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ABSTRACT

Background This study aims to address the timing of
repair for severe congenital diaphragmatic hernia (CDH)
without the use of extracorporeal membrane oxygenation
(ECMO) and to determine the feasibility of an earlier
intervention to avoid deaths associated with non-repair

in patients who are more challenging to stabilize without
ECMO.

Methods This single-center retrospective study was
conducted on neonates with CDH from 2013 to 2023.
Based on the timing of surgery, the patients were classified
into three groups: <24 hours (group A), 24—48 hours (group
B) and >48 hours (group C). The 90-day survival rates were
analyzed using Kaplan-Meier curves and compared among
groups via log-rank tests. The independent factors related
to survival assessed using the multivariate Cox regression
model.

Results Of 132 CDH infants, the overall 90-day survival
rate was 81.8% (108/132), with a median operative time
of 26.00 (24.00, 38.50) hours. A significant difference

was observed in the 90-day survival rate among the three
groups: 60.5% (23/38) in group A vs. 91.3% (74/81) in
group B vs. 84.6% (11/13) in group C (log-rank p<0.001).
In mild and severe cases and those with an oxygen index
>7.5, group A resulted in significantly reduced survival
rates. Multivariate Cox regression analysis indicated

that surgical timing <24 hours remained an independent
mortality-related risk factor in infants with CDH.
Conclusions Repair surgery should be performed at least
24 hours after birth. The optimal timing for CDH neonates
in non-ECMO centers appears to be 24-48 hours after
birth, which can prevent the loss of treatment opportunities
for severe cases.

INTRODUCTION

Congenital diaphragmatic hernia (CDH) is
a severe and rare birth defect, with an inci-
dence rate of 2.3 per 10000 live births." It is
mainly caused by the incomplete develop-
ment of the fetal diaphragm during preg-
nancy and herniation of abdominal organs
into the thoracic cavity, resulting in abnormal
lung development and persistent pulmonary
hypertension (PAH). Despite significant
advancements in neonatal surgical techniques
and intensive care over the past two decades,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The management strategy of delayed surgery for
3—-4days has become widely accepted, while the
optimal surgical timing for congenital diaphragmatic
hernia (CDH) in non-extracorporeal membrane oxy-
genation (ECMO) centers remains controversial.

WHAT THIS STUDY ADDS

= Most CDH children can reach a good state after 24
hours of birth with proper fluid management, the
rational use of vasoactive drugs and persistent pul-
monary hypertension-specific therapeutic drugs. If
a child has reached initial stability within 24 hours,
surgical intervention could also be performed 24—
48 hours after birth.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= For those centers where ECMO is not available or not
used, repair surgery should be performed at least
24 hours after birth. The 24-48-hour window after
birth is an appropriate time for CDH surgery once
the patient reaches physiologic stability, which can
avoid the loss of treatment opportunities for some
severe children.

neonatal mortality rates for those diagnosed
with CDH remain extremely high, generally
around 30%, and as high as 70% in some
middle-income countries.” > The mortality
rate of CDH also varies depending on disease
severity, with a mortality rate ranging from
10% to 25% for mild cases and from 50% to
70% for severe cases.* > Although previous
studies have identified several prognostic
factors, the optimal timing for surgical repair
in CDH patients remains controversial.’
Traditionally, CDH was regarded as a
surgical emergency requiring intervention
within 24 hours of birth. However, many
researchers have emphasized the importance
of achieving physiological stability first, as
they have found that early repair frequently
leads to a deterioration in lung compliance
and oxygenation.” The strategy of delayed
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surgery has been increasingly accepted, with traditional
practice suggesting that a delay of 3-4 days is necessary.®
However, recent studies have also revealed that approxi-
mately 20% of infants with CDH never undergo surgical
repair due to strict surgical indications or traditional
delay times. Aggressive surgical intervention, leading
to a reduction in the unrepaired rate, is associated with
improved mortality, while excessive delay in surgery can
increase the risk of PAH. This is caused by limited pulmo-
nary vascular bed and prolonged diastolic left ventric-
ular failure, particularly in infants with severe CDH.*"!
In centers where extracorporeal membrane oxygenation
(ECMO) is not available or not used, the traditional
3-4-day delay may lead to a higher non-repaired rate,
as infants with severe CDH may have more difficulty
achieving physiological stability without ECMO support.
As reported in the recent literature, some non-ECMO
centers have performed surgery within 24-72hours after
birth."? Tt is hypothesized that a surgical intervention
close to 24-48 hours after birth is feasible for non-ECMO
centers.

