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Abstract

Background This study aimed to determine perinatal risk factors for 30-day mortality of congenital diaphragmatic
hernia (CDH) patients and develop a prognostic index to predict 30-day mortality of CDH patients. Identifying risk
factors that can prognosticate outcome is critical to obtain the best management practices for patients.

Methods A retrospective study was performed for patients who were diagnosed with CDH from November 2000 to
August 2016. A total of 10 prenatal risk factors and 14 postnatal risk factors were analyzed. All postnatal variables
were measured within 24 h after birth.

Results A total of 95 CDH patients were enrolled in this study, including 61 males and 34 females with mean
gestational age of 38.86 + 1.51 weeks. The overall 30-day survival rate was 63.2%. Multivariate analysis revealed
that five factors (polyhydramnios, gestational age at diagnosis <25 weeks, observed-to-expected lung-to-head ratio
<45, best oxygenation index in 24 h >11, and severity of tricuspid regurgitation > mild) were independent pre-
dictors of 30-day mortality of CDH. Using these five factors, a perinatal prognostic index for 30-day mortality was
developed. Four predictive models (poor, bad, good, and excellent) of the perinatal prognostic index were con-
structed, and external validation was performed.

Conclusions Awareness of risk factors is very important for predicting prognosis and managing patients. Five
independent perinatal risk factors were identified in this study. A perinatal prognostic index was developed for
30-day mortality for patients with CDH. This index may be used to help manage CDH patients.
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Introduction

Congenital diaphragmatic hernia (CDH) is an uncommon
congenital anomaly that affects about 1 in 2000-5000
births [1-3]. With improvement in antenatal imaging
techniques, accurate and faster diagnosis has improved
maternal care so that appropriate treatment is available.
Neonatal care such as gentle ventilation, delayed surgery,
and extracorporeal membrane oxygenation (ECMO) has
also been improved. Nevertheless, the overall mortality
rate of CDH patients remains 20-50% [2-7].

The outcome of patients with CDH is very difficult to
predict. Knowing the risk factors for predicting their out-
come is vital for establishing patient management and the
best clinical practices, as well as for clinician and parent
counseling. Despite the controversies regarding risk factors
for CDH, accepted risk factors for mortality of CDH
patients include prenatal factors such as gestation age (GA)
at prenatal diagnosis, chromosomal anomaly, major heart
anomaly, maternal polyhydramnios, right-side CDH, lung-
to-head ratio (LHR), observed-to-expected LHR (O/E
LHR), fetal lung volume on magnetic resonance imaging,
quantitative lung index (QLI), and liver herniation [8—14]
and postnatal factors such as oxygenation index (OI), birth
weight, defect size, Apgar scores (at 1 and 5 min), McGoon
index and pulmonary artery index, ECMO, high-frequency
oscillation (HFO), nitric oxide (NO), echocardiographic
findings able to measure the severity of pulmonary hyper-
tension include severity of tricuspid regurgitation (TR),
flattening or left deviation of the interventricular septum,
and patent ductus arteriosus (PDA) shunt direction [15-24].

The ability to accurately and easily predict the postnatal
outcome of CDH patients can be a valuable management
tool. Many studies have attempted to predict the clinical
course of CDH patients by analyzing prenatal or postnatal
factors [11, 25-30]. However, few studies have analyzed
the patient’s clinical course by simultaneously analyzing
the prenatal and postnatal factors. In this study, prenatal
and postnatal factors obtainable within 24 h after birth
were analyzed to identify independent risk factors for
30-day mortality. These factors were then used to develop
a perinatal prognostic index for 30-day mortality of CDH
patients. The aim of this study was to develop and validate
a simplified clinical method for predicting survival out-
comes within 30-day of patients with CDH.

Methods

We retrospectively reviewed 95 patients diagnosed with
inborn Bochdalek hernia from November 2000 to August
2016 at the Seoul National University Children’s Hospital.

Eighty-three (87.4%) patients had Bochdalek hernia diag-
nosed prenatally, while the diagnosis of the remaining 12
patients (12.6%) was achieved postnatally despite regular
prenatal workup. These patients showed respiratory dis-
tress. Bochdalek hernia was confirmed after radiologic
studies, including plain chest X-ray.

Inclusion criteria were inborn Bochdalek hernia and
prenatal diagnosis of CDH or postnatal diagnosis within
12 h after birth. Exclusion criteria were outborn patients
and hiatal hernia.

The following were investigated as possible risk factors
for 30-day mortality in CDH patients: prenatal factors
(maternal polyhydramnios, GA at CDH diagnosis, LHR,
O/E LHR, QLI, right-side CDH, liver herniation, and
gastrointestinal (GI), major heart, and chromosomal
anomalies) and postnatal factors (birth weight, pneumoth-
orax, HFO, NO, 1- and 5-minute Apgar scores, OI, alveolar
arterial oxygen gradient [A-a gradient], and echocardio-
graphic findings). In echocardiography, severity of TR and
PDA shunt direction were investigated as factors for severe
pulmonary hypertension. Arterial blood gas measurements,
Ol and A-a gradients were analyzed based on initial values
after birth and worst and best values within 24 h. Overall,
10 prenatal and 14 postnatal factors were analyzed.

