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Stress Fractures in Children

PEDIATRIC RADIOLOGICAL CASE

Adrienne T. Ly, BA; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract

Stress fractures are microscopic disruptions of bone integrity that can occur in both children and adults. In pediatric patients,
these injuries most commonly affect the lower extremities, particularly the tibia and metatarsals. Children involved in high-
impact, running-intensive sports are at increased risk. Diagnosis can be challenging, as the microscopic nature of stress
fractures makes them difficult to detect on radiographs. Advanced imaging modalities such as MRI and bone scintigraphy offer
greater sensitivity for early detection. Because stress fractures typically do not result in displacement, treatment is generally

conservative and includes activity modification, rest, and, in some cases, immobilization.

Keywords: musculoskeletal, lower extremity, trauma

Case Summary

An adolescent male high-jumper
presented with worsening bilateral lower
leg pain.

Imaging Findings

Initial radiograph of the left lower leg
(Figure 1) was normal. MRI performed
5 days later (Figure 2) demonstrated
edema-like signal in the medial proximal
tibial metaphyses bilaterally. A discrete
fracture line was visible on the left but
not on the right. Follow-up radiograph
performed 1 month later (Figure 3) showed
healing changes at the site of the left tibial
stress fracture.

Diagnosis

Stress fracture.

Differential diagnoses usually are pain
related to repetitive activities or in children
with a variety of conditions that result

in decreased mineralization. Common
repetitive activities resulting in pain

in children include repeated running,
jumping, throwing, or falling. Mean-
while, etiologies of decreased mineral-
ization in children include genetically
inherited osteogenesis imperfecta, rickets
due to long-term vitamin D deficiency,

or osteomyelitis.

Discussion

Stress fractures are microscopic cracks
within bone, resulting from repetitive
mechanical stress or reduced bone
strength. Unlike complete fractures, stress
fractures are incomplete and do not
extend through the full thickness of
the bone. They are broadly classified
into 2 categories: fatigue fractures and
insufficiency fractures. Fatigue fractures
result from repeated mechanical loading
that exceeds the bone’s capacity for
repair, commonly seen in athletes involved
in repetitive high-impact activities.”” In
contrast, insufficiency fractures occur
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Phoenix Children’s Hospital, Phoenix, Arizona (RB Towbin, Schaefer); Department of Radiology, Cincinnati
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Figure 1. Anteroposterior radiograph of the
proximal left tibia is normal.

when normal stress is applied to weakened
bone, such as in children with vitamin

D deficiency or underlying metabolic
bone disease."?

Stress fractures in children most
commonly affect the lower extremities. In
a retrospective analysis of pediatric lower
extremity stress fractures, 28.4% were in
the tibia, 24.1% in the metatarsals, 20.7%
in the cuboid, 8.6% in the femur, 7.8% in
the fibula, 6.9% in the calcaneus, and 3.4%
in the cuneiform bones.” Stress fractures
of the foot are frequently associated with
long-distance running and high-impact
sports such as basketball and soccer.* The

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Figure 2. MRI performed 5 days after the initial radiograph. (A) Coronal STIR sequence of the lower
legs showing edema signal within the medial aspect of each proximal tibial metaphysis. (A) T2
hypointense fracture line (arrow) is present on the left. The periosteum (arrowhead) is uplifted

at the site of stress fracture. (B) Coronal T1-weighted image of the proximal left tibia showing
amorphous low signal in the proximal tibia metaphysis. The periosteum (arrowhead) is uplifted at

this location.

Figure 3. (A) Anteroposterior and (B) lateral radiographs performed 1 month later showing healing
changes at the site of stress fracture with a linear band of sclerosis (arrow) and a healing

periosteal reaction.

metatarsals are particularly vulnerable
because they bear significant stress during
the push-off phase of running.* Similarly,
the tibia, fibula, and femur, as major
weight-bearing bones, are atincreased risk
in children participating in high-impact
activities like running and jumping.*
Although less common, stress fractures
can also occur in the upper extremi-
ties. Examples include “little leaguer’s
shoulder,” which involves the proximal
humeral physis due to repetitive overhead

https://doi.org/10.37549/JPCR-26-0096

throwing, and “gymnast’s wrist,” which
affects the radial and/or ulnar physis
from repetitive loading.® Additionally,
stress fractures have been reported in the
posterior column of the spine in young
athletes performing repetitive spinning
movements, such as figure skaters.®

On physical examination, stress
fractures typically present with localized
pain and guarding at the site of injury.’
Because stress fractures do not cause
displacement or angulation of the affected

bone, skeletal deformity is not seen. Pain
usually worsens with activity and improves
with rest.” Soft tissue swelling near the
fracture site may also be present.

Stress fractures can be challenging
to diagnose radiographically, as fracture
lines may not become visible until
approximately 2 weeks after injury. Early
radiographs have a sensitivity of only
15-35%, whereas MRI approaches nearly
100% sensitivity for detecting early-stage
stress fractures." When present, key
radiographic findings include subtle
lucency at the fracture site, trabecular
blurring, and linear sclerosis.!

Advanced imaging techniques such as
bone scintigraphy and MRI can improve
early detection. A technetium-99m MDP
bone scan can identify osseous injury 1-2
weeks earlier than radiographs.® On bone
scintigraphy, areas of increased cortical
uptake appear as hot spots, indicating
osseous remodeling.! MRI findings include
periosteal or adjacent soft tissue edema
and band-like bone marrow edema."?

A fracture line, when visible, appears
as a hypointense band on T1-weigh-
ted sequences.’

The Fredericson grading system can
be used to classify the severity of stress
fractures on MRI, although the grading
does not correlate with recovery time
and is primarily used for documentation
purposes.’ The system ranges from grade 0
to grade 4b, as follows:

+ Grade 0: normal.

+ Grade 1: periosteal edema only, no
bone marrow involvement.

+ Grade 2: periosteal edema with
bone marrow edema on T2-
weighted imaging.

+ Grade 3: periosteal edema with
bone marrow edema visible on
both T1- and T2-weighted imaging.

+ Grade 4a: multiple focal
intracortical signal abnormalities
with bone marrow edema on T1
and T2.

