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Congenital diaphragmatic her-
nia (CDH) in which a defect 
in the diaphragm permits in-

tra-abdominal and/or retroperitoneal 
structures to move into the thorax, is a 
complex condition with a prevalence 
of 1 in 2,500 to 1 in 5,000 live births.1, 2 
Knowledge of the short- and long-term 
sequelae of surgical repair has grown 
significantly in recent years, and CDH 
has a high survival rate among children 
treated at specialized institutions. 

Radiology, including MRI, CT, 
and radiography, plays a vital role in 
evaluation of the early and late post-
operative state; however, postsurgical 
imaging characteristics have not been 
thoroughly described in the literature. A 
deeper understanding of these findings 
is important for differentiating expected 
postoperative evolution and sequelae of 
CDH from complications that may re-
quire intervention. 

This article briefly reviews preopera-
tive imaging and classification, and then 
delves into a discussion of postopera-

tive evolution, the imaging appearance 
of extracorporeal membrane oxygen-
ation (ECMO), expected postoperative 
findings and unexpected complications 
involving the vascular, gastrointestinal, 
pulmonary, neurological, and musculo-
skeletal systems.

CDH: Prenatal Imaging and 
Classification

Prenatal imaging, particularly fetal 
MRI, permits early, accurate diagno-
sis of CDH by better characterizing 
the affected anatomy and identifying 
associated anomalies. Armed with 
this information, the clinician can bet-
ter counsel the family and prepare a 
treatment plan. As increasing experi-
ence in prenatal and neonatal care has 
improved the overall survival rate of 
CDH, postoperative management is 
vital to improving patient outcomes 
and quality of life. In this regard, med-
ical imaging plays an important and 
essential role in helping to decrease 
long-term morbidity by identifying 
postsurgical complications promptly.3

Diaphragmatic hernias are most 
commonly categorized as either Boch-
dalek or Morgagni. Bochdalek hernias 
are typically located posterolaterally 
in the chest, resulting in contralateral 
mediastinal shift and pulmonary hypo-
plasia, predominantly of the ipsilateral 
lung. This type of hernia occurs more 

frequently on the left side and may 
contain the bowel, stomach, spleen, 
and occasionally the liver. A right-
sided Bochdalek hernia may contain 
the liver, bowel, and occasionally the 
gallbladder. Rarely, the ipsilateral kid-
ney or adrenal gland may herniate on 
either side. 

Bilateral Bochdalek hernias typically 
do not have a significant midline shift 
and usually result in profound hypopla-
sia of both lungs. While it accounts for 
only 1% of all cases, bilateral CDH has 
a dismal prognosis.4, 5 With Bochdalek 
hernia types, the hernia is occasionally 
contained by a sac, which is seen as 
a clear demarcation between the her-
niated organs/bowel and the apically 
shifted ipsilateral lung.1 Morgagni her-
nias are less common, located anteriorly 
and usually to the right of midline. They 
often contain both liver and bowel, re-
sulting in a slight leftward mediastinal 
shift.6 

Surgical Approaches to CDH 
A multidisciplinary approach to 

postoperative follow-up has become 
a mainstay of clinical management. 
With improving survival, patients with 
corrected CDH are more prevalent. 
As such, the multi-organ postsurgical 
complications of CDH are becoming 
increasingly recognized. Yet, inter-
preting postoperative imaging studies 
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in CDH can be challenging. In addition 
to CDH classification, a thorough un-
derstanding of the surgical techniques 
employed to correct the condition and 
the expected evolution of CDH over 
time is required. 

