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1  Introduction

Congenital diaphragmatic hernia (CDH) occurs in about 
1/2,500–1/5,000 of newborns, depending on whether 
stillbirths are included or not (Butler and Claireaux 1962), 
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Abstract

With advances in ultrasound technology, con- ›
genital diaphragmatic hernia (CDH) is easily 
diagnosed prenatally. In contrast, prenatal prog-
nostication remains a challenge. In view of the 
current availability of fetal therapy this becomes 
even more important. To date, one of the most 
studied markers is the lung-area to head circum-
ference ratio and has been shown in large studied 
to be predictive of postnatal outcome in terms of 
survival and also morbidity. Since the fetal lung 
is a fluid filled structure hence has high signal 
intensity on T2-WI, it can be easily discernible 
from the surrounding structures using fetal mag-
netic resonance imaging (MRI). This remains so 
even in case of oligohydramnios and obesity, 
conditions that make appropriate ultrasound 
evaluation difficult and inaccurate. The advan-
tage of prenatal assessment in CDH using fetal 
MRI is that both lungs can be measured accu-
rately, prediction can be adjusted to fetal biome-
try using the fetal body volume and intrathoracic 
position of the liver can be quantified, given a 
more accurate prediction of postnatal survival 
rather than the simple semiquantitative assess-
ment of liver position. Further research using 
fetal MRI is directed towards the assessment of 
lungs at the microstructural level.
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and accounts for approximately 8% of all major congeni-
tal anomalies (Torfs et al. 1992). It is a surgically 
 correctable, anatomical defect with unknown etiology. 
While the majority of cases are sporadic, less than 2% are 
familial (Enns et al. 1998), and recurrence rate of isolated 
CDH is known to be around 2% (Norio et al. 1984). The 
defect is believed to arise in the embryological period, 
and as a consequence lung development during further 
gestation is impaired (Keijzer et al. 2000). A genetic basis 
remains largely unidentified, but recent work points to 
the potential of gene discovery tools in CDH and also 
proves that the phenotypic spectrum of CDH may reflect 
mutations of different genes (Ackerman et al. 2005; Hara 
et al. 2005; Slavotinek 2005).

CDH is classified according to the location of the 
defect in the diaphragm. Most commonly, CDH are 
left-sided, however in 13% they are right-sided and in 
2% they are bilateral (Torfs et al. 1992). Posterolateral 
defect, known as the Bochdalek hernia are the most 
common while the Morgagni hernia occurring at the 
anterior portion of the diaphragm are more rare.

In around 40% of the CDH patients, there are associ-
ated anomalies and these can be structural or chromo-
somal defects, and genetic syndromes. The structural 
anomalies associated with CDH are mainly congenital 
heart and central nervous system defects, but also include 
urogenital, gastrointestinal, musculoskeletal and respira-
tory anomalies (Crane 1979; Witters et al. 2001). The 
chromosomal anomalies associated with CDH are most 
commonly trisomy 21, 18 and 13. Other chromosomal 
abnormalities such as turner, tetrasomy 12p, partial triso-
mies 5 or 20 are rare. Genetic syndromes include Fryns 
syndrome, de Lange syndrome, Marfan syndrome and 
many others. Associated anomalies are independent pre-
dictors of survival, with less than 15% of babies surviv-
ing in this group (Skari et al. 2000; Stege et al. 2003).

