and
depends on the underlying etiology and
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the severity of contractures. Progres-
sive neuromuscular disorders such

as SMA are associated with poorer
outcomes compared with contractures
resulting from reversible mechanical
factors such as oligohydramnios. Children
with mild contractures may achieve
normal development after appropriate
treatment, whereas those with severe,
fixed deformities often require lifelong
therapy and may experience limited
functional independence.?

Conclusion

AMC is a multietiologic congenital
syndrome resulting from decreased fetal
movement and defined by joint con-
tractures involving 2 or more body
regions. The 6 major etiologic catego-
ries include neuropathic abnormalities,
muscle abnormalities, connective tissue
abnormalities, uterine space limitations,
intrauterine vascular compromise, and
maternal disease. Prenatal US most
commonly detects joint contractures
during the second or third trimester,

Applied Radiology
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although first-trimester findings such

as increased nuchal translucency or
congenital anomalies may suggest the
diagnosis earlier. In cases where fetal
movement is not assessed, diagnosis may
be delayed until birth. Careful atten-

tion to imaging findings is essential
when evaluating any pregnancy in which
decreased fetal movement is reported or
AMC is suspected.
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Ureteropelvic junction obstruction is the most common cause of congenital hydronephrosis and typically presents with dilation
of the renal pelvis and calyces without associated ureteral dilation. Although many cases are suspected prenatally as urinary
tract dilation, definitive evaluation occurs postnatally through integration of US findings and functional assessment. US remains
the primary imaging modality, with CT or MR urography used when additional anatomic detail is required, particularly to
evaluate for extrinsic causes. Renal drainage and differential function are most assessed with mercaptoacetyltriglycine-3
diuretic renography. Management is individualized based on symptoms, severity of dilation, and renal function. While many
children are managed conservatively, surgical pyeloplasty is indicated in patients with significant obstruction or declining
function and is associated with favorable long-term outcomes.

Case Summary

A pregnant woman presented at 35
weeks’ gestation for advanced imaging
following detection of prenatal hydro-
nephrosis on routine screening US.

Imaging Findings

Prenatal US (Figure 1) and MRI (Figure 2)
confirmed marked pelvocaliectasis of the
right kidney. The right ureter was not
visible. Postnatal US (Figure 3) showed
similar findings. Tc-99m mercaptoacetyl-
triglycine (MAG) nuclear medicine study
(Figure 4) confirms severe delay in
the excretion of the radiopharmaceuti-
cal from the right kidney. Intraopera-
tive ureteroscopy with contrast injection
confirmed a right ureteropelvic junction
(UPJ) obstruction (Figure 5).

Diagnosis

Fetal UPJ obstruction.

The differential diagnosis of isolated
pelvocaliectasis includes intrinsic UPJ
obstruction, extrarenal pelvis, parapelvic
cyst, and vesicoureteral reflux.

Discussion

UPJ obstruction is the most common
cause of congenital hydronephrosis and
the most frequent obstructive uropathy
in children. It occurs in approximately 1
in 1000 newborns, demonstrates a male
predominance of roughly 3:1, and is
typically unilateral, most often affecting
the left kidney."* The disorder reflects
impaired urine flow from the renal pelvis
into the proximal ureter, most commonly
due to intrinsic narrowing and less
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Figure 1. Fetal US at 35 weeks’ gestation
demonstrates severe dilation of the right renal
pelvis (arrowhead) with associated central and
peripheral calyceal dilation (arrow).

frequently from extrinsic compression at
the UPJ.?

Intrinsic obstruction most commonly
results from abnormal smooth muscle
development. Other distinct intrinsic
causes include disorganized innervation
or fibrosis at the UPJ. Regardless of
mechanism, intrinsic obstruction leads to
impaired peristalsis and urinary drainage.
Extrinsic causes are less common and
include aberrant crossing vessels, high
ureteral insertion, or renal malrotation."

Most children with UP]J obstruction are
first identified in utero during routine
obstetric US, where antenatal urinary
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Figure 2. Fetal MRI demonstrates severe right
pelvocaliectasis with marked calyceal dilation
(arrow). No hydroureter is identified.

