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ABSTRACT
Extracorporeal life support (ECLS) serves as a rescue 
therapy for patients with congenital diaphragmatic hernia 
(CDH) and severe cardiopulmonary failure, and only half of 
these patients survive to discharge. This costly intervention 
has a significant complication risk and is reserved 
for patients with the most severe disease physiology 
refractory to maximal cardiopulmonary support. Some 
contraindications to ECLS do exist such as coagulopathy, 
lethal chromosomal or congenital anomaly, very preterm 
birth, or very low birth weight, but many of these limits 
are being evaluated through further research. Consensus 
guidelines from the past decade vary in recommendations 
for ECLS use in patients with CDH but this therapy appears 
to have a survival benefit in the most severe subset of 
patients. Improved outcomes have been observed for 
patients treated at high- volume centers. This review 
details the evolving literature surrounding management 
paradigms for timing of CDH repair for patients receiving 
preoperative ECLS. Most recent data support early 
repair following cannulation to avoid non- repair which is 
uniformly fatal in this population. Longer ECLS runs are 
associated with decreased survival, and patient physiology 
should guide ECLS weaning and eventual decannulation 
rather than limiting patients to arbitrary run lengths. 
Standardization of care across centers is a major focus to 
limit unnecessary costs and improve short- term and long- 
term outcomes for these complex patients.

INTRODUCTION
Congenital diaphragmatic hernia (CDH) is 
associated with an array of cardiopulmonary 
developmental sequelae including pulmo-
nary hypoplasia with impaired gas exchange, 
pulmonary hypertension, and cardiac 
dysfunction. CDH is the most common 
respiratory indication for extracorporeal life 
support (ECLS, also known as extracorporeal 
membrane oxygenation or ECMO) for pedi-
atric patients in the USA.1 For those patients 
with respiratory failure and pulmonary insuf-
ficiency due to severe CDH, ECLS serves as 
a rescue intervention or bridging therapy 
to allow opportunity for surgical repair and 
improvement in cardiopulmonary function.

Unfortunately, CDH survivors have signif-
icant adverse outcomes that persist into 

adulthood despite survival to discharge, with 
greater severity of limitations in patients who 
undergo ECLS.2 3 Ongoing research is aimed 
at optimizing patient selection for and tech-
niques of ECLS in order to improve both 
survival and long- term outcomes for these 
populations with high- risk CDH. Given that 
treatment of patients with ECLS is costly with 
a marked complication rate and that notable 
significant disparities in patient mortality 
exist between centers, ECLS is a major target 
for standardization of care.4 5 In this review, 
we will discuss existing international guide-
lines and consensus agreements on the use 
of ECLS for patients with CDH and highlight 
the literature and controversies that still exist 
regarding the temporal relationships between 
ECLS and CDH repair.

Predicting disease severity and use of ECLS
While overall survival for children with CDH 
has been increasing over the past three 
decades, mortality rates for patients who 
receive ECLS have remained stable at around 
50%.6 Several antenatal and postnatal risk 
stratification tools have been developed and 
validated to anticipate severe disease phys-
iology and therefore guide prenatal coun-
seling, expedite referral or transfer to special-
ized centers with ECLS capabilities, and estab-
lish goals and limits of care.

