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Airway Anomalies, Lung 
and Mediastinal Masses, 
and Hydrothorax
Richard A. Barth

17.3
fetal lungs compress the heart and inferior vena cava decreas-
ing venous return to the heart, which often results in fetal asci-
tes, in-utero heart failure, placentomegaly, and hydrops fetalis.1 
Isolated CHAOS is a sporadic fetal malformation with a low 
risk for associated anomalies or chromosomal abnormalities. 
Less-commonly CHAOS can be associated with Fraser syn-
drome, which is an autosomal recessive disorder characterized 
by laryngeal atresia secondary to underlying fusion of the false 
vocal cords. Other associations with Fraser syndrome include 
renal agenesis, microphthalmia, cryptophtalmos, polydactyly, 
syndactyly, cleft lip/palate, ear anomalies, ambiguous genitalia, 
congenital heart disease, and severe oligohydramnios secondary 
to bilateral renal agenesis.5,6

Diagnosis: On ultrasound (US), the characteristic find-
ings of CHAOS include hyperechogenic and hyperexpanded 
lungs resulting in flattening or inversion of the diaphragms 
(Fig.  17.3-1A,B).3,6 A dilated fluid-filled trachea and bronchi are 
often identified below the level of the airway obstruction, which 
most commonly occurs at the level of the larynx. Color Doppler 
will allow separation of the dilated airway from adjacent vas-
culature. Fetal ascites is a common feature of CHAOS resulting 
from obstructed venous return to the heart.

On magnetic resonance imaging (MRI), T2-weighted sequences 
show similar findings including  hyperinflated high-signal lungs 
inverting diaphragms and severely dilated  bronchi distal to 
the more proximal airway obstruction (see  Fig.  17.3-1C,D).  

AIRWAY ANOMALIES

Congenital High Airway Obstruction Syndrome
Congenital high airway obstruction syndrome (CHAOS) is a 
rare fetal anomaly resulting from airway obstruction secondary 
to laryngeal atresia, or less commonly a laryngeal cyst, laryngeal 
web, laryngeal stenosis, or tracheal atresia.1,2 CHAOS is typi-
cally bilateral; however, sporadically can be unilateral secondary 
to central bronchial atresia.

Incidence: The incidence of CHAOS is unknown as only a few 
cases have been reported in the literature.3,4

Pathogenesis/Associated Anomalies: The pathogenesis 
relates to a complete airway obstruction resulting in trapping 
and accumulation of fluid within the fetal airways and lungs. 
Pathologic findings include severe distention of the fetal tra-
chea, bronchi, and hyperplastic lungs. The markedly enlarged 

fIguRE 17.3-1: CHAOS in 25-week gestational age fetus. Axial (A) and sagittal (B) plane US images through the fetal chest demon-
strate hyperinflated lungs (black asterisks), a compressed heart (arrowheads), and fetal ascites (B, white asterisk). Arrow indicates the spine. 
Axial (C) and coronal (D) plane T2-weighted MR images demonstrate enlarged hyperintense lungs (black asterisks), distended airways 
(arrows), inverted diaphragms, and fetal ascites (white asterisks). E: Coronal MRI demonstrates precise level of obstruction at the level of 
the fetal larynx (arrow).
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trapping, and historically, the majority of cases presented with 
respiratory distress in the newborn or infant. This form of 
CLO, previously known as CLE, occurs most frequently in the 
left upper lobe followed by the right middle and right upper 
lobes with the lower lobes involved in less than 1% of cases.15 
A second subgroup of overinflation patients has emerged 
largely via prenatal diagnosis. This group is characterized by 
lobar, segmental, or subsegmental overinflation and a high 
association with bronchial atresia. This subgroup has a pre-
disposition to the lower lobes and lower symptomatology.16

Diagnosis: On prenatal US, CLO appears as a primarily homo-
geneous hyperechogenic mass compared with normal lung tis-
sue (Fig. 17.3-2A). A central dilated bronchus distal to an atretic 
bronchus helps to confirm the diagnosis of associated bronchial 
atresia/anomaly.15,16 In addition, mass effect with mediastinal 
shift may be identified. On color Doppler, CLO demonstrates 
blood supply from the pulmonary artery and drainage via the 
pulmonary vein.17

On MRI T2-weighted images, CLO typically appears as a 
homogeneous high-signal lung mass compared with normal 
lung tissue (see Fig. 17.3-2B,C). On MRI, it is often possible to 
identify the central dilated mucoid impacted bronchus distal to 
an atretic or abnormal bronchus (see Fig. 17.3-2D).

Differential Diagnosis: The microcystic form of CPAM is the 
primary differential diagnosis for CLO. Microcystic CPAM 
appears similar on US and MRI, and is often an incorrect default 
prenatal diagnosis when an echogenic mass is detected on US. 
Pacharn et al.18 reported high accuracy of prenatal MRI for the 
diagnosis of the specific type of bronchopulmonary malforma-
tion (BPM) with postnatal confirmation of the correct diagnosis 
on pathology or postnatal imaging in 96% of the cases utiliz-
ing a designated algorithm (Fig. 17.2-3). On MRI, CPAMs may 
have a more heterogeneous appearance associated with small 
cystic areas. Identification of a central dilated bronchus suggests 
bronchial atresia and favors the diagnosis of CLO. Bronchopul-
monary sequestrations (BPSs) may also appear similar to CLO 
on US and MRI; however, identification of a systemic arterial 
feeder in a sequestration should allow for accurate diagnosis.

Prognosis: Prenatal complications and postnatal sequelae of 
prenatally diagnosed CLO are rare. The majority of prenatally 
diagnosed CLO cases are asymptomatic at birth.16

Management: Prenatal management of CLO consists of serial 
USs to assess for the infrequent case associated with a large 
degree of mass effect, which is more likely to be associated with 
respiratory distress at birth. Fetal intervention is rarely indicated 

Fetal ascites is also frequently seen. MRI may compliment US by 
demonstrating the precise level of airway obstruction in prepa-
ration for the mandatory tracheostomy required as a lifesaving 
intervention during the delivery process (see Fig. 17.3-1E).

Differential Diagnosis: Congenital pulmonary airway mal-
formation (CPAM) is the primary differential diagnosis. In 
distinction to CHAOS, the majority of CPAMs are unilateral 
lesions; however, the rare case of bilateral-type 3 microcystic 
CPAM or the even rarer variant of type 0 CPAM composed 
of acinar dysplasia affecting all lobes may appear similar to 
CHAOS.7,8

Prognosis: CHAOS is usually a lethal anomaly with mortal-
ity in approximately 80% to 100% of cases.1 This is especially 
true when CHAOS is associated with Fraser syndrome. In the 
absence of additional congenital malformations, prognosis 
depends on lung size and presence of hydrops. In the absence 
of hydrops, some cases may be salvageable with proper perina-
tal management. Rarely, a spontaneous in utero fistula between 
the obstructed airway and esophagus may develop, improving 
survival postnatal.

Management: In most cases, the natural history of CHAOS 
includes a progressive enlargement of both lungs with second-
ary hydrops and a high association with perinatal demise. Ter-
mination of pregnancy is a reasonable option to be discussed 
with the parents. The perinatal outcome of CHAOS is 100% 
mortality without intervention to secure an airway. Fetuses 
with CHAOS may benefit from in-utero fetal therapy via a feto-
scopic tracheostomy to ameliorate the intrapulmonary hyper-
expansion, and to provide mediastinal decompression thereby 
improving venous return to the heart.9 The only viable perinatal 
management option to improve survival is delivery via the ex 
utero intrapartum treatment (EXIT) procedure.10,11 Even with 
tracheostomy and delivery via the EXIT procedure only a few 
survivors have been reported. 1,10,11

Recurrence: Isolated CHAOS is a sporadic event with no known 
recurrence risk.

Emphysema/Overinflation

Congenital Lobar Overinflation
Congenital lobar overinflation (CLO; aka congenital lobar 
emphysema) is an overinflation of a lung lobe, characterized 
on microscopic analysis by air space enlargement without mal-
development.12 Congenital lung overinflation is likely a better 
descriptor than congenital lobar overinflation as the abnormal-
ity often involves only a lung segment or subsegment. The des-
ignation of overinflation is preferred to that of emphysema since 
the lung is hyperinflated, with intact alveolar walls.

Incidence: Overinflation accounts for approximately 20% of all 
prenatally diagnosed fetal lung malformations (Table 17.3-1).13

Pathogenesis: Pathologically, CLO is composed of two sub-
groups. The first group is associated with an overinflated lung 
lobe caused by an intrinsic cartilage abnormality of the airway, 
absent bronchial cartilage, or extrinsic compression of the air-
way by an enlarged pulmonary artery or bronchogenic cyst.14 
The collapsed airway acts as a one-way valve resulting in air 

CPAM
Hybrid (CPAM and sequestration)
Overinflation/bronchial atresia
Sequestration

47%
25%
20%

8%

Adapted from Epelman M, Kreiger PA, Servaes S, et al. Current imaging of prena-
tally diagnosed congenital lung lesions. Semin Ultrasound CT MR. 2010;31:141–157.

