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Case Summary

A 21-year-old man with type 1 spinal
muscular atrophy (SMA) presented with
initial onset of symptoms at 5 months
of age, including delayed milestones
and the inability to sit independently.
The diagnosis was confirmed by genetic
testing, with no copies of the survival
motor neuron 1 (SMN1) gene and 3
copies of the SMN2 gene. The expanded
Hammersmith Functional Motor Scale
score is 0, and the Revised Upper Limb
Module for SMA is 1. Additionally, he is
ventilator dependent and requires BiPAP
at night. Spinal fixation from C4 to S1
was performed for severe levoscoliosis.
He began intrathecal (IT) nusinersen
(Biogen, Cambridge, Massachusetts) at
17 years of age. Since beginning the
IT nusinersen, he has greater hand
movement and an improvement in his
voice quality.

Imaging Findings

Figure 1. Scout image of a CT of the
spine demonstrating the presence of a
severe levoconvex rotary scoliosis of the
thoracolumbar spine with spinal fixation.

Figure 2A-C. 2A) CT axial image of the
lumbar spine demonstrating planned left
transforaminal access (blue arrow) for
intrathecal nusinersen administration, 2B)
Lateral fluoroscopic view of the lumbar
spine with the spinal needle (blue arrow)
entering the inferior-most aspect of the
neural foramen for IT nusinersen, to
avoid the neurovascular bundle in the
upper 2/3 of the foramen, and 2C) Frontal
fluoroscopic image demonstrating that the
spinal needle tip (blue arrow) is near the
midline of the thecal sac.

Figure 3. C1-2 puncture.

Diagnosis

SMA.
The differential diagnosis of SMA is

extensive and includes many conditions
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Abstract
Spinal muscular atrophy (SMA) is an inherited neuromuscular disorder characterized by progressive muscle weakness. It
has varying clinical severity, ranging from mild proximal muscle weakness to death from restrictive lung disease. The
diagnosis is confirmed by genetic testing. Treatment includes survival motor neuron (SMN2) splicing modulator nusinersen,
which may be challenging to administer intrathecally as patients develop varying degrees of scoliosis over time, making
midline or paramedian lumbar punctures difficult. Patients with complex spinal anatomy may benefit from preprocedural and
intraprocedural imaging to allow for a transforaminal approach for the intrathecal administration of nusinersen. Additional SMA
treatments include risdiplam, a newer, oral splicing modulator, or SMN1 gene replacement therapy with Zolgensma.
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Figure 1. Scout image of a CT of the
spine demonstrating the presence of a
severe levoconvex rotary scoliosis of the
thoracolumbar spine with spinal fixation.
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that present with severe hypotonia.
Possible conditions include congenital
muscular and neuropathic disorders.
For SMA types 3 and 4, a limb-gir-
dle muscular dystrophy is the main
differential diagnosis.

Discussion

SMA is an inherited, autosomal-reces-
sive neuromuscular disorder most often
caused by a homozygous deletion or

mutation of the SMN1 gene on chromo-
some 5q13 with absent exon 7, which
results in absent or deficient levels
of SMN protein. A second and nearly
identical gene, SMN2, produces low levels
of functional SMN protein that fails
to compensate for the loss of SMN1.1,2

SMN facilitates the assembly of spliceo-
somal small nuclear ribonucleoprotein
particles, which are thought to function in
motor neuron growth and neuromuscular
maturation.3 Over time, SMA results in the

degeneration of anterior horn cells in the
spinal cord with associated destruction of
alpha motor units in lower motor neurons.

SMA presents with varying clinical
phenotypes and is classified into 5 main
subtypes, based on severity and age of
onset. All are characterized by progres-
sive muscle weakness, reduced tone,
and atrophy. However, cognition is not
affected. Type 0 is congenital SMA,
which presents early in neonatal life
as severe hypotonia, early respiratory

Figure 2. (A) CT axial image of the lumbar spine demonstrating planned left transforaminal access (blue arrow) for intrathecal (IT) nusinersen
administration. 1) Segmental spinal nerve/dorsal root ganglion, 2) Sinuvertebral nerves and rami communicantes, 3) spinal branch of segmental
arteries, 4) intervertebral veins. (B) Lateral fluoroscopic view of the lumbar spine with the spinal needle (blue arrow) entering the inferior-most
aspect of the neural foramen for IT nusinersen, to avoid the neurovascular bundle in the upper 2/3 of the foramen. (C) Frontal fluoroscopic image
demonstrating that the spinal needle tip (blue arrow) is near the midline of the thecal sac. (D,E) showing the needle in the inferior aspect of the
neuroforamina with the needle tipin the midline.
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failure, and severe weakness, with death
occurring at birth or within the first
month of life without treatment. Type 1
is also known as Werdnig-Hoffman disease
and presents in the first 6 months of
life with limited head control, hypo-
tonia, areflexia, weakness of intercos-
tal muscles, swallowing difficulties, and
tongue fasciculations. Type 2, Dubowitz
disease, is of intermediate severity,
presenting between 6 and 18 months
of age. Children with SMA 2 can sit
but have hypotonia, areflexia, progressive
scoliosis, and restrictive lung disease.
Mortality is most commonly due to
respiratory compromise, but 70% of
patients survive until age 25. Type 3,
Kugelberg-Welander disease, is mild SMA
presenting after 18 months of age, with
progressive proximal weakness in the legs
more than the arms. Type 3 patients
are ambulatory and typically do not
have restrictive lung disease. Addition-
ally, their life expectancy is not affected.
Finally, type 4 is adult-onset SMA. It
has the mildest phenotype and presents
in patients older than 21 years of age,
with progressive mild proximal weakness
typically not impairing ambulation or
affecting life expectancy.4 With treatment,
approximately two-thirds to three-fourths
of patients achieve meaningful improve-
ment such as better muscle strength,
functional mobility, and breathing.

If clinical history and physical exam
findings raise suspicion for SMA, the
diagnosis is confirmed by molecular

genetic testing to detect homozygous exon
7 deletion in the SMN1 gene, which is 100%
specific for the diagnosis of SMA. Around
5% of patients with SMA are compound
heterozygotes with a single SMN1 deletion
and a frameshift, nonsense, or missense
mutation in the other SMN1 copy. SMN2
differs from SMN1 by a single nucleotide,
which disrupts a splice enhancer in exon
7, producing an unstable protein that
is unable to compensate for the loss of
SMN1. However, approximately 10-20%
fully functional, full-length transcripts are
generated from SMN2. There are 0-8 SMN2
copies in the genome, which is inversely
correlated with disease severity. A higher
copy number of SMN2 is often able to
produce a milder type 2 or 3 phenotype of
SMA. In the normal population, the SMN2
copy number varies from 0 to 3 copies,
with 15% of normal individuals having
no SMN2. An analysis of 625 unrelated
Spanish patients with SMA showed that the
majority of individuals with type 1 SMA
had 1-2 SMN2 copies, most people with
type 2 SMA had 3 gene copies, and those
with type 3 had 3-4 SMN2 copies.5 SMN2
copy number detection may be performed
to prognose disease severity.6 Additional
tests, including electromyography, muscle
biopsy, and creatine kinase, may also
support the diagnosis, though these are
not first-line tests.

