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Abstract

Objectives: To describe the outcomes of preterm born infants with congenital dia-
phragmatic hernia (CDH; <32.0 weeks of gestation) and the associations between
prenatal imaging markers and survival.

Design: Retrospective cohort study.

Setting: Multicentre study in large referral centres.

Population: Infants with an isolated unilateral CDH, live born at 32.0 weeks or less
of gestation, between January 2009 and January 2020.

Methods: Neonatal outcomes were evaluated for infants that were expectantly man-
aged during pregnancy and infants that underwent fetoscopic endoluminal tracheal
occlusion (FETO) therapy, separately. We evaluated the association between prena-
tal imaging markers and survival to discharge. Prenatal imaging markers included
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observed to expected lung-to-head ratio (o/e LHR), side of the defect, liver position,
stomach position grade, and observed to expected total fetal lung volume (o/e TFLV).
Main Outcome Measure: Survival to discharge.

Results: We included 53 infants born at 30™* (interquartile range 29™'-31"%) weeks.
Survival in fetuses expectantly managed during pregnancy was 48% (13/27) in left-
sided CDH and 33% (2/6) in right-sided CDH. Survival in fetuses that underwent
FETO therapy was 50% (6/12) in left-sided CDH and 25% (2/8) in right-sided CDH.
The o/e LHR at baseline was positively associated with survival in cases expectantly
managed during pregnancy (odds ratio [OR] 1.20, 95% CI 1.07-1.42, p <0.01), but not
in cases that received FETO therapy (OR 1.01, 95% CI 0.88-1.15, p=0.87). Stomach
position grade (p=0.03) and o/e TFLV were associated with survival (p=0.02); liver
position was not (p=0.13).

Conclusions: In infants with CDH born at or before 32 weeks of gestation, prenatal

KEYWORDS

pulmonary hypoplasia

1 | INTRODUCTION

The risk of preterm birth (<37 weeks of gestation) is higher
in fetuses with a congenital diaphragmatic hernia (CDH)
than in fetuses without any malformations (22-35% versus
9.7%)."”7 One could expect an increase in the incidence of
preterm birth as prenatal surgery in the form of fetoscopic
endoluminal tracheal occlusion (FETO) is now a valid op-
tion in the severest cases.® Both CDH and prematurity are
associated with postnatal problems, hence the CDH-related
risk of mortality will probably increase if combined with
prematurity-related morbidity.**'° This was clearly demon-
strated by data from the CDH study group registry, showing
a positive relationship between survival rate and gestational
age at birth irrespective of other factors: 38% in very preterm
infants (<32 weeks), 57% in moderate and late preterm in-
fants (32-37 weeks), and 73% in term infants.?

Survival in CDH is mainly determined by the severity
of pulmonary hypoplasia, as it correlates with respiratory
insufficiency and pulmonary hypertension after birth."
During pregnancy, the best validated method to assess the
severity of pulmonary hypoplasia is the observed to ex-
pected lung-to-head ratio (o/e LHR) determined on a two-
dimensional ultrasound image of the contralateral lung.® In
left-sided CDH, this is often combined with evaluation of the
liver position.*'*'* Alternative parameters are the observed
to expected total fetal lung volume (o/e TFLV) by means of
magnetic resonance imaging (MRI) volumetry or the grad-
ing of stomach position with ultrasound."*™® It could be
hypothesised that prematurity-related morbidity attenuates
the existing association between prenatal ultrasound mark-
ers and CDH-related mortality.® This study therefore aimed
to describe the outcomes of infants with a CDH born at or
before 32.0 weeks of gestation, and the associations between
currently used prenatal imaging markers and FETO therapy
against the outcome of survival.

imaging markers of disease severity were associated with postnatal survival.

congenital diaphragmatic hernia, counselling, mortality, prediction, prematurity, prenatal imaging,