Distribution of Pathologically 
Proven fetal Lung Lesions 
(108 Cases)

Table 17.3-1
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fIguRE 17.3-3: Algorithm for diagnosing lung lesions on fetal MRI. (Adapted from Pacharn P, Kline-Fath B, Calvo-Garcia M, et al. 
Congenital lung lesions: comparison between prenatal magnetic resonance imaging (MRI) and postnatal findings. In: Radiologi-
cal Society of North America 95th Scientific Assembly & Annual Meeting; November 29–December 4, 2009; Chicago, IL.)
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fIguRE 17.3-2: CLO in 22-week gestational age fetus. A: Sagittal plane US through the fetal chest 
demonstrates a homogeneous hyperechogenic mass in the right lower lobe (calipers). HRT, heart. B: 
Axial plane T2-weighted MRI demonstrates a homogeneous high-signal intensity mass (arrows) in 
the right lower lung (asterisk). C: CT in the same patient as a newborn demonstrates a hyperlucent 
segment in the right lower lobe (arrows) with otherwise normal architecture. D: Axial T2-weighted 
MRI in different fetus with confirmed right lower lobe congenital lung overinflation (white arrows) 
and bronchial atresia. Dilated mucoid impacted bronchus (red arrow). Asterisk indicates normal lung.
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Incidence: The incidence of esophageal atresia is approximately 
1:4,000 live births.19,20 More than 90% have an associated tra-
cheoesophageal fistula.21,22

Pathogenesis/Associated Anomalies: Esophageal atresia 
results when the tracheoesophageal septum of the foregut fails 
to complete division of the foregut into the ventral respira-
tory and dorsal digestive portions. Esophageal atresia can be 
subclassified into five major types (Fig. 17.3-4). Type A is the 
most common anatomic configuration, representing proximal 
esophageal atresia with a tracheoesophageal fistula to the dis-
tal esophageal segment. The other types of esophageal atresia 

for CLO. Accurate diagnosis of CLO is important since the 
incidence of fetal and postnatal complications are uncommon 
compared with CPAM, and the postnatal management of asymp-
tomatic CLO may be conservative without surgical intervention.

Recurrence: There is no known recurrence risk for isolated 
congenital lobar overinflation.

Esophageal Atresia/Tracheoesophageal Fistula
Esophageal atresia is characterized by interruption of the esoph-
agus, resulting in a blind-ending pouch. Often, there is an asso-
ciated fistula between the trachea and the esophagus.

fIguRE 17.3-4: Five subtypes of tracheoesophageal fistula and esophageal atresia. A: Esophageal atresia with distal tracheo-
esophageal fistula. B: Esophageal atresia with no tracheoesophageal fistula. C: H-type tracheoesophageal fistula with no esopha-
geal atresia. D: Esophageal atresia with both proximal and distal tracheoesophageal fistulas. E: Esophageal atresia with proximal 
tracheoesophageal fistula.
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be located in the cervical region or superior mediastinum. The 
sensitivity and accuracy for identifying the proximal esophageal 
pouch has not been carefully examined. Diagnosis of esophageal 
atresia with an absent stomach and polyhydramnios is rare prior 
to 22 weeks’ gestation. In fact, a normal appearing stomach and 
a normal amount of amniotic fluid may be seen earlier in gesta-
tion. Overall sensitivity for detecting esophageal atresia associ-
ated with tracheoesophageal fistula is low, cited at 30% prenatal 
detection rate.35,36 Limited detection may be explained by the fact 
that in the presence of esophageal atresia with tracheoesophageal 
fistula, the stomach may fill with fluid via the fistula. It is possible 
that in many cases of esophageal atresia, the tracheoesophageal 
fistula maintains flow into the stomach early in pregnancy, but 
that the fistula progressively narrows as pregnancy continues, 
resulting in a small or non visualized stomach.

Stringer et al.35 reported a predictive value for esophageal 
atresia ranging from 39% with identification of a small stomach 
and polyhydramnios to 56% for polyhydramnios in the absence 
of an identifiable fetal stomach. When esophageal atresia with-
out a tracheoesophageal fistula is associated with duodenal 
atresia, US will typically reveal significant polyhydramnios in 
association with a severely distended stomach because of the 
closed loop obstruction.27,37

MRI may demonstrate a proximal fluid-filled blind-ending 
esophageal pouch on T2-weighted sequences, which can be diffi-
cult to detect on US (see Fig. 17.3-5B,C). MRI may also rarely iden-
tify the tracheoesophageal fistula. Although MRI may increase 
the accuracy of diagnosis, the current MRI data are mainly from 
case reports with no large series yet available.32,36,38 MRI may also 
be useful to identify associated anomalies not definitively diag-
nosed on US, including anal atresia and vertebral anomalies.

Differential Diagnosis: Non visualization of the fetal stomach 
has been reported in approximately 0.07% to 0.4% of pregnan-
cies with abnormal outcome in 48% to 100% of the cases.39,40 
In addition to esophageal atresia, lack of visualization of the 
fluid-filled stomach may be seen in conditions associated with 
abnormal swallowing and passage of amniotic fluid into the 
esophagus and stomach, including severe fetal central nervous 

in decreasing order of frequency are: Type B: Esophageal atresia 
without tracheoesophageal fistula; Type C: Tracheoesophageal 
fistula with no esophageal atresia; Type D: Esophageal atresia 
with tracheoesophageal fistula to both the proximal and the dis-
tal esophageal segments; and Type E: Esophageal atresia with 
tracheoesophageal fistula to the proximal esophageal segment.

Other associated malformations are seen in up to 70% of 
fetuses with esophageal atresia with the incidence for the most 
frequent abnormalities as follows: cardiovascular (35%) (most 
commonly PDA and VSD), gastrointestinal (24%) (most com-
monly anal atresia and duodenal atresia), genitourinary (20%) 
(most commonly unilateral renal agenesis or renal dysplasia), 
skeletal (13%) (most commonly vertebral, rib, or radial ray), 
and neurologic (10%) (most commonly hydrocephalus).19,21–24 
Esophageal atresia may also occur in association with other 
gastrointestinal tract atresias.25,26 The association of esophageal 
atresia and duodenal atresia in the absence of a tracheoesopha-
geal fistula results in a closed loop bowel obstruction involving 
the distal esophagus, stomach, and duodenum.27 Approximately 
10% of cases of esophageal atresia are part of the VACTERL 
association (Vertebral anomalies, Anal atresia, Cardiac anom-
alies, Tracheoesophageal fistula, Renal anomalies, and Limb 
anomalies).28,29 Careful search for these associated anomalies 
should be performed on prenatal US and MRI when esophageal 
atresia is suspected.

Aneuploidy, most commonly trisomy 18 and 21, is relatively 
common in esophageal atresia ranging from 5% to 10% in dif-
ferent series.28,30 The risk of trisomy 21 is 30 times higher than 
expected in the general population.21,31,32

Diagnosis: Prenatal US detection of esophageal atresia is chal-
lenging; however, the constellation of a small or absent stomach, 
polyhydramnios, and a pouch sign is highly suggestive of esoph-
ageal atresia (Fig.  17.3-5A).33,34 The pouch sign represents the 
proximal fluid-containing esophageal blind pouch located in the 
neck or the superior mediastinum. The detection of the proxi-
mal esophageal pouch is not straightforward because it fills and 
empties periodically, likely related to fetal swallowing. Further-
more, depending on the nature of the anomaly, the pouch may 

fIguRE 17.3-5: Esophageal atresia with tracheoesophageal fistula in 30-week gestational age fetus. A: Axial 
sonogram through the upper abdomen demonstrates a very small fetal stomach (white arrowhead) and polyhy-
dramnios (asterisk). The spine is indicated by black arrowhead. T2-weighted MRI axial scan through the neck (B) and 
coronal view of the chest (C) demonstrate the proximal esophageal pouch (arrowheads), posterior to the trachea 
(arrow in B), and polyhydramnios (asterisks). The arrow in C indicates the small stomach.
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has been implicated in the development of CPAMs.50,51 Airway 
obstruction in the developing fetus has also been cited as the eti-
ology of most BPMs, with the type of malformation depending 
on the severity and timing of airway obstruction during lung 
development.12,53,54 Supporting this conclusion is the associated 
pathologic diagnosis of bronchial atresia in 70% of CPAMs.53

CPAMs represent a benign hamartomatous or dysplastic 
tumor, which are composed of a mass of abnormal solid or cys-
tic pulmonary tissue in which there is proliferation of bronchial 
structures at the expense of alveolar development. These lesions 
are thought to result from abnormal endodermal and mesoder-
mal differentiation between the 5th to 7th week of gestation.

