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Abstract
Purpose Review current practices and expert opinions on contraindications to extracorporeal membrane oxygenation 
(ECMO) in congenital diaphragmatic hernia (CDH) and contraindications to repair of CDH following initiation of ECMO.
Methods Modified Delphi method was employed to achieve consensus among members of the American Pediatric Surgical 
Association Critical Care Committee (APSA-CCC).
Results Overall response rate was 81% including current and former members of the APSA-CCC. An average of 5–15 CDH 
repairs were reported annually per institution; 26–50% of patients required ECMO. 100% of respondents would not offer 
ECMO to a patient with a complex or unrepairable cardiac defects or lethal chromosomal abnormality; 94.1% would not in 
the setting of severe intracranial hemorrhage (ICH). 76.5% and 72.2% of respondents would not offer CDH repair to patients 
on ECMO with grade III–IV ICH or new diagnosis of lethal genetic or metabolic abnormalities, respectively. There was 
significant variability in whether or not to repair CDH if unable to wean from ECMO at 4–5 weeks.
Conclusions Significant variability in practice pattern and opinions exist regarding contraindications to ECMO and when to 
offer repair of CDH for patients on ECMO. Ongoing work to evaluate outcomes is needed to standardize management and 
minimize potentially futile interventions.
Level of evidence V (expert opinion).
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Introduction

Congenital diaphragmatic hernia (CDH) is a common con-
genital birth defect occurring at an incidence of approxi-
mately 1 in 5000 births [1]. There have been significant 
improvements in survival and increased variability in 
management strategies over the past several decades in 
patients with CDH [2]. Current estimates for overall sur-
vival of patients born with CDH range from 8 to 80% [3, 
4]. Improvement in survival is widely thought to be asso-
ciated with changes in ventilator strategies, management 
of pulmonary hypertension, improvements in surgical 
technique and anesthesia, and the use of extracorporeal 
membrane oxygenation (ECMO) when indicated [5].

The use of ECMO for patients with CDH was first 
reported in 1977. Despite several technological advances 
and studies on its utility, consensus regarding compre-
hensive management are lacking. For other common con-
ditions requiring ECMO such as meconium aspiration, 
congenital cardiac defects, and cardiomyopathy with or 
without cardiogenic shock, outcomes based on duration 
of ECMO and anticipated outcomes have been evaluated 
[6–8]. It requires a multidisciplinary team to manage neo-
nates on ECMO, thus, variability in management is inevi-
table. Timing of ECMO initiation and timing of surgical 
repair with regard to ECMO have been addressed with 
significant variability based on surgeon and anesthesiolo-
gist comfort and preference, institutional practices, and 
surgeon training [9, 10].

The primary objectives of this study were to review 
current practices and expert opinions on two areas particu-
larly underrepresented in the literature regarding the use 
of ECMO for CDH: situations in which ECMO should not 
be offered to patients with CDH; and situations in which 
repair of CDH should not be offered after placing a patient 
on ECMO. We hypothesized that despite gathering a group 
of experts in the field with substantial combined, and inde-
pendent, experience with neonatal ECMO, there would be 
areas of controversy with regard to the specific scenarios 
addressed.

Methods

Prior to study initiation, the protocol was reviewed by 
the University at Buffalo Institutional Review Board and 
found to be exempt from full review (STUDY00001754).

To address these controversial topics in the manage-
ment of CDH, a three-step modified Delphi method was 
employed [11]. The process involved a qualitative assess-
ment, a ranking evaluation, and a consensus assessment. 

Given the paucity of literature on the topics of interest, the 
Delphi method, a consensus-based technique, was utilized 
for collecting and aggregating informed judgments from a 
group of experts via multiple iterations. This method was 
used to maximize the benefits of an expert panel while 
maintaining anonymity.

Participant selection

The surveys at each step of the Delphi method were distrib-
uted to members of the American Pediatric Surgical Asso-
ciation Critical Care Committee (APSA-CCC). Participat-
ing committee members are all board certified in pediatric 
surgery and surgical critical care. Additionally, the majority 
of committee members are directors of surgical critical care 
fellowship training programs and/or medical directors of sur-
gical intensive care units. All participants practice within 
the United States or Canada, with some variability in prior 
research experience, clinical focus, and career stage.

Delphi procedure

Phase I: qualitative assessment

The first phase used a web-based survey to ask participants 
a series of open-ended and ranking questions relevant to the 
use of ECMO in patients with CDH (Supplement 1). Partici-
pants were invited to complete the survey via email and were 
asked to answer to the best of their ability as a reflection of 
their current practice patterns.