This study aims to address the optimal timing of repair
for severe CDH without the support of ECMO, assessing
the feasibility of earlier intervention to prevent deaths
associated with non-repair in patients who are more chal-
lenging to stabilize in the absence of ECMO.

METHODS

Patients selection

A retrospective study was conducted in the department of
pediatric surgery at the Children’s Hospital of the Capital
Institute of Pediatrics in Beijing, China. Neonates with
CDH who were treated in our center between September
2013 and December 2023 were involved in this study.
The inclusion criteria were: (1) definite diagnosis of
CDH through imaging examination; (2) neonates with
respiratory distress who required intubation and venti-
lation immediately after birth; (3) admitted to our
hospital within the first 24 hours of life; (4) underwent
repair surgery. The exclusion criteria were: (1) incom-
plete medical records and follow-up data; (2) concom-
itant other structural malformations; (3) death without
repair surgery before clinical stability; (4) postnatal diag-
nosis of CDH. The patients were stratified by the timing
of surgery into three main groups: <24 hours (group A),
24-48hours (group B) and 248 hours (group C).

Neonatal protocol

Our center has developed a standard management
protocol based on the CDH EURO Consortium guide-
lines,"” which include gentle ventilation with permissive
hypercapnia before surgery, strict fluid management,
sedation and analgesia, standard use of PAH-specific
therapeutic drugs combined with vasoactive agents,
and antibiotic therapy. The initial ventilation mode is
conventional mechanical mode, with a maximum peak
inspiratory pressure of 25 cmH O, a respiratory rate of

40-60 breaths per minute and a positive end-expiratory
pressure of 3-6 ¢cmHO. High frequency oscillation
ventilation is performed if oxygenation cannot be main-
tained.® '* The PAH-specific therapeutic drugs used in
our center mainly include inhaled nitric oxide (iNO),
sildenafil and treprostinil.'” Vasoactive drugs including
dopamine, dobutamine and epinephrine were adminis-
tered to neonates with circulatory dysfunction.

Before surgery, the following physiological criteria
must be met: urine output >1mL/kg/hour; preductal
oxygen saturation between 85% and 95% on FiO, <0.5;
normal mean arterial pressure for gestational age; lactate
<3mmol/L; estimated pulmonary artery pressures less
than systemic pressure. Surgical repair was performed
after achieving physiological stability, and thoracoscopic
surgery was preferred. Children with large diaphragmatic
defects undergo repair using either a patch or muscle
flap technique. In our center, patients did not receive
ECMO or fetoscopic endoluminal tracheal occlusion.

Data collection

The primary outcome measure was survival at 90 days
after birth. Clinical data were collected via the medical
record system. The preoperational information included:
gender; birth weight, delivery mode, gestational age
(GA) at birth, GA at CDH diagnosis (identified on
the first ultrasound screening or MRI examination),
observed-to-expected lung-to-head ratio (o/e LHR)
and preoperative oxygen index (OI). The preoperative
OI was calculated using an optimal blood gas results on
the first day of life, with the equation: inhaled oxygen
concentration (%)xmean airway pressure (cmH2O, lcm
H,0=0.098KkPa) /oxygen partial pressure (mm Hg).'®
According to previous studies, the OI was stratified
based on a threshold of 7.5, with OI 27.5 indicating a
severe condition.'”'® The surgical information included:
timing of surgery, affected side, liver position, presence
of hernial sac confirmed during surgery, type of surgery
performed (thoracoscopic or traditional), classification
of the diaphragmatic defect (A-D based on size) using
criteria by Lally e al," and whether a patch was used
during the operation. Specifically, children exhibiting
liver herniation or requiring patch repair were catego-
rized into the severe group, whereas those without these
characteristics were classified as belonging to the mild

group.