Actual survival rates in isolated CDH are a matter 
of debate. Intuitively one would expect that, with 
advances in neonatal care, neonatal survival rates to 
improve accordingly. Larger surveys however rate 
mortality in antenatal diagnosed isolated and live born 
cases around 30%, still today (Stege et al. 2003; Colvin 
et al. 2005). Some series from postnatal surgical units 
report survival rates in excess of 80% (Bagolan et al. 
2004; Downard et al. 2003). However, such results 
overlook the prenatal “hidden mortality” arising from 
fetal death or termination of pregnancies considered to 
have a poor prognosis (Harrison et al. 1978), or babies 
born in outreach hospitals and dying before referral for 

pediatric surgery (Scott 2004). A study from Western 
Australia, on 116 babies with CDH collected over a 
10-year period, reported that prenatal diagnosis was 
made in 53% of cases and half of these underwent ter-
mination of pregnancy (Colvin et al. 2005). Although 
the survival in those cases that were selected for neo-
natal surgery was 92% and the overall survival of the 
prenatally diagnosed fetuses was only 16%. In another 
recent population-based study from France on 51 cases 
of CDH, the condition was isolated in 29 and 16 (55%) 
of these survived (Gallot et al. 2005).

Whatever the true mortality is, in the group with iso-
lated CDH a high proportion of babies still die in the 
neonatal period due to pulmonary hypoplasia and/or 
hypertension. Antenatal prediction of likely postnatal 
outcome is a clinical need since we need to offer parents 
different management options including expectant man-
agement, termination of pregnancy and prenatal treat-
ment. Nowadays, such a prediction is less of a challenge 
and the purpose of this chapter is to provide a review of 
the current imaging modalities available in the diagno-
sis and the assessment of prognosis of these cases.

2  Prenatal Diagnosis

The diaphragm is imaged by prenatal ultrasonography 
as an echo-free space between the thorax and abdomen. 
The diagnosis of CDH can be easily made on ultra-
sound by the demonstration of stomach and intestines 
(90% of the cases) or liver (50%) in the thorax and the 
associated mediastinal shift to the opposite side (Fig. 1). 
Herniated abdominal contents, associated with a left-
sided diaphragmatic hernia, are easy to demonstrate 
because the echo-free fluid-filled stomach and small 
bowel contrast dramatically with the more echogenic 
fetal lung. In contrast, a right-sided hernia is more dif-
ficult to identify because the echogenicity of the fetal 
liver is similar to that of the lung, and visualization of 
the gall bladder in the right side of the fetal chest may 
be the only way of making the diagnosis. Polyhydramnios 
(usually after 25 weeks) is found in about 75% of cases 
and this may be the consequence of impaired fetal 
swallowing due to compression of the esophagus by 
the herniated abdominal organs. The main differential 
diagnosis is from cystic lung disease, such as cystic 
adenomatoid malformation (Fig. 2) where fetal mag-
netic resonance imaging (MRI) can be of help, or 
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mediastinal cystic processes, e.g., neuroenteric cysts, 
bronchogenic cysts and thymic cysts (Table 1) (Graham 
and Devine 2005). In these cases, a fluid-filled struc-
ture causing mediastinal shift may be present within 
the chest. However, in contrast to diaphragmatic her-
nia, the upper abdominal anatomy is normal.

3  Prenatal Prediction 
of Postnatal Survival

The main predictor of outcome is the presence of other 
major abnormalities that can be diagnosed by detailed 
ultrasonographic examination and fetal karyotyping.

In those with apparently isolated CDH prenatal pre-
diction of outcome essentially relies on the assessment 
of the degree of lung compression by the herniated 
abdominal viscera. Many prognostic factors based on 
conventional 2D-ultrasound have been evaluated such 
as the left to right ventricle ratio (Sharland et al. 1992; 
Thebaud et al. 1997), lung diameter to thoracic circum-
ference ratio (Bahlmann et al. 1999), amniotic fluid 
volume, mediastinal shift and stomach position (Hatch 
et al. 1992). A prognostic score combining sonographic 
features has also been proposed (Dommergues et al. 
1996). Recently, new potential prognostic factors were 
reported, such as fetal pulmonary artery diameters 
(Sokol et al. 2002) or the use of Doppler ultrasound to 
measure impedance to flow in the pulmonary arteries 
(Fuke et al. 2003).

