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Abstract

Congenital lung malformations are most often identified on prenatal US screening. Fetal MRI is often performed to further
evaluate these lesions. Although some of these lesions might cause prenatal or early postnatal symptoms that require urgent
management, the majority are asymptomatic at birth and might be subtle or invisible on chest radiographs. Postnatal imaging is
frequently deferred until 3-6 months of age, when surgery or long-term conservative management is contemplated. High-quality
imaging and interpretation is needed to assist with appropriate decision-making. Contrast-enhanced chest CT, typically with
angiographic technique, has been the usual postnatal imaging choice. In this review, the author discusses and illustrates the
indications and use of postnatal MR imaging for bronchopulmonary malformations as well as some differential diagnoses and the

advantages and disadvantages of MR versus CT.
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Introduction

Although multiple associated anomalies are sometimes in-
cluded in the grouping of congenital lung malformations, this
discussion is confined to the five major entities included as the
primary bronchopulmonary malformations: bronchogenic
cyst, congenital pulmonary airway malformation (CPAM),
pulmonary sequestration, congenital lobar overinflation and
bronchial atresia. These entities are closely related with differ-
ing features including components of foregut, airway, vascu-
lar and parenchymal abnormality [1]. The unifying underlying
etiology of these lesions is thought to be partial or complete
airway obstruction in utero, with resultant dysplastic lung de-
velopment with features varying depending on the degree of
obstruction and timing in utero [2]. Bronchial atresia com-
monly accompanies all of these entities [3, 4]. Congenital lung
malformations are among the most common abnormalities
identified in utero, affecting approximately 1 in 2,500 preg-
nancies [5].
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Prenatal and early postnatal imaging,
management and differential diagnosis

The majority of bronchopulmonary malformations are first iden-
tified on prenatal US screening, most often in the second trimes-
ter [5-9]. Many undergo further evaluation in utero with one or
more fetal MRI examinations, which have been shown to be
accurate for assessing location, size, extent, mass effect and in-
ternal features, and for assisting in management decisions such as
method, time and location of delivery or occasionally in utero
intervention [7, 10—12]. While MRI examination has been shown
to be safe during pregnancy, MR contrast agents are generally
not used prenatally because they can cross the placenta and their
safety for the fetus is uncertain. Many bronchopulmonary
malformations decrease in size or conspicuity or even disappear
during the 3rd trimester MRI [9, 13]; however, they may remain
unchanged in size or occasionally enlarge. In utero hydrops
fetalis can result from obstructed venous return related to mass
effect and midline shift by the lesion, necessitating emergent
treatment or delivery [5, 10, 12, 14].

Several characteristic imaging features of bronchopulmonary
malformations are evident on both pre- and postnatal imaging [6,
7,9, 15-17].

1) Macroscopic cysts. This is a typical feature of broncho-
genic cyst (usually single or multilocular cyst) and
CPAM, multiple clustered small (0.5- to 2-cm) or large
cysts (largest cyst >2 cm).
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2) Systemic arterial supply to affected lung, a primary fea-
ture of pulmonary sequestration.

3) Mucoid impaction, branching intraluminally in airway
distal to more central bronchial atresia.

4) Focal overinflated lung, a feature of lobar/segmental over-
inflation distal to obstructed or atretic bronchus; it is fluid-
filled prenatally and gradually air-filled postnatally.

5) Hybrid lesions. These have multiple features, often a mix
of CPAM, pulmonary sequestration and bronchial atresia.

Large or symptomatic bronchopulmonary malformations
at birth might undergo urgent postnatal imaging, usually plain
radiographs, US or CT, and they might require emergency
surgical management [6, 18]. However, the majority of lesions
are asymptomatic at birth; they might be evident, not visible,
or exhibit subtle findings on chest radiographs [10, 12, 14].
Early postnatal US might be helpful in confirming the pres-
ence, size and type of a known prenatal lesion, especially if the
malformation is not yet aerated [17]. Most asymptomatic le-
sions that were well characterized in utero can have postnatal
cross-sectional imaging deferred until 3—6 months of age,
when surgical removal versus long-term conservative man-
agement is being contemplated. Imaging most often consists
of contrast-enhanced CT angiography to evaluate/confirm the
type, size, location, extent and vascular supply/drainage of the
lesion, and relationship to the airway and adjacent structures
[8, 11,17, 19]. Benefits of delaying postnatal imaging beyond
the newborn period include improvement in renal function
and more accurate characterization by allowing time for