+ Grade 4b: linear intracortical
signal abnormality with bone
marrow edema on T1 and T2.
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Because stress fractures are incom-
plete and cause minimal displacement,
initial management is typically con-
servative. Treatment includes activity
modification, rest, and physical therapy
focused on stretching and strengthening
the surrounding muscles.”" If needed,
immobilization with a cast for 3-6 weeks
can be considered.” Surgical fixation with
intramedullary nails or screws is reserved
for high-risk fractures that may progress to
complete fractures.?

Healing usually takes about 6-8 weeks,
though recovery time varies depending on
fracture location and treatment approach.
Stress fractures in cortical-rich regions,
such aslong bone shafts, tend to heal faster
than those in trabecular-rich areas, such
as the epiphyseal ends.’ Recovery time is
typically longer when surgical interven-
tion is required.” In one study, pediatric
patients returned to activity at an average
of 11.4 weeks, with recovery times ranging
from 4.5 to 17.4 weeks.”

Conclusion

Stress fractures are microscopic
disruptions of bone integrity that can

Applied Radiology
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occur in both children and adults. In
pediatric patients, these injuries most
commonly affect the lower extremi-

ties, particularly the tibia and metatar-
sals. Children involved in high-impact,
running-intensive sports are at increased
risk. Diagnosis can be challenging,

as the microscopic nature of stress
fractures makes them difficult to detect
on radiographs. Advanced imaging
modalities such as MRI and bone
scintigraphy offer greater sensitivity for
early detection. Because stress fractures
typically do not result in displacement,
treatment is generally conservative and
includes activity modification, rest, and, in
some cases, immobilization.
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Schizencephaly

Alyssa H. Sze, MS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract

Schizencephaly is a rare cortical malformation characterized by a full-thickness gray matter-lined cleft extending from the

pial surface to the ventricular wall. This defect is frequently associated with other intracranial abnormalities, including

absence of the septum pellucidum, optic nerve hypoplasia, corpus callosum dysplasia, hydrocephalus, arachnoid cysts, and
cerebellar malformations. While increasingly diagnosed antenatally, many patients present later in life with seizures, intellectual
disability, or psychomotor delay. Clinical severity is closely related to the size and location of the cleft. Management is symptom-
based and may include medical treatment for seizures, shunt placement for hydrocephalus, and supportive therapies for
developmental and motor impairments.

Keywords: brain, congenital, genetic

Figure 1. Axial CT images at the level of (A) the frontal horns of the lateral ventricles and

Case Summary (B) the body of the lateral ventricles showing the absence of the septum pellucidum and bilateral
closed-lip schizencephaly (arrow) with gray matter lining each cleft.
An adolescent, who was a restrained
e o
passenger in a motor vehicle collision,

presented to the emergency department
following a brief loss of consciousness.
On examination, her Glasgow Coma Scale
score was 15. Notably, the patient did not
have a history of seizures.

Imaging Findings

Initial head CT (Figure 1) showed no
traumatic findings. Instead, the study
showed the absence of the septum
pellucidum, closed-lip schizencephaly
in the inferior right frontal lobe with
mild distortion of the adjacent lateral
ventricle, and closed-lip schizencephaly

The imaging differential diagnosis

lobe. Subsequent MRI (Figure 2) confirmed for schizencephaily includes porence-
these findings. Schizencephaly. phaly, heterotopic gray matter, gliosis,
focal cortical dysplasia, polymicroglia,

arachnoid cysts, and septo-optic dysplasia.

and polymicrogyria in the left frontal Diagnosis
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Figure 2. (A) Axial T2-weighted and (B) T1 FLAIR images at the level of the frontal horns of the
lateral ventricles and (C) axial T2-weighted and (D) T1 FLAIR images at the level of the mid body
of the lateral ventricles showing the absence of the septum pellucidum and bilateral closed-lip
schizencephaly (arrow) with gray matter lining each cleft. Polymicrogyria is present at each cleft.

births." It is characterized by a full-thick-
ness gray matter-lined cleft that extends
from the pial surface to the ventricu-

lar wall. The cleft’s gray matter lin-

ing distinguishes it from other cortical
abnormalities.” Schizencephaly typically
occurs sporadically. Only a few familial
cases have been described.’ However,

it has been occasionally associated with
mutations in the EM X2 and COL4A1 genes,
as well as with Vici syndrome, a disorder
caused by EPG5 gene mutations and

https://doi.org/10.37549/JPCR-26-0097

characterized by agenesis of the corpus
callosum, cardiomyopathy, albinism, and
immune deficiency.

The etiology of schizencephaly remains
unclear. Proposed mechanisms include
intrauterine infections and early vascular
disruptions.' One hypothesis suggests
that intracranial insults occurring
before neuronal migration (4-6 months
gestational age) result in schizencephaly,
while injuries after this period pro-
duce defects not lined by gray matter,

PEDIATRIC RADIOLOGICAL CASE

such as porencephaly (without gliosis)
or encephalomalacia (with gliosis).*
Additional risk factors include young
maternal age (under 20 years), prenatal
exposure to toxins or teratogens, and
maternal trauma.’

Schizencephaly can be distinguished
from other intracranial abnormalities,
such as porencephaly, by the presence
of a gray matter lining along the
cleft. Porencephaly refers to a cystic
cavity within the cerebral hemisphere
that communicates with the ventricular
system or subarachnoid space. These
cavities are typically surrounded by
gliosis, lack a gray matter lining, and are
usually the result of acquired brain injury.
While antenatal US is increasingly capable
of detecting schizencephaly in utero, MRI
remains the preferred imaging modality
due to its ability to clearly visualize the
gray matter lining.?

Schizencephaly is typically classified
into 2 types: type 1 (closed-lip) and type
2 (open-lip). In open-lip schizencephaly,
the cleft walls are separated and filled
with cerebrospinal fluid. In contrast,
closed-lip schizencephaly is character-
ized by direct apposition of the cleft
walls without intervening fluid. More
recent literature proposes an expan-
ded classification that includes a third
variant: a column of heterotopic gray
matter without a visible cleft. In this
system, type 1 represents isolated gray
matter heterotopia, type 2 corresponds
to closed-lip schizencephaly, and type 3
to open-lip schizencephaly."*

Open-lip schizencephaly is the most
common form, seen in approximately
80-85% of patients, while closed-lip
accounts for the remaining 10-15%.
Schizencephaly may be unilateral
or bilateral, with bilateral involve-
ment slightly more frequent. Among
patients with bilateral clefts, 60% have
bilateral open-lip defects, and 20% have
mixed defects. Of those with unilateral
clefts, 60% have open-lip defects.*