The ideal approach to and timing of 
surgery, which depend largely on the 
patient’s clinical condition, are a sub-
ject of controversy among surgeons. 
Surgical options include open repair, 
most commonly via a subcostal incision 
(Figure 1) or thoracotomy, and thoraco-
scopy (Figure 2). Historically, CDHs 
were repaired emergently, leading to 
some operations being performed on 
unstable patients.7 

From the 1990s onward, the man-
agement strategy generally shifted to 
a delayed operative repair 8-10 once the 
infant was stabilized. The optimal tim-
ing for repair depends on many patient 
factors, including the need for ECMO; 
some centers are now reporting success 
with early repair in patients on ECMO.11 
During the operation the herniated or-
gans are moved from the thoracic cavity 
back to the abdomen, followed by dia-
phragmatic closure via primary repair 
or placement of a patch. Occasionally, 
abdominal wall muscle flaps are used for 
closure. Familiarity with the typical sur-
gical approach at individual institutions 

will assist radiologists in understanding 
the postoperative anatomy.  

Expected Postoperative Findings 
and Unexpected Complications

With improved perioperative care, 
including gentle ventilation, inhaled 
nitric oxide treatment, and ECMO, a 
growing number of patients are sur-
viving and requiring long-term man-
agement. Many centers advocate close 
follow-up initially, with gradual spac-
ing of follow-up, often including pre-
visit chest radiography,  throughout 
childhood.12 In addition to changes that 
can be expected after surgery, patients 
may occasionally experience unex-
pected complications of the vascular, 
gastrointestinal, pulmonary, neurolog-
ical, and musculoskeletal systems re-
lated to surgery and/or associated with 
ECMO. Such complications may pres-
ent early in the postoperative period to 
months or years later.

Based on our observations, radio-
graphs typically reveal certain expected 
postsurgical findings that typically ap-
pear chronologically. Immediately after 
removal of the herniated contents, the ip-
silateral chest cavity is air-filled and the 
hypoplastic lung initially remains col-
lapsed; this normal finding should not be 
confused with a pneumothorax. While 

the timeline can vary, the pleural air re-
sorbs and the cavity gradually fills with 
fluid. With progressive expansion of the 
ipsilateral lung, the mediastinum begins 
to shift toward the ipsilateral side and the 
contralateral lung expands. The pleural 
fluid eventually resorbs, and mild pleural 
thickening on the side of the repair may 
persist long term. This process, depicted 
in Figure 3, is similar to that which oc-
curs after pulmonary lobectomy.

 Occasionally, if the pleural fluid 
continues to accumulate without stabi-
lizing, the mediastinum can shift con-
tralaterally, causing increasing mass 
effect on the contralateral lung. This ur-
gent finding should be communicated to 
the surgical team, as it typically requires 
chest tube placement to relieve the mass 
effect (Figure 4). In patients with patch 
repair, the patch can often be seen as a 
radiopaque linear structure along the 
diaphragm on radiography or CT, de-
pending on the material used.

Complications Associated  
with ECMO

ECMO is typically reserved for pa-
tients with severe pulmonary or cardiac 
compromise refractory to ventilator 
support and medications. Refractory 
pulmonary hypertension resulting from 
pulmonary hypoplasia is the primary 

FIGURE 1. Subcostal approach left CDH repair. Intraoperative picture (look-
ing from the base of the thoracic cavity towards the apex) after removal of her-
niated organs shows the large thoracic cavity with hypoplastic and atelectatic 
left lung (arrowhead).

FIGURE 2. Thoracoscopic approach left CDH repair. Intraop-
erative picture (looking from apex of the thoracic cavity to the 
base) shows the large diaphragmatic defect after removal of 
the herniated abdominal organs (arrowheads).
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cause of mortality in CDH; it is also the 
primary reason many of these patients 
require ECMO.13 Depending on the 
patient’s condition and the institution’s 
protocol, patients may be placed on 
ECMO before or after surgery, permit-
ting venous blood bypass to an external 
membrane oxygenator and then sending 
it into the arterial or venous circula-

tion. ECMO cannulas can be venoarte-
rial (VA) or venovenous (VV). In VA 
ECMO, the reperfusion arterial cannula 
terminates in the right common carotid 
artery, and the venous cannula is placed 
in the right internal jugular vein, which 
terminates in the right atrium (Figure 5). 
In VV ECMO, a double lumen cannula 
is typically placed in the right internal 

jugular vein and terminates in the right 
atrium (Figure 5B). 