Fig. 1 Cystic pleuropulmonary blastoma (PPB) in a 19-month-old boy with
no abnormal prenatal history. He had MRI for an abdominal mass, with an
incidental finding of lower right lung cyst. a Coronal T2-weighted MRI
shows a large multiloculated cystic mass in the right kidney, likely a
multilocular cystic nephroma. There is an incidental finding of a prominent
air-filled cyst in the medial right lower lobe (arrow). Note the anesthesia-
related atelectasis at the lung bases, left greater than right. These findings
raised concerns that the chest lesion might be cystic pleuropulmonary
blastoma, which can be associated with other tumors including multilocular
cystic nephroma. In many cases there is an associated DICER! genetic
mutation (found later to be present in this child). b Subsequent chest CT
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lesions to become aerated because frequently prolonged reten-
tion of fetal lung fluid is associated with abnormal or
obstructed airways.

It is important to accurately assess and describe the features
of a congenital lung lesion. A small lesion, presence of bron-
chial atresia (mucoid impaction) and focal overinflation are
features that might support nonsurgical management, whereas
a large lesion, large systemic arterial supply and multi-cystic
features are more likely to necessitate surgical resection [10].
Surgery is often performed using minimally invasive tech-
niques (thoracoscopy) and typically consists of lobectomy.
Segmental resection is more difficult because the surgeon fre-
quently cannot define the margins of the lesion from normal
lung. Reasons to justify surgical resection include the risk of
infection, although the incidence is not definitively known but
thought to be small, and the small concern for current or future
malignancy [5, 6, 12, 18].

Other lesions might mimic or need to be differentiated from
bronchopulmonary malformations, both pre- and postnatally.
Bronchopulmonary malformations generally have a typical im-
aging appearances prenatally (T2-weighted hyperintense signal
with or without small or large cysts, systemic vessels, mucoid
impaction) [15, 20]. Other chest and mediastinal masses includ-
ing diaphragmatic hernia and neurogenic and vascular lesions
are usually readily distinguished from bronchopulmonary
malformations on imaging. However, differentiation from other
rare chest neoplasms, especially cystic pleuropulmonary
blastoma (PPB), can be more difficult. Lung neoplasms are
almost never identified before the 3rd trimester, as opposed to
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scan, coronal reconstruction, shows a large medial right-lower-lobe cyst
(solid arrow), as seen on earlier MRI. There are also several smaller
scattered intrapulmonary cysts, one of which is shown on the left (dashed
arrow). The most likely diagnosis was PPB. The lack of prenatal history of a
cystic lung lesion, peripheral location, multiple cystic foci and association
with DICER] mutation and another neoplasm all served to differentiate this
case from congenital pulmonary airway malformation. The large right lower
lobe cyst was resected and confirmed pathologically as type 1 cystic PPB.
The other cysts were to be followed clinically and by imaging. These could
grow and evolve into a more aggressive type of PPB; however, they could
also become quiescent cysts
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bronchopulmonary malformations, which are usually identified
in the 2nd trimester [9]. Solid neoplastic lesions such as infan-
tile fibrosarcoma and peribronchial myofibroblastic tumor and
chest wall mesenchymal hamartoma are usually different in
their imaging appearance as compared to bronchopulmonary
malformations (more heterogeneous, can be iso- to hypointense
on T2-weighted images). Occasionally bronchopulmonary
malformations have an atypical appearance with T2-weighted
hypointensity, possibly caused by myxoid or immature highly
cellular mesenchymal components [9, 20-22]. Fetal lung inter-
stitial tumor is a rare benign lesion that is uniformly T2-
weighted hyperintense on MR [9]. It is considered unlikely that
bronchopulmonary malformations such as CPAM evolve into
neoplasms like PPB; rather, it is thought that lesions that are
ultimately diagnosed or recur as PPB were probably
mischaracterized initially [5]. There might be a small associa-
tion between pre-existing congenital lung cysts, especially large
cyst CPAM, and development of broncho-alveolar carcinoma
in adults, but any association is likely insufficient to justify
surgical resection of all lesions [5]. Prenatally, US and MRI
are the imaging modalities employed for suspected non-
bronchopulmonary malformation chest masses, whereas CT is
most often the primary postnatal choice [6-8, 23]. While
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Fig. 2 Imaging in a 13-day-old boy with known left-lower-lobe lesion
prenatally and incidental imaging of pulmonary sequestration on a spine
MRI a Anteroposterior chest radiograph shows an ill-defined medial left-
lower-lobe density. T9 vertebral anomaly (arrow) led to spine MR for
evaluation of possible associated cord abnormality. b Axial T2-weighted MR
image of lung bases from spine MR shows anterior saturation band to enhance
spine imaging. There is a nonaerated, moderately vascular and somewhat T2-
bright lesion in the posteromedial left lower lobe, with systemic arterial supply