Statistical analysis

The basic characteristics of patients were presented using
descriptive statistics. Continuous data are expressed as
mean + standard deviation (SD) or median (interquartile
range, IQR). Categorical data were expressed as number
(percentage). Between-group comparisons were imple-
mented using ttests, rank-sum, or y° tests where appro-
priate. Overall survival rate within the first 90 days of life
was calculated using Kaplan-Meier curves and compared
among the three groups using a log-rank test. A Cox
regression model was used to calculate the hazard ratio
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CDH infants: 2013.01-2023.12
(n=180)

Excluded (n=48)

Isolated CDH infants with prenatal
diagnosis (n=132)

Postnatally diagnosed (n=9)

Death without surgery (n=20)

o/e LHR 40.88+11.04, 55% liver herniation
e Concomitant deformity (n=17)

10 cases of cardiac malformation

4 cases of congenital lung malformations

1 case of congenital tracheal stenosis

2 cases of multiple malformations
e Incomplete information (n=2)

CDH repair <24 hours

(Group A, n=38) (Group B, n=81)

CDH repair 24-48 hours

CDH repair 248 hours
(Group C, n=13)

CDH repair 48—72 hours CDH repair 272 hours
(n=6) (n=7)

Figure 1
expected lung-to-head ratio.

(HR) and 95% confidence interval (CI) to assess the
timing of surgery for outcome (group A as reference). To
examine the independent effect of the timing of surgery,
multivariate Cox regression analysis was also employed,
adjusting for potential confounders, which were related
to mortality in the univariate analyses. The statistical anal-
yses were performed using the STATA software (V.14.0,
Stata Corp, Texas, USA) unless otherwise indicated. A
two-sided p value less than 0.05 was considered statisti-
cally significant.

RESULTS

Baseline characteristics and overall survival

A total of 180 children with a prenatal diagnosis of CDH
were treated for the first time in our hospital during the
study period. Of these, 48 cases were excluded according
to study criteria: 9 cases of postpartum diagnosis with life
>24hours at admission, 20 cases of death without repair
surgery before clinical stability, 17 cases of concomitant
severe structural malformations (9 cases of ventricular
septal defect (VSD) or atrial septal defect (ASD), 1 case
of pulmonary stenosis, 3 cases of congenital pulmonary
airway malformation, 1 case of pulmonary sequestration
and 2 cases with both pulmonary sequestration and ASD
and 2 cases of incomplete data (figure 1). Of 132 included
patients, 81.8% (108/132) of patients were discharged
from hospital and survived within 90 days after birth, with
an overall time to surgery was 26.00 (24.00, 38.50) hours.
The association between baseline characteristics and
mortality is shown in table 1. Open surgery ($<0.001),
defect size (p=0.001), repair with a patch (p<0.001), liver
herniation (p=0.008), o/e LHR (p<0.001), GA at diag-
nosis ($=0.002), OI score and group (both $<0.001) and
surgical timing (p=0.016) were significantly associated
with mortality.

The flowchart of patient selection in this study. CDH, congenital diaphragmatic hernia; o/e LHR, observed-to-

Survival curves among three groups and stratified analysis
There are 38 cases in group A, 81 cases in group B and
13 cases in group C, respectively. The background demo-
graphics of the three groups are detailed in table 2. The
OI was significantly different among the three groups,
with group A having worse OI (p=0.017). Other charac-
teristics of patients among the three groups are equally
distributed (all p>0.05).

The Kaplan-Meier survival curves for surgical timing
are presented in figure 2. The survival rates at 90 days
for the groups A, B and C were 60.5% (23/38), 91.3%
(74/81) and 84.6% (11/13), respectively, with a signif-
icant difference among these three groups (log-rank
$<0.001). Stratified analysis revealed that the survival
rate of group A is lower than group B in subgroup of
severe cases (figure 3A) (43.8% vs. 80%, p=0.004), mild
cases (figure 3B) (72.7% vs. 98.0%, p<0.001) and those
with OI 27.5 (figure 4A) (15.4% wvs. 60%, p=0.006). In
patients with OI <7.5, there are no difference of survival
rate among the three groups(figure 4B).