Four well- established risk stratification 
metrics obtained from prenatal imaging 
include observed- to- expected lung- to- 
head ratio (O/E LHR) via ultrasound and 
observed- to- expected total fetal lung volume 
(O/E TFLV), percent predictive lung 
volume (PPLV), and percent liver hernia-
tion via fetal MRI (thoracic liver position or 
“liver- up” is a poor prognostic factor in left- 
sided CDH).7 Ultrasound- obtained O/E 
LHR of <25% is predictive of a <50% chance 
of survival, whereas >40% is predictive of 
>80% survival.8–10 Cut- off values ranging 
from 25% to 35% O/E TFLV have been most 
frequently cited, with lower values predictive 
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of mortality, ECLS use, and other outcomes of pulmo-
nary morbidity such as bronchopulmonary dysplasia 
(BPD) when compared with patients with higher calcu-
lation.11–13 One multicenter study of 77 prospectively 
assessed patients found a 19% chance of survival with 
O/E TFLV <25% compared with 40.3% in the >25% O/E 
TFLV group (p=0.008).14 The derivation publication for 
PPLV evaluating 14 patients found that PPLV <15% was 
associated with significantly lower survival (40%, 2/5), 
ECLS use (100%, 5/5), and longer hospital length of 
stay compared with 100% (9/9) survival and 11% (1/9) 
ECLS use.14 A later validation study evaluating MRI- based 
predictors for 80 fetuses used <10.2 and <10.3 as cutoffs 
for predictors of mortality and ECLS use, respectively, 
with a C- statistic of 0.74 for both.11 The most frequent 
threshold used for percent liver herniation is >20%, 
yielding C- statistics reported between 0.74 and 0.78 for 
prediction of both ECLS use and mortality, with mortality 
estimated at 36%12 and odds ratios (ORs) for mortality 
and ECLS use estimated at 7.4 and 8.6, respectively.11–13 15

Several validated postnatal risk prediction tools 
combine clinical risk factors from the first 24 hours of 
life to provide estimates of survival or mortality. These 
factors include birth weight, Apgar Scores at 1 and 5 min, 
FiO

2
 requirement, blood gas measurements such as pH, 

PaO
2
, and PaCO

2
, and concomitant conditions such 

as pulmonary hypertension, cardiac or chromosomal 
anomaly, or presence of seizures.12 16–20 Diaphragmatic 
hernia size strongly correlates with mortality risk, but 
this measurement can only be obtained during opera-
tive repair and thus is useful for standardizing reporting 
for multicenter registries and retrospective analyses but 
cannot be used for preoperative prediction or clinical 
decision- making.21 The CDH Study Group (CDHSG) 
created a simple validated survival prediction tool using a 
combination of 5- minute Apgar Score and birth weight.16 
Preterm birth has also been identified as a risk factor 
for mortality but has not been incorporated into any 
widely used risk prediction models as of yet.22 A modi-
fied model was published by Brindle et al. in 2014 and 
later validated which classified infants into low (~10%), 
intermediate (~20%), or high (~50%) risk of death using 
the factors very low birth weight, absent/low 5- minute 
Apgar Score, chromosomal or major cardiac anomaly, 
and suprasystemic pulmonary hypertension.18 20 A recent 
review by Jancelewicz and Brindle on these prediction 
tools proposed a prognostic schema for practitioner use 
to incorporate prenatal imaging at 22 and 30 weeks gesta-
tional age as well as established risk calculators, echocar-
diogram and serial blood gas measurements postnatally.23

Unsurprisingly, the same prenatal imaging and post-
natal clinical factors used in disease severity and mortality 
risk prediction models also predict ECLS utilization prob-
ability.23–26 Early postnatal blood gas measurements serve 
as particularly useful and dynamic indicators of func-
tional gas exchange to predict ECLS use. An ECLS risk 
stratification model was developed using CDHSG data 
to predict a composite outcome of ECLS use or death 

without ECLS; the four final variables included in the 
model were Apgar Scores at 1 and 5 min and highest and 
lowest postductal PaCO

2
 measurements during the first 

day of life.24 Broadly, prenatal predictive tools and post-
natal disease severity indicators or predictive models can 
provide an individualized risk profile for death or ECLS 
requirement that is likely to be more accurate than any 
solitary risk estimation tool alone.11 23 Early and repeated 
calculated risk estimates can assist providers in deciding 
if and when to initiate ECLS. Risk stratification is vital to 
identify those patients most likely to benefit from ECLS, 
which will enable an earlier transition to ECLS, avoid 
ongoing lung injury in vain attempts to delay its use, and 
prevent the need for emergent cannulation.