These lesions typically involve one pulmonary lobe and usu-
ally communicate with the tracheobronchial tree, although the 
communication is abnormal. CPAMs receive blood supply from 
the pulmonary artery and drain via the pulmonary veins with 
the exception of hybrid lesions (CPAM and sequestration), 
which also have a systemic arterial blood supply. CPAMs may 
be predominately cystic, solid, or mixed pathologically.

Stocker et al.49 has pathologically classified CPAMs into 
three types according to cyst size and histologic resemblance 
to the segments of the developing bronchial tree and airspaces 
(Fig. 17.3-6). Type 1 macrocystic CPAM lesions are character-
ized by single or multiple cysts greater than 2 cm in diameter 
lined by ciliated pseudo stratified columnar epithelium.55 These 
account for approximately half of all CPAM lesions in postnatal 
series.55 Type 2 lesions are characterized by macroscopic cysts 
ranging from 0.5 to 2.0 cm in diameter and lined with mixed 
ciliary, columnar, and cuboidal epithelium.55 Type 3 lesions are 
predominately solid with microcystic components and are his-
tologically composed of alveolus-like structures lined by ciliated 
cuboidal epithelium.55 Type 3 CPAM comprises approximately 
10% of all CPAMs. Type 1 lesions represent an anomaly of the 
more proximal bronchial tree affecting primarily the bronchi-
oles, whereas type 3 lesions affect the more distal portion of the 
bronchial tree at the level of the alveoli.56 Recently, two addi-
tional subtypes of CPAM have been added to the classification 
(types 0 and 4).55 Type 0 is characterized by acinar dysplasia or 
agenesis and is very rare, involving all of the lung lobes, and 
is incompatible with postnatal survival.55 Type 4 lesions, which 
cannot be differentiated from Type 1 and 2 lesions by imaging, 

system disorders, neck masses (particularly anterior neck tera-
tomas or fetal goiter), anatomic disorders of swallowing (such as 
severe cleft palate), diaphragmatic hernia with an intrathoracic 
stomach, and any cause of oligohydramnios, which limits the 
available fluid for swallowing.

A small stomach may also be seen with congenital microgas-
tria, which is an extremely rare anomaly believed to result from 
impairment of normal foregut development. On sonography, 
these cases demonstrate a very small stomach on serial scans. 
Of note, in congenital microgastria, the amniotic fluid may be 
normal, whereas in esophageal atresia, polyhydramnios is usu-
ally present late in gestation.41–43

Prognosis: The outcome of fetuses and infants with esophageal 
atresia has been reported as unfavorable with perinatal mortal-
ity of 21%, primarily as a result of associated congenital malfor-
mations and prematurity.19,44–46

Morbidity in survivors depends mostly on the timing of diag-
nosis and the presence of associated anomalies. Postoperative 
mortality in infants surviving to undergo primary surgery has 
been reported at 9%.19 The prognosis for esophageal atresia 
without associated anomalies or genetic disorder is good. 

Management: All patients suspected to have esophageal atresia 
should undergo genetic counseling and referred for karyotype 
evaluation given the increased risk for trisomies 18 and 21. In 
addition, all patients should undergo a fetal cardiac echo to 
assess for associated cardiac anomalies. Esophageal atresia is 
usually well managed after birth with surgical correction, and 
therefore fetal intervention is not indicated.44

Recurrence: Esophageal atresia can occur as an isolated find-
ing, as part of a genetic syndrome, or as part of a non isolated 
(but not syndromic) set of findings. Most individuals with 
esophageal atresia are the only affected member of the family, 
and when esophageal atresia is the only abnormality without a 
clear etiology, the recurrence risk for siblings is approximately 
1%.47 When esophageal atresia is associated with an inherited 
chromosomal abnormality or specific syndrome, genetic coun-
seling for recurrence risk is indicated.47

LuNg LESIONS

Congenital Pulmonary Airway Malformation (aka 
Congenital Cystic Adenomatoid Malformation)
Congenital pulmonary airway malformations are part of the 
bronchopulmonary malformation (BPM) spectrum, which 
include BPS, hybrid lesions (CPAM and sequestration), and 
CLO/bronchial atresia.

Incidence: CPAMs are the most common lung anomaly diag-
nosed in the fetus, accounting for approximately half of all 
lesions (see Table 17.3-1).13 The estimated incidence for prena-
tal diagnosis is 1:4,000 to 1:6,000 pregnancies.48,49

Pathogenesis: The definite etiology is unknown but several 
mechanisms have been referenced. A gene interaction (Hox 
B-5; FGF-7; PDGFB Gene) has been a suggested cause of 
CPAMs.50,51 Homeobox genes control axial identity and organ-
specific patterning during embryogenesis.52 Abnormal Hox 
B-5 expression during human lung branching morphogenesis 

fIguRE 17.3-6: The three original types of congenital pulmonary air-
way malformation of the fetus as described by Stocker et al.49 A: Type I 
lesions have large cysts of variable sizes. B: Type II lesions have smaller 
cysts. C: Type III lesions are microcystic and appear solid on US owing to 
reflections from numerous microscopically dilated bronchioles. (Redrawn 
from Stocker JT, Madewell JE, Drake RM. Congenital cystic adenomatoid 
malformation of the lung: classification and morphologic spectrum. Hum 
Pathol. 1977;8:155–171. Copyright 1977 Elsevier.)
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are characterized by large peripheral cysts of the distal acinus 
lined predominately by alveolar-type cells. With this new clas-
sification, Stocker55 proposed that the prior designation of con-
genital cystic adenomatoid malformation (CCAM) be changed 
to CPAM as the lesions are cystic in only three of the five patho-
logical classifications and adenomatoid in one type.

Diagnosis: On prenatal US, most CPAMs are detected as an 
incidental finding. CPAMs may appear as a predominately 
macrocystic mass, microcystic hyperechogenic solid mass, or 
a complex mass with both cystic and echogenic components 
(Fig.  17.3-7). Solid masses are typically hyperechogenic com-
pared with normal fetal lung in the second trimester, and often 
become isoechoic with the normal fetal lung and invisible on 
sonography in the third trimester (Fig. 17.3-8). The decreasing 
conspicuity relates to both the increasing echogenicity of the 
normal fetal lungs as pregnancy progresses and the propen-
sity of solid masses to decrease in size as pregnancy progresses. 
When solid masses are isoechoic to normal lung, the sono-
graphic diagnosis is more challenging and relies on mass effect, 
including mediastinal shift, altered cardiac position or axis, or 
an inverted diaphragm to confirm the diagnosis (Fig.  17.3-9A). 
Color Doppler US is useful in demonstrating pulmonary artery 
blood supply to the mass and drainage via the pulmonary 
vein (see Fig. 17.3-9B). Identification of an associated system-
atic arterial blood supply confirms the diagnosis of a hybrid 

BPM composed of both CPAM and sequestration components 
(Fig. 17.3-10). Adzick57 suggested a sonographic characteriza-
tion based on a predominately macrocystic or microcystic 
appearance of CPAMs as a more clinically useful classification. 
The macrocystic lesions are composed of single or multiple cysts 
larger than 5 mm in diameter on US, and microcystic lesions 
appear as a solid hyperechogenic mass because of the numerous 
acoustic interfaces created by small cysts measuring less than 
5 mm in diameter (Fig. 17.3-11).57 The presence or absence of 
macroscopic cysts may be important as these can predispose 
to rapid growth and complications, and are also important in 
determining therapy for cases complicated by fetal hydrops. 
CPAMs are usually unilateral and unilobar with a slight pre-
disposition to the lower lobes. Approximately 40% of CPAMs 
increase in size during pregnancy, with the most rapid growth 
occurring between 20 and 26 weeks’ gestational age, after which 
growth peaks and plateaus.58,59

MRI may also be useful in the diagnosis and characteriza-
tion of CPAMs. MRI is reported to provide alternative or addi-
tional diagnoses compared with US in 38% to 50% of fetuses 
with chest anomalies.38,60 In the second trimester, CPAMs usu-
ally appear as a hyperintense mass compared with normal lung 
tissue on T2-weighted MRI sequences (Fig. 17.3-12A). CPAMs 
may appear high signal, isosignal, or lower signal compared with 
lung tissue in the third trimester of pregnancy. The identification 
of a high-signal mass alone on MRI is not specific for the type 
of bronchopulmonary malformation; however, identification of 
a macrocystic component and/or distortion of the vascular archi-
tecture is highly suggestive for CPAM (see  Fig.  17.3-12B).38,61 
MRI may be useful during the third trimester of pregnancy in 
evaluating for pulmonary hypoplasia via lung volume measure-
ments and confirming the presence and size of a CPAM when 
solid masses may not be visualized on US. In our experience, the 
latter is helpful in planning delivery location (see Fig. 17.3-8B). 
When the mass is ascertained to be small on MRI, patients can 
safely deliver in their local community and undergo elective eval-
uation of the mass after birth.

