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Fetal Chest

Dorothy Bulas and Alexia Egloff

Ultrasonography (US) is the screening method of choice for 
the evaluation of the fetal airway and chest. It is safe, inex-
pensive, and easily performed. Advances in US technique 
including higher resolution transducers, Doppler, and 3D/4D 
imaging have allowed for improved assessment of the con-
genital thoracic masses. The assessment of the fetal chest by 
US, however, is operator dependent and evaluation may be 
limited due to fetal position, maternal obesity, overlying 
bone, and/or oligohydramnios. Ultrasound evaluation is sen-
sitive in the diagnosis of many prenatal lung lesions but has 
low specificity [1].

Magnetic resonance imaging (MRI) is an alternative 
modality that uses no ionizing radiation, has excellent tissue 
contrast and a large field of view, is not limited by obesity or 
overlying bone, and can image the fetus in multiple planes 
regardless of fetal lie. Faster scanning techniques allow stud-
ies to be performed without sedation in the second and third 
trimester with minimal motion artifact. Fetal MRI helps con-
firm the presence of masses identified by US, can delineate 
anatomy such as the trachea not visualized by US, more 
accurately measure lung volumes, and may demonstrate 
additional subtle anomalies. Experts in fields such as pediat-
ric surgery and neonatology not comfortable interpreting US 
imaging can provide additional expertise when reviewing 
MR images. This multidisciplinary approach is crucial for 
the success of handling these complex cases [2–5].

Thus, advances in both US and MRI have improved our 
ability to accurately diagnose fetal airway and chest anoma-
lies and furthered our understanding of the evolution of fetal 
lung lesions.

The prenatal and postnatal prognosis for fetuses with 
chest anomalies is quite variable. Fetal imaging not only is 
important for the initial diagnosis of the lesion but is also 
useful for follow-up in case nonimmune hydrops develops. 
Preparation for delivery at a tertiary institution is critical for 
the fetus with a large airway or chest mass. The decision to 
perform in utero intervention or an ex utero intrapartum 
treatment (EXIT) delivery places both the mother and fetus 
at risk and thus benefits from precise evaluation and accurate 
assessment of the situation. Prenatal evaluation not only 
allows for the planning of in utero therapy but can optimize 
postnatal therapeutic planning with reduction in neonatal 
imaging, useful when caring for the unstable infant [2–4].

Prenatal diagnosis does not always result in improved 
outcome as some cases are associated with lethal pulmonary 
hypoplasia. A small chest mass can be associated with severe 
chromosomal anomalies or other lethal anatomic abnormali-
ties. Thus, accurate chromosomal and structural assessment 
of the entire fetus is also important for appropriate counsel-
ing and planning of in utero interventional procedures, deliv-
ery, and postnatal management.

 Ultrasonography Imaging of the Fetal Neck 
and Chest

 Ultrasonography of the Fetal Chest

Ultrasound is the initial imaging modality in the detection of 
fetal chest masses. On axial images, the normal fetal chest is 
oval or round. The heart is positioned within the anterior half 
of the left chest and bordered on both sides by lung tissue. 
The apex of the heart touches the wall of the left anterior 
chest, while the intersection of the atrial septum with the 
posterior heart border lies just to the right of center. The 
lungs, thorax, and heart grow proportionally, so the normal 
cardiothoracic ratio is constant throughout the pregnancy, 
and the cardiac position and axis should not change over 
time. The fetal ribs are echogenic and encompass more than 
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half the chest circumference on either side. The ultrasound 
appearance of normal fetal lungs is typically homogeneous 
and echogenic. In early pregnancy, the lungs are less echo-
genic than the liver, but echogenicity increases through ges-
tation as the lungs become more fluid filled. At times, the 
echogenicity of the lung may appear similar to the adjacent 
liver and bowel making it difficult to differentiate sono-
graphically from the surrounding organs. Inferiorly, the dia-
phragms border the lungs and are dome shaped and 
hypoechoic. It is important to remember that visualization of 
a seemingly intact diaphragm does not exclude a diaphrag-
matic hernia as a small defect may be missed. The thymus, a 
homogeneous anterior mediastinal structure, is often not 
well seen because of overlying rib shadowing. Normal mea-
surements for the fetal thymus have been published. A 
smaller than normal-sized thymus can be seen in fetuses with 
intrauterine growth restriction, Down syndrome, congenital 
heart defects in combination with 22q11 microdeletion, pre-
eclampsia, and preterm rupture of membranes [6].

Different two-dimensional measurements have been used 
to assess lung development for age. The chest circumference 
measured at the level of the four-chamber view of the heart 
has been traditionally used. A recent study by Britto et  al. 
suggests using 3D ultrasound to estimate chest circumference 
by using the fetal aorta and inferior angle of the scapula as 
anatomical landmarks [7]. This approach should provide a 
better assessment of lung and thorax development as land-
marks are less likely to be affected or displaced by thoracic 
pathology compared to the heart. Three-dimensional US can 
also provide lung volumetry measurements [8]. Nomograms 
exist for chest circumference, 2D oblique lung diameter and 
3D volumetry [7–9], and can be used to aid in the early diag-
nosis of pulmonary hypoplasia. Obtaining volume measure-
ments, however, can be difficult in all three planes as 
oligohydramnios, maternal obesity, or fetal lie may make dif-
ferentiation of the lung and surrounding structures difficult.

