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Abstract

Purpose—Previous studies comparing extracorporeal membrane oxygenation (ECMO) modality 

for congenital diaphragmatic hernia (CDH) have not accounted for confounding by indication. We 

therefore hypothesized that using a propensity score (PS) approach to account for selection bias 

may identify outcome differences based on ECMO modality for infants with CDH.

Methods—We utilized ELSO Registry data (2000–2016). Patients with CDH were divided to 

either venoarterial (VA) or venovenous (VV) ECMO. Patients were matched by PS to control for 

non-random treatment assignment. Subgroup analyses were conducted based on timing of CDH 

repair relative to ECMO. Primary analysis was the “intent-to-treat” cohort based on the initial 
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ECMO mode. Mortality was the primary outcome, and severe neurologic injury (SNI) was a 

secondary outcome.

Results—PS matching (3:1) identified 3,304 infants (VA=2,470, VV=834). In the main group, 

mortality was not different between VA and VV ECMO (OR=1.01, 95%CI:0.86–1.18) and there 

was no difference in SNI between VA and VV (OR=0.80; 95%CI:0.63–1.01). For the pre-ECMO 

CDH repair subgroup, 175 VA cases were matched to 70 VV. In these neonates, mortality was 

higher for VV compared to VA (OR=2.10, 95%CI:1.19–3.69), without any difference in SNI 

(OR=1.48; 95%CI:0.59–3.71). For the subgroup that did not have pre-ECMO CDH repair, 2,030 

VA cases were matched to 683 VV cases. In this subgroup, VV was associated with 27% lower 

risk of SNI relative to VA (OR=0.73, 95%CI:0.56–0.95) without any difference in mortality 

(OR=0.94, 95%CI:0.79–1.11).

Conclusion—This study revalidates that ECMO mode does not significantly affect mortality or 

SNI in infants with CDH. In the subset of infants who require pre-ECMO CDH repair, VA favors 

survival. Whereas, in the subgroup of infants that did not have pre-ECMO CDH repair, VV favors 

lower rates of SNI. We conclude that neither mode appears consistently superior across all 

situations, and clinical judgement should remain a multifactorial decision.

Keywords
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1. INTRODUCTION

Congenital diaphragmatic hernia (CDH) is the leading indication for neonatal respiratory 

ECMO[1]. Two distinct cannulation options currently exist, venoarterial (VA) and 

venovenous (VV) ECMO. Both methods offer unique risks and benefits. VA ECMO is the 

most common cannulation method for CDH due to several theoretical factors: (1) Compared 

to other conditions that require neonatal ECMO, the physiologic consequences of pulmonary 

hypoplasia of CDH can be, or are perceived as, more severe for which VA ECMO is favored, 

(2) VA ECMO is less cumbersome to provide and manage at the bedside, and experience 

with VA ECMO is greater in most institutions, (3) starting with VA avoids the possibility of 

conversion from VV, and there may exist anatomic reasons where VV may not be an 

option[2, 3]. All previous research comparing the two modalities has not demonstrated a 

survival difference between VV and VA ECMO for CDH [4–6]. In 2015, APSA Outcomes 

committee’s systematic review on CDH stated that mode of ECMO modality has little 

bearing on CDH outcomes [7].

Previous body of work comparing VV and VA ECMO in infants with CDH includes 

previously noted limitations relating to the retrospective nature of these studies and the data 

elements that were available for risk stratification [8]. Although the data elements within the 

ELSO registry have not changed significantly, additional years of data have been collected 

since the last report on this subject. Furthermore, previous studies did not include statistical 

methodology to account for selection bias in selecting an ECMO mode of support. Thus, we 

undertook this study to address the efficacy of VA vs. VV using propensity score matched 

cohorts to minimize the influence of selection bias using a contemporary ELSO dataset. 
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More specifically, our current study aimed to: 1) determine the efficacy of VA/VV with 

respect to the primary outcome, patient mortality, under an intention to treat (ITT) model; 2) 

examine whether treatment outcome differs in populations with and without pre-ECMO 

repair of diaphragmatic hernia; and 3) assess the extent to which inclusion/exclusion of 

neonates with VV to VA conversion affect treatment outcomes. Lastly, the study sought to 

compare VV to VA ECMO for patients with respect to severe neurologic injury (SNI) as a 

secondary outcome.

