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Abstract

Objective: Given significant focus on improving survival for “high-risk” congenital
diaphragmatic hernia (CDH), there is the potential to overlook the need to identify risk factors for
suboptimal outcomes in “low-risk” CDH cases. We hypothesized that early cardiac dysfunction or
severe pulmonary hypertension (PH) were predictors of adverse outcomes in this “low-risk” CDH
population.

Design: This is a retrospective cohort study using data from the CDH Study Group (CDHSG)
registry. “Low-risk” CDH was defined as CDHSG defect size A/B without structural cardiac and
chromosomal anomalies. Examined risk factors included left ventricular dysfunction (LVD), right
ventricular dysfunction (RVD), and severe PH on the first postnatal echocardiogram. The primary
outcome was composite adverse events, defined as either death, extracorporeal membrane
oxygenation (ECMO) utilization, oxygen requirement on day 30 of life, or hospitalization > 8
weeks. Multivariable adjustment was performed with logistic regression and inverse probability
weighting.

Setting: Neonatal index hospitalization for CDH
Patients: “Low-risk” CDH infants born between January 2015 and December 2018
Interventions: First postnatal echocardiogram performed within 24 hours from birth

Measurements and Main Results: 778 patients were identified as “low-risk” CDH. LVD,
RVD, and severe PH were present in 10.8%, 20.5%, and 57.5%, respectively. The primary
outcome occurred in 21.3%. Death occurred in 3.0% and 9.1% utilized ECMO. On unadjusted
analysis, all 3 risk factors were associated with the primary outcome. On all multivariable
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adjustment methods, LVD and severe PH remained significant predictors of adverse outcomes
while RVD no longer demonstrated any effect.

Conclusions: Early left ventricular dysfunction and severe pulmonary hypertension are
independent predictors of adverse outcomes among “low-risk” CDH infants. Early recognition
may lead to interventions that can improve outcome in this at-risk cohort.

Keywords

Congenital Diaphragmatic Hernia; Ventricular Dysfunction; Pulmonary Hypertension;
Extracorporeal Membrane Oxygenation

Introduction:

Congenital diaphragmatic hernia (CDH) is a complex disease that affects 1 in every 2000-
3000 live births per year (1) and remains one of the most costly and challenging pediatric
surgical conditions (2—4). Collaborative efforts have led to a better understanding of the
disease and risk stratification that could guide management and prognostication (5), one of
which was the development of the CDH Study Group (CDHSG) staging system (6).
According to this staging system, CDH severity was graded based on the size of the
diaphragmatic defect, which ranges from “A” (small defects mostly surrounded by
diaphragmatic muscle) to “D” (agenesis or near complete absence of the diaphragm) (6).
While much effort and attention has been paid to optimizing the outcomes in patients with
severe CDH, such as those with defect size C and D on the CDHSG Staging System, there is
a potential risk of overlooking those with “low-risk” CDH. Identifying risk factors for
adverse events in infants with favorable CDH characteristics can both improve clinical
outcome and provide further insight into the pathophysiology of this disease.

While pulmonary hypoplasia and pulmonary hypertension have long been considered the
central features of CDH (7), cardiac dysfunction has recently emerged as another important
marker of disease severity and outcome prediction (8). Evidence of cardiac impairment and
adaptation in the setting of CDH has been observed on pathological examination of both
animal and human tissues (9, 10). Early assessment of postnatal cardiac function has been
proposed as a valuable adjunct to disease risk stratification and an important tool to guide
targeted therapy (11). We hypothesized that cardiac dysfunction diagnosed on early
postnatal echocardiogram was an important risk factor for adverse outcomes in infants with
“low-risk” CDH, defined in this study as having an A or B CDHSG defect without major
structural cardiac disease or a chromosomal abnormality.