There are no pathognomonic imaging
findings diagnostic of SMA. However,
over time children may develop scoliosis
because of the imbalance between the

flexor and extensor muscles of the trunk,
typically leading to a C-shaped, neuromus-
cular curvature of the spine (Figure 1).
If the degree of scoliosis is severe or
progressive, instrumentation and spinal
fusion are often necessary, as in this
patient. The severity of the curvature, the
vertebral rotation, and spinal fixation may
make traditional IT access for nusinersen
administration challenging.

Therapeutic approaches are multifold,
including splicing modification of SMN2
via antisense oligonucleotides (ASO), small
molecules that modulate SMN2 gene
splicing, and SMN1 gene replacement
therapy. Nusinersen (Spinraza, Biogen),
the first molecular drug to treat SMA, is
an intrathecally administered ASO that
promotes the inclusion of exon 7 in
mRNA transcripts of SMN2, resulting in
translation of a higher level of fully
functional SMN protein in liver, kidney,
skeletal muscle, and central nervous
system tissues. Patients with SMA have
experienced significant improvement in
motor function and extensions in life
expectancy after receiving nusinersen.7 IT
administration of nusinersen introduces
unique challenges based on whether
patients have simple or complex spinal
anatomy (neuromuscular scoliosis, spinal
fusion, or instrumentation) (Figure 1).
There are several approaches that can
be used to facilitate drug injection into
the subarachnoid space. In children
with uncomplicated spines, a midline
lumbar puncture is performed. In those
with complex spines, a transforaminal
(Figure 2) or C1-2 approach may be
performed (Figure 3). The authors prefer
the transforaminal approach as it is safer
and technically easier.8,9 Multiple reviews
showed that complex SMA anatomy
usually requires preprocedural imaging
for route planning and intraprocedural
guidance to access the subarachnoid space
via the transforaminal approach.8,9

A newer, orally administered small
molecule has also been developed to
treat SMA, called risdiplam (Evrysdi,
Genentech). This drug modulates SMN2
gene splicing by binding 2 pre-mRNA

Figure 3. C1-2 puncture. (A) A fluoroscopic image with the patient in supine position selecting
the skin entry site. The needle is over the spinolaminar line just below the skull base. (B) Using
intermittant biplane fluoroscopy the needle is guided into the cervical subarachnoid space with the
needle tip at midline.
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splice sites in exon 7, increasing
the levels of full-length SMN mRNA
and protein. It has enhanced specif-
icity toward exon 7 splicing relative
to other SMN2 splicing modifiers,
decreasing the probability of off-target
effects. Risdiplam crosses the blood-brain
barrier, achieving systemic distribution
with suitable half-life and predicta-
ble pharmacokinetics.10 Onasemnogene
abeparvovec (Zolgensma, Novartis) is
SMN1 gene replacement therapy, which
uses a nonreplicating adeno-associated
virus capsid carrying SMN1 complemen-
tary recombinant DNA to efficiently deliver
wild-type SMN1 gene to motor neuron
cells. A one-time intravenous injection
leads to systemic expression of the SMN
protein in SMA mice.11

Additionally, there are investigations
relating to muscle-enhancing therapies
that target SMN-independent factors
and may provide additional therapeu-
tic benefit in combination with SMN-
targeting treatments. Reldesemtiv (an
investigational drug) is a small-molecule
troponin activator in fast skeletal muscles,
reinforcing contraction and promoting
muscle response to nervous stimulus.11

SRK-015 is a monoclonal antibody that
selectively inhibits myostatin, promoting
muscle cell growth, differentiation, and
force in SMA mice.11 Additional research
on SMN-independent factors is ongoing,
and potential therapeutic targets include
autophagosomes, which are increased in
SMA motor neurons and may be decreased
with IM injections of neurotrophic factor
tetanus toxin heavy chain or intracere-
broventricular administration of 3-MA.11

Additionally, SMA mice have been shown
to have a deficiency in agrin expression,

which is a synaptic organizer function-
ing in the efficiency of neuromuscu-
lar transmission, an effect that may
be relieved with the administration of
C-terminal fragment of agrin.12

Gene therapy has transformed types
0 and 1 SMA from a fatal disease into
a treatable condition or decreases the
severity of the disease. It is common for
patients to show improved motor function
and survival rates.

Conclusion

SMA is an inherited neuromuscular
disorder characterized by progressive
muscle weakness. It has varying clinical
severity ranging from mild proximal
muscle weakness to death from restrictive
lung disease. The diagnosis is confirmed
by genetic testing. Treatment includes
SMN2 splicing modulator nusinersen,
which may be challenging to administer
intrathecally as patients develop varying
degrees of scoliosis over time, making
midline or paramedian lumbar punctu-
res difficult. Patients with complex spinal
anatomy may benefit from preprocedural
and intraprocedural imaging to allow for
a transforaminal approach for the IT
administration of nusinersen. Additional
SMA treatments include risdiplam, a
newer, oral splicing modulator, or SMN1
gene replacement therapy with Zolgen-
sma.
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Case Summary

A young child with a known diagnosis of
clubfoot presented to the orthopedic clinic
for corrective management.

Imaging Findings

Anteroposterior and lateral simulated
weight-bearing radiographs of the foot
demonstrate findings consistent with
clubfoot deformity. On the anteroposte-
rior view, the talus and calcaneus are
nearly parallel, reflecting hindfoot varus.
On the lateral view, the talocalcaneal angle
measures 16°, decreased relative to the
normal range of 25-55°. The tibiocalcaneal
angle measures 117° increased relative to
the normal range of 25-60° in maximum
dorsiflexion. These findings are consistent
with hindfoot equinus and varus deformity
(Figure 1).