Figure 3. Postnatal renal US performed at
1 month of life demonstrates severe right
pelvocaliectasis with dilation of the renal
pelvis (arrowhead) and intrarenal calyces
(arrow). No hydroureter is present.

tract dilation is identified.* Postnatal
evaluation then determines whether the
dilation represents physiologic variation
or true obstruction. When not diagnosed
prenatally, presentation varies. In the
neonatal period or later in childhood,
patients may develop intermittent, crampy
abdominal or flank pain accompanied
by nausea and vomiting due to episo-
dic dilation of the collecting system, a
presentation referred to as Dietl’s crisis.®
Postnatal diagnosis relies primarily
on US, which demonstrates dilation of
the renal pelvis and calyces without
ureteral dilation.*” Evaluation should

https://doi.org/10.37549/JPCR-26-0077
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Figure 4. (A) Posterior projection from dynamic images from technetium Tc-99m
mercaptoacetyltriglycine diuretic renography demonstrates prompt radiotracer uptake and
spontaneous drainage of the left kidney. The right kidney shows delayed parenchymal uptake and
excretion. (B) On the renogram curve, the left kidney (dashed line on curve) demonstrates normal
washout, whereas the right kidney (solid line on curve) shows delayed parenchymal washout and
continued accumulation of tracer within the collecting system, consistent with obstruction. The T2

of the right kidney measured 87 minutes.

be performed when the infant is well
hydrated, with images obtained before and
after voiding. The urinary tract dilata-
tion (UTD) classification system provides
a standardized framework for describ-
ing urinary tract dilation and stratify-
ing its severity but does not establish a
specific diagnosis.®

Although US is well suited for evaluating
the collecting system, it may not identify
all causes of obstruction. When additional
anatomic detail is required, CT and
particularly MR urography allow more
comprehensive evaluation, especially
when extrinsic causes such as cross-
ing vessels, ureteral kinking, or renal

malrotation are suspected. Crossing
vessels should be carefully assessed with
Doppler US, CT, or MRI to identify
a potential source of obstruction and
assist in surgical planning.’ Functional
MR urography provides both quantitative
functional assessment and high-resolution
anatomy without radiation exposure but is
generally reserved for complex cases and
preoperative planning.”*

Renal function is most assessed
with technetium Tc-99m MAG-3 diuretic
renography, which evaluates drainage
and differential renal function fol-
lowing administration of furosemide.
The half-time of tracer clearance is
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Figure 5. Intraoperative ureteroscopy images demonstrate cannulation of the right ureter with
contrast injection. (A) A jet of contrast (dashed arrow) fills the markedly dilated right renal pelvis.
(B) With continued injection, the collecting system opacifies, and markedly dilated calyces (arrow)

are visualized.

measured, with values greater than

20 minutes typically indicating significant
obstruction.*® Although renal scintig-
raphy provides important functional
information, it offers limited ana-

tomic detail.

Management is individualized and
depends on renal function, severity
of dilation, symptoms, and underly-
ing anatomy. Most children are man-
aged conservatively with serial US
and functional assessment, as many
cases resolve spontaneously, although
approximately 20% ultimately require
intervention. Surgical pyeloplasty remains
the gold standard and is indicated in
patients with high-grade UTD, declining
or reduced differential renal function,
persistent or worsening symptoms,
or recurrent infection." The Anderson-
Hynes dismembered pyeloplasty is the
most performed technique and may
be carried out via open, laparoscopic,
or robotic approaches. The procedure
involves excision of the narrowed UPJ
segment and reanastomosis of the ureter
to the renal pelvis."

Recurrent obstruction has been
reported in up to 7% of cases and
warrants close postoperative follow-
up.” Long-term sequelae, including
early-onset hypertension and protei-
nuria, should also be monitored,

Applied Radiology

particularly in patients with bilateral
disease.'"™ Despite these potential
complications, surgical outcomes are
generally favorable, with high long-term
success rates.

Conclusion

UPJ obstruction is the most common
cause of congenital hydronephrosis and
typically presents with dilation of the
renal pelvis and calyces without associated
ureteral dilation. Although many cases
are suspected prenatally as urinary tract
dilation, definitive evaluation occurs
postnatally through integration of US
findings and functional assessment.

US remains the primary imaging
modality, with CT or MR urography
used when additional anatomic detail
is required, particularly to evaluate for
extrinsic causes. Renal drainage and
differential function are most commonly
assessed with MAG-3 diuretic renogra-
phy. Management is individualized based
on symptoms, severity of dilation, and
renal function. While many children
are managed conservatively, surgical
pyeloplasty is indicated in patients
with significant obstruction or declining
function and is associated with favorable
long-term outcomes.
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Tracheobronchomalacia

PEDIATRIC RADIOLOGICAL CASE
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Abstract

surgically.

Keywords: airway, chest, congenital

Pediatric tracheobronchomalacia is typically classified as primary disease. Patients commonly present with a “barking” or
“brassy” cough, wheezing, and stridor. Other signs and symptoms include cyanosis, breathing difficulties, and frequent
respiratory tract infections. Dynamic CT or MRl is the preferred imaging modality. On imaging, the airway is shown to collapse
during expiration. Patients are supported medically in most instances. However, those with severe symptoms may be treated

Case Summary

An older child with a history of
cystic fibrosis presented for surveillance
CT imaging.