Familiarity with the expected posi-
tion of the cannulas helps to identify 
incorrect positioning, which can in-
crease the risk of complications. Can-
nulas should be actively evaluated for 
fracture or kinking (Figure 5). Despite 
the acknowledged survival benefit of 
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FIGURE 3. Anteroposterior radiographs of expected postoperative evolution in left CDH. (A) Newborn with left CDH shows stomach and small 
bowel up (arrow) and rightward mediastinal shift (arrowhead). (B)  Postoperative day (POD) 0, a large amount of air is present in the left pleural 
cavity (asterisk), and the left lung is hypoplastic (arrow). (C) POD 8, the cavity gradually fills with fluid (asterisk) with improvement of the left lung 
expansion (arrow), decrease in the mediastinal shift (arrowhead), and interval placement of VA ECMO cannulas (curved arrows). (D) POD 36, 
improved expansion of the hypoplastic left lung (arrow) with mild hazy opacities in both lungs is shown.
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ECMO,14 serious neurologic compli-
cations may occur. ECMO patients 
require anticoagulants, putting them 
at increased risk for intracranial hem-
orrhage. The large bore of the cannulas 
can also cause stenosis or occlusion of 
the internal jugular vein, common ca-
rotid artery, and SVC (Figure 6).

Vascular Sequelae
Vascular abnormalities are common 

in CDH patients, both pre- and post-
operatively. The position of vascular 
support devices on preoperative radio-
graphs vary secondary to the altered 

anatomy, which should be recognized 
to avoid unnecessary manipulation. For 
instance, the umbilical venous catheter 
may deviate significantly to the left of 
the spine, often in the left hemithorax in 
cases of liver-up left CDH.15 The umbil-
ical arterial catheter may be positioned 
to the right of the spine, or even to the 
right of the umbilical venous catheter. 
These findings generally do not indi-
cate a situs abnormality, but rather are 
related to deviation and rotation of the 
vasculature secondary to the hernia. 

In patients with liver-up CDH, he-
patic vasculature positioned above the 

diaphragm can result in altered hepatic 
perfusion from vascular congestion, 
which may persist in the postoperative 
period and is usually inconsequential 
(Figure 7). Infrequently. serious com-
plications may develop; eg, IVC or 
hepatic veins may become kinked in a 
right CDH. After surgery, the kinked 
IVC may be further compressed by the 
liver,16 leading to chronic narrowing 
and, potentially, thrombosis. Patients 
are also predisposed to form throm-
bus in the aorta or other major arteries 
owing to the arterial catheters, such as 
UAC and ECMO cannulas.

FIGURE 4. Pleural fluid accumulation without resorption on anteroposterior radiographs. (A) Postoperative day (POD) 9 after left CDH repair 
shows moderate fluid in the left pleural cavity (asterisk) and rightward mediastinal shift (arrowhead). (B) POD 10, the fluid in the left pleural cav-
ity continues to increase without resorption (asterisk) with worsening of the rightward mediastinal shift (arrowhead) secondary to increased left 
intrathoracic pressure. (C) POD 14, radiograph obtained a few days after a chest tube (arrow) was urgently placed, now shows decrease in the 
left pleural fluid (asterisk) and in the rightward mediastinal shift (arrowhead).

FIGURE 5. ECMO and its complications. (A) Normal appearance of venoarterial ECMO: Venous cannula (arrow) in the right internal jugular 
vein with the radiopaque tip (arrowhead) projecting over the right atrium. Arterial cannula (curved arrow) enters the right common carotid artery. 
(B)  Normal appearance of venovenous ECMO: Single venous cannula (arrow) in the right IJV with the tip (arrowhead) projecting over the right 
atrium. (C)  Fracture of the arterial cannula (arrow) in VA ECMO.
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Complications Directly Related to 
CDH Repair

Complications of CDH repair may 
occur intraoperatively or postoperatively 
during or after the hospital stay. Intraop-

erative hemorrhage or organ injury while 
reducing herniated structures during 
CDH repair can rarely lead to abdominal 
compartment syndrome and may require 
delayed abdominal closure.16 Patients 

may develop primary infection, includ-
ing a patch abscess, which is best appre-
ciated on CT (Figure 8). 

