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Background: Congenital diaphragmatic hernia (CDH) is a rare disease often requiring 
mechanical ventilation after birth. In severe cases, extracorporeal membrane oxygenation 
(ECMO) may be needed. This study analyzed the outcomes of patients with CDH treated 
with ECMO and investigated factors related to in-hospital mortality.
Methods: Among 254 newborns diagnosed with CDH between 2008 and 2020, 51 pa-
tients needed ECMO support. At Asan Medical Center, a multidisciplinary team approach 
has been applied for managing newborns with CDH since 2018. Outcomes were com-
pared between hospital survivors and nonsurvivors.
Results: ECMO was established at a median of 17 hours after birth. The mean birth weight 
was 3.1±0.5 kg. Twenty-three patients (23/51, 45.1%) were weaned from ECMO, and 16 
patients (16/51, 31.4%) survived to discharge. The ECMO mode was veno-venous in 24 
patients (47.1%) and veno-arterial in 27 patients (52.9%). Most cannulations (50/51, 98%) 
were accomplished through a transverse cervical incision. No significant between-group 
differences in baseline characteristics and prenatal indices were observed. The oxygen-
ation index (1 hour before: 90.0 vs. 51.0, p=0.005) and blood lactate level (peak: 7.9 vs. 5.2 
mmol/L, p=0.023) before ECMO were higher in nonsurvivors. Major bleeding during ECMO 
more frequently occurred in nonsurvivors (57.1% vs. 12.5%, p=0.007). In the multivariate 
analysis, the oxygenation index measured at 1 hour before ECMO initiation was identified 
as a significant risk factor for in-hospital mortality (odds ratio, 1.02; 95% confidence interval, 
1.01–1.04; p=0.05).
Conclusion: The survival of neonates after ECMO for CDH is suboptimal. Timely applica-
tion of ECMO is crucial for better survival outcomes.

Keywords: Congenital diaphragmatic hernias, Extracorporeal membrane oxygenation, 
Oxygenation index, Pediatric, Extracorporeal circulation

Copyright © 2021, The Korean Society for Thoracic and Cardiovascular Surgery
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

Congenital diaphragmatic hernia (CDH) is characterized 
by a congenital defect in the diaphragm and herniation of 
the abdominal organs into the thoracic cavity. It occurs in 
1 of 3,300 live births [1]. Lung hypoplasia and persistent 
pulmonary hypertension lead to respiratory failure, result-
ing in clinical deterioration. Recently, in addition to the 
application of pulmonary vasodilators and high-frequency 
oscillatory ventilation (HFOV), management strategies that 

minimize ventilator-associated lung injury have signifi-
cantly improved outcomes [1]. However, extracorporeal 
membrane oxygenation (ECMO) is required in patients 
with low preductal oxygen saturation, severe hypoxemia, 
severe hypercapnia, and insufficient oxygen delivery de-
spite maximal ventilatory and pharmacological support.

In the Extracorporeal Life Support Organization (ELSO) 
database, CDH is the most common indication for neona-
tal ECMO. Since 1987, when the ELSO database was estab-
lished, 7,889 cases of ECMO for CDH have been registered, 
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with a survival rate of 50%. However, no improvement in 
the survival rate has been achieved, and the role of ECMO 
in patients with CDH remains controversial [2]. Neverthe-
less, the necessity of ECMO in patients with certain severe-
ly detrimental conditions is unquestionable. This study 
was conducted to investigate the outcomes of ECMO in 
neonates with CDH and to identify factors associated with 
in-hospital mortality.

Methods

Patient selection and definitions

From April 2008 through May 2020, among 254 neo-
nates with CDH, 51 patients who were treated with ECMO 
were included in this study (Fig. 1). Data were collected 
and collated by reviewing electronic medical records. The 
birth profiles, fetal ultrasound data, and clinical data were 
obtained. Laboratory data, including serum lactate levels 
and the oxygenation index (OI; OI=mean airway pres-
sure×FiO2 [fraction of inspired O2]×100÷PaO2) were serial-
ly obtained 6 and 12 hours after birth and 1 hour before 
ECMO initiation. Surgical data with respect to ECMO es-
tablishment and hernia repair were collected. Follow-up 
data including respiratory and neurodevelopmental status 
were also obtained.

