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Abstract Congenital diaphragmatic hernias are complex
and life-threatening lesions that are not just anatomic
defects of the diaphragm, but represent a complex set of
physiologic derangements of the lung, the pulmonary
vasculature, and related structures. Imaging plays an
increasingly important role in the care of these infants.
Prenatal sonography and MRI have allowed early and
accurate identification of the defect and associated anoma-
lies. These tools have also been the key to defining the
degree of pulmonary hypoplasia and to predicting neonatal
survival and need for aggressive respiratory rescue strate-
gies. In the postnatal period, conventional radiography
supplemented by cross-sectional imaging in selected cases
can be very useful in sorting out the differential diagnosis
of intrathoracic masses, in the detection of associated
anomalies, and in the management of complications.
Understanding the pathogenesis of diaphragmatic defects,
the underlying physiologic disturbances, and the strengths
and limitations of current imaging protocols is essential to
the effective and accurate management of these complex
patients.
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Introduction

Congenital diaphragmatic hernias (CDH) are serious and
life-threatening anatomic lesions that are frequently
associated with additional anatomic malformations,
syndromes, and chromosomal anomalies. Despite a
number of recent advances in prenatal diagnosis, intra-
partum treatment and postnatal management, diaphrag-
matic hernias remain an important cause of perinatal
morbidity and mortality worldwide [1,2]. Early prenatal
diagnosis of the primary lesion and associated anomalies
is important for appropriate obstetric and postnatal
surgical planning. Thus, familiarity with the pathogenesis
and prenatal and postnatal imaging appearance of the
various types of diaphragmatic hernia is important for the
multidisciplinary medical and surgical team taking care of
these patients. In this essay, we review and update the
imaging features of diaphragmatic defects with emphasis
on early and accurate identification of high-risk and
complex lesions.

Development

The human diaphragm begins to develop at about the fourth
week of gestation with the formation of lateral pleuro-
peritoneal cavities that communicate cranially and laterally
with the unpaired pericardial cavity and the extraembryonic
celom, respectively. It is formed from components of the
transverse septum, the mediastinum, pleuroperitoneal mem-
brane, and the musculature of the lateral body wall. The
pleuroperitoneal folds grow medially and ventrally until the
seventh week of gestation when they fuse with the septum
and the mediastinum. Muscularization of the primitive
diaphragm then begins with the migration of myoblasts
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from the cervical myotomes, leading to incorporation of
the intercostal muscles with the diaphragm. A fibrous
lumbocostal trigone remains as a remnant of the pleuro-
peritoneal membrane at the intersection of the lumbar and
intercostal muscles in the posterolateral portion of each
hemidiaphragm (Fig. 1) [3-5].

Pulmonary development is also very important in the
understanding of CDH. The lungs begin their development
as a ventral outpouching of the primitive foregut just after
the third week of gestation, and they undergo successive
branching until the sixteenth week. Thereafter, terminal
bronchioles, acini and alveolar air sacs continue to develop
throughout the remaining gestation and into childhood until
approximately 8 years of age. Development of the
pulmonary vasculature closely follows that of the airways
and can also be affected by maldevelopment of the
diaphragm.

Although knowledge of the embryologic causes of
abnormalities of the diaphragm is useful in the understand-
ing of the pathogenesis of diaphragmatic hernias, it does
not form a clinically useful classification system. Hernias
are more practically classified by their morphologic
characteristics and location [3].

Bochdalek hernia

Pathogenesis

Posterolateral (foramen of Bochdalek) hernias occur with
an estimated frequency of 1 per 2,000 to 5,000 live births
[4). Although most (80%) are left-sided, bilateral hernias
have been reported but are rare. A true hernia sac might be
present in up to 15% of hernias [4].