2. METHODS

2.1 Data Source and Cohort

This study was approved by the Children’s Hospital Orange County institutional review 

board (#150969). The ELSO Registry collects clinical information for adults and children 

with cardiorespiratory failure treated with ECMO. We queried the ELSO registry data for 

neonates whose primary diagnosis was CDH from 2000 to 2016. The study population 

consisted of neonates whose primary diagnosis was CDH. Every subject in the dataset was 

treated with ECMO. An exhaustive search through all secondary ICD-9 diagnosis codes was 

conducted to establish dichotomous variables to identify the presence of comorbidities. The 

first ECMO run was used for each neonate. We excluded patients with missing sex and 

ECMO mode (N=51 patients) and the final cohort included 4,580 neonates with CDH, 

including right sided, left sided or bilateral, all of whom were treated with ECMO.

2.2 Outcomes, Treatment Variables, and Analysis Cohorts

The main exposure/treatment variable was ECMO mode, VA and VV. Neonates who were 

treated with VA or VA bypass with retrograde venous drainage and those that were 

converted from VA to VV (VA-VV) were all considered to be VA[4]. Neonates treated with 

venovenous with a double lumen cannula (VVDL), VVDL with retrograde venous drainage 

(VVDL+V), and VV to VA conversion (VV-VA) were all considered VV[4]. The primary 

analysis cohort was the “intent-to-treat” cohort (ITT) defined based on the initial ECMO 

mode received. We note the distinction being made here that the “ITT” cohort should not be 

based on exclusion of neonates based on mode conversion as it would be unknown whether 

the ECMO mode would change for a neonate at the time of initiating ECMO, analogous to 

the assignment of treatment in a randomized controlled trial (RCT). Thus, appropriately, we 

explored in a post-hoc (secondary) analysis whether exclusion of infants with VV-VA 

conversion affected the results. This cohort is referred to as a “conditional cohort,” defined 

retrospectively conditioned on knowing VV-VA conversion status (which would not be 

known at the time of initial treatment assignment/determination). For the primary and 

secondary outcome variables, we further examined whether efficacy differed based on if the 

diaphragmatic hernia repair was performed prior ECMO (pre-ECMO repair), during ECMO 

(on-ECMO repair), or after liberation from ECMO (post-ECMO repair).

The primary outcome was patient mortality at discharge. The secondary outcome was severe 

neurologic injury (SNI), which was defined as a composite of acute neurological events 

(CNS hemorrhage, infarct, and/or intraventricular hemorrhage (IVH) grade 3&4) during 

ECMO represented in ELSO Registry[9]. Cerebral infarction or intracerebral hemorrhage 
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(ICH) reported to the ELSO Registry are diagnosed using head ultrasonography or 

computerized tomography[10]. We excluded seizures, grade I, and grade II IVH from the 

definition of SNI[9, 11, 12]. Furthermore, we excluded brain death, which is also listed as a 

neurologic complication by ELSO, from the definition of SNI as this would lead to 

confounding with mortality. SNI therefore only measures severe neurologic insults during 

the same admission as ECMO.

2.3 Statistical Analysis

Propensity score (PS) matching[13] was performed to select the matched study cohorts with 

a feasible maximum of three VA’s per VV treatment case. A 3:1 match was feasible and 

afforded for maximal patients to be included in the study. The PS matching caliper was 0.15 

times the standard deviation of the PS in the VV ECMO group. The caliper is a set threshold 

for matching the PS values between two patients in each of the treatment groups (i.e. PS for 

a patient on VV ECMO to a patient on VA ECMO). A smaller caliper threshold represents a 

more stringent matching criterion. PS’s were estimated based on a logistic regression model 

on the response variable as VV/VA treatment with pre-ECMO covariates: demographics 

variables including gender, birthweight (BW), race, gestational age (GA), post-gestational 

age, 5min Apgar, side of CDH, prenatal diagnosis of CDH, CDH repair prior to ECMO, 

hand-bagging and pre-ECMO arrest; blood gas/ventilator variables included pH, pCO2, and 

pO2, mean airway pressure (MAP), oxygenation index (OI); pre-ECMO rescue therapies 

included inotropes, bicarbonate/THAM, nitric oxide, surfactant, neuromuscular blockers, 

milrinone, sildenafil and steroids; comorbidity variables included critical congenital heart 

disease (CCHD), multiple congenital anomalies (MCA), chromosomal anomalies and 

perinatal infection. Missing values of BW, GA, pCO2, pO2 and OI were obtained using 

mean imputation (missing rate: 3.7–10.3%).