Between 50% and 90% of patients
with schizencephaly have additional
intracranial anomalies. The most common

Applied Radiology


https://doi.org/10.37549/10.37549/JPCR-26-0097

PEDIATRIC RADIOLOGICAL CASE

associated abnormality is absence of the
septum pellucidum, seen in approximately
70% of patients. Other frequent findings
include optic nerve hypoplasia (30%),
corpus callosum dysplasia (30%), and
hydrocephalus, which occurs in about
30% of patients with open-lip clefts.*®
Additional associations include arachnoid
cysts and cerebellar malformations.®

When schizencephaly is not detec-
ted on antenatal imaging, it is often
identified later in childhood during
evaluation for psychomotor delay or
seizures. In patients with a unilat-
eral cleft, seizures may originate from
the contralateral hemisphere, often in
regions of polymicrogyria.® The severity
of symptoms and overall prognosis
correlates with the size and location of
the cleft. Larger or bilateral defects are
associated with more significant motor
and cognitive impairments, including
hemiparesis or quadriparesis, intellec-
tual disability, language deficits, and
global developmental delay."® Frontal
or perisylvian clefts may also be
associated with behavioral disturbances
or characteropathies.’

In contrast, unilateral schizence-
phaly may be asymptomatic and is
sometimes discovered incidentally in
adulthood, often after the onset of

Applied Radiology
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seizures in individuals with otherwise
normal development.” Treatment is
symptom-directed and may include
antiepileptic medications, ventriculoperi-
toneal shunting for hydrocephalus, and
supportive therapies such as occupational
and physical therapy to address cognitive
and motor impairments."®

Conclusion

Schizencephaly is a rare cortical
malformation characterized by a
full-thickness gray matter-lined cleft
extending from the pial surface to the
ventricular wall. This defect is fre-
quently associated with other intra-
cranial abnormalities, including the
absence of the septum pellucidum,
optic nerve hypoplasia, corpus callosum
dysplasia, hydrocephalus, arachnoid cysts,
and cerebellar malformations. While
increasingly diagnosed antenatally, many
patients present later in life with seizures,
intellectual disability, or psychomotor
delay. Clinical severity is closely related
to the size and location of the cleft.
Management is symptom-based and may
include medical treatment for seizures,
shunt placement for hydrocephalus, and
supportive therapies for developmental
and motor impairments.
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Tal A. Chamdi, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract

mutations.

Keywords: pulmonary, lung, congenital

Although the diagnosis of tuberous sclerosis complex-lymphangioleiomyomatosis (TSC-LAM) is rare in adolescents, emerging
data suggest that its true incidence, particularly among females with TSC, may be underestimated. High-resolution CT of the
chest is critical for identifying characteristic pulmonary cysts, while abdominal imaging plays a supportive role by detecting
associated renal angiomyolipomas. Given the progressive nature of LAM, early recognition is essential for guiding management
and improving outcomes. Clinicians should maintain a high index of suspicion for LAM in adolescents with TSC2 gene

Case Summary

An adolescent female with tuber-
ous sclerosis complex (TSC) underwent
screening chest CT.

Imaging Findings

Initial chest CT (Figure 1) demonstra-
ted multiple small, thin-walled cysts
predominantly located in the right lower
lobe, consistent with early findings
of lymphangioleiomyomatosis (LAM).
Follow-up chest CT (Figure 2) performed
12 years later showed mild progression
in the number and size of pulmonary
cysts. Abdominal MRI (Figure 3) revealed
multiple renal angiomyolipomas (AMLs),
most of which were lipid-poor. The largest
lesion was in the lower pole of the
right kidney.

Diagnosis

TSC-LAM.

Differential diagnosis includes sporadic
LAM, emphysema, Sjogren syndrome,
pulmonary Langerhans cell histiocyto-
sis, follicular bronchiolitis, lymphoid
interstitial pneumonia, amyloidosis,
light-chain deposition disease, and
Birt-Hogg-Dube syndrome.

Discussion

LAM is a rare, progressive multisys-
tem disease that primarily affects women
of childbearing age, with an estima-
ted prevalence of 3.4-7.8 per million
women worldwide." It is character-
ized by the proliferation of abnormal
smooth muscle—like cells that infiltrate
the lungs and lymphatics, leading to
progressive cystic destruction, impaired
pulmonary function, and, ultimately,
respiratory failure.’

LAM occurs in 2 forms: a sporadic form,
which typically presents in adulthood,
and a form associated with TSC, which
may present in childhood.” TSC-LAM is
increasingly recognized as a significant
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Phoenix Children’s Hospital, Phoenix, Arizona (RB Towbin, Schaefer); Cincinnati Children’s Hospital,
Cincinnati College of Medicine, Cincinnati, Ohio (AJ Towbin).
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cause of morbidity in women with TSC.
Among adult women with TSC, approx-
imately 30-40% will develop LAM. The
condition is significantly more common
in those with TSC2 mutations than in
those with TSC1 mutations, with one study
reporting a prevalence of 55% vs 0%,
respectively.’ Serum VEGF-D levels are
also typically higher in patients with LAM
and TSC2 mutations and may serve as a
useful biomarker for the presence of LAM.?
In a study by Cudzilo et al, the prevalence
of LAM in females under the age of 21
with TSC was 27%, suggesting that disease
onset may occur earlier than previously
recognized.* Another study showed that
lung cysts were present in 12% of patients
with TSC who had received a chest CT,
including 20% of women.® Nevertheless,
diagnosis in adolescents remains rare,
likely due to a combination of factors,
including the absence of respiratory
symptoms, lack of universal screening
protocols in the pediatric populations, and
the subtle, nonspecific appearance of early
pulmonary changes on imaging.*®

In adolescents, TSC-LAM is often
asymptomatic, but when symptoms do
occur, they may include exertional
dyspnea or spontaneous pneumothorax.
Imaging, chest CT, plays a central role in
diagnosis. According to the 2017 American
Thoracic Society/Japanese Respiratory
Society guidelines, LAM can be diagnosed

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Lymphangioleiomyomatosis

Figure 1. (A, B) Sequential images from chest CT showing several small cysts (arrows) with

imperceptible walls.