All postnatal factors were analyzed at birth up to 24 h
after birth. The primary study endpoint was mortality
within 30 days after birth. Four patients underwent CDH
repair (range 12-22 h) on the day of birth. These patients
were analyzed for arterial blood gas measurement, HFO,
and NO before surgery. Two patients underwent ECMO
after 20 and 23 h after birth, respectively. These patients
were also assessed for arterial blood gas measurement,
HFO, and NO before procedures. CDH repair and ECMO
application were excluded from postnatal factor in this
study because they were rarely performed within 24 h after
birth.

LHR is a calculated by measuring the longest axis of the
contralateral lung and the perpendicular diameter thereof
[31]. All prenatal images were measured at 22-38 weeks
GA. O/E LHR was calculated using the standardized cal-
culation reported previously [32]. QLI was calculated using
a previously published formula [14]. A major heart
anomaly was defined as the presence of a heart anomaly
except PDA, patent foramen ovale, and atrial septal defect.
GI or major heart anomalies included those diagnosed
prenatally or those found on ultrasonography performed
within 24 h postnatally. Pneumothorax included both the
affected lung and contralateral lung. OI was calculated
using the fraction of inspired oxygen (FiO,), mean airway
pressure (MAP), and arterial PO, (PaO,) after arterial
catheterization (OI = FiO, x MAP x 100/Pa0,). A-a
gradient was calculated using FiO,, arterial PCO, (PaCO,),
and PaO, (A-a gradient = [FiO2 x (760 — 47)]-(PaCO,/
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0.8) — Pa0O,). TR severity was graded by transthoracic
echocardiography as no gurgitation, trivial, mild, moderate,
and severe [33]. The PDA shunt direction was classified as
left-to-right, bidirectional, and right-to-left.

All continuous variables were converted to categorical
variables. Variables with previously established cutoff
values were also used in our study. For the following
variables, the median values obtained in this study were
used as cutoff values: birth weight, Apgar scores, initial
and worst OI, A-a gradient, severity of TR, and PDS shunt
direction. Correlations between variables were evaluated
by the Chi-square test. Logistic regression analysis was
used to identify independent risk factors for 30-day mor-
tality. Statistical differences were considered significant at
p < 0.05. The final model was constructed using the for-
ward selection method and was ultimately determined
considering clinically significant and predictive factors
among similar c-index models.

There were no missing data for all factors except for GA
at diagnosis as a CDH, LHR, O/E LHR, and QLI of 12
postnatally diagnosed patients. These patients were diag-
nosed as CDH at GA > 25 weeks. In addition, LHR, O/E
LHR, and QLI of these patients were classified as >1.35,
>45, and >0.6, respectively.

Herein, a perinatal prognostic index for 30-day mortality
was developed. The score was adjusted to a total sum of
100 using values of parameter estimates of prenatal and
postnatal independent risk factors for 30-day mortality
identified in multivariate logistic regression analysis. The
sum of the parameter estimates of the five independent
factors in Table 1 was 11.4219. Multiplying this value by
8.7551 equaled 100. Then, 8.7551 multiplied by 2.4084,
the parameter estimate of polyhydramnios, was 21.08, and
so for all other variables, 15.64, 25.63, 24.38, and 13.26,
respectively. Rounding all of these values to the first dec-
imal place was the adjusted score indicated in Table 2.
Perinatal prognostic index for each patient was calculated
as follows: Total score = Polyhydramnios + GA at pre-
natal diagnosis + O/E LHR + Best oxygenation index +
Tricuspid regurgitation. Polyhydramnios was given a value
of 21 if polyhydramnios was absent, and a value of zero if

present. GA at prenatal diagnosis was given a value of 16 if
the gestational age at prenatal diagnosis was >25 weeks or
undiagnosed in the prenatal period, O otherwise. O/E LHR
was given a value of 26 if O/E LHR was >45 or undiag-
nosed in the prenatal period, O otherwise. Best oxygenation
index was given a value of 24 if the best oxygenation index
was <11 mmHg, and a value of O otherwise. Tricuspid
regurgitation was given a value of 13 if the patient had no
or trivial tricuspid regurgitation, and a value of 0 if sig-
nificant regurgitation was present.

The perinatal prognostic index was categorized into four
groups based on the best predictability of survival through
tree regression. The internal validity of the perinatal
prognostic index was confirmed by c-index and calibration.
An external validation evaluated the predictive power of
the perinatal prognostic index for 30-day mortality using
data from other tertiary hospitals. These data were col-
lected from Samsung Medical Center (57 patients), Sev-
erance Children’s Hospital (35 patients), and Pusan
National University Children’s Hospital (27 patients).
Overall, 119 patients, between April 2001 and March 2016,
were investigated for external validation. Inclusion and
exclusion criteria were the same as those used for this
study.

This study was approved by the Institutional Review
Board (IRB File No. 1702-061-831).

Results

Ninety-five patients were enrolled; 61 (64.2%) were male.
A total of 83 patients (87.4%) had prenatal diagnosis. The
mean GA of prenatal diagnosis was 26.18 £ 6.32 weeks.
Mean GA was 38.86 £ 1.51 weeks. The mean birth weight
was 3085.5 £ 533.8 g. Eighty-four cases (88.4%) pre-
sented left-side CDH; none were bilateral. Seventy-eight
patients (82.1%) received CDH repair with mean age at
operation of 2.87 £ 1.39 days. Twenty-five patients (32%)
had large defect size, which was closed using a patch.
Thirty-four patients (35.8%) had liver herniation, and eight
patients developed pneumothorax within 24 h after birth.