2 | METHODS
2.1 | Study population

We performed a retrospective cohort study in seven large re-
ferral centres experienced with the assessment and manage-
ment of CDH in the prenatal period. These centres adhere to
standardised international consensus guidelines for postna-
tal management and participated in the Tracheal Occlusion
to Accelerate Lung Growth (TOTAL) trials.>®'>!° We in-
cluded all consecutive infants with unilateral CDH who
were live born at or before 32.0 weeks of gestation between
January 2009 and January 2020, and had no associated
major structural or genetic abnormalities diagnosed either
before or after birth. Further exclusion criteria included in-
fants planned for postnatal palliative care and infants with-
out prenatal measurement of o/e LHR.

2.2 | Baseline characteristics

Maternal and neonatal baseline characteristics were col-
lected from hospital records. Fetal growth restriction was de-
fined as (1) fetal abdominal circumference (AC) or estimated
fetal weight (EFW) below the third centile, or (2) absent end-
diastolic flow in the umbilical artery, or (3) AC/EFW below
the tenth centile combined with uterine artery pulsatility
index greater than the 95th centile and/or umbilical artery
pulsatility index greater than the 95th centile.”® We recorded
whether fetuses were expectantly managed during preg-
nancy or underwent FETO. FETO therapy was considered
in fetuses in the following subgroups: (1) left-sided CDH, o/e
LHR 25% or less, irrespective of liver position; (2) left-sided
CDH, o/e LHR 26-35%, irrespective of liver position; (3) left-
sided CDH, o/e LHR 36-45% with intrathoracic liver, and
(4) right-sided CDH, o/e LHR 45% or less with intrathoracic
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liver.>® Probably as a result of the preliminary results of
Russo et al.,”' one fetus with right-sided CDH and o/e LHR
of 49% received FETO therapy as well.

2.3 | Prenatal predictors

Prenatal ultrasound markers included the o/e LHR value,
which was used for prenatal counselling, side of the defect,
liver position and stomach position grade. Also, the o/e TFLV
was measured on MRI. The o/e LHR was measured by expe-
rienced sonographers using either the tracing or the longest
axis method, normalised to a gestational age reference value
according to a standardised protocol.”> Subgroups for left-
sided CDH were: o/e LHR up to 25%, o/e LHR 26-35%, o/e
LHR 36-45%, and o/e LHR greater than 45%.° Subgroups
for right-sided CDH were o/e LHR up to 50% and o/e LHR
greater than 50%.”' Liver position and stomach position
grade were only reported in left-sided CDH. Liver position
was either intra-abdominal (down) or intrathoracic (up).
The axial plane at the level of the four-chamber view of the
heart was used to evaluate stomach position grade, which
was graded according to Cordier et al.*** Stomach posi-
tion is graded as follows: Grade 1, stomach not visualised;
Grade 2, stomach visualised anteriorly, next to the apex of
the heart, with no structure between stomach and sternum;
Grade 3, stomach visualised along from the apex of the heart
and abdominal structures anteriorly; or Grade 4, Grade 3
with stomach posterior to the level of the atrioventricular
heart valves.*

2.4 | Outcome measures

The primary outcome of interest was survival to discharge
from the intensive care unit (ICU). Secondary outcomes
were occurrence of pulmonary hypertension at any point
during ICU admission (mild: right ventricular systolic pres-
sure [RVSP]/systolic blood pressure [SBP] <2/3; moderate:
RVSP/SBP 2/3-1; severe: RVSP/SBP >1),* pulmonary hyper-
tension treatment with inhaled nitric oxide and/or sildenafil,
use of extracorporeal membrane oxygenation (ECMO) ther-
apy, number of days on mechanical ventilation, and pres-
ence of bronchopulmonary dysplasia (which was assessed at
a posztflenstrual age of 36 weeks using the criteria from Jobe
etal.”).