While the pathogenesis of CDH is not well understood,
much more is known about the cellular events and

molecular cues that control early differentiation of the
diaphragm. Initial studies suggested that the primary
abnormality resulting in CDH was a failure or delay of
the pleuroperitoneal fold and transverse septum to properly
fuse with the intercostal muscles by the eighth week of
gestation [6]. More' recent studies have suggested that
diaphragmatic defects arise at an earlier stage with a
malformation of the pleuroperitoneal fold [6]. A "mesen-
chymal hit" hypothesis has been proposed in an attempt to
explain the association of CDH and other somatic defects.
It states that similar signaling pathways are involved in the
differentiation of mesenchymal cells in all affected struc-
tures, and that the function of these mesenchymal cells is
disrupted by genetic or environmental triggers [7]. Tran-
scription factors such as GATA-4 and its transcriptional
coregulator FOG-2 have been implicated in normal mesen-
chymal cell function in the developing diaphragm and
lungs in experimental models and in humans [8]. Defects in
the mesenchymal substructure in these experimental animal
models occur consistently in the posterolateral component
of the fold and appear to have a strong causal relationship
with subsequent maldevelopment of diaphragmatic muscu-
lature and CDH [9]. Exposure to environmental toxins such
as the herbicide nitrofen (2,4-dichlorophenyl-p-nitrophenyl
ether) results in malformations of the diaphragm that are
very similar to those in infants with CDH. Vitamin A
deficiency and inactivation of the Wilms tumor gene (wtl)
also lead to equivalent defects. These studies suggest that a
common pathway is an interference of the retinoid
signaling pathway by inhibition of the enzyme retinalde-
hyde dehydrogenase [10].

Abnormalities in development of the diaphragm often
affect the process of bronchial development, resulting in a
reduced number of bronchial branchings and a diminished
absolute number of alveoli, resulting clinically in pulmo-

T

Fig. 1 Diagrams of developmental components of the fetal dia-
phragm. a Developmental components of the diaphragm include the
transverse septum (1S), mediastinum (M), pleuroperitonea! membrane
(P), lateral body wall musculature (LB), and the lumbocostal trigone
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(1). b Relationship of diaphragmatic hernias to developmental
components of the diaphragm. Foramen of Bochdalek (Bo), foramen
of Morgagni (Mo), pericardia! defect (Pe), hiatal foramen (H)
(diagrams modified from reference [3])
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nary hypoplasia [2, 3). Development of the pulmonary
vasculature closely follows the airways and can be
truncated in a similar fashion. Inappropriate extension and
hyperplasia of muscle in small arterioles might also be
present, contributing to postnatal pulmonary hypertension.
These changes are often asymmetric, being more pro-
nounced on the ipsilateral side.

Prenatal imaging evaluation

Sonography Sonography has been the mainstay of pre-
natal diagnosis of CDH for at least 20 years. Although
CDH can be detected on routine sonography as early as
18 weeks, the mean gestational age at the time of
detection is approximately 24 weeks [11] (Fig. 2). The
sensitivity of sonography for prenatal detection of CDH
varies from 18% to 87% in published series and appears to
improve in the presence of associated, more readily
observed anomalies, with advancing gestational age, and
with increasing experience of the individual performing the
examination [12]. In one multiinstitutional study in Europe,
the detection rate for CDH increased from 51% in

Fig. 2 Left Bochdalek hernia
in a 20-week fetus. a Sagittal
sonogram of the left fetal chest
shows herniation of echogenic
bowel (B), stomach (S/) and
liver (L) into the fetal chest
(P placenta). b Color Doppler
sonogram shows superior dis-
placement of hepatic vessels
(an-ow) into the fetal chest.
c, d Sagittal (c) and axial (d)
FIESTA and T2-W MRI images
of the fetus obtained on the
same day show intrathoracic
herniation of the liver (L), bowel
(B) and stomach (S/) with
displacement of the heart (H) to
the right side (R right, Lt left)

uncomplicated cases to 72% when CDH was associated
with other malformations [ll).

The typical sonographic features of a left CDH
include the presence of a stomach bubble or left lobe
of the liver at the level of the fetal heart, bowel loops
in the fetal chest, and a right mediastinal shift. In
addition, the abdomen is scaphoid, and the gallbladder
and hepatic or umbilical veins might be in an abnormal
position within the abdomen [12]. The echogenicity of
the fetal lung and liver can be similar and difficult to
distinguish on gray-scale sonography. Color Doppler
sonography might be helpful in detailing the abnormal
position and course of intrahepatic vessels. Bowing of
the umbilical segment of the portal vein to the left of the
midline and portal branches to the lateral segment of the
left hepatic lobe coursing toward or above the diaphrag-
matic ridge are good predictors for liver herniation into the
fetal thorax (positive predictive values of 85% and 100%,
respectively) [13-15). However, the fetal stomach is not
always displaced into the chest, especially in fetuses with
right-side CDH. These fetuses might have herniation of
the gallbladder into the right chest, abnormal position of
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Fig. 3 Right Bochdalek hernia
in a 20-week fetus. a Sagittal
sonogram of the right fetal chest
shows the liver filling the right
hemithorax (an-ows). b Coronal
T2-W MR image obtained the
same day confirms the presence
of a right-side Bochdalek hernia
with herniation of the liver and
bowel (an-ows) and displace-
ment of the fetal heart
(H) to the left