Hernia recurrence typically presents 
later in childhood but can rarely present 

FIGURE 6. Long-term vascular complications. (A)  Axial CT image shows chronic thrombosis of the right internal jugular vein (arrow) and right 
common carotid artery (arrowhead) secondary to prior ECMO cannulas. (B) Sagittal CT image in a toddler shows severe superior vena cava 
stenosis from long-term use of central lines and ECMO cannulas.

FIGURE 7. Hepatic venous congestion. Coronal CT image in a baby 
post left CDH repair demonstrates decreased density in the left lobe 
of the liver related to persistent venous congestion after reduction 
(arrows).

FIGURE 8. Patch abscess. Coronal CT image in a patient with prior 
left CDH repair shows the linear radiopaque patch surrounded by a 
fluid collection (arrows) compatible with an abscess.
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during the initial hospital stay (Figure 9). 
The bowel is the most common organ to 
herniate, though usually to a lesser extent 
than the original hernia. Many recur-
rences are asymptomatic; surveillance 
chest radiography can be performed to 
identify them early. Patients may present 

with mild chest pain or, more seriously, 
respiratory failure or bowel obstruction.12

Gastrointestinal (GI) Sequelae
Functional sequelae associated with 

the GI system are expected in most 
postoperative cases. Gastroesophageal 

reflux (GER) has been reported in up 
to 84% of patients,17 usually present-
ing early on and often persisting well 
into childhood and even adulthood. 
Many theories have been proposed 
to explain the increased risk of GER. 
These include esophageal dysmotility 

FIGURE 11. Pulmonary hypoplasia and chronic lung findings. (A) Antero-
posterior radiograph in a 6-month-old status post left CDH repair shows 
left pulmonary hypoplasia (arrow) and bilateral lung opacities. (B) Axial CT 
in the same baby shows left pulmonary hypoplasia, scattered hazy lung 
opacities and mosaic attenuation (arrows) most pronounced on the left.

FIGURE 10. Gastroesophageal reflux. Esophagram in a 
1-month-old baby, a few weeks after CDH repair, demonstrates 
gastroesophageal reflux into a tortuous esophagus (arrow).

FIGURE 9. Recurrent CDH. Sagittal CT image demonstrates recurrent hernia 
containing the left kidney (arrow) in a patient with prior left CDH repair.
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and dilatation from prior mass effect, 
shortening of the esophagus, increased 
postsurgical intra-abdominal pressure,  
altered diaphragmatic motion from a 
weakened crus, disruption of the angle 
of His, or any combination thereof.18-21 
Patients with unrecognized GER can 
develop feeding aversions and may re-
quire a gastrostomy tube to prevent fail-
ure to thrive. Therefore, early diagnosis 
is essential to providing an improved 
quality of life.

Although GER is a clinical diagno-
sis, upper GI fluoroscopy can further 
delineate the process. In addition to the 
presence and extent of reflux across the 
GE junction, a dilated tortuous esoph-
agus with abnormal peristalsis may be 
visualized (Figure 10). Routine radio-
graphic assessment for an air-filled, 
dilated esophagus, usually best seen on 
a lateral view, should be performed. A 
fundoplication is often performed to 
reduce the risk of reflux and aspiration 
that would otherwise further complicate 
already reduced pulmonary function. 
Fundoplication also reduces the risk 
of esophagitis and Barrett esophagus, 
which studies have shown to be a poten-
tial complication in adult survivors of 
CDH repair.22, 23 

Bowel obstruction may develop 
secondary to adhesions, volvulus, or 
recurrent hernia.24 While radiogra-
phy may suffice in some instances, 
cross-sectional imaging is often needed 
for thorough evaluation. Abdominal 
radiographs should be assessed for air-
fluid levels, bowel distention, pneu-
matosis, and pneumoperitoneum, as 
10-20% of patients can develop bowel 
obstruction.25 Some suggest that CDH 
survivors have an increased likelihood 
of forming adhesions due to increased 
intra-abdominal pressure and slowed 
peristalsis from surgery.22 Patients with 
recurrent hernia can develop a closed 
loop obstruction and even perforation. 
Recognizing these on imaging is criti-
cal; recurrent hernia is one of the most 
common indications for a second sur-
gical intervention.25 Similarly, in utero 
obstruction of herniated bowel with 
perforation can result in meconium 

spillage, causing pleuritis and peritoni-
tis. 26, 27 The meconium calcifies and ap-
pears as coarse pleural and/or peritoneal 
densities on radiographs.