Figure 2. (A, B) Sequential images from chest CT performed 12 years later showing that the small
cysts (arrow) have increased in size and number. (C, D) Minimum intensity projection images at the
same levels highlighting the extent of the small cysts.

based on the presence of characteris-

tic diffuse, thin-walled, round pulmo-
nary cysts, in conjunction with one or
more supportive features, such as TSC,
renal AML, cystic lymphangioleiomyoma,
chylothorax, or chylous ascites.’

Chest radiographic findings vary
depending on disease severity: patients
with early-stage disease may have a
normal radiograph or may have mildly

https://doi.org/10.37549/JPCR-26-0098

increased interstitial markings. Patients
with advanced disease may demonstrate
reticular opacities, pleural thickening,
lymphadenopathy, and hyperinflation."?

Current TSC guidelines recommend
baseline chest CT for all females and
symptomatic males, starting at 18 years of
age.® On chest CT, TSC-LAM is charac-
terized by numerous thin-walled, round,
or oval cysts distributed throughout the

Figure 3. Coronal T2-weighted MRI showing
a dominant lipid-poor angiomyolipoma in
the lower pole of the right kidney. There

are many tiny angiomyolipomata throughout
both kidneys, giving the cortex a striated
appearance.

lungs.! In early disease, cysts are fewer
and smaller, with intervening normal
lung parenchyma. At this stage, the
cysts may be more visible on mini-
mum intensity projection images. As
the disease progresses, cysts become
more numerous and larger, gradually
replacing healthy lung tissue. Additional
CT findings may include focal ground-
glass opacities, lymphatic congestion,
septal thickening, chylothorax, pericar-
dial effusion, and thoracic duct dila-
tion."? TSC-LAM may also be associated
with multifocal micronodular pneumocyte
hyperplasia.' Certain imaging features
help distinguish LAM from other diffuse
cystic lung diseases. For example, thick,
irregular upper lobe cysts are more typical
of pulmonary Langerhans cell histiocyto-
sis.!

Abdominal and pelvic imaging with
CT or MRI is essential, as over 90%
of patients with TSC-LAM and approxi-
mately one-third of those with sporadic
LAM have renal AMLs.’ On CT, AMLs
typically involve the renal cortex and
often contain macroscopic fat. However,
in patients with TSC-LAM, up to one-
third of AMLs may be fat-poor, making
detection more challenging.’ On MRI,
classic AMLs demonstrate signal loss on
fat-suppressed sequences. Chemical shift
MRI can also detect small amounts of
fat by revealing signal loss within voxels
that contain both fat and water, often
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producing an “India-ink” artifact at the
fat-water interface of the lesion.”

Management of LAM focuses on
alleviating symptoms and slowing disease
progression. Recurrent or complicated
pneumothoraces may be treated with
pleurodesis, and lung transplantation is
considered in patients with advanced
respiratory failure. More recently, mTOR
inhibitors such as sirolimus have emerged
as a key therapy, shown to stabilize lung
function and reduce the size of associated
tumors in patients with LAM."?

Conclusion

Although the diagnosis of TSC-LAM is
rare in adolescents, emerging data suggest
that its true incidence, particularly among
females with TSC, may be underestimated.
High-resolution CT of the chest is critical
for identifying characteristic pulmonary
cysts, while abdominal imaging plays a
supportive role by detecting associated
renal AMLs. Given the progressive nature
of LAM, early recognition is essential
for guiding management and improving
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outcomes. Clinicians should maintain a
high index of suspicion for LAM in
adolescents with TSC2 gene mutations.
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Gastroschisis

Priya Patel, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract

Keywords: gastrointestinal, intestines, congenital

An external protrusion of the intestines and occasionally other organs without a protective membrane is the hallmark of
gastroschisis. Prenatal US, specifically the marker intraabdominal bowel distention, is the most effective in diagnosing and
differentiating between simple and complex gastroschisis. Patients diagnosed with the condition are at a risk of infection,
sepsis, and electrolyte imbalances from swelling and inflammation of the exposed organs. Treatment aims for primary reduction
of the herniated viscera to prevent visceral injury and abdominal compartment syndrome. Staged reduction using a spring-
loaded silo is the preferred method. Complex cases should be treated individually, and any resection should be kept to a
minimum to prevent short-gut syndrome. Reported complications include abdominal compartment syndrome (up to 25%),
necrotizing enterocolitis (5%), midgut volvulus (1.2%), and adhesive small bowel obstruction (20-25%).

Case Summary

A mother with a history of cocaine
use during pregnancy underwent detailed
fetal US due to findings on screening US.
The fetus was born at term via c-section
and transferred to the neonatal intensive
care unit.

Imaging Findings

Fetal US (Figure 1) showed gastroschi-
sis with dilated loops of bowel, with
thickened walls extending through a
midline abdominal wall defect adjacent to
the umbilical cord. Postnatal radiograph
(Figure 2) showed eviscerated bowel loops
external to the abdomen. Radiograph
performed 2 hours later (Figure 3) showed
the loops of bowel within an abdomi-
nal silo.

Diagnosis

Gastroschisis.

The differential diagnosis for an anterior
abdominal wall defect with protrusion
of organs outside of the fetus is
an omphalocele.

Discussion

Gastroschisis is a full-thickness,
congenital defect involving the anterior
abdominal wall that occurs in utero and
occurs in about 1/10,000 live births and
is usually an isolated anomaly. Gastroschi-
sis occurs between the 4 and 8 weeks of
gestational age. The cause is unknown but
suspected to be the result of compromised
vascular supply. The uncovered intestine,
and rarely other organs, herniates through
the abdominal wall defect near the right
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Figure 1. Fetal US image showing dilated
and mildly thickened loops of bowel (arrow)
external to the abdomen (arrowhead).

base of the umbilical cord. Typically, >90%
of cases are diagnosed on fetal ultraso-
nography at 20 weeks of gestational age.'
Pregnancies complicated by gastroschisis
have an increased risk of stillbirth, small
for gestational age infants, necrotizing
enterocolitis (NEC), and neonatal death.
Depending on the state of the colon,
there are 2 types of gastroschisis: simple
and complex. The bowel is healthy in
simple gastroschisis. In contrast, complex
gastroschisis is associated with condi-
tions such as volvulus, ischemia, atresia,
or necrosis.”

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Figure 2. Abdominal radiograph showing
eviscerated bowel (arrow) external to the
abdomen.

Figure 3. Abdominal radiograph performed 2
hours later showing the eviscerated bowel
(arrow) within an abdominal silo.