In this study, we investigated the effect of abnormal findings on early postnatal
echocardiograms on outcomes in “low-risk” CDH. The independent effect of left ventricular
dysfunction (LVD), right ventricular dysfunction (RVD), and severe pulmonary hypertension
(PH) on adverse outcomes was examined with different statistical methods to adjust for
confounders, including traditional multivariable regression as well as inverse probability
weight.
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Materials and Methods:

Inclusion/Exclusion Criteria:

This study included patients in the CDHSG registry who were born between January 2015 —
December 2018. CDHSG data collection forms have evolved over 4 versions to collect data
intended to answer specific and clinically relevant questions, and 2015 was the first year
when assessment of cardiac function on postnatal echocardiograms was recorded (version
4). Only patients with defect size A and B were included. Exclusion criteria were
chromosomal and major structural cardiac anomalies, which included cyanotic congenital
heart defects and diagnoses such as hypoplastic left heart syndrome, coarctation of the aorta,
and double outlet right ventricle. Patients were followed from the time of birth until
discharge from the index hospitalization. The study was approved by the Institutional
Review Board at Boston Children’s Hospital (#M05-10-244) and the University of Texas,
Houston (#HSC-MS-03-223).

Exposures and Endpoints:

The three primary exposures of this study were LVD, RVD, and severe PH diagnosed on the
first postnatal echocardiogram, performed within 24 hours from birth. LVD and RVD were
dichotomous variables and qualitatively determined by an experienced echocardiographer
(cardiologists, accredited echocardiographers or neonatologists with expertise in functional
echocardiography) at each institution, using combined qualitative and quantitative measures
in accordance with recommended practice (12). Cardiac dysfunction included both systolic
and diastolic dysfunction. Severe PH was defined as peak pulmonary artery pressure of 2/3
systemic systolic pressure or greater (13).

The primary endpoint was defined as meeting one of the following outcomes: death,
extracorporeal membrane oxygenation (ECMO) utilization, oxygen requirement at 30 days
of age, or hospitalization duration of at least 8 weeks. An 8-week duration for
hospitalization was included as an adverse outcome because this far exceeded the median
length of stay in this cohort (26 days; interquartile range: 17-43 days). Secondary endpoints
were death and ECMO utilization. All endpoints had to occur after the first postnatal
echocardiogram.

Baseline Variables:

Information collected at birth included sex, race, inborn status, estimated gestational age
(EGA), birth weight (BW), and Apgar score. Disease-specific variables included prenatal
diagnosis of CDH, defect side, and liver position. Variables that pertained to postnatal
management were comprised of cardiopulmonary resuscitation after birth, surfactant
administration, usage of patch for surgical correction, thoracoscopic repair, and need for
pulmonary vasodilators (i.e. inhaled nitric oxide (iNO), sildenafil, prostacyclin, alprostadil,
milrinone, and endothelial receptor blockade among others). Center-specific information
included patient volume status. High-volume was defined as > 10 patients per year.
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Statistical Analysis:

The effects of primary exposures on outcomes were examined with multivariable regression
and inverse probability weighting.

Multivariable Regression: Variables of interest included LVD, RVD, PH, sex, EGA,
BW, inborn status, Apgar score at 5 minutes (Apgar5), prenatal diagnosis, hernia side, liver
position, and center volume status. EGA, BW, and Apgar5 were dichotomized at 37 weeks,
3 kg, and 8, respectively. Selection of variables into the multivariable regression model
started with univariable screen of the variables of interest. Variables that achieved a
significance level of 0.2 were selected; LVD, RVD, and PH were forced to stay in the model
regardless of their significance level. Subsequently, a backward selection with a significance
level threshold of 0.1 was used to identify the next set of significant variables. Variables with
significance level of > 0.2 on the univariable screen were then added back to the model
through a forward selection with a significance level threshold of 0.05. Final “pruning” of
the model was performed with a stepwise selection process. Due to a lower number of
endpoints, multivariable regression was not performed for secondary outcomes due to the
concern for overfitting.