Phase II: ranking evaluation

De-identified responses from the first stage of the Delphi 
method were reviewed by a core group of committee mem-
bers. Similar ideas and opinions related to the use of ECMO 
for CDH were clustered together into opinion statements. 
Specifically, the second stage included questions regarding 
contraindications to placing a patient with CDH on ECMO 
and when repair of the CDH should not be offered after plac-
ing a patient on ECMO (Supplement 2). Participants were 
asked to rank each statement on a 5-point Likert scale based 
on their level of agreement with the statement.

Based on responses to open-ended questions and multi-
ple-choice questions in phase I of the Delphi approach, ten 
items were selected for inclusion as absolute contraindica-
tions to offering ECMO to a patient with CDH. These state-
ments were reviewed by a core group of committee members 
and compared to published guidelines on the use of ECMO 
for CDH and other neonatal conditions. Responses and com-
ments to the remainder of items were reviewed and slight 
modifications to statements were made for inclusion in the 
third portion of the Delphi approach. For example, instead of 
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a gestational age less than 32 weeks as an absolute contrain-
dication, a gestational age less than 30 weeks was included 
for Phase III.

Phase III: consensus assessment

Following completion of the second stage, responses were 
again reviewed and consensus or variation evaluated. For 
statements with high levels of variability (low levels of 
consensus), literature was reviewed and distributed to the 
participants who were encouraged to complete independent 
review as needed. Based on literature review and review 
by core group of committee members, a revised ranking 
evaluation was distributed including open-ended questions 
to encourage anonymous modification of initial responses 
based on other members’ views (Supplement 3).

Statistical analysis

Data were summarized and descriptive statistics based 
on committee member responses included. High levels of 
agreement or consensus were obtained for four items as 
determined by greater than 50% of respondents selecting 
“agree” or “strongly agree”. All data analysis was performed 
with Microsoft Excel (2010) and IBM SPSS Statistics 24 
(2016). Significance was accepted at p < 0.05. Intraclass cor-
relation coefficients (ICC) were also calculated to evaluate 
for changes in reliability across the different phases of the 
Delphi approach. Reliability measurements were calculated 
for absolute agreement between multiple raters for each 
concept.

Results

Phase I: qualitative assessment

Eighteen members of the APSA-CCC completed the 
survey at each stage of the Delphi process. Respondent 
characteristics were assessed in the first survey (Table 1). 
16 unique institutions were represented with participants 
from current (75%) and immediate past (25%) CCC. More 
than 50% of participants reported managing 5–15 patients 
with CDH per year. 44% of respondents reported placing 
26–50% of patients with CDH on ECMO. One respondent 
reported that their institution did not use ECMO and was 
excluded from remainder of analysis. Of the participants 
who used ECMO for CDH at their institution, the majority 
reported management by an interdisciplinary team includ-
ing neonatologists or pediatric intensivists and pediatric 
surgeons. There was significant variability regarding tim-
ing of repair and type of repair (thoracoscopic versus 

Table 1  Survey response to controversial topics in the use of extracorporeal membrane oxygenation in patients with congenital diaphragmatic 
hernia, n (%)

Disagree/strongly 
disagree

Agree/strongly agree % CV

a. Contraindications to ECMO
 Complex, unrepairable cardiac defect 0 (0) 18 (100) 70.2
 Lethal chromosomal abnormality 0 (0) 18 (100) 55.4
 Gestational age < 32 weeks 7 (38.9) 6 (33.3) 237.4
 Intracranial hemorrhage grade III or IV 0 (0) 16 (88.9) 87.8

b. Situations where CDH repair should not be offered after ECMO initiated
 Occurrence of massive intracranial hemorrhage while on ECMO 1 (5.6) 15 (83.3) 98.7
 Newly diagnosed lethal genetic or metabolic abnormality 0 (0) 17 (94.4) 78.0
 Unable to come off ECMO after 4–5 weeks 6 (33.3) 8 (44.4) 215.1

Table 2  Indications for ECMO

Factor % respondents

Instability of preductal saturations 75.0
Preductal saturations < 85% in first 24 h 31.3
Following addition of pressors 25.0
Following trial of nitric oxide 25.0
Following trial of steroids 6.3
Following trial of intravenous pulmonary vasodila-

tors
6.3

First blood gas after birth 6.3
Oxygenation index > 40 56.3
Oxygenation index 25–40 43.8
Persistent, refractory acidosis 12.5
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open) for patients not on ECMO, although all respondents 
reported open repair when on ECMO.