Diagnosis

Clubfoot

Discussion

Talipes equinovarus, commonly
referred to as clubfoot, describes a
spectrum of foot deformities character-
ized by hindfoot equinus and varus
with forefoot adduction and supination.
The condition most commonly repre-
sents a congenital structural malalign-
ment of the talus and adjacent hindfoot
structures, with associated medial
and posterior soft-tissue contractures,
including shortening of the Achilles
tendon and medial ligaments. Clubfoot
is one of the most common congenital
lower extremity deformities, occurring in
approximately 0.5-3 per 1000 live births
worldwide, with higher rates reported in

certain populations and a male predomi-
nance of approximately 2:1.1-3

Clubfoot is broadly classified into
4 categories: postural, idiopathic,
syndromic, and neurogenic.4 Postural
clubfoot accounts for approximately 10%
of cases and results from intrauterine
positioning forces. These deformities are
flexible and typically respond to stretching
and casting alone.1,2 The remaining
categories represent structural forms in
which the deformity is rigid and not
correctable with passive manipulation.
Idiopathic clubfoot is the most com-
mon form and occurs in the absence
of associated anomalies. Syndromic
clubfoot is associated with chromoso-
mal abnormalities, genetic syndromes,
skeletal dysplasias, and connective
tissue disorders. Common associations
include arthrogryposis, Down syndrome,
diastrophic dysplasia, and TARP (Talipes
equinovarus, Atrial septal sefect, Robin
sequence, Persistent left superior vena
cava) syndrome.1,2,5 Neurogenic clubfoot
results from disruption of the neuromus-
cular unit and may be seen in conditions
such as myelomeningocele.1,2,5

Prenatal diagnosis of clubfoot is most
commonly established during the first
or second trimester using US. Reported
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Abstract
Talipes equinovarus, or clubfoot, represents a spectrum of foot deformities characterized by hindfoot equinus and varus with
forefoot adduction and supination. Most cases reflect congenital structural malalignment and are classified as idiopathic,
syndromic, or neurogenic, while postural deformities are flexible and nonstructural. Prenatal diagnosis is typically established
with US, and postnatal evaluation relies on clinical examination with selective use of radiographs. Weight-bearing or simulated
weight-bearing anteroposterior and lateral radiographs allow measurement of the talocalcaneal and tibiocalcaneal angles,
which aid in assessing severity and monitoring correction. The Ponseti method of serial casting remains the gold standard
treatment, although relapse may occur and can be identified clinically or radiographically.
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diagnostic accuracy is approximately
86%.1,6 Fetal MRI may be considered
when additional skeletal abnormalities
are suspected on US. Following delivery,
physical examination confirms or excludes
the diagnosis. Postural deformities related
to intrauterine constraint should be

considered in the differential diagnosis,
as these may mimic structural clubfoot
on prenatal imaging but are typically
reducible on postnatal examination.1,2

Radiographs may be used to assess
deformity severity and to evaluate
correction during and after intervention.

Standard imaging includes anteropos-
terior and lateral weight-bearing or
simulated weight-bearing views. On the
anteroposterior view, the talocalcaneal
angle is formed by the intersection
of the longitudinal axes of the talus
and calcaneus. On the lateral view, the
talocalcaneal angle is measured using
the same axes in the sagittal plane. The
tibiocalcaneal angle, measured on the
lateral view, is formed by the intersec-
tion of the longitudinal axis of the tibia
and the longitudinal axis of the calcaneus
(Figure 1).

Reported normal ranges are 15-55°
for the anteroposterior talocalcaneal
angle, 25-55° for the lateral talocalcaneal
angle, and 25-60° for the tibiocalcaneal
angle in maximum dorsiflexion.7,8 In
clubfoot, the lateral talocalcaneal angle is
typically decreased and the tibiocalcaneal
angle increased, reflecting hindfoot varus
and equinus.

The gold standard treatment for clubfoot
is the Ponseti method of serial cast-
ing, with Achilles tenotomy required in
up to 90% of cases.2,3,5 Early interven-
tion prior to ambulation and contin-
ued bracing through early childhood
are associated with improved outcomes.
Treatment begins with correction of the
cavus deformity by supinating the forefoot
and applying pressure beneath the first
metatarsal head. Hindfoot varus, forefoot
adduction, and hindfoot equinus are
then sequentially corrected over several
casting sessions. Following tenotomy and
application of a final long-leg cast, patients
are transitioned to a foot abduction brace
to reduce the risk of relapse.

Relapse is defined as the recurrence
of any component of the deformity after
treatment. It may be identified clini-
cally or radiographically, with lateral
radiographs helping assess persistent
equinus or varus deformity.5-7 Although
initial correction rates approach 92% in
patients treated with the Ponseti method,
relapse occurs in approximately one-
third of patients, with reported long-
term recurrence rates ranging from 3%
to 62.5%.2,5,8 Greater initial deformity

Figure 1. (A) Anteroposterior simulated weight-bearing radiograph of the foot demonstrating
parallel alignment of the talus and calcaneus, consistent with hindfoot varus and forefoot
adduction. (B) Lateral simulated weight-bearing radiograph demonstrating hindfoot equinus with a
decreased lateral talocalcaneal angle and an increased tibiocalcaneal angle. (C) Anteroposterior
radiograph demonstrating measurement of the talocalcaneal angle, formed by lines drawn
through the longitudinal axes of the talus and calcaneus. (D) Lateral radiograph demonstrating
measurement of the lateral talocalcaneal angle using the longitudinal axes of the talus and
calcaneus. (E) Lateral radiograph demonstrating measurement of the tibiocalcaneal angle, formed
by the longitudinal axes of the tibia and calcaneus.
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severity and poor brace compliance are
associated with increased relapse risk.
Recurrent or residual deformity may
result in overcorrection, undercorrection,
bunion formation, ankle impingement,
and degenerative changes, sometimes
requiring additional intervention to
preserve function and alleviate pain.9

Conclusion

Talipes equinovarus, or clubfoot,
represents a spectrum of foot deformi-
ties characterized by hindfoot equinus
and varus with forefoot adduction and
supination. Most cases reflect congen-
ital structural malalignment and are
classified as idiopathic, syndromic, or
neurogenic, while postural deformities
are flexible and nonstructural. Prena-
tal diagnosis is typically established
with US, and postnatal evaluation relies
on clinical examination with selective
use of radiographs. Weight-bearing or

simulated weight-bearing anteroposterior
and lateral radiographs allow measure-
ment of the talocalcaneal and tibiocalca-
neal angles, which aid in assessing severity
and monitoring correction. The Ponseti
method of serial casting remains the gold
standard treatment, although relapse may
occur and can be identified clinically
or radiographically.
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Case Summary

An infant with B-cell acute lymphoblas-
tic leukemia treated with chemotherapy
was neutropenic. The patient devel-
oped worsening tachypnea, abdominal
distention, abdominal wall erythema and
edema, and lactic acidosis.

Imaging Findings

Abdominal CT (Figure 1) showed dilated
bowel loops with diffuse colonic wall
thickening, wall edema, and moder-
ate ascites.