Inverse Probability Weighting: First, a multivariable logistic regression model was
fitted to predict the probability of having the exposure given other baseline variables, also
known as propensity score (PS). Baseline variables used in the PS model included sex, EGA,
BW, inborn status, Apgar5, prenatal diagnosis, hernia side, liver position, and center volume
status. In addition, the model also adjusted for confounding from other echocardiographic
findings. For example, the PS model for LVD also included RVD and PH as covariates. A PS
model was separately fitted for each of the three primary exposures. This PS was
subsequently used to derive the inverse probability weight (IPW). As an example, for
patients with LVD:

Pr(LV D)

IPW = PS

where Pr (LVD) is the proportion of patients with LVD. For those who did not have LVD:

Pr(No LV D)

TPW = —1"Ps

where Pr (No LVD) is the proportion of patients without LVD. These weights effectively
created a pseudo-population where accounted confounding variables were balanced between
those with and without the exposure. The IPW was subsequently used in logistic regression
models to estimate the adjusted effect of each exposure on outcomes. This statistical
approach allowed for analyses of both primary and secondary outcomes.

Sensitivity Analysis:

The effect of early echocardiographic findings on outcomes was re-examined in a different
cohort of “low-risk” CDH patients. In this sensitivity analysis, “low-risk” was defined as a
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score of 2 or lower according to the CDH mortality risk model by Brindle et al (14). This
model used a combination of birth weight, Apgar5, pulmonary hypertension status, major
cardiac anomaly, and chromosomal anomaly to risk stratify infants with CDH without the
use of defect size, which could only be obtained at the time of surgery. IPW was again used
to determine the adjusted effect of primary exposures on outcomes.

All analyses were performed with SAS version 9.4 (SAS Institute, Cary, NC). Throughout
the study, a two-sided alpha level of 0.05 was accepted as the threshold for statistical
significance.

There were 2095 infants in the CDHSG registry who were born during the study period. 778
met the inclusion/exclusion criteria. Of these patients, 758 patients had measurement of
ventricular function or pulmonary pressure on the first postnatal echocardiogram (Figure 1).
The majority of the infants in the study were male, white, and treated at a high-volume
center (Table 1). Almost 90% had a left-sided hernia. CDH was diagnosed prenatally in
62.4% of the patients and 23.8% had liver herniation into the thoracic cavity. Pulmonary
vasodilators were utilized in almost half of the patients. L\VVD was diagnosed on the first
postnatal echocardiogram in 10.8% of patients, RVD in 20.5%, and severe PH in 57.5%.

The primary composite endpoint occurred in 21.3% of patients in the study. 3.0% of patients
died before discharge and 9.1% utilized ECMO support. Among those who experienced the
primary outcome, 85.8% had severe PH, 39.7% had RVD, and 26.4% had LVD. The
unadjusted risks of experiencing composite adverse outcome, death, and ECMO utilization
given different exposures are displayed in Table 2. Of note, when LVD, RVD, and severe PH
were all present on the first postnatal echocardiogram, the risk of composite outcome, death,
and ECMO utilization was 61.5% (95% confidence interval (Cl): 46.3%, 76.8%), 7.7%
(95% CI: 0.0%, 16.1%), and 35.9% (95% CI: 20.8%, 51.0%), respectively. In contrast,
among infants who demonstrated none of the three exposures, only 6.5% (95% ClI: 3.3%,
9.6%) experienced the composite adverse outcome; and the risk of death and ECMO
utilization was negligible, 0.4% (95% CI: 0.0%, 1.3%) and 1.3% (95% CI: 0.0%, 2.8%),
respectively.

Identification of Independent Predictors of Primary Outcome:

On univariable logistic regression analyses, most tested baseline variables were associated
with the primary endpoint, including LVD, RVD, and PH (Figure 2A). After variable
selection with multivariable logistic regression, only LVD (P =0.014), PH (P< 0.001), liver
position (P< 0.001), Apgar5 (P< 0.001), EGA (P =0.048), and prenatal diagnosis (P <
0.024) remained independent predictors of the primary outcome (Figure 2B). RVD was no
longer a significant predictor (P=0.062) despite being forced into the model.