Table 1 Multivariate logistic regression analysis of perinatal risk factors of 30-day mortality

Variable Parameter estimate P value Odds ratio 95% CI
Polyhydramnios 2.4084 0.0206 11.116 1.72-71.851
GA at diagnosis <25 weeks 1.7863 0.0114 5.967 1.315-27.083
O/E LHR <45 2.9277 0.0007 18.684 3.458-100.958
Best oxygenation index >11 2.7848 0.0011 16.196 3.025-86.715
Severity of TR > mild 1.5147 0.0453 4.548 1.032-20.048

CI Confidence interval, GA gestational age, O/E LHR observed-to-expected lung-to-head ratio, 7R tricuspid regurgitation
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Table 2 Perinatal prognostic index for 30-day mortality

Variable Contents Score
Polyhydramnios No 21
GA at prenatal diagnosis >25 weeks or undiagnosed at prenatal period 16
O/E LHR >45 or undiagnosed at prenatal period 26
Best oxygenation index <11 mmHg 24
Tricuspid regurgitation No or trivial 13
Total score 100

GA Gestational age, O/E LHR observed-to-expected lung-to-head ratio

Mortality before 30 days was 35 (36.8%), and the mean
time to death was 8.29 + 8.18 days (median 5 days; range
1-28 days) (Table 3).

In Table 4, continuous variables were converted to
categorical variables. Of the prenatal factors, polyhy-
dramnios was higher in non-survivors (57.1% vs. 15%,
p < 0.001). Patients with CDH diagnosis at GA of
25 weeks had a significantly higher survival rate than those
<25 weeks. A LHR >1.35 had a better survival rate
(80.8%). Those with O/E LHR >45 had a survival rate of
88.9%, which was significantly higher than patients with
O/E LHR <45. QLI >0.6 had a significantly higher sur-
vival rate than patients with QLI <0.6 (86.2% vs. 27%,
p <0.001). Liver herniation was significantly higher in the
non-survivors (62.8% vs. 20%, p <0.001). Right-side
CDH, GI anomaly, and major heart anomaly were similar
between the two groups. Of postnatal factors, birth weight
>3090 g had a higher, albeit nonsignificant, survival rate
than birth weight <3090 g (p = 0.087). Pneumothorax was

Table 3 Characteristics of CDH patients

Variables Numbers
Male 61 (64.2%)
Gestational age (weeks) 38.86 + 1.51

Birth weight (g) 3085.5 £ 533.8

Side of lesion

Left 84 (88.4%)
Right 11 (11.6%)
CDH repair 78 (82.1%)
Age at operation (days) 2.87 £ 1.39
Body weight at operation (g) 3160.5 £ 567.2
Patch closure 25 (32%)
Survivor 60 (76.9%)
Liver herniation 34 (35.8%)
Pneumothorax in first day 8 (14.7%)
Survivors after 30 days 60 (63.2%)

Median follow-up (days) 257 (1-4017)

lower in the survivor group. HFO and NO were also sig-
nificantly less applied in the survivor group (HFO: 40% vs.
91.4%, p <0.001, NO: 26.7% vs. 88.6%, p < 0.001). When
analyzing four and seven points as the cutoff point for 1-
and 5-minute Apgar scores, respectively, there was a sig-
nificant difference in survival rate. For OI and A-a gradi-
ents, the cutoff points for initial value, worst value in 24 h,
and best value in 24 h were analyzed. All showed signifi-
cant differences in survival, with rates significantly higher
in patients with no or trivial TR than in those with TR
> mild (76.3% vs. 41.7%, p = 0.001). Bidirectional or left-
to-right PDA shunt direction also showed a significantly
higher rate of survival than right-to-left direction (80% vs.
26.7%, p <0.001).

Multivariate logistic regression analysis was performed
to identify independent risk factors based on statistically
significant predictors emerging from the univariate logistic
regression analysis. Prenatal independent risk factors were
polyhydramnios, GA at diagnosis <25 weeks, and O/E
LHR <45. Postnatal independent risk factors were best OI
in 24 h > 11 and TR > mild (Table 1).

With the five independent perinatal risk factors, a peri-
natal prognostic index for 30-day mortality was developed.
Each variable described a good prognosis. The higher the
score sum, the better the prognosis (Table 2). When the
perinatal prognostic index was applied to the study
patients, those with a sum score between 0 and 39 points
had a survival rate of 0% (poor prognosis). The survival
rate was 37.5% for those with a sum score of 40—60 points
(bad prognosis); for 61-75 points, survival was 82.3%
(good prognosis); for a score of >76 points, the 100%
survival was associated with excellent prognosis (Fig. 1).
The observed survival probabilities and the predicted
mortality consistency in the four groups were confirmed by
calibration plots. The c-index was calculated for discrimi-
nation (c-index of internal validation = 0.967).