differentiating CPAM from cystic PPB on imaging alone in
an individual lesion can be difficult, the combination of prenatal
and postnatal history, lesion location, multiplicity and associat-
ed anomalies helps to separate these lesions. Cystic PPB is
usually found in young infancy, occasionally late pregnancy;
it more often presents with pneumothorax (peripheral lesion); it
more often has complex and multiple cystic foci; and it is as-
sociated with a DICER] mutation with a family history of neo-
plasms and propensity for concurrent or subsequent neoplasms,
especially thyroid, renal (multilocular cystic nephroma) and
gonadal lesions (Fig. 1) [6,9, 12, 14, 18, 21]. Prenatal detection,
systemic feeding vessel, mucoid impaction, and asymptomatic
and overinflated lung favor the diagnosis of CPAM or other
bronchopulmonary malformation [9, 18].

Postnatal magnetic resonance imaging
for congenital lung lesions: techniques
and indications

A closely applied multi-array coil covering the chest is optimal
for MR imaging of suspected lung lesions. Typical MR imaging
protocols for evaluating congenital lung lesions postnatally have

(dark-blood sequence) from the lower thoracic aorta (solid arrow) and venous
drainage toward a systemic vein (dashed arrow), consistent with an extralobar
pulmonary sequestration. SPLN spleen. ¢ Coronal T2-weighted image from
spine MR demonstrates the triangular medial left-lower-lobe nonaerated
sequestration. In addition to central dark branching vessels, there is a bright
central branching structure (arrow) within the sequestration from mucoid
impaction in bronchi, consistent with associated bronchial atresia. Note the
absence of the left kidney, with bowel in the left renal fossa
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Fig. 3 Incidental chest mass in a 12-year-old boy presenting with back
and abdominal pain. a Contrast-enhanced CT scan for appendicitis
(negative abdomen), axial slice at the lung bases, shows a poorly
enhancing mass (arrow) in the right lower lobe versus posterior
mediastinum. There is a small right pleural effusion. b Sagittal T2-W
MR obtained to further evaluate the right-side mass shows an oval T2-
hypointense mass in the right lower lung posteriorly (arrow), surrounded
by T2-hyperintense pleural fluid. ¢ Axial T1-weighted post-contrast MRI
of the right lung base shows that the posteromedial oval right-lower-lobe

included fast T1-weighted and T2-weighted sequences in axial,
coronal and occasionally sagittal planes. Sometimes diffusion-
weighted sequences are added, usually in the axial plane.
Sequences employed include: two-dimensional (2-D) steady-
state free precession; single-shot fast spin echo; respiratory-
gated proton-density and T1- and T2-weighted fast spin echo;
and fast spoiled gradient echo acquisition or 3-D volume T1-
weighted inversion pulse sequence with fat suppression, which
can be obtained both pre- and post-contrast and reconstructed
into fat, water and in- and out-of-phase images. Dynamic multi-
phasic angiographic sequences include 3-D gradient echo fat-
suppressed respiratory/cardiac-gated sequences or time-resolved
MR angiography [12, 16]. A more recent addition has been the
development of ultrashort echo-time T1-weighted sequences
(both pre- and post-contrast), which greatly improve the visibility
of lung parenchyma.