Continuous variables were reported as mean with standard deviation (SD) and compared 

using two-sample t-test and categorical variables were compared using chi-square test before 

and after PS matching. Univariate logistic regression models based on the matched sets were 

the primary analyses used to estimate odds ratio and 95% confidence interval (CI) within the 

matched set. Sensitivity analyses based on multivariate logistic regression adjusting for risk 

factors used in the matching yielded similar results and are not reported. Analyses were 

performed using SAS version 9.3 and R version 3.2.2.

3. RESULTS

3.1 Cohorts and Unmatched Baseline Characteristics

We identified 4,580 neonates with CDH who were treated with ECMO from 2000–2016 

(partial latest data for 2016). The overall mortality was 2,391 (52.21%). There were 1,234 

patients (26.94%) who were liberated from ECMO and did not survive to discharge. VA and 

VV ECMO were initially used in 82% and 18% of neonates, respectively (3743 in VA and 

837 in VV). Of these 837 VV cases, 125 were later converted from VV to VA (15% of all 

VV cases and 3% of the entire cohort). Observed mortality rate in VV-VA conversion group 

was more than 10–15% higher than other groups (conversion: 63.2%, VA: 52.6% and VV: 

48.0%). The prevalence of SNI and proportion of death or SNI in the conversion group were 
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also the highest among all mode groups (Table 1). The percentage of SNI in VA, VV and 

conversion groups were 15.4%, 13.9% and 18.4%, respectively. There were 441 neonates in 

whom CDH repair was performed prior to being placed on ECMO, compared to 3790 who 

were not repaired prior to ECMO. Information on timing of CDH repair was missing for 349 

infants. The overall rate of pre-ECMO CDH repair was 9.6% in the full cohort. The pre-

ECMO repair rate in VV-VA conversion group was much higher than VA and VV groups 

(9.8% in VA, 6.9% in VV and 19.2% in conversion).

Multiple baseline characteristics including demographics, blood gas/ventilator, pre-ECMO 

rescue therapies and comorbidity variables were found to be significantly different between 

VA and VV in both ITT cohort and the cohort with exclusion of infants with VV-VA 

conversion before propensity score matching. In ITT cohort, neonates treated with VV 

ECMO were associated with heavier birthweight, more left side diaphragmatic hernia, less 

infants arrested before ECMO, higher pH, more frequent use of nitric oxide and 

neuromuscular blockers, less use of milrinone and sildenafil, and lower prevalence of CCHD 

relative to VA ECMO (Table 2). After the exclusion of VV-VA conversion, lower incidence 

of pre-ECMO CDH repair and higher rate of HFOV were noted within the VV group (data 

not shown). There was no difference in baseline patient characteristics between VV and VA 

groups after matching.

3.2 Propensity Score Matched ITT Cohort

3.2.1 Primary Outcome: Mortality—The propensity score matching identified 3,304 

infants (VA = 2,470, VV = 834). Table 2 shows that there were no significant differences in 

demographics, blood gas/ventilator, pre-ECMO rescue therapies and comorbidity variables 

after PS matching. The odds of death were not significantly different between VA and VV 

ECMO treatment (OR = 1.01, 95% CI: 0.86–1.18, P = 0.95, Table 3A; Figure 2A).

We next examined whether the finding of no treatment difference extends to the neonates 

who had pre-ECMO CDH repair compared to all others where CDH repair was not 

performed prior to ECMO. After matching, a total of 2,713 neonates were identified who did 

not have pre-ECMO CDH repair, of which 2,030 VA cases were matched to 683 VV cases. 

A plot of the standardized differences, showed no substantive difference in covariates 

between ECMO modes in the subpopulation (Figure 1A). Among those who did not have 

pre-ECMO repair, there was no significant difference in mortality between VA and VV with 

OR = 0.94 (95% CI: 0.79–1.11, P = 0.462, Table 3A).