Pediatr Radiol (2009) 39:1-16

the intrahepatic portion of the umbilical vein, and
mediastinal shift to the left [12].

MRI In fetuses suspected of having a CDH, MRI is
often recommended to assess herniation of the liver and
associated anomalies (Fig. 3). MRI has been shown to
provide additional information to that obtained sono-
graphically in 38% to 50% of fetuses with chest lesions
[16, 17], and MRI affects clinical care in selected cases
[16, 18-20].

One of the important contributions of prenatal MRI in
this condition is the assessment of fetal lung volumes
(FLY). Fast spin-echo T2-W sequences have been reported

to have a high degree of reproducibility and interobserver
agreement in estimating FLV in normal fetuses and in
fetuses with CDH [21, 22].

Differential diagnosis

At times the diagnosis of CDH is not clear, and other
diagnoses should be considered, such as bronchopulmonary
foregut malformations, congenital cystic adenomatoid mal-
formations, sequestrations, and primary pulmonary agenesis
or hypoplasia These lesions might coexist with CDH and
influence surgical planning (Fig. 4).

Fig. 4 Coexisting left Bochdalek hernia and sequestration in a
22-week fetus. a Axial sonogram of the fetal chest shows herniation
of bowel (B), stomach (S), and liver (L) into the fetal chest, with
displacement of the heart (H) to the right chest. An echogenic mass
(arrows) is interposed between the heart and stomach. a, b Axial (b)
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and coronal (c) T2-W MR images of the fetus obtained on the same
day confirm the presence of a thoracic mass (an-ows) with signal
intensity higher than that of compressed lung (arrowheads). A left
lung sequestration was removed at postnatal repair of a CDH
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Associated anomalies and complications

5

It is important to understand that the frequency of reported
anomalies will vary markedly depending on the population
studied. Associated anomalies are present in 25% to 50% of
all patients with CDH and can be seen in up to 95% of
stillborn infants with the disease [1, 23-26]. In addition to
cleft palate, neural tube defects, and esophageal atresia,
cardiac and genetic abnormalities are the most significant
defects with respect to patient outcome [27, 28]. Cardiac
malformations are present in 17% to 40010 of fetuses with
CDH and include hypoplastic left heart syndrome, tetralogy
of Fallot, transposition of the great vessels, doub1e-outlet
right ventricle, and ventricular septal defects [1, 23-25].
Cardiac defects markedly increase neonatal mortality in
children with CDH. In one study, the survival of CDH
patients without heart disease was 70%, compared to 41%
in children with associated cardiac defects, and only 5% in
those with univentricular anatomy [26].

CDH is thought to be a sporadic malformation with little
risk of recurrence. However, karyotyping is essential
because 10-20% of these patients have chromosomal
abnormalities. Trisomies 13, 18 and 21 and tetrasomy 12p
(pallister-Killian syndrome) are frequently associated genet-
ic defects [23, 29]. Nearly 10% of children with CDH and
associated anomalies have an underlying genetic syndrome
such as the Fryns (CDH, coarse facies, micrognathia,
macrostomia, and distal digital hypoplasia), Brachmann-
De Lange (long eyelashes, confluent eyebrows, long
philtrum, crescent-shape mouth) or a number of others [23].

A number of studies have assessed the value of prenatal
sonographic findings to predict survival in patients with
CDH. The likelihood of survival is lessened by the presence
of an intrathoracic liver [30, 31], polyhydramnios [32], left-
side hernia, size of low FLYs [33], and associated cardiac
malformations [1].

Other prognostic features such as diagnosis made before
25 weeks of gestation, the presence of an intrathoracic
stomach, and lung-to-head circumference ratio have not
withstood the test of time as reliable prognostic indicators
[34--36].