Differential Diagnosis: Differential diagnosis for a solid 
microcystic CPAM includes hybrid BPMs (CPAM and BPS), 
congenital lobar or segmental overinflation, and congenital dia-
phragmatic hernia. Solid hybrid lesions may be differentiated 
by identification of both pulmonary artery and systemic arterial 
blood supply to the mass on US or MRI. Lobar or segmental over-
inflation may appear similar to a CPAM on prenatal imaging. 

fIguRE 17.3-8: Disappearing 
fetal lung mass in the third tri-
mester. A: Coronal plane sono-
gram through the fetal chest 
shows no evidence of a fetal 
lung mass. Normal lungs are 
indicated by asterisks and the 
aorta by arrowheads. B: Axial 
plane fetal MRI confirms a small 
high-signal bronchopulmonary 
malformation (arrow). The arrow-
head indicates the spine.

fIguRE 17.3-7: Complex cystic lung malformation detected as inciden-
tal finding on US at 22 weeks’ gestational age. Axial sonogram through the 
fetal chest shows a complex mass composed of macrocystic (calipers) and 
solid (white arrows) components. Fetal spine is indicated by black arrow.
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fIguRE 17.3-9: Isoechoic lung mass. A: Axial sonogram through the fetal chest demonstrates 
dextroposition of the heart (open arrowheads) secondary to an isoechoic lung mass (arrows). The 
spine is indicated by closed arrowhead. B: Axial plane Doppler sonogram demonstrates pulmonary 
artery blood supply to the mass (arrow) and drainage via the pulmonary vein (arrowhead). Postna-
tal surgical resection confirmed congenital pulmonary airway malformation.

fIguRE 17.3-10: Hybrid bronchopulmonary 
malformation at 22 weeks gestational age. Coronal 
(A) and axial (B) plane sonograms through the fetal 
chest demonstrates a systemic artery (arrowhead) 
arising from the lower thoracic aorta and the pulmo-
nary artery (spectral tracing) supplying the hybrid 
bronchopulmonary malformation (asterisks). Spectral 
tracing demonstrates both pulmonary arterial supply 
and pulmonary venous drainage. 

Pulmonary hypoplasia or agenesis may also present with ipsi-
lateral mediastinal shift, thereby mimicking an isoechoic mass 
such as a CPAM on US.62 MRI can confirm the correct diag-
nosis by excluding an underlying lung mass as the cause of the 
mediastinal shift, thereby confirming the presence of a hypo-
plastic right lung.

An intrapulmonary bronchogenic cyst is the main differen-
tial diagnosis for a macrocystic CPAM. Bronchogenic cysts are 
usually unilocular cystic lesions, which can occur in the pul-
monary parenchyma and are unassociated with a solid compo-
nent. Lymphatic malformations may also mimic a macrocystic 

Identification of a dilated central bronchus with mucoid impac-
tion suggests CLO. Congenital diaphragmatic hernia (CDH) 
can usually be differentiated from CPAM by identification of 
the fetal stomach in the thorax and observation of peristalsis of 
herniated intestinal loops in the chest. A right-sided CDH asso-
ciated with liver herniation may appear similar to a microcystic 
CPAM presenting as a solid intrathoracic mass. In contrast to 
CPAMs, the herniated liver does not appear as hyperechogenic 
on US. Color Doppler US should correctly diagnose the herni-
ated liver by identifying the intrahepatic portal veins and the 
inferior vena cava within the mass.
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to the heart. Large masses may also be associated with isolated 
polyhydramnios secondary to compression of the esophagus 
obstructing normal passage of amniotic fluid into the gastro-
intestinal tract. In a prospective series,  Crombleholme et al.58 
reported that sonographic measurement of the cystic adeno-
matoid malformation volume ratio (CVR) predicted the risk 
of hydrops in fetuses with CPAM (aka CCAM). CVR is the 
measured CPAM volume divided by the head circumference 
(Fig.  17.3-13). The CPAM volume is a calculated measure-
ment utilizing the formula for a prolate ellipse (mass length × 
height × width × 0.52). In Crombleholme series, a CVR greater 
than 1.6 predicted an increased risk of hydrops fetalis occurring 
in 75% of cases.58 A CVR less than or equal to 1.6 in the absence 
of a dominant cyst was associated with a less than 3% risk of 
hydrops fetalis. Crombleholme et al. noted that in addition to 
the absolute size of the mass, the rate of lesion growth, particu-
larly when associated with a macroscopic cyst, is a risk factor for 
developing hydrops fetalis.

Management: The vast majority of CPAMs are managed con-
servatively with sonographic surveillance every 1 to 2 weeks to 
assess for the complication of hydrops fetalis. After 30 weeks’ 
gestational age, the risk of developing hydrops fetalis is unlikely, 
and the frequency of surveillance can be decreased. Recent 
literature has suggested that maternal administration of beta-
methasone for fetuses with large CVRs may have a benefi-
cial effect on microcystic CPAMs in preventing or reversing 
hydrops fetalis.72–74 The exact mechanism is unknown, but it is 
postulated that steroids may accelerate lung maturation or mass 
involution. Reports from three centers have shown resolution 
of hydrops fetalis in approximately 80% of CPAMs treated with 
maternal steroids (Table 17.3-2).74 In addition, Curran et al.74 
reported survival to discharge ranging from 75% to 100% for 
large microcystic CPAMs managed with maternal betametha-
sone. Macrocystic CPAMs do not seem to respond as well to 
treatment with betamethasone.72 Loh et al. reported a series 
comparing steroid treatment to surgical treatment for CPAMs 
associated with fetal hydrops in the second trimester. Improved 
survival, particularly for microcystic CPAMs, was noted in the 
steroid treated group compared with the open surgery group 
(Table 17.3-3).75 The current consensus in many centers is to 
administer maternal steroids as the first line of treatment prior 
to surgical intervention in fetuses at high risk for fetal hydrops. 
In fetuses with large CPAMs complicated by hydrops fetalis, 
who are unresponsive to maternal steroid administration, a 
spectrum of interventional procedures, including cyst aspi-
ration, placement of a thoracoamniotic shunt, percutaneous 
laser ablation, or surgical resection, may be considered prior to  

CPAM, but these lesions almost always originate in an extra-
thoracic location with secondary invasion into the thorax. The 
other differential is the rare case of cystic pleuropulmonary 
blastoma, which is difficult to differentiate from CPAM on 
imaging.

Associated Anomalies: Isolated CPAMs are not associated 
with increased risk for chromosomal abnormalities63,64; how-
ever, prenatal series have reported associated anomalies in 8% 
to 12% of CPAMs. Associated anomalies include renal abnor-
malities, CDH, tracheoesophageal fistula, and congenital heart 
defects.63,65,66 Genetic counseling for fetal karyotyping should 
be offered when associated anomalies are identified.67,68

Prognosis: Imaging plays a key role in predicting the clinical 
outcome for a fetus diagnosed with a CPAM. Prognosis depends 
on the size of the mass and the presence or absence of hydrops 
fetalis. Small isolated fetal lung malformations with no mass 
effect have excellent outcomes and usually are asymptomatic at 
birth. A subset of fetuses with large CPAMs have mass effect 
resulting in mediastinal shift and can develop life-threatening 
complications including hydrops fetalis or, less-commonly, 
severe pulmonary hypoplasia. Earlier literature reported that 
30% to 50% of fetuses with CPAMs developed hydrops fetalis 
with an associated mortality approaching 100% without inter-
vention.69 More recent literature suggests that hydrops is less 
frequent and occurs in 9% to 21% of cases.70,71 The pathophysi-
ology for hydrops fetalis is felt to be secondary to compression 
of the heart and inferior vena cava, obstructing venous return 

fIguRE 17.3-11: Microcystic CPAM at 22 weeks’ gestational age. Axial 
sonogram through the fetal chest demonstrates a hyperechogenic mass 
(calipers) representing a microcystic CPAM. Spine (arrowhead).

fIguRE 17.3-12: MRI appearance of CPAM 
A: Axial T2-weighted MR image of fetus at a 
gestational age of 22 weeks demonstrates a 
high-signal intensity CPAM (arrows) with small 
peripheral cysts (arrowheads) in the right lower 
lobe. Normal lung is indicated by asterisk. B: Axial 
T2 MRI of fetus at 21 weeks with confirmed CPAM 
showing complex lesion of mixed signal contain-
ing multiple cysts (arrows). LL, normal left lung.
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fIguRE 17.3-13: CPAM Volume Ratio (CVR): Large CPAM of mixed increased echogenicity and cystic components compli-
cated by early hydrops in a 24-week gestational age pregnancy. CPAM volume ratio (CVR) = 2.6. CVR is calculated as the CPAM 
volume divided by head circumference. CVR = L × H × W × 0.52/head circumference. Axial (A) and sagittal (B) sonograms 
demonstrate measurement of the CPAM volume (calipers). Displaced heart is indicated by arrowheads and ascites by asterisk.