Diagnosis

Neutropenic colitis
The clinical differential diagnosis

includes infectious colitis, ischemic colitis,
appendicitis, inflammatory bowel disease,
graft-versus-host disease, and cytomegalo-
virus colitis.

Discussion

Neutropenic colitis, also known as
typhlitis, is a life-threatening inflamma-
tory condition of the bowel, typically
involving the cecum, ascending colon, and
terminal ileum in immunocompromised
patients.1 The condition is character-
ized by mucosal injury, bowel wall
edema, and inflammation, compounded
by profound neutropenia that compromi-
ses the body’s ability to mount an effective
immune response.

It most commonly occurs in patients
undergoing cytotoxic chemotherapy for
hematologic malignancies, particularly
acute leukemia.2,3 However, it has
also been reported in patients trea-
ted for lymphoma, multiple myeloma,
and solid tumors, as well as in indi-
viduals with nonmalignant causes of
neutropenia, including aplastic anemia,
cyclic neutropenia, agranulocytosis, Felty
syndrome, thalassemia minor, systemic
lupus erythematosus, and HIV infection.3,4

In hospitalized patients with hematologic

malignancies, the reported prevalence of
neutropenic colitis is approximately 2.6%.4

Neutropenic colitis is thought to
result from chemotherapy-induced
mucosal injury combined with profound
neutropenia, which predisposes patients
to bacterial invasion of the bowel wall.2,5

Symptoms typically develop within 2
weeks after completing chemotherapy
and include abdominal pain, fever, and
diarrhea.2,5 When neutropenia is identified
during laboratory monitoring and clinical
symptoms are present, diagnostic imaging
should be performed to evaluate for
neutropenic colitis.

The diagnostic criteria for neutro-
penic colitis include the presence of
neutropenia (absolute neutrophil count
< 500 × 10⁶ cells/L), bowel wall thick-
ening greater than 4 mm on imaging,
and exclusion of alternative diagnoses.3

CT and/or abdominal US is the initial
imaging of choice for diagnosis, as it
not only confirms bowel wall thicken-
ing but also evaluates for other causes
of abdominal pain, such as appendicitis
or gastroenteritis.4,6 In addition to wall
thickening, imaging findings may include
cecal or colonic dilation, an inflammatory
mass, pericolic inflammation/abscess,
pneumatosis intestinalis, or perforation.2,6

Abdominal radiographs in neutropenic
colitis may demonstrate a dilated, atonic
cecum and ascending colon filled with
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Neutropenic Colitis
Nicholas T. Weigle, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract
Neutropenic colitis is an uncommon but life-threatening complication that occurs in patients receiving cytotoxic chemotherapy,
particularly for hematologic malignancies. Early recognition of symptoms, such as abdominal pain, fever, and diarrhea, is
critical. Prompt diagnostic imaging plays a pivotal role in confirming the diagnosis and excluding other potential causes
of abdominal symptoms. Early detection enables the timely initiation of appropriate treatment, including broad-spectrum
antibiotics and supportive care, which is essential to reduce morbidity and mortality associated with this condition. It is
identified clinically or radiographically.
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liquid or gas.6 US findings supportive
of the diagnosis include bowel wall
thickening, pericolic fluid collections,
increased echogenicity of the bowel wall
or mesenteric fat, the presence of 3 or
more enlarged mesenteric lymph nodes
greater than 5 mm in short axis, hyperemia
on Doppler or contrast-enhanced US, and
abnormal peristalsis.6,7 US is commonly
utilized in pediatric populations and can be
as accurate as CT in detecting bowel wall
thickening and increased vascularity of the
bowel wall and mesentery, thereby aiding
in the diagnosis of neutropenic colitis.6

Major complications and causes of
mortality in neutropenic colitis include
necrotizing bowel perforation, gastroin-
testinal bleeding, and sepsis.5,8 Even with
appropriate management, mortality rates
range from 23% to 31%.8 Prompt imaging is
critical at the onset of symptoms to reduce
morbidity and mortality. Early detection
is possible through careful adherence to
chemotherapy surveillance and laboratory
monitoring protocols.

Treatment for neutropenic colitis
includes broad-spectrum antibiotics to
address potential pathogens.2,8 Supportive

care is equally important, with interven-
tions such as fluid resuscitation, correction
of electrolyte imbalances, and bowel rest
to protect and promote healing of the
intestinal mucosa.2,8 These measures aim
to stabilize the patient and allow for
mucosal recovery while minimizing the
risk of further complications.

Conclusion

Neutropenic colitis is an uncommon
but life-threatening complication that
occurs in patients receiving cytotoxic
chemotherapy, particularly for hemato-
logic malignancies. Early recognition
of symptoms, such as abdominal pain,
fever, and diarrhea, is critical. Prompt
diagnostic imaging plays a pivotal role in
confirming the diagnosis and excluding
other potential causes of abdominal
symptoms. Early detection enables the
timely initiation of appropriate treatment,
including broad-spectrum antibiotics and
supportive care, which is essential to
reduce morbidity and mortality associated
with this condition.
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Figure 1. (A) Axial and (B, C) sequential coronal images from an abdominal CT showing massive bowel wall thickening extending from the terminal
ileum (arrow) through the descending colon (arrowhead) and rectum (not shown). Moderate ascites was also present.
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Case Summary

An adolescent male was referred to an
ambulatory orthopedic surgery clinic with
a 1-week history of a painless limp.

Imaging Findings

Radiograph of the hips (Figure 1)
showed mild widening of the left proximal
femoral physis and medial displacement of
the left femoral head.

Diagnosis

Slipped capital femoral epiphy-
sis (SCFE).

The differential diagnosis for SCFE
includes idiopathic avascular necrosis
of the femoral head (Legg-Calvé-Perthes
disease), femoral neck stress fracture,
adductor muscle strain, septic arthritis,
or osteomyelitis.

Discussion

SCFE is the most common hip disorder
in adolescents. It typically affects children
between 8 and 15 years of age, with a
US incidence of 10.8 cases per 100,000.1,2

Bilateral involvement occurs in 18-50%

of patients, with 50-60% of those being
simultaneous.3 In children who develop
sequential bilateral SCFE, 80-90% of the
contralateral slips occur within 18 months
of the initial diagnosis.3

SCFE remains a diagnostic challenge
due to its gradual onset and nonspe-
cific symptoms, which often mimic other
musculoskeletal conditions. Children
typically present with chronic hip, groin,
or thigh pain that may radiate to
the ipsilateral knee. The pain usually
worsens with activity and improves
with rest. Additional clinical signs
include limping, stiffness, and a reduced
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Slipped Capital Femoral Epiphysis
Kaab Husain, BS; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Abstract
Slipped capital femoral epiphysis (SCFE) typically affects adolescents aged 8-15 and has a multifactorial etiology, with risk
factors related to race, obesity, and seasonal variation. Patients typically present with a limp and pain localized to the groin,
lateral or posterior hip, thigh, or ipsilateral knee. Radiographic findings include physeal widening, irregularity, and decreased
epiphyseal height on anteroposterior views. Prompt recognition and surgical management are essential to prevent further
slippage, preserve femoral head vascularity, and restore mobility.