3.2.2 Secondary Outcome: SNI—We evaluated for potential differences in the 

secondary outcome, SNI, within the PS-matched groups. There was no difference in SNI 

between VA and VV ECMO (OR = 0.80; 95% CI: 0.63–1.01; P = 0.062, Table 4A) among 

the main PS matched group. For the subgroup of infants that did not have pre-ECMO CDH 

repair, VV was associated with 27% lower risk of SNI relative to VA (OR = 0.73; 95% CI: 

0.56–0.95; P = 0.021).
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3.3 Post-Hoc Analyses: Timing of CDH Repair

We further evaluated the cohort with pre-ECMO CDH repair, where 175 VA cases were 

matched to 70 VV. Among those with pre-ECMO repair, the odds of death for VV group 

was more than doubled compared to VA treatment (OR = 2.10, 95% CI: 1.19–3.69; P= 

0.010). There was no difference in SNI within the cohort that underwent pre-ECMO CDH 

repair (OR = 1.48; 95% CI: 0.59–3.71; P = 0.399).

Subgroups by (a) on-ECMO repair (N=1290), (b) post-ECMO repair (N=928), and (c) no-

repair (N=437) were also examined. (We note ELSO data does not provide reason for no-

repair, such as failure to wean from ECMO.) With respect to our primary outcome, 

mortality, there were not differences in mortality within subgroups between VV and VA 

ECMO (all P > 0.25, OR = 0.990, 0.791, and 0.680 for subgroups a, b, and c, respectively), 

consistent with our original finding in the overall no pre-ECMO repair cohort; OR=0.937, 

P=0.4616).

With respect to our secondary outcome, SNI, overall OR estimates were also consistent with 

the original results for the overall no pre-ECMO repair cohort; however, the 27% lowered 

odds of SNI in the VV group for the overall no pre-ECMO repair cohort was driven by the 

no-repair subgroup (OR=0.415; 95% CI: 0.223-0.223–0.769; P=0.0052).

3.4 Post-Hoc Analyses with Exclusion of VV-VA Conversion

3.4.1 Mortality—After the exclusion of the VV-VA conversion group, the matching lead to 

2,821 infants (VA = 2,113, VV = 708) in the main group. There were no significant 

differences in any patient covariates after matching (data not shown). Similar to the ITT 

analysis (where VV-VA conversion was included in the VV cohort for all analyses), there 

was no difference between VA and VV ECMO treatment on mortality (OR = 0.91, 95% CI: 

0.77–1.08; P = 0.303, Table 3B; Figure 2B) among all infants with conversion excluded, 

although estimated OR of death was incrementally lower (OR = 0.91 vs. 1.01).

A total of 2,339 infants were matched that did not have pre-ECMO CDH repair (N = 1,748 

VA, N = 591 VV). The plot of standardized difference is provided in Figure 1B. Among 

infants without pre-ECMO repair, VV and VA cohorts were not significantly different in 

mortality (OR = 0.86, 95% CI: 0.71–1.03; P = 0.105, Table 3B). Note that the direction of 

the OR is same as ITT results. However, different from the ITT results, mortality risk 

between VV and VA were not different among the matched cohort of 180 infants (133 VA; 

37 VV) that underwent pre-ECMO CDH repair (OR = 1.39; 95% CI: 0.71–2.71; P = 0.332). 

This demonstrates that the exclusion of VV-VA conversion group accounts for the difference 

in mortality seen amongst those infants that underwent CDH repair and then required 

treatment with ECMO.

3.4.2 SNI—In the cohort of patients that excluded VV-VA conversion, VV was associated 

with a lower risk of SNI (OR = 0.76; 95% CI: 0.58–0.99; P = 0.044, Table 4B). Similar to 

the ITT analysis, infants treated with VV were associated with a lower risk of SNI relative to 

VA among infants that were not in the pre-ECMO CDH repair group (OR = 0.69; 95% CI: 
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0.52–0.93; P = 0.013). There was no difference in SNI within the cohort that had pre-ECMO 

CDH repair (OR = 0.16; 95% CI: 0.02–1.23; P = 0.079).

3.5 Sensitivity Analyses

3.5.1 ECMO Duration—A sensitivity (post hoc) analysis was conducted that included 

ECMO duration in the PS matching so that there would be no difference in ECMO duration 

between VA and VV groups. The mean (SD) of duration (weeks) of ECMO support before 

and after PS matching in VA vs. VV was 1.67 (1.06) vs. 1.72 (1.12) and 1.71 (1.06) vs. 1.72 

(1.12) for unmatched and matched groups, respectively. In the analysis accounting for 

ECMO duration , there were no differences in the results compared to our main results. 