32 weeks gestational age.76–79 Open surgery with mass resection 
has been reported to be approximately 50% successful in man-
aging CPAMs; however, it is controversial because of maternal 
complications related to the procedure, which include increased 
risk for premature rupture of the membranes, preterm delivery, 
and fetal demise.80 Percutaneous laser ablation of microcystic 
lesions may be an alternative treatment to surgical resection 
for microcystic lesions, but additional studies are necessary to 
consider this as a valid therapeutic option.81 Fetal percutane-
ous sclerotherapy has also been reported as a minimally inva-
sive and effective palliative strategy to ameliorate hydrops fetalis 

Steroid Rx Surgical Rx

Mean GA age 23 wk 24 wk

CVR 2.68 ± 0.29 2.95 ± 0.31

Survival to delivery 12/13 (92%) 9/11 (82%)

Survival to discharge 10/12 (83%)  5/9 (56%)

Adapted from Loh KC, Jelin E, Hirose S, et al. Microcystic congenital pulmonary 
airway malformation with hydrops fetalis: steroids vs open fetal resection. J Pediatr 
Surg. 2012;47:36–39.

Steroid Rx vs. fetal Surgery 
in 24 fetuses with CPAM 
and fetal Hydrops

Table 17.3-3

associated with predominately solid types of CPAMs, and may 
represent an alternative to surgical resection.82

Recurrence: There is no known recurrence risk for isolated 
CPAM.

Bronchopulmonary Sequestration
BPSs represent a cystic developmental lung malformation com-
posed of non functioning pulmonary tissue, which lack com-
munication to the tracheobronchial tree and are supplied by a 
systemic artery.

Incidence: BPS is the second most common cause of a congeni-
tal lung mass occurring in approximately 1.1% to 1.8% of all 
pulmonary resections.83 In the fetus, BPS occurs primarily as an 
isolated lesion, but can have associated anomalies in approxi-
mately 8% of cases and is associated with a CPAM in 25% of 
cases (see Table 17.3-1).13

Pathogenesis/Associated Anomalies: BPS is thought to origi-
nate from a supernumerary caudally positioned lung bud and 
has a preferential location for the left lower thorax in 65% to 
90% of cases.83,84 BPSs are characterized as intralobar sequestra-
tion (ILS) or extralobar sequestration (ELS).85 ELS is completely 
separated from the adjacent normal lung tissue and invested in 
its own pleural covering. Late development of the lung bud after 
formation of the pleura leads to formation of a separate pleural 

Patients CVR Hydrops Hydrops Resolved Survival

UCSF 13 2.7 9 (69%) 7 (78%) 11 (85%)

CHOP 10 2.2 5 (50%) 4 (80%) 10 (100%)

Cincinnati 8 2.5 6 (75%) 5 (83%) 6 (75%)

Total 31 2.5 20/31(65%) 16/20(80%) 27/31(87%)

Adapted from Curran PF, Jelin EB, Rand L, et al. Prenatal steroids for microcystic congenital cystic adenomatoid malformations.  
J Pediatr Surg. 2010;45:145–150.

Prenatal Steroids for Microcystic CPAM (Data from Three 
Centers)

Table 17.3-2
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Doppler US in the majority of cases; thereby confirming the 
diagnosis.92 On rare occasions, ELS may be complicated by a 
large ipsilateral hydrothorax, which is thought to occur second-
ary to torsion of the sequestration, resulting in obstruction of 
the efferent venous and lymphatic drainage.93 ELS may be asso-
ciated with other congenital anomalies, including CDH, cardiac 
abnormalities, or foregut duplications.94

On MRI, BPSs usually appear as a high-signal mass com-
pared with normal fetal lung on T2-fluid sensitive sequences 
(see Fig. 17.3-14C). The lesions are typically homogeneous high 
signal intensity and only slightly less intense than that of amni-
otic fluid. The presence of an associated cyst suggests a hybrid 
lesion with a CPAM component. Systematic feeding vessels may 
be identified, usually arising from the lower thoracic or upper 
abdominal aorta.

Differential Diagnosis: Differential diagnosis for an intratho-
racic BPS includes other causes of a solid  intrathoracic mass—
congenital pulmonary airway malformation, congenital lobar 
or segmental overinflation, and CDH. The identification of a 
systematic arterial feeder to the BPS should allow for a specific 
diagnosis. Differential diagnosis for a subdiaphragmatic supra-
renal BPS includes adrenal neuroblastoma and adrenal hemor-
rhage, and again a systemic feeder to a hyperechogenic mass in 
a subdiaphragmatic location should allow for accurate diagnosis 
of BPS. On MRI, congenital neuroblastoma can appear as a pre-
dominately cystic or solid mass in a fetus. Solid neuroblasto-
mas tend to be heterogeneous with intermediate signal intensity 
on T2-weighted sequences in contrast to BPS, which are usu-
ally high signal intensity lesions on fluid-sensitive T2-weighted 
MRI sequences. Adrenal hemorrhage is usually diagnosed in 

covering surrounding the ELS. ILS shares common pleura with 
the normal lung tissue. On occasion, ELS and ILS forms of BPS 
can coexist.86 ELS accounts for the majority of BPS diagnosed 
prenatally and approximately 25% to 50% of cases of BPS diag-
nosed postnatally.85 Bronchial atresia affecting the lobar, seg-
mental, or subsegmental bronchi has been reported in 100% of 
ELS and 82% of ILS cases.53 Approximately 10% to 15% of ELS 
are found within or below the  diaphragm.84,87 All BPSs receive 
blood supply from an anomalous systemic feeding artery usu-
ally arising from the lower thoracic aorta, upper abdominal 
aorta, or the celiac artery. Multiple systematic artery feeders 
may be identified on imaging and at pathology. Venous drain-
age is via the pulmonary veins in ILS.88 The venous drainage 
of ELS is usually systemic through the azygous vein, hemi azy-
gous vein, or the superior vena cava.83,89 ELS may be associated 
with other fetal anomalies, most commonly CDH and foregut 
abnormalities.84,90

Diagnosis: On US, BPS appears as a homogeneous hyperecho-
genic mass compared with the normal lung in the vast majority 
of cases (Fig. 17.3-14).85 Less commonly, there may be a cystic 
component, with a high percentage attributed to hybrid lesions. 
Large masses may result in mass effect with mediastinal shift 
or compression of the diaphragm. BPS are usually detected 
in the second trimester as an incidental finding and are most 
commonly localized in the left lower hemithorax or below the 
diaphragm in approximately 10% of cases.84,87 Hybrid lesions 
composed of both CPAM and ELS components are described 
in approximately 50% of cases (see Fig. 17.3-10).91,92 A system-
atic feeding artery or multiple arteries arising from the lower 
thoracic or abdominal upper aorta can be identified on color 

fIguRE 17.3-14: Bronchopulmonary sequestration 
at 22 weeks gestational age. A: Axial sonogram through 
the fetal chest shows a homogeneous hyperechoic left-
sided solid chest mass (asterisks) displacing the heart 
(arrowheads) to the right. Fetal spine is indicated by 
arrow. B: Coronal color Doppler through the fetal chest 
and abdomen shows a systemic arterial feeder (arrow) 
arising from the lower thoracic aorta (arrowheads) sup-
plying the fetal chest mass (asterisk). C: Axial plane 
T2-weighted MRI scan demonstrates a homogeneous 
high-signal mass (black asterisk) compared with normal 
lung (white asterisk); systemic arterial feeder (arrow-
head) is seen arising from the lower thoracic aorta.
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epithelial and mesenchymal components.95 Mesenchymal cells 
susceptible to malignant transformation reside within cyst walls 
and may evolve into sarcomas. Priest et al.97 subclassified PPB 
as type 1 (purely cystic), type 2 (cystic and solid), or type 3 
(purely solid) lesions. The type 1 (predominately cystic) lesion 
represents the early form of the disease and is the type most 
commonly reported in the fetus or young infant.97,98 The cystic 
nature of the mass renders it difficult to distinguish from CPAM 
as it is pathologically deceptive because of its resemblance to 
developmental lung cysts.99 PPB may be unilateral or bilateral.

Diagnosis: On imaging with prenatal US or MRI, PPB appears 
as a primarily cystic or a complex mass with cystic and solid 
components, which are usually indistinguishable from the 
findings in congenital pulmonary airway malformation 
(Fig.   17.3-15). Findings which may help differentiate a PPB 
from a CPAM include a positive family history, multifocal dis-
ease, associated pleural effusion, or continued growth late in 
gestation past the typical plateau of CPAM growth.95,100

Differential Diagnosis: Congenital pulmonary airway malfor-
mation is the primary differential diagnosis and may appear 
identical to PPB on prenatal imaging. A positive family history, 
continued interval growth beyond 28 weeks, and the presence of 
pleural effusion should raise consideration for a PPB.