2.5 | Statistical analysis

Continuous data are expressed as mean + standard deviation
(SD) or median and interquartile range (IQR) depending on
the distribution. Categorical data are expressed as absolute
number (1) and percentage (%). Odds ratios (OR) and cor-
responding 95% CI were calculated for risk factors for pre-
term birth that have an incidence of at least 10% in our data.
Continuous data were analysed using the Mann-Whitney
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U test or one-way analysis of variance test and categorical
variables were analysed using the Fisher exact test. The area
under the receiver operating characteristic curve was used
to evaluate the discriminative ability of o/e LHR for survival
in infants with left-sided CDH expectantly managed dur-
ing pregnancy. The optimal cut-off was calculated with the
Youden index, which gives equal weight to sensitivity and
specificity, by using the R package ‘cutpointr’.

Logistic regression analyses evaluated the association
between selected covariates and the outcome of interest;
survival to discharge. We selected the following covariates
based on clinical relevance and literature: o/e LHR, side of
the defect and FETO therapy. As a result of the limited sam-
ple size, we were not able to include additional covariates.
Univariate logistic regression was used to test the main ef-
fects of the selected covariates in specified subgroups: all in-
fants, infants with left-sided CDH, infants with right-sided
CDH, infants expectantly managed during pregnancy, and
infants that underwent FETO therapy. Multivariable logis-
tic regression was used to test the linearity of o/e LHR and
interactions between covariates, because we expected o/e
LHR and FETO therapy to have an interaction. The choice
of model is based on clinical insight along with the Akaike
information criterion (AIC), which selects the model with
the lowest AIC as the best fitting model. The effect estimates
are reported as OR with 95% CI. For interaction terms that
include the o/e LHR, a continuous variable, effect estimates
are reported at clinically relevant o/e LHR cutoffs.

The statistical analyses were designed and performed
in collaboration with the Department of Epidemiology &
Biostatistics of the Erasmus MC University Medical Centre.
We analysed the data using the statistical software of R (R
Core Team [2020], v4.1.1). A value of p less than 0.05 was
considered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics

In total, 53 infants were included with a median gestational
age atbirth of 30** (IQR 29*'-31*%) weeks. Mean maternal age
at time of delivery was 31 £ 5years and 27 women were nul-
liparous. Three fetuses were diagnosed with minor genetic
or anatomical abnormalities, which were deemed unlikely
to influence outcomes (one with mega-ureter, one with low-
grade mosaicism of chromosome 4 without any other pheno-
typic anomalies than CDH, and one with bilateral clubfeet).
Baseline characteristics for expectantly managed fetuses are
depicted in Table 1. In infants expectantly managed before
birth, we did not find differences in odds of mortality be-
tween infants with and without known risk factors concern-
ing preterm birth (i.e. amniocentesis, pre-existing maternal
disease, intrauterine infection, polyhydramnios and preterm
premature rupture of the membranes; Table S1). The ORs of
mortality associated with smoking during pregnancy, his-
tory of preterm birth, maternal sepsis and oligohydramnios

85U80| 7 SUOWIWOD 3181 8 jgeol(dde aup Ag peusenob aJe sepie VO ‘8sn Jo Se|n Joj AReiq 1 8uluO A8]IAA UO (SUONIPUOI-PUR-SW.RYWIOD" A3 | 1M Ale.q |Buljuoy/:SdiiL) SUONIPUOD pue SWwis | 81 89S *[£202/50/7Z] Uo Ariqiauljuo A3|IM YeeylolgigsivIs AN Wepenoy AiseAluN snwsei3 Aq 26v.T'8250-TyT/TTTT 0T/10p/wod fe|1m Arigputjuo-uABgo//sdny wouy pepeojumoq ‘0 ‘82S0TLYT



HORN-OUDSHOORN ET AL.

4 B OG An International Journal of
Obstetrics and Gynaecology

TABLE 1 Baseline characteristics of preterm born infants with
congenital diaphragmatic hernia that were expectantly managed during
pregnancy.