Although gastroschisis and omphalo-
cele are both abdominal wall defects, their
presentation has characteristic differen-
ces. Gastroschisis is an abdominal wall
defect, most often to the right of the
umbilicus. It is usually a solitary anomaly
with post-delivery outcomes related to the
prolapsed bowel. The prolapsed bowel
lacks a covering membranous sac, and
the intestines protrude outside the fetal
abdomen into the amniotic cavity because
of an in utero interruption of the lateral
ventral body folds.’ While gastroschisis
is not associated with other congenital

https://doi.org/10.37549/JPCR-26-0099
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anomalies, it is commonly associated
with bowel complications, which include
malrotation (up to 25% of cases), intestinal
atresia and stenosis (10% of cases), or
NEC (5-20%) that further complicate

the condition.

Omphalocele is an abdominal wall
defect that differs from gastroschisis
due to its midline location and sac
covering the herniated intestines. The
abdominal wall defect in omphaloceles
can vary in size. When small, only a
portion of the intestines may herniate.
When a large abdominal wall defect
occurs, most abdominal organs can
herniate. Omphaloceles are associated
with genetic syndromes and anomalies
that will determine the patient’s outcome.
Multiple congenital abnormalities are
present in 40-80% of patients and include
chromosomal (15-57%), cardiac (11-23%),
genitourinary (6-21%), musculoskeletal
(21%), gastrointestinal (7-19%), and
neurologic (4-8%) issues.’

Fetal growth restriction occurs in
24-67% of fetuses with gastroschisis and
is thought to be due to the nonselec-
tive loss of nutrients, mainly proteins,
through the externalized bowel loops,
causing chronic undernutrition of the
fetus. This is supported by the fact that
high levels of proteins are found in the
amniotic fluid. In a recent meta-analy-
sis, delivery at 38 weeks was found to
minimize overall perinatal mortality and
maximize total quality-adjusted life-years
in fetuses with gastroschisis. Cesarean
section was once thought by some to be
the best delivery route for the fetus with
gastroschisis because it reduced the risk
of trauma to intestinal loops and avoided
contactwith vaginal flora.* However, based
on current evidence, vaginal delivery
for infants with gastroschisis has no
contraindications based on factors such
as timing (lung maturity), US findings
(fetal growth, bowel appearance), and fetal
testing results. Therefore, while the mean
gestational age for spontaneous vaginal
delivery is 36 weeks, delivery at 38 weeks

PEDIATRIC RADIOLOGICAL CASE

of gestation is the preferred method for
women carrying a fetus with gastroschisis
to minimize complications. If there are
associated complications, such as marked
liver herniation, then cesarean section
should be considered.’

At birth, neonates with gastroschisis
may have hypothermia or intestines that
appear discolored, suggesting injury or
insufficient blood flow. Rarely, additional
internal organs may herniate, including
the pancreas, stomach, liver, spleen,
bladder, uterus, ovaries, and fallopian
tubes." Neonates affected by this condition
may also suffer from sepsis, NEC, short
bowel syndrome, bowel obstruction,
and volvulus.*

Prenatal US can diagnose gastroschi-
sis as early as the first trimester. The
prenatal US may show the herniated bowel
floating in the amniotic fluid. Prenatal
US can also provide prognostic informa-
tion. Measurement of intra-abdominal
bowel dilation at the most dilated bowel
segment can distinguish complex from
simple gastroschisis. A recent longitudi-
nal, prospective multicenter study of 104
patients showed that an intra-abdominal
bowel distention of 210 mm between 20
and 22 weeks of gestation is predictive of
complex gastroschisis with a specificity of
100%, a positive predictive value of 100%,
and a negative predictive value of 77%.°

The goal of treatment for simple
gastroschisis is primary reduction of the
herniated viscera. Delays in reduction
increase the risk of visceral injury and
the development of abdominal compart-
ment syndrome (persistent intra-abdomi-
nal pressure [IAP] > 20 mm Hg). Staged
reduction, usually with the use of a
spring-loaded silo, is the preferred method
to decrease IAP and lessen the risk of
complications with primary reduction.
Ultimately, the closure may be sutured,
which is associated with a high risk of
infection, or sutureless closure, which
can be performed at the bedside, but
is associated with a high rate of secon-
dary hernia. Postoperatively, the infant is
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advanced to full feedings, with a return of
bowel function typically occurring within
4 weeks.’

The treatment of complex gastroschi-
sis is often intensive and must be
individualized depending on patient
comorbidities, time of delivery, and
the proportion of herniated viscera to
abdominal domain. Intestinal perforation
or necrosis is addressed at the time
of surgical exploration and reduction;
primary resection and anastomosis are
often feasible. Resections should be
minimal to avoid the development of
short-gut syndrome, and ostomies are
usually avoidable.”

Common to both simple and complex
gastroschisis, the complications include
abdominal compartment syndrome, NEC,
midgut volvulus, and adhesive small bowel
obstruction. Abdominal compartment
syndrome is defined as persistent IAP (> 20
mm Hg), which leads to organ dysfunction,
including anuria. NEC develops in 5-20%
of patients, is usually mild, and infre-
quently requires surgical intervention.
Midgut volvulus develops in approxi-
mately 1.2% of patients due to adhesion of
the small bowel to the lateral abdomi-
nal wall. Adhesive small bowel obstruc-
tion is reported in 20-25% of patients,
usually within the first year of life. In
addition to these complications, outcomes
differ significantly between simple and
complex gastroschisis. Complex cases
generally have a prolonged recovery, with
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a medical hospital stay of 75.4 days and
time to full enteral feeding of 58.1 days,
compared with 35.1 days and 24.1 days,
respectively, for simple gastroschisis.® This
disparity highlights the greater burden

of care and higher risk of complications
in complex gastroschisis, likely due to
increased IAP and fascia closure tension,
which can result in organ dysfunction,
bowel inflammation, and adhesions.” Most
infants with simple gastroschisis live a
normal lifespan, while those with complex
gastroschisis have more complications
that can increase morbidity and mortality.