3.1  Prenatal Assessment 
with 2D-Ultrasound

3.1.1  The Lung to Head Ratio 
and Liver Herniation

The most widely studied prognostic factors using ultra-
sound are firstly, determination whether the herniated 
abdominal viscera in the fetal thorax include the liver 
and secondly, measurement of the contralateral lung 
area to head circumference ratio (LHR) (Fig. 1). The 
LHR was first proposed by Metkus et al., who observed 

Fig. 2 T2-WI in a sagittal view of a fetus at 22 weeks of gesta-
tion showing a hyperintense mass of the inferior lobe of the right 
lung corresponding to a congenital cystic adenomatoid malfor-
mation type II (arrow). Note the remaining left lung with normal 
signal intensity (L)

Congenital cystic adenomatoid malformation

Bronchopulmonary sequestration

Diaphragmatic eventration

Bronchogenic cyst

Enteric and neurenteric cysts

Mediastinal teratoma

Bronchial atresia

Table 1 Differential diagnosis of CDH (adapted from Graham 
and Devine 2005)

Fig. 1 Ultrasound image in an axial view of a fetus at 26 weeks 
of gestation at the level of the 4-chamber view of the heart show-
ing a left-sided congenital diaphragmatic hernia (CDH) with mas-
sive mediastinal shift caused by intrathoracic herniation of the left 
lobe of the liver (Li), small bowels (SB) and stomach (St). Note 
the remaining right lung (RL) and the heart (H) shifted towards 
the right part of the thorax. The RL area is measured by multiply-
ing the longest axis (D1) and that perpendicular to it (D2)
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a relationship to survival (Metkus et al. 1996). Prediction 
is improved by combining parameters with another 
anatomical observation, such as the presence of liver 
herniation as assessed by ultrasound (Fig. 3) and/or by 
MRI (Fig. 4). Liver herniation was earlier shown to be 

closely related to survival chances (Bootstaylor et al. 
1995; Albanese et al. 1998). In practice the population 
investigated is stratified based on the position of the 
liver and the LHR, with pivotal points below or above 
LHR = 1.0 and 1.4 (Table 2) (Metkus et al. 1996; 
Lipshutz et al. 1997; Harrison et al. 1998; Flake et al. 
2000; Sbragia et al. 2000; Laudy et al. 2003; Heling 
et al. 2005; Jani et al. 2006a).

These considerations became clear in a recent study 
including several large referral centers. This retrospec-
tive chart review included 184 fetuses, diagnosed with 
isolated left-sided CDH and assessed between 22 and 
28 weeks, expectantly managed and live born after 30 
weeks between 1996 and 2004. Liver herniation had a 
clear effect on LHR. LHR on itself correlated to sur-
vival, but the predictive value of LHR became better 
when the liver was herniated. Using both variables, 
allows a clinical stratification of risk. In fetuses with 
liver herniation, which theoretically have a 50% chance 
to survive, survival can be predicted more accurately 
from LHR measured in the second trimester. When a 
fetus has a 1.0 £ LHR < 1.6 it has a 66% chance to sur-
vive. At 1.6 or higher this would increase to 83% or 

Fig. 3 Ultrasound image in a sagittal view of a fetus at 24 weeks 
of gestation with a left-sided CDH showing the massive intratho-
racic herniation of the left lobe of the liver (arrow). Note the 
stomach (St) in an intrathoracic position

Fig. 4 T2-WI of fetuses with left-sided CDH: (a) in a sagittal 
view at 27 weeks of gestation showing massive intrathoracic 
herniation of the left lobe of the liver (Li) and (b) in an axial 

