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Abstract

Background/Purpose: The aim of this study was to establish a prenatal prognostic classification system
for risk-stratified management in fetuses with isolated congenital diaphragmatic hernia (CDH).
Methods: A multi-institutional retrospective cohort study of isolated CDH, diagnosed prenatally in fetuses
delivered during the 2002 to 2007 period at 5 participating institutions in Japan, was conducted. The risk
stratification system was formulated based on the odds ratios of prenatal parameters for mortality at 90
days. The clinical severity in CDH infants were compared among the stratified risk groups.

Results: Patients were classified into the 3 risk groups: group A (n = 48) consisted of infants showing
liver-down with contralateral lung—to—thorax transverse area ratio (L/T) ratio >0.08; group B of infants
showing liver-down with L/T ratio <0.08 or liver-up with L/T ratio 20.08 (n= 35), and group C of infants
showing liver-up with L/T ratio <0.08 (n = 20). The mortality at 90 days in groups A, B, and C were 0.0%,
20.0%, and 65.0%, respectively. The intact discharge rates were 95.8%, 60.0%, and 5.0%, respectively.
This system also accurately reflected the clinical severity in CDH infants.

Conclusions: Our prenatal risk stratification system, which demonstrated a significant difference in
postnatal status and final outcome, would allow for accurate estimation of the severity of disease in fetuses
with isolated CDH, although it needs prospective validation in a different population.

© 2011 Elsevier Inc. All rights reserved.

* Corresponding author. Tel.: +81 6 6879 3753; fax: +81 6 6879 3759.
E-mail address: usui@pedsurg.med.osaka-u.ac.jp (N. Usui).
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Congenital diaphragmatic hernia (CDH) remains one of
the most challenging anomalies facing pediatric surgeons
and neonatologists, as it has a broad spectrum of severities
dependent on components of pulmonary hypertension and
hypoplasia of the lungs. An accurate prenatal severity
assessment is essential for standardization of prenatal and
postnatal care for individual cases because severity directly
affects mortality and morbidity. Prenatal prognostic classi-
fication of CDH would provide the family with more precise
information about the course of treatment and allow a
management protocol based on risk to be established. This
may minimize excessive treatment and medical expenses for
low-risk patients while maximizing effective management in
high-risk patients.

Several prenatal prognostic parameters for fetal CDH
have previously been proposed by other investigators [1-14].
It has been validated by multiple centers that the presence of
liver herniation is among the most reliable predictors of
severity and mortality in CDH [1-6]. Stomach position was
also studied as a prognostic indicator along with liver
herniation [8-10]. Moreover, estimation of fetal lung size or
evaluation of fetal lung characteristics has reportedly been
used for severity prediction [11-18]. Among these fetal lung
assessments, the lung area—to—head circumference ratio
(LHR) is the most commonly used as a prenatal prognostic
factor [8,11,18]. However, LHR is no longer considered to
be independently predictive of survival by several in-
vestigators [2,19-21] because it has been shown to increase
according to gestational age [15,16,22,23]. The observed to
expected LHR has been proposed to provide a constant value
throughout the gestational period [22], but in that study, this
value was standardized by the normal lung size value of each
population corresponding to gestational age without taking
individual fetal growth into consideration.

In contrast, the contralateral lung—to—thorax transverse
area ratio (L/T ratio) appears to be a reliable predictive
parameter in fetal CDH, as it was originally reported to be
constant throughout the gestational period in normal fetuses
[12], and is reportedly not strongly influenced by gestational
age even in fetuses with CDH [15,16]. Although combining
several reliable prognostic parameters including the L/T ratio
may contribute to the establishment of a prenatal risk
stratification system for fetal CDH, such approaches have not
been successful to date. The aim of this study was to
establish a prenatal prognostic classification system for risk-
stratified management of fetuses with isolated CDH based on
a combination of fetal ultrasonographic findings including
liver position and L/T ratio.

1. Materials and methods
1.1. Patient selection and data collection

We conducted a multicenter retrospective review of the
medical records of 117 fetuses with isolated CDH,

diagnosed prenatally, born at 5 participating centers during
the period between January 2002 and December 2007
[10,24]. Patients with serious associated anomalies such as
major cardiac malformations and chromosomal abnormal-
ities were excluded. Two cases with bilateral diaphragmatic
hernia and 12 without L/T ratio measurements were
excluded from the analysis. All 103 eligible patients were
managed by maternal transport, with immediate resuscita-
tion followed by neonatal intensive care mostly with high-
frequency - oscillatory ventilation. In all institutions, the
blood gas parameter goals were Paco, < 60 to 70 mm Hg
and preductal Spo, > 90%, under the concept of permissive
hypercapnia [25] and permissive hypoxia. All institutions
had extracorporeal membrane oxygenation (ECMO) and
nitric oxide inhalation (INO) capability, which were
inifiated according to the clinical decisions of each
institution; indication criteria were not defined prospective-
ly. Diaphragmatic repair was performed when respiratory
and circulatory functions had stabilized. As the criteria of
preoperative stabilization were not defined prospectively,
operability of each patient was determined according to the
clinical decisions of each institution. This study was
approved by the institutional review boards of all 5
participating centers.