Determination of fetal lung volumes

Until recently, the lung-head ratio (LHR) was used as a
measure of fetal lung hypoplasia and subsequent risk of
respiratory failure. LHR is calculated using a two-dimensional
measurement of the maximum area of the lung contralateral
to the side of the hernia (obtained at the level of the atria
on transverse images of the fetal lung, and expressed in
square millimeters), divided by the head circumference (in
millimeters). This ratio normalizes differences in lung
volume related to gestational age. Although there continues

to be a strong correlation between LHR and neonatal
survival, this measure has not withstood the test of time as
a reliable prognostic indicator, especially in fetuses without
herniation of the liver into the chest [34--37]. Other studies
have suggested that 3-D sonography or MR imaging is a
better tool for determining the degree of pulmonary
hypoplasia by direct measurements of total lung volume
and for predicting neonatal mortality [14, 15].

MRI estimates of FLY are determined using a variation
of the following technique:

T2-weighted half-Fourier single-shot fast spin-echo
images are obtained using adjacent 4- to 5-mm-thick
sections with no intersection gap. Images in the transverse
plane of the lungs are used for planimetric measurements.
Areas for each lung are determined by drawing free-hand
regions of interest for each slice. Measured areas are added
and multiplied by the slice thickness to determine the total
volume for each lung [15].

The ratio of measured to expected FLY measured with 3-
D US or MR imaging appears to be predictive of neonatal
mortality in fetuses with CDH. FLYs in fetuses with CDH
have been reported to be. lower than age-matched control
fetuses (median 0.34, range 0.16--0.66) [37]. In addition,
fetuses with FLY measurements less than 15% to 25% of
expected have a significantly higher mortality rate (19% vs.
40%), and fetuses in whom one lung could not be seen on
MR imaging have a markedly lower likelihood of survival
compared to those in whom both lungs are visible (18% vs.
62%) [18, 38].

Initial attempts to repair the defect antenatally were
quickly abandoned because of the high risk of premature
labor. In the early 1990s, experimental work by Wilson et
al. [39] and Difiore et al. [40] showed that tracheal ligation
prevented pulmonary hypoplasia in fetal sheep with CDH
[39, 40]. Subsequent randomized trials of laparoscopic
tracheal ligation in humans in the United States were not
able to show an improvement in survival. However,
improvements in the technique by European practitioners
have led to very encouraging results [41].

Postnatal imaging

Initial chest radiographs often show an opacified hemi-
thorax with mass effect and contralateral shift of the
mediastinum. Once air is introduced into the gastrointesti-
nal tract, bowel gas is lacking in the abdomen and can be
identified in the chest.

The location and course of vascular catheters and the
nasogastric tube is altered in a high proportion of patients
with CDH. The esophageal portion of the nasogastric tube
deviates to the right in left-side CDH and to the left in right-
side hernias. An intrathoracic nasogastric tube strongly
suggests displacement of the stomach into the hernia. The
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Fig. S Neonatal Bochdalek
hernia. a A l-day-old boy with
left Bochdalek hernia. Chest
radiograph shows deviation of
the endotracheal tube and
esophageal portion of the naso-
gastric tube to the right Intra-
thoracic displacement of the
nasogastric tube tip, bowel and
stomach confum the diagnosis
of diaphragmatic hernia b A 2-
day-old girl with right
Bochdalek hernia. Chest
radiograph shows deviation of
the nasogastric tube and
umbilical venous catheter
(arrow) to the left

Pediatr Radiol (2009) 39:1-16

umbilical venous catheter is also affected by the degree and
direction of liver displacement into the chest. Conversely,
the location of umbilical artery catheters is rarely affected
by CDH because of the retroperitoneal location of the aorta
and its limited mobility (Figs. 5 and 6) [42].

Findings on initial chest radiograph, including the
amount of aeration of the ipsilateral or contralateral lung,

Fig. 6 A I-day-old infant with left Bochdalek hernia. Chest
radiograph shows moderate deviation of the umbilical venous catheter
(short arrows) and minimal deviation of the umbilical artery catheter
(long arrows) to the right

~ Springer

degree of mediastinal Shift and hernia content, are not
predictive of clinical outcome [43].