Keywords: musculoskeletal, hips, trauma

Figure 1. (A) Anteroposterior and (B) frog-leg lateral views of the pelvis. The physis of the left
proximal femur (arrow) is lucent, widened, and irregular compared to the contralateral side. The
left femoral head is displaced medially in relation to the femoral neck. This is more apparent on the
frog-leg view.
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range of hip motion.4,5 A history of
trauma is uncommon. SCFE occurs when
the capital femoral epiphysis “slips,”
displacing posteriorly and inferiorly
through the weakened, fractured growth
plate. While the condition is often
idiopathic, contributing factors include
mechanical shear stress across the physis
and conditions that reduce physeal
integrity or increase axial load, such as
obesity and endocrine disorders.4

The risk of SCFE is influenced by
several demographic factors. Males are
significantly more likely to develop SCFE
than females (OR 1.73; 95% CI, 1.51-1.97).6

Seasonal variation has been observed in
North America, with higher incidence
rates during the summer and fall, likely
due to increased activity.6 SCFE is also
more common in the northeastern United
States and among African American
children. Prompt and accurate diagnosis
is critical, as delayed treatment can lead to
serious complications, including avascular
necrosis (AVN) and early-onset degenera-
tive hip arthritis.

Due to its nonspecific presentation,
SCFE can be mistaken for other hip
pathologies, including femoroacetabular
impingement, Legg-Calvé-Perthes disease,
and hip dysplasia. Given the risk of serious
complications if left untreated, radio-
graphs should be obtained in any child with
SCFE included in the differential diagnosis.

SCFE is classified by clinical stability and
severity, with newer classification systems
emphasizing physeal stability due to its
strong predictive value for complications
such as AVN. Clinically, SCFE is divided
into stable and unstable forms. In stable
SCFE, the child can bear weight—with
or without crutches—indicating preserved
blood supply to the femoral head and a very
low risk of AVN, often approaching 0%.7

These patients generally have favorable
outcomes with appropriate treatment.
In contrast, unstable SCFE is character-
ized by an inability to ambulate due to
pain and physeal instability. This form
is associated with a significantly higher
risk of osteonecrosis, with reported rates
ranging from 20% to 50%, and requires
urgent surgical intervention to stabilize
the physis and protect vascular integrity.7

Plain-film radiography remains the gold
standard for diagnosing SCFE. Anteropos-
terior (AP) pelvis and frog-leg lateral
views of both hips should be obtained
in patients with symptoms of stable
SCFE. In patients with suspected unstable
SCFE, the frog-leg view should be avoided
and replaced by a cross-table lateral
view to minimize displacement risk. Key
radiographic features of SCFE include
physeal widening or irregularity compared
with the contralateral side, decreased
epiphyseal height on AP views, and loss of
the anterior concavity of the femoral neck
on lateral views. The “metaphyseal blanch
sign”—a crescent-shaped area of increased
density seen on AP radiographs—is caused
by superimposition of the posteriorly
and inferiorly displaced epiphysis over
the metaphysis. Chronic SCFE may
demonstrate metaphyseal cystic changes,
remodeling, or a periosteal reaction. In
severe or longstanding cases, chondrolysis

and subchondral bone changes involving
both the femur and acetabulum may also
be observed.8

SCFE severity can be assessed
radiographically using 2 primary methods:
the percentage of epiphyseal displace-
ment and the Southwick angle. The first
method estimates the degree of slippage
relative to the metaphyseal width: mild
(< 1/3), moderate (1/3-1/2), and severe
(>1/2). A more precise and prognostically
useful measurement is the Southwick
angle, typically assessed on frog-leg lateral
radiographs. This angle is calculated in
several steps (Figure 2). First, a line is
drawn connecting the margins of the
capital femoral epiphysis, a second line
is drawn perpendicular to the first, and
a third line is drawn along the axis of
the femoral diaphysis. The angle between
the second and third lines is measured.
This value is then compared with the
corresponding angle on the contralateral
side, and the difference yields the final
Southwick angle. Mild SCFE is defined as
an angle less than 30°, moderate as 30-50°,
and severe as greater than 50°.9 Increas-
ing angular deformity is associated with
a higher risk of early-onset degenerative
hip disease.

In the early stages of SCFE, radiographs
and CT scans may fail to detect subtle or
impending slips. MRI is more sensitive
than radiographs for detecting early or
pre-slip changes. Early MRI findings
include physeal widening, marrow edema
(best seen on T1-weighted images), joint
effusion (best appreciated on T2-weigh-
ted images), and early signs of slippage.10

Despite its higher sensitivity, MRI is
typically reserved for cases in which
SCFE is suspected but not confirmed on
radiographs, or when further evaluation of
complications is needed after diagnosis.

The primary goal of SCFE management
is to prevent further slippage of the
femoral head and to reduce the risk of
complications such as AVN, chondroly-
sis, and early osteoarthritis. Chondroly-
sis—characterized by progressive cartilage
loss and joint stiffness—affects 1-7% of

Figure 2. Frog-leg lateral view of the pelvis
showing how to calculate the Southwick angle.
The first line (1) is drawn connecting the
epiphyseal margins, a second line (2) is drawn
perpendicular to the first, and, finally, a third
line (3) is drawn from the intersection of
the perpendicular lines along the axis of
the femoral diaphysis. This value is then
compared with the corresponding angle on the
contralateral side, and the difference yields
the final Southwick angle.
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patients.7 Residual deformities may lead to
early osteoarthritis in 25-50% of cases.7

In situ screw fixation is the standard
treatment for stable SCFE and serves
to prevent further slippage. In more
severe or unstable cases, the modified
Dunn procedure aims to correct proximal
femoral deformity, stabilize the epiphysis,
and preserve the femoral head’s vascular
supply, thereby reducing the risk of
AVN. When indicated, capsulotomy may
be performed to reduce intracapsular
pressure and mitigate ischemic injury in
patients with unstable SCFE.11 Despite
these interventions, treatment remains
technically complex, and careful surgical
planning is essential to achieve opti-
mal outcomes.

Conclusion

SCFE typically affects adolescents aged
8-15 and has a multifactorial etiology
with risk factors related to race, obesity,
and seasonal variation. Patients typically
present with a limp and pain localized to

the groin, lateral or posterior hip, thigh,
or ipsilateral knee. Radiographic findings
include physeal widening, irregularity,
and decreased epiphyseal height on AP
views. Prompt recognition and surgical
management are essential to prevent
further slippage, preserve femoral head
vascularity, and restore mobility.
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Case Summary

An adolescent male presented to the
chest wall deformity clinic with a visible
pectus excavatum deformity.