The primary outcome measure was mortality at 90 days.
Prenatal ultrasonographic findings including polyhydram-
nios, fetal liver position, fetal stomach position, and the L/T
ratio were collected at 3 times, according to gestational age at
diagnosis: the earliest determination before 30 weeks of
gestation, between 30 and 35 weeks of gestation, and after 35
weeks of gestation. Polyhydramnios was regarded as positive
if the maximal vertical pocket was more than 8 cm. Only
those patients with obvious liver herniation (ie, whose liver
occupied more than one third of the thoracic space) were
regarded as liver-up. Those with slight liver herniation or
with liver herniation first recognized during surgery were
regarded as liver-down. Fetal stomach position was catego-
rized as confralateral stomach herniation, defined as more
than half of the stomach having herniated into the
contralateral thoracic cavity (equivalent to grade 3 in our
previous report [10]) or others. The L/T ratio was measured
at the transverse section containing the 4-chamber view of
the heart by ultrasonography [12]. Briefly, the L/T ratio was
defined as the area of the contralateral lung, which was
determined by tracing around the contralateral lung, divided
by the area of the thorax surrounded by the inner border of
the bilateral ribs, the sternum, and the vertebra [15]. The
cutoff value of the L/T ratio was set at 0.08 based on our
previous studies [15,16,26]. Polyhydramnios, liver-up, and
contralateral stomach herniation were categorized as positive
if 1 of the 3 determinations was positive. The L/T ratio value
was represented by the minimal value of 3 determinations, as
in our previous report [16].

Postnatal factors, including sex, gestational age at birth,
birth weight, mode of delivery, hemia side, Apgar scores
at 1 and 5 minutes, preductal arterial blood gas data within
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24 hours after birth, use of circulatory support (ECMO,
prostaglandin I, administration, prostaglandin E; adminis-
tration, iNO), ductus arteriosus (DA) shunt direction within
24 hours after birth, size of diaphragmatic defect judged
intraoperatively, need for patch closure, duration of
respiratory support (iINO, mechanical ventilation, oxygen
administration), duration of hospitalization, 90-day surviv-
al, survival to discharge, intact discharge, and survival
time, were collected as secondary measures. Intact
discharge was defined as being discharged from the
hospital with no need for home treatments such as
ventilatory support, oxygen administration, tube feeding,
and/or parenteral nutrition.

1.2. Analysis of prenatal factors and formulation of
the prenatal risk stratification system

Odds ratios (OR) of prenatal parameters for mortality at
90 days were compared by univariate and multivariate
analyses. According to the magnitude of the OR, patients
were first stratified by the most powerful factor, and then
each stratified group was subsequently divided into 2
subgroups by the second most powerful factor. The risk
stratification system was formulated based on the results of
the mortality at 90 days in each subgroup. Patient
demographics and prenatal and postnatal profiles including
parameters indicating the respiratory status, circulatory
status, surgical findings, and outcome were compared
among the groups classified using this approach.

1.3. Statistical analysis

Univariate analyses were performed to assess the
magnitude of risks associated with prenatal variables for
mortality at 90 days using the y? test and Fisher exact test.
Multiple logistic regression analysis was also performed to
estimate the ORs for prenatal variables adjusted for
confounding. The stepwise selection method (P value criteria
<.20) was used to select variables correlating with - the
mortality at 90 days. Crude ORs and adjusted ORs with 95%
confidence intervals (CI) were calculated. The mean and SD

were used to describe continuous variables. The median and
interquartile range were used to describe ordinal scales or
durations of treatment in the cases with censoring. The
frequency and percentages were used to describe categorical
data. One-way ANOVA with Tukey post hoc honestly
significant difference test was used for comparison of
continuous variables. The Kruskal-Wallis test was used for
comparison of Apgar scores. The %2 test and Fisher exact test
were used for analysis of categorical data. The log-rank test
and Kaplan-Meier method were used to compare the
treatment durations and survival times. P values lower than
.05 were considered statistically significant. Statistical
analyses were performed with JMP (version 8.02; SAS
Institute, Cary, NC).