Left-sided CDH Right-sided CDH

n (n=27) n (n=6)
o/e LHR (%) 27 33(29-42) 6  35(29-41)
Gestational age at 27 25" (237027 6 26' (24"2-277)
measurement o/e
LHR (weeks )
o/e TFLV (%) 17 30 (24-34) 3 25(20-27)
Gestational age at 11 25" (4"27% 5 27" (26'7-28")
measurement o/e
TFLV (weeks %)
Intra-thoracic liver 27 15 (56%) 6  6(100%)
position
Stomach position
Grade 1 18 3(12%) 6 6(100%)
Grade 2 8 (31%) 0
Grade 3 6 (23%) 0
Grade 4 9 (35%) 0
Fetal growth 27 3(11%) 6 0
restriction
Prenatal 27 27 (100%) 6  5(83%)
corticosteroids
Vaginal birth 27 14 (52%) 6 1(17%)
Gestational ageatbirth 27 29" (27°°-30*%) 6 29%° (29"*-30"°)
(weeks)
Male 27 16 (59%) 6 4(67%)
Birth Weight (g) 27 1250 (955-1470) 6 1385 (1195-1579)
Apgar score at 23 6(5-8) 6 7(5-8)
5minutes
Umbilical cord pH 15 7.30(7.26-7.37) 5 7.41(7.23-7.42)

Note: Data are expressed as median (interquartile range) or number (%).
Abbreviations: CDH, congenital diaphragmatic hernia; FETO, fetoscopic
endoluminal tracheal occlusion; o/e LHR, observed to expected lung-to-head ratio;
o/e TFLV, observed to expected total fetal lung volume.

are not reported because of low incidences (<10%) in this
study population.

3.2 | Left-sided CDH expectantly managed
during pregnancy

In left-sided CDH (n=27), median o/e LHR was 33% (IQR
29-42%). The survival rate was 48% (13/27) and non-
surviving infants died at a median of day 2 (IQR 1-9). All
surviving infants and two non-surviving infants under-
went surgical correction of the defect at day 6 (IQR 3-7),
and 87% (13/15) required patch repair. Pulmonary hyper-
tension was diagnosed in 24 (89%) infants on day 1 (IQR
1-1). In two survivors, no signs of pulmonary hyperten-
sion were present, whereas the presence of pulmonary hy-
pertension was not evaluated in one non-survivor because
death occurred before evaluation. Treatment of pulmonary

hypertension consisted of inhaled nitric oxide in 21 infants,
of whom nine infants were also treated with sildenafil.
One infant born at a gestational age of 31" weeks received
ECMO therapy; the cannulas were placed at 46 hours of life
and the ECMO run lasted until death at 23 days. Surfactant
was administered in 21 infants. Mechanical ventilation
was provided for 21 (IQR 9-23) days in surviving infants.
The prevalence of prematurity-related morbidity was as
follows: necrotising enterocolitis in one infant, retinopa-
thy of prematurity Stage >3 in two infants, intraventricular
haemorrhage in eight infants, sepsis confirmed with blood
culture in nine infants and bronchopulmonary dysplasia
in 12 infants. Survivors were admitted to the ICU for 69
(IQR 43-101) days. Four infants required supplemental
oxygen after discharge.

Stomach position grade was significantly associated
with survival (grade 1: 3/3 [100%], grade 2: 5/8 [63%], grade
3:3/6 [50%], and grade 4: 1/9 [11%], stomach grade missing
n=1; p=0.03). Also, a higher stomach position grade was
associated with a lower o/e LHR (p <0.001). In contrast, di-
chotomously measured liver position was not significantly
associated with survival (intra-abdominal liver 8/12 [67%]
and intrathoracic liver 5/15 [33%], p=0.13). The o/e TFLV
was significantly higher in survivors than in non-survivors
(36% [IQR 31-40%] versus 28% [IQR 23-31%], p=0.02).
The association between o/e LHR and survival is depicted
in Figure 1. The area under the receiver operating charac-
teristic curve for prediction of survival to discharge from
the o/e LHR was 0.87. The optimal cutoff, defined by high-
est sensitivity and specificity, for the o/fe LHR to predict
survival was 42%, with a sensitivity of 62% and specificity
of 100%.