The primary outcome of interest was in-hospital mortal-
ity. For comparison, the patients were divided into 2 
groups based on hospital survival: the survivor group and 
the nonsurvivor group. Major surgical bleeding during 
ECMO was defined as bleeding that required surgical in-
tervention, and major medical bleeding included intracra-
nial hemorrhage or pulmonary hemorrhage that needed 
medical management. The institutional review board of 
Asan Medical Center approved this study and granted a 
waiver of informed consent (study no., 2020-1461).

Medical management and indication of 
extracorporeal membrane oxygenation

The patients with CDH were immediately resuscitated 
after birth by an attending neonatologist. HFOV was con-
sidered when conventional mechanical ventilation failed to 
stabilize the baby (peak airway pressure >25 cmH2O). In-
haled nitric oxide (NO) was applied when respiratory fail-
ure occurred despite HFOV (mean airway pressure 16–22 
cmH2O), in the presence of evidence of pulmonary hyper-
tension. Transthoracic echocardiography was performed to 
check for any combined cardiac anomalies and to assess 

the degree of pulmonary hypertension and subsequent 
ventricular dysfunction. Extracardiac congenital defects 
and chromosomal abnormalities were thoroughly assessed. 
ECMO was considered when the OI did not improve (OI > 
40) despite maximum medical support, such as HFOV and 
inhaled NO. Some conditions precluded the application of 
ECMO, such as various chromosomal anomalies, other 
concomitant congenital defects that could affect survival, 
prematurity (<34 weeks of gestation), low body weight (<2 
kg), and existing irreversible major organ damage (Fig. 1).

Surgical technique and management of 
extracorporeal membrane oxygenation

ECMO was established by a pediatric cardiac surgery 
team, usually within 1 hour after the initial notification. 
The mode of ECMO was decided by the surgeon. Prior to 
delivery, the surgical team was informed about newborns 
who had been prenatally diagnosed with CDH. In most 
patients, the right common carotid artery and right inter-
nal jugular vein were exposed through a transverse cervi-
cal incision for arterial and venous cannulation.

The priming solution for the ECMO circuit comprises 
plasma solution, 20% albumin, and packed red blood cells. 
For veno-arterial ECMO, a 10F arterial cannula (DLP Pe-

Improvement with conventional
medical treatment (n=165)

Death without ECMO application (n=38)

Death before discharge
(n=7/51, 13.7%)

Survival to discharge
(n=16/51, 31.4%)

Non survival
(n=35/51, 68.6%)

- Irreversible tissue damage (1-device shortage) (n=19)
- Prematurity with low birth weight (n=9)
- Low birth weight despite full term labor (n=4)
- Complex congenital cardiac anomaly (n=3)
- No parental consent (n=2)
- Combined lysosomal storage disorder (n=1)

Congenital diaphragmatic hernia
(n=254)

Clinical deterioration despite
maximal medical treatment (n=89)

ECMO application (n=51)

Successful weaning
(n=23/51, 45.1%)

Failed weaning
(n=28/51, 54.9%)

Fig. 1. Flow diagram showing the patient inclusion process. ECMO, 
extracorporeal membrane oxygenation.
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diatric One-Piece Arterial Cannula; Medtronic, Fridley, 
MN, USA), and a 14F venous cannula (DLP Single Stage 
Venous Cannula; Medtronic) was usually used. For ve-
no-venous ECMO, a 13F dual-lumen cannula (OriGen Bio-
medical, Austin, TX, USA) was used. The flow rate was ad-
justed based on the degree of pulmonary or cardiac 
support.