Indications for ECLS and patient selection
ECLS is reserved for the most severe cases of patients with 
CDH who are actively or expected to clinically deterio-
rate from a cardiopulmonary standpoint despite maximal 
ventilatory and hemodynamic support. Postnatal inten-
sive care ventilation principles include limiting baro-
trauma and volutrauma with permissive hypercapnia.27 
Both conventional and high- frequency oscillatory venti-
lation modes are used and multiple recent retrospective 
multicenter trials have demonstrated no differences in 
primary outcomes of death, BPD, or length of oxygen 
support,28–30 but one multicenter randomized trial (the 
“VICI” trial) demonstrated improved secondary outcomes 
of total mechanical ventilation time and ECLS avoidance 
with conventional mode.31 Management of pulmonary 
hypertension with sildenafil, milrinone, or prostacyclin 
analogs is frequently done despite the fact that much of 
the evidence for their use is imparted from adult data 
and non- CDH pediatric pulmonary hypertension etiolo-
gies.32 33 Inhaled nitric oxide is a frequently used adjunct 
for management of pulmonary hypertension during the 
initial resuscitation period, but its clinical benefit has not 
been definitively demonstrated prospectively and may be 
associated with increased mortality or use of ECLS.34–36 
Secondary right- sided cardiac dysfunction is managed by 
reducing pulmonary hypertension with the above strat-
egies and maintaining patent ductus arteriosus patency. 
Early left ventricular dysfunction is a poor prognostic 
factor in patients with CDH37; therapy is aimed at after-
load reduction, preload optimization, and judicious use 
of inotropic agents.

While pulmonary hypoplasia is not a reversible 
pathology in the short term, the rationale for early ECLS 
cannulation for patients who meet threshold criteria 
indications is to reduce further ventilator- associated 
lung injury, pulmonary hypertension exacerbation, and 
sequelae of persistent hypoxia and acidosis.38 39 Gener-
ally accepted indications for ECLS initiation include 
persistently inadequate oxygen delivery with metabolic 
acidosis, persistent hypoxia or significantly elevated 
mechanical ventilation settings to maintain oxygenation, 
hypercarbia, pulmonary hypertension, and/or cardiac 
dysfunction, and systemic hypotension refractory to fluid 
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and inotropic support.5 31 40 41 After the decision is made 
for ECLS initiation, the principles of lung- protective 
ventilation and mitigating pulmonary hypertension and 
cardiac dysfunction continue to apply.

According to the Extracorporeal Life Support Organi-
zation (ELSO) guidelines for ECLS use in children with 
respiratory failure, absolute contraindications for ECLS 
are significant intraventricular hemorrhage or other 
uncontrolled hemorrhage (in other words, contraindi-
cations to anticoagulation), severe brain damage, lethal 
chromosomal anomaly or other lethal malformation, 
and inadequate vessel caliber for cannulation.40 Relative 
contraindications according to this group are end- stage 
organ dysfunction unless being considered for trans-
plant, preterm birth <34 weeks gestational age, and birth 
weight <2 kg.40

As indications for ECLS have grown in the past several 
years and with intercenter practice variability accounting 
for some newborns with significant comorbidities 
receiving ECLS, these contraindications are being 
refined.42–45 Some experts have found that even among 
infants with the highest physiologic severity measures, 
survival can still be upwards of 50% if patients are treated 
for survival and that no infants should be considered “too 
sick” to undergo ECLS.43 Church et al. analyzed ELSO 
registry data and found similar survival between patients 
with CDH born at 29–33 weeks gestational age when 
compared with 34 weeks gestational age.44 Other groups 
have found that CDH with concomitant major congenital 
cardiac diseases such as hypoplastic left heart syndrome 
and single ventricle physiology who undergo ECLS have 
more favorable outcomes than expected.45–47 There 
is therefore some evidence that major cardiac malfor-
mations may be viewed as relative rather than absolute 
contraindication to ECLS in patients with CDH.