Multivariate Cox regression analysis

Table 3 presented the results of multivariate Cox regres-
sion analyses. Compared with group A, group B had a
significantly lower risk of mortality (HR=0.114, 95% CI:
0.043 to 0.313, p<0.001); while group C did not show
a statistically significant difference in mortality risk
compared with group A.

DISCUSSION

This study retrospectively analyzed the surgical timing
and prognosis of CDH patients in a non-ECMO center
to determine the feasibility of an earlier surgical timing.
First, most of the CDH patients in our center received
repair surgery within 24-48 hours, while only 5% (7/132)
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Table 1 The association between the baseline characteristics and survival

Variables Overall (N=132) Survival (n=108) Death (n=24) P value
Gender, n (%)
Female 61 (46.2) 47 (43.5) 14 (58.3) 0.276
Male 71 (53.8) 61 (56.5) 10 (41.7)
Delivery mode, n (%)
Cesarean 106 (80.3) 86 (79.6) 20 (83.3) 0.897
Eutocia 26 (19.7) 22 (20.4) 4 (16.7)
CDH affected side, n (%)
Left 109 (82.6) 90 (83.3) 19 (79.2) 0.850
Right 23 (17.4) 18 (16.7) 5(20.8)
Open surgery, n (%) 39 (29.5) 24 (22.2) 15 (62.5) <0.001
Defect size, n (%)
A/B 82 (62.1) 75 (69.4) 7 (29.2) 0.001
C/D 50 (37.9) 33 (30.6) 17 (70.8)
Repair with patch, n (%) 24 (18.2) 12 (11.1) 12 (50.0) <0.001
Liver herniation, n (%) 88 (66.7) 78 (72.2) 10 (41.7) 0.008
o/e LHR, mean+SD 52.7+15.1 55.6+14.2 39.5+12.0 <0.001
GA at birth (week), median (IQR) 37.5(37.0, 38.0) 37.5 (37.0, 38.0) 37.3 (37.0, 38.6) 0.646
Birth weight (g), mean+SD 2.9+0.5 3.0+£0.5 2.9+0.6 0.470
GA at diagnosis (week), median (IQR) 25.0 (23.0, 31.0) 27.0 (23.0, 31.3) 23.0 (22.0, 24.0) 0.002
Ol, median (IQR) 3.9(2.6,6.2) 3.5(2.5,5.3) 9.7 (5.7, 22.8) <0.001
Ol group, n (%)
Ol <7.5 107 (81.1) 99 (91.7) 8 (33.3) <0.001
Ol >7.5 25 (18.9) 9 (8.3) 16 (66.7)
Surgical timing (hours), median (IQR) 26.0 (24.0, 38.5) 26.5 (25.0, 41.0) 22.5 (6.0, 29.8) 0.016

CDH, congenital diaphragmatic hernia; GA, gestational age; o/e LHR, observed-to-expected lung-to-head ratio; Ol, oxygen index.

Table 2 Demographic characteristics of CDH patients stratified by timing of surgery

P
Variables Total (N=132) Group A (n=38) Group B (n=81) Group C (n=13) value
Male, n (%) 71 (53.8) 22 (57.9) 42 (51.8) 7 (53.8) 0.795
Eutocia, n (%) 26 (19.7) 8 (21.1) 14 (17.5) 3(23.1) 0.835
Left CDH, n (%) 109 (82.6) 32 (84.2) 67 (82.7) 10 (76.9) 0.835
Open surgery, n (%) 39 (29.5) 16 (42.1) 19 (23.4) 4 (30.8) 0.150
C/D defect phase, n (%) 50 (37.9) 14 (36.8) 31 (38.3) 5 (38.5) 0.988
Repair with patch, n (%) 24 (18.2) 6 (15.8) 15 (18.5) 3(23.1) 0.835
Liver herniation, n (%) 44 (33.3) 13 (34.2) 25 (30.9) 6 (46.2) 0.550
o/e LHR, mean+SD 52.7+15.1 50.9+15.8 53.0+15.0 56.3+14.6 0.532
GA at birth (week), median (IQR) 37.5(37.0, 38.0) 37.5(36.3,38.00) 37.5(37.0, 38.0) 37.6 (37.0, 40.0) 0.562
Birth weight (g), mean+SD 2.9+0.5 2.9+0.6 3.0+0.5 3.1+0.3 0.369
GA at diagnosis (week), median (IQR) 25.0 (23.0, 31.0) 24.0(22.3,30.0)  25.0 (23.0, 31.0) 30.0 (24.0, 37.0) 0.808
Ol, median (IQR) 3.9(2.6,6.2) 5.3(3.2,10.2) 3.6 (2.5, 5.4) 3.5 (2.0, 6.3) 0.088
Ol 7.5, n (%) 25 (18.9) 13 (34.2) 10 (12.3) 2 (15.4) 0.017