Effects of LVD on Outcomes:

There was a high degree of correlation between LVD and other abnormalities on
echocardiography. Patients with LVD also had a significantly higher risk of RVD (71.2% vs
13.8%; P<0.001) and severe PH (89.1% vs 55.3%; £ < 0.001). Patients with LVD also
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utilized more pulmonary vasodilators (79.4% vs 43.6%; £< 0.001), likely a result of the
association between LVD and PH.

On unadjusted analysis, LVD increased the odds of primary composite outcome 5-fold (odds
ratio (OR): 5.06; 95% CI: 3.05, 8.38; A< 0.001). On multivariable regression, LVD still
increased the odds of experiencing the primary outcome more than 2-fold (OR: 2.31; 95%
Cl: 1.18, 4.52; P=0.014) (Table 3).

After adjustment with IPW, LVD remained a significant risk factor for the primary outcome
(OR: 2.26; 95% ClI: 1.08, 4.74; P=0.030) (Table 3). Again, LVD increased the odds of
ECMO utilization (OR: 2.74; 95% CI: 1.15, 6.52; £=0.022) but had no effect on mortality
(Table 3).

Effects of RVD on Outcomes:

Again, there was a high degree of correlation among the positive findings on
echocardiogram. Patients with RVD were more likely to also have LVD (39.4% vs 4.0%, P<
0.001) and PH (82.8% vs 52.1%, A< 0.001).

The presence of RVD on the first postnatal echocardiogram was a significant predictor of the
primary outcome on unadjusted analysis (OR: 3.68; 95% ClI: 2.44, 5.54; P< 0.001) (Table
3). Interestingly, when adjustment was performed with multivariable regression or IPW,
RVD no longer displayed any effect on the primary or secondary outcomes (Table 3).

Effects of PH on Outcomes:

Patients with severe PH were more frequently treated with pulmonary vasodilators (63.2%
vs 25.2%, P< 0.001). On echocardiogram study, they were also more likely to have LVD
(15.4% vs 2.7%, P< 0.001) or RVD (29.2% vs 8.5%, P< 0.001).

On unadjusted analysis, severe PH similarly showed a strong association with the primary
outcome (OR: 6.03; 95% ClI: 3.69, 9.84; P< 0.001) (Table 3). On multivariable logistic
regression, PH increased the odds of composite adverse outcome more than 4-fold (OR:
4.68; 95% ClI: 2.58, 8.48; £< 0.001).

With IPW adjustment, PH remained a significant predictor of the primary outcome (OR:
3.92; 95% ClI: 1.95, 7.87; £<0.001) (Table 3). In addition, it also showed a significant effect
on both secondary outcomes, death (OR: 9.08; 95% ClI: 1.16, 70.83; £=0.035) and ECMO
utilization (OR: 4.86; 95% CI: 1.25, 18.90; £=0.022). Of note, death only happened to one
of 302 patients without PH (0.3%). This low number of outcome resulted in an unstable
estimate of the association between PH and death, which was accompanied by a wide CI
(Table 2).

Sensitivity Analysis:

When the CDH mortality risk model (14) was used for risk stratification, 1561 patients
recorded a score of 2 or lower and met the criteria for “low-risk”. On unadjusted analysis,
LVD, RVD, and severe PH were all associated with primary and secondary outcomes (Table
4). With IPW adjustment, there was a 2-fold increase in odds of primary composite outcome

Pediatr Crit Care Med. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dao et al.

Page 7

with both LVD (OR: 2.23; 95% CI: 1.33, 3.75; £=0.002) and severe PH (OR: 2.23; 95%
Cl: 1.49, 3.35; P<0.001) (Table 4). Although with a smaller magnitude, RVD also
demonstrated an association with the primary outcome (OR: 1.41; 95% ClI: 1.00, 1.99; P=
0.05) in this new “low-risk™ cohort. As for the secondary outcomes, all 3 exposures were
significantly associated with ECMO utilization, while none of them showed an effect on
mortality (Table 4).