2. Results

2.1. Analysis of prenatal factors and formulation of
the prenatal risk stratification system

Crude ORs for the factors significantly associated with
mortality at 90 days were 18.6 for liver-up, 13.6 for L/T ratio
<0.08, and 11.0 for contralateral stomach herniation.
Adjusted ORs for liver-up and L/T ratio <0.08 were
statistically significant, whereas that for contralateral stom-
ach herniation did not reach statistical significance (Table 1).
The mortality at 90 days of 4 subgroups, first stratified by the
most powerful factor (liver herniation) and subsequently by
the second most powerful factor (L/T ratio), are shown in
Figure 1 (Fig. 1). The mortality at 90 days of all cases was
19.4%, whereas that of fetuses with liver-down and L/T ratio
=>0.08 was 0.0%. We thus defined the latter as group A (low-
risk group). Fetuses with liver-down and L/T ratio <0.08 and
those with liver-up and L/T ratio =0.08 were combined into
group B (intermediate-risk group), since they had the same
mortality at 90 days of 20.0%. The mortality at 90 days of
fetuses with liver-up and L/T ratio <0.08 was 65.0%, and
these constituted group C (high-risk group). The numbers of
patients in groups A, B, and C were 48, 35, and 20,
respectively (Fig. 1).
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mortality at 90 days

total
19.4%
(n=103)

P<.001

liver-down liver-up
3.4% 40.0%
(n=58) (n=45)

P=.027 P =.005

L/T ratio > 0.08 L/T ratio < 0.08 L/T ratio > 0.08 L/T ratio < 0.08
0.0% 20.0% 20.0% 65.0%
(n=48) (m=10) (n=25) (n=20)

S —— |

T

H
H
H

group C (n=20)
high-risk group

group B (n=35)
intermediate-risk group

group A (n =48)
low-risk group

Fig. 1 Mortality at 90 days of subgroups stratified by liver
position and L/T ratio. Group A includes patients with liver-down
and L/T ratio >0.08; group B patients with liver-down and L/T ratio
<0.08 or liver-up and L/T ratio =0.08; group C patients with liver-
up and L/T ratio <0.08.

2.2. Comparison of CDH severity in each prenatal
risk group

There were no significant differences in patient de-
mographics, including sex, gestational age at diagnosis,
gestational age at birth, and birth weight, among the 3
groups. The only exception was mode of delivery. Groups B
and C had higher rate of cesarian sections, which were
performed according to the clinical decisions of each
institution, as the criteria of cesarian sections were not
defined prospectively. Although the incidences of polyhy-
dramnios did not differ significantly, not surprisingly, there
were significant differences in liver-up and the L/T ratio as
well as stomach herniation based on how the stratification
system was formulated (Table 2). Apgar scores and preductal
arterial blood gas data were significantly worse in group C.

There were also significant differences in the duration of
respiratory support such as iNO, artificial ventilation, and O,
administration. Consequently, there were significant differ-
ences in the duration of hospitalization among the 3 groups
(Table 3). DA shunt directions evaluated within 24 hours
after birth, which suggest the severity of pulmonary
hypertension, differed significantly among the 3 groups.
The number of the patients who used circulatory support
such as ECMO, prostaglandin I, administration, prostaglan-
din E,; administration, and iNO were 14, 23, 35, and 86,
respectively. There were significant differences in the use of
such circulatory support to manage pulmonary hypertension
among the 3 groups (Table 4). Although diaphragmatic
repair could be performed in all group A patients, surgery
was not possible in 4 group B patients (11.4%) and in 7
group C patients (35%) due to their unstable conditions.
There were also significant differences in the proportions of
patients with diaphragmatic defects exceeding 75%, as
judged intraoperatively. Among the 13 group C patients
undergoing surgery, 12 (92.3%) required patch closure,
whereas only 10 (20.8%) required patch closure in group A
(Table 5). There were significant differences in morbidity
and mortality among the 3 groups. The rate of survival to
discharge was 100.0% and the intact discharge rate was
95.8% in group A, whereas the corresponding rates were
74.3% and 60.0% in group B, and 20.0% and 5.0% in group
C (Table 5). There were also statistically significant
differences in survival curves among the 3 groups (Fig. 2).

3. Discussion

An accurate prenatal severity assessment for individual
fetuses with CDH is essential for standardization of prenatal
and postnatal treatments, since CDH has a broad spectrum of
severities that directly affects the mortality and morbidity for
the patients. We endeavored to establish such a risk
stratification system by applying a combination of several
reliable prognostic parameters previously proposed for use in
fetuses with CDH [1-18]. These prognostic parameters are
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divided broadly into 2 categories. One is the indirect factor of
pulmonary hypoplasia, which is an estimation of how much
viscera (ie, liver herniation and stomach position) com-
presses the fetal lungs. The other is the direct parameter of
fetal lung development itself. The magnitudes of ORs in
univariate and multivariate analyses for mortality at 90 days
were compared, and 2 powerful prenatal factors were
eventually identified in each category.