Sonographically, congenital lung masses can appear 
hypoechoic/cystic or hyperechoic/microcystic/solid and 
small or large (Fig. 4.1). When a solid lung mass is present, 
the echogenicity may be similar to adjacent liver and lung 
and, thus, difficult to identify. Shift of the heart and flattening 
of the diaphragms may be the first clue that a lung mass or 
diaphragmatic hernia is present (Fig. 4.2). Echogenic masses 
may become less visible later in gestation as the surrounding 
lung tissue becomes more echogenic and rib shadowing 
increases. The differential for lung masses includes congeni-
tal diaphragmatic hernia (CDH), congenital pulmonary air-
way malformation (CPAM/CCAM), bronchopulmonary 
sequestration (BPS), congenital lobar emphysema (CLE)/
bronchial atresia, hybrid lesions, and congenital hydrothorax 
[10–12]. Ultrasound while sensitive in the identification of 
many lung lesions due to their abnormal echogenicity and/or 
mass affect has a low specificity [1].

 Ultrasonography of the Fetal Neck

Ultrasound imaging the fetal neck is also important in the 
assessment of the fetal airway and lungs. Axial images of the 
neck may demonstrate the larynx and pharynx sonographi-
cally if they are fluid filled, but the trachea is typically not 
visualized. Axial images of the posterior neck are important 
for the identification of nuchal translucency at 11–14 weeks 
and nuchal thickening at 16–20  weeks both of which are 
markers for aneuploidy. The jugular vein and carotid artery 
can be identified by color Doppler and may be deviated if a 
mass is present. A detailed exam of the neck is not always 
possible by ultrasound when oligohydramnios, maternal 
obesity, or fetal lie prevents adequate visualization. If the 
neck is in fixed extension, there should be concern that a 
neck mass is present.

When a neck mass is identified, internal characteristics 
may help determine the diagnosis. There are a wide variety 
of neck masses which can be cystic (lymphatic malformation 
(lymphangioma/cystic hygroma), branchial cleft cyst, thyro-
glossal duct cyst, laryngocele, cervical meningomyelocele), 
solid (goiter, neuroblastoma, fibroma), or complex (tera-
toma, hemangioma, goiter). The two most common causes 
for neck masses are lymphangioma and teratomas [13] 
(Figs. 4.3 and 4.4).

The prognosis of a cervical mass is dependent on the 
amount of airway compression, presence of other anomalies, 
and development of hydrops. As the airway is not directly 
seen by US, secondary signs of airway compression such as 
polyhydramnios or a small stomach may suggest severity of 
airway compromise.

 Magnetic Resonance Imaging of the Fetal 
Neck and Chest

 Fetal Magnetic Resonance Technique

Advances in MR including single-shot rapid acquisition  
with relaxation enhancement sequences have significantly 
decreased movement artifact on 1.5  T and 3  T magnets. 
Slices are acquired individually with each slice obtained by 
a single excitation pulse taking less than 400 ms. A series can 
be obtained in less than 30–40 seconds with slices as thin as 
2–3 mm. These T2-weighted images have excellent contrast 
and spatial resolution and good signal-to-noise ratios. 
Sequences available include single-slice fast spin echo, 
ssFSE (GE, Milwaukee, WI), and half-Fourier acquisition 
single-shot turbo spin echo, HASTE (Siemens, Erlangen, 
Germany) [14, 15]. Additional MR sequences include heavy 
T2w hydrography, fast T1w sequences including fast multi-
planar spoiled gradient echo, diffusion-weighted sequences, 
and two-dimensional fast low angle shot. These sequences 
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Fig. 4.1 Congenital pulmonary airway malformation. (a) Axial US at 
21 weeks gestation demonstrates a large mixed macrocystic and micro-
cystic mass in the right hemithorax with compression of normal left 
lung. (b) Coronal SSFSE T2w MR image also at 21 weeks confirms the 
presence of a large multicystic mass in the right hemithorax everting the 
diaphragm inferiorly and deviating the heart to the left. The CPAM vol-
ume ratio (CVR) measures 2.4 high risk for developing hydrops. 

Follow-up coronal (c) and axial (d) MR images at 30 weeks gestation 
demonstrates growth of the fetus with stable size of the right lung mass. 
The mass no longer everts the diaphragm nor deviates the heart to the 
left. The CVR has improved and now measures 1.4 low risk for devel-
oping hydrops. (e) At delivery, the infant had minimal respiratory dis-
tress. Chest radiograph demonstrates minimally heterogeneous right 
lower lobe
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Fig. 4.2 Congenital diaphragmatic hernia. (a) Axial US of a fetal chest 
demonstrates a heterogeneous mass in the left hemithorax deviating the 
heart (curved arrow) to the right. (b) Coronal SSFSE T2w image of the 
fetal chest demonstrates that small and large bowel is herniated into the 

left hemithorax consistent with a diaphragmatic hernia rather than 
CPAM. (c) Coronal T1w image confirms that high-signal meconium 
filled bowel and liver are herniated into the left hemithorax

a b

Fig. 4.3 Cervical lymphangioma. (a) Axial US image of the fetal neck 
demonstrates several macrocysts with no significant vascularity. (b) 
Sagittal SSFSE T2w MR image of the fetal neck at 30 weeks’ gestation 

confirms the presence of a large multiseptated mass compressing the 
cervical trachea

take longer and may require breath holding and thicker slices 
for sufficient signal-to-noise ratios.