Magnetic resonance chest imaging studies typically take ap-
proximately 45 min to 1 h to complete [16]. Children undergoing
these MR examinations usually require sedation or anesthesia.
Although intubation or breath-holds might not be required for
imaging, sedation/anesthesia is frequently associated with sub-
stantial lung atelectasis that can obscure intrapulmonary lesions.
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mass (arrow) has minimal peripheral enhancement. Note that the pleural
fluid is T1-hyperintense, suggesting blood (containing methemoglobin
and protein-rich plasma) or other protein-rich fluid with T1-shortening
effects. The boy’s pain symptoms, location and appearance of the lesion
with absent perfusion as well as T1/T2 bright pleural fluid suggested the
diagnosis of a torsed, infarcted extralobar pulmonary sequestration with
hemorrhagic pleural effusion. This was subsequently confirmed
surgically and on pathology

As with CT imaging, if needed, intubation/airway recruitment
techniques can be employed to mitigate atelectasis [24]. Prone
imaging is not reliably helpful in mitigating anesthesia-related
atelectasis and is more difficult to achieve, with increased safety
concerns in an anesthetized child [24]. MR safety is very impor-
tant. All equipment must be MR-compatible, and children, par-
ents and accompanying personnel need to be carefully screened
before entering the scanner area [23].

When searching for cases of bronchopulmonary
malformations or similar lung masses imaged on MR rather
than or in addition to CT, “we found that the reasons for MR
imaging of lesions at our institution fell into several major
categories that sometimes overlapped.”

1) Imaging for another reason with incidental visualization
of a lesion. Examples included MR imaging of the spine
for suspected mass/anomaly and MRI or CT of the chest
or abdomen for other reasons with incidental lung find-
ing. In this context it is important to be able to recognize
and characterize the pulmonary lesion, although imaging
sequences and coverage might not have been ideal
(Figs. 1, 2 and 3).
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Fig. 4 Right-lower-lobe lesion identified in utero and then lost to follow-
up postnatally until 2 years of age in a girl. a Axial T2-weighted prenatal
MRI slice at 22 weeks of gestation. Segmental homogeneous T2-
hyperintense right-lower-lobe mass (arrow) was thought to most likely
represent segmental lung overinflation. The lesion was much smaller and
less T2-bright on a follow-up fetal MR at 37 weeks of gestation (not
shown). b The girl had MRI at 2 years old (parents preferred to avoid
CT radiation exposure). Axial T2-weighted image shows a posteromedial
right-lower-lobe lesion (long arrow) with central hyperintense mucoid
impaction (short arrow) and surrounding air-trapping, consistent with
segmental bronchial atresia with overinflation. Note how much brighter

2) Known lesion follow-up. In these cases, there was typi-
cally concern related to CT radiation exposure and a pa-
rental preference for MR to confirm presence or follow a
lesion that had been identified in utero or had prior CT
findings (Figs. 4, 5 and 6) [25].

3) Mass evaluation/differentiation. In these cases, the mass was
not specifically suspected to be a bronchopulmonary mal-
formation or imaging was performed to differentiate the
mass from a bronchopulmonary malformation in a location
that was well visualized on MR, such as paraspinal, medi-
astinal or even abdominal areas (Figs. 7 and 8).

4) Complex or multiple lesions. These lesions might have
been incompletely characterized or had a confusing ap-
pearance on CT (Figs. 9, 10 and 11) [21].

M

the mucoid impaction is than adjacent vessels. ¢ Coronal T2-W MR
image shows T2-bright branching mucoid impaction in the lesion
(arrow). This MR was obtained before the availability of ultra-short
echo-time imaging of the lung, so the lung detail is relatively poor. d
Follow-up coronal contrast-enhanced CT at 3 years of age shows a
posteromedial segmental hyperlucency (arrow) with central mucoid
impaction (arrowhead), again confirming segmental overinflation with
bronchial atresia. The mucoid-impacted bronchus is a little larger but only
slightly less dense than vessels and can be difficult to identify on CT. This
lesion was not resected

Magnetic resonance imaging for congenital
lung lesions: strengths/weaknesses,
advantages/disadvantages