view at 26 weeks of gestation showing intrathoracic herniation 
of the small bowel (SB) and liver (Li). Note the remaining right 
lung (RL)
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more (Jani et al. 2006a). In the past LHR = 1.0 has been 
considered as a pivotal point, and this is still so today, 
however a further refinement of prediction might be 
possible for fetuses under this threshold. In this multi-
center study not a single patient with a 0.4 £ LHR £ 0.7 
survived. Three fetuses with 0.8 £ LHR < 1.0 survived 
(16%). This study certainly shows that the critical mar-
gin of viability in fetuses with liver herniation lies 
somewhere in the transition of 0.7–1.0, and while indi-
vidual chances might vary from center to center, this 
might be the current limit. Furthermore, since LHR 
increased with gestation, we recently introduced the 
observed to expected (o/e) LHR which provides a ges-
tation independent measurement of lung size (Jani 
et al. 2007b). In fetuses with isolated CDH, the o/e 
LHR represents at this stage the most validated method 

of 2D assessment of lung size in the prediction of post-
natal survival.

3.1.2  Blood Flow and Resistance Measurements

Fetal echocardiography is able to assess repercussion 
of pulmonary hypoplasia on right and left ventricular 
proportions. It can measure branch pulmonary artery 
diameters, later shown to correlate to lung mass. In 
CDH, a larger contralateral diameter and discrepancy 
between contra- and ipsilateral diameters have been 
shown to predict neonatal death and morbidity indica-
tors such as later oxygen requirements (Sokol et al. 
2002). Next to determination of the size of vessels, 
Doppler interrogation of the pulmonary circulation or 

References n Liver: intratho-
racic herniation 
(%)

Gestation 
(weeks)

LHR cut-off Survival (%)

Metkus et al. (1996) 38 ³80 £25 <0.6
0.6–1.35
>1.35

0
57
100

Lipshutz et al. (1997) 15 Not given 24–26 <1.0
1–1.4
>1.4

0
38
100

Harrison et al. (1998) 13 100 20 <1.0
1.0–1.4

20
57

Flake et al. (2000) 47 Not given 23–25 <1.0
1–1.4
>1.4

0
56
85

Sbragia et al. (2000) 20 0 16–26 <1.4
³1.4

89
73

Laudy et al. (2003) 21 Not given 28–37 <1.0
1–1.4
>1.4

0
38
100

Heling et al. (2005) 22 64 16–38 <1.0
1.0–1.4
>1.4

67
60
40

Jani et al. (2006a) 184 47 22–28 0.4–0.5
0.6–0.7
0.8–0.9
1.0–1.1
1.2–1.3
1.4–1.5
>1.6

0
30
32
74
68
72
88

Table 2 Studies reporting on the value of fetal lung area to head circumference ratio (LHR) in the prediction of survival in isolated 
left-sided congenital diaphragmatic hernia (CDH). In the third column the percentage of patients with liver herniation in the series 
is displayed; in the fourth column the gestational age period at LHR measurement
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ductus arteriosus may be a proxy of vascular resistance. 
Pulmonary vascular resistance is indirectly related to 
hypoplasia in some diseases (Laudy and Wladimiroff 
2000; Fuke et al. 2003; Mahieu-Caputo et al. 2004). 
Although theoretically promising, it is not likely that 
large enough changes in peak systolic and end diastolic 
velocities would be detected, as they are already mini-
mal during pregnancy to start with. This adds to other 
limitations, such as the difficulty to insonate at perpen-
dicular angles to the vessel in the presence of abnormal 
anatomy, and the variability of the waveform along the 
proximal or distal vasculature.

3.2  Prenatal Assessment with 
3D-Ultrasound

In the assessment of lung size by LHR only the contral-
ateral lung area in a single transverse section of the 
thorax is measured. Therefore, it seemed logic to inves-
tigate whether the measurement of total lung volume 
either by 3D ultrasound (Fig. 5) or MRI (Fig. 6) may 
provide better prediction of outcome than the LHR 
measurement.

Three-dimensional technology is now widely avail-
able and several studies have published normograms 
for multiplan or rotational volume 3D ultrasound 
acquisitions. Moeglin et al. demonstrated that both 3D 
techniques are interchangeable in normal patients 
(Moeglin et al. 2005). Much less data are available on 
3D volumetry in patients at risk for lung hypoplasia 
(Kalache et al. 2003; Ruano et al. 2004).