Imaging Findings

Cardiac MRI (Figure 1) and chest
CT (Figure 2) showed a severe pectus
excavatum deformity with a Haller index
(HI) of 10. The chest wall deformity was
compressing the heart at the atrioventric-
ular junction. The pectus deformity was
treated by placing 2 pectus bars (Figure 3).

Diagnosis

Pectus excavatum

Discussion

Pectus excavatum, commonly known
as sunken or funnel chest, is the most
common congenital chest wall deformity,
accounting for 90% of all such deformi-
ties in children. It affects approximately
1 in 400 to 1 in 1000 live births,1 with
males being 3-5 times more likely to
be affected than females.1 The deformity
primarily results from an excessive growth
of connective tissue, causing the sternum
to invert. Depending on the rotation
pattern of the sternum, pectus excavatum
can be symmetrical or asymmetrical.1 In
either pattern, this structural anomaly can
compress the heart and lungs, potentially
leading to functional impairment.

In addition to its physical manifesta-
tions, pectus excavatum is frequently
associated with syndromes, further

complicating its clinical presentation.
Notably, patients with pectus excava-
tum have a significantly higher propen-
sity for concurrent connective tissue
disorders; for instance, they are 16.7 times
more likely to have Marfan syndrome
compared with the general population (5%
versus 0.3%).2 Beyond Marfan syndrome,
this deformity is linked with a vari-
ety of other congenital genetic disor-
ders, including Ehlers-Danlos syndrome,
Noonan syndrome, neurofibromatosis
type 1, Turner syndrome, and autism
spectrum disorder.3

Patients with pectus excavatum
commonly report a range of symptoms
that significantly impact their daily
activities and quality of life. The most
frequently reported symptoms include
exercise intolerance, chest pain, and
shortness of breath. Although exercise
intolerance is prevalent, most patients
do not exhibit cardiac symptoms at rest.
This discrepancy can be attributed to
the inhibition of cardiac return and the
subsequent decrease in cardiac output
during physical activity, which results
from the anatomical compression of the
chest.1 Additionally, some patients may
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Pectus Excavatum
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Abstract
Pectus excavatum, commonly known as sunken or funnel chest, is the most common congenital chest wall deformity. It affects
approximately 1 in 400 to 1 in 1000 live births,¹ with males being 3-5 times more likely to be affected than females.¹ This
structural anomaly can compress the heart and lungs, potentially leading to functional impairment. CT or MRI can both be
used to assess pectus excavatum. The evaluation of pectus excavatum primarily utilizes the Haller index (HI) to determine the
severity of sternal depression. A mild deformity is considered when HI values are between >2 and 3.2, moderate deformity is
noted with HI between 3.2 and 3.5, and a severe deformity is indicated by an HI of >3.5. Patients typically require surgical
correction if their HI values exceed 3.2, while normal values range between 2.0 and 3.0. If needed, pectus excavatum is treated
surgically. The Nuss procedure is a minimally invasive surgical technique for pectus excavatum repair. This procedure involves
the insertion of a curved substernal bar into the chest through 2 lateral thoracic incisions.
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experience a persistent cough.4 Further-
more, the distinctive physical appearance
associated with pectus excavatum often
affects the morale of adolescent patients,
contributing to poor self-esteem and body
image issues.

On physical examination, there is an
inward displacement of the sternum and
surrounding costal cartilages.1 Sternal
depression leads to a reduced sternover-
tebral distance and causes a leftward
displacement of the heart. The cardiac
displacement is often observable on an

EKG as an axis deviation.1 Pulmonary
function tests may reveal decreased forced
vital capacity, forced expiratory volume
in one second, and the average forced
expiratory flow rate between 25% and 75%
of the vital capacity.5

CT or MRI can both be used to assess
pectus excavatum. If CT is used, imaging
can be focused to reduce radiation. If this
strategy is used, the deepest portion of the
sternal depression is identified using a Bb.
This location is then used as the center
point for imaging. The technologist can

then expand the field of view 5 cm above
and below the BB. If MR is performed, the
whole chest can be imaged. The benefits
of MRI include the lack of radiation and
the ability to simultaneously assess cardiac
function and the chest wall deformity, thus
avoiding echocardiogram.6

The evaluation of pectus excavatum
primarily utilizes the HI to determine the
severity of sternal depression. The HI
is calculated by measuring the maximal
internal transverse diameter of the chest
from rib margin to rib margin, divided
by the minimal anteroposterior depth
of the chest from the vertebral body
to the sternum at the same level. A
mild deformity is considered when HI
values are between >2 and 3.2, moderate
deformity is noted with HI between 3.2 and
3.5, and a severe deformity is indicated by
an HI of >3.5. Patients typically require
surgical correction if their HI values
exceed 3.2, while normal values range
between 2.0 and 3.0.7

In addition to the HI, several other
measures are used to describe the chest
wall deformity. These indices guide
surgical planning and provide supportive
evidence to ensure that surgery is needed.

Correction index (CI): This measure
evaluates the degree of sternal depres-
sion relative to the anterior chest wall.
It is calculated by drawing a line (line a)
from the posterior aspect of the sternum

Figure 1. (A) Axial T2-weighted image from a cardiac MR showing a severe pectus excavatum
deformity causing compression of the heart (arrow) at the right atrioventricular junction. (B) The
maximal depth of the deformity was just below the chest where there was compression of the
chest wall upon the left liver. (C) The Haller index is calculated by drawing the maximal internal
transverse diameter of the chest (dashed line), divided by the minimal anteroposterior depth of
the chest from the vertebral body to the sternum at the same level (solid line). In this patient, the
Haller index was 10. (D) The depression index (DI) is calculated by drawing a line connecting the
anterior aspect of the ribs (dashed line). A second line (solid line) is drawn measuring the depth
from the first line to the deepest portion of the anterior sternum. Finally, a third line (orange line)
is drawn measuring the width of the vertebral body on the same image. The DI is then calculated
as the depth/width. In this patient, the DI was 0.63. (E) The correction index (CI) is calculated
by first drawing a horizontal line (dashed line) along the anterior aspect of the vertebral body. A
second line (solid line) is drawn from the posterior aspect of the sternum at its deepest point to
the horizontal line. Finally, a third line (orange line) is drawn from the most anterior portion of the
inner chest wall to the horizontal line. The CI is then calculated as a percentage using the formula
(Length of orange line – Length of yellow line)/Length of orange line)×100%. In this patient, the CI
was 52%. (F) The sternal torsion angle (STA) is measured by determining the angle between a true
horizontal line outside the patient (dashed line) and a line along the anterior aspect of the sternum
(solid line). In this patient, the STA was –21° counterclockwise.

