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Congenital diaphragmatic hernia 
(CDH) is a rare fetal chest abnor-
mality encountered on obstetric 
ultrasound often with major associ-
ated postnatal consequences. CDH 
usually presents as a chest mass that 
may be difficult to distinguish from 
other fetal chest masses. Other chest 
masses that may be confused with 
CDH include congenital pulmonary 
airway malformation (CPAM), and 
bronchopulmonary sequestra-
tion (BPS). These entities will be 
briefly discussed. 

The focus of this article will be 
CDH and the radiologist’s evolving 
role in imaging of this entity. We 
will discuss salient ultrasound and 
MR imaging findings that enable a 
diagnosis of fetal CDH and describe 
parameters used to predict newborn 
survival and prognosis.

Congenital Diaphragmatic  
Hernia

Congenital diaphragmatic hernia 
is a chest abnormality that is asso-
ciated with high fetal mortality. The 
incidence of CDH is approximately 

Multimodality Evaluation of Fetal Congenital 
Diaphragmatic Hernia and Its Mimics
Ana Mitchell, MD; Simran Sekhon, MD; Kriti Gwal, MD; John McGahan, MD

Affiliation: Department of Radiology, University of California 
Davis Health, Radiology, Sacramento, California. Disclosures: 
None. Prior Presentation: Evaluation of Congenital 
Diaphragmatic Hernia: Utility of Multimodality Imaging. 
Electronic exhibit at the Radiology Society of North America 
Annual Meeting, November 29 through December 5, 2020

2-4 in 10,000 live births and 40-50% 
are associated with other congenital 
abnormalities.1 CDH always causes 
some degree of pulmonary hypo-
plasia due to mass effect within the 
thorax.2 The prognosis of CDH is de-
pendent on other associated abnor-
malities and the severity (size) of the 
CDH. “Liver up” is an important but 
independent risk factor. However, 
mortality in the newborn is typically 
from pulmonary hypertension. 

The ability of the diagnostic imag-
er to estimate the size and contents 
of the CDH and, more importantly, 
to estimate the amount of residual 
lung by either ultrasound or MRI 
is of paramount importance in 
planning therapy. 

Therapy can include newer 
techniques such as fetal endoscopic 
tracheal occlusion (FETO), which 
will be briefly discussed later. For 
over 20 years the mortality of CDH 
had plateaued at approximately 30%. 
However, in the past 5 years the mor-
tality has dropped to 25.8%.3

Most CDH cases are suspected on 
routine fetal anatomy ultrasound, 
with a reported mean age at diagnosis 
of 22 – 24 weeks.2 Ultrasound is the 
initial imaging modality for diagno-
sis and evaluation of CDH. Multiple 
sonographic features have been used 
to diagnose fetal CDH. These include 
direct signs such as herniated bowel 
loops, stomach, and/or liver displaced 
into the thoracic cavity. 

Indirect signs include abnormal 
position of the heart with mediastinal 
shift secondary to mass effect.4 Two 
widely used ultrasound parameters 
are utilized to predict newborn 
survival and the need for postnatal 
extracorporeal membrane oxygen-
ation (ECMO), including the lung area 
to head circumference ratio (LHR) 
and the location of the fetal liver.4 

Fetal MR imaging is becoming 
more widely used and it is important 
that the radiologist knows some of 
the important findings and prog-
nostic features of fetal MRI. Fetal 
MR can corroborate the ultrasound 
findings with increased diagnostic 
accuracy and provide added prog-
nostic value with risk assessment not 
possible on ultrasound.5 

The utility of MRI also includes 
improved anatomic assessment, 
determination of specific hernia 
type, and evaluation and exclu-
sion of associated malformations 
and complications. Calculation of 
lung volumes and liver herniation 
measurements performed on MRI 
are key to prenatal counseling and 
perinatal planning.5  

Differential for Fetal 
Chest Masses

The two most common fetal chest 
masses that may mimic congenital 
diaphragmatic hernia include CPAM 
and BPS.6 Less common etiologies of 
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a fetal chest mass include congenital 
high airway obstruction syndrome 
(CHAOS), congenital bronchogenic 
cyst, bronchial atresia, pulmonary 
arteriovenous malformation, con-
genital pulmonary lymphangiecta-
sia, pulmonary hypoplasia-aplasia, 
mediastinal teratoma, mediastinal 
lymphatic malformation, and con-
genital hydrothorax.6 We will focus 
our discussion on the three most 
common fetal chest masses that may 
have similar but distinguishing fea-
tures from CDH. A few of the other 
abnormalities will also be presented.