External validation of the perinatal prognostic index for
30-day mortality was performed using data of 119 CDH
patients from other tertiary hospitals. There was a signifi-
cant (p <0.0001) difference in the probability of survival
stratifying patients by the four groups depending on the
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Table 4 Comparison of perinatal risk factors for 30-day mortality between survivors and non-survivors

Variable Cutoff Survivor (n =60) Non-survivor (n =35) Survival (%) P-value Odds ratio 95% CI
Polyhydramnios 9 20 31 <0.001  7.556 2.850-20.028
GA at diagnosis (weeks) >25 41 10 80.4 <0.001  5.395 2.165-13.443
<25 19 25 439
LHR >1.35 59 14 80.8 <0.001 88.5 10.957-714.794
<1.35 1 21 4.5
O/E LHR >45 48 6 88.9 <0.001  19.333 6.546-57.101
<45 12 29 29.3
QLI >0.6 50 8 86.2 <0.001 16.875 5.959-47.785
<0.6 10 27 27
Right-side CDH 5 6 45.4 0.204 2.276 0.64-8.097
Liver herniation 12 22 353 <0.001  6.769 2.663-17.206
Associated anomaly 33 20 62.3 0.839  1.091 0.471-2.529
Gastrointestinal 20 8 71.4 0.282  0.593 0.228-1.539
Heart 8 4 66.7 0.788  0.839 0.233-3.016
Chromosome 1 5 16.7 0.041 9.833 1.099-88
Birth weight (g) >3090 35 14 71.4 0.087 2.1 0.899-4.908
<3090 25 21 54.3
Pneumothorax 2 7 22.2 0.018 7.25 1.414-37.185
HFO 24 32 42.8 <0.001 16 4.399-58.197
NO apply 16 31 34 <0.001 21.312 6.496-69.926
Apgar score, 1 min >4 48 13 78.7 <0.001  6.769 2.663-17.206
<4 12 22 353
Apgar score, 5 min >7 47 10 82.4 <0.001 9.038 3.473-23.525
<7 13 25 342
Oxygenation index
Initial <1591 44 4 91.7 <0.001 21.312 6.496-69.926
>15.91 16 31 34
Worst in 24 h <21.67 43 4 91.5 <0.001  19.603 6.005-63.99
>21.67 17 31 354
Best in 24 h <11 56 13 81.2 <0.001  23.692 6.964-80.601
>11 4 22 15.4
A-a gradient (mm Hg)
Initial <2414 43 5 89.6 <0.001 15.176 5.048-45.627
>241.4 17 30 36.2
Worst in 24 h <2939 44 4 91.7 <0.001 21.312 6.496-69.926
>293.9 16 31 34
Best in 24 h <101.2 44 5 89.8 <0.001 16.5 5.458-49.878
>101.2 16 30 34.8
Severity of TR <trivial 45 14 76.3 0.001 4.5 1.841-10.999
>mild 15 21 41.7
PDA shunt direction BiorLtoR 52 13 80 <0.001 11 3.998-30.262
RtoL 8 22 26.7

CI confidence interval, GA gestational age, LHE lung-to-head ration, O/E LHR observed to expected lung-to-head ratio, QLI quantitative lung
index, CDH congenital diaphragmatic hernia, HFO high frequency oscillation, NO nitric oxide, A-a gradient alveolar-arterial oxygen gradient,
TR tricuspid regurgitation, PDA patent ductus arteriosus, Bi bidirectional, L fo R left to right, R fo L right to left

sum scores (group 1: score 0-39, group 2: score 40-60, operating characteristic area curves (area under the
group 3: score 61-75, and group 4: score 76-100). To  curve = 0.9628, 95% confidence interval: 0.9296-0.9959)
evaluate the validity of the prediction model, receiver  for survival prediction were calculated (Fig. 2).
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Fig. 1 Perinatal prognostic index for 30-day mortality
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Fig. 2 Receiver operating characteristic curve of external valida-
tion for survival prediction

Discussion

CDH has produced improved outcomes recently given the
development of gentle ventilation strategies and neonatal
management protocols. Nevertheless, CDH patients still
have a high mortality rate. CDH prognosis depends on the
severity of pulmonary hypertension, which is determined
by the degree of pulmonary hypoplasia [34]. Many studies

have predicted the degree of pulmonary hypoplasia by
determining predictors or risk factors for mortality in CDH
patients. Awareness of the risk factor is crucial for pre-
dicting prognosis and patient management.

Of the 95 patients in this study, 36 died during the
follow-up period, of which 35 died within 30 days of birth.
One patient died at the age of 23 months due to heart
failure caused by transposition of the great arteries. There
have not been many concurrent studies evaluating prenatal
and postnatal risk factors for mortality of CDH patients. Of
these, few postnatal factors evaluable within 24 h after
birth have been analyzed. Herein, a perinatal prognostic
index of mortality within 30 days of birth was developed
by analyzing five independent perinatal risk factors.
External validation of our perinatal prognostic index was
performed using data from CDH patients from three
external tertiary Korean hospitals. This index includes
prenatal as well as five easily obtainable independent
postnatal risk factors. The purpose of this index was to
predict the mortality of CDH patients within 30 days using
data available during the prenatal period and within 24 h
after birth. This index may represent an excellent tool to
predict patient prognosis.

Regarding prenatal risk factors identified in this study,
maternal polyhydramnios has been associated with poor
survival [9]. However, subsequent studies have suggested
that maternal polyhydramnios has no predictive value
[35, 36]. Timing of prenatal diagnosis of CDH may not be
related to outcome [37, 38]. However, babies who are
diagnosed with CDH at GA 25 weeks have lower mortality
than those who are diagnosed at GA <24 weeks
[17, 31, 39, 40]. In addition, mortality rates at 28 days were
shown to be significantly increased compared to those with
GA at diagnosis (61.1, 39.2, and 10.4% for a diagnosis at
the first, second, and third trimesters, respectively) [41].
LHR, first reported in 1996, is the best validated prenatal
predictor of mortality in CDH worldwide [31]. However,
LHR increases with increasing GA; thus, the O/E LHR has
been as a proposed adjustment [12] and has been consid-
ered an applicable index regardless of GA. However, O/E
LHR is also dependent on GA [42]. As an alternative, a
QLI independent of the GA has been proposed with QLI
<0.6 indicating poor prognosis [14]. Herein, polyhydram-
nios, GA <25 weeks at diagnosis and O/E LHR <45 were
identified as independent prenatal risk factors for 30-day
mortality.