A B

C D

E F

Figure 2. Three-dimensional reconstruction
from a chest CT highlighting the pectus
excavatum deformity.
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at its deepest point to a horizontal line
drawn along the anterior aspect of the
vertebral body. A second line (line b) is
then drawn on the same image from the
most anterior portion of the inner chest
wall to the same horizontal line. The CI
is then calculated as a percentage using
the formula: (Length of line b − Length
of line a)/Length of line b) × 100%. A CI
greater than 10% is considered abnormal,
indicating significant deformity that may
benefit from surgical intervention.

Depression index (DI): The DI uses the
vertebral body diameter as a baseline to
assess the severity of the chest depres-
sion relative to an individual’s size. It
is calculated by identifying the deepest
site of sternal depression. A line is then
drawn connecting the anterior aspect of
the ribs. A second line (depth) is drawn
from the first line to the deepest portion
of the anterior sternum. Finally, a third
line is drawn measuring the width of the
vertebral body on the same image. The DI
is then calculated as the depth/width. A DI
greater than 0.2 is abnormal, suggesting a
notable inward depression of the sternum.

Sternal torsion angle (STA): The STA
measures the angular deviation of
the sternum, providing a quantitative
assessment of the torsional deformation of
the chest wall. This measure is particularly

useful in surgical planning and assessing
the asymmetry of the chest wall deformity.
It is measured by determining the angle
between a true horizontal line outside
the patient and a line along the anterior
aspect of the sternum. By convention,
a right side-down sternal tilt is reported
using negative numbers and described as
counterclockwise, while a left-side down
tilt is reported using positive numbers and
described as clockwise.

If needed, pectus excavatum is treated
surgically. The Nuss procedure is a
minimally invasive surgical technique for
pectus excavatum repair. This proce-
dure involves the insertion of a curved
substernal bar into the chest through
2 lateral thoracic incisions. The bar is
carefully guided through the mediasti-
num using thoracoscopy and is typically
removed after 2-4 years.8 One of the
major advantages of this approach is that
it avoids the need for costal cartilage
resection or sternal osteotomy, thereby
reducing recovery time and postopera-
tive complications.9

Eligibility for the Nuss procedure
requires meeting at least 2 of the following
6 criteria:

1.Symptomatic manifestation of the
deformity

2.Severe pectus excavatum deformity
observable on physical examination

3.An HI >3.2
4.Pulmonary function tests showing

restrictive or obstructive patterns
5.Evidence of cardiac compression or

displacement
6.Significant impact on the patient’s

body image and self-esteem8

These criteria ensure that the procedure
is reserved for patients who will most likely
benefit from surgical intervention, taking
into consideration both physical health
impacts and psychological well-being.

A 2016 review demonstrated highly
favorable outcomes for the Nuss
procedure, with 98% of patients achieving
excellent results, characterized by
normal chest anatomy and minimal
residual sternal depression.8 Post-surgery,
patients commonly experience significant
improvements in cardiovascular function,
including increased stroke volume and
cardiac output, as well as gradual
enhancements in pulmonary function
following the removal of the subster-
nal bar.8

Despite the high success rate, certain
complications have been noted. Initially,
bar displacements requiring surgical
revision were reported at a rate of 3.7% and
overcorrections occurred in approxi-
mately 3.1% of cases. To address these
issues, refinements such as the incorpora-
tion of stabilizers and subcostal sutures
have been implemented, substantially
reducing the rate of bar displacement to
1%.8 These adjustments have improved
the procedure’s safety and efficacy, further
solidifying its role as a critical intervention
for severe pectus excavatum.

Pectus excavatum, the most common
congenital chest wall deformity, affects
both physical health and psychologi-
cal well-being.10 It is characterized by
inward displacement of the sternum,
which, in severe cases, can compress the
heart and lungs, leading to functional
impairments. The condition is associated
with various syndromes and can impact a
patient’s quality of life due to symptoms
such as exercise intolerance and poor

Figure 3. (A) Frontal and (B) lateral chest radiographs after corrective surgery showing the
placement of 2 bars correcting the pectus excavatum deformity.
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body image. Diagnosis relies on imaging
techniques such as CT and MRI, along
with objective indices, including the HI,
CI, DI, and STA, all of which help assess
severity and guide surgical decision-mak-
ing. When treatment is necessary, the
Nuss procedure is the preferred corrective
approach, improving both anatomical and
functional outcomes. Despite potential
complications, ongoing refinements in
surgical techniques continue to enhance
the procedure’s safety and effectiveness.

Conclusion

Pectus excavatum, commonly known
as sunken or funnel chest, is the most
common congenital chest wall deformity.
It affects approximately 1 in 400 to 1 in 1000
live births,1 with males being 3-5 times
more likely to be affected than females.1

This structural anomaly can compress the
heart and lungs, potentially leading to
functional impairment.

CT or MRI can both be used to
assess pectus excavatum. The evaluation
of pectus excavatum primarily utilizes
the HI to determine the severity of
sternal depression. A mild deformity is

considered when HI values are between
>2 and 3.2, moderate deformity is noted
with HI between 3.2 and 3.5, and a
severe deformity is indicated by an HI
of >3.5. Patients typically require surgical
correction if their HI values exceed 3.2,
while normal values range between 2.0
and 3.0. If needed, pectus excavatum
is treated surgically. The Nuss proce-
dure is a minimally invasive surgical
technique for pectus excavatum repair.
This procedure involves the insertion of
a curved substernal bar into the chest
through 2 lateral thoracic incisions.
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Case Summary

An adolescent male presented with
chest pain and mild shortness of
breath with activity. Physical exam
showed normal vital signs, normal heart
sounds, and breath sounds were clear to
auscultation bilaterally.

Imaging Findings

Chest x-ray (Figure 1) showed right
basilar atelectasis, trace right pleural
effusion, and right middle lobe vol-
ume loss. Transthoracic echocardiogram
(Figure 2) showed external compression
of the proximal superior vena cava, right
pulmonary artery, and right pulmonary
veins from a mediastinal mass. Chest CTA
(Figure 3) showed a partially calcified
conglomerate right hilar mass causing
near occlusion of the right pulmonary
artery, right pulmonary veins, right
mainstem bronchus, bronchus interme-

dius, right middle-lobe bronchus, and right
lower lobe bronchus.

Diagnosis

Fibrosing mediastinitis (FM),
granulomatous form from histoplasmo-
sis infection.