Conclusion

An external protrusion of the intestines
and occasionally other organs without a
protective membrane is the hallmark of
gastroschisis. Prenatal US, specifically the
marker IABD, is the most effective in
diagnosing and differentiating between
simple and complex gastroschisis. Patients
diagnosed with the condition are at a
risk of infection, sepsis, and electrolyte
imbalances from swelling and inflam-
mation of the exposed organs. Treat-
ment aims for primary reduction of the
herniated viscerato prevent visceral injury
and abdominal compartment syndrome.
Staged reduction using a spring-loaded silo
is the preferred method. Complex cases
should be treated individually, and any
resection should be kept to a minimum

to prevent short-gut syndrome. Repor-
ted complications include abdominal
compartment syndrome (up to 25%), NEC
(5%), midgut volvulus (1.2%), and adhesive
small bowel obstruction (20-25%).
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Congenital Nasal Pyriform Aperture Stenosis

Amin Lim, BA; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract

Patients with congenital nasal pyriform aperture stenosis typically present with respiratory distress, including noisy breathing
resembling snoring, apneic episodes during wakefulness and sleep, feeding difficulties, and failure to thrive. Sudden airway
obstruction may occur but can be temporarily relieved by crying. Imaging plays a key role in diagnosis, with a pyriform
aperture width of <11 mm considered diagnostic. While surgical intervention can be curative, the timing of surgery should be
individualized based on symptom severity and overall prognosis. Supportive care remains essential to optimize outcomes and
ensure the best possible management approach.

Keywords: head and neck, nose, congenital

Case Summary

A 4-week-old child presented with nasal
obstruction and feeding difficulties.

Imaging Findings

Axial CT showed narrowing of the
pyriform aperture, with the bony aperture
measuring <4.5 mm in width with a high
degree of obstruction (Figure 1). There
were paired central incisors and a normal
pituitary fossa and gland (not shown).

Diagnosis

Congenital nasal pyriform aper-
ture stenosis.

The clinical differential diagno-
sis of neonatal nasal obstruction
includes choanal atresia, nasopharyngeal
encephalocele, mucosal edema, dermoid
cysts, skull base malformations, tumors,
nasal hypoplasia, and nasal trauma.

Discussion

Congenital nasal pyriform aperture
stenosis, also referred to as nasal inlet
stenosis, is a rare cause of neona-
tal respiratory distress, with an esti-
mated prevalence of 1 in 25,000 live
births.! The condition is thought to
result from excessive growth of the
nasal process of the maxilla, leading
to a narrowing of the pear-shaped
pyriform aperture and increased airway
resistance.” This anatomical narrowing
restricts airflow, making it difficult for
neonates to breathe.’ Because newborns
are obligate nasal breathers, severe nasal
obstruction can lead to life-threatening
respiratory distress.*

Neonates with congenital nasal
pyriform aperture stenosis typically
present with respiratory distress, noisy
breathing resembling snoring, and
episodes of apnea both during wakefulness
and sleep. Additional symptoms include
feeding difficulties, failure to thrive, and
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Figure 1. Axial CT at the level of the nasal
cavity showing severe narrowing (arrow) of
both nasal pyriform apertures measuring

<4.5 mm in width with a high degree of
obstruction. There were paired central incisors
and a normal pituitary fossa and gland (not
shown).

sudden airway obstruction, which may
be temporarily relieved by crying.’ The
timing of symptom onset depends on

the severity of the stenosis, with signs
appearing as early as the first hours of life
or developing months later.

While the exact pathology of
congenital nasal pyriform aperture
stenosis remains unclear, the con-
dition has been associated with
several genetic syndromes. Documen-
ted links exist between congenital
nasal pyriform aperture stenosis and

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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semi lobar holoprosencephaly, cranio-
facial anomalies, solitary median
maxillary central incisor, and endocri-
nologic disorders such as hypopituitary
axis abnormalities.*

Although awareness of congenital nasal
pyriform aperture stenosis has increased
in recent years, its rarity and variable
presentation continue to pose diagnostic
challenges.* Distinguishing it from other
causes of nasal obstruction requires a
combination of clinical examination and
maxillofacial CT findings. According to
Baker and Pereira, suggestive physical
examination findings include a narrowed
anterior nasal fossa and the inability to
pass a 5-French catheter or a 1.9-mm
endoscope through the nasal cavity.?

Definitive diagnosis of congenital nasal
pyriform aperture stenosis is established
using thin-section CT imaging of the nose
and face, which directly visualizes the
stenotic pyriform aperture.* Maxillofacial
CT should be performed in a plane
parallel to the hard palate using 1.5-2-mm
axial sections to accurately measure the
dimensions of the pyriform aperture.* A
pyriform aperture width of <11 mm in a
term infant is considered diagnostic.

Beyond confirming the diagnosis,
maxillofacial CT is essential for evaluating
the severity of obstruction, identifying
associated anomalies, and assessing
the surrounding bony architecture.* In
cases where comorbid conditions with a
poor prognosis are suspected, additional
imaging, such as a CT or US of the brain,
should be performed before considering
surgical intervention.*

The treatment of congenital nasal
pyriform aperture stenosis depends on the
severity of symptoms, the degree of airway
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obstruction, and the overall prognosis of
the infant.* Initial management involves
the use of a McGovern nipple or oral
airway, along with supportive care such as
nasal humidification, suctioning, topical
steroids, and decongestant drops.® In
infants with multiple anomalies and a poor
prognosis, conservative management is
typically recommended, with prognosis
assessed based on comorbidities that
contribute to failure to thrive.

Surgical treatment is reserved for
infants with severe nasal obstruction who
have a good prognosis and no signifi-
cant comorbidities, or for those in whom
2 weeks of aggressive medical therapy
has failed.” The “rule of 10” is often
applied to determine optimal surgical
timing, recommending deferral until the
infant reaches 10 pounds, 10 weeks of
age, and a hemoglobin level of 10 g/dL,
provided that the child’s respiratory status
remains stable.” Until these criteria are
met, supportive care should continue to
optimize surgical outcomes.

Conclusion

Patients with congenital nasal pyriform
aperture stenosis typically present with
respiratory distress, including noisy
breathing resembling snoring, apneic
episodes during wakefulness and sleep,
feeding difficulties, and failure to thrive.
Sudden airway obstruction may occur but
can be temporarily relieved by crying.
Imaging plays a key role in diagnosis,
with a pyriform aperture width of <11
mm considered diagnostic. While surgical
intervention can be curative, the timing of
surgery should be individualized based on

symptom severity and overall progno-
sis. Supportive care remains essential to
optimize outcomes and ensure the best
possible management approach.
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Atrial Septal Defect
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Abstract

invaluable guidance for surgical interventions, thereby improving patient outcomes.