Magnetic resonance is effective in imaging congenital lung
lesions [16], making it generally easy to differentiate cystic
from solid lesions (Figs. 7 and 11). Proteinaceous cyst content
is easier to identify on MR, where it might be hyperintense on
both T1-weighted and T2-weighted images pre-contrast with
only rim enhancement, whereas on a contrast-enhanced CT a
hyperdense proteinaceous cyst is more likely to be mistaken for
an enhancing solid mass [26]. Mucoid impaction is noticeably
hyperintense on T2-weighted imaging (usually T1-weighted
hyperintense also) [27] and tends to be easier to identify and
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Fig. 5 Follow-up prenatal MR in a fetus with a history of twin—twin
transfusion syndrome with laser ablation and fluid amnioreduction, with
demise of the smaller donor twin at 22 weeks. a Fetal MRI at 31 weeks of
gestation shows multiple T2-hyperintense large cysts in both lungs
(arrows), which were not present on the prior MR. b CT scan of the
girl at 4 months of age. Coronal reconstruction shows multiple air-filled
lung cysts (arrows). ¢ MRI age 10 months (parents did not want repeat
CT). Axial ultra-short echo-time T1-weighted post-contrast sequence
shows a multilocular air-filled cystic lesion (arrow) at the left lung

separate from vessels on pre-contrast T2-weighted MR (Figs. 2
and 4), as compared to contrast-enhanced CT where the impact-
ed mucus, although slightly lower in attenuation, might be more
difficult to distinguish from vessels (Fig. 4). MR and CT angiog-
raphy both identify aberrant arteries and veins, although with CT
angiography, because of radiation concemns, there is generally
only one opportunity to optimize vascular opacification, whereas
the rapid multiphasic capability of MR is much more forgiving.
Mass characterization and evaluation of associated cardiovascular
anomalies are as good as — and sometimes better — with MR as
compared to CT [23] (Figs. 10 and 11). Kellenberger et al. [16]
described similar sensitivity of MR to CT in detecting and char-
acterizing a group of bronchopulmonary malformations. On MR,
dynamic enhancement patterns of bronchopulmonary
malformations could be assessed, the solid components of
bronchopulmonary malformations showed slow perfusion with
delayed enhancement compared to normal as well as atelectatic
lung, and cystic lesions showed rim enhancement. Arterial supply
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base, similar to findings on prior CT. There is moderate posterior-
dependent anesthesia-related atelectasis. d MRI at age 2 years. Coronal
T1-W ultra-short echo-time post-contrast sequence shows the air-filled
cysts unchanged (arrows). The etiology of these lesions was not entirely
clear; they were not resected or biopsied. However, cystic lung lesions
have been described in other twin—twin pregnancies that were thought to
be most consistent with congenital pulmonary airway malformations on
pre- and postnatal imaging [25]

and venous drainage were well identified and mucoid impaction
was easily visualized [16]. Vascular supply, as might be expect-
ed, is less well visualized on non-contrast MR studies [8].

A major advantage of MR imaging is the lack of exposure to
ionizing radiation. In terms of imaging and especially MR an-
giography and post-contrast imaging, multiple sequences and
angiographic phases can be obtained with no cost except time.
Additionally, the multiple sequence choices of MRI including
T1-weighted, T2-weighted, phase-contrast, 3-D T1 dynamic or
4-D time-resolved MR angiography and diffusion-weighted
imaging provide more than anatomy with greater tissue, phys-
iology and vascular flow characterization. MRI also has the
potential for greater functional lung assessment including per-
fusion and ventilation [28]. MRI has inherently superior soft-
tissue contrast, for example in the mediastinum, and better de-
lineation of anatomical detail without intravenous contrast
agent [28]. Both MR and CT images can be reconstructed into
a large variety of multiplanar and 3-D views to better appreciate
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Fig. 6 Follow-up imaging in a 4-month-old girl with a prenatal diagnosis
of left-lower-lobe congenital pulmonary airway malformation (CPAM).
There was a subtle lower-lobe opacity on chest radiograph at birth (not
shown). MRI was obtained at 4 months to confirm whether the lesion was
still present. Parents refused CT because of ionizing radiation exposure. a
Axial T2-weighted (black-blood) MR sequence shows a multi-cystic air-
filled lesion (arrows) in the posterior left lower lobe, consistent with
large-cyst CPAM (largest cyst >2 cm). The surrounding normal left
lung is atelectatic; there is also right-side-dependent atelectasis. b
Coronal T1-weighted post-contrast MR image shows left-lower-lobe
aerated large cyst CPAM (arrow). No abnormal systemic arterial
supply is seen. The entire remaining left lung is atelectatic from
inadvertent right bronchus intubation under anesthesia. The persistent
aeration of the CPAM lesion reflects air-trapping from an abnormal
airway connection; the phenomenon is similar to the prolonged
retention of fluid seen in many bronchopulmonary malformations in the
neonatal period. If the lesion were not aerated, the atelectatic lung would
likely obscure it. The MR images were considered sufficient for surgical
guidance for thoracoscopic resection of the left lower lobe. Diagnosis of
large-cyst CPAM was confirmed on pathology