The differential diagnosis of FM is
other infections causing granulomas like
tuberculosis, mycobacterial infections,
and other fungal infections (aspergillo-
sis and coccidioidomycosis). Most cases
of granulomatous FM are unilateral and
caused by histoplasmosis. Nongranulom-
atous causes of FM include sarcoido-
sis, autoimmune diseases (rheumatoid
arthritis and lupus), radiation therapy,
medications, and idiopathic conditions.
Malignancies (lymphoma, thymoma,
lung cancer, and metastatic cancers),
amyloidosis, lymphangiomatosis, and
granulomatosis with polyangiitis are also
important differentials to consider.

Discussion

FM or sclerosing mediastinitis is a rare
disorder consisting of inflamed fibrous
tissues within the mediastinum. Within
the mediastinum are the heart, blood
vessels, trachea, esophagus, lymph nodes,
and the thymus.1 These structures can
all be subject to compression by the
invasive fibrous tissues, resulting in pain
and discomfort for patients diagnosed
with this disorder. FM occurs in regions
where fungal antigens have been seen to
be associated with a fibrosing response
within the body’s immune system.2 This
response can be the result of the fungus
Histoplasma capsulatum spreading within
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Abstract
Fibrosing mediastinitis (FM) is a potentially destructive disease that affects mostly young patients who present with signs
and symptoms related to obstructed mediastinal structures. Most granulomatous FM cases are unilateral and caused by
histoplasmosis infection. Nongranulomatous FM is more diffuse and has varying causes but is thankfully rare. CT and MRI are
key in the diagnosis and management of FM, vital to assessing the extent of mediastinal involvement, and essential for guiding
either surgical or transcatheter therapy.

Keywords: thorax, mediastinum, infection

Figure 1. Posterior-anterior chest x-ray with
right basilar atelectasis, trace right pleural
effusion, and right middle-lobe volume loss.
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the mediastinum forming granulomas and
is typically the most common cause in the
United States.3 The exact prevalence of FM
is unknown as it typically occurs in regions
where fungal infections are endemic, but
not all patients experience the severity
of FM.4 Clinical cases of histoplasmosis
infections mostly appear benign, with
progression to FM rare.

Not all cases of FM are related
to histoplasmosis. Other infections like
tuberculosis and other fungal infections
(aspergillosis and mucormycosis) can
cause FM.5 FM has also been repor-
ted in the setting of autoimmune

diseases, rheumatic fever, radiation
therapy, cancers, and certain drug
therapy.6 Patients with FM exhibit various
symptoms, including pleuritic chest
pain, cough, dyspnea, and hemoptysis
commonly, and fever, tachycardia, and
weight loss rarely. FM typically involves
individuals from 20 to 40 years old but
has been described in children to older
adults as well and affects men and women
equally. Radiologic findings exhibit signs
of mediastinal widening, hilar mass,
and calcifications.6

The appearance of FM on CT is
variable depending upon the pattern

of involvement. In the granulomatous
or localized disease, there are mediasti-
nal or hilar masses often with cal-
cium deposition. Calcium deposition is
common in FM associated with histoplas-
mosis infections. CT also clearly shows
the airways and vascular structures
that are affected by the hilar mass.7

In the nongranulomatous or diffuse
type, there is soft-tissue obliteration
of normal fat planes that encases or
invades surrounding structures. FM is seen
by MRI as a heterogeneous, infiltra-
tive mass of variable signal intensity
on T1- and T2-weighted MR images.

Figure 2. (A) Transthoracic echocardiogram color compare subcostal sagittal view. There is an anterior mass causing external compression of the
superior vena cava (SVC). There is an increased flow gradient (8 mm Hg, normal 1-2 mm Hg) across the SVC in the area of external compression.
RA, right atrium. (B) Transthoracic echocardiogram color Doppler parasternal short-axis view. There is minimal color flow to the right pulmonary artery
(RPA) compared with the left pulmonary artery (LPA), supporting severe stenosis of the right pulmonary artery.
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Figure 3. (A) Chest CTA axial plane. There is a large partially calcified conglomerate right hilar mass causing severe external compression of the
superior vena cava (SVC) and moderate external compression of the right mainstem bronchus. LPA, left pulmonary artery. (B) Chest CTA axial plane.
There is a large partially calcified conglomerate right hilar mass causing complete occlusion of the right pulmonary artery (RPA) just prior to the
first-order branches. There is moderate external compression of the right mainstem bronchus (R Bronchus). L Bronchus, left mainstem bronchus; LPA,
left pulmonary artery. (C) Chest CTA axial plane. There is a large partially calcified conglomerate right hilar mass causing complete occlusion of the right
pulmonary veins. LA, left atrium; LPV, left pulmonary vein; LV, left ventricle; RV, right ventricle.

A B C
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The areas of decreased signal intensity
represent calcium deposits, and increased
signal intensity represents inflammation.6

Partially calcified hilar masses that do not
cause external compression of surround-
ing structures are routinely seen on CT and
MRI studies in endemic regions and do not
result in FM. These patients usually never
develop FM and are just observed.

Overall, mortality of FM tends to be
low, depending on the affected structures
in the mediastinum.4 Severe forms of FM
can result in pulmonary hypertension and
right heart failure that leads to higher
mortality rates.2 Mediastinal granulomas
typically are benign but do result in a
worse prognosis when lesions compress
neighboring structures.2 A mortality rate
as high as 30% has been reported,
but this likely reflects the more severe
cases of FM with bilateral involvement
and not localized hilar masses that are
more common.8

Treatment of FM varies depending
upon the presentation and severity of
the disease. Treatment can range from
observation to medical therapy with
antifungals and steroids to procedural
options (surgical debulking or stent-
ing/balloon dilation of affected vessels).4

As most cases of FM are related
to histoplasmosis infection, antifungal
therapy (ketoconazole) is often used
first line with varying success.9 Most
cases of FM present well after active
histoplasmosis infection and resultant

inflammation has resolved, so steroid
treatment has varying success as well.1

Surgical debulking can be effective
in unilateral disease but with varying
success.1,9,10 Currently, balloon dilation
and/or stent angioplasty of affected vessels
is utilized more than surgical debulking
as a less invasive option.1 The severity
of external compression and ability to
successfully re-cannulate affected vessels
determines the decision to proceed with
invasive options.

Conclusion

FM is a potentially destructive disease
that affects mostly young patients who
present with signs and symptoms related
to obstructed mediastinal structures. Most
cases of granulomatous FM are unilateral
and caused by histoplasmosis infection.
Nongranulomatous FM is more diffuse and
has varying causes but is thankfully rare.
CT and MRI are key in the diagnosis and
management of FM, vital to assessing the
extent of mediastinal involvement, and
essential for guiding either surgical or
transcatheter therapy.
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