Mortality benefits and impact of center volume/experience
Paradoxically, overall survival rates for children with CDH 
who receive ECLS have actually declined in recent years 
despite improved safety, which is thought to be due to 
a greater number of patients with severe CDH surviving 
to be eligible for ECLS.6 48 49 Earlier studies had mixed 
conclusions regarding the benefit of ECLS in CDH; 
multiple cohort studies found no survival benefit and 
others were more optimistic.27 50–53 However, more recent 
data have demonstrated a survival benefit for patients 
with severe CDH and those cared for at experienced 
centers.54 In one of the few randomized controlled trials 
comparing ECLS to conventional therapy in neonates 
with severe respiratory failure, the UK Collaborative 
ECMO Trial Group found among patients with CDH as 
a primary diagnosis, 14 of 18 (77.8%) allocated to ECLS 
died while all 17 (100%) allocated conventional ventila-
tion died.55 A 2006 systematic review and meta- analysis 
of 21 non- randomized studies (total of 2043 patients) 
found relative risks of death before discharge of 0.60 
(95% confidence interval (CI) 0.51 to 0.70; p<0.001) 
and late or postdischarge death of 0.63 (95% CI 0.53 to 

0.73; p<0.001) when ECLS was available.56 Perhaps most 
convincingly, a retrospective propensity- matched analysis 
of 5855 ECLS- eligible patients from the CDHSG registry 
identified a survival benefit with ECLS in patients with 
high- risk CDH, with mortality of 64.2% in the ECLS group 
versus 84.4% in the non- ECLS group (OR 0.33, 95% CI 
0.17 to 0.65; p=0.001).57 This survival benefit, notably, was 
found predominantly at high- volume centers (≥10 cases 
of CDH per year).57 The effect of improved survival at 
high- volume centers for both all patients with CDH and 
patients with CDH undergoing ECLS has been corrobo-
rated in studies of other databases such as the Kids’ Inpa-
tient Database, Pediatric Health Information Systems, 
and the ELSO registry even after risk adjustment.58–60 
However, high- volume centers with ≥10 patients with 
CDH annually appear to be less cost- effective overall than 
low- volume centers.61 62 This variation in outcomes and 
cost points to a clear need for standardization of care 
across centers.

In conclusion, these recent data demonstrate that 
while most patients with CDH do not benefit from ECLS, 
those with the most severe disease phenotypes appear to 
have a small but significant survival benefit, and center 
experience and volume play a major role in the success 
of this therapy.63

Consensus guidelines
The European CDH Consortium (2016) and Canadian 
CDH Collaborative (2018, revised in 2023) clinical prac-
tice guidelines hold conservative recommendations for 
ECLS use.64 65 The European group’s consensus provided 
relative indications for ECLS initiation and a low- grade 
recommendation that CDH can be repaired while the 
patient is on ECLS, citing conflicting results of retrospec-
tive studies comparing timing of CDH repair in regards 
to ECLS.64 In 2018, the Canadian group, which used a 
rigorous grading methodology to derive recommenda-
tions, recommended prenatal counseling for families 
of children with prenatally diagnosed CDH of the possi-
bility of ECLS use, stating “current evidence does not 
suggest a survival benefit,” with a concession that when 
ECLS is considered as a rescue therapy that standard 
contraindications should apply.65 The 2023 update to the 
Canadian consensus modified the latter recommenda-
tion, although with weak agreement, that ECLS may be 
offered to patients in certain circumstances and with size, 
age, and comorbidity contraindications.66 The American 
guidelines do not specifically provide any recommenda-
tions about the use of ECLS in patients with CDH but 
write that they assume ECLS provides a survival benefit; 
they do conclude that there appears to be no survival 
benefit based on mode of ECLS (venovenous or venoar-
terial) but that venovenous mode may be preferred due 
to a lower complication risk.67 Further discussion on the 
preferred mode of ECLS is outside of the scope of this 
review. However, the most comprehensive consensus 
guidelines for ECLS use in CDH come from the previ-
ously mentioned ELSO 2021 publication by Guner et 

 on A
pril 28, 2025 by guest. P

rotected by copyright.
http://w

jps.bm
j.com

/
W

orld Jnl P
ed S

urgery: first published as 10.1136/w
jps-2023-000752 on 16 A

pril 2024. D
ow

nloaded from
 

http://wjps.bmj.com/


4 Gehle DB, et al. World J Pediatr Surg 2024;7:e000752. doi:10.1136/wjps-2023-000752

Open access

al.5 This organization is an international consortium of 
providers and institutions chiefly concerned with research 
and education on ECLS broadly. Apart from discussing 
indications and contraindications for ECLS in patients 
with CDH, this publication further provides recommen-
dations on risk stratification for ECLS, early postnatal 
care and pulmonary hypertension management, and 
technical aspects of ECLS such as pump type, mode of 
support, and cannulation. These ELSO guidelines and 
the most recent edition of the Canadian guidelines also 
provide recommendations for timing of CDH repair as 
well as length of ECLS runs, which are discussed below. 
A summary of pertinent recommendations provided by 
these organizations is provided in table 1.