Specifically, there was no difference in mortality (OR = 0.970; 95% CI: 0.829–1.135; P = 

0.7027) in the overall cohort ; for SNI, the results were also similar with lower risk of SNI 

among those who did not have pre-ECMO CDH repair (OR = 0.797; 95% CI: 0.565–0.957; 

P = 0.0223).

3.5.2 Years of ECMO: 2006–2016—Our main analysis included data from the years 

2000–2016. We examined a more contemporary cohort based on the last 10 years of data as 

a sensitivity analysis. Similar to the original cohort, there was no difference in mortality 

(OR=0.957; 95% CI: 0.775–1.182; P=0.686). There was no difference in mortality between 

VV and VA ECMO for infants between 2006 and 2016 that underwent pre-ECMO repair 

(OR=1.558; 95 % CI: 0.679–3.357; P=0.295). However, the estimated risk of mortality was 

notably higher for this group overall, similar to the results of the original cohort (OR = 2.10, 

95% CI: 1.19–3.69; P= 0.010). There was no difference in mortality for the cohort that did 

not undergo pre-ECMO repair (OR=0.976; 95% CI: 0.774–1.231; P=0.836). We note that 

the sensitivity analysis result for the cohort with pre-ECMO repair should be interpreted 

with caution given the reduction in sample size (N=108 neonates with pre-ECMO repair, a 

reduction of 38%).

Sensitivity analyses for the secondary outcome, SNI, also showed no difference in risk of 

SNI between VV and VA in the overall cohort (as well as the for cohort with pre-ECMO 

repair), consistent with analyses based on all years. However, for the cohort that did not 

undergo pre-ECMO repair risk of SNI estimate for VV relative to VA was similar 

(OR=0.875 vs. OR=0.733 for 10 years versus all years), although not statistically significant 

(95% CI: 0.623–1.230).

3.5.3. Exclusion of Pre-ECLS Arrest—Sensitivity analyses that excluded patients who 

arrested prior to ECMO, showed the results for the primary outcome, mortality, were 

essentially unchanged in all cohorts. The results were also similar for the secondary 

outcome, SNI, in the overall cohort and the cohort without pre-ECMO repair. For the cohort 

without pre-ECMO repair, the risk of SNI for VV vs. VA was incrementally, but not 

substantially, changed (OR=0.769; 95% CI: 0.584–1.012; P=0.0620).

4. DISCUSSION

Although a randomized controlled trial (RCT) would be the gold standard for identifying a 

clinical advantage of a specific ECMO modality, when applied to infants with CDH, the 
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incidence, resources, time, and collaborative effort required limit the feasibility of this 

approach. This is further complicated by the heterogeneity in ECMO utilization rates and 

variation in treatment algorithms across centers making it near impossible to perform a 

clinical trial of this nature[14]. Propensity score matching is a feasible alternative for a 

retrospective observational study to minimize bias in the assessment of treatment efficacy, 

which is ideally achieved with a RCT study design. In this current study, the propensity 

score was developed from the data elements that were present within the ELSO Registry that 

identified choice of treatment of ECMO modality as an outcome. The main analysis matched 

2,470 VA cases to 834 VV cases (3:1) based on the PS score. The differences seen in 

multiple baseline characteristics and pre-ECMO parameters between VA and VV groups 

were accounted for after PS matching. In the matched groups, the odds of death were not 

different between VA and VV ECMO. This overall result is in agreement with what was 

previously reported [4, 6, 15].

If VV ECMO is deemed insufficient to meet the hemodynamic needs of the patient, the only 

option is conversion to VA ECMO. Given that VV has a failure rate, we evaluated the VV-

VA conversion rate and the specific mortality in this group. The VV conversion rate was 

15% in this study and as a subgroup they had the greatest mortality rate, 10–15% higher 

compared to VA or VV cases that were not within the conversion group. In the main 

analysis, we included the VV-VA conversion group within the VV cohort, as the initial 

treatment intent in those infants was VV [16]. This therefore accounts for intention to treat 

bias in the main analysis. When we separately compared VV to VA ECMO after excluding 

the VV-VA conversion group from VV cases, there still was no statistically significant 

difference between the two groups within the PS matched groups. Clearly, the cases of VV 

that failed are playing a part in inflating the mortality rate within the VV cohort, however, 

there is still no difference in mortality at discharge—the primary outcome of the study—

when we compare VV and VA where there were no converted cases. Proponents of VV may 

argue that those infants that failed VV may have failed VA had they been placed on VA 

initially, however there are no good means to test that hypothesis as the sample size is rather 

small. We also don’t know why infants died on VV without being converted to VA, and it is 

possible that some may have survived with conversion. These are tough situations and 

clinical clarity may not exist, yet the comparisons above demonstrate a statistically non-

significant effect of VV-VA conversion group to overall survival.