3.3 | Right-sided CDH expectantly managed
during pregnancy

In right-sidled CDH (n=6), median o/e LHR was 35%
(IQR 29%-41%). The survival rate was 33% (2/6) and non-
surviving infants died at a median of day 16 (IQR 1-85).
Four infants underwent surgical correction of the defect at
day 5 (IQR 4-6), and 75% required patch repair. Pulmonary
hypertension was diagnosed in 5 (83%) infants on day 1 (IQR
1-1). Treatment consisted of inhaled nitric oxide in four in-
fants, of whom three infants were also treated with sildena-
fil. Surfactant was administered in four infants. Mechanical
ventilation was provided for 19 (IQR 3-39) days. The preva-
lence of prematurity-related morbidity was as follows: necro-
tising enterocolitis and retinopathy of prematurity Stage >3
in zero infants, intraventricular haemorrhage in one infant,
sepsis confirmed with blood culture in three infants and
bronchopulmonary dysplasia in four infants. Infants were
admitted to the ICU for 42 (IQR 9-92) days. The association
between o/e LHR and survival is depicted in Figure 1. Due
to the limited number of right-sided CDH cases, we did not
evaluate the association between additional prenatal mark-
ers and survival in this group.
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FIGURE 1 Survival rates for each severity group in infants that received expectant prenatal management with left-sided (A) and right-sided (B)
congenital diaphragmatic hernia and were born at or before 32.0 weeks of gestation. The filled bars represent fetuses with intrathoracic liver position
and the open bars represent fetuses with intra-abdominal liver position. Numbers per group are depicted between brackets. The solid lines represent
historical data from Jani et al.® (A) and from Russo et al.?! (B). Abbreviation: o/e LHR, observed to expected lung-to-head ratio.

3.4 | Fetuses that underwent FETO therapy

A total of 20 fetuses underwent FETO therapy in our co-
hort, of which 12 had left-sided CDH and 8 had right-sided
CDH. The median duration of tracheal occlusion was 14
(IQR 10-23) days. The o/e LHR measurements before fetal
surgery were 23% (IQR 20-28%) in left-sided CDH and
28% (IQR 26-37%) in right-sided CDH. Pulmonary hyper-
tension was diagnosed in 15 (75%) infants and the remain-
ing 5 infants died before evaluation. The survival rate was
50% (6/12) in left-sided CDH and 25% (2/8) in right-sided
CDH.

3.5 | Prenatal imaging markers and survival

We performed logistic regression analyses to evaluate the
associations between o/e LHR, side of the defect and FETO
therapy against the outcome of survival including our com-
plete cohort. Table 2 depicts the outcomes of the univariate
logistic regression models, which showed that o/e LHR only
had a significant association with survival in infants that re-
ceived expectant prenatal management and in infants with
left-sided CDH. The outcomes of the best fitting multivari-
able logistic regression model are depicted in Table 3. This
final model includes the interaction term between o/e LHR
and FETO (Table 3) to account for the interaction between
these variables. According to this model, o/e LHR at baseline
was positively associated with the odds of survival to dis-
charge in cases that were expectantly managed during preg-
nancy. Conversely, this association was not present in infants
who underwent FETO therapy (OR 1.01, 95% CI 0.88-1.15,

p=0.87; Table 3). A positive association between FETO and
the odds of survival was observed in infants with o/e LHR
up to 25% (Table 3). Although not significant, infants with
right-sided CDH had lower odds of survival throughout all
analyses (Tables 2 and 3).