Regarding indications for ECMO, the most frequently 
cited factors included instability of preductal saturations, 
preductal saturations < 85% in the first 24 h, and high 
oxygenation index (> 40) (Table 2). Open-ended ques-
tions were included to identify situations in which ECMO 
should not be offered to a patient with a CDH. A variety 
of responses were obtained including primarily patient 
characteristics such as birth weight, gestational age, pres-
ence of intracerebral hemorrhage and associated anoma-
lies. The most common cited contraindications to ECMO 
were birth weight, gestational age, grade III–IV intracra-
nial hemorrhage, significant coagulopathy or uncontrolled 
bleeding and major cardiac malformation were cited most 
commonly (Table 3). When decisions were made regard-
ing repair of CDH and use of ECMO, most respondents 
described a multidisciplinary approach, with pediatric 
specific palliative care available to 75% of respondents.

Phase II: ranking evaluation

Three items were identified for inclusion as situations where 
CDH repair should not be offered to a patient after placing 
them on ECMO. Two items were identified as having high 
levels of agreement (occurrence of a massive intracranial 
hemorrhage while on ECMO and new diagnosis of a lethal 
genetic or metabolic abnormality). The remaining item, ina-
bility to come off ECMO within 4–5 weeks, had significant 
variability in responses. A comprehensive literature review 
was performed to identify studies addressing outcomes and 
maximum time on ECMO. Articles were distributed to com-
mittee members for review (Supplement 4) prior to Phase 
III of the Delphi approach. Intraclass correlation coefficient 
to assess inter-rater reliability was 0.93 (95% CI 0.87–0.97). 
When separated by topic, intraclass correlation was highest, 
with the narrowest confidence interval, for level of agree-
ment with contraindications to ECMO (ICC 0.94, 95% CI 
0.88–0.98) compared to situations where CDH repair should 
not be offered (ICC 0.94, 95% CI 0.75–1.00) and indications 
for ECMO (ICC 0.86, 95% CI 0.64–0.98).

Table 3  Contraindications for 
ECMO

Factor % respondents

Birthweight < 2000 gm 62.5
Gestational age < 34 weeks 43.8
Intracranial hemorrhage grade I 6.3
Intracranial hemorrhage grade II 43.8
Intracranial hemorrhage grade III 75.0
Intracranial hemorrhage grade IV 81.3
Significant coagulopathy or uncontrolled bleeding 56.3
Mechanical ventilation > 10–14 days 25.0
Major cardiac malformation 56.3
Severe pulmonary hypoplasia (predicted lung volume < 15%) 37.5
Oxygenation index < 40 12.5

Table 4  Survey response to controversial topics in the use of extracorporeal membrane oxygenation in patients with congenital diaphragmatic 
hernia (round 3 Delphi approach), n (%)

Disagree/strongly 
disagree

Neutral Agree/strongly agree

a. Contraindications to ECMO
 Complex, unrepairable cardiac defect 0 (0) 0 (0) 18 (100)
 Lethal chromosomal abnormality 0 (0) 0 (0) 18 (100)
 Gestational age < 30 weeks 2 (11.1) 6 (33.3) 10 (55.6)
 Intracranial hemorrhage grade III or IV 1 (5.9) 0 (0) 16 (94.1)

b. Situations where CDH repair should not be offered after ECMO initiated
 Occurrence of massive intracranial hemorrhage while on ECMO 2 (11.1) 2 (11.1) 15 (76.5)
 Newly diagnosed lethal genetic or metabolic abnormality 1 (5.6) 4 (22.2) 13 (72.2)
 Unable to come off ECMO after 4–5 weeks 9 (50.0) 4 (22.2) 5 (27.8)
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Phase III: consensus assessment

A third and final survey was distributed to committee mem-
bers after review of responses and literature. A total of 19 
committee members responded to this survey, all of whom 
had completed the first two portions of the Delphi process. 
With modifications based on the second phase, a high level 
of agreement was achieved for six items on the list of con-
traindications to ECMO in a patient with CDH and again, 
two items on the list of situations where CDH repair should 
not be offered after placing a patient on ECMO (Table 4). 
A telephone conference call was also conducted including 
survey respondents to review the results of the survey. The 
points of greatest discordance were discussed along with a 
review of available literature specific to these controversial 
topics. Intraclass correlation coefficient to assess inter-rater 
reliability was essentially unchanged overall when compared 
to Phase IIat 0.93 (95% CI 0.86–0.98). When separated by 
topic of concern, higher intraclass correlation was noted for 
level of agreement with contraindications to ECMO (ICC 
0.95, 95% CI 0.87–0.99) compared to situations where CDH 
repair should not be offered (ICC 0.89, 95% CI 0.56–1.00).