In a study of 2202 CDH infants, birth weight <1500 g,
absent or 5S-minute Apgar score <7, chromosomal or major
cardiac anomaly, and suprasystemic pulmonary hyperten-
sion have been analyzed as predictors of CDH severity
[18]. This study has great value because of the vast number
of CDH infants enrolled. Of the postnatal risk factors
analyzed, low birth weight, and chromosomal or major
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cardiac anomalies might have been excluded as indepen-
dent risk factors due to the small number of subjects pre-
sent in our study.

Recently, the search for predictors using blood gas
analysis has been actively conducted. OI has been used as
an important indicator of ECMO and has been reported as a
predictor of outcome in respiratory failure patients [43].
Furthermore, OI has been reported as a predictor of mor-
tality. The best OI in 24 h >11 was a risk factor for
mortality [44], and a cutoff point of 12 has been suggested
[45]. Herein, the initial and worst values were added in
addition to the best 24-hour value.

Several echocardiography measurements can indicate
pulmonary hypertension, including direction and velocity
of the ductus arteriosus, interventricular septum position,
and severity of TR [46—48]. Herein, the degree of TR was
analyzed as an independent factor for mortality by ana-
lyzing PDA direction and the degree of TR, of which there
were no missing data in echocardiographies performed
<24 h.

The ECMO procedure was not actively applied to CDH
patients at our center. In some recently reported studies,
about 30% of CDH patients treated with ECMO showed a
51% survival [49], while 27% of CDH patients were
treated with ECMO, of which 59% survived [29]. There
would be an indication for each institution for the ECMO
application, but most researchers will agree to apply it
when the OI >40 [50]. At our institution, ECMO was
applied to 10 of 95 CDH patients (10.5%), all of which
died. The ECMO indication and contraindication in our
institution follows the extracorporeal life support organi-
zation guidelines for neonatal respiratory failure [51].
However, even if the oxygenation index was greater than
40, the ECMO was not applied if the caregiver rejected the
ECMO apply or if there was a clear brain injury in our
institution.

Detailed analysis of the difference between the predicted
probability and the actual survival probability for the four
groups in the calibration plot of the external validation
groups showed that the predicted and actual survival
probabilities of groups 1, 3, and 4 were very similar (actual
survival probability: group 1 2.5%, group 3 88.9%, and
group 4 94%). However, the predicted probability of group
2 was 37.5% and the actual survival probability was 66.7%.
We have no explanation for these differences. Because the
external hospital validation study only investigated five
factors (polyhydramnios, GA at diagnosis, O/E LHR, best
OI in 24 h, and severity of TR), it was not possible to
analyze all other data in detail (for example, incidence of
ECMO application). Nonetheless, point estimation showed
that the prediction model tended to be underestimated
except for group 4. The difference between the predicted
probability and the actual survival probability was >10% in
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group 2, albeit the difference between the predicted prob-
ability and the actual survival probability in the other group
was minimal. Because of the insufficient number of
enrolled patients, the confidence interval for the actual
survival probabilities for each group was wide; thus, an
adequate number of patients for external validation are
needed to test this prediction model.

Our report consisted of a study of 24 variables in a
single center. It was meaningful given the vast number of
variables analyzed. More importantly, an external valida-
tion of the perinatal prognostic index developed in this
study was performed. However, our study is limited due to
the small number of patients analyzed and its retrospective
nature; thus, many variables could not be examined over
the same study period. OI should also be measured as
preductal arterial blood; however, we did not perform this
measurement for all cases (preductal 55.8%, postductal
27.4%, and left radial artery 16.8%). The number of
patients included in the external validation was also small.
We had also been concerned about how to classify prenatal
risk factors, especially LHR, O/E LHR, and QLI of 12
postnatally diagnosed patients in this study. The 12 post-
natally diagnosed patients were patients whose CDH had
not been detected by routine prenatal examination. We
emphasized in the text that these patients received a regular
prenatal assessment. Prenatal examinations closely monitor
the lungs, and none of these patients showed any abnor-
malities other than normal development of the lungs at the
antenatal visit until the third trimester of pregnancy.
Indeed, the mean initial oxygenation index of these patients
was 9.3 and the mean worst oxygenation index was 13.3
within 24 h after birth. Therefore, we classified the values
of LHR, O/E LHR, and QLI in 12 postnatally diagnosed
patients into better ones. Another limitation of our study
was that 18 patients died after CDH repair. Nine of these
patients underwent ECMO. Among the 9 patients on
ECMO, there were 3 patients in which ECMO was applied
after CDH repair and six patients underwent procedures
while on ECMO. As mentioned earlier, our study’s mean
age at operation was 2.87 days. In our institution, we think
that the CDH repair was performed when the patient was
hemodynamically stable. However, our institution per-
formed relatively earlier CDH repair compared to other
institutions, and it was true that many patients had died
after surgery. These results suggest that we need to more
consideration for our strategy of the true hemodynamically
stable for CDH repair timing in our institution. To develop
a better 30-day perinatal prognostic index of mortality,
additional patients are needed for external validation.
Furthermore, long-term morbidity and mortality studies
assessing the perinatal prognostic index classification are
needed.
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Conclusion

