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ABSTRACT

Objectives To compare prediction of postnatal
survival in isolated diaphragmatic hernia by prenatal two-
dimensional (2D) versus three-dimensional (3D) sono-
graphic assessment of the contralateral lung.

Methods The lung area to head circumference ratio
(LHR) of the contralateral lung was measured and
expressed as a percentage of the normal mean for gestation
(O/E) in 47 fetuses with isolated diaphragmatic hernia at
26 (range, 21–36) weeks of gestation. The lung area
was measured by tracing the limits of the lungs (LHR
trace) and by multiplying the longest diameter by its
perpendicular (LHR diameters). The contralateral lung
volume was measured by the Virtual Organ Computer-
Aided anaLysis method and the O/E was calculated.
Regression analysis was used to determine the significance
of the LHRs and volume in the prediction of postnatal
survival.

Results The survival rate was 59.6% (28 of 47). There
were significant associations between O/E LHR trace
and O/E LHR diameters, and between each O/E
LHR and O/E volume, but multiple regression analysis
demonstrated that significant prediction of survival was
provided only by O/E LHR trace and intrathoracic
herniation of the liver.

Conclusions In diaphragmatic hernia prenatal prediction
of postnatal outcome is better by 2D measurement of
LHR trace than it is by 3D measurement of lung volume.
Copyright  2007 ISUOG. Published by John Wiley &
Sons, Ltd.

INTRODUCTION

In congenital diaphragmatic hernia, chronic intrathoracic
pulmonary compression by the herniated abdominal vis-
cera prevents normal development of both the ipsilateral
and contralateral lungs. Consequently, diaphragmatic
hernia is associated with a high postnatal mortality
rate, owing to pulmonary hypoplasia and/or pulmonary
hypertension1–3.

Currently, antenatal prediction of postnatal outcome
relies on two-dimensional (2D) sonographic measurement
of the contralateral lung area to head circumference ratio
(LHR)3–5. However, the LHR increases with gestation
and it is therefore preferable to use the observed to
expected normal mean for gestation (O/E) LHR to obtain
a gestation-independent prediction of postnatal survival6.
In a multicenter study, involving 329 fetuses with isolated
left-sided diaphragmatic hernia, we found that the rate
of postnatal survival increased from 18% at O/E LHR of
less than 25% to 66% at O/E LHR of 26–45% and 89%
at O/E LHR of more than 45%6.

Another problem with the LHR is that studies reporting
on prediction of outcome have estimated the lung area by
multiplying the longest diameter of the lung by its widest
perpendicular diameter measured in the cross-sectional
plane of the thorax used for examination of the four-
chamber view of the heart. However, this method of
estimating lung area is less reproducible than is manual
tracing of the limits of the lungs and overestimates the
area of the lung by about 35%7.

Three-dimensional (3D) ultrasound scanning has made
it possible to measure fetal lung volume in both
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normal and pathological pregnancies8–11. Studies have
established that in normal fetuses both the left and right
lung volumes increase exponentially with gestation, and
in fetuses with diaphragmatic hernia both the ipsilateral
and contralateral lung volumes are substantially lower
than in normal fetuses12. One study of 12 fetuses with
isolated diaphragmatic hernia reported that the O/E total
lung volume measured at 29–36 weeks was significantly
lower in cases that died in the neonatal period compared
with those that survived11.

The aim of our study was to compare 2D with
3D sonographic assessment of the contralateral lung
in 47 fetuses with isolated diaphragmatic hernia in
the prediction of postnatal survival. We compared the
prediction provided, first, by the O/E LHR in which lung
area was measured by the tracing method (LHR trace),
second by the O/E LHR in which lung area was estimated
by multiplication of the lung diameters (LHR diameters)
and, finally, by the O/E of lung volume.

METHODS

In the Fetal Medicine Units of the University Hospi-
tals Leuven, Belgium, King’s College Hospital, London,
UK and Hôpital Necker-Enfants Malades, Paris, France,
routine assessment of fetuses with diaphragmatic hernia
includes 3D ultrasound assessment of the fetal thorax to
determine the position of the fetal liver and the fetal lung
volumes. The 3D volumes of the fetal chest were acquired
by transabdominal sonography (RAB 4-8L probe, Volu-
son 730 Expert; GE Medical Systems, Milwaukee, WI,
USA) and care was taken during the acquisition to ensure
that the fetus was not moving and was facing towards
the transducer. The sweep angle was set from 50◦ to 85◦,
depending on the gestational age.

We searched our databases to identify all cases exam-
ined between 2003 and 2006 that fulfilled the following
criteria: singleton pregnancies with fetal diaphragmatic
hernia, no other major defects or chromosomal abnormal-
ities, and expectant antenatal management. The volumes
were submitted to the Multicentre Register of the Univer-
sity Hospital Leuven, Belgium, and the lung area and lung
volume measurements were made offline by a single oper-
ator who was not aware of the postnatal outcome of these
fetuses. The study was approved by the ethics committee
on clinical studies of University Hospitals Leuven. In 10 of
the 47 cases included in this study the data on lung volume
were previously reported in a study comparing 3D ultra-
sonography with magnetic resonance imaging (MRI)13.