Discussion:

In this study, we demonstrated the value of early postnatal echocardiography in the risk-
stratification of “low-risk” CDH infants. Specifically, L\VVD and severe PH on the first
postnatal echocardiogram were independent risk factors for adverse outcomes after
adjustment for baseline confounders and associated echocardiogram findings. Interestingly,
RVD showed no effect on outcomes after multivariable adjustments. These results suggested
that even for CDH infants with favorable disease characteristics, pulmonary hypertension
status and left ventricular function on the first postnatal echocardiogram are major
determinants of clinical outcomes.

In recent years, LVD has been increasingly recognized as an important component of CDH
management (15, 16). Evidence of disturbances in cardiac development can be seen in utero,
although correlating indices of fetal echocardiography with clinical outcomes remains
challenging and unreliable (17, 18). Postnatally, infants with CDH demonstrate biventricular
dysfunction and impaired cardiac output compared to age-matched controls on early
echocardiography (19). The presence of LD, and resulting pulmonary venous hypertension,
may be a major culprit behind treatment failure of pulmonary vasodilators, such as iNO (20—
22). As such, early LVVD has been shown in other studies to correlate with adverse outcomes,
such as the utilization of ECMO support (23, 24). However, these studies were limited by
small sample size and lack of control for confounding variables. Coupled with the
observation that biventricular interactions may play a role in causing LVD (19), delineating
the effects of different echocardiographic findings on clinical outcomes has therefore been
challenging. With this study, we demonstrated for the first time that L\VD, and not RVD, is
an independent predictor of adverse outcomes, including the risk for ECMO utilization.

Perhaps one of the most surprising findings in this study was the lack of association between
RVD and adverse outcomes after adjustment for baseline confounders, including PH and
LVD. While this result seems contradictory with previous studies that correlated indices of
RVD on early echocardiography with poor prognosis (25, 26), it should be noted that these
studies were limited by small sample size and, more importantly, did not adjust for the effect
of LVD. Interestingly, in another study that examined the myocardial performance and
cardiac output index of both ventricles, only parameters pertaining to the left ventricle
remained independent predictors of mortality on multivariable regression (27). Implicit in all
of these studies is the interaction between the two ventricles, which probably plays a major
role in the progression from RVD to LVD (28, 29). However, there is also evidence that LVD
in CDH can be separate from RVD and a secondary result of direct compression from
herniated abdominal organs (30). Regardless of the pathophysiology of LVD in this
population of “low-risk” CDH, it appears that LVD, and not RVD, signifies more severe
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cardiac disturbance and portends much worse prognosis, likely due to systemic hypotension
and poor organ perfusion (31).

In this study, we again observed an association between PH and clinical outcomes. Although
the rate of PH in this cohort of “low-risk” CDH (57.5%) was less than the 70% rate reported
in the general CDH population (22), the effect of PH on adverse outcomes remained strong
and significant. However, there were several unique implications to be gleaned from the
results of our study. In contrast to other studies that have linked persisted PH to poor clinical
outcomes (32, 33), our results demonstrated that severe PH as early as the first 24 hours of
life was an important prognostic indicator for “low-risk” CDH patients, a result that has
been observed in the general CDH population (22). Most importantly, it should be noted that
this association persisted even after adjustment for cardiac dysfunction. This suggested that
in patients with less severe CDH, PH could also impact clinical outcomes through other
extra-cardiac physiologic effects, such as hypoxic right-to-left shunting. However, as PH is
known to continually evolve throughout the postnatal period (13, 32), the lack of serial
pulmonary artery pressure measurements in this study certainly poses an important
limitation.