Congenital Pulmonary Airway 
Malformation

Congenital pulmonary airway mal-
formation, previously known as con-
genital cystic adenomatoid malfor-
mation, is a congenital anomaly of 
the lower respiratory tract.6,7 CPAM 
is a mass of lung tissue with varying 
degrees of cystic change that may 
communicate with the tracheobron-
chial tree and has normal pulmonary 
arterial supply and venous drainage 
(Figures 1, 2). 

There are 3 original histopatho-
logic types of CPAM, classified based 
on size and number of cysts based 
upon the Stocker classification.7 More 
recently this classification system has 
been expanded to 5 subtypes.8 These 
are classified as Type 0 through IV. 
Type I is the most common occurring 
in 60%-65% of cases and has multiple 
large cysts or a single dominant cyst.8 
All CPAMs have variable size cysts. 
Imaging findings vary depending on 
the subtype. CPAM lesions are typi-
cally unilateral and more commonly 
found in the lung bases.  

The majority of CPAM sponta-
neously decrease in size and occa-
sionally resolve in the third trimester. 
Many infants who have a prenatal 
diagnosis of CPAM are asymptomatic 
at birth. However, some CPAMs may 
exert mass effect on the lungs and 
mediastinal structures. There may be 
pulmonary hypoplasia if the CPAM is 

large. Fetal hydrops may occur with 
CPAM which has been shown to be a 
predictor of poor fetal outcome.7

Bronchopulmonary Sequestration

Bronchopulmonary sequestra-
tion is characterized by abnormal 
bronchopulmonary tissue that does 
not communicate with the tracheo-
bronchial tree and is not supplied by 
pulmonary vasculature.6,7 Broncho-
pulmonary sequestration is within 
the differential diagnosis for CPAM 
or CDH. Unlike CPAM, there is lack 
of communication with the tracheo-
bronchial tree and lack of vascular 
supply from the pulmonary artery. 
Sequestration is usually fed via a 
systemic artery.7 Hybrid lesions 
are masses that contain features of 
both CPAM and bronchopulmonary 
sequestration. Key imaging findings 
of BPS include a well-defined solid 
homogenous mass with systemic 
vascular supply.7 The feeding artery 
is usually better visualized on US 
compared to MRI (Figure 3). On MRI, 
the mass will demonstrate T2 signal 
higher in comparison to the normal 
lung.7 (Figure 4). 

Of the two subtypes, intralobar BPS 
in more common (75% of cases) and 
has its own visceral pleura. Extralo-
bar sequestration has no viscera 
pleura encasing the abnormal tissue.7 

This sub-type is more commonly 
identified in utero or the newborn, 
while intralobar BPS can be identified 
in utero it often presents in childhood. 
BPS is more frequently found in the 
lower lobes, most commonly the left 
lower lobe.7 A fetal pleural effusion 
may be secondary to BPS. 

Development of serious complica-
tions like hydrops, secondary to BPS, 
may prompt early delivery. Postnatal 
surgical excision is recommended 
for infants due to the risk of infection 
development or malignant trans-
formation.6 The key discriminating 
features of the three most common 
fetal chest masses (CDH, CPAM, BPS) 
are summarized in Table 1.

Figure 1. Microcystic CPAM on US. A 29-week gestational 
age fetus with a CPAM (calipers) which appears 
echogenic without cysts. This is a microcystic CPAM with 
cysts so small the mass appears echogenic.

Figure 2. CPAM on MRI. Coronal SSFSE image shows 
T2 hyperintense CPAM with mass effect on the heart, 
mediastinum, and contralateral lung (arrow) in a third 
trimester fetus. 
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Congenital Hydrothorax

Congenital hydrothorax is defined 
as pleural fluid within the fetal tho-
rax (Figure 5). Fetal pleural effusion 
may be unilateral or bilateral.7 On 
ultrasound, the hydrothorax will 
occupy either one or both thoracic 
cavities. It appears as an anechoic 
region that surrounds other thoracic 
structures such as the lung or heart. 
Primary congenital hydrothorax 
is rare and indicates fetal pleural 
effusion without any underlying 
abnormality. This may result from a 
chylous leak due to abnormal lym-
phatic ducts; thus, the pleural fluid 
contains chyle. Congenital hydro-
thorax may be secondary to a fetal 
chest mass or other abnormalities in 
approximately 40% of cases. 