the precise anatomy and relationships of the different
structures.

Magnetic resonance imaging also has a number of disadvan-
tages. The many possible imaging pulse sequence choices tend
to make these examinations very lengthy, often necessitating
general anesthesia in younger children (<8 years) [16].
Estimates of severe adverse event perioperative anesthesia risk
in children is ~1 in 10,000, greater in neonates and children
with serious underlying conditions [29]. Considerable attention
has been paid recently to potential negative cognitive effects on
the developing brain in young children undergoing general an-
esthesia [29]. The United States Food and Drug Administration
has placed warning labels on general anesthetics and some

sedative medications that states, “Exposure to these agents for
lengthy periods of time or over multiple procedures may nega-
tively affect brain development in children younger than 3
years” [29, 30]. The need for anesthesia and the length of MR
examinations also creates imaging access and scheduling diffi-
culties. Avoiding anesthesia and especially intubation is always
desirable but even more so in the time of the current pandemic
caused by coronavirus SARS-CoV-2 disease (COVID-19).
Intravenous anesthetic medications are an alternative but are
also associated with anesthesia-related atelectasis without the
ability to use effective airway recruitment techniques [24].
Faster sequences, motion reduction, gating and navigating tech-
niques, contrast agents with a more prolonged intravascular
phase, limited targeted studies, effective immobilization, dis-
traction or wrap-and-feed methods in young children have been
helpful in allowing for more effective non-sedated MR imaging
[15, 28] (Figs. 5 and 8).

Additionally, MRI has not been considered a good modal-
ity for imaging parenchymal lung lesions because of the in-
trinsic low MR signal from proton-poor lung tissue. The rel-
atively recent development of robust ultrashort echo time MR
imaging with radial, spiral or conical 3-D k-space trajectories
(Fig. 5) has greatly improved visualization of the lung on
MRI, markedly mitigating this concern [28]. Some of these
techniques appear robust in the face of flow and motion
allowing for free-breathing imaging [28]. MRI, however, still
appears to show less detail than CT of smaller lung lesions
<5 mm [27].

Another disadvantage of MRI is the use of gadolinium chelate
contrast agents. Problems include the small possibility of
nephrogenic systemic fibrosis in children with renal dysfunction;
however, the occurrence of this in small children is negligible.
There are also concerns related to gadolinium deposition in the
brain with unknown long-term effects. This appears to be most
marked with linear gadolinium chelate agents, which have been
replaced by macrocyclic agents at many centers [16].

Computed tomography vs. magnetic
resonance for congenital lung lesions

Magnetic resonance imaging can be used to effectively image
and accurately characterize congenital lung malformations [8,
16]. However, just because you can do something does not
necessarily mean that you should. One of the advantages of
CT is that clinicians and surgeons, as well as some radiolo-
gists, while usually capable of understanding CT images and
using them for guiding clinical decisions, might feel much less
comfortable with MR studies. The large number of MR se-
quences and images obtained can be overwhelming.
Computed tomography angiography is very fast, especially
with the availability of high-pitch scanning with sub-second
scan duration. CT is usually easy to schedule, cheaper than
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Fig. 7 Evaluation of suspected
mediastinal mass in an 11-month-
old boy with an incidental mass
on chest radiograph obtained for
cough. a Anteroposterior chest
radiograph shows a right superior
rounded mediastinal density
(arrow), suspected as possible
neuroblastoma. b Axial T2-
weighted MRI for further
evaluation shows a rounded T2-
hyperintense middle mediastinal
lesion suggestive of a fluid-filled
partially septated cyst (arrow). ¢
Coronal T1-weighted post-
contrast MRI confirms the cystic
nature of the lesion with rim
enhancement and close proximity
to the airway, consistent with a
mediastinal bronchogenic cyst
(arrow). These findings were
confirmed at surgery and
pathology. Images were
published in [23] in Fig. 2,
reprinted with permission