Timing of CDH repair and its relation to ECLS
The timing of CDH repair in relation to ECLS continues 
to be controversial. Timing of repair can be classified 
as pre- ECLS, early on- ECLS, delayed on- ECLS, or post- 
ECLS decannulation. Variations in preferred approaches 
for those who arrive to ECLS prior to repair continue to 
exist between centers. In this section, we will discuss the 
changes of management dogma over time.

For many years, CDH was considered a surgical emer-
gency, and immediate repair was thought to be the best 
to decompress the thoracic cavity. In the 1990s with the 
broadening adoption of ECLS for patients with severe 
CDH, the pendulum began to swing in the opposite 
direction with multiple studies associating improved 
outcomes with achieving preoperative hemodynamic 
stability with or without ECLS treatment followed by 
delayed, semielective repair off ECLS (if used) to allow 
for lung recovery and potential pulmonary hypertension 
improvement.68–71 Still, some centers had contrary results, 
and a 2000 Cochrane systematic analysis concluded that 
there existed no clear evidence for delayed (>24 hours) 
surgical intervention after stabilization over early 
(<24 hours) repair, owed to heterogeneity of trials and 
limited prospective data at that time.72 73 In a study of 
1385 CDHSG registry patients who underwent operative 
repair without preoperative ECLS, crude analysis showed 
significantly greater mortality among those undergoing 
repair between days of life (DOL) 4–7 (6.6%) and DOL 
≥8 (12.3%), compared with DOL 0–3 (3.9%).74 However, 
in this study delayed repair was associated with increased 
CDH and comorbidity severity, suggesting that phys-
iologic stabilization prior to repair takes a longer time 
in this group and after adjusting for these factors the 
survival effect was no longer significant.74 In a single 
high- volume institution study, 60/87 ECLS- eligible 
infants with left “liver up” (a high- risk phenotype) CDH 
received ECLS, and early repair within 60 hours of birth 
for those with an appropriate “window” for repair prior 
to ECLS was associated with improved survival over 
those who arrived to ECLS unrepaired (21/22, 95% vs 
13/20, 65%; p=0.0018).8 Notably, this comparison did 
not include infants who received ECLS within 12 hours 
of life. Nevertheless, the blanket approach of delayed 

repair was promulgated for some time including patients 
who did undergo preoperative ECLS. Further supporting 
the delayed after- ECLS repair approach, a 2009 study of 
CDHSG registry data on 636 patients over a span of 10 
years who underwent repair and ECLS therapy compared 
outcomes of on- ECLS and off- ECLS repair; this group 
found a significant survival benefit to repair after ECLS 
relative to repair on ECLS with a hazard ratio of 1.41.75 
Other single- center retrospective studies performed in 
the USA demonstrated similar results.76 77 A later analysis 
of a larger cohort of 2244 infants from the ELSO registry 
who underwent ECLS and surgical repair also found 
improved survival in those able to be weaned and decan-
nulated from ECLS prior to repair when compared with 
on- ECLS repair, even after propensity score matching 
for disease severity and mortality risk.78 This analysis also 
noted increased run lengths of ECLS and higher risks of 
significant neurological injury in the on- ECLS group.