In a recent study involving 47 fetuses with CDH 
evaluated between 21 and 36 weeks of gestation, we 
found that the prediction obtained using the o/e LHR-
tracing method was better than the contralateral lung 
volume measured by 3D ultrasound (Jani et al. 2007c). 
A possible explanation for our finding that o/e LHR-
tracing is better in predicting outcome than volume, is 
that maximum compression of the contralateral lung 
occurs laterally rather than longitudinally. Therefore, 
the knowledge of the third dimension of the contralat-
eral lung is of no use in improving the prediction of 
postnatal survival. This has been shown in another 
study comparing LHR with contralateral lung volume 
in fetuses with CDH (Jani et al. 2006b). Consequently, 
in fetuses with expectantly managed isolated CDH, 
there is currently less focus in 3D ultrasound volume 
assessment in the prediction of postnatal outcome.

Fig. 5 Volume calculation of 
the contralateral lung in a 
left-sided CDH at 28 weeks 
of gestational age by the 
virtual organ computer-aided 
analysis technique. (a) 
Corresponds to the starting 
plane of rotation, (b, c) are 
the two other perpendicular 
planes and (d) corresponds to 
the final volume
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3.3  Prenatal Assessment with Fetal MRI

3.3.1  Prenatal Assessment of Lungs 
Based on Gestational Age

Superior tissue contrast, a large field of view and rela-
tive operator independence enables fetal MRI to pro-
vide information that can supplement the information 

obtained by prenatal ultrasound examination. The 
advantage with MRI is that both the ipsilateral and con-
tralateral lungs can be visualized and measured reliably, 
whereas with 3D ultrasound it is not possible to exam-
ine the ipsilateral lungs in nearly half of the cases (Jani 
et al. 2007a). Relatively few studies have examined the 
potential value of total fetal lung volume (TFLV) as 
measured by MRI, in the prediction of outcome (Table 3) 
(Cannie et al. 2006; Gorincour et al. 2005; Mahieu-
Caputo et al. 2001; Paek et al. 2001; Walsh et al. 2000; 
Williams et al. 2004). So far, the number of patients 
examined was too small to draw definite conclusions, 
let be allowing assessment of confounding factors such 
as intrathoracic herniation of the liver or gestation at 
delivery which have a profound impact on survival. 
Furthermore, no studies have compared the value of the 
volume assessment by MRI as compared to LHR in the 
prediction of postnatal survival in fetuses with CDH.

None of all the previous studies has taken into 
account other variables than the TFLV in the predic-
tion of postnatal survival, some of them being consis-
tently shown to be major predictors such as intrathoracic 
liver herniation (Jani et al. 2006a; Kitano et al. 2005; 
Hedrick et al. 2007). The largest study by Gorincour  
el al., although being a prospective study on 77 fetuses 
with isolated CDH, failed to integrate intrathoracic 
liver herniation as a determinant of postnatal survival. 
Furthermore, in the same study, gestation at diagnosis 
was shown to be predictive of postnatal survival and 
the prediction by lung size was not corrected for it 
making the conclusions less reliable.

Fig. 6 T2-WI in an axial view of a fetus with left-sided CDH at 
26 weeks of gestation showing the freehand region of interest 
(line) drawn on the right lung. Note the organs herniated into the 
thoracic cavity: left lobe of the liver (Li), small bowels (SB) and 
stomach (St)

References n Liver: intrathoracic 
herniation (%)

Gestation 
(weeks)

o/e Total FLV  
cut-off (%)

Survival (%)

Cannie et al. (2006) 8 25 24–26 <35
³35

50
100

Gorincour et al. (2005) 77 Not given 24–37 <25
>25

19
60

Williams et al. (2004) 25 Not given 21–36 Not proposed Not given

Paek et al. (2001) 11 73 21–28 £40
>40

25
100

Mahieu-Caputo  
et al. (2001)