Accurate predictors of postnatal outcome in patients with
CDH can be useful to clinicians and for consultations with
a child’s parents. Independent 30-day perinatal risk factors
for mortality included three prenatal factors (maternal
polyhydramnios, GA <25 weeks at diagnosis, and O/E
LHR <45) and two postnatal factors (best Ol in 24 h >11
and TR > mild). Based on these perinatal risk factors, a
30-day perinatal prognostic index of mortality for CDH
patients was developed. External validation revealed that
this index could be used to predict 30-day mortality of
CDH patients using results obtained within 24 h after birth
and might assist in management of CDH patients.

References

12.

. Losty PD (2014) Congenital diaphragmatic hernia: where and

what is the evidence? Semin Pediatr Surg 23:278-282. https://doi.
org/10.1053/j.sempedsurg.2014.09.008

. Bohn D (2002) Congenital diaphragmatic hernia. Am J Respir

Crit Care Med
200204-304CC

166:911-915.  https://doi.org/10.1164/rccm.

. Downard CD, Jaksic T, Garza JJ et al (2003) Analysis of an

improved survival rate for congenital diaphragmatic hernia.
J Pediatr Surg 38:729-732. https://doi.org/10.1016/jpsu.2003.
50194

. Beresford MW, Shaw NJ (2000) Outcome of congenital

diaphragmatic hernia. Pediatr Pulmonol 30:249-256

. Congenital Diaphragmatic Hernia Study Group (2001) Estimat-

ing disease severity of congenital diaphragmatic hernia in the first
5 minutes of life. J Pediatr Surg 36:141-145

. Ontario Congenital Anomalies Study Group (2004) Apparent

truth about congenital diaphragmatic hernia: a population-based
database is needed to establish benchmarking for clinical out-
comes for CDH. J Pediatr Surg 39:661-665

. Javid PJ, Jaksic T, Skarsgard ED et al (2004) Survival rate in

congenital diaphragmatic hernia: the experience of the Canadian
Neonatal Network. J Pediatr Surg 39:657-660

. Bahlmann F, Merz E, Hallermann C et al (1999) Congenital

diaphragmatic hernia: ultrasonic measurement of fetal lungs to
predict pulmonary hypoplasia. Ultrasound Obstet Gynecol
14:162-168. https://doi.org/10.1046/j.1469-0705.1999.14030162.
X

. Harrison MR, Adzick NS, Nakayama DK et al (1985) Fetal

diaphragmatic hernia: fetal but fixable. Semin Perinatol

9:103-112

. Trachsel D, Selvadurai H, Bohn D et al (2005) Long-term pul-

monary morbidity in survivors of congenital diaphragmatic her-
nia. Pediatr Pulmonol 39:433-439. https://doi.org/10.1002/ppul.
20193

. Laudy JA, Van Gucht M, Van Dooren MF et al (2003) Congenital

diaphragmatic hernia: an evaluation of the prognostic value of the
lung-to-head ratio and other prenatal parameters. Prenat Diagn
23:634-639. https://doi.org/10.1002/pd.654

Jani J, Nicolaides KH, Keller RL et al (2007) Observed to
expected lung area to head circumference ratio in the prediction
of survival in fetuses with isolated diaphragmatic hernia.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ultrasound Obstet Gynecol 30:67-71. https://doi.org/10.1002/
uog.4052

Balassy C, Kasprian G, Brugger PC et al (2010) Assessment of
lung development in isolated congenital diaphragmatic hernia
using signal intensity ratios on fetal MR imaging. Eur Radiol
20:829-837. https://doi.org/10.1007/s00330-009-1633-x
Quintero RA, Quintero LF, Chmait R et al (2011) The quanti-
tative lung index (QLI): a gestational age-independent sono-
graphic predictor of fetal lung growth. Am J Obstet Gynecol
205(544):e541-548. https://doi.org/10.1016/j.ajog.2011.07.031
Ruttenstock E, Wright N, Barrena S et al (2015) Best oxygena-
tion index on day 1: a reliable marker for outcome and survival in
infants with congenital diaphragmatic hernia. Eur J Pediatr Surg
25:3-8. https://doi.org/10.1055/s-0034-1393960

Suda K, Bigras JL, Bohn D et al (2000) Echocardiographic pre-
dictors of outcome in newborns with congenital diaphragmatic
hernia. Pediatrics 105:1106-1109

Thebaud B, Azancot A, de Lagausie P et al (1997) Congenital
diaphragmatic hernia: antenatal prognostic factors. Does cardiac
ventricular disproportion in utero predict outcome and pulmonary
hypoplasia? Intensive Care Med 23:10062-10069

Brindle ME, Cook EF, Tibboel D et al (2014) A clinical pre-
diction rule for the severity of congenital diaphragmatic hernias
in newborns. Pediatrics 134:e413-419. https://doi.org/10.1542/
peds.2013-3367

Sharma V, Berkelhamer S, Lakshminrusimha S (2015) Persistent
pulmonary hypertension of the newborn. Matern Health Neonatol
Perinatol 1:14. https://doi.org/10.1186/s40748-015-0015-4
Fumino S, Shimotake T, Kume Y et al (2005) A clinical analysis
of prognostic parameters of survival in children with congenital
diaphragmatic hernia. Eur J Pediatr Surg 15:399-403. https://doi.
org/10.1055/s-2005-872925