The vast majority of CDH patients 
have some degree of malrotation of the 
bowel, which can rarely predispose to 
midgut volvulus.28, 29 Some surgeons 
may perform a preventative Ladd pro-
cedure at the time of hernia repair, al-
though the frequency of this procedure 
varies with severity of the malrotation 
and surgeon preference. These findings 
may be appreciated on radiographs as 
an altered position of the post-pyloric 
feeding tube. An association between 
CDH and pyloric stenosis has also been 
described30 and can be seen in 1.2% of 
CDH patients.31

Pulmonary Sequelae
Pulmonary sequelae of CDH are seen 

in the majority of CDH survivors. Hy-
poplasia of the ipsilateral lung and, to 
a lesser degree, the contralateral lung, 
are expected and important prognostic 
factors (Figure 11). In utero mass effect 
on fetal lungs also leads to structural 
abnormalities of the bronchi, alveoli, 
and vascular bed.32 Mosaic attenuation 
related to air trapping and/or perfusion 
abnormalities may be seen on CT (Fig-
ure 11). Furthermore, superimposed 
ventilator-induced lung injury can 
lead to the appearance of fibrotic lung 
changes. Chronic pleural thickening on 
the side of the hernia repair is often seen 
and should not be mistaken for a pleural 
effusion. 

Hypoperfusion of the affected lung 
can be seen on a ventilation-perfusion 
scan secondary to hypoplastic pulmo-
nary vasculature.32 Patients may even-
tually develop pulmonary hypertension, 
suggested on chest imaging by pulmo-
nary artery enlargement, right ventric-
ular hypertrophy, or signs of right heart 
failure.33 Significant hypoxic respira-
tory failure from pulmonary hypoplasia 
and pulmonary hypertension is a lead-
ing cause of short- and long-term mor-
bidity.34 Pulmonary function tests may 
demonstrate obstructive and/or restric-
tive airway disease.32

Neurological and Musculoskeletal 
Sequelae

Imaging can also reveal neurological 
abnormalities associated with CDH. 
Radhakrishnan, et al, suggested an as-
sociation of brain injury with severity 
of pulmonary hypoplasia and hypoxia, 
and with right-sided hernias.35 The most 
frequently encountered finding on im-
aging was enlarged extra-axial spaces 
in the postnatal brain; however, ventric-
ulomegaly and white matter injury were 
also identified.35 Others have described 
bifrontal atrophy and ventricular dila-
tation on imaging during childhood.36 
Furthermore, ECMO itself can cause 
enlarged extra-axial spaces in addition 
to  complications such as infarction, 
seizures, and intracranial hemorrhage 
associated with anticoagulation.37

Musculoskeletal findings in postoper-
ative patients include scoliosis and chest 
wall deformities, including pectus exca-
vatum and chest wall hypoplasia.24 Mild 
to moderate scoliosis is frequently seen; 
progression can compromise chest wall 
compliance and quality of life, and often 
requires surgical intervention.38 Pectus 
excavatum is the most common chest 
wall deformity, narrowing the thoracic 
cavity and preventing complete lung 
expansion due to decreased chest wall 
compliance in severe cases.39

Conclusion
CDH is a complex condition that 

can be addressed through various sur-
gical strategies. Patient management of 
CDH survivors is a lifelong process. A 
thorough understanding of the imaging 
appearances of pre- and postoperative 
anatomy, as well as the expected post-
operative evolution of CDH, can help 
the pediatric radiologist to quickly dis-
tinguish expected findings from unex-
pected complications. 
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