Other intrathoracic masses can mimic CDH (Fig. 7).
When the diagnosis of CDH is in question, a small amount
of contrast material or air can be injected via the nasogastric
tube to outline the location of the bowel.

Fig. 7 A 3-day-old boy with congenital cystic adenomatoid malfor-
mation of right lung. Chest radiograph shows air-filled cysts that
mimic intrathoracic bowel herniation
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Fig. 8 A l-hour-old infant with a large left Bochdalek hernia and
right-side tension pneumothorax. Chest radiograph shows minimal
mediastinal displacement by herniated bowel in the left chest

Lack of a mediastinal shift might be caused by a
contralateral pneumothorax seen in infants with marked
pulmonary hypoplasia and vigorous bag positive pressure
ventilation (Fig. 8). However, after hernia repair, a large
postoperative pneumothorax is not uncommon and should
not be rapidly evacuated. Because of the increased mobility
of the neonatal mediastinum, rapid evacuation of a
pneumothorax may cause mediastinal rotation with torsion
and obstruction of the venae cavae. Slow resorption of the
pneumothorax allows a more gradual movement of medi-
astinal structures into a more normal position (Fig. 9). After

7

the resorption of air surrounding the hypoplastic lung, fluid
might accumulate in the pleural space.

Fluoroscopy can play an adjunctive role in selected
patients in whom an eventration is suspected. Diminished
respiratory excursion or paradoxical motion of the hemi-
diaphragm might be present in infants with thinning and
poor muscularization of the diaphragm.

Cross-sectional imaging can be helpful in cases where
the diagnosis is still not clear, and to fully elucidate the
spectrum of associated anatomic defects. Sonography with
color Doppler might be helpful in detecting an abnormal
location or compromise of the superior mesenteric and
portal vasculature, and in the identification of herniated
solid viscera (Fig. 10). CT with multiplanar reconstruction
is useful to elucidate associated lung masses and broncho-
pulmonary foregut malformations. The use of intravenous
contrast agent and CT arteriography should be considered
for depiction of the vascular supply of lung lesions.
However, the administration of oral contrast material
should be avoided because it can increase the degree of
mediastinal shift and subsequent respiratory compromise.
In stable patients, MR.I.can be used in the evaluation of
complex lesions, as well.

Follow-up chest imaging after surgical repair might
be useful to evaluate the functional consequences of the
underlying pulmonary hypoplasia and its complications.
Pulmonary hypoplasia will be manifest by the presence
of a smaller lung with diminished pulmonary vascular-
ity. Although pulmonary perfusion is often reduced on
pulmonary scintigraphy, ventilation might remain rela-
tively unaffected (Fig. 11) [44]. Several studies have
looked at the long-term respiratory status of children after
repair of COHo Outcome appears to be related to the
degree of pulmonary hypoplasia and need for extracorpo-
real membrane oxygenation (ECMO) in the neonatal
period. Those children with milder forms of pulmonary

Fig. 9 Serial chest radiographs in a newborn with left Bochdalek
hernia show gradual resorption of large left pneumothorax, progres-
sive expansion of hypoplastic left lung, accumulation of fluid into the

left chest cavity and shift of mediastinal structures to a more normal
position by postoperative day 7. Note coiled epidural catheter
(arrows). a Postrepair day 1. b Postrepair day 3. e Postrepair day 7
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Fig. 10 A 4-day~ld infant with
a Bochdalek defect and hernia-
tion of solid viscera presenting
with mild respiratory distress. a
Chest radiograph shows bowel
in the left hemithorax and a soft-
tissue retrocardiac mass
(alTOws). b Coronal recon-
structed, contrast-enhanced CT
image shows intrathoracic her-
niation of the spleen and left
kidney through a large Bochda-
lek hernia

hypoplasia are generally asymptomatic and are at no
higher risk of pulmonary infections, while children who
required ECMO therapy have a higher prevalence of
chronic lung disease and infections [45-47]. Other
complications include hernia recurrence (Fig. 12) and
deformities of the spine (scoliosis) and chest wall (pectus
excavatum or carinatum) [48, 49].