Total study time can average 20–40  min, depending on 
fetal movement which is particularly problematic in cases of 
polyhydramnios and younger gestations. Studies may be lim-
ited due to maternal size, claustrophobia, and maternal dis-
comfort in the supine position. Left lateral decubitus position 
can be helpful in patients with back pain or with supine hypo-
tension. A fast multiplanar spoiled gradient-echo sequence or 

large field of view (48 cm; section thickness 8 mm; intersec-
tion gap 2 mm) coronal ssFSE localizer is first performed to 
evaluate fetal position and select future imaging planes. Each 
subsequent plane is placed orthogonal to the previous 
sequence to account for fetal movement. Axial, sagittal, and 
coronal T2w images angled to the fetal chest are obtained at 
3–5 mm thickness, 0 mm section gap. Planes angled to the 
fetal brain and abdomen are important for complete assess-
ment of the fetus. Quiet maternal breathing is adequate for 
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Fig. 4.4 Cervical teratoma. (a) Axial US image of the fetal neck at 
21 weeks’ gestation demonstrates a mixed cystic and solid mass with 
prominent vessels. Coronal (b) and sagittal (c) fetal T2w MR images 

confirm the presence of a large mass compressing the cervical trachea. 
The oropharynx was distended with fluid. Polyhydramnios was 
present
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T2w images, with breath-hold T1w, echoplanar, and angio-
graphic sequences added as needed. Fetal MRI provides 
improved anatomic evaluation of the airway and lungs, helps 
corroborate the diagnosis, and often provides additional 
information useful for management planning including fetal 
intervention [2, 3]. More specific diagnosis prenatally pro-
vides improved counseling, decreasing the level of stress that 
could result when a thoracic anomaly is diagnosed [5].

 Fetal Magnetic Resonance Safety

There is no definitive evidence that MRI produces harmful 
effects on human embryos or fetuses using current clinical 
parameters. The long-term safety of MRI exposure to the fetus, 
however, has not been definitively demonstrated [16–18].There 
has been concern that prolonged exposure to high- field MRI 
may affect embryogenesis, chromosomal structure, or fetal 
development [3]. Animal studies on embryos have not demon-
strated any growth abnormalities or genetic damage at clinical 
levels of exposure so far [19, 20]. There is concern that with 
higher strength units and prolonged scanning times, biological 
effects may occur if applied at sensitive stages of fetal develop-
ment [21, 22]. Recently, the long-term safety after MRI expo-
sure in the first trimester was assessed with a large retrospective 
study and demonstrated no significant increase in congenital 
anomalies, neoplasms, or vision or hearing loss [23].

Compliance with the US Food and Drug Administration 
(FDA) and International Commission on Nonionizing 
Radiation Protection (ICNIRP) guidelines requires control 
of specific absorption rate (SAR) values [24, 25]. Medical 
Device Agency (MDA) guidelines require control of the 
maximum SAR (10 g) within the fetus. The most frequently 
used sequences do operate at the SAR limit recommenda-
tions. These limits need to be carefully followed with higher 
field systems as well [26]. MR is not routinely recommended 
during the first trimester due to the small fetal size and sig-
nificant fetal motion limiting imaging at this gestation .

Gadolinium should not be used with fetal imaging as it has 
been shown to cross the placenta. The fetus excretes and then 
swallows gadolinium which gets reabsorbed from the gastro-
intestinal tract. In animal studies, growth retardation has been 
reported after high doses of gadolinium (Magnevist product 
information, Berlex Labs, Wayne, NJ). A retrospective study 
demonstrated an increase in rheumatologic, inflammatory, or 
infiltrative skin conditions as well as stillbirths and neonatal 
death after gadolinium administration [23], Thus exposure of 
the fetus to gadolinium is not recommended.

 MRI of the Fetal Chest

Fetal MRI is a useful adjunct in the assessment of the fetal 
airway and chest. Fluid in the trachea and larynx is high T2w 

and thus well delineated [27]. Fetal lungs are homogeneously 
brighter than muscle and increase in signal after 24 weeks’ 
gestation due to the development of alveoli and production 
of alveolar fluid [28] in the third trimester. Normal lung 
when compressed by a mass may be slightly hypointense 
compared to noncompressed normal lung. Normal lung 
parenchyma is easily separated from abnormal lung masses 
which tend to be higher in signal.

The mediastinal structures, liver, and lung are easily dif-
ferentiated by MR. The liver and spleen are low in signal on 
T2w with liver higher in signal on T1w than normal lung. On 
T2w, meconium is low in signal, while fluid-filled small 
bowel is high in signal. This reverses on T1w when  meconium 
is bright and fluid-filled small bowel is low in signal and is 
easily distinguished from adjacent lung and liver in cases of 
CDH (Fig. 4.2). The thymus is homogeneous and of higher 
signal than the heart which appears as a flow void on T2w.

The ability to image in any plane and large field of view 
aids in the delineation of fetal lung masses. Lung volumes 
can be measured in any plane, and normative data are being 
accumulated for various gestational ages. Volumetric lung 
measurements appear to be reproducible and increase with 
gestational age. The right lung measures approximately 56% 
of the total lung volume. When oligohydramnios limits visu-
alization of the fetus sonographically, MR can still demon-
strate many anomalies, and lung volumes can be measured to 
assess for pulmonary hypoplasia. In complex cases, such as 
thoracopagus conjoined twins, the large field of view can be 
particularly helpful. Thus, while US is the initial modality in 
detecting chest masses, MRI is useful in confirming the pres-
ence of a mass, providing assessment of residual lung 
 volume, and further characterizing the lesion increasing 
specificity.

 MRI of the Fetal Airway

Prenatal evaluation of the fetal neck is difficult with complex 
embryology involving the development of vascular, lym-
phatic, musculoskeletal, and digestive systems. Masses such 
as teratomas and lymphangiomas can share both cystic and 
solid components, with precise histologic diagnosis difficult 
prenatally. If the neck mass is large and compresses the air-
way, death may occur at delivery if a patent airway is not 
established quickly. Thus, detection of a neck mass prena-
tally is important to prepare for the timing, location, and 
mode of delivery.