The results of our study should be interpreted in the context of its design. As previously
mentioned, one of the major limitations of this study was the lack of serial assessment of
echocardiographic findings. While serial postnatal echocardiograms were captured in the
CDHSG registry, a high degree of missing data on later studies limited our ability to carry
out a longitudinal analysis. There is also potential variation in the qualitative classification of
cardiac function between submitting centers. This reflects current clinical practice and
international guidelines which recommend combined interpretation of qualitative and
quantitative measures by an experienced echocardiographer. Submitting centers are known
to use similar echocardiographic techniques; however, we are now working to create formal
consensus to define standardized measures of cardiac function in CDH, which can be
incorporated in future versions of the CDHSG Registry. Due to transitional changes in the
circulation, variation in timing of echocardiograms may have also influenced results. The
precise timing of echocardiograms within the first 24 hours of life was not recorded;
however, most submitting centers reported that scans were performed after 4-6 hours of age,
and therefore after the immediate transitional period. Within this cohort it was not possible
to determine the potential effect of concurrent cardiovascular therapies. To minimize this
possible confounding effect, analysis was limited to echocardiograms in the first 24 hours of
life. Due to the nature of a multi-institutional registry, there was also a lack of uniformity in
the type of echocardiography performed as this varied among different institutions.
Furthermore, the registry did not distinguish between diastolic and systolic LVD, which
could provide more insight into the pathophysiology of cardiac dysfunction in this
population. Finally, due to the retrospective nature of the study and limitation in the number
of baseline variables that could be reliably captured in the registry, there was a potential for
residual and unmeasured confounders.
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Conclusions:

Our study demonstrated that LVD and severe PH diagnosed on the first postnatal
echocardiogram were important prognostic indicators of adverse outcomes in “low-risk”
CDH infants. The results of this study should call more attention to this often-overlooked
aspect of CDH management, and future studies are warranted to further investigate the
natural history of cardiac dysfunction and its effect among “high-risk” CDH patients. Early
postnatal echocardiography therefore is an important component of clinical assessment and
risk stratification. Early interventions to optimize cardiac function and pulmonary
vasculature hemodynamics may result in improved outcomes among CDH infants with
favorable disease characteristics.
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Contributing Centers to the CDH Study Group Registry
Center City State/Province Country
Alberta Children’s Hospital Calgary AB Canada
Arkansas Children’s Hospital Little Rock AR
Astrid Lindgren Children’s Hospital Stockholm Sweden
BC Children’s & Women’s Health Centre Vancouver BC Canada
Cairo University Pediatric Hospital (Aboul Reesh) Cairo Egypt
Children’s Hospital Colorado Aurora Cco
Children’s Hospital at Skanes University Hospital Lund Sweden
Children’s Hospital Boston Boston MA
Children’s Hospital of Akron Akron OH
Children’s Hospital of Georgia - AU Health Augusta GA
Children’s Hospital of Illinois at OSF St. Francis Med Center Peoria 1L
Children’s Hospital of Los Angeles Los Angeles CA
Children’s Hospital of Orange County Orange CA
Children’s Hospital of Wisconsin Milwaukee Wi
Children’s Hospital Omaha Omaha NE
Children’s Hospital, University Bonn Bonn Germany
Children’s Hospitals and Clinics (Minneapolis) Minneapolis MN
Children’s Memorial Hermann Hospital Houston >
Children’s of Alabama Birmingham AL
Cincinnati Children’s Hospital Medical Center Cincinnati OH
Dell Children’s Medical Center of Central Texas Austin X
Duke University Medical Center Durham NC
Golisano Children’s Hospital at Strong Rochester NY
Hospital Clinico Universidad Catolica de Chile Santiago RM Chile
IRCCS Fondazione Ca’ Granda Ospedale Maggiore
Policlinico Milano Italy
James Whitcomb Riley Children’s Hospital Indianapolis IN
Johns Hopkins All Children’s Hospital St Petersburg FL
Johns Hopkins Hospital Baltimore MD
Juan P. Garrahan Children Hospital Buenos Aires Argentina
La Paz University Hospital Madrid Spain
Le Bonheur Children’s Medical Center Memphis TN
Loma Linda University Children’s Hospital Loma Linda CA
Lucile Salter Packard Children’s Hospital Palo Alto CA
Mattel Children’s Hospital at UCLA Los Angeles CA
NICU Health Sciences Centre Winnipeg MB Canada
Norton Children’s Hospital Louisville KY
Ospedale Pediatrico Bambino Gesu Rome Italy
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Center City State/Province Country