4 | DISCUSSION

4.1 | Main findings

Our data from over 50 infants with CDH born at or before
32weeks of gestation suggest that prematurity-related mor-
bidity mainly influences mortality in infants with left-sided
CDH and o/e LHR below 35%. Adding to the clinical use of
prenatal ultrasound markers, the o/e LHR and stomach po-
sition are also associated with the probability of survival to
discharge in very preterm born infants with left-sided CDH
that are expectantly managed during pregnancy.®*!

4.2 | Interpretation

We observed a slightly higher overall survival rate in CDH
infants born at or before 32.0 weeks of gestation than ear-
lier reported: 43% versus 35-38%.%*> An explanation for
this might be that we, in contrast to earlier series, excluded
infants with major chromosomal and structural anomalies.
Also, improvements in clinical care over the last 20 years, in-
cluding the introduction of FETO for severe cases, and the
high volume in the participating centres, may have contrib-
uted to the higher survival rates.*
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Results for univariate logistic regression for the odds of survival.

TABLE 2

FETO

No FETO

Right-sided CDH

Left-sided CDH

All data

20

33

n=14

n=39

53

=8

Survival

=15

Survival

=4

Survival

=19

Survival

=23

Survival

P

95% CI p OR 95% CI P OR 95% CI p OR 95% CI P OR 95% CI

OR

1.03-1.23 0.017 1.04 0.96-1.15  0.343 1.20 1.07-1.41 0.008 0.98 0.85-1.09  0.675

1.01-1.15 0.314 1.11

07

1.

ofe LHR (%)
CDH side

HORN-OUDSHOORN ET AL.

NA

NA

Left (ref.)
Right
FETO

0.07-3.26 0.514 0.33 0.04-2.17  0.272

0.54

0.199

0.10-1.50

0.42

NA

NA

No (ref.)

Yes

0.698 1.08 0.27-4.28 0915 0.67 0.06-7.55  0.733

0.25-2.46

0.80

Abbreviations: CDH, congenital diaphragmatic hernia; CI, confidence interval; FETO, fetoscopic endoluminal tracheal occlusion; observed to expected LHR, lung-to-head ratio; OR, odds ratio.

TABLE 3 Results for multivariable logistic regression for the odds of
survival.

All data

n=>53

Survival=23

OR 95% CI pP
o/e LHR (%)
Without FETO 1.20 1.07-1.42 0.009
With FETO 1.01 0.88-1.15 0.865
CDH side
Left (ref.) — — —
Right 0.29 0.04-1.44 0.154
FETO
No (ref.) — — _
Ato/e LHR=25% 7.29 1.25-60.09 0.040
At o/e LHR=35% 1.28 0.19-7.99 0.791
At o/e LHR=45% 0.22 0.007-5.03 0.354
Ato/e LHR=50% 0.09 0.001-4.64 0.246

Note: This model includes the interaction term between o/e LHR and FETO
therapy.

Abbreviations: CDH, congenital diaphragmatic hernia; CI, confidence interval;
FETO, fetoscopic endoluminal tracheal occlusion; o/e LHR, observed to expected
lung-to-head ratio; OR, odds ratio.

In our cohort, the survival rates for preterm born in-
fants with left-sided CDH and a lesser degree of lung hypo-
plasia (o/e LHR >36%) seemed not to differ from what was
observed in the algorithm of Jani et al.® Therefore, we spec-
ulate that prematurity-related morbidity might be a less
important contributor to mortality in this selected group
than the underlying pulmonary hypoplasia. It should be
emphasised that the algorithm of Jani et al.® consists of his-
torical data potentially underestimating current survival
rates, but as similar survival rates were found in more re-
cent studies, we do not expect a significant underestima-
tion of differences between our cohort and this historical
cohort. Furthermore, the survival rate in the group with
left-sided CDH and o/e LHR of 35% or less was comparable
to what is reported for infants with severe hypoplasia (o/e
LHR <25%) that are born at a later gestational age. The ef-
fect of very preterm birth on survival therefore seems to be
most pronounced in the group with severe left-sided CDH.
We speculate that one of the explanations for this could be
the fact that ECMO therapy is less likely to be offered to
infants born preterm or with a birthweight below 1.8kg.?
Yet, the benefit of ECMO therapy in CDH is still controver-
sial and, in fact, a considerable variability in its use in term
CDH infants is present between the centres included in the
current study.”