CDH, congenital diaphragmatic hernia; GA, gestational age; o/e LHR, observed-to-expected lung-to-head ratio; Ol, oxygen index.
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Figure 2 Overall survival curve within 90 days according to the timing of surgery after birth. The yellow, blue and red curves
represent the survival curves of the Group A (<24 hours), Group B (24-48 hours) and Group C (=48 hours), respectively. The plus

sign at the end of each curve represents a censored value.

neonates received surgery after 72 hours. During clinical
observations, we found that after 24 hours of respiratory
and circulatory support, as well as treatment to reduce
PAH, most CDH neonates reached a relatively stable
condition. Second, these data indicate that, whether in
the overall or stratified analysis, the survival rate of the
surgery group within 24 hours was the lowest, and this
difference was statistically significant when compared
with the 24-48-hour surgery group. The survival rates of
CDH infants in the 24-48-hour surgery group and the >48-
hour surgery group were relatively similar, with a slightly
lower mortality rate observed in the >48-hour group for
severe CDH cases, although this difference did not reach
statistical significance. This may be attributed to the small
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(% o Log-rank Survival at 90 days:
p=0.01 Group B: 80.0% (24/30)
Group C: 66.7% (4/6)
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Time in days

sample size of the >48-hour surgery group. Therefore, this
study demonstrates that surgery performed 24-48 hours
after birth has significant advantages over surgery within
24 hours and similar outcomes to surgery after 48 hours.
Consequently, earlier surgery is feasible, and 24—-48 hours
after birth may be an appropriate surgical timing for
severe CDH neonates in non-ECMO centers.

The timing of delayed surgery for CDH has evolved over
time, and surgical indications continue to be updated.
Initially, there was no consensus on surgical indications
for CDH, and surgery was often delayed until at least
5days after birth to improve lung tolerance.” In 2015,
the CDH EURO Consortium Consensus proposed the
following factors for surgical indications: normal mean
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IOERR.— - ______3
20757
E
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§ 025 Log—rank Survival at 90 days:
p=0.0012 Group B 98.0% (50/51)
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Figure 3 Survival curves stratified by severity (liver herniation and patch repair). (A) The survival curves of severe congenital
diaphragmatic hernia (CDH) neonates who presented with liver herniation or required patch repair. (B) The survival curves of
mild CDH neonates who underwent primary repair and did not have liver herniation. The yellow, blue and red curves represent
the survival curves of the Group A (<24 hours), Group B (24-48 hours) and Group C (>48 hours), respectively. The plus sign at

the end of each curve represents a censored value.

Feng Z, et al. World J Pediatr Surg 2024;7:e000807. doi:10.1136/wjps-2024-000807



Open access

A Surgery Group A =+ Group B =+ Group C
1.00 1
20.751
=
@
o]
o
2 0.50 1
E Survival at 90 days:
z
@ o25{ Logrank Group B: 60.0% (6/10)
’ p=0.013 Group C: 50.0% (1/2)
0.001
0 25 50 75 100

Time in days

3

B Surgery Group A =+ Group B =+ Group C
1.00 1 -1-..-;
20.751
2
@
S
5.0.50 .
E Survival at 90 days:
s
3 0.25 Log-rank Group B: 95.8% (68/71)
’ p=0.15 Group C: 90.9% (10/11)
0.00 1
0 25 50 75 100