Anticoagulation with unfractionated heparin was initi-
ated once complete hemostasis was confirmed. The target 
range of activated clotting time and activated partial 
thromboplastin time on ECMO were 150–180 seconds and 
50–70 seconds, respectively. The level of hematocrit should 
be maintained above 35% and a platelet count should be 
kept at least 100,000/μL. Ventilatory support was mini-
mized to alleviate associated lung injury. Decannulation 
could be considered if the level of oxygen or carbon diox-
ide was adequate without any evidence of low cardiac out-
put after 1–2 hours of interruption of gas flow in veno-ve-
nous ECMO or after longer than 30 minutes of cessation of 
ECMO f low in veno-arterial ECMO. To prevent circuit 
thrombosis, re-circulation of the ECMO circuit and inter-
mittent f lushing through arterial and venous cannulae 
were essential.

Hernia repair

Surgical repair of the diaphragmatic hernia was per-
formed by a dedicated team from the Division of Pediatric 
Surgery. The defect was closed either primarily or using 
prosthetic patches including polytetrafluoroethylene with 
thickness of 0.5 mm (W. L. Gore & Associates Inc., Flag-
staff, AZ, USA), tissue collagen matrix with thickness of 1.5 
mm (Tissue Science Laboratory, Covington, USA), and ex-
tracellular matrix biologic tissue matrix patches (Depuy 
Synthes, Oberdorf, Switzerland). Hernia repair was per-
formed during or after ECMO at the surgeon’s discretion.

Multidisciplinary approach

At our center, a multidisciplinary team approach has 
been applied for all neonates with CDH since 2018. Obste-
tricians shared information about the delivery schedule of 
babies with CDH to neonatologists, who subsequently in-
formed the pediatric cardiac surgery team of the need to 
prepare for ECMO. The treatment of babies with CDH was 
conducted by neonatologists, and all options (e.g., medica-
tions, ventilatory support, and ECMO support) were of-
fered in the neonatal intensive care unit. The timing of ini-
tiation or cessation of ECMO was determined based on the 

criteria developed by the multidisciplinary team. A stan-
dardized management protocol was implemented during 
ECMO.

Statistical analysis

Continuous variables are expressed as mean with stan-
dard deviation or median with interquartile range. Com-
parisons were performed using the Student t-test for data 
with a normal distribution and the Mann-Whitney U-test 
for skewed data based on the normality test. The normality 
of all continuous variables was checked visually and using 
the Shapiro-Wilk test.

The risk factors for in-hospital mortality were evaluated 
using logistic regression analysis. Variables found to have a 
p-value less than 0.1 in the univariable model were includ-
ed in the multiple logistic regression models. A value of 
p<0.05 was considered to indicate statistical significance. 
All analyses were performed using R software ver. 3.3.2 (R 
Foundation for Statistical Computing, Vienna, Austria).

Results

Overall outcomes

Among 51 patients with CDH requiring ECMO, 23 pa-
tients (23/51, 45.1%) were successfully weaned from ECMO, 
and 16 patients (16/51, 31.4%) survived to discharge (Fig. 1). 
Seven patients who could be weaned from ECMO died. 
The causes of death and intervals from decannulation to 
death in those patients are summarized in Table 1.

Prenatal measures, baseline characteristics, and 
clinical variables prior to ECMO

Table 2 summarizes the baseline characteristics and pre-
natal sonographic measures of the patients treated with 
ECMO. There was no difference in any of the variables be-
tween survivors and nonsurvivors.

Table 3 summarizes the clinical variables before ECMO 
initiation. Echocardiographic data showed no left-to-right 
shunt through a patent ductus arteriosus on initial echo-
cardiography before ECMO application. The proportion of 
right-to-left shunt and bidirectional shunt showed no sta-
tistically significant difference between the 2 groups. Be-
fore the initiation of ECMO, the initial lactate level (3.2 
versus 5.8 mmol/L, p=0.048) and peak lactate level (5.2 
versus 7.9 mmol/L, p=0.023) were significantly lower in the 
survivor group than in the nonsurvivor group. The OI at 6 
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hours after birth (24.1 versus 55.2, p=0.002) and at 1 hour 
before ECMO initiation (51.0 versus 90.0, p=0.005) were 
significantly lower in the survivor group than in the non-
survivor group.