Palmetto Health Richland Columbia SC
Phoenix Children’s Hospital Phoenix AZ
Polish Mother’s Memorial Hospital Research Institute Lodz Poland
Primary Children’s Hospital Salt Lake City | UT

The
Radboud University Nijmegen Medical Centre Nijmegen Netherlands
Rady Children’s Hospital San Diego CA
Research Institute at Nationwide Children’s Hospital Columbus OH
Royal Children’s Hospital Parkville Victoria Australia
Royal Hospital for Sick Children Glasgow Scotland
Shands Children’s Hospital/University of Florida Gainesville FL

The
Sophia Children’s Hospital Rotterdam Netherlands
St. Francis Children’s Hospital Tulsa OK
St. Louis Children’s Hospital St. Louis MO
St. Louis Univ School of Medicine at SSM Health Cardinal
Glennon Children’s Hospital St. Louis MO
Stollery Children’s Hospital Edmonton AB Canada
Sydney Children’s Hospital Randwick NSW Australia
The Children’s Hospital at OU Medical Center Oklahoma City | OK
The Children’s Hospital of Pittsburgh of UPMC Pittsburgh PA
The Queen Silvia Children’s Hospital SU/Ostra Gothenburg Sweden
Tufts Medical Center Boston MA
UNC School of Medicine Chapel Hill NC
University Children’s Hospital Uppsala Sweden
University Malaya Medical Centre Kuala Lumpur Malaysia
University of Michigan, C.S. Mott Children’s Hospital Ann Arbor MI
University of Padua Padua Italy
University of Texas Medical Branch at Galveston Galveston X
University of Virginia Medical School Charlottesville | VA
Vanderbilt Children’s Hospital Nashville TN
Vladivostok State Medical University Vladivostok Russia
Winnie Palmer Hospital for Women & Babies Orlando FL
Yale New Haven Children’s Hospital New Haven CT
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Figure 1. Study Cohort.
Flow chart of the study population as derived from the CDH Study Group registry.
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Figure 2. Univariable and Multivariable Logistic Regression for the Primary Outcome.
The association between different baseline variables and primary outcome was first tested

with univariable (A), followed by multivariable logistic regression (B). Shown are
logarithmic transformation of odds ratio (OR), their 95% confidence interval, and P values.
LVD: left ventricular dysfunction; RVD: right ventricular dysfunction; PH: pulmonary
hypertension; Apgar5: Apgar score at 5 minutes; EGA: estimated gestational age; BW: birth
weight.
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Table 1.
Baseline Characteristics of the Study Population.

Demographic and perinatal characteristics as well as findings on the first postnatal echocardiogram were
described for the entire cohort. Dichotomous variables are expressed as number and percentage. Continuous
variables are expressed as mean and standard deviation (SD). EGA: estimated gestational age; BW: birth
weight; CPR: cardiopulmonary resuscitation; LVD: left ventricular dysfunction; RVD: right ventricular
dysfunction; PH: pulmonary hypertension. Severe PH was defined as peak pulmonary pressure of at least 2/3
systemic systolic pressure.

Variable N (%) or mean (SD)

Demographic and Perinatal Characteristics

Male 440 (58.2%)
White race 478 (65.0%)
High-volume center 486 (64.1%)
Inborn 384 (50.7%)
EGA (Wk) 38.0 (1.9)
BW (kg) 3.1(0.5)
APGAR at 1 minute 5.9 (2.4)
APGAR at 5 minutes 7.5(1.8)
Left-sided hernia 674 (88.9%)
Prenatal diagnosis 473 (62.4%)
Liver-up 180 (23.8%)
CPR at birth 47 (7.0%)
Surfactant 45 (6.0%)
Patch repair 163 (21.5%)
Thoracoscopic repair 199 (26.3%)
Pulmonary vasodilator 356 (47.0%)

First Postnatal Echocardiogram

LvD 73 (10.8%)
RVD 137 (20.5%)
Severe PH 408 (57.5%)
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