Time in days

Figure 4 Survival curves stratified by oxygen index (Ol). (A) The survival curves of congenital diaphragmatic hernia (CDH)
neonates with OI>7.5 presented with liver herniation or required patch repair. (B) The survival curves of CDH neonates with
Ol<7.5. The yellow, blue and red curves represent the survival curves of the Group A (<24 hours), Group B (24-48 hours) and
Group C (>48hours), respectively. The plus sign at the end of each curve represents a censored value.

arterial blood pressure for GA, preductal oxygen satura-
tion of 85%-95% on FiO, below 0.5, lactate <3 mmol/L
and urine volume >1mL/kg/ hour.”® With reference
to the above indications, a clinical practice guideline
proposed by the Canadian Congenital Diaphragmatic
Hernia Collaborative in 2018 added the criterion of
estimated pulmonary artery pressures less than systemic
pressure.”’ According to the latest data from the Congen-
ital Diaphragmatic Hernia Study Group (CDHSG), the
median time to surgery for patients not requiring extra-
corporeal life support was 4days.”* However, previous
studies had also shown that an excessive delay in surgery
can increase the risk of worsening PAH, due to the limited
pulmonary vascular bed and prolonged diastolic left
ventricular failure, especially in severe CDH infants.” '

Table 3 Cox regression analysis of mortality within 90 days
for CDH patients

Variables HR 95% ClI P value
Surgical timing 24—  0.114 0.0431t00.313  <0.001
48 hours (<24 hours

as ref )

Surgical timing 0.200 0.031to 1.267  0.087
>48 hours (<24 hours

as ref )

GA at prenatal 0.862 0.78 to 0.953 0.004
diagnosis

o/e LHR 0.916 0.882 to 0.951 <0.001
Liver herniation 3.369 1.397 t0 8.129 0.007
Ol 1.185 1.114 to 1.221 <0.001
Open surgery 4.752 2.07 to 10.908 0.001
Repair with patch 5.709 2.365t0 13.779 <0.001
Defect phase 4.44 1.823t0 10.826  0.001

CDH, congenital diaphragmatic hernia; GA, gestational age; o/e
LHR, observed-to-expected lung-to-head ratio; Ol, oxygen index.

Many severe neonates may die before surgery, missing
the opportunities for surgery as a result of the strict pre-
established indication, especially in cases where ECMO is
not an option.11 Notably, a study showed that one-third of
survivors who did not meet preoperative stability criteria
achieved favorable postoperative outcomes. Therefore,
withholding surgery from patients who failed to meet
these criteria may deprive potentially viable candidates
of treatment. Consequently, some experts suggest that
surgical repair should be considered for all infants, even
in the absence of preoperative stability criteria.”®

In recent years, some centers have explored the
improvement of surgical indications, leading to a
progressive advancement in the timing of surgery. In
2021, Shinno et al. improved the indicator to estimate
pulmonary artery pressure, adopting the percentage of
velocity—time integral (VTII) of the left-to-right flow of
patent ductus arteriosus as a criterion. They established
that a VTT ratio greater than 50% indicated readiness
for surgery. The surgical timing of patients selected by
this protocol was 1.6+1.3days while the control group
was 4.3+7.3 days. Importantly, an earlier operation time
under the new strategy did not decrease the survival rate,
with rates 0of 95.0% and 88.9% in the protocol and control
groups, respectively.” Cox et al. conducted a continuous
observation of preoperative OI for the first time, and
suggested that an OI<9.4may be an indicator of physi-
ological stability prior to repair. They found that 81% of
patients achieved preoperative stability within 24 hours
after birth, with an additional 12% achieving it between
25 and 48 hours of life. Delaying CDH repair beyond
initial stability was associated with increased ventilator
days and age of discharge, without any survival benefit."”