Hedrick HL, Danzer E, Merchant A et al (2007) Liver position
and lung-to-head ratio for prediction of extracorporeal membrane
oxygenation and survival in isolated left congenital diaphrag-
matic hernia. Am J Obstet Gynecol 197(422):e421-424. https://
doi.org/10.1016/j.ajog.2007.07.001

Albanese CT, Lopoo J, Goldstein RB et al (1998) Fetal liver
position and perinatal outcome for congenital diaphragmatic
hernia. Prenat Diagn 18:1138-1142

Jani J, Keller RL, Benachi A et al (2006) Prenatal prediction of
survival in isolated left-sided diaphragmatic hernia. Ultrasound
Obstet Gynecol 27:18-22. https://doi.org/10.1002/u0g.2688
Stolar CJ, Dillon PW (2012) Congenital Diaphragmatic Hernia
and Eventration. In: Coran AG, Scott Adzick N, Krummel TM
et al (eds) Pediatric Surgery, 7th edn. Mosby, Philadelphia,
pp 809-824

Schultz CM, DiGeronimo RJ, Yoder BA et al (2007) Congenital
diaphragmatic hernia: a simplified postnatal predictor of out-
come. J Pediatr Surg 42:510-516. https://doi.org/10.1016/].jped
surg.2006.10.043

Alfaraj MA, Shah PS, Bohn D et al (2011) Congenital
diaphragmatic hernia: lung-to-head ratio and lung volume for
prediction of outcome. Am J Obstet Gynecol 205(43):e41-48.
https://doi.org/10.1016/j.ajog.2011.02.050

Ruano R, Takashi E, da Silva MM et al (2013) Quantitative lung
index, contralateral lung area, or lung-to-head ratio to predict the
neonatal outcome in isolated congenital diaphragmatic hernia?
J Ultrasound Med 32:413—417

Brindle ME, Cook EF, Tibboel D et al (2014) A clinical pre-
diction rule for the severity of congenital diaphragmatic hernias
in newborns. Pediatrics 134:e413-419. https://doi.org/10.1542/
peds.2013-3367

. Khmour AY, Konduri GG, Sato TT et al (2014) Role of admis-

sion gas exchange measurement in predicting congenital
diaphragmatic hernia survival in the era of gentle ventilation.

@ Springer


https://doi.org/10.1053/j.sempedsurg.2014.09.008
https://doi.org/10.1053/j.sempedsurg.2014.09.008
https://doi.org/10.1164/rccm.200204-304CC
https://doi.org/10.1164/rccm.200204-304CC
https://doi.org/10.1016/jpsu.2003.50194
https://doi.org/10.1016/jpsu.2003.50194
https://doi.org/10.1046/j.1469-0705.1999.14030162.x
https://doi.org/10.1046/j.1469-0705.1999.14030162.x
https://doi.org/10.1002/ppul.20193
https://doi.org/10.1002/ppul.20193
https://doi.org/10.1002/pd.654
https://doi.org/10.1002/uog.4052
https://doi.org/10.1002/uog.4052
https://doi.org/10.1007/s00330-009-1633-x
https://doi.org/10.1016/j.ajog.2011.07.031
https://doi.org/10.1055/s-0034-1393960
https://doi.org/10.1542/peds.2013-3367
https://doi.org/10.1542/peds.2013-3367
https://doi.org/10.1186/s40748-015-0015-4
https://doi.org/10.1055/s-2005-872925
https://doi.org/10.1055/s-2005-872925
https://doi.org/10.1016/j.ajog.2007.07.001
https://doi.org/10.1016/j.ajog.2007.07.001
https://doi.org/10.1002/uog.2688
https://doi.org/10.1016/j.jpedsurg.2006.10.043
https://doi.org/10.1016/j.jpedsurg.2006.10.043
https://doi.org/10.1016/j.ajog.2011.02.050
https://doi.org/10.1542/peds.2013-3367
https://doi.org/10.1542/peds.2013-3367

290

World J Surg (2019) 43:282-290

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

J Pediatr Surg 49:1197-1201. https://doi.org/10.1016/j.jpedsurg.
2014.03.011

Guibaud L, Filiatrault D, Garel L et al (1996) Fetal congenital
diaphragmatic hernia: accuracy of sonography in the diagnosis
and prediction of the outcome after birth. AJR Am J Roentgenol
166:1195-1202. https://doi.org/10.2214/ajr.166.5.8615269
Metkus AP, Filly RA, Stringer MD et al (1996) Sonographic
predictors of survival in fetal diaphragmatic hernia. J Pediatr Surg
31:148-151 discussion 151-142

Jani J, Peralta CF, Van Schoubroeck D et al (2006) Relationship
between lung-to-head ratio and lung volume in normal fetuses
and fetuses with diaphragmatic hernia. Ultrasound Obstet
Gynecol 27:545-550. https://doi.org/10.1002/uog.2735

Zoghbi WA, Enriquez-Sarano M, Foster E et al (2003) Recom-
mendations for evaluation of the severity of native valvular
regurgitation with two-dimensional and Doppler echocardiogra-
phy. J Am Soc Echocardiogr 16:777-802. https://doi.org/10.
1016/s0894-7317(03)00335-3