These include a wide spectrum 
of abnormalities such as CDH, 
CPAM, BPS, Turner syndrome, Down 
syndrome, cystic hygroma, and 
cardiac anomalies.7 It is important to 

Figure 3. CPAM on US. In a third trimester fetus, vascular supply from the pulmonary artery differentiates CPAM from BPS. (A) Ultrasound images 
demonstrate the pulmonary vein in blue (arrow) from the CPAM mass. (B) The presumed pulmonary artery in red (arrow) supplies the mass.  
LA = left atrium. MPA = main pulmonary artery.

A B

Figure 4. BPS on MRI. 
Fetal axial MR images in 
a late-second trimester 
fetus show a high T2-
signal intensity soft-
tissue mass (curved 
arrow) in the inferior 
posterior medial left fetal 
hemithorax abutting 
the diaphragm with a 
systemic feeding vessel 
to the BPS from the 
thoracic aorta (arrow).
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recognize that an underlying mass 
such as sequestration can present as 
a hydrothorax. Mass effect from the 
fluid collection may result in pulmo-
nary hypoplasia.  

On MRI, T1 and T2 signal inten-
sity of the fluid can vary depending 
on fluid content but will typically 
be hypointense on T1 images and 
hyperintense on T2 images.7 Careful 
inspection of the MR for an underlying 
etiology is important. 

Congenital High Airway 
Obstruction

Congenital high airway obstruction 
syndrome is defined as obstruction of 
the upper airway, either the larynx or 
trachea, and may be caused by atre-
sia, stenosis, or a web.7 On obstetric 
ultrasound, lungs are symmetrically 
enlarged and echogenic, resulting in 
a flattened or everted diaphragm.7 
(Figure 6). The heart is typically small 
and midline. There may be ascites, 

which can be massive. CHAOS is 
fatal unless prompt intervention is 
performed at the time of delivery. 
The ex utero intrapartum treatment 
(EXIT) procedure is used to preserve 
uteroplacental circulation as cardio-
pulmonary bypass for the fetus by 
the placenta until an airway can be 
surgically created.  

Congenital Diaphragmatic  
Hernia Diagnostic and  
Prognostic Features

Ultrasound – Diagnostic Features

Ultrasound is the first line imaging 
modality for evaluation of CDH. 
Diagnostic ultrasound features 
include the presence of a chest mass, 
loss of the diaphragmatic boundary 
on diaphragm view, and abdominal 
contents in the chest.1,4 Multiple 
sonographic features have been used 
to diagnose fetal CDH. Some features 
are pathognomonic for CDH include: 
the presence of small bowel with 
peristalsis, stomach, and/or liver 
displaced in the chest. Secondary 
findings include deviation of the 
heart or mediastinum due to mass 
effect.4 (Figure 7). 

Ultrasound – Prognostic Features

Ultrasound can also be used for 
prognostic assessment. The LHR is 
a sonographic measurement that is 
helpful to determine the residual 
lung and is a prognostic factor in 
determining fetal survival.4 (Fig-
ure 8) The cross-sectional area of 
the fetal lung is measured from 
a 4-chamber view of the heart on 
transverse scan.9 The cross-sectional 
lung area can be measured by the AP 
diameter method, the longest axis 
method, or the tracing method. Of 
these methods the anteroposterior 
method is considered least reliable 
of the methods. One calculator can 
be found at https://totaltrial.eu/?id=6. 
The cross-sectional area method, de-
fined as the perpendicular diameter 
of the lung (Method 1), or by circum-
ferential tracing of the lung border 

Table 1. Imaging findings of three most common fetal chest masses. 
KEY DISTINGUISHING FEATURES OF FETAL CHEST MASSES

FETAL CHEST MASS CLINICAL FEATURES IMAGING FEATURES

CDH •Herniation of abdominal 
contents into the chest

•Mass effect invariably 
results in some degree of 
pulmonary hypoplasia

•Appearance varies based on contents of hernia

•Complex intrathoracic mass

•Vast majority left-sided

CPAM •Cystic lung mass

•Communicates with 
tracheobronchial tree

•Pulmonary vasculature 
supply

•May regress in utero

•Cystic or solid mass in fetal chest

•Hyperintense signal on T2 images

•Supplied by pulmonary artery

BPS •Mass of 
bronchopulmonary tissue

•Does NOT communicate 
with tracheobronchial tree

•Systemic vasculature 
supply

•Good prognosis – most 
regress in utero

•Solid homogenous chest mass

•Hyperintense signal on T2 images

•Supplied by systemic artery

Figure 5. Congenital 
hydrothorax on prenatal US. 
Axial ultrasound images of 
the fetal thorax at 22 weeks’ 
gestational age shows a 
large left pleural effusion 
(arrow) (L=lung). Fluid studies 
were positive for primary 
lymphocytes, consistent with 
chylothorax. Genetic testing of 
the fetus revealed trisomy 21.
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(Method 2) is depicted in Figure 9.7 
The circumferential tracing meth-
od is a more reproducible method 
than methods. The lung area is then 
divided by head circumference to 
calculate the LHR. The LHR can then 

be compared to reference values. 
Another calculator can be found 
at perinatology.com (https://www.
perinatology.com/calculators/LHR.
htm).9 Based on different studies, 
there is 100% fetal mortality with 