Extracorporeal membrane oxygenation-related 
variables

Table 4 describes the variables related to the ECMO 
runs. The time to ECMO initiation was not significantly 
different between the groups (p=0.239). The mean dura-

Table 1. Causes of death for patients who died after extracorporeal membrane oxygenation weaning

Sex
Weaning to  
death (day)

Age at  
death (day)

Cause of death

Case 1 Female 4 6 Pulmonary hemorrhage
Case 2 Male 140 143 Alveolar capillary dysplasia, respiratory failure
Case 3 Male 49 90 Jejunal perforation, septic shock
Case 4 Female 7 49 Tension pneumothorax
Case 5 Male 40 68 Persistent pulmonary hypertension, multi-organ failure
Case 6 Male 11 20 Persistent pulmonary hypertension, bowel ischemia, multi-organ failure
Case 7 Female 26 32 Sepsis

Table 2. Baseline characteristics of patients treated with extracorporeal membrane oxygenation

Characteristic Overall (n=51) Survivors (n=16) Nonsurvivors (n=35) p-value

Male sex 33 (64.7) 12 (75.0) 21 (60.0) 0.469
Gestational age (day) 270.3±8.8 267.1±7.2 271.7±9.2 0.083
Birth weight (kg) 3.1±0.5 3.1±0.5 3.1±0.4 0.659
Prematurity 1 (2.0) 0 (0.0) 1 (2.9) 0.999
Low birth weight 7 (13.7) 2 (12.5) 5 (14.3) 0.999
Congenital anomaly 9 (17.6) 1 (6.2) 8 (22.9) 0.295
Congenital heart disease 9 (17.6) 3 (18.8) 6 (17.1) 0.990
Cesarean section 37 (72.5) 11 (68.8) 26 (74.3) 0.942
Left CDH 39 (76.5) 10 (62.5) 29 (82.9) 0.217
Liver herniation 32 (69.6) 8 (61.5) 24 (72.7) 0.699
O/E LHR, longitudinal (%) 41.5±17.3 38.8±10.4 43.0±20.1 0.543
O/E LHR tracing (%) 42.7±17.5 42.0±11.9 43.1±20.2 0.875
Apgar score at 1 min 4.9±1.51 5.1±1.57 4.8±1.5 0.528
Apgar score at 5 min 6.9±1.18 7.2±1.22 6.7±1.2 0.214

Values are presented as number (%) or mean±standard deviation.
CDH, congenital diaphragmatic hernia; O/E LHR, observed/expected lung-to-head ratio.

Table 3. Clinical variables before ECMO initiation

Variable Overall (n=51) Survivors (n=16) Nonsurvivors (n=35) p-value

Initial lactate level (mmol/dL) 3.8 (2.4–7.7) 3.2 (2.2–3.9) 5.8 (2.4–8.9) 0.048
Peak lactate level (mmol/dL) 5.8 (3.9–10.8) 5.2 (4.1–6.3) 7.9 (3.9–13.9) 0.023
Oxygenation index
   6 hr after birth 48.5 (26.3–61.4) 24.1 (15.6–33.4) 55.2 (36.7–76.6) 0.002
   12 hr after birth 36.4 (24.6–51.4) (n=32) 29.4 (23.4–36.6) (n=14) 49.3 (32.6–70.0) (n=18) 0.024
   1 hr before ECMO 78.3 (51.0–111.0) 51.0 (38.5–67.0) 90.0 (62.5–133.5) 0.005
Pulmonary hypertension 50 (98.0) 15 (93.8) 35 (100.0) 0.685
RL shunt through a PDA 35 (68.6) 12 (75.0) 23 (65.7) 0.507
Inhaled nitric oxide 49 (96.1) 15 (93.8) 34 (97.1) 0.999
CPCR 7 (13.7) 1 (6.2) 6 (17.1) 0.542