Rottier R, Tibboel D (2005) Fetal lung and diaphragm develop-
ment in congenital diaphragmatic hernia. Semin Perinatol
29:86-93

Crawford DC, Wright VM, Drake DP et al (1989) Fetal
diaphragmatic hernia: the value of fetal echocardiography in the
prediction of postnatal outcome. Br J Obstet Gynaecol
96:705-710

Shaw KS, Filiatrault D, Yazbeck S et al (1994) Improved survival
for congenital diaphragmatic hernia, based on prenatal ultrasound
diagnosis and referral to a combined obstetric-pediatric surgical
center. J Pediatr Surg 29:1268-1269

Wilson JM, Fauza DO, Lund DP et al (1994) Antenatal diagnosis
of isolated congenital diaphragmatic hernia is not an indicator of
outcome. J Pediatr Surg 29:815-819

Ruano R, Takashi E, da Silva MM et al (2012) Prediction and
probability of neonatal outcome in isolated congenital diaphrag-
matic hernia using multiple ultrasound parameters. Ultrasound
Obstet Gynecol 39:42—49. https://doi.org/10.1002/uog.10095
Adzick NS, Vacanti JP, Lillehei CW et al (1989) Fetal
diaphragmatic hernia: ultrasound diagnosis and clinical outcome
in 38 cases. J Pediatr Surg 24:654-657 discussion 657-658
Sharland GK, Lockhart SM, Heward AJ et al (1992) Prognosis in
fetal diaphragmatic hernia. Am J Obstet Gynecol 166:9-13
Bouchghoul H, Senat MV, Storme L et al (2015) Congenital
diaphragmatic hernia: does gestational age at diagnosis matter

@ Springer

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

when evaluating morbidity and mortality? Am J Obstet Gynecol
213:535 e531-537. https://doi.org/10.1016/j.ajog.2015.06.012
Quintero RA, Kontopoulos EV, Quintero LF et al (2013) The
observed vs. expected lung-to-head ratio does not correct for the
effect of gestational age on the lung-to-head ratio. J Matern Fetal
Neonatal Med 26:552-557. https://doi.org/10.3109/14767058.
2012.736000

Trachsel D, McCrindle BW, Nakagawa S et al (2005) Oxy-
genation index predicts outcome in children with acute hypox-
emic respiratory failure. Am J Respir Crit Care Med
172:206-211. https://doi.org/10.1164/rccm.200405-6250C

Sinha CK, Islam S, Patel S et al (2009) Congenital diaphragmatic
hernia: prognostic indices in the fetal endoluminal tracheal
occlusion era. J Pediatr Surg 44:312-316. https://doi.org/10.1016/
j-jpedsurg.2008.10.078

Basiewicz-Slaczka E, Woloszczuk-Gebicka B, Yaqoub S et al
(2015) The Value of the oxygenation index in the prediction of
postnatal outcome in neonates with congenital diaphragmatic
hernia. Preliminary Report. Dev Period Med 19:283-288
Musewe NN, Smallhorn JF, Benson LN et al (1987) Validation of
Doppler-derived pulmonary arterial pressure in patients with
ductus arteriosus under different hemodynamic states. Circulation
76:1081-1091

Reisner SA, Azzam Z, Halmann M et al (1994) Septal/free wall
curvature ratio: a noninvasive index of pulmonary arterial pres-
sure. ] Am Soc Echocardiogr 7:27-35

Mourani PM, Sontag MK, Younoszai A et al (2008) Clinical
utility of echocardiography for the diagnosis and management of
pulmonary vascular disease in young children with chronic lung
disease. Pediatrics 121:317-325. https://doi.org/10.1542/peds.
2007-1583

Wynn J, Krishnan U, Aspelund G et al (2013) Outcomes of
congenital diaphragmatic hernia in the modern era of manage-
ment. J Pediatr 163(114-119):e111. https://doi.org/10.1016/].
jpeds.2012.12.036

Group UCET (1996) UK collaborative randomised trial of
neonatal extracorporeal membrane oxygenation. Lancet
348:75-82. https://doi.org/10.1016/S0140-6736(96)04100-1
ELSO (2017) Extracorporeal Life Support: The Red Book: the
ELSO Red Book. 5th Ed, Extracorporeal Life Support
Organization


https://doi.org/10.1016/j.jpedsurg.2014.03.011
https://doi.org/10.1016/j.jpedsurg.2014.03.011
https://doi.org/10.2214/ajr.166.5.8615269
https://doi.org/10.1002/uog.2735
https://doi.org/10.1016/s0894-7317(03)00335-3
https://doi.org/10.1016/s0894-7317(03)00335-3
https://doi.org/10.1002/uog.10095
https://doi.org/10.1016/j.ajog.2015.06.012
https://doi.org/10.3109/14767058.2012.736000
https://doi.org/10.3109/14767058.2012.736000
https://doi.org/10.1164/rccm.200405-625OC
https://doi.org/10.1016/j.jpedsurg.2008.10.078
https://doi.org/10.1016/j.jpedsurg.2008.10.078
https://doi.org/10.1542/peds.2007-1583
https://doi.org/10.1542/peds.2007-1583
https://doi.org/10.1016/j.jpeds.2012.12.036
https://doi.org/10.1016/j.jpeds.2012.12.036
https://doi.org/10.1016/S0140-6736(96)04100-1

	Predicting Survival of Congenital Diaphragmatic Hernia on the First Day of Life
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References