Treatment

The philosophy of initial management of CDH has changed
during the last 20 years away from emergent to elective
repair of the diaphragmatic defect. A number of studies
have shown that medical management designed to address
the major causes of neonatal mortality (pulmonary hypo-
plasia and pulmonary hypertension), followed by surgical

Fig. 11 A 12-year~ld boy with repaired right Bochdalek hernia and
hypoplastic lung. a Chest radiograph shows a small, lucent right lung
and asymmetric increased pulmonary vascularity to the left lung. b
Contrast-enhanced CT scan with mediastinal windows shows hypo-

~ Springer

repair, has led to improved outcomes [50-52]. Since 1995,
a strategy of "gentle ventilation" consisting of permissive
hypercapnia and spontaneous respiration has led to im-
proved survival and less need for ECMO [53]. Additional
ventilatory support strategies including high-frequency
ventilation, nitric oxide inhalation, ECMO, and exogenous
surfactant administration have been used with the goals of
maintaining adequate oxygenation while minimizing lung
damage [47, 50-52].

Surgical repair is accomplished via an abdominal
approach with removal of abdominal viscera from the chest
and primary repair of the defect (Fig. 13). Use of a fabric
patch might be necessary in larger defects, and occasionally
a split abdominal wall muscle flap is used when primary
closure is not possible [54].

c

Posterior

plasia of right main pulmonary artery. c Posterior view of a perfusion
scan of the lungs confirms marked asymmetry of pulmonary perfusion
with 93% of total pulmonary flow to the left lung
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Fig. 12 A 7-year-old boy with neonatal patch repair of a Bochdalek:
hernia and recurrent defect. a Upper abdominal radiograph shows
bowel loops in the left chest. b, c Coronal (b) and sagittal (c) contrast-

Outcomes

The prenatal diagnosis of CDH and the presence of
associated malformations both contribute significantly to a
very high "hidden mortality" rate in fetuses before they can
reach an appropriate facility [55]. Thus, when the entire
population of patients with CDH is evaluated, the overall
mortality for CDH does not appear to have changed despite
the advent of new therapies. However, once an infant with
CDH is born and reaches a treatment facility, survival rates
in selected, high-volume centers have steadily improved.
Downard et al. [50] have reported a steady increase in
survival rates for infants with CDH treated in Boston from
67% in 1998 to 93% in 2001. This has not been the
experience in other countries. In a review of 185 cases of

Fig. 13 Intraoperative image during surgical repair of a left
Bochdalek hernia View through a left transverse incision shows the
colon (C) entering the chest though a large defect (arrows)

enhanced CT reconstructions show a recurrent herniation of colon and
mesentery through the medial and anterior lip of the patch repair

CDH in a regional case registry in the United Kingdom,
Stege et al. [2] have reported survival rates ranging from
43% to 65% that were independent of the availability of
ECMO, high-frequency ventilation, inhaled nitric oxide and
delayed surgery. They conclude that reports of improved
survival ofCDH are likely to be explained by case selection
and should be interpreted with caution [2].

After successful repair, patients with CDH continue to
have a high prevalence of medical problems, including
gastroesophageal reflux, developmental delay, poor growth,
hearing loss, and musculoskeletal abnormalities (scoliosis
and sternal deformities) [56].

Retrosternal hernia

Anterior retrosternal hernias occur in two forms. The most
common is a hernia through the foramen of Morgagni
(FM). This is an anterior opening of the diaphragm that
extends between the sternum medially and the eighth rib
laterally and is caused by failure of fusion between the
transverse septum and the lateral body wall where the
internal mammary artery crosses the diaphragm. FM
hernias account for 9% to 12% of diaphragmatic defects
in infancy, are most commonly unilateral, and are right-side
in 90% of cases [57-59]. Unlike Bochdalek-type hernias,
most FM hernias have a well-defined hernia sac. Although
FM hernias are occasionally diagnosed prenatally (Fig. 14),
the majority of these hernias present in older children or
adults as incidental findings, or with signs of pulmonary
infection or gastrointestinal obstruction. FM hernias are
associated with a number of anomalies including trisomy
21 and congenital heart disease in 14% and 58% of
patients, respectively [60, 61]. Because of the risk of bowel
incarceration and strangulation, these hernias should be
repaired soon after diagnosis. Surgical repair consists of
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Fig. 14 Morgagni hernia in a 20-week fetus. a Sagittal sonogram
through the right fetal chest shows herniation of the liver (L) into the
chest; arrows depict the hernia. b, e Sagittal (b) and axial (c) T2-W

primary repair of the hernia by either an open trans-
abdominal approach or by laparoscopic techniques.