Most patients in our hospital received surgery within
24-48hours after achieving physiological stability, which
is similar to recent international reports. Our data also
showed that the 248-hour group had a higher proportion
of CDH patients with liver hernia and patch repair. This
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suggests that severe cases may need more time to achieve
physiological stability. Through long-term clinical obser-
vation, we found that with proper fluid management and
rational application of vasoactive drugs, particularly the
PAH-specific therapeutic drug treprostinil, most CDH
patients achieved optimal physiological parameters at
24-48hours after birth, including optimal blood pres-
sure, urine volume, POQ, PCOQ, blood oxygen satura-
tion, blood lactate and OI. However, if the operation is
excessively delayed after achieving physiological stability,
the blood vessels of the herniated organs will continue
to be stretched and compressed by inflatable intestines,
causing inadequate blood supply to the organs and
gradually aggravating edema. Maintaining physiological
stability for these children becomes significantly more
challenging when ECMO support is not available. The
compression of organs leads to a continuous increase in
systemic vascular resistance. Simultaneously, the edema-
tous organs compress the central veins, leading to reduced
venous return and dropped systemic pressure, which
further aggravate organ ischemia. Over time, patients
may develop irreversible hypotension and hypoxia, accu-
mulation of carbon dioxide and lactate, and eventually
die from severe hypoxemia and hypercapnia.

In addition, our study showed that performing surgery
within less than 24 hours, associated with a higher
mortality rate, may not represent the optimal timing for
CDH infants. The impact of surgical timing on survival
outcomes has been controversial in previous studies. Two
Japanese studies found that performing repair between
24 and 72 hours yields significant benefits in terms of
improved survival rates and reduced complications.** *
Conversely, two studies based on CDHSG data suggested
that different timing of surgery did not affect the prog-
nosis of infants with CDH who did not require ECMO
before surgery.” ** Our results are largely consistent with
the studies from Japan, likely due to both centers being
non-EMCO. Most severe CDH patients in CDHSG studies
received ECMO support, which resulted in less severe
CDH in the enrolled children, thus reducing the impact
of surgical timing. Notably, our data shows that the main
difference between the <24-hour surgery group and the
other two groups lies in OI. The proportion of open
surgeries in the <24-hour group was also slightly higher,
though there was no statistical difference. This indicates
that although the children in <24-hour group met the
minimum requirements of surgical indications before
surgery, the physiological conditions of some children
may not have reached complete stability, making them
less tolerant to thoracoscopic surgery. As demonstrated
in the study by Cox et al,'” the OI not only predicts the
severity of CDH, but also reflects the preoperative phys-
iological status of neonates with CDH. The poorer OI
observed in the <24-hour group represented the chil-
dren with more severe hypoxemia and uncorrected PAH
before surgery, conditions that may further deteriorate
with early surgical intervention. The decision to perform
emergency surgery on some neonates was made due to

the occurrence of incarcerated hernia. Four patients had
a sudden deterioration after reaching initial stability.
Based on hemodynamics and ultrasound findings, we
suspected the occurrence of incarceration of the herni-
ated organ, and proceeded with emergency surgery.
Therefore, although the mortality rate in <24-hour group
was significantly higher, it is plausible that early surgery
may have saved those children who would have otherwise
succumbed before surgery.” These findings suggest that
more thorough evaluations of preoperative OI should
be undertaken in future work. More importantly, if the
condition of the patient permits, surgery should be
performed at least 24 hours after birth.

Our study proposes the optimal surgical timing for
non-ECMO centers by analyzing the prognosis of CDH
newborns grouped according to different surgical
timings, thereby addressing the gaps in the existing liter-
ature. However, we acknowledge that several limitations
in our study. First, this study was a retrospective study
from a single institution and lacked external verifica-
tion. The generalizability and practical clinical value of
our findings need to be further verified by subsequent
prospective cohort studies. Second, our findings may
have limited applicability to ECMO centers, but still
provide a reference for organizations that use ECMO less
frequently. Thirdly, the absence of lung volume measure-
ment in fetal MRI for CDH patients in this study posed
limitations to the analysis and grouping. We will continue
to strengthen our collaboration with obstetrics in future
work and make concerted efforts to refine the measure-
ment and collection of this crucial indicator.

Taken together, our findings suggest that performing
surgery in the 24-48-hour window after birth may be
appropriate for severe CDH infants in the absence of
ECMO support. This timing allows for earlier relief of
organ compression while avoiding the loss of surgical
opportunities by waiting excessively.
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