Keywords: thorax, cardiac, congenital, shunt

Atrial septal defects (ASDs) represent a significant congenital heart condition with the potential for severe long-term
complications if left untreated. Imaging advances, particularly modalities such as transthoracic echocardiography, cardiac CT,
and cardiac MRI, have greatly enhanced the early detection and precise characterization of ASD, allowing for more effective and
personalized treatment strategies. These tools not only aid in distinguishing the type and severity of the defect but also provide

Figure 1. (A) Parasternal short-axis transthoracic echocardiogram at end-diastole showing

Case Summary

moderate right ventricular chamber dilation. MV, mitral valve; RV, right ventricle. (B) Subcostal

coronal color compare at end-diastole showing a large secundum ASD. ASD, atrial septal defect;

A teenage female presented with LA, left atrium; RA, right atrium.
worsening fatigue and shortness of breath
with physical activity. Her physical exam
showed a fixed split-second heart sound
and a systolic ejection murmur of the left
upper sternal border.

Imaging Findings

Transthoracic echocardiogram
(Figure 1) showed a large secundum
atrial septal defect (ASD) with left to

right shunting and moderate right atrial . s .
& X & o & R The differential diagnosis for ASD
and ventricular dilation. The cardiac MRI . . . . .
R in childhood includes atrioventricular
(Figure 2) confirmed the large secundum
. ] ) septal defect, total anomalous pulmonary
ASD, moderate right atrial and ventricu- .
A venous return, pulmonary stenosis, and
lar chamber dilation, normal pulmonary .
] ventricular septal defect.

venous anatomy, and an increased Qp:Qs.

Discussion
Diagnosis .
ASD is the second most common
Atrial septal defect. congenital heart defect in childhood after
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ventricular septal defect. ASD occurs in
0.2% of children or 1-2 per 1000 births." In
the past 60 years, the rate of ASDs has risen
from below 0.5 cases per 1000 live births
to around 1.6 per 1000." This increase in
prevalence is due to the improvement of
imaging modalities and improved clinical
detection due to educational and technical
advancements of medical practitioners."
An ASD is defined as an abnormal opening
in the interatrial septum, which leads

to blood shunting between the atria.
Generally, small ASDs close on their own.
However, larger ASDs cause cardiac and
respiratory issues into adulthood." ASD

is more common in girls than boys,

with a male-to-female ratio of 1:2, and is
influenced by specific genetic conditions.
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Figure 2. (A) A 4-chamber CMR cine steady state free precession (SSFP) at end-diastole showing a large secundum ASD (yellow asterisk), moderately
dilated right atrium and right ventricle, and a small anterior pericardial effusion. The right ventricular end-diastolic volume was 120 mL/m? (normal
60-100 mL/m?). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. (B) ASD en face view (off-axis coronal view) CMR cine SSFP at
end-diastole showing a large secundum ASD (yellow arrow). ASD, atrial septal defect; LV, left ventricle; RV, right ventricle; SVC, superior vena cava.

(C). ASD en face view CMR phase contrast through plane at end-diastole showing the shunting through the ASD (yellow arrow). The flow through the
ASD was 4.59 L/minute. The flow across the aortic valve was 3 L/minute, and the pulmonary valve was 7.60 L/minute. The calculated Qp:Qs was 2.5:1.

ASD, atrial septal defect.

A variety of syndromes are associated
with ASDs as well as other congenital
cardiac defects. Holt-Oram syndrome,
caused by mutations in the TBXS5 gene,
affects heart and upper limb develop-
ment."? Ellis-van Creveld syndrome, due
to mutations in the EVC or EVC2 genes,

is strongly associated with dysrhythmias
and secundum ASDs and more common in
certain Amish and Indigenous Austral-
ian communities.! In addition to ASDs,
patients with this syndrome commonly
present with a single atrium.' Some
families also show a pattern of ASDs
linked to mutations in the NKX2.5 and
GATA4 genes, emphasizing the complex
genetic factors that can contribute to this
condition.' These associations are heavily
influenced by Mendelian inheritance and
maternal exposure to alcohol, drugs like
cocaine, and rubella.’

ASDs involve a true septal deficiency
that promotes communication of blood
between the atria of the heart.' In anormal
heart, the interatrial septum separates
the right and left atria, preventing
oxygenated and deoxygenated blood
from mixing.? Structurally, the interatrial
septum includes the septum primum
and septum secundum, which develop

https://doi.org/10.37549/JPCR-26-0101

during embryogenesis to fully divide the
atria.’ The septum primum begins as a
thin membrane growing from the upper
part of the common atrium downward,
closing the initial opening between the left
and right sides.’ The septum secundum
then forms on the right side, partially
covering asecondary opening and creating
the fossa ovalis, which allows prenatal
blood flow between the atria.’ Proper
septal formation allows for appropri-

ate separation of the circulation and
oxygen-poor blood to flow into the right
atrium and oxygen-rich blood to enter the
left atrium.? ASDs disrupt this structure
by creating openings in the septum

that permit abnormal shunting of blood
between the atria.’ Pathologically, these
defects typically lead to increased blood
flow in the right atrium and ventricle in
patients without pulmonary hypertension
and normal right ventricular compliance
because they create a left-to-right shunt,
allowing oxygen-rich blood from the left
atrium to flow back into the right atrium.’
This added volume causes the right heart
to enlarge as it accommodates the extra
workload.® Additionally, the increased
blood flow to the lungs raises both blood
volume and pressure in the pulmonary

circulation, further stressing the right side
of the heart and pulmonary vessels.?
There are 4 types of ASD: including
a secundum ASD, primum ASD, sinus
venosus, and unroofed coronary sinus.’
Secundum ASD makes up 75% of ASD
cases and is characterized by a large fossa
ovalis or deficient septum primum. It
is usually located in the central part of
the septum due to increased reabsorption
of the septum primum or the septum
secundum fails to occlude the ostium
secundum.? Primum ASD makes up 15-20%
of ASD cases and is located at the lower
region of the septum because they arise
from improper formation of the septum
primum and endocardial cushions, which
are essential for dividing the atria and
ventricles.! Primum ASD is often a part
of an atrioventricular canal defect and
is usually associated with trisomy 21.”
Sinus venous defect makes up <10% of
ASD cases and is usually associated with
atypical drainage of the right superior
or inferior pulmonary vein into the
superior vena cava or inferior vena cava
(partial anomalous pulmonary venous
return).! Lastly, an unroofed coronary
sinus, otherwise known as coronary sinus
ASD, arises due to maldevelopment in
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the wall separating the coronary sinus
and left atrium.’® A notable mention is
patent foramen ovale.? It occurs when the
opening between the right and left atria
thatis normally present in fetal circulation
(fossa ovalis) fails to close after birth.?
The patent foramen ovale typically closes
shortly after birth and is not considered an
ASD because no septal tissue is missing.?