Lung area to head circumference ratio

The multiplanar mode of the 3D ultrasound equipment
was used to obtain a transverse section of the fetal chest
containing the four-chamber view of the heart (Figure 1).
The contralateral lung was identified and the lung area
was estimated by multiplication of the longest diameter
of the lung by its longest perpendicular diameter, and
by manual tracing of the limits of the lungs. Each area

Figure 1 Ultrasound image of a fetus with a left-sided congenital
diaphragmatic hernia at 29 weeks of gestation, showing
measurement of the lung area in a section at the level of the
four-chamber view. The contralateral lung area is measured by
multiplying the longest axis and that perpendicular to it, and by
tracing the limits of the lung.

was divided by the head circumference to derive the LHR
diameters and LHR trace respectively.

Lung volume

The Virtual Organ Computer-aided AnaLysis method
was used to obtain a sequence of six sections of the
contralateral lung around a fixed axis, from the apex
to the base, each after a 30◦ rotation from the previous
one (Voluson 730 Expert Operation Manual; GE Medical
Systems). The contour of each lung was drawn manually
in the six different rotation planes to obtain the 3D volume
measurement (Figure 2). The starting plane of rotation for
each lung included the largest anteroposterior diameters.

Statistical analysis

Each lung volume and LHR in the fetuses with
diaphragmatic hernia was expressed as a percentage of
our previously reported appropriate normal mean for
gestation10,14. The O/E ratios of LHR diameters, LHR
trace and lung volume were then used to construct
receiver–operating characteristics (ROC) curves for the
prediction of postnatal survival. Regression analysis was
used to investigate the effect on postnatal survival at
discharge from hospital of O/E LHR diameters, LHR
trace or lung volume, gestational age at assessment
and gestational age at delivery as continuous numerical
variables, and left side of the diaphragmatic hernia
(yes or no) and intrathoracic position of the liver
(yes or no) as categorical variables. Statistical analysis
was performed with SPSS for Windows version 14
(Chicago, IL, USA) and Excel for Windows 2003
(Microsoft Corporation, Redmond, WA, USA). P < 0.05
was considered statistically significant.
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Figure 2 Ultrasound images showing volume calculation of the contralateral lung in a left-sided congenital diaphragmatic hernia at
23 weeks of gestation by the Virtual Organ Computer-Aided anaLysis method. The top left image corresponds to the starting plane of
rotation (Plane A) and the lower right image corresponds to the final volume.

RESULTS

There were 42 fetuses with left-sided and five with right-
sided diaphragmatic hernias. The median gestational age
at prenatal sonographic assessment was 26 (range, 21–36)
weeks and the median gestation at delivery was 38 (range,
31–41) weeks. Intrathoracic herniation of the liver was
observed in 17 (40.5%) of the fetuses with a left-sided
hernia and in four of five fetuses with a right-sided hernia.
The contralateral lung was visible in all 47 fetuses but the
ipsilateral lung was visible in only 29 (61.7%) cases. In
19 of the 47 cases the babies died in the neonatal period
owing to pulmonary hypoplasia/hypertension and in 28
they were discharged from hospital alive. The survival
rate was 33.3% (7/21) with intrathoracic herniation of the
liver and 80.8% (21/26) in the absence of liver herniation.

There were significant associations between O/E lung
volume and O/E LHR trace (r = 0.6445, P < 0.0001;
Figure 3a), between O/E lung volume and O/E LHR
diameters (r = 0.6445, P < 0.0001), and between O/E
LHR trace and O/E LHR diameters (r = 0.8605, P <

0.0001; Figure 3b).
Univariate regression analysis demonstrated that signif-

icant predictors of postnatal survival at discharge from the
hospital were O/E LHR diameters, O/E LHR trace, O/E
lung volume and liver herniation, but not the side of the
hernia or gestational age at prenatal assessment or delivery
(Table 1). The area under the ROC curve for prediction
of survival (Figure 4) was 0.709 for O/E LHR diameters
(P = 0.001; standard error 0.078), 0.782 for O/E LHR
trace (P = 0.001; standard error 0.078) and 0.699 for
O/E lung volume (P = 0.022; standard error 0.083). Mul-
tivariate analysis demonstrated a significant independent

contribution of liver herniation and O/E LHR trace but
not O/E LHR diameters or O/E lung volume (Table 1).

DISCUSSION

The data in this study suggest that in fetuses with isolated
diaphragmatic hernia postnatal survival at discharge from
hospital is best predicted by ultrasound imaging using
the O/E LHR trace rather than O/E LHR diameters or
O/E lung volume. Intrathoracic liver position provided
an independent predictor of postnatal survival, but the
gestational age at assessment, gestational age at delivery
or side of the hernia did not.