More recent data from the 2010s and later have led 
to another paradigm shift in the management of repair 
timing for patients with severe CDH, favoring earlier 
repair for those who arrive to ECLS unrepaired. The 
previously discussed on- versus- after ECLS analyses have 
been limited by selection bias from excluding children 
who did not undergo repair such as those who experi-
enced fatal complications of ECLS (i.e., hemorrhage or 
significant neurological injury) or those who were other-
wise too critically ill to undergo surgery. In other words, 
patients who died prior to repair and were excluded from 
these studies may have benefited from earlier, protoco-
lized repair on ECLS, and their exclusion may introduce 
bias into studies comparing on- ECLS to post- ECLS repair 
(to favor post- ECLS repair). Moreover, these studies are 
confounded by not accounting for timing of on- ECLS 
repair and by including patients who undergo late or 
salvage repair who had not yet reached the critical mile-
stone of weaning off ECLS and recovery.63 75 As such, 
potential clinical benefit from early- on- ECLS CDH repair 
compared with post- ECLS may be diluted in existing 
studies by grouping these early- ECLS patients together 
with patients who undergo repair late in their ECLS runs 
due to failure to wean, which is associated with increased 
morbidity and mortality.79 Initial support for early repair 
on ECLS came from a single- center study that compared 
their institutional protocol (repair 24–72 hours after 
cannulation) to the CDHSG data (average repair at 
approximately 7 days after cannulation) and ELSO data.80 
Within their institution, 100% (34/34) of neonates on 
ECLS were repaired according to their protocol and 
analysis showed an increase in survival (71% vs 50.9%), 
as well as a comparable complication profile, relative to 
late on- ECLS repair in the CDHSG data set.80 Another 
single institution evaluated the effect of protocolizing 
repair timing into three groups: within 72 hours after 
ECLS cannulation, >72- hour post- cannulation, and post- 
decannulation. The authors found greatest survival in 
the early repair group (73% vs 50% vs 64%, respectively) 
and decreased ECLS complications when compared with 
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the late on- ECLS group.81 The 2015 American guidelines 
based on a systematic review could not recommend a 
one- size- fits- all generalized approach for the timing of 
CDH repair given the heterogeneity of disease severity 
but concluded based on these two studies in addition 
to previous papers that “early repair on ECLS may have 
improved survival and shorter ECLS duration” with a 
grade D recommendation.67

The limitations of the on- versus- after ECLS repair 
studies were largely overcome in a propensity- matched 
study from the CDHSG registry by Dao et al. wherein 
outcomes of early and late on- ECLS versus late after- 
ECLS repair were evaluated.82 By accounting for the 
risk of non- repair, these data showed convincingly a 
significant decrease in mortality of early on- ECLS repair 
(median time to repair: 2 days) compared with late 
on- ECLS (median time to repair: 12 days) or late after- 
ECLS repair. Moreover, the early group in this study had 
significantly decreased length of stay versus late repair 
(median 54 vs 95 days) and trends toward lower supple-
mental oxygen requirement and higher oral feeding at 
discharge, but these differences were not significant.82 
Notably, once non- repairs were excluded, the survival 

benefit associated with early repair was reversed, similar 
to the 2019 study by Delaplain et al. using data from the 
ELSO registry to compare on- ECLS versus after- ECLS 
outcomes.78 Further support for early repair comes from 
another large study using the CDHSG data set comparing 
early on- ECLS repair with delayed after- ECLS repair, 
showing increased odds of survival to hospital discharge 
despite longer ECLS runs and increased risk factors such 
as intrathoracic liver and cardiac defects.83 In contrast to 
the American guidelines, the Canadian consensus guide-
lines hold a general recommendation to defer CDH 
repair until decannulation from ECLS, but patients at 
highest mortality risk based on preoperative factors such 
as prenatal predictors or cardiopulmonary instability at 
cannulation may benefit from early on- ECLS repair.65 
Key papers comparing outcomes along the ECLS time-
line are represented in figure 1.