Clinical appearances of ASDs in children
depend on their age, the size of the shunt,
and the presence or absence of mitral
incompetence.' Small ASDs, usually <6
mm in size, are likely to close spontane-
ously, with closure occurring in 89% of
cases for 4-mm defects and 79% for 5-6-mm
defects, often within the first year of life.*
In contrast, defects larger than 8 mm have
only a 4% chance of spontaneous closure,
with 91% requiring surgical or catheter-
based intervention.”* Without interven-
tion, larger ASDs lead to a left-to-right
shunt that increases blood flow to the right
heart and lungs as long as the pulmonary
vascular resistance (PVR) remains low.*
This overload can cause cardiomegaly,
pulmonary plethora, and right ventricu-
lar dilation and ultimately hypertrophy,
as well as elevated pressures in the
pulmonary arteries, leading to pulmonary
hypertension.* Over time, these effects
can also dilate the proximal pulmonary
arteries, underscoring the need for timely
treatment.! In patients with long-standing
large ASDs without treatment that develop
pulmonary hypertension, the shunting
across the ASD becomes right to left and
patients develop desaturations.

Imaging plays a major role in the
diagnosis, size determination, and course
of treatment of ASD.® The gold standard for
diagnostic imaging for children and adults
is the echocardiogram.’ The transthoracic
echocardiography (TTE) is the preferred
imaging method for diagnosing ASDs in
children due to its noninvasive nature,
accessibility, and clear visualization of
cardiac structures.’ It examines the blood
flow direction via color Doppler imaging,
pressure of the pulmonary artery (PA),
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size of opening, systemic and pulmo-
nary flow ratio, and to uncover other
associated abnormalities." It effectively
evaluates the defect’s size, location, and
any impacts on the heart, especially in
younger children who typically provide
good imaging windows.® However, as
children grow older or if more detailed
imaging is required for procedures like
transcatheter closure, transesophageal
echocardiography (TEE) becomes more
advantageous.’ TEE offers superior detail
of the septal region and surrounding
structures, making it valuable for complex
cases or older patients.’ Thus, age plays a
role in choosing the most suitable imaging
technique. Other imaging tools that could
be used are cardiac CT scan, MRI, catheter
angiography, and chest x-ray.

A CT scan provides detailed visualiza-
tion of the wall thickness and chamber
diameter." It could also be used to measure
the aortopulmonary ratio of the patient.
Cardiac MRI allows for the quantification
of the pulmonary blood flow (Qp) to
systemic blood flow (Qs) ratio (Qp:Qs),
stroke volume, right ventricular volume,
and atrial level shunt." Its high spatial
resolution allows for precise measurement
of the ASD, a critical factor in guiding
clinical decision-making and optimizing
therapeutic interventions for pediatric
patients.' Cardiac MRI can be used to
calculate the flow across the ASD to help
confirm the amount of shunting through
the defect, and the flow across the ASD
plus the flow across the aortic valve will
equal the flow across the pulmonary valve
(Qs + QASD = Qp). Catheter angiogra-
phy is typically employed when assessing
older patients or when pressure measures
are needed to assess for evidence of
pulmonary hypertension.* Chest x-rays
can also be used to observe clinical status
via the identification of enlargement in the
heart and PA.?

In pediatric patients with ASD,
treatment options primarily include
transcatheter closure and surgical repair,
chosen based on defect characteristics

PEDIATRIC RADIOLOGICAL CASE

and size, patient age, and overall
health. Transcatheter closure is often the
preferred method for secundum ASDs in
children due to its minimally invasive
nature and high success rate in defects
up to 35 mm in diameter.® To minimize
procedural risks, transcatheter closure
is usually recommended for patients
weighing over 15 kg, with thresholds such
as a systolic PA pressure <50% systemic
and a PVR below one-third of systemic
vascular resistance.® This approach has
shown success rates exceeding 95%, with
benefits including shorter recovery times
and reduced hospital stays.® However,
risks in younger patients may include
vascular complications and rare device
embolization, mitigated with meticulous
pre-procedure imaging.®

Surgical repair is typically reserved
for larger, complex ASDs or non-secun-
dum defects, such as primum or sinus
venosus types, which present anatom-
ical challenges unsuitable for device
closure. This method, which also requires
careful consideration of PA pressure and
PVR thresholds, carries the inherent
risks associated with cardiopulmonary
bypass, such as infection and bleeding,
though it remains effective with low
recurrence rates.® Given the diversity of
device options for transcatheter closure,
including the Amplatzer Septal Occluder
(Abbott Laboratories, Chicago, Illinois,
USA) and Gore Cardioform Occluder (Gore,
Newark, Delaware, USA), echocardiogra-
phy is used to assess defect size and
positioning, aiding in device selection
and minimizing procedural complica-
tions.® In pediatric ASD management,
both treatment approaches yield high
efficacy with careful threshold-based
risk management, ensuring successful
outcomes with personalized care for
each child’s specific needs.® For patients
with ASD who are symptomatic or not
immediately eligible for surgery, medical
management is essential. Anticoagulants
help reduce the risk of clot formation,
beta-blockers manage irregular heart
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rhythms, and diuretics help alleviate

fluid accumulation.’ In pediatrics, early
detection through prenatal care and
advanced imaging, like TTE, plays a critical
role in identifying ASDs early, allow-

ing for timely intervention.” Together,
these medical strategies and diagnostic
tools improve outcomes by addressing
symptoms and preventing complications
until or if surgery becomes viable.

Conclusion

ASDs represent a significant congen-
ital heart condition with the potential
for severe long-term complications if left
untreated. Imaging advances, particularly
modalities such as TTE, cardiac CT, and

https://doi.org/10.37549/JPCR-26-0101
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cardiac MRI have greatly enhanced the
early detection and precise characteriza-
tion of ASD, allowing for more effective
and personalized treatment strategies.
These tools not only aid in distinguish-
ing the type and severity of the defect

but also provide invaluable guidance for
surgical interventions, thereby improving
patient outcomes.
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