The radiographic diagnosis is typically made when
anterior herniation of bowel loops is identified on the
lateral chest radiograph (Fig. 15). Other commonly herni-
ated viscera include the liver, spleen and omentum, and
might present as a medially located mass in the low anterior
mediastinum. US or CT scan can be helpful when only
solid abdominal viscera herniate (Fig. 16) [58]. The
echotexture of herniated liver might be altered because of
edema caused by vascular compression by a diaphragmatic
defect (Fig. 17).

The second fonn of retrostemal hernia happens as a
component of the pentalogy of Cantrell. This entity
includes a number of congenital defects including ompha-

Fig. 15 A 2-week-old boy with
Morgagni defect presenting with
respiratory difficulty. Antero-
posterior (a) and lateral (b) chest
radiographs show intrathoracic
bowel herniating through an
anterior foramen of Morgagni
defect

~ Springer

images through the fetal chest confirm the herniation of liver
(b arTOWS, c L) via an anterior foramen of Morgagni hernia

locele, inferior sternal cleft, complex cardiac defects,
ectopia cordis, diaphragmatic hernia, and pericardial defects
(Fig. 18). The deformity results from a failure of develop-
ment of the septum transversum of the primitive diaphragm
and is associated with poor outcomes caused by underlying
complex heart disease. Repair of the defect involves
correction of the cardiac lesion as well as abdominal wall
and diaphragm closure. A prosthetic patch is often required
[57,62].

Hiatal hernia

A hiatal hernia is defined as the protrusion of a portion of the
stomach into the mediastinum through the esophageal hiatus
of the diaphragm [3]. Three types of hiatal hernia are
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Fig.16 A 7-day-old boy with a
Morgagni hernia a, b Antero-
posterior (a) and lateral (b) chest
radiographs show a poorly de-
fined right chest mass and right
upper lung atelectasis. c Sagittal
color Doppler sonogram of the
right chest obtained on the same
day shows herniation of the liver
(L) through an anterior foramen
of Morgagni hernia (anvws).
Note the abnormal course of the
hepatic vein and the difference
in echo texture of the intratho-
racic (1) and intraabdominal (A)
portions of the liver. d, e Sagittal
(d) and coronal (e) contrast-
enhanced CT reconstructions
obtained the same day confirm
anterior liver (L) herniation

II
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Fig. 17 A l-day-old boy with a Morgagni defect Sagittal sonogram
of the right chest shows herniation of the liver through an anterior
foramen of Morgagni defect Note the lower echogenicity of the
herniated portion of liver (UV). RK right kidney

currently recognized (Fig. 19): sliding hiatus hernia, in
which the esophagus moves freely through an enlarged
hiatus into the chest; paraesophageal hernia, in which the
gastroesophageal junction remains in its normal location
and a portion of the stomach bulges through a hiatus
anterior to the stomach; and congenital short esophagus, in
which the stomach is irreducibly fixed in the chest. One
potential explanation for the presence of congenital hiatal
hernias relates to a delay in the descent of the stomach from
the chest. The resulting esophageal hiatus is larger than
normal, leaving a space between the esophagus and dia-
phragm [3]. Although hiatal hernias account for almost half
of all hernias, the great majority of these are acquired
lesions. Hiatal hernias account for only 9% of diaphragmatic
hernias in infants younger than 1 year [59).

Prenatal diagnosis of a hiatal hernia might be possible by
identification of a hypo echoic mass in the posterior
mediastinum in continuity with the intraabdominal portion

of the stomach [37]. Some of these cases are associated
with a congenitally short esophagus that might cause a
distended stomach to be located in the thoracic cavity.

Paraesophageal hernia is an uncommon but conceming
entity in young children. These children are often missing
the normal gastrosplenic and gastrocolic ligaments that
anchor the stomach in the normal position. As a result,
organoaxial volvulus of the stomach and colonic herniation
can occur as serious complications [63]. Surgical repair
involves reduction of herniated viscera followed by
excision of the hernia sac, and tightening of the crura of
the esophageal hiatus [64).