Fetal MRI is a useful adjunct in the evaluation of neck and 
thoracic masses which compress the fetal airway. The nor-
mal fetal airway can be visualized on T2w due to high-signal 
fluid within the larynx, trachea, and bronchi. The esophagus 
is not typically visualized but may be identified when dis-
tended by a distal obstruction. T1w images are useful for the 
diagnosis of a goiter which is of high signal on T1w.
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When a neck mass is identified, MRI can delineate if the 
mass extends into the oropharynx. The amount of tracheal 
deviation and compression can be directly visualized. MRI is 
also useful for the evaluation of tracheal compression from 
thoracic masses. Mediastinal masses are rare and include fore-
gut cysts, teratomas, esophageal duplication cysts, and bron-
chogenic cysts. Foregut cysts including bronchogenic, enteric, 
and neurenteric are typically fluid filled with high T2w homo-
geneous signal. Mediastinal teratomas have a complex hetero-
geneous appearance due to fat and fluid. These masses may 
compress the great vessels and result in hydrops and/or com-
press the esophagus and result in polyhydramnios [28].

The location of cystic and solid components of neck and 
mediastinal masses can be evaluated in three dimensions 
allowing the surgeon to plan for in utero intervention or post- 
delivery cyst aspiration or resection. If the fetus greater than 
32 weeks’ gestation with a large lesion expected to have dif-
ficulty breathing at delivery, EXIT may be considered. This 
partial delivery followed by intubation and intravenous 
access prior to clamping the umbilical cord can improve the 
survival of these difficult cases [29].

 Prenatal Diagnosis and Management 
of Chest Anomalies

When an airway or chest abnormality is identified prenatally, 
several questions need to be answered:

• Are additional anomalies or hydrops present?
• Will there be pulmonary hypoplasia at delivery?
• Will there be airway obstruction at delivery?
• Can in utero intervention help?

The most common congenital thoracic lesions include 
CDH, congenital pulmonary airway malformation (CPAM/

CCAM), BPS, congenital lobar overinflation/bronchial atre-
sia, hybrid lesions, and congenital hydrothorax [30]. 
Pulmonary hypoplasia, agenesis, and aplasia are less com-
mon. A definitive diagnosis of a chest mass is usually possi-
ble only after surgical resection and histopathological 
evaluation [10–12].

In the fetus, the clinical importance of these lesions lies 
primarily in the mass effect on surrounding structures. This 
can result in compression of the airway, blood vessels, lym-
phatics and normal lung with development of pleural effu-
sions, polyhydramnios, hydrops, and pulmonary hypoplasia. 
Outcome depends on the timing of secondary effects and 
severity of pulmonary hypoplasia. With improvement in fetal 
imaging, more aggressive fetal interventions have advanced. 
While the majority of cases with lung masses survive, masses 
that result in hydrops in the past were typically lethal. Now 
these masses may be amenable to fetal interventions such as 
maternal steroids, fetal thoracentesis, laser therapy, and in 
utero surgery [31–36].

 Congenital Pulmonary Airway Malformation

Congenital pulmonary airway malformation (CPAM/
CCAM) has varying appearances sonographically dependent 
on subtype. The pathologic classifications by Stocker et al. 
have no real prognostic value prenatally [37]. A simpler fetal 
classification by Adzick et al. [33] based on gross anatomy 
and imaging appearance has been recommended for prenatal 
assessment:

• Macrocystic  – One or more macrocysts measuring 
>5  mm. These cysts are hypoechoic by ultrasound and 
high signal by MR. This subtype grows less rapidly but 
may develop hydrops and can require prenatal interven-
tion (Fig. 4.5).

a b c

Fig. 4.5 Macrocystic CPAM. (a) Axial US image of the fetal chest 
demonstrates multiple macrocysts within the right hemithorax. Axial 
(b) and coronal (c) SSFSE T2w MR images confirm that the high- 

signal macrocysts are limited to the right middle lobe with normal inter-
mediate signal right upper and lower lobe parenchyma
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• Microcystic  – Multiple microcysts <5  mm that appear 
homogeneously echogenic/solid by ultrasound and are 
high signal by MR. When large, they may be associated 
with mediastinal shift, pulmonary hypoplasia, polyhy-
dramnios, and nonimmune hydrops requiring in utero 
intervention.

By ultrasound, macrocysts are well delineated from adja-
cent echogenic normal parenchyma. The microcystic sub-
type is echogenic as compared to normal lung but may 
become more difficult to visualize as gestational age 
advances due to the normal increase in echogenicity of sur-
rounding normal lung as alveoli develop (Fig.  4.6). 
Shadowing from overlying ribs becomes more problematic 
in the third trimester limiting lung parenchymal  visualization. 
When the mass is large, mediastinal shift can be identified by 
rotation and deviation of the heart axis.

When severe, vena cava and cardiac compression may 
result in hydrops, with pleural effusions, pericardial effu-
sions, skin thickening, and ascites developing. Esophageal 
compression can result in a small stomach and polyhydram-
nios. Color and power Doppler imaging are useful in looking 
for a systemic feeding vessel [5], while 3D/4D imaging can 
be used to measure lung volumes [8].

By MR, CPAM are typically higher in signal than adja-
cent normal lung with mediastinal shift easily demonstrated. 
MR is particularly valuable when a rare bilateral CPAM is 
present. Lung volumes are easily measured in any plane  
by MR.

Prognosis does not depend on the type of lesion [33]; 
rather, it is dependent on the size of the mass, amount of 
mediastinal shift and pulmonary hypoplasia, fetal hemody-
namics, associated anomalies, and gestational age at delivery 
[30, 33].

CPAM is rarely associated with chromosomal anomalies, 
but associated anomalies should still be searched for [34]. 
Karyotyping is not necessary if no other anomalies or risk 
factors are identified [34]. In the absence of hydrops, early 
survival without any intervention is higher than 95% [35].