The fetal liver position was the most powerful prognostic
factor judging from OR magnitude. It has already been
reported by many investigators that fetal liver herniation is
the most reliable predictor of the severity and mortality in
fetuses with CDH [1-6]. Although stomach position was also
a good prognostic indicator, along with liver herniation [8-
10], we selected fetal liver herniation based on the OR being
larger than that for stomach herniation. Furthermore, these 2
predictors seemed to be mutually confounding factors. There
is marked variation in the definition of liver herniation, and
the “liver-up” concept differs markedly among authors [5,7].
In the present study, we defined liver-up as liver herniation in
which the liver occupied more than one third of the thoracic
cavity [10] based on previous studies [4,6], because there is a
possibility of overestimating the affect of lung compression
if situations such as slight liver herniation and liver
herniation first recognized during surgery are included
among the “liver-up” cases. Liver herniation occupying
one third of the thoracic cavity turns out to be a good cutoff
value for prediction, as liver-up defined by this means
demonstrated a satisfactory OR.

The L/T ratio was the second most powerful prognostic
parameter in our analysis. Many factors, such as lung area
[11,12,16,18], volume [4,13,14], and signal intensity on
magnetic resonance imaging [17], as well as pulmonary
artery blood flow [27], have previously been proposed as
means of estimating fetal lung development. Among these
parameters, the simplest approach is to determine the fetal
lung area using 2-dimensional ultrasonography, as is now
widely done in multiple centers. LHR [8,11,18] has long
been the most commonly used parameter for evaluating the
fetal lung area. However, LHR was shown to increase
according to gestational age [15,16,22,23]. Therefore, LHR
is no longer considered to be independently predictive of
survival by several investigators [2,19-21]. In contrast, we
have previously demonstrated that the L/T ratio, which is not
markedly influenced by gestational age even in fetuses with
CDH [15,26]. We studied in detail to compare the reliability
of L/T ratio and LHR in the same database and found that the
L/T ratio is more reliable than the LHR [16]. Moreover, a
manual tracing of the lung borders, which is conducted to
obtain the L/T ratio, is reportedly a more reproducible
measurement than the multiplication of the lung diameters,
which is used for LHR determination [23,28]. The observed
to expected LHR was proposed to provide a constant value
throughout the gestational period, and it showed excellent
receiver operating characteristic curve performance [22].
However, determining the observed to expected LHR
requires the expected LHR in normal fetuses to be used for
standardization of each relevant patient population, and the
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availability is relatively low for some populations. Further-
more, there appears to be a problem in that individual fetal
growth variation is not considered when determining the
observed to expected LHR, relying instead on a standardized
mean value from fetuses showing normal growth [22].

In the present study, ECMO and iNO were performed in
14 (13.6%) and 86 (83.5%) patients, respectively. As
compared with previous reports [3,13,29-31], our results
demonstrated less frequent use of ECMO and high use of
iNO. In recent years, there has been an obvious trend in
institutions in Japan to use ECMO less frequently with an
associate increase in the use of iNO and prostaglandin E,
administration for pulmonary hypertension [32-34], as was
described by the CDH study group [35]. We usually use iNO
without hesitation, if there is only a slight difference between
the preductal and postductal oxygen saturation or blood gas
data to reduce pulmonary artery resistance, with the ultimate
goal of preventing right ventricular failure by removing the
afterload on the right ventricle [32,33]. At present, in the 5
participating institutions, ECMO is being applied only for
the most severe respiratory insufficiency cases. However,
some infants with extremely severe pulmonary hypoplasia
have been considered not to be indicated even for ECMO.
This may account for the high mortality rate (64.3%) of our
ECMO cases and the high inoperable rate (9.0%) of our non-
ECMO cases.