11 45 28–37 <35
³35

0
67

Walsh et al. (2000) 41 51 20–39 Not proposed 59

Table 3 Studies reporting on the value of fetal observed to expected (o/e) total fetal lung volume (FLV) in % in the prediction of 
survival in isolated CDH. In the third column the percentage of patients with liver herniation in the series is displayed; in the fourth 
column the gestational age period at o/e total FLV measurement

aOut of 28 at high risk for pulmonary hypoplasia, 25 had CDH
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In a recent study on 148 fetuses with isolated CDH 
assessed at 22–38 weeks of gestation, the o/e TFLV 
was found to be a strong predictor of postnatal survival 
(Jani et al. 2008). Unlike many other studies, a large 
part of our population was assessed at the end of the 
second trimester which is important when considering 
termination of pregnancy where in some countries it 
becomes illegal after 24 weeks of gestation and most 
importantly fetal therapy that should better be offered 
before 29 weeks of pregnancy.

It was shown that both o/e TFLV and intrathoracic 
herniation of the liver as determined by MRI provided 
independent prediction of subsequent postnatal sur-
vival at discharge from the hospital but not side of 
CDH, gestation at diagnosis and delivery, nor year and 
institution at which the patient was managed.

In the group with intrathoracic herniation of the 
liver there was an inverse linear correlation between 
o/e TFLV and subsequent survival. Essentially, the sur-
vival rate increased from 12% for those with o/e TFLV 
of 25% or less, to about 40% for o/e TFLV of 26–35, 
60% for o/e TFLV of 36–45% and more than 70% for 
o/e TFLV of 46% or more. In the group with no 
intrathoracic herniation of the liver, the survival rate 
was about three times higher in the group of o/e TFLV 
of 25% or less with a 40% survival rate; however this 
was substantially smaller than the survival rates of at 
least 80% in all groups with o/e TFLV above 25%.

Finally, in nearly half of the cases, fetuses were 
assessed within 2 weeks of each other with both MRI 
and 2D ultrasound with measurement of o/e LHR 
using the longest method. The study showed that there 
was a trend towards a better prediction with TFLV 
measurement by MRI rather than a 2D measurement 
with ultrasound, however it was underpowered to show 
any significance.

3.3.2  Quantification of Intrathoracic Liver

In fetuses with CDH, prenatal assessment of intratho-
racic liver position using ultrasound and/or MRI is a 
strong predictor of subsequent survival in the neona-
tal period (Walsh et al. 2000; Kitano et al. 2005; 
Hedrick et al. 2007), and some authors have also sug-
gested that it was better than estimation based on the 
lung size as measured by LHR (Hedrick et al. 2007). 
Most of the studies reporting on intrathoracic liver in 
the prediction of survival in CDH have done so in a 

nonquantitative manner. The position of the liver  
is reported as a categorical variable as “liver up” or 
“liver down.”

Although for all studies intrathoracic liver was 
defined the same way, this has not necessarily been 
the case with studies where only a fraction of the liver 
would qualify as liver up, whereas others would only 
consider massive liver herniation. It is clear that stan-
dardization of the definition for liver herniation would 
help, but more importantly a more quantitative method 
for liver herniation is required, which would also per-
mit better comparison of studies. This concept was 
already introduced by Walsh et al. (2000) obtaining 
the liver/diaphragm ratio in a single dimension on 
MR images and unlike lung volumes, the liver/dia-
phragm ratio was shown to be predictive of postnatal 
survival.

In a recent study and in fetuses with expectantly 
managed isolated CDH, the potential of volumetric 
quantification of intrathoracic liver herniation using MR 
imaging in the prediction of postnatal survival was eval-
uated (Cannie et al. 2008a). On axial T2-weighted 
images (T2-WI) the degree of intrathoracic liver hernia-
tion using the xyphoid process and thoracic apex as 
landmarks was defined (Fig. 7). Both of these are easily 
recognizable and unequivocal landmarks. The ratio of 
the liver to the thoracic cavity was calculated, further 
referred to as LiTR. It was demonstrated that measure-
ment of LiTR is reproducible and that LiTR is larger in 
fetuses that subsequently died as compared to those that 
survived. Further, it was shown that LiTR provided 
independent prediction of survival from lung size as 
measured by o/e TFLV.