Given the susceptibility for neurologic complications during ECMO [4, 10], we studied the 

odds of severe neurological complications attributable to ECMO. ELSO Registry does not 

contain long term neurodevelopmental outcomes, but other investigators have linked ECMO 

to developmental delay in the CDH population [10, 17, 18] as well as grade III/IV IVH to 

measurable delays in neonatal population [19]. Therefore, short of a true 

neurodevelopmental outcome that is measurable, we evaluated the odds of having SNI as the 

most significant adverse outcome that could be evaluated from the ELSO Registry. Within 

the PS-matched groups, there was no difference in the odds of having SNI between VV and 

VA ECMO. These results are different than previously reported [4, 10], but the secondary 

outcome we are measuring, as defined by SNI, is specifically focused on severe neurologic 

complications.
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In order to understand the contribution of the VV-VA conversion group on described primary 

and secondary outcomes, we conducted an ITT analysis. The group of infants who were 

converted, had the highest mortality rate within the entire cohort, and these significantly 

increase the mortality rate for the VV cohort, making it indistinguishable from the VA 

group. Although, odds of mortality was lower, the exclusion of the conversion group did not 

lead to a mortality difference or SNI between the matched VV and VA cohorts. Overall, 

these results suggest clinical equipoise once again in that ECMO modality does not affect 

mortality or SNI in infants with CDH.

Whether there is a repair and the timing of repair of the diaphragmatic hernia is an integral 

part of the treatment plan that is inherently complicated by timing of being placed or 

liberated from ECMO [8, 20, 21]. Repair could be done prior to ECMO, during or after 

ECMO. Overall the optimal timing of CDH repair is not known and is variable depending on 

institutional preferences/beliefs [22]. When repair is performed during or after ECMO, this 

is often the preference of the treatment team. However, when ECMO is required following 

CDH repair, it may be that patient decompensated either as a result of the repair or despite 

the repair and options were limited requiring ECMO as salvage. We therefore performed a 

post-hoc analysis on the subgroup of infants who underwent CDH repair prior to ECMO. 

This subgroup was significantly smaller than the initial main comparison, with 441 out of 

4580. Neonates treated with VV were associated with a two-fold increase in the odds of 

mortality compared to VA group among pre-ECMO repair infants in the ITT analysis, while 

the ECMO mode effect disappeared when we excluded the conversion. Furthermore, there 

was some evidence of significant difference in risk of SNI between VA and VV in both ITT 

and with conversion excluded analysis, meanwhile VV was associated with a lower risk of 

SNI compared to VA among infants without pre-ECMO repair, which matches previous 

observations that VA is associated overall with greater rate of neurologic complications[4].

There were multiple limitations to our study. We were unable to account or correct for 

potential data entry errors. Given the retrospective nature of the study, we were unable to 

account or correct for potential data entry errors. The error rate of ELSO Registry is believed 

to be near 1%[23]. Although the PS matching has strengths in terms of minimizing selection 

bias, it is limited by the available data and cannot account for unmeasured confounders 

(which is a unique advantage of RCTs). Another limitation of all ELSO based research is the 

selection bias of the Registry, in that every infant reported was subjected to ECMO, which in 

this case is not relevant as we are comparing outcomes related to mode of ECMO 

cannulation as both treatments (VV and VA) happen on ECMO. Timing (i.e. early or late) of 

conversion from VV to VA is not identified in the ELSO dataset, nor was reason for 

conversion (i.e. cannula issues, hemodynamic problems, or other reasons for VV failure). 