Follow-up ultrasounds are critical to assess stability of 
mass size and the potential development of hydrops.]. The 
presence of hydrops is the most important indicator of poor 
outcome and can result in perinatal death approaching 100% 
without intervention [33].

A CPAM volume ratio (CVR) has been described as a 
predictor of hydrops and outcome [38]. It is obtained by cal-
culating the volume of the lung mass and normalizing it by 
gestational age using the head circumference [38].

 
CVR

height anteroposterior diameter transverse diameter cons
=

× × × ttant

Head cirumference

( )

If the CVR is less than 1.6, the risk of developing hydrops 
is low [38]. If the ratio is more than 1.6, the fetus is at high 
risk for developing hydrops, and intervention should be con-
sidered to increase survival.

CPAM typically show progressive growth between weeks 
20 and 26 of gestation. By 26–28 weeks, growth begins to 
plateau. Usually, no hydrops develops after reaching the 
28 weeks’ growth plateau [38].

If hydrops develops and gestation is less than 32 weeks, 
various interventions have been attempted with the objective 
of decreasing fetal compromise and preventing lung hypo-
plasia [11]. Best approach is selected for each individual 
case depending on the presence of hydrops, the type of 
anomaly, and the consideration of potential risks of the vari-
ous treatment options [39]. Interventions include maternal 
steroids, fetal thoracentesis, cyst aspiration, thoracoamniotic 
shunt, laser therapy, sclerotherapy, and in utero surgical 
resection [38–47].

Successful fetal surgery depends on surgical experience 
as well as optimal maternal anesthesia and uterine relax-
ation, hysterotomy, and fetal exposure techniques: intraop-
erative fetal monitoring, reliable amniotic membrane, and 
uterine closure. Close postoperative follow-up and early 

detection and treatment of preterm labor are fundamental. To 
undergo fetal surgery, maternal health needs to be considered 
to decrease the risk of complications [33].

Up to 50% of CPAM actually resolve prenatally [36]. Of 
the lesions that resolve in utero, 60% show no abnormality 
on postnatal imaging [36]. The remaining 40% with apparent 
prenatal resolution are still present postnatally but not well 
seen by follow-up prenatal imaging due to increase in  normal 
lung echogenicity and difficulty in differentiating normal 
from abnormal lung [38]. When a persistent mass is seen, it 
is confirmed by postnatal imaging in over 95% of cases.

Persistent masses can decrease in size during the late sec-
ond trimester [33] or have a relative decrease in size due to 
normal fetal growth. Some do actually increase in size. 
Implications for delivery and postnatal management include 
size of mass at delivery and the presence of hydrops. If the 
lesion is small with no hydrops, the obstetrician and neona-
tologist need to be aware of the potential need for respiratory 
support. However, the majority of these infants do well and 
can be delivered vaginally with no additional support required 
[48]. Following delivery, these infants should be assessed for 
respiratory stability and feeding tolerance. If stable, the infant 
can be discharged home. Follow-up may include radiographs 
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Fig. 4.6 Microcystic hybrid lung mass. (a) Axial US image of the fetal 
chest demonstrates a homogeneous echogenic mass deviating the heart 
to the left. Axial (b) and sagittal (c) SSFSE T2w MR confirm the pres-
ence of a high-signal right lower lobe mass. (d) Coronal reformatted 

image of a chest CT at 5 months of age demonstrates a small residual 
mixed cystic and solid mass in the right lower lobe. (e) Axial CT with 
intravenous contrast demonstrates the presence of a feeding systemic 
vessel (curved arrow) consistent with a hybrid sequestration
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and CT scans, the timing of which should be dependent on 
whether the infant is symptomatic or not.

A recent pathologic analysis by Pogoriler et al. classified 
all surgically resected prenatally diagnosed lung lesions 
diagnosed over 2½  years [49]. In this study, lesions with 
large cysts (Stocker type I) were less common than those 
with small cysts and more likely to be symptomatic postna-
tally and thus need surgical management. They also found 
that clusters of mucinous cells are overall rare (present in 8% 
of congenital cystic lung lesions) but seen almost exclusively 
in cases with large cysts [49]. These results are useful when 
counseling during pregnancy.

For large masses that cause mediastinal shift and/or 
hydrops, delivery at a tertiary care center with an intensive 
care nursery capable of resuscitation of a neonate with respi-
ratory difficulties, including capability of ECMO, should be 
planned [40, 46].

If the fetus is greater than 32  weeks’ gestation with 
hydrops, delivery by EXIT should be prepared for with likely 
need of the mass to be resected at birth [46].

 Bronchopulmonary Sequestration

Bronchopulmonary sequestration (BPS) typically has the 
appearance of a homogeneous triangular echogenic mass 
with well-defined borders by ultrasound. By definition, BPS 
have systemic feeding and draining vessels and consist of 

lung parenchyma without communication to the bronchial 
tree. The mass is often in the lower hemithorax adjacent to 
the diaphragm; most are left sided, but bilateral cases have 
been described [50]. Hybrid lesions can have a cystic com-
ponent with feeding systemic vessels and typically have a 
better prognosis than patients with CPAM without systemic 
feeding vessels. Careful color and power Doppler assess-
ment are critical to identify the vessel branching from the 
aorta below the diaphragm (Fig.  4.7). Even with careful 
assessment, the vascular supply may be difficult to demon-
strate prenatally [32, 51].