We conclude that for patients who arrive to ECLS 
prior to repair, early repair on ECLS is probably the 
optimal protocol despite potential for increased ECLS 
run lengths and neurologic injury; this approach avoids 
non- repair which is uniformly fatal in patients on ECLS, 
restores normal thoracic anatomy to facilitate subsequent 

Figure 1 Key manuscripts regarding timing of surgical repair for infants with CDH receiving ECLS. Lines indicate group 
comparisons in the manuscript, with larger dots denoting improved outcomes over smaller dots in the respective group. 
Summaries of findings are as follows. Bryner et al.75 and CDHSG 2009; improved survival in post- ECLS versus on- ECLS group 
(excluded non- repairs). Kays et al.8; among high- risk left liver- up infants that received ECLS, improved survival with <60- hour 
of life repair pre- ECLS versus composite on- ECLS or post- ECLS repair (excluded infants receiving ECLS within 12 hours of 
life). Steen et al.86; <24 hours versus 24–72 hours early repair associated with no increased mortality, hospital stay, ventilator 
days, or ECLS run lengths. Robertson et al.77; early <5 days repair versus composite late- ECLS or after- ECLS repair associated 
with increased mortality, ECLS run length. Delaplain et al.78 and ELSO 2019; propensity- matched on- ECLS versus post- 
ECLS; increased mortality and neurological injury in on- ECLS group (excluded non- repairs). Glenn et al.83 and CDHSG 2019; 
increased survival odds, longer ECLS run lengths, increased intrathoracic liver and cardiac defects associated with <72- hour 
early repair versus post- ECLS repair. Dao et al.82 and CDHSG 2021; propensity- matched on- ECLS versus post- ECLS and 
early- ECLS versus late- ECLS comparisons; lower mortality and non- repair rates in on- ECLS and early- ECLS approach. Shorter 
hospital stay, ECLS run length in early group. CDH, congenital diaphragmatic hernia; CDHSG, CDH Study Group; ECLS, 
extracorporeal life support.
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weaning from ECLS, simplifies the operation before 
edema and other ECLS complications occur, and likely 
reduces bleeding complications.84–87

Length of ECLS
Currently, there are no firm recommendations on a 
maximum length or limit on ECLS support, but there 
is a clear association between longer ECLS runs and 
increased mortality and complications such as circuit 
issues, hemorrhage, sepsis, fluid overload, renal insuffi-
ciency, and neurological injury.79

The degree of pre- ECLS support and complications 
certainly impact the length of ECLS and the develop-
ment of multiorgan failure while on ECLS.88 The timing 
of weaning from ECLS and eventual decannulation are 
based on patient physiology and center- specific factors. 
In a single center study in the UK, ECLS runs longer than 
2 weeks carried a significantly higher mortality rate than 
those less than 2 weeks (18% vs 68%).89 A retrospective 
single- center study demonstrated decreasing survival for 
patients with CDH requiring ECLS after 2 weeks, with 
56% at 3 weeks, 46% at 4 weeks, <15% after 5 weeks, and 
no survival at or after 40 days.90 In this study, a prolonged 
ECLS run was associated with multiple markers of severity. 
These authors concluded that stabilization of patients 
on ECLS may take over 4 weeks and that arbitrary run 
lengths shorter than this time should be avoided in order 
to limit overaggressive ECLS weaning which could lead 
to repeat ECLS runs.90 Additional studies demonstrated 
that comorbid conditions, low birth weight, and use of 
inotropes, which may indicate higher risk in general, did 
not predict longer ECLS runs.87 Repeat ECLS runs are 
also associated with increasing morbidity and mortality 
but it has been postulated that offering repeat ECLS runs 
may have potential to improve overall survival.91

CONCLUSION
The recommendations for ECLS use in CDH vary and 
practice patterns have changed significantly in recent 
decades. ECLS is an effective rescue and bridging therapy 
to surgical repair for a small subset of patients with severe 
CDH and is best avoided in low- risk and moderate- risk 
patients. High center volume and experience have been 
shown to improve outcomes for patients with CDH who 
undergo ECLS. Finding the optimal timing of surgical 
repair for patients with CDH across the disease severity 
spectrum, particularly those who receive preoperative 
ECLS, has been a major challenge and a topic of signif-
icant debate due to the lack of high- quality prospective 
data. For patients who are treated with preoperative 
ECLS, contemporary literature suggests that early repair 
while on ECLS is preferable to delayed on- ECLS or post- 
ECLS repair. In weaning patients from ECLS, arbitrary 
run lengths are best avoided.
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