Prognosis: Complete surgical resection of PPB may be curative, 
particularly for type 1 (cystic) disease. Type 2 and 3 diseases are 
often progressive and carry a much worse prognosis.

Management: PPB is a very rare lesion in the fetus, and most 
are presumed to represent a CPAM and, therefore, undergo US 
surveillance to assess for the complication of hydrops fetalis. In 
the majority of cases, the diagnosis is not confirmed until after 
birth, when the lesion is surgically resected. No fetal interven-
tion has been reported in PPB. PPB survival statistics suggest 
that it is vital to diagnose and treat children at an early age, at 
which time the lesion is more curable.99

Recurrence: The recurrence risk for PPB is increased in patients 
with a familial predisposition associated with the DICER1 gene 
mutation.96

the subacute phase and appear as intermediate to high signal on 
both T2- and T1-weighted sequences.

Prognosis: Approximately 68% of BPS lesions regress dramatically 
before birth, and most are generally associated with an outstand-
ing prognosis.57 Hydrops fetalis is a rare complication of BPS and 
much less frequent than in CPAM. ELS may be complicated by a 
large ipsilateral pleural effusion secondary to torsion, which has 
a very high mortality in the absence of interventional treatment.

Management: Prenatal management consists of surveillance via 
US. No intervention is required in the vast majority of cases. 
Early delivery may be contemplated after 32 weeks gestation in 
the rare case complicated by hydrops fetalis. Thoracoamniotic 
shunt may be considered for treatment of the infrequent case 
complicated by a large ipsilateral pleural effusion as the associ-
ated mortality is very high in the absence of intervention.76,78 
Open fetal surgical resection is considered controversial because 
of the maternal risks associated with surgery.

Recurrence: There is no known recurrence risk for isolated BPS.

MASSES

Pleuropulmonary Blastoma
Pleuropulmonary blastoma (PPB) is also known as pulmonary 
sarcoma and pulmonary rhabdomyosarcoma.

Incidence: PPB is a rare tumor but represents the most com-
mon cause of a primary lung malignancy in childhood.95 The 
incidence of PPB in the fetus is unknown.

Pathogenesis: Although rare, PPB occurs predictably in certain 
clinical and familial circumstances. Approximately 20% of children 
with PPB have a family history of pediatric neoplasia, most com-
monly cystic nephroma of the kidney and rhabdomyosarcoma.96 
PPB families may harbor heterozygous germline mutations in the 
DICER 1 gene, which have been shown to predispose to PPB.96 

PPB is a dysembryonic malignancy, which is believed to arise 
from pleuropulmonary germ cells and is composed of both 

fIguRE 17.3-15: Cystic pleuropulmonary blastoma. A: Sagittal plane sonogram through the fetal chest demonstrates complex cystic and solid lung 
mass (arrowheads). B: Axial T2-weighted MRI demonstrates high-signal mass (arrowheads) within the left chest displacing the heart (arrows) to the right. 
C: Axial CT scan after birth demonstrates a solid and air-containing cystic mass (arrows), confirmed on surgical pathology to represent a cystic pleuropul-
monary blastoma. Images courtsey of Beth Kline-Fath, MD.
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diagnosis for an apparently absent thymus gland includes ecto-
pic thymus. Early in development, the thymus may fail to nor-
mally descend from the neck into the mediastinum as part of 
normal embryogenesis, in which case the thymus gland can be 
partially or completely ectopic in the cervical region. The lat-
ter is important to recognize as a potential explanation for non 
visualization of the thymus gland in its expected normal loca-
tion in the superior mediastinum.107

Associated Anomalies: Prenatal diagnosis of a thymic mass 
is a rare occurrence. There have been case reports of prena-
tally diagnosed thymic cysts. Absence of the thymus gland is 
indicative of thymic aplasia, and a small gland is associated with 
thymic hypoplasia (Fig.  17.3-17). These findings are of high 
concern because of the association in various diseases, including 
DiGeorge syndrome, Ellis–Van Creveld syndrome, and severe 
combined immunodeficiency.108–110 Other associations with an 
underdeveloped or absent thymus include human immunode-
ficiency virus, infection, intrauterine growth restriction, acute 
illnesses, and chorioamnioitis.111–113 Others have reported that 
an absent or hypoplastic thymus on US is a marker for dele-
tion 22q11.1 associated with fetal cardiac defects.114,115 Focused 
imaging of the thymus gland on US or MRI may be indicated in 
fetuses at risk for a hypoplastic or absent thymus gland.104

Bronchogenic Cyst
A bronchogenic cyst is a cystic duplication of the tracheobron-
chial tree.

Incidence: Bronchogenic cysts are relatively rare but repre-
sent the most common cystic lesion of the mediastinum and 
account for approximately 20% of surgically resected cystic lung 
lesions.116 Prevalence may be underestimated because of cases 
not coming to clinical recognition.85

Pathogenesis: Bronchogenic cysts result from abnormal bud-
ding of the ventral diverticulum of the foregut, which leads to 
a focal cystic duplication of the tracheobronchial tree.85 The 
cyst walls are lined with ciliated columnar epithelium and often 
contain fibrous tissue and small amounts of cartilage. Cyst con-
tents may vary from a thin watery fluid collection to thicker 
mucoid material.85 The majority of bronchogenic cysts (approx-
imately 85%) are located in the mediastinum most commonly 
adjacent to the distal trachea or proximal main stem bronchi.  

MEDIASTINuM

Thymus
The thymus is a normal lymphoid organ, which is important 
for immune function during both intrauterine and extrauterine 
life.101,102

Embryology: The thymus is derived embryologically from the 
third pharyngeal pouch and the third pharyngeal cleft, which 
gives rise respectively to the endodermal (cortical) and ecto-
dermal (medullary) components of the thymus. The pouch is 
anterior to the aorta in the anterior mediastinum.

Diagnosis: On prenatal US, the normal thymus gland can be 
identified in the majority of fetuses in the second and third tri-
mesters. The thymus gland appears as a bilobed structure in the 
anterior superior mediastinum ventral to the pericardium and 
great vessels of the heart. The thymus echogenicity is similar 
or slightly more echogenic than the fetal lungs early in the sec-
ond trimester and less echogenic than normal fetal lung tissue 
in the later part of pregnancy (Fig. 17.3-16A).103 Occasionally, 
non-shadowing linear or punctate echogenic foci may be seen 
in the thymus gland, likely corresponding to normal connective 
tissue septa and blood vessels. Nomograms for normal fetal thy-
mic size have been reported with no substantial size difference 
between male and female fetuses.103–106

On MRI, the thymus gland should be identified in all normal 
fetuses in the second and third trimesters with the gland appear-
ing bilobed and intermediate signal intensity on T2-weighted 
sequences (see Fig.  17.3-16B). The thymus gland is higher in 
signal than adjacent muscle in the chest wall but of lesser signal 
intensity than that of adjacent lung tissue in the late second and 
third trimesters. The two lobes of the thymus gland may sub-
stantially differ in size. The normal thymus gland is very pliable, 
and even when appearing large on US or MRI, does not exhibit 
compression or displacement of adjacent mediastinal structures.

Differential Diagnosis: Solid masses in the thymus gland are 
extremely rare, and the primary consideration for a solid mass 
in the anterior/superior mediastinum is a teratoma. Teratomas 
are usually complex masses with cystic and solid components. 
Ectopic thyroid or fetal goiter may also mimic a thymic region 
mass. MRI should accurately characterize the tissue as thyroid 
gland by identifying the typical bilobed appearance and homo-
geneous bright signal on T1-weighted sequences. Differential 

fIguRE 17.3-16: Normal thymus gland in third tri-
mester fetus. A: Axial sonogram through the chest 
demonstrates a normal thymus gland (arrows), 
which is hypoechoic relative to the normal lung 
(asterisks). Arrowheads indicate the heart. B: Coronal 
T2-weighted MRI through the fetal chest demon-
strates the thymus gland as an intermediate signal 
bilobed structure (arrows). Note normal asymmetry 
of lobes. Heart is indicated by arrowheads.
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fIguRE 17.3-17: Coronal T2-weighted MR image through the fetal 
chest demonstrates absence of the thymus gland in the superior medias-
tinum (arrow) in a fetus with De George syndrome. (Courtesy of Guillome 
Gourincour, MD, Marseille, France.)

fIguRE 17.3-18: Intrapulmonary bronchogenic cyst in 25-week gestational age fetus. A: Axial plane sonogram through the fetal chest demonstrates 
an intrapulmonary unilocular hypoechoic lesion with through transmission (black arrows). The heart is indicated by arrowheads, and the spine by white 
arrow. Coronal (B) and axial (C) plane T2-weighted MR images demonstrate a left-sided high-signal mass (arrow) confirmed to be a bronchogenic cyst. 
High signal intensity lung (arrowheads) surrounding the cyst corresponded to fluid trapped in the lung distal to the bronchogenic cyst. Normal lungs 
are indicated by asterisks.