Values are presented as median (interquartile range) or number (%), unless otherwise stated.
ECMO, extracorporeal membrane oxygenation; RL, right to left; PDA, patent ductus arteriosus; CPCR, cardiopulmonary cerebral resuscitation.
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tion of ECMO support was shorter in the survivor group 
than in the nonsurvivor group (6.5 versus 15.1 days, 
p=0.039). Overall, 27 patients (52.9%) were treated using 
veno-arterial ECMO, and there was no significant differ-
ence in the distribution of the ECMO mode between 
groups. Seven patients (43.8%) in the survivor group were 
weaned from ECMO without hernia repair. Major surgical 
bleeding more frequently occurred in the nonsurvivor 
group (p=0.034).

Factors associated with hospital survival

Table 5 shows the risk factors associated with in-hospital 
mortality. In the univariate analysis using logistic regres-
sion, peak lactate level, OI at 1 hour before ECMO initia-

tion, and major surgical bleeding were factors associated 
with the risk of in-hospital mortality, whereas the multi-
disciplinary team approach had a protective effect against 
in-hospital mortality. In the multivariate logistic regression 
analysis, the OI at 1 hour before ECMO initiation (odds ra-
tio, 1.02; 95% confidence interval, 1.01–1.05, p=0.05) and 
major bleeding (odds ratio, 5.84; 95% confidence interval, 
1.06–47.8, p=0.05) were identified as independent risk fac-
tors for in-hospital mortality.

Follow-up

Sixteen survivors were followed up for a mean duration 
of 53.6 months. There were no late deaths. No patient re-
quired at-home oxygen therapy. Hypoplasia of the affected 

Table 4. Variables related to ECMO runs

Variable Overall (n=51) Survivors (n=16) Nonsurvivors (n=35) p-value

ECMO initiation (hour after birth) 17.0 (7.5–30.0) 28.5 (15.8–35.0) 12.0 (7.0–23.5) 0.239
Total ECMO run (day) 8.0 (4.9–21.4) 6.1 (4.9–7.2) 15.1 (5.0–29.6) 0.039
Veno-arterial ECMO 27 (52.9) 11 (68.8) 16 (45.7) 0.220
Veno-venous ECMO 24 (47.1) 5 (31.2) 19 (37.3) 0.190
Repair timing <0.001
   Before ECMO 3 (6.5) 2 (12.5) 1 (3.3)
   During ECMO 36 (78.3) 7 (43.8) 29 (96.7)
   After ECMO 7 (15.2) 7 (43.8) 0
Patch repair 36 (78.3) 13 (81.2) 23 (76.7) 0.999
Major bleeding 22 (43.1) 2 (12.5) 20 (57.1) 0.007
Major surgical bleeding 15 (29.4) 1 (6.2) 14 (40.0) 0.034
Major medical bleeding 13 (25.5) 1 (6.2) 12 (34.3) 0.074

Values are presented as median (interquartile range) or number (%), unless otherwise stated.
ECMO, extracorporeal membrane oxygenation.

Table 5. Univariate and multivariate analyses of the risk of in-hospital mortality

Variable
Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Male sex 0.50 (0.12–1.79) 0.30
Low birth weight 1.16 (0.22–9.09) 0.86
Congenital anomaly 4.35 (0.71–86.50) 0.18
Left CDH 0.34 (0.09–1.33) 0.12
Liver herniation 1.67 (0.41–6.67) 0.46
Peak lactate level 1.20 (1.04–1.47) 0.03 1.02 (0.82–1.29) 0.845
Oxygenation index 1 hr before ECMO 1.03 (1.01–1.05) 0.01 1.02 (1.01–1.04) 0.055
Multidisciplinary treatment 0.16 (0.04–0.58) 0.006 0.29 (0.06–1.35) 0.120
Patch repair 0.76 (0.14–3.33) 0.72
Veno-arterial ECMO 0.38 (0.1–1.30) 0.13
Major bleeding 9.33 (2.18–65.43) 0.007 5.84 (1.06–47.8) 0.059
Major medical bleeding 8.33 (1.33–166.67) 0.06
Major surgical bleeding 10.00 (1.72–191.10) 0.03