LHR< 0.6-1 and 100% survival with 
LHR> 1.35-1.4.4

Other prognostic features that can 
be assessed on ultrasound include the 
location of the fetal liver. If the fetal 
liver is above the diaphragm, this can 

Figure 6. CHAOS on US and 
MRI in a fetus of 17 weeks’ 
gestational age. (A) This 
coronal obstetric ultrasound 
image shows a dilated 
trachea (arrow) and enlarged, 
echogenic lungs. (B) Coronal 
T2 SSFSE image obtained one 
week later re-demonstrates 
fluid filled trachea (arrow) 
below the level of tracheal 
stenosis and enlarged lungs 
with increased signal on T2 
imaging. Both images show 
massive ascites and eversion 
of the diaphragm.

A B

Figure 7. Left-sided CDH on US. Axial obstetric ultrasound of the fetal 
chest at 27 weeks’ gestational age demonstrates left CDH with fetal 
stomach (curved arrow) in the chest and resultant mass effect causing 
rightward deviation of the heart (arrow). (RT =right, LT = left) 

Figure 8. Lung area for CDH on obstetric US. Obstetric US image shows the 
lung area outlined by tracer method, which is then used to calculate the 
lung area-to-head circumference ratio. (Arrow = stomach)
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Figure 9. Measuring lung cross-sectional area with ultrasound by two different methods. (A) The fetal lung area obtained by two perpendicular 
measurements of the right lung with left side CDH. (B) The fetal lung area is obtained by tracing the right lung. Figures adapted from https://
perinatology.com/calculators/LHR.htm with permission.

A B

A B

Figure 10. Left-sided CDH on MRI. (A,B) Axial T2 SSFSE MR images in a second trimester fetus demonstrate a left-sided congenital diaphragmatic 
hernia with stomach (arrow) and bowel (curved arrow) in the fetal chest and mediastinal structures shifted to right. The liver is below the diaphragm. 
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be associated with a worse prognosis, 
including lower rates of fetal survival 
and increased ECMO requirement. 
However, pulmonary hypertension is 
often the etiology of infant death.3

Magnetic Resonance Imaging — 
Diagnostic Features

MRI can be used to corroborate 
ultrasound findings. For example, MRI 
can better discriminate the contents of 
the hernia given the superior soft tissue 
contrast and more global visualization 
in multiple planes (Figures 10-12). 
MRI is useful for more definitively 
identifying the side of the defect. While 
most CDHs are left-sided, right-sided 
CDHs are found in only 10 – 15 % of 
cases. Less than 5% of CDH cases are 

bilateral. MRI is also more reliable 
in detecting liver herniation and can 
calculate the percentage of liver herni-
ation10 (Figure 13).

MRI may be used to discriminate 
CDH from CPAM. The bowel wall 
typically has low signal on T2 images, 
while the bowel lumen typically has 
high signal on T2 images. However, 
the cystic contents of CPAM have more 
homogeneously high signal on T2 
images. This can be used to differenti-
ate a bowel containing CDH from the 
cystic contents of CPAM (Figure 14). 

Magnetic Resonance Imaging — 
prognostic features

Like ultrasound, MRI can also be 
helpful in evaluating the residual 

fetal lung. Ultrasound measures the 
cross-sectional area of the fetal lung, 
while MRI is useful to measure the 
residual lung volume. Prognosis of the 
CDH can be estimated in a couple of 
different methods, including measure-
ment of the percent predicted lung vol-
ume (PPLV), fetal lung volume (FLV), 
and the observed/expected total lung 
volume (TLV) utilizing both the data 
from Meyers, et al, and Rypens, et al.11

The PPLV assesses the TLV with 
reference to the volume of the fetus.12 
To measure the PPLV, axial or coronal 
single shot fat spin echo (SSFSE) T2 
images are used. First the thoracic 
volume is calculated. This is complet-
ed by taking contiguous thoracic areas 
and multiplying by the slice thickness. 