Had timing/reason for conversion from VV to VA been available, some of the conversions 

may have been treated differently in study design. Unfortunately, we were unable to account 

for center effect in is study, as ELSO does not, or no longer, releases center information for 

research. However, in our previous study comparing mode of ECMO[4], we were able to 

account for ECMO-center as a random effect, and it did not change the model estimates 

significantly. Risk stratification based on prenatal measurements and anatomic operative 

details have prognostic value for these infants, which we were not able to address because 

ELSO doesn’t collect that data. Given the significant variation in the measurement 

Guner et al. Page 9

J Pediatr Surg. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



techniques for lung-head-ratio and that most centers do not report these in an observed to 

expected ratio at different gestational ages, it is very difficult to incorporate such 

measurements from multiple institutions that provide data to ELSO.

In summary, we re-tested the hypothesis that ECMO modality affects survival among infants 

with CDH with statistical methodology that attempts to mimic an RCT. Overall, our study 

showed that after PS matching, there is no significant difference in mortality based on the 

mode of ECMO among infants with CDH. Furthermore, mode of ECMO does not have an 

effect on SNI, i.e. acute severe neurological events during ECMO. Nevertheless, in infants 

who required ECMO after CDH repair, VA ECMO was associated with lower odds of 

mortality but greater odds of SNI. We conclude that mode of ECMO does not have a 

measurable effect on mortality in infants with CDH, therefore, ECMO providers should base 

their decisions on center experience and anatomic restraints in choosing between VV and 

VA ECMO. Lastly, a strong consideration should be given to preferring VA cannulation in 

those infants who require ECMO after CDH repair.
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Figure 1. 
Depicts absolute standardized differences before (circles) and after matching (triangles). 

(Upper panels)- Includes intention-to-treat group (VV-VA conversion) as full cohort. (Lower 

Panels)- Excludes intention-to-treat group (VV-VA conversion). (A)- Matched VV and VA 

pairs among infants with no pre-ECMO CDH repair (Left), and with pre-ECMO CDH repair 

(Right). (B)- Depicts exclusion of VV-VA conversion (ITT group) from matched pairs. The 

threshold of 0.2 is the Cohen’s effect size index.

Guner et al. Page 12

J Pediatr Surg. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Odds ratio of death between neonates treated with VA relative to VV ECMO in (A.) IIT 
cohort and (B.) the cohort with exclusion of VV-VA conversion
A. ITT Cohort

B. Cohort with Exclusion of VV-VA Conversion
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Table 1

Frequency of mortality and SNI by mode of ECMO.

Mode N Death SNI

VA 3743 1970 (52.63%) 578 (15.44%)

VV 712 342 (48.03%) 99 (13.90%)

VV-VA 125 79 (63.20%) 23 (18.40%)

Total 4580 2391 (52.21%) 677 (14.78%)
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Table 3

Odds ratio of death between neonates treated with VV relative to VA ECMO in overall and subsets of with or 

without pre-ECMO CDH repair.

A. ITT Cohort

Parameter Category OR 95% Confidence
Interval

P
Value

ECMO mode

Overall

VA 1.00 (Reference)

VV 1.005 (0.859–1.175) 0.9541

No Pre-ECMO Repair

VV 0.937 (0.788–1.114) 0.4616

Pre-ECMO Repair

VV 2.096 (1.192–3.687) 0.0102

B. Cohort with Exclusion of VV-VA Conversion

Parameter Category OR 95% Confidence
Interval

P
Value

ECMO mode

Overall

VA 1.00 (Reference)

VV 0.914 (0.771–1.084) 0.3026

No Pre-ECMO Repair

VV 0.857 (0.711–1.033) 0.1047

Pre-ECMO Repair

VV 1.391 (0.714–2.711) 0.3319
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Table 4

Odds ratio of SNI between neonates treated with VV relative to VA ECMO in overall and subsets of with or 

without pre-ECMO CDH repair.

A. ITT Cohort

Parameter Category OR 95% Confidence
Interval

P
Value

ECMO mode

Overall

VA 1.00 (Reference)

VV 0.797 (0.628–1.011) 0.0620

No Pre-ECMO Repair

VV 0.733 (0.564–0.954) 0.0207

Pre-ECMO Repair

VV 1.484 (0.593–3.711) 0.3988

B. Cohort with Exclusion of VV-VA Conversion

Parameter Category OR 95% Confidence
Interval

P
Value

ECMO mode

Overall

VA 1.00 (Reference)

VV 0.759 (0.58–0.993) 0.0441

No Pre-ECMO Repair

VV 0.694 (0.521–0.925) 0.0128

Pre-ECMO Repair

VV 0.159 (0.02–1.234) 0.0785
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