MR, rarely requires sedation/anesthesia, and provides excel-
lent spatial resolution and superior detail of lung parenchyma
[15, 17]. The ability to obtain very fast non-breath-hold imag-
ing without sedation or anesthesia in most children also
removes the problem of anesthesia-related atelectasis that
could obscure pathology [24]. lodinated contrast agents are
not without their issues, especially in children with renal dys-
function or allergies, but they are generally considered safe.

Exposure to ionizing radiation and its possible long-term risks
are of concern; however, newer equipment and imaging tech-
niques such as low tube voltage, automatic exposure control
and iterative reconstruction have allowed preservation or im-
provement in image quality while permitting significant re-
ductions in CT radiation dose [19, 30]. Efforts to decrease
radiation exposure usually limit CT angiography to a single
sequence whenever possible, so contrast administration and

Fig. 8 Imaging following concern for neuroblastoma versus abdominal
sequestration in a newborn girl with prenatal left upper abdominal mass. a
Oblique US image with power Doppler shows a mostly solid echogenic
mass (solid arrows) in the left upper quadrant adjacent to the spleen
(SPLN). There are several small internal cystic components; one is
illustrated (arrowhead). Two systemic supplying vessels (dashed
arrows) are identified arising from the celiac artery. b Coronal T2-
weighted MRI obtained as a wrap-and-feed non-sedated study without
contrast agent. Image shows a large heterogeneous T2-hyperintense mass
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containing tiny cysts in the left upper quadrant (white arrow). The MRI
clearly shows that the lesion is separate from and displacing the left
adrenal gland inferiorly (black arrow). The MR appearance in
combination with US findings strongly suggested an intrabdominal
hybrid sequestration lesion, and these are almost always on the left side.
Because of persistence and parental concern, the mass was resected at age
4 months and was confirmed to be a bronchopulmonary malformation
hybrid with features of sequestration and small-cyst congenital
pulmonary airway malformation
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Fig. 9 Magnetic resonance imaging in a 5-month-old boy with previous
repair of tracheoesophageal fistula, feeding and respiratory problems, and
persistent left-lower-lobe opacity on chest radiographs. MRI was
obtained to evaluate for vascular ring (no ring found). a Sagittal T1-
weighted dark-blood MR image in the left retrocardiac region shows a
rounded complex mass in the medial left lower lobe with cystic fluid
(solid arrow) and inferior more solid components. In addition, there are
smaller round and very dark areas (also T2-dark, not shown) suggestive
of air-filled cysts (arrowhead). An aberrant systemic artery approached

scan timing are very important. When an arterial-phase study
is obtained, venous structures, especially systemic veins,
might be poorly opacified such that venous anomalies and
abnormal systemic venous drainage might be missed.

It is difficult to give a specific blanket recommendation as
to which imaging modality to use when. Rather, the choice of

the mass from the abdomen (dashed arrow). These findings suggested a
hybrid sequestration lesion. The presence of air within the mostly
nonaerated lesion suggested the possibility of an aberrant connection to
the gastrointestinal tract. b Contrast esophagram, anteroposterior view,
demonstrates contrast filling of branching dilated airways (arrow) within
the left-lower-lobe lesion, confirming an esophageal bronchus connecting
to the hybrid bronchopulmonary malformation. Images were published in
[1] in Fig. 5. Reprinted with permission from Springer Nature

imaging should be tailored to the individual patient, account-
ing for clinical circumstances, type, size and location of the
lesion, parental/clinician preferences, need for and risks of
sedation, imaging equipment and expertise available, and
whether additional or follow-up imaging will be required in
the future. With a shift to conservative management of smaller