Imaging Findings

High-resolution chest CT (Figure 1)
with inspiration and expiration shows a
smaller caliber of the trachea and bronchi
on expiration.

Diagnosis

Tracheobronchomalacia.

The clinical differential diagnosis for
tracheobronchomalacia in adolescents
includes subglottic stenosis, epiglotti-
tis, vocal cord paralysis, bronchiolitis,
subglottic stenosis, and syndromes such
as Ehlers-Danlos.

Discussion

Tracheobronchomalacia refers to the
dynamic collapse of large airways.' The

broad nature of the term makes it
difficult to make a precise diagnosis.
Tracheobronchomalacia can be primary
in patients born with a collapsible
airway, which may occur because of
abnormal division of the esophagus
and trachea during foregut separation.’
Causes include idiopathic, prematurity,
or a result of genetic conditions such
as Ehlers-Danlos syndrome, Hunter and
Hurler syndromes, and trisomy 9 and
21. Secondary tracheomalacia can be
from chronic pulmonary inflammation,
trauma, masses compressing the airway,
and long-term compression that weakens
the tracheal cartilage. It is also associ-
ated with conditions that cause break-
down of the tracheal cartilage, such as
prolonged tracheobronchitis, compres-
sion of nearby anatomy, intubation, and
relapsing polychondritis, to name a few.’
Most children with tracheobronchomala-
cia have primary disease.

Primary tracheobronchomalacia occurs
with an incidence between 1 in 1445
and 1 in 2100 live births. Most affec-
ted children are male (58-82% of cases).
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While it is more common in prema-
ture infants, tracheobronchomalacia can
occur in term infants. Minor airway
collapse may improve by 1-2 years of
age. However, children with congeni-
tal cartilage disorders may experience
worsening of symptoms over time.
Children with primary tracheobroncho-
malacia present with a “barking” or
“brassy” cough, breathing difficulties,
wheezing, biphasic stridor, cyanosis, and
repeated respiratory tract infections.
Although tracheobronchomalacia has
traditionally been diagnosed using
laryngoscopy and bronchoscopy,
noninvasive airway imaging has become
increasingly popular.’ Inspiratory-expira-
tory airway fluoroscopy has been used with
increasing frequency. However, recent
studies have shown it to have low
sensitivity and specificity, making it a less
useful tool.* Dynamic MRI and CT have
also been used to diagnose tracheobron-
chomalacia. One study found that dynamic
CTishighlyaccurate, performing similarly
to laryngoscopy and bronchoscopy in
diagnosis and visualization of tracheo-
bronchomalacia.’ The non-invasive nature
of the CT makes it a valuable diagnos-
tic tool and first diagnostic choice in
many instances. At maximal inspiration,
the trachea should appear round or
oval and the lungs expanded. Normally,
at maximal expiration, the aeration
of the lungs decreases. However, the
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PEDIATRIC RADIOLOGICAL CASE

Tracheobronchomalacia

Figure 1. (A, B) Axial chest CT images at the level of the thoracic inlet, (C, D) carina, and (E, F) bronchus intermedius during inspiration and expiration
respectively show a narrowed caliber of the trachea and bronchi on expiration. (G, H) Coronal minimum intensity projection images during inspiration

and expiration show a smaller caliber of more peripheral airways on expiration.
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appearance of the trachea is unchanged.
In patients with tracheobronchomalacia,
the trachea collapses with flattening or
forward bowing of the posterior tracheal
wall, causing 50% or more expiratory
reduction in the cross-sectional area of the
trachea or bronchi, which is diagnos-
tic.®* When tracheobronchomalacia is
comorbid with cartilaginous disorders,
concentric narrowing may also be seen.
Tracheobronchomalacia is managed
medically or, in severe cases, with
surgery. Currently, there is no stand-
ard therapy. Medical management
can include medications to decrease
mucous secretions, low-dose inhaled
corticosteroids to decrease inflamma-
tion, and control of gastroesophageal
reflux. Surgical intervention is available
for children with severe disease who
do not improve with medical man-
agement. Common surgical interven-
tions include silicone or mesh stent
placement, tracheostomy, anterior/poste-
rior tracheopexy, or tracheobronchial
resection and reconstruction.”®
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Conclusion

Pediatric tracheobronchomalacia is
typically classified as primary disease.
Patients most commonly present with a
“barking” or “brassy” cough, wheezing,
and stridor. Other signs and symptoms
include cyanosis, breathing difficulties,
and frequent respiratory tract infections.
Dynamic CT or MRI is the preferred
imaging modality. On imaging, the airway
is shown to collapse during expiration.
Patients are supported medically in most
instances. However, those with severe
symptoms may be treated surgically.
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