Discussion

Based on the results of this study, it is clear that despite the 
advances in medical and surgical care, there remains variable 
agreement between providers on how best to address contro-
versial and multifaceted management plans in neonates with 
CDH requiring ECMO. CDH is a complex and often times 
fatal defect of development. Despite a high incidence and 
movement towards centralization of management to high-
volume centers, there is significant variability in manage-
ment [12, 13]. Two areas of particular interest, situations 
where ECMO should not be offered to a patient with CDH 
and situations where repair of CDH should not be offered 
to a patient placed on ECMO were addressed in this study. 
Given the variability in management identified on studies by 
the Children’s Hospitals Neonatal Consortium CDH Study 
Group and review of data collected by the Extracorporeal 
Life Support Organization (ELSO), a Delphi approach was 
employed to achieve consensus among pediatric surgeons of 
the APSA-CCC committee [1, 14, 15].

With the increasing utilization of ECMO for patients with 
CDH and other pathology, several institutions have put forth 
guidelines regarding indications, contraindications, and pro-
tocols for appropriate use. In a systematic review published 
by the APSA Outcomes and Evidence Based Practice Com-
mittee in 2015, 21 papers were selected for in-depth review 
regarding ECMO utilization in CDH [3]. Though other areas 
of CDH management including preferred mode and sup-
port of the guidelines utilized by the University of Michigan 

(Supplement 4) are outlined in this review, contraindications 
to ECMO cannulation were excluded [16–18].

Contraindications to initiation of ECMO

This study sought to identify specific contraindications 
for ECMO in patients with CDH but found several factors 
achieving variable levels of agreement among committee 
members. High levels of agreement were found for patients 
with complex, unrepairable cardiac defects, lethal chromo-
somal abnormalities, intracranial hemorrhage grade III–IV, 
and pre-existing diagnosis of significant coagulopathy or 
bleeding disorder. These factors are all found to be indepen-
dently associated with higher risk of mortality in neonates 
and increased rates of complications specific to ECMO and 
otherwise impaired life expectancy. In a survey of active 
neonatal ECMO centers, greater than 90% of respondents 
would not offer ECMO to a neonate with Trisomy 13 or 18, 
while 73% would not offer ECMO to a patient with grade 
III or IV intraventricular hemorrhage [19, 20]. Pre-existing 
intracranial hemorrhage has long been considered a relative 
contraindication for ECMO based on the need for systemic 
anticoagulation [21]. Advances in ECMO technology and 
introduction of novel anticoagulants, however, have allowed 
for use of ECMO in the setting of traumatic brain injury and 
stroke though further data is needed before ECMO use in the 
setting of high grade ICH would be recommended in pedi-
atric patients [22]. While presence of pre-existing bleeding 
disorder and coagulopathy were identified as a contraindica-
tion for ECMO by greater than 50% of respondents in the 
first phase of this study, more recent literature demonstrates 
no difference in intracranial hemorrhage or infarct in pediat-
ric ECMO patients based on coagulation profile [23].

Two factors frequently cited in the literature as barriers to 
cannulation for ECMO and receiving a significant amount of 
attention in this study include gestational age and weight. In 
a review of factors affecting outcomes on ECMO, Bokman 
et al. reported disparities in outcome and resource utilization 
in pediatric patients [6]. For patients specifically with CDH, 
variable results are reported based on gestational age and 
weight at time of cannulation [24]. Birthweight < 2 kg is fre-
quently cited as cutpoint for higher risk of mortality though 
gestational age is a bit more variable [25]. Data recently 
published from the ELSO registry, adjusted for comorbidi-
ties and complications, however, demonstrated no change 
in mortality based on birthweight. Consistent with previous 
literature, gestational age rather than birthweight was found 
to be independently associated with increased mortality [26, 
27]. Though there was significant discordance in the pre-
sent study on whether or not gestational age and birthweight 
should be recommended as contraindications to ECMO in 
CDH, agreement improved when weight limit was decreased 
to < 1800 g and gestational age to < 30 weeks.
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Contraindications to CDH repair after initiation 
of ECMO

The second point of emphasis of this study identifies situa-
tions in which a patient has already been placed on ECMO 
but repair of the CDH may be controversial or even con-
traindicated. Potential scenarios where this may arise were 
introduced by committee members and set forth to the group 
through the surveys. Three factors were included in the final 
phase of the Delphi process with again variable levels of 
agreement. The two points reaching highest consensus are 
the development of a massive head bleed (intracranial hem-
orrhage grade III or IV) or diagnosis with a lethal genetic 
or metabolic abnormality while on ECMO, two variables 
previously cited as contraindications to ECMO if identified 
prior to cannulation.