MRI appearance is typically of a hyperintense T2w mass 
in the lower lobe [30, 32]. The feeding vessel may be a low- 
signal line coursing from the aorta into the mass. MRI does 
not always demonstrate the abnormal vessels but is helpful in 
delineating the mass, evaluating the contralateral lung, and 
assessing for other congenital abnormalities [32, 52]. It is 
particularly useful in assessing if the mass is thoracic, in the 
diaphragm or infradiaphragmatic. When infradiaphragmatic 
in location, BPS tend to be suprarenal and can mimic a neu-
roblastoma [32, 52].

Prognosis is favorable with only rare reports of associated 
hydrops. If hydrops develops after 32 weeks’ gestation, early 
delivery is recommended. Prior to 32 weeks, in utero surgi-
cal resection or thoracentesis may be considered [53–57]. 
Other treatment options have been described for hydropic 
patients including radiofrequency ablation, laser ablation, 
and thrombogenic coil embolization of the feeding vessel but 

a b

Fig. 4.7 Bronchopulmonary sequestration. (a) Axial US image of the 
fetal chest with power Doppler documents an echogenic mass in the left 
lung with systemic vessels coursing into the mass. (b) Coronal SSFSE 

T2w image confirms the presence of a low-signal line coursing to the 
high-signal mass consistent with a sequestration
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thus far with increased morbidity and mortality [58, 59]. 
Lesions may appear to resolve in utero but are usually pres-
ent on postnatal CT with contrast or MRI.

 Congenital Lobar Overinflation/Congenital 
Lobar Emphysema/Bronchial Atresia

Intrinsic or extrinsic obstruction of the airway may result in 
overinflation of one or more lobes. CLO may affect one or 
more lobes and can be segmental or lobar. Bilateral cases 
have been described [60]. Criteria for the diagnosis of con-

genital lobar overinflation (CLO) include echogenic lung by 
ultrasound or high-signal T2w parenchyma with normal lung 
architecture and absence of macroscopic cysts. This diagno-
sis may be difficult to differentiate from microcystic CPAM 
prenatally (Fig. 4.8). The presence of normal pulmonary vas-
cularity and lack of macrocysts can help suggest the diagno-
sis; confirmation is done with postnatal CT [61, 62].

By ultrasound, CLO is characterized as a homogeneous 
echogenic lung mass, thought to be secondary to accumu-
lation of the pulmonary fluids within the lung due to a ball- 
valve mechanism occurring at the site of obstruction  
[60, 62]. MRI images demonstrate a homogeneous thoracic 

a

c d

b

Fig. 4.8 Congenital lobar overinflation (CLO). (a) Axial US at 
27 weeks’ gestation demonstrates a large echogenic mass in the right 
hemithorax deviating the heart to the left. No systemic feeding vessel 
was identified. (b) Coronal and (c) sagittal SSFSE T2w MR image at 

27 weeks gestation confirms the presence of a high-signal mass in the 
right lower lobe. (d) Axial chest CT scan at 5 months of age demon-
strates an emphysematous lobe consistent with CLH
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mass with increased T2 signal. Displacement of the medi-
astinum to the contralateral side, polyhydramnios and 
hydrops have been described especially secondary to bron-
chial atresia of lobar bronchi [61–63]. Many cases resolve 
in utero. When symptomatic, respiratory issues tend to 
occur early in life, 30% at birth, 50% in the first month, 
and almost all by the first 6 months of life ([60].

 Diaphragmatic Hernia

Herniated bowel loops into the hemithorax can mimic a mul-
ticystic, heterogeneous lung mass by US (Fig.  4.2). 
Mediastinal and cardiac deviation may be the first hint that a 
CDH is present if the stomach remains infradiaphragmatic. 
When the stomach is herniated into the hemithorax, nonvisu-
alization of stomach bubble within the abdomen is helpful 
for suggesting the diagnosis [32, 35]. Peristalsis of bowel 
loops in the thorax can sometimes be seen by ultrasound 
[32]. Deviation of the umbilical vein toward the side of the 
defect is appreciated in CDH, and an abnormal umbilical 
vein ratio is seen in 93% of right-sided and 98% of left-sided 
CDH. The umbilical vein ratio is obtained from a true axial 
image of the abdomen, where the umbilical vein is at its 
maximum lateral deviation. It is calculated by measuring the 
transverse diameter between the left internal rib margin and 
the left lateral vein edge and dividing it by the transverse 
diameter between the right inner rib margin and the right lat-
eral border of the vein. This ratio is particularly useful in 
cases with subtle bowing, and when it is less than 0.4, it is 
highly predictive of liver herniation [64].

MRI helps by confirming the diagnosis, especially in right 
and bilateral CDH.  It provides information regarding the 
amount of liver herniation and delineates location of small 
and large meconium-filled bowel in the chest. In cases with 
an intraabdominal stomach, it may be difficult by US to dif-
ferentiate a CPAM from a CDH. MRI can easily distinguish 
abdominal contents within the chest from cystic lesions. MRI 
can provide specific information on hernia content, including 
the presence of the liver, size of diaphragmatic defect, and 
volume of ipsilateral and contralateral lung.

 Congenital Hydrothorax

Pleural fluid may develop with or without an associated 
mass. It is considered abnormal at any gestational age and 
can be unilateral or bilateral.

Chylothorax is the most common cause of congenital 
hydrothorax and can be due to thoracic duct anomalies 
(Fig. 4.9). Secondary cases of hydrothorax include entities 
such as anemia, CPAM, BPS, lymphangiectasia, cardiac 
anomalies, Turner’s syndrome, trisomy 21, cystic hygroma, 
and TORCH infection. Thus, careful assessment is required 
to identify associated anomalies, and karyotyping is recom-
mended [65, 66].