3.3.3  Prenatal Assessment of Lungs 
Based on Fetal Biometry

To date, the most available normal ranges of TFLV are 
typically calculated based on gestational age and would 
exclude multiplets or fetuses under the fifth and above 
the 95th weight percentile as determined by ultrasound 
(Mahieu-Caputo et al. 2004; Rypens et al. 2001). 
Several biometric markers that can be obtained through 
the ultrasound or the MR examination, such as head cir-
cumference, femur length, liver volume or the combina-
tion of all markers have been proposed as an alternative 
to calculate relative lung volume in fetuses with nor-
mally developed lungs and those affected by pulmonary 
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hypoplasia (Coakley et al. 2000; Williams et al. 2004). 
It was recently demonstrated that in normal fetuses, 
TFLV correlated better with such biometric markers 
than with GA. The advantage of the above biometric 
markers is their application irrespective of the actual 
fetal growth percentile or in multiple pregnancies.

As an alternative to such a complex process, we 
introduced the fetal body volume (FBV) as a single 
biometric variable which can be obtained throughout 
only one examination (Fig. 8). FBV has been earlier 
shown to be superior to ultrasound in predicting fetal 
weight at term, and our idea was to use it in an algo-
rithm in order to improve postnatal prediction of sur-
vival in fetuses at risk for pulmonary hypoplasia.

In a recent study, we have built normal ranges of 
200 fetuses between 16 and 40 weeks of gestation of 
TFLV vs. liver volume but also vs. FBV (Cannie et al. 
2008c). This study confirmed earlier studies from 
Coakley that TFLV correlated better with biometrical 
markers rather than with gestational age.

In another study and in fetuses with CDH, the ben-
efit of predicting lung volume with FBV rather than 
with gestational age was shown (Cannie et al. 2008b). 
The study included 53 fetuses with isolated CDH and 
showed that the prediction of survival based on gesta-
tional age vs. that based on FBV depends on fetal 
biometry and that there was a trend towards a better 

Fig. 7 T2-WI of a fetus with 
left-sided CDH at 28 weeks 
of gestation (a) in a sagittal 
view showing the landmark at 
the xyphoid process (arrow) 
for the first plane of 
measurement (continuous 
line) and another plane higher 
into the thorax (interrupted 
line). Note the left lobe of the 
liver (Li) and stomach (St). 
Same fetus in an axial view at 
the level of the stomach (b) 
with delineation of the liver 
(continuous line) and the 
thoracic cavity (interrupted 
line)

Fig. 8 T2-WI in a sagittal view of a fetus at 25 weeks of gesta-
tion showing the delineation of the total fetal body volume



338 M. Cannie and J. Jani

prediction when calculation was based on FBV rather 
than on gestational age. Clearly, correction for fetal 
biometry seems logical and very promising, but larger 
multicenter studies are still needed before wider use of 
fetal biometry in the prenatal prediction of postnatal 
survival in fetuses with CDH.

3.3.4  Prenatal Microstructural 
Assessment of Lungs

Microstructural assessment of the pulmonary system 
is less well developed. A leading study done by Osada 
et al. evaluated the lung/spinal fluid signal intensity 
ratio (Osada et al. 2004) and Brewerton et al. used 
another approach evaluating the lung/liver signal inten-
sity ratio (Brewerton et al. 2005). However these stud-
ies are still small or methodologically flawed which 
needs to be solved before large implementation (Keller 
et al. 2004).