On MRI, a bronchogenic cyst appears as a high signal inten-
sity fluid containing structure on T2-weighted sequences 
(Figs. 17.3-18B and 17.3-19).119,120 MRI may complement US by 
ascertaining the precise location of the cyst and assessing for 
any associated lung parenchyma abnormalities.

Differential Diagnosis: The differential diagnosis for a medi-
astinal bronchogenic cyst includes an enteric duplication cyst 
involving the esophagus. Enteric duplication cysts are rare con-
genital anomalies that may arise anywhere in the gastrointesti-
nal tract. Approximately one-third of cases involve the foregut, 
which includes the esophagus, stomach, and proximal duode-
num. A large neurenteric cyst may also mimic a bronchogenic 
cyst; however, accurate localization of the cyst between the 
esophagus and the trachea should confirm the correct diag-
nosis of a bronchogenic cyst. The differential diagnosis for 
an intrapulmonary bronchogenic cyst includes a unilocular 
CPAM with a single dominant cyst or the very rare case of a 
cystic PPB.

Prognosis: Limited data are available for the prognosis of 
prenatally diagnosed bronchogenic cysts. Most lesions are 
small and unassociated with mass effect, and fare well with 
no significant complications. Some lesions that compress the 
bronchial tree may cause overinflation of the adjacent lung 
parenchyma.

Management: Most cysts require no fetal intervention and are 
managed with serial US to assure stability in size. A very large 
bronchogenic cyst associated with mediastinal shift may have 
improved outcome with percutaneous drainage, but the experi-
ence is very limited.118,121

Most are removed postnatally to prevent superimposed infec-
tion, hemorrhage, or growth that could impinge on adjacent 
structures.

Recurrence: There is no known recurrence risk.

The remainder of bronchogenic cysts occur within the lung 
parenchyma. If the budding abnormality occurs early in bron-
chial development, the cyst is mediastinal in location, and when 
abnormal budding occurs later in development, the result is 
usually an intrapulmonary bronchogenic cyst.117

Diagnosis: On US, bronchogenic cysts usually appear as a well-
defined unilocular hypoechoic mass within the fetal mediasti-
num near the carina of the trachea or, less commonly, within 
the lung parenchyma (Fig.  17.3-18A). The cysts are typically 
solitary or, less commonly, manifest as multiple lesions.117 Large 
mediastinal bronchogenic cysts may compress the tracheobron-
chial tree and esophagus, and result in lung overinflation and 
polyhydramnios.118
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Neurenteric Cyst
Neurenteric cysts represent enteric remnants, which result from 
incomplete separation of the notochord from the foregut during 
early embyrogenesis.122–124

Incidence: Neurenteric cysts are rare lesions, and the incidence 
in the fetus is not known.

Pathogenesis: Neurenteric cysts are felt to occur due to 
incomplete notochord separation in the presence of a persis-
tent communication between the ectoderm of the spinal cord 
and the endoderm of the foregut before closure of the neural 
tube. Neurenteric cysts are characterized by an intraspinal cys-
tic component that is connected to a mediastinal or thoracic 
cyst.125 Approximately 90% of all neurenteric cysts are local-
ized to the posterior mediastinal compartment superior to the 
carina; however, the cysts may occur at any location throughout 
the spinal column. The most common locations are in the lower 
cervical and upper thoracic regions. Most are associated with 
an intradural extamedullary cystic component within the spinal 
canal. Connections with the gastrointestinal tract may also be 
identified.126 Approximately 50% are associated with vertebral 
body segmentation anomalies and scoliosis.122,124,127

Neurenteric cysts are usually unilocular and appear as a 
round or tubular mediastinal cystic mass with connection to the 
spinal canal. Large mediastinal neurenteric cysts may result in 
mass effect on the adjacent lung, airways, heart, and vessels, and 
when coexisting with intraspinal lesions may result in signs and 
symptoms of central nervous system abnormalities after birth.

Diagnosis: On US, neurenteric cysts appear as a posterior medi-
astinal unilocular or septated cyst with a thin wall, most com-
monly superior to the carina (Fig. 17.3-20A,B). Large cysts with 
mass effect may result in cardiac malposition or hydrops fetalis. 
Associated spinal findings include vertebral segmentation anom-
alies (hemivertebra or butterfly vertebra) and scoliosis.122,124,127

On MRI, T2-weighted fluid-sensitive sequences demonstrate 
a high signal intensity well-marginated cyst in the posterior 
mediastinum (see Fig.  17.3-20B,C). MRI may also show the 
extent of the lesion into the spinal canal. Neurenteric cysts may 
be associated with the rare split notochord syndrome character-
ized by a cleft of the vertebral column. Gastrointestinal and other 
central nervous system anomalies have been described.128–130

Differential Diagnosis: Differential diagnosis for a neurenteric 
cyst includes bronchopulmonary malformations, including a 

macrocystic CPAM. Other considerations include a broncho-
genic cyst, pericardial cyst, CDH with herniated stomach, and 
cystic pleural pulmonary blastoma. The presence of associated 
spinal anomalies should confirm the correct diagnosis of neur-
enteric cyst.

Prognosis: The outcome for a neurenteric cyst depends largely 
on the extent of the mass, mass effect on adjacent organs, and 
the presence of associated central nervous system abnormali-
ties. Large cysts may compress the developing lung and result 
in pulmonary hypoplasia or hydrops fetalis. Pulmonary hypo-
plasia secondary to a neurenteric cyst can be associated with 
respiratory distress after birth.64,127

Management: There is minimal literature regarding the role of 
surgical intervention in fetuses diagnosed with a neurenteric 
cyst.125 Prenatal intervention is rarely indicated, although there 
have been case reports of treatment by aspiration or placement 
of a shunt if the cystic mass is large enough to raise concern 
for pulmonary hypoplasia.125 Postnatal surgical correction is 
indicated.

Recurrence: The lesion is sporadic with no known recurrence 
risk.

Masses-Teratoma
Teratomas are a type of germ cell tumor that histologically con-
tains tissue elements of ectodermal, mesodermal, and endoder-
mal origin.

Incidence: Prenatal diagnosis of a mediastinal teratoma is a rare 
occurrence, and pericardial lesions are extremely rare with fewer 
than 100 cases reported.131,132 Teratomas are the most common 
congenital neoplasm in children, and the vast majority of pre-
natally diagnosed teratomas are sacrococcygeal, accounting for 
approximately 80% of all teratomas.131 Approximately 10% of 
teratomas are localized in the mediastinum, most commonly in 
the anterior superior compartment, and when large may result 
in severe compression of adjacent mediastinal structures and 
the developing lung.132

Pathogenesis: Teratomas are neoplasms composed of all three 
germ layers or multiple foreign tissues without organ specific-
ity. Etiology is yet unknown, but hypothesized to result from 
aberrant twinning, totipotent cells from Hensen node or from 

fIguRE 17.3-19: Mediastinal bronchogenic cyst 
causing lung hyperinflation in a 23-week gestational 
age fetus. A: Coronal plane T2-weighted MRI demon-
strates a subcarinal bronchogenic cyst (thin arrow). 
Left main stem bronchus is indicated by thick arrow. 
B:  Newborn coronal plane CT confirms subcarinal 
bronchogenic cyst (arrow).

Kline9781451175837-ch017.3.indd   610 05/08/14   12:04 PM



CHAPTER 17.3 • Airway Anomalies, Lung and Mediastinal Masses, and Hydrothorax    611

fIguRE 17.3-20: Neurenteric cyst. A: Axial sonogram shows a large mediastinal cyst (arrowheads). Spine 
is indicated by arrow. B: Coronal sonogram demonstrates cyst (arrows) communicating with spinal canal 
(black arrowhead). Scoliotic spine with abnormal curvature (white arrowheads). C: Coronal T2-weighted 
MRI demonstrates split spinal cord (arrowheads) and abnormal curvature to the spine (arrows).  Neurenteric 
cyst (asterisk). D: Axial plane SSFP MRI demonstrates neurenteric cyst (asterick) and open communication 
of spinal canal with posterior mediastinal cyst (arrowheads). Images courtesy of Beth Kline-Fath.

When large, the lesion may mimic a CPAM, but can be differ-
entiated by inferior more than right or leftward displacement 
of the heart. The anterior mediastinal location of teratomas 
and the frequent presence of solid components or calcifications 
should also allow for accurate diagnosis.