OR, odds ratio; CI, confidence interval; CDH, congenital diaphragmatic hernia; ECMO, extracorporeal membrane oxygenation.
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lung and chest asymmetry were observed on follow-up 
chest roentgenography in all patients. Two patients showed 
stroke in the right hemisphere of the brain. Both patients 
had veno-arterial ECMO support.

Discussion

CDH is the most common indication for ECMO in cases 
of neonatal respiratory failure in the ELSO database. How-
ever, patients with CDH requiring ECMO continue to have 
the lowest rate of survival to discharge (50%) compared 
with those with other indications, such as meconium aspi-
ration syndrome (93%) or persistent pulmonary hyperten-
sion of newborns (74%) [3,4]. This is attributable to the 
change in the risk profile of patients with CDH requiring 
ECMO, which is a high-risk group that has shown a greater 
tendency than other groups to undergo ECMO in recent 
years [5]. However, even considering the severely detrimen-
tal conditions in patients with CDH requiring ECMO, a 
50% survival rate is suboptimal. Efforts have been made to 
improve the outcomes by standardizing the management, 
involving a multidisciplinary team, and individualizing the 
treatment [3]. In this study that used single-center data 
from the start of the ECMO program for CDH in 2008, the 
overall rate of successful weaning from ECMO was 45.1% 
and the hospital survival rate was 31.4%.

In our study, antenatal fetal ultrasound data showed no 
significant difference between the survivor and nonsurvi-
vor groups. Several studies have been published on the 
evaluation of the disease severity of CDH before birth. The 
lung-to-head ratio on fetal ultrasonography and the lung 
volume measured on magnetic resonance imaging are 
known to have predictive value for survival and ECMO re-
quirement in patients with CDH [6,7]. However, a study 
using the ELSO database failed to identify predictive fac-
tors in patients already treated with ECMO [8]. It seems 
that antenatal measurements can predict the disease sever-
ity and the need for ECMO, but might not be associated 
with mortality after ECMO initiation.

Clinical variables before ECMO initiation, such as the OI 
and arterial blood gas levels, showed significant differences 
between the survivor and nonsurvivor groups. The multi-
variate analysis revealed that the OI at 1 hour before 
ECMO initiation was associated with the risk of mortality. 
A recent study by Guner et al, [9], who attempted to devel-
op a risk model for mortality in patients with CDH treated 
with ECMO, also showed similar results. In their study, 
pre-ECMO blood gas level and pre-ECMO ventilator set-
tings and comorbidities affected the survival of patients 

treated with ECMO. Although worsening of clinical vari-
ables predicts a higher risk of mortality in patients treated 
with ECMO, it should not preclude the utilization of extra-
corporeal support, as ECMO is usually the only rescue 
treatment available for rapid cardiopulmonary collapse.

The early application of ECMO should be considered be-
fore irreversible tissue damage occurs, which can be re-
flected by a high OI and high lactate levels. However, the 
optimal timing of ECMO initiation is controversial. As 
ECMO is a highly invasive treatment and carries the risk 
of serious neurologic comorbidities and bleeding complica-
tions, physicians tend to be reluctant to initiate ECMO. 
Several guidelines suggest clinical criteria for the indica-
tions of ECMO; however, no consensus has been reached 
[4,10]. The ELSO guidelines emphasize the need for early 
initiation of ECMO for preoperative stabilization. Howev-
er, there are currently no data on the impact of the timing 
of ECMO initiation. Late ECMO initiation may increase 
the risk of significant barotrauma to the lung and right 
heart failure [11]. A study revealed increased survival in 
patients with early referral (within 24 hours) to the ECMO 
center [12]. Therefore, timely administration of extracor-
poreal support is crucial in the treatment of CDH.