Figure 11. Left-sided CDH at 28 weeks on MRI. Coronal T2 SSFSE MRI image 
demonstrates a left-sided CDH containing multiple loops of small bowel 
(arrowhead), shifting mediastinal structures to the right. 

Figure 12. Right-sided CDH on MRI. Coronal T2 SSFSE MRI image 
demonstrates a right-sided CDH with the liver (arrows) occupying 
the majority of the right hemithorax.  
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Figure 13. CDH vs CPAM on MRI with sagittal SSFSE images. (A) Characteristic signal pattern of bowel in thorax (arrow) seen at 28 weeks’ gestational 
age, consistent with CDH. (B) Hyperintense cystic thoracic mass (arrow), consistent with CPAM.

The next step is to identify the 
mediastinum, which is comprised of 
the heart, great vessels, thymus, and 
central airways. These areas are like-
wise obtained and multiplied by the 
slice thickness. Then the mediastinal 
volume is subtracted from the thoracic 
volume to get the predicted lung 
volume (PLV) (Figure 16).12 The PPLV 
is calculated by dividing the actual 
lung volumes by the predicted lung 
volumes, multiplied by 100.12  

PPLV =
Right lung volume + Left lung volume × 100

                                 PLV

Percent predicted lung volumes 
less than 15% is associated with a 
poor prognosis.12

Another method for assessment of 
prognosis was presented by Busing 
et al, with measurement of the FLV.13 
The volumes of each fetal lung were 
calculated by measuring the areas of 
the fetal lungs on each slice and then 
multiplied by the slice thickness.13 
This method posits that the abso-
lute FLV can be used as a prognos-
tic indicator.13

The observed/expected TLV is 
another method of determining 
prognosis in the CDH population.14,15 

The observed TLV of the fetus is 
measured by calculating the areas of 
the fetal lungs multiplied by the slice 
thickness.14,15 The expected lung 
volume can be derived from either 
the Meyers et al, or the Rypens et al, 
formulas. 14,15 The Rypens formula 
to calculate TLV is FLV = 0.0033 × 
(gestational age)2.86 (R2 = 0.58) with 
the gestational age in weeks.15 The 
Meyers formula to calculate TLV is 
0.000865 × (gestational age)3.254 (R2 
= 0.8368).14 The percentage of the 
observed/expected TLV would then 
be calculated and be utilized for 
prognosis.14,15

Applied Radiology14 November / December 2022



Multimodality Evaluation of Fetal Congenital Diaphragmatic Hernia and Its Mimics

SA–CME

REVIEW

Figure 15. Measuring PPLV on a fetus at 27 weeks’ gestational age on MRI. (A) MR image demonstrates a large left-sided CDH with fetal stomach and 
multiple bowel loops in the chest. Liver remains below the diaphragm. Freehand region of interest (ROI) is used to outline thorax. (B) The mediastinum 
is outlined with a similar ROI tracing. (C) The right lung is outlined with a tracing method. Contiguous sections are multiplied by the slice thickness used 
to calculate the mediastinal, thoracic, and true lung volumes. These are used to calculate predicted lung volumes. (See text). No left lung is visualized. 
The calculated PPLV was 20.5%. All images are coronal T2 SSFSE.

A

A

BFigure 14. Increased reliability of detecting liver herniation on MRI vs US. (A) Obstetric 
ultrasound image in third trimester fetus shows left-sided CDH with stomach (ST) above the 
diaphragm and next to heart (arrow). (B) Sagittal T2 MRI shows a left-sided CDH with stomach 
(arrowhead), bowel loops (arrow), and a small part of the left hepatic lobe (curved arrow) 
above the expected position of the diaphragm (drawn in white).

B C
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Clinical Significance 

Recent advances in early diagnosis 
of CDH allow increasingly sophisticat-
ed prenatal management of CDH and 
has increased postnatal survival to 
greater than 70% with improvements 
occurring within the past 5 years. 
Prenatal diagnosis and imaging thus 
play a critical role in the management 
of fetuses with CDH.  

 Traditional management relies on 
antenatal glucocorticoids to pro-
mote lung development.2 The novel 
technique of FETO has recently been 
shown in a large multicenter trial to 
improve survival when applied at 27 
– 29 weeks’ gestation for fetuses with 
severe CDH.16 Using this technique, 
the trachea is occluded in utero 
which causes accumulation of fluid 
in the lungs, thereby leading to accel-
erated lung growth, with the goal to 
minimize pulmonary hypoplasia and 
reduce mortality.2 

Postnatally, ECMO may be re-
quired as supportive therapy in mod-
erate and severe cases. Definitive 
treatment involves surgical repair of 
the diaphragmatic defect.
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