Ultrasound will demonstrate anechoic fluid in the pleural 
space. MRI demonstrates high-signal fluid surrounding lung 
parenchyma and may help identify a cause for the hydrotho-
rax such as an underlying CPAM.

Overall mortality can be as high as 50%. Natural evolu-
tion varies between spontaneous resolution and progression 

a b

Fig. 4.9 Chylous effusion. (a) Coronal US of the chest demonstrates a large fluid collection in the left hemithorax compressing the left lung.  
(b) SSFSE coronal MR image confirms the presence of a large left pleural effusion with compressed lung parenchyma and no underlying lung mass
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[67]. Outcome is best if the effusion is unilateral, and pri-
mary chylothorax may resolve spontaneously [65]. Prognosis 
is worst when hydrothorax presents before 30 weeks of ges-
tation and is associated with hydrops [66]. If effusions prog-
ress, lung hypoplasia may occur with worsening morbidity 
and up to 75% mortality [67]. Patients with trisomy 21 and 
hydrops have a better prognosis; they can be treated later in 
pregnancy and require less interventions [68].

In cases with progression to hydrops, if the effusion is 
small, conservative observation is appropriate. If the effu-
sion is large and the infant is less than 32 weeks’ gestation, 
fetal thoracentesis and thoracoamniotic shunting are 
potential prenatal treatment options after balancing the 
benefits of the procedure and the possibility of prematurity 
and premature rupture of membranes [68]. Thoracentesis 
has the disadvantage of possible rapid re-accumulation 
after drainage but when done close to delivery may help 
with neonatal resuscitation [65, 68]. Complications after 
shunt placement also include shunt migration (20–65%), 
chest wall deformity secondary to altered rib growth and 
mechanical chest trauma during insertion (more common 
when shunts are placed early in gestation), and fetal demise 
(11% of cases) [67].

 Congenital High Airway Obstruction

Congenital high airway obstruction (CHAOS) should be 
included in the differential when bilateral large echogenic 
lung masses are identified [35] (Fig. 4.10). This rare entity is 
usually sporadic but can be syndromic (Fraser syndrome) or 
as part of an association [69]. It can be secondary to laryngo-
tracheal atresia, tracheal stenosis, or a thick web, laryngeal 
atresia being the most common etiology. Aberrant pulmo-
nary budding off the foregut is present. Most cases have a 
connection with the esophagus. By ultrasound, both lungs 
are symmetrically enlarged and echogenic due to fluid trap-
ping. The heart is compressed, usually small, and centrally 
located; the diaphragms flattened or inverted. Compression 
of the heart and great vessels may result in heart failure and 
hydrops. Compression of the esophagus may result in poly-
hydramnios [69].

MRI demonstrates abnormally large high-signal lungs on 
T2w that are enlarged causing eversion of the diaphragms. 
Identification of a dilated fluid-filled trachea and bronchi 
help to confirm the diagnosis and differentiate this diagnosis 
from bilateral CPAM. EXIT delivery with airway control is 
recommended but with prognosis poor [35].

Associated anomalies, such as urogenital defects, ompha-
locele, radial ray defects, syndactyly or polydactyly, and 
cryptophthalmos, should be closely looked for as this can 
provide useful information for future pregnancies [70]. 
Encephalocele and myelomeningocele have also been seen 
in patients with CHAOS [71]. Genetic analysis should also 

be performed to assess anomalies such as trisomy 9, trisomy 
16, and chromosome 5p deletion [70].

 Pulmonary Hypoplasia

Pulmonary hypoplasia is a wide spectrum diagnosis which 
includes agenesis, aplasia, as well as hypoplasia. Agenesis is 
the actual absence of lung parenchyma and bronchi 
(Fig. 4.11). Aplasia is the absence of lung tissue with rudi-
mentary bronchi. Hypoplasia is the presence of alveoli and 
bronchi that are underdeveloped with a decreased number of 
airways and alveoli resulting in a decrease in size and weight 
of the lungs. Alveoli and pulmonary vascularity develop con-
comitantly, so associated anomalies of pulmonary vessels 
are common.

Pulmonary hypoplasia causes severe respiratory failure at 
birth often resulting in rapid death. Hypoplasia can be sec-
ondary to premature rupture of membranes, renal anomalies, 

Fig. 4.10 Congenital high airway obstruction. Coronal T2w MR 
image of the fetal chest at 27 weeks gestation demonstrates overinflated 
high-signal lungs with flattened diaphragms due to cervical tracheal 
web causing obstruction. The left bronchus is abnormally dilated with 
fluid. There is oligohydramnios with bilateral renal agenesis. The infant 
died at delivery
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lung masses, or a severe skeletal dysplasia. Severity of the 
hypoplasia is dependent of gestation age at onset.

Prenatal US diagnosis of pulmonary hypoplasia is often 
limited. Various measurements have been proposed to pre-
dict pulmonary hypoplasia including lung area, ratio of the 
lung to thoracic area, thoracic to abdominal circumference, 
and volumetric measurements. High resistance patterns in 
peripheral pulmonary arteries have been reported in fetuses 
with pulmonary hypoplasia [72]. Both 2D diameter measure-
ments and 3D volumetry can be performed, even before 
24 weeks of gestation, for the diagnosis of hypoplasia, but 
follow-up assessment might be needed to assess outcome 
and differentiate lethal versus nonlethal forms [73]. 
Oligohydramnios and maternal obesity, however, limit US 
evaluation, so prognosis is often difficult to predict.

Fetal lung volume by MR is also being used to assess pul-
monary hypoplasia [74–81] (Fig.  4.12). Relative lung vol-
ume based on gestational age and lung volume to body 
weight ratios have been evaluated. Normal lungs are progres-
sively hyperintense on T2w with maturation. Decreased sig-
nal has been described in hypoplastic lungs. Relative lung 
signal intensity and spectroscopy are potential methods for 
further assessing the severity of hypoplasia [79, 80].