Unfortunately, consensus on the optimal duration of 
ECMO or time after which CDH repair should not be 
offered, was not achieved through the Delphi process. Many 
respondents described protocols to determine when repair 
was to be performed, if done on ECMO, with the major-
ity occurring within the first 48 h of cannulation. Other 
respondents reported inability to come of ECMO as an 
indication for repair of CDH. Of note, in all circumstances, 
respondents described a multidisciplinary team approach to 
the decision not to offer repair of CDH. Very few facilities 
had neonatal specific palliative care teams but the majority 
had designated providers for the pediatric services.

This ambiguity is consistent with the current literature. 
Pugliandla et al. concluded that while no specific lengths of 
runs of ECMO can be recommended, acceptable survival 
was observed up to 4 weeks and that some patients may 
even require a second trial of ECMO [4, 28, 29]. In a review 
of the pediatric ELSO registry from 2009 to 2015, the aver-
age run duration for patients with CDH was 12 days with 
50% survival to hospital discharge compared to meconium 
aspiration, the second most common respiratory diagnosis, 
with average run duration of 6 days and 93% survival to dis-
charge [15]. Additional retrospective reviews demonstrated 
longer durations of ECMO for patients repaired “late” on 
ECMO (average 18 ± 6.1 days) compared to “early” repair 
on ECMO (average 12 ± 7.5 days) and following decannula-
tion (average 10 ± 3.5 days), but are unable to fully account 
for intrinsic differences in patients deemed stable enough for 
early versus late repair or decannulation [30, 31].

Limitations

One limitation of using the Delphi approach to establish 
consensus is in the limited number of participants in the 
survey process. While the study included only members 
of the APSA-CCC, a committee whose primary goal is to 
represent the APSA on issues such as these, members of 

the surgical community with high-volume experience and 
expertise specifically regarding ECMO and CDH, were 
not included. Many members of the committee chair their 
respective critical care departments and oversee fellowship 
training and were appointed committee membership based 
on election and is felt to represent a large proportion of the 
pediatric surgical community.

While surveys and Delphi processes may be limited by 
group think or over representation of the opinions of a few 
outspoken individuals, this survey was completed anony-
mously without sharing of rolling results. Individuals could 
only complete the survey once for each round of the study 
thus ensuring uniform representation among participants. 
To that end, studies of this nature are limited in the sup-
port of large databases and randomized controlled studies. 
They do, however, provide a foundation for moving forward 
with such studies based on clinical experience, expertise, 
and equipoise.

Finally, there are many areas of controversy with regards 
to the management of ECMO in patients with CDH. These 
two questions were selected for review based largely on the 
paucity of literature to address them and the frequency with 
which they present in clinical practice. Other questions for 
consideration, on which significantly more literature has 
become available in the past two decades, such as percu-
taneous versus open access for ECMO and timing of repair 
of CDH with respect to ECMO decannulation, were not 
addressed in this manuscript. They do, however, warrant 
ongoing discussion amongst experts in the field.

Conclusions

Despite the limitations inherent to the methods employed, 
this study successfully addressed two controversial topics 
in the management of patients with CDH. Based on the 
consensus of the APSA Critical Care Committee, it is our 
recommendation that (1) ECMO not be offered to patients 
with complex, unrepairable cardiac defects, lethal chromo-
somal abnormalities, intracranial hemorrhage grade III–IV, 
and pre-existing diagnoses of significant coagulopathy or 
bleeding; and (2) for patients already on ECMO, a multidis-
ciplinary team should be involved in the decision of whether 
or not to offer repair of CDH to patients diagnosed with 
a new, high-grade intracranial hemorrhage, patients with a 
new diagnosis of lethal genetic or metabolic disorder, and, 
depending on institutional policies, to those unable to make 
significant progress after an extended duration of time on 
ECMO. We recommend institution-specific protocols for 
facilitating the care of complex neonates to include dura-
tion of ECMO and timing of repair (level V evidence, expert 
opinion) with ongoing data collection for standardized out-
come assessment.
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