Prenatal grading of stomach position has been shown to
correlate with respiratory outcomes and survival in term
left-sided CDH infants."*'>*® Our results indicate that, also
in very preterm born infants with left-sided CDH, the sur-
vival rates are different based on stomach position grade,
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with lower survival rates for higher grades. This is consis-
tent with the predicted outcome by o/e LHR, as a higher
stomach grade was associated with a lower o/e LHR. On
the other hand, stomach position grade is generally consid-
ered a proxy of liver position, but we could not confirm a
statistically significant survival advantage in infants with
intra-abdominal liver position.” This might be a conse-
quence of our limited sample size and the fact that a stan-
dardised definition for the assessment of liver herniation is
lacking. For this reason, and because of the limited number
of cases with MRI investigations, we documented liver po-
sition as a dichotomous ultrasound-based variable (yes/no)
rather than a continuous MRI-based variable, which po-
tentially allows for better evaluation of the extent of liver
herniation.**~*?

The association between side of the diaphragmatic defect
and survival to discharge has been the subject of debate with
some studies indicating higher survival rates in left-sided
CDH and others in right-sided CDH.>*** In our series, we
observed that in this group of very preterm born infants, a
right-sided defect resulted in a lower odds of survival than
a left-sided defect. Although this effect was consistent in all
analyses, it did not reach statistical significance, probably
because of the limited number of right-sided CDH cases in
our cohort.

Fetoscopic endoluminal tracheal occlusion therapy has
recently been shown to be beneficial in terms of survival to
discharge in infants with severe CDH, but the main limita-
tion of fetal surgery remains the increased rate of preterm
birth.%*"¢ In our study, albeit a small observational retro-
spective cohort study, we observed apparent higher survival
rates in infants that had been treated with FETO therapy,
despite very preterm birth and only for left-sided cases.®
Although these results are in line with recent studies, our
observations should be interpreted with caution as our
groups are very small.

As FETO therapy increases the chance of survival, the
association between baseline o/e LHR (i.e. before fetal sur-
gery) and survival to discharge is expected to be less strong
in infants that underwent FETO.” In our data, we indeed
only observed an association between baseline o/e LHR and
survival in infants that had expectant management during
pregnancy. Whether the o/e LHR after FETO therapy is as-
sociated with survival in very preterm born infants, requires
further research.

4.3 | Strengths and limitations

To the best of our knowledge, this is the first study evalu-
ating the association between various prenatal predictive
imaging markers and survival in very preterm born infants
with CDH. Albeit data were collected in seven large inter-
national referral centres, the rareness of the combination of
very preterm birth and CDH inherently results in a limited
sample size. We were therefore not able to include additional
factors in our predictive models or to evaluate other neonatal
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outcomes because we wanted to avoid type-I-errors. Also,
the number of patients was not sufficient to determine
whether alternative cutoffs for severe, moderate or mild lung
hypoplasia would be more accurate for this early gestational
age. We do believe that our population is a valid reflection
of the overall population of very preterm born CDH infants.
Ideally, our results should be evaluated in a larger sample
size but reaching a sufficiently large sample size in a popula-
tion managed in a standardised manner will be challenging.

44 | Conclusion

The detrimental effects of prematurity-related morbidity are
most pronounced in infants with left-sided CDH and ex-
pected severe pulmonary hypoplasia. Other than that, cur-
rently used prenatal imaging parameters are associated with
postnatal survival in very preterm born infants with CDH,
although solely in infants that did not receive FETO therapy.
Our data provide relevant insights for counselling of parents
that face imminent preterm delivery.
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