Veno-arterial ECMO via the cervical approach has been 
the traditional method of cannulation in neonates world-
wide. It has the advantages of providing hemodynamic 
support, using a smaller cannula, and being less influenced 
by the position of cannulae than veno-venous ECMO. 
With the development of dual-lumen catheters, the ve-
no-venous mode of ECMO has been introduced in the 
treatment of CDH in neonates [13]. This mode can reduce 
the neurologic embolism risk by not interrupting the ca-
rotid artery f low. Veno-venous ECMO can also provide 
oxygenated blood to the pulmonary vasculature and myo-
cardium and is considered more physiologic than the ve-
no-arterial mode. In a study using the ELSO Registry data-
base, the morta l it y and complicat ions rates were 
comparable between the veno-arterial and veno-venous 
groups. Renal complications and inotropic use were preva-
lent in the veno-venous group. However, neurologic mor-
bidity was higher in the veno-arterial group [14]. At our 
center, although the veno-venous mode was introduced 
and widely applied for a certain period, the veno-arterial 
mode has re-entered use, mainly because of the lack of 
supply of dual-lumen cannulae and the requirement for 
hemodynamic support in patients with ventricular dys-
function combined with pulmonary hypertension. There 
was no significant difference in the ECMO mode between 
survivors and nonsurvivors.
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This study showed that delayed repair of the diaphragm 

after weaning from ECMO showed a survival benefit with 
low bleeding complications. Similarly, the multivariate 
analysis showed that major bleeding was a significant risk 
factor for in-hospital mortality. However, the appropriate 
timing of hernia repair related to ECMO application re-
mains controversial. The strategies are mainly divided into 
early repair while on ECMO and delayed repair after 
ECMO decannulation. Early repair provides favorable con-
ditions for the surgeon, with less tissue edema and the pos-
sibility of reversing the pathophysiology of persistent pul-
monary hypertension [15]. However, patients with ECMO 
support require systemic anticoagulation, which increases 
the risk of major surgical bleeding. In contrast, late repair 
after decannulation has the advantage of fewer bleeding 
complications, which can promote the reversibility of pul-
monary hypertension [16]. One consideration regarding 
the late repair strategy is that patients who fail to be 
weaned from ECMO lose the opportunity to undergo dia-
phragmatic hernia repair. Anatomic repair of the dia-
phragm may help attenuate pulmonary hypertension, as 
mentioned earlier. An attempt to repair the hernia during 
ECMO should be considered as the duration of ECMO be-
comes longer. Further studies are warranted to establish 
the appropriate timing of attempting repair in cases of un-
successful weaning from ECMO.

A total of 16 patients who survived to discharge were fol-
lowed up until recently. No mortality occurred; however, 
ischemic stroke was found in 2 patients. Patients with 
CDH treated with ECMO have been reported to have poor 
neurologic outcomes. In a study of 12 ECMO survivors, 8 
patients (67%) showed neurologic delays and a recent study 
from the Mayo Clinic also reported a high prevalence of 
chronic complications in ECMO survivors [17,18]. In a 
study performed in the United Kingdom, which reviewed 
73 neonates who were treated with ECMO for CDH, 42 pa-
tients were discharged home, but only 27 patients survived 
to the age of 1 year. Comorbidities were also common in 
long-term survivors, of whom 13 (48%) had respiratory 
symptoms, 16 (59%) had gastrointestinal problems, and 6 
(19%) had severe neurodevelopmental problems [19]. Per-
sistent pulmonary hypertension has been observed in pa-
tients who were successfully weaned from ECMO but died 
before discharge.

In conclusion, the survival rate of patients with CDH 
treated with ECMO is suboptimal. Timely application of 
ECMO is crucial for better survival outcomes.
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