The finding that prenatal assessment of lung size pre-
dicts postnatal death in cases of diaphragmatic hernia is
compatible with the hypothesis that chronic intrathoracic
compression of the lungs impairs their development
and growth, leading to pulmonary hypoplasia and/or
hypertension that will ultimately cause neonatal death.
Postnatal studies have demonstrated that the intrauter-
ine insult affects the ipsilateral lung more severely than
it does the contralateral lung. Quantitative analysis of
the bronchi, arteries and alveoli, in infants dying after
repair of diaphragmatic hernia, have confirmed that all
are reduced in both lungs, but the ipsilateral lung is more
severely affected15,16. Similarly, a MRI study of infants
after repair of left-sided diaphragmatic hernia reported
that the right lung was more than twice the size of the
left17. In a previous prenatal 3D ultrasound study of
fetuses with diaphragmatic hernia we found that the ipsi-
lateral lung volume is about 15% of the normal mean for
gestation and the contralateral lung volume is 40% of the
normal value12.
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Figure 3 Scatter plots showing the relationship in fetuses with
congenital diaphragmatic hernia between: (a) observed to expected
(O/E) contralateral fetal lung volume and O/E contralateral lung
area to head circumference ratio (LHR) by the LHR trace method;
and (b) O/E contralateral LHR by the LHR diameters and trace
methods. Regression lines are shown.

In our study we assessed the contralateral rather than
ipsilateral lung because the latter is often not visible
or accurately definable. In a comparative study between
3D ultrasound imaging and MRI in 78 fetuses with
diaphragmatic hernia it was shown that the inability
to visualize the ipsilateral lung by 3D ultrasound was
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Figure 4 Receiver–operating characteristics curves for prediction of
survival according to cut-off values of observed to expected (O/E)
contralateral lung area to head circumference ratio (LHR) by the
LHR trace method (continuous bold line) and by the LHR
diameters method (dashed line) and the O/E contralateral fetal lung
volume (dotted line). The diagonal continuous line is the reference
line.

dependent not only on lung size but also on other
factors inherent to the 3D ultrasound technique and that
ultrasonographic lung measurement was less reproducible
than was measurement by MRI13.

In attempting to predict the overall impairment in lung
development by assessing the contralateral lung, it was
expected that measurement of volume by 3D imaging
would be more predictive than measurement of one cross-
sectional area. However, the opposite was true, with
evidence that the LHR was more predictive than was
the lung volume. The LHR trace measurement appeared
to perform better than did the LHR diameters method.
This is not surprising because in a previous comparison
of the two methods we found that measurement of
LHR diameters is less reproducible and overestimates
the area of the lung7. A possible explanation for
our finding that LHR trace is better than volume
in predicting outcome is that maximum compression
of the contralateral lung occurs laterally rather than
longitudinally18. Consequently, measurement of volume
reduces rather than increases the prediction provided by
the cross-sectional area alone.

In prenatal prediction of postnatal outcome by assess-
ment of lung size in fetuses with isolated congenital
diaphragmatic hernia, the simple method of tracing the
contralateral lung area is better than is 3D measurement of
contralateral lung volume. Although accurate assessment
of the ipsilateral lung is not possible by ultrasound imag-
ing, this can be carried out reliably by MRI13. The extent
to which assessment of total lung volume by MRI proves
to be superior to 2D measurement of the LHR in the
prediction of postnatal outcome remains to be determined.
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Table 1 Regression analysis for the prediction of survival in fetuses with isolated congenital diaphragmatic hernia

Survival
n (%) or

Variable median (range) OR (95% CI) P

Univariate analysis
Gestational age at assessment (weeks) 26 (21–36) 1.09 (0.93–1.28) 0.289
Gestational age at delivery (weeks) 38 (31–41) 1.16 (0.85–1.58) 0.353
Site of the hernia: left 42 (89.3) 1
Site of the hernia: right 5 (10.6) 0.410 (0.06–2.73) 0.357
Intrathoracic herniation of liver 21 (44.7) 8.40 (2.22–31.83) 0.002
No intrathoracic herniation of liver 26 (55.3) 1
O/E LHR trace 41.0 (21.9–69.3) 1.11 (1.03–1.19) 0.003
O/E LHR diameters (%) 38.4 (18.5–72.8) 1.07 (1.01–1.13) 0.031
O/E lung volume (%) 45.7 (17.1–76.2) 1.05 (1.01–1.10) 0.029

Multivariate analysis
O/E LHR trace (%) 1.09 (1.02–1.17) 0.013
Intrathoracic herniation of liver 6.85 (1.58–29.68) 0.010
No intrathoracic herniation of liver 1
O/E LHR diameters (%) 1.05 (0.99–1.12) 0.105
Intrathoracic herniation of liver 7.13 (1.80–28.30) 0.005
No intrathoracic herniation of liver 1
O/E lung volume (%) 1.03 (0.98–1.08) 0.252
Intrathoracic herniation of liver 6.32 (1.56–25.67) 0.010
No intrathoracic herniation of liver 1

LHR, lung area to head circumference ratio; O/E, observed to expected; OR, odds ratio.
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