Prognosis: Complications of teratomas in the fetus are uncom-
mon, and prognosis is expected to be good for small lesions. 
Large mediastinal or pericardial teratomas may cause significant 
mass effect on airway, heart, lungs, and esophagus, resulting 
in airway obstruction, diminished cardiac output, pulmonary 
hypoplasia, and polyhydramnios.132,134 In the presence of poly-
hydramnios, the fetus is at risk for preterm labor. Hydrops feta-
lis likely results when a large mass inhibits venous return to the 
heart and is associated with high morbidity and mortality.131

Management: Management is surveillance with serial USs to 
assess for the rare complication of airway obstruction, hydrops 
fetalis, or diminished cardiac output. If hydrops occurs late in 
gestation >30 weeks, the fetus may be delivered preterm or 
EXIT to airway if airway compression is noted.134 If the fetus 
is less than 30 weeks with large pericardial effusion or domi-
nant lesion cyst, pericardiocentesis and/or cyst aspiration 

reproductive gland analog. The majority of teratomas in chil-
dren are benign.

Diagnosis: On US, mediastinal teratomas are localized to the 
anterior/superior mediastinum and appear as a cystic, solid, or a 
complex mass with heterogeneous echogenicity (Fig. 17.3-21A). 
Hyperechogenic foci associated with acoustic shadowing are 
indicative of internal calcifications and are helpful to confirm 
diagnosis. Pericardial teratomas may be differentiated from 
mediastinal teratoma by the association with pericardial effu-
sion in the majority of cases.133 On T2-weighted MRI sequences, 
mediastinal and pericardial teratomas appear as cystic, solid, 
or complex masses in the superior anterior mediastinum (see 
Fig.  17.3-21B,C). High-signal foci on T1-weighted sequences 
are indicative of internal fat, calcification, or hemorrhage into 
the cystic components. The lesion usually displaces the heart 
inferiorly.

Differential Diagnosis: Differential diagnosis for a mediasti-
nal or pericardial teratoma includes mediastinal bronchogenic 
cyst or enteric duplication cyst. Bronchogenic cysts or enteric 
duplication cysts tend to be in the middle or posterior mediasti-
num respectively and are not associated with solid components. 
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or chromosomal abnormalities are associated in approximately 
80% of cases.137,140

Maternal parvovirus infection has been associated with 
 transient isolated pleural effusions, which often resolve sponta-
neously before term and are thought to result from direct pleu-
ral inflammation.141

Chylothorax is the most common cause of a primary congen-
ital pleural effusion in a fetus and is a diagnosis to be consid-
ered after excluding other causes.142 Chylothorax is commonly 
due to a primary defect in the lymphatic system, caused either 
via inflammation or genetic origin or, less likely, as a secondary 
finding in the presence of an underlying lymphatic malforma-
tion. When a primary pleural effusion is large, it may result in 
mediastinal compression and lead to hydrops fetalisis; thereby, 
making it difficult to distinguish between primary and second-
ary effusions.142–144

Diagnosis: On US, fetal pleural effusion is usually detected as 
an incidental finding by identifying an intrathoracic fluid col-
lection surrounding the fetal lung, most often on the right side 
but may be bilateral (Fig. 17.3-22). It is often the first sign of 
fetal hydrops; therefore, identification of pleural effusion should 

may be considered.135 In the absence of drainable fluid in a 
severely <30-week hydropic fetus, in utero resection may be 
attempted. Postnatal resection is mandated because of risk of 
malignancy.

Recurrence: Most cases are sporadic with no recurrence risk; 
however, there is a small group that is inherited as a familial 
genetic disturbance.

fetal Pleural Effusion (Hydrothorax)
Incidence: Fetal pleural effusions are relatively uncommon, 
manifesting in approximately 1:10,000 to 15,000 pregnancies.136

Pathogenesis: Fetal pleural effusion may occur as a primary 
abnormality, usually associated with chylothorax, or as part of 
hydrops fetalis.136–140 Most commonly, a pleural effusion in the 
fetus is associated with hydrops fetalis, which may be caused by 
numerous conditions, including cardiovascular disease, under-
lying bronchopulmonary malformations, chromosomal abnor-
malities (most commonly trisomy 21 and Turner syndrome), 
CDH, cystic hygroma, or infection.137–139 Cardiac, pulmonary, 

fIguRE 17.3-21: Mediastinal teratoma. A: Coronal US demonstrates a large complex cystic mediastinal mass 
(arrows) displacing the heart (arrowheads). Asterisk indicates the stomach. Axial (B) and coronal (C) T2-weighted MR 
images demonstrate a large complex mediastinal teratoma (white arrows) displacing the heart (white arrowheads) 
inferiorly into the right chest and associated fetal hydrops. Skin thickening (black arrowheads) and fetal ascites (black 
asterisk). Black arrow indicates spine. Images courtesy of Beth Kline-Fath, MD.
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fIguRE 17.3-23: A 31-week gestation fetus with large pleural effusion. 
Coronal T2 MRI identified a heterogeneous lung lesion (arrowheads) sup-
plied by a feeding vessel from aorta (white arrow) in association with large 
pleural effusion (dotted arrows). Postnatal confirmed hybrid lesion. Images 
courtesy of Beth Kline-Fath, MD.

in pulmonary hypoplasia or compress the esophagus, causing 
polyhydramnios. Karyotyping to exclude trisomy 21 or Turner 
syndrome is indicated.

Management: Small-to-moderate isolated pleural effusions, 
which remain stable, can undergo surveillance with serial USs 
without intervention. Given the high mortality in the presence 
of large effusions and propensity to develop hydrops, prenatal 
intervention is typically considered. If the karyotype is normal, 
maternal diet modification by supplementation with medium-
chain triglycerides may decrease or resolve the effusion.152 If 
titers are negative for infection and effusion persists, thoracen-
tesis may aid in confirming chylothorax by documenting lym-
phocyte predominance (>95%). 

Thoracoamniotic shunting is the gold standard therapy in 
the presence of large effusion or hydrops. Shunting may reduce 
the risk of lung hypoplasia and hydrops and has been reported 
to improve the outcome.144,148,149,153,154 With thoracoamniotic 
shunting, mortality rates are reduced; however, they still remain 
high at 10% to 30% for non hydropic cases and 50% to 60% for 
hydropic cases.142,144,154 Some centers will consider a thoracen-
tesis prior to placing a thoracoamniotic shunt since decom-
pression of fluid may enhance sonographic examination of the 
fetal heart and the underlying lungs. However, in the major-
ity of cases, the fluid will reaccumulate within 24 hours, and 
a shunt will need to be placed if prolonged decompression is 
 desired.142,143,145,155 Recently, pleurodesis with OK-432, a deriva-
tive of Group A Streptococcus pyogenes treated with penicillin G, 
has been shown to resolve pleural effusion via inducing scleros-
ing adhesions. The technique is still investigational and has not 
yet been proven as effective as thoracoamniotic shunting but 
may hold promise as an alternative therapy.152

Recurrence: Risk of recurrence is dependent on the etiology of 
the effusion. Chylothorax is usually sporadic with low recur-
rence, although familial cases have been cited.156

trigger an investigation to exclude the more common causes of 
fetal hydrops prior to assuming the diagnosis of a chylothorax. 
A search for additional anomalies, including lymphatic malfor-
mation or sequestration, should be performed. When pleural 
effusions are large, the underlying lung will appear to float freely 
in the pleural cavity.

On MRI, pleural effusions can also be readily identified, 
which by itself does not add significant information to that 
provided by US. The potential value of MRI in the setting of a 
hydrothorax is to identify an associated underlying mass as the 
etiology of the effusion. For example, torsion of an extralobar 
sequestration may present with a large ipsilateral pleural effu-
sion (Fig. 17.3-23).

Differential Diagnosis: Diagnosis of pleural effusion is usu-
ally straightforward. Occasionally, a massive pericardial effu-
sion may mimic a pleural effusion; however, the appearance 
of the fluid surrounding the heart should allow for distinction. 
The main challenge in diagnosis of pleural effusion is to distin-
guish a primary from a secondary effusion. Careful scrutiny to 
exclude an underlying mass or other anomalies is important for 
patient counseling and pregnancy management.

Prognosis: The prognosis for pleural effusion in the fetus is 
variable. Some cases resolve or remain stable throughout preg-
nancy; whereas, others evolve to severe hydrothorax, which 
can result in hydrops fetalis. Approximately 10% of isolated 
hydrothoraces resolve spontaneously with good postnatal out-
come. Mild-to-moderate pleural effusions which remain stable 
throughout pregnancy are associated with good postnatal out-
come.140,142,145 Cases associated with hydrops fetalis have a high 
mortality rate, reported as greater than 50%.146 Large bilateral 
pleural effusions with significant mediastinal compression asso-
ciated with hydrops fetalis constitute poor prognostic signs with 
a high likelihood for fatal outcome, reported as greater than 
90% in the absence of intervention.139,143,144,146–151 Large pleu-
ral effusions may also compress the underlying lung and result 

fIguRE 17.3-22: Pleural effusion. Axial sonograms demonstrate a 
right pleural effusion (arrow) secondary to maternal parvovirus infection, 
which resolved spontaneously without postnatal sequelae. Arrowhead 
indicates spine.
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