One major limitation of this study is that the liver
positions and L/T ratios were determined by various
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Fig. 2 Survival curves for patients with isolated CDH, compared
using the prenatal risk stratification system. * P < .001; +P <.001;
1P < .001.

investigators at each participating institution, rather than by
a small number of sonologists or other experienced judges, as
would have been ideal to assure consistency. There may be
some variation in the accuracy of the measurements in the
present study and a prospective study in which the
parameters determined by limited number of investigators
may be needed to verify the accuracy of this risk
stratification system. The other limitation of this study is
that the risk group could not be confirmed until the end of
gestation. In the present study, the presence of liver-up and
an L/T ratio <0.08 were judged based on the worst value
among the 3 representative measurements conducted before
30 weeks of gestation, between 30 and 35 weeks of gestation,
and after 35 weeks of gestation. Because this process was
applied for all of our determinations, the cases finally
classified into the high-risk group were not always graded as
being in this group from the beginning. Therefore, this
system may not be useful for determining the need for
maternal transport to a center offering fetal intervention [36].
Severity must be evaluated as early as possible, ideally
before 28 weeks of gestation, to optimize the effects of early
fetal intervention.

We have previously endeavored to devise a simple
classification system based only on indirect factors reflecting
how much the viscera compress the fetal lungs (ie, liver and
stomach position) by applying a uniform multicenter survey
[10]. This simple classification system has a clear advantage
for screening candidates for fetal intervention, since the risk
group can be determined by the findings of the earliest fetal
evaluation. Compared with the previous simple classification
system, the new risk stratification system was found to be
more reliable in terms of accuracy and the ability to clearly
separate the mortality and morbidity of the CDH patients,
which suggests that it has an advantage for risk-stratified
management after birth.

The incidence of right-sided CDH was relatively low in
our cohort [24] compared with the previous reports [35,37].
The reason for this shift was unclear. However, the incidence
did not seem to be markedly influenced by selective
termination of pregnancy for fetuses with right-sided CDH,
as only 13 (12.6%) cases had been diagnosed before 22
weeks of gestation, when the termination of pregnancy is
legally accepted in our country [38]. We sought to treat right-
sided CDH together with left-sided CDH in this study. Even
though the incidence of liver-up and the original contralateral
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lung area may differ between right- and left-sided CDH due
to anatomical reasons, we considered it to be more practical
to apply the same stratification to both sides in fetuses with
CDH. All 4 cases with right-sided CDH were classified into
the intermediate- or high-risk group according to their L/T
ratios. Consequently, the results are therefore considered to
be consistent with those of previous studies [8,39].

Our prenatal risk stratification system, which demonstrat-
ed a significant difference in postnatal status and final
outcome, may allow for accurate estimation of the severity of
disease in fetuses with isolated CDH such that management
protocols could be established according to risk. This would
minimize excessive treatment and medical expenses for low-
risk patients and maximize effective management in high-
risk patients. As the present study was a retrospective
analysis, a prospective study in a different population will
therefore be needed to verify the accuracy and the universal
applicability of this risk stratification system.
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Abstract

Purpose The purpose of this study was to clarify the
current status and the problems associated with using
medical information on the internet during pregnancy in
patients prenatally diagnosed with fetal abnormalities at a
single Japanese institution.

Methods A written, anonymous questionnaire survey was
conducted in 155 pregnant patients who had been prenatally
diagnosed as having neonatal surgical diseases between
January 2000 and December 2009, and their families.
Results Forty-three out of the 75 responding families
(57.3%) had used medical information available on the
internet during their pregnancy. The availability of infor-
mation, assessed during 2 year-increments, has increased
rapidly in the past 4 years. When the explanation of a
physician was compared with the information provided by
the internet, the knowledge or impression of the disease
was different in 60% of cases and similar in 33% of cases.
More importantly, 60% of the patients felt that the infor-
mation obtained from the internet was more pessimistic
than the physician’s explanation.

Conclusion The number of pregnant patients who have used
medical information on the internet has rapidly increased in
the recent years. Subjects who used this information were
more likely to experience a sense of anxiety and feelings
regarding the seriousness of the disease.
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Introduction

Recently, the patients’ use of medical information avail-
able on the internet has been spreading rapidly in our
country, as well as all over the world. However, careful
consideration is necessary for the use of such information,
as there are many problems, such as ensuring the reliability
of the information, protection of personal information, and
the neutrality of the website. When we provide the patients
information about a prenatal diagnosis, we occasionally
receive questions from pregnant patients and their families
based on information obtained from the internet.

Pregnant patients with a prenatal diagnosis of fetal
abnormalities may become anxious due to the lack of
information. Thus, they may have a tendency to depend on
the medical information found in the internet [1, 2], which
can affect their feelings and decisions. However, it is not
clear how much such patients and their families depend on
this medical information, and what kind of problems are
caused by this behavior. The purpose of this study was to
clarify the current status and the problems associated with
the use of medical information available on the internet
during pregnancy by patients diagnosed as having a fetus
with neonatal surgical diseases.

Patients and methods
A written, anonymous questionnaire survey was conducted

in 155 women, including seven who lost a child, whose
present addresses were available, who had been prenatally
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