In infancy, larger hiatal hernias are visible on chest
radiographs as a solid or air-filled retrocardiac mass
(Fig. 20). A congenitally short esophagus might also be
visible on radiographs as a cystic, space-occupying air-
filled lesion in the chest. Identification of a nasogastric tube
coursing through the cyst can suggest the diagnosis
(Fig. 21). Upper gastrointestinal series with water-soluble
contrast material will provide a definitive diagnosis.

Late-onset and acquired diaphragmatic hernia

Although the majority of children with CDH present during
the first few days of life, late presentations have been
reported as late as 12 years of age (Figs. 22 and 23). Older
children with CDH often present with both acute and
chronic gastrointestinal manifestations and less frequent-
ly respiratory symptoms [65]. Blunt abdominal trauma
can also result in traumatic diaphragmatic hernia in older
children. The diagnosis is missed on initial chest radio-
graphs in up to 47% of patients. CT or MRI is often
necessary to make a definitive diagnosis (Fig. 24) [66, 67).

Fig. 18 Central, retrostemal hernia (pentalogy of Cantrell) in a 5-
month-old with a large omphalocele repaired as a newborn. Sagittal
(a), anterior coronal (b), and axial (c) contrast-enhanced CT images of
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the chest show anterior herniation of the heart, liver (L) and bowel
through an anterior thoracoabdominaJ defect Note the hypoplastic
sternal ossification centers (a arrow)
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Fig. 19 Drawings of hiatal
hernias. a illustration of a
sliding hiatal hernia shows an
enlarged esophageal hiatus with
elevation of the gastroesophage-
al junction and intrathoracic
herniation of the stomach. b
illustration of a paraesophageal
hernia shows a normal esopha-
geal hiatus and gastroesophageal
junction, and herniation of the
stomach through an anterior
hernia (diagrams modified from
reference [4])

Fig. 20 A 4-month-old girl
with a paraesophageal hemia
who presented with vomiting. a
Chest radiograph obtained dur-
ing an upper gastrointestinal
series shows intrathoracic herni-
ation and organoaxial volvulus
of the stomach into a paraeso-
phageal hernia. b Delayed ra-
diograph of the upper abdomen
shows herniation of the trans-
verse colon

a

-
13

b
Anterior Posterior

Fig. 21 Newbom with a congenital short esophagus presenting with
respiratory distress and gagging. a Chest radiograph shows a large
cystic structure in the right hemithorax within which is coiled a
nasogastric tube. Note a lens-shape density overlying the right lower
chest (arrows) b Radiograph obtained after administration of water-

soluble contrast material via the nasogastric tube confirms a short
esophagus with a fixed intrathoracic stomach. Note the malfixated
small bowel in the abdomen. e Sagittal T2-W MR image through the
right chest shows a small additional posterolateral (Bochdalek) hernia
with liver herniation (arrow)
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Fig. 22 A 2-year-<lld girl who
presented with intermittent ab-
dominal pain and mild shortness
of breath caused by a small
Bochdalek hemia. a Chest ra-
diograph shows a moderate left
plural effusion and mild small
bowel dilatation. b Close-up
image of the splenic flexure of
the colon obtained during an
enema using water-soluble con-
trast material shows a complete
obstruction of the colon with a
beak-like appearance. At sur-
gery, ischemic colon was found
in the left chest incarcerated by
a 7-mm Bochdalek hernia

Conclusion

Imaging continues to play a key role in the prenatal
detection and characterization of diaphragmatic defects
and in the postnatal monitoring of ventilatory therapy in

Fig. 23 A 14-year-<lld girl with late presentation of a Bochdalek
hernia, presenting with fever and initial periumbilical pain that migrated
to the left shoulder. Chest radiograph shows bowel in the left
hemithorax and a pneumothorax (anvws). At surgery, a Bochdalek
hernia and perforated appendix were identified in the left hemithorax

~ Springer

these complex and critically ill infants. Because of the
high prevalence of associated anomalies, detailed multi-
modality imaging evaluation can be very useful in
selected infants.

IlmmllIt • , • , I, I •• , • I • ! r. I

Fig.24 Traumatic hernia of the diaphragm in a 15-year-<lld boy with
acute chest pain and vomiting after competing in a cross-country race.
Radiograph of the upper abdomen shows herniation of the bowel and
malpositioned nasogastric tube in the left hemidiaphragm
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