Several methods have been described to measure the lung 
volumes. One of the most common techniques is done by trac-
ing the lung on each MRI slice, adding all the areas together, 
and then multiplying by the slice thickness. Using this method, 
normal results are highly variable. To decrease the variability, 
the percentage predicted lung volume (PPLV) can be used 
where the residual lung volume is divided by the predicted 
lung volume. The observed-to-expected lung volume ratio is 
better at predicting outcome in fetuses with CDH [82].

a b c

Fig. 4.11 Right lung agenesis. (a) Coronal SSFSE and (b) FIESTA 
T2w images at 21 weeks’ gestation demonstrate shift of the heart to 
the right with no right lung parenchyma or right mainstem bronchus 

identified. (c) Contrast chest CT after delivery confirms the diagnosis 
of agenesis of the right lung

Fig. 4.12 Pulmonary hypoplasia. Coronal SSFSE MR image of the 
fetal chest demonstrates small low-signal pulmonary parenchyma in 
this fetus with renal anomalies resulting in oligohydramnios
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 Congenital Lung Tumors

Primary lung tumors are extremely rare compared to devel-
opmental anomalies of the lung and include cystic pleuropul-
monary blastoma (cystic PPB), fetal lung interstitial tumor 
(FLIT), congenital peribronchial myofibroblastic tumor 
(CPMT), and congenital fibrosarcoma [83].

Even though the biological behavior of a tumor com-
pared to a developmental anomaly is extremely different, 

the  ability to differentiate them by imaging has been con-
sidered very difficult to impossible (Fig.  4.13). A recent 
study by Waelti et  al. suggests that nonvisualization of a 
lung lesion in the mid-second trimester ultrasound should 
raise the concern for a tumor. In the presence of a multicys-
tic lesion, knowledge of a normal mid-second trimester 
ultrasound is highly suggestive of PPB [83]. Differentiating 
imaging characteristics between solid tumors have not been 
identified.

a

c

b

Fig. 4.13 Fetal lung interstitial tumor (FLIT). (a) Axial US image at 
27 weeks gestation demonstrates an echogenic mass (arrow) deviated 
the heart to the right. (b) Coronal T2w MR image on the same date 
confirms the presence of a heterogeneous mass compressing the dia-
phragm inferiorly and shifting the mediastinum to the right. This was 

thought to be a CPAM prenatally, but the mass did not involute in the 
third trimester. (c) Following delivery, the infant was in respiratory dis-
tress. Coronal reformatted image of the chest demonstrates pulmonary 
vessels coursing through a solid-appearing mass. The mass was 
resected, and FLIT was confirmed
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 Pulmonary Lymphangiectasia

Pulmonary lymphangiectasia is the result of dilatation of 
lymphatics draining the pulmonary interstitial and subpleu-
ral spaces. This can develop prenatally resulting in enlarged, 
noncompliant lung parenchyma with effusions that can lead 
to respiratory distress at delivery [84, 85].

Lymphangiectasia can be primary or secondary. Primary 
pulmonary lymphangiectasia has been associated with sev-
eral genetic syndromes (FOXC2) with failure of the normal 
regression of connective tissue elements after 16 weeks ges-
tation. Secondary lymphangiectasia can be the result of con-
genital heart disease causing poor venolymphatic return. 
Hypoplastic left heart syndrome and total anomalous pulmo-
nary venous return are most commonly associated with fetal 
lymphangiectasia [85, 86].

Prenatal ultrasound images will demonstrate small bilat-
eral pleural effusions and heterogeneous lung parenchyma 
(Fig. 4.14).

Fetal MRI also can demonstrate pleural effusions and 
lung heterogeneity. A typical heterogeneous pattern termed 
the “nutmeg lung” exhibits branching tubular T2w high- 
signal structures radiating from the hila, providing a more 
specific diagnosis. MRI is also helpful in excluding other 
lung masses [85].

Cardiac echo is important to exclude cardiac anomalies. 
Not all restrictive lesions will develop the nutmeg lung pat-

tern. In a study by Saul et al., the finding of “nutmeg lung” in 
fetuses with hypoplastic left heart syndrome was associated 
with increased mortality [87]. Fetal MRI, thus, may be a use-
ful guide in prognosticating severity of HLHS and counsel-
ing families.

Postnatal management includes various attempts at 
decreasing pulmonary lymph burden such as restriction of 
dietary fats, pleural effusion drainage, pleurodesis, and 
more invasive procedures such as thoracic duct ligation. 
Recent experimental treatment using ethiodized oil to 
embolize the patulous pulmonary lymphatics has shown 
some success [84].

 Conclusion

Congenital lung malformations are rare and often invo-
lute prenatally with a small percentage developing 
hydrops in utero. A majority have no respiratory symp-
toms at delivery. Ultrasound is the initial study to iden-
tify a congenital lung malformation which can be cystic, 
solid, or mixed. Fetal MRI can be a useful adjunct in the 
assessment of large lung masses for improved counseling 
and management planning. While rare, hydrops can 
develop with congenital pulmonary masses, is a sign of 
impending demise, and may be an indication for fetal 
intervention.

a b

Fig. 4.14 Pulmonary lymphangiectasia. (a) Axial US images of the 
fetal chest at 28 weeks’ gestation demonstrate small pleural effusions 
and heterogeneous parenchyma. The heart was normal. (b) Axial T2w 

MR image of the fetal chest on the same date confirms the presence of 
small effusions and high-signal tubular structures radiating from the 
hilum. At delivery primary lymphangiectasia was confirmed
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