Fig. 10 Imaging in a 10-day-old boy with respiratory distress and small
right lung, with a poor-quality outside CT suggesting complex scimitar
syndrome. a Coronal T1-weighted spin-echo MRI shows a
cardiomediastinal shift to the right with a small right lung. Left superior
vena cava drains to the coronary sinus (arrow). b T1-weighted dark-
blood coronal MR slice, more posterior than (a), confirms a right
scimitar vein (solid arrow) draining anomalously to the inferior vena
cava. Multiple additional anomalies were present, including: extralobar
pulmonary sequestration in a nonaerated horseshoe lung component

overlying the spine (open arrow); systemic arterial supply to the
sequestration from the abdomen with multiple large tortuous vessels in
the lesion; partial pulmonary sling with a normal left upper pulmonary
artery (arrowhead) and a left lower pulmonary artery arising from the
right pulmonary artery (dotted arrow); additionally, there is long-segment
tracheal stenosis with a low T-shape carina, a typical configuration
associated with pulmonary artery sling. Figure 10b was published in [1]
in Fig. 11. Reprinted with permission from Springer Nature
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Fig. 11 Imaging in a 2-month-old boy presenting with a cough and fever;
he had no chest abnormality seen prenatally. There was a rounded
perihilar mass on chest radiograph (not shown), and suboptimal CT
suggested differential diagnoses of necrotizing pneumonia or infected
congenital pulmonary airway malformation (CPAM) versus neoplasm.
a Axial short tau inversion recovery MR image shows a large right lung
mass with heterogeneous T2-hyper- and hypointense solid as well as T2-
hyperintense fluid-filled cystic components involving the posterior right
lung and extending to the mediastinum (arrow) adjacent to the aorta. b
Coronal T1-W post-contrast MR shows a right-side perihilar, subcarinal
and lower lobe mass with heterogeneously enhancing solid and non-
enhancing cystic components extending around the hilum and right

asymptomatic bronchopulmonary malformations, MRI might
be helpful for long-term monitoring of these lesions [5].
Whichever imaging modality is chosen, it is important that
a high-quality contrast-enhanced (typically angiographic)
study be obtained, at least initially, and that the dictated im-
aging report contain as complete a description as possible of
the lesion. Figure 12 is the reporting template that I use for
describing bronchopulmonary malformation lesions. The re-
port should include location and size; a complete description
of internal features including whether the lesion is aerated or

Description of bronchopulmonary

malformation lesion
* Location:

e Size: cmx
Features:

1. Aeration:
2. Overinflated lung:

3. Macroscopic cyst(s):

4. Mucoid impaction:

5. Vascular:

* Arterial supply:

* Venous drainage:

6. Lobar fissures

7. Other

8. Most likely type of BPM

Fig. 12 Reporting template for bronchopulmonary malformations (BPM)

cmx cmx Volume: mL

@ Springer

bronchi. Infected CPAM was considered unlikely because there was no
prenatal history and the nonaerated lesion extended around the bronchi
and to the mediastinum. Pleuropulmonary blastoma (PPB) was
considered the more likely diagnosis; this would be type 2 (solid/
cystic), although almost all PPBs in infancy are type 1 (cystic). Right
pneumonectomy was required for complete surgical resection. Initial
pathological diagnosis was PPB type 2; subsequent external pathology
consultation led to a change in diagnosis to peribronchial myofibroblastic
tumor, a rare benign mesenchymal neoplasm found in late prenatal or
perinatal ages. This is often a large central tumor that surrounds and
entraps airways, and malformed cartilage plates are a prominent
histological feature [21]

airless, the presence of overinflated lung, macroscopic cysts,
mucoid impaction, and the arterial supply and venous drain-
age. It is also helpful to the surgeons to comment on whether
the lobar fissures of the affected lung are present and complete
because thoracoscopic removal is much more difficult with
incomplete fissures. Other associated or incidental findings
including diaphragmatic, airway, gastrointestinal and skeletal
anomalies should be mentioned in addition to the general
chest dictation template. The report impression can suggest
the most likely specific lesion diagnoses, but that is less im-
portant than a complete description because there is often
overlap among lesions [26].

Conclusion

Magnetic resonance and CT are both effective modalities for
postnatal imaging of congenital lung lesions. They both have
advantages and disadvantages. The choice of imaging modal-
ity is probably best individualized for the circumstances, pref-
erences and abilities of those involved in patient care and
imaging.
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