Studies on the evaluation of the human fetal lung 
using diffusion-weighted (DW) MRI are equally scarce. 
DW MRI is quantitatively expressed using the apparent 
diffusion coefficient (ADC). The first study by Moore 
et al. was conducted on 26 fetuses with normally devel-
oped lungs between 19 and 39 weeks of gestation 
(Moore et al. 2001) and showed an increase in the cal-
culated ADC values with gestation. The second study 
by Balassy et al. was conducted on 53 fetuses with nor-
mally developed lungs between 20 and 37 weeks of 
gestation (Balassy et al. 2008) and was not able to iden-
tify a pattern of changes in the ADC values that corre-
late with lung maturation. They concluded that ADC 
cannot be used as an indicator of lung maturity. The 
most recent study was conducted by Manganaro et al. 
on 50 fetuses with normally developed lungs between 
18 and 36 weeks of gestation (Manganaro et al. 2008). 
They found a significant correlation between ADC and 
gestational age and concluded that ADC can be consid-
ered as a new parameter for studying lung maturity.

The contradictory results between these studies 
confirms the fact that DWI in the fetal lungs needs cer-
tainly to be further explored in larger numbers and 
later on in the group of interest meaning fetuses at risk 
for pulmonary hypoplasia such as those with CDH.

Furthermore, both for DWI and T2 signal intensity 
of fetal lungs, results should be compared to func-
tional studies performed using ultrasound on the vas-
cular bed but also to histological findings in fetuses 

with termination of pregnancy in order to better under-
stand the pathophysiology, behind the changes that 
are found.

4  Prenatal Prediction 
of Postnatal Morbidity

It is important to realize that survivors are not free of 
morbidity on the long term. They may suffer from seri-
ous long term morbidity, including chronic respiratory, 
feeding, hearing and neurodevelopmental problems  
(Muratore et al. 2001a, b; Jaillard et al. 2003; Trachsel 
et al. 2005; Crankson et al. 2006; Davis et al. 2004). 
Some newer neonatal strategies, like permissive hyper-
capnea and tolerance of lower oxygen saturation, may 
actually contribute to the latter, although they might 
improve survival. Morbidity may thus not be only 
related to the underlying condition but also to the post-
natal therapy and can certainly not be ignored (Cortes 
et al. 2005; Stefanutti et al. 2004; Jaillard et al. 2003).

In severe cases, which are the targets of prenatal 
intervention (Deprest et al. 2004; Jani et al. 2005), one 
should be even more cautious not to substitute mortal-
ity by morbidity. For all these reasons, it is obvious that 
a proper long term multidisciplinary follow up program 
of CDH survivors is needed. High volume centers may 
be the best place to run such a program, caring for the 
kids and young adults even long time after discharge 
(West and Wilson 2005). Studies on prenatal prediction 
of postnatal morbidity in CDH are scarce although this 
became a clinical need for counseling parents, not only 
interested on the chances of their unborn child to sur-
vive but also on their quality of life.

A recent multicenter study on 100 survivors of expec-
tantly managed isolated CDH was conducted to assess 
the prenatal measurement of o/e LHR and liver position 
in the prediction of postnatal morbidity events (Jani 
et al. 2009). O/e LHR and intrathoracic position of the 
liver were found to be independent significant predic-
tors of the need for prosthetic patch repair. The inci-
dence of gastroesophageal reflux was also related to the 
need for prosthetic patch repair. The o/e LHR predicted 
the need for postnatal assisted ventilation, supplemental 
O

2
 at 28 days – which may increase risk for longer term 

respiratory morbidity – and the postnatal age at full 
enteral feeding. This study established that in isolated 
CDH the prenatally assessed size of the contralateral 
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lung is a significant predictor of the severity of the 
diaphragmatic defect, the functional consequences of 
impaired lung development and incidence of feeding 
problems. There are today no such studies based on fetal 
MRI in the prenatal prediction of postnatal morbidity in 
fetuses with isolated and expectantly managed CDH.
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