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BACKGROUND: Preterm delivery and low birth weight (LBW) are generally associated with worse
outcomes in hypoplastic left heart syndrome (HLHS), but an individual preterm or small
neonate may do well. We sought to explore the interactions between gestational age, birth
weight, and birth weight for gestational age with intermediate outcomes in HLHS.

meTHODS: We analyzed survival, growth, neurodevelopment, length of stay, and complications to
age 6 years in subjects with HLHS from the Single Ventricle Reconstruction trial. Univariate
and multivariable survival and regression analyses examined the effects and interactions of
LBW (<2500 g), weight for gestational age, and gestational age category.

ResuLts: Early-term delivery (n = 234) was more common than term (n = 219) delivery. Small
for gestational age (SGA) was present in 41% of subjects, but only 14% had LBW. Preterm,
compared with term, delivery was associated with an increased risk of death or transplant at
age 6 years (all: hazard ratio = 2.58, confidence interval = 1.43-4.67; Norwood survivors:
hazard ratio = 1.96, confidence interval = 1.10-3.49) independent of LBW and weight for
gestational age. Preterm delivery, early-term delivery, LBW, and SGA were each associated
with lower weight at 6 years. Neurodevelopmental outcomes were worst in the LBW cohort.

concLusions: Preterm delivery in HLHS was associated with worse survival, even beyond
Norwood hospitalization. LBW, SGA, and early-term delivery were associated with worse
growth but not survival. LBW was associated with worse neurodevelopment, despite similar
length of stay and complications. These data suggest that preterm birth and LBW (although
often concomitant) are not equivalent, impacting clinical outcomes through mechanisms
independent of perioperative course complexity.

WHAT’S KNOWN ON THIS SUBJECT: As surgical and perioperative
techniques improve, more high-risk neonates are surviving surgical
palliation for hypoplastic left heart syndrome. On a population level,
neonates born prematurely and with low birth weights (LBWs) have
worse outcomes after surgical palliation.
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Despite remarkable improvements in
the treatment of this previously
uniformly fatal disease, hypoplastic
left heart syndrome (HLHS) continues
to carry significant morbidity and
mortality. Comorbid diagnoses can
drastically increase the risk of poor
outcomes in children undergoing
single ventricle palliation.
Prematurity (<37 weeks’ gestation)
and low birth weight (LBW) (<2500
g) are 2 such diagnoses,'™ but the
individual preterm or small infant
may do well.® Similarly, although
early-term delivery (37-38 6/7
weeks’ gestation) is associated with
higher in-hospital mortality and
complication rates and longer
hospital length of stay (LOS) after
neonatal surgery in a large cohort,® it
is unknown whether these risks
persist long-term for the individual
infant that survives the Norwood
procedure. To our knowledge, no
detailed analyses of the outcomes of
the preterm or early-term infants
who survived the Norwood
procedure have been published.
Premature and small neonates are
often excluded from outcome
analyses, and the few studies in
which the outcomes in

preterm infants are analyzed are
limited by failure to control

for covariates that have proven

to be important distinguishing
factors in neonatal intensive

care outcomes, such as

birth weight, growth restriction, and
sex.”®

Although gestational age, birth
weight, and birth weight for
gestational age are related risk
factors, they may be associated with
various outcomes in different ways.
Furthermore, the independence of
each of the 3 risk factors on
Norwood outcomes is unknown.

We performed a secondary analysis
of the 6-year follow-up in the
Pediatric Heart Network’s

Single Ventricle Reconstruction (SVR)
Trial to test the hypothesis that
there are significant differences and

interactions between the overlapping
and competing risks of

gestational age, birth weight, and
birth weight for gestational age

of infants with HLHS. In previous
reports from the SVR cohort, it was
shown that preterm birth was an
independent risk factor for
preoperative death® as well as
intermediate term mortality and
transplant after the Norwood
procedure.’ Our aim in this study
was to assess the association

and interaction of various categories
of gestational age, birth weight,

and birth weight for gestational

age with outcomes up to 6 years

of age.

METHODS

Subjects

The study design, descriptive
characterization of the cohort, and
primary results of the SVR Trial and
the SVR Extension Study have
previously been published.'®2

In brief, of the 555 infants enrolled
with a diagnosis of HLHS or related
single morphologic right ventricle
anomaly between May 2005 and July
2008, 549 infants were managed

to age 6 years after undergoing

a Norwood procedure with random
assignment to either a right
ventricle-to-pulmonary artery shunt
(RVPAS) or modified Blalock-Taussig
shunt (BTS). Those missing
gestational age or birth weight data
were excluded. In this analysis,
shunt type was categorized by shunt
in place when leaving the

operating room. The protocol was
approved by each center’s
institutional review board, and
written informed consent was
obtained.

Definitions

Based on gestational age at delivery,
we defined 4 gestational age
categories: preterm (<37 weeks),
early term (37-38 6/7 weeks), term
(39-40 6/7 weeks), and late term

(=41 weeks). LBW was defined as
birth weight <2500 g and “not LBW”
as =2500 g.

Weight for gestational age was
calculated on the basis of previously
published normal birth weights® and
stratified as small for gestational

age (SGA) for <10th percentile,
appropriate for gestational age
(AGA) for 10th to 90th percentile, and
large for gestational age (LGA) for
>90th percentile. Ponderal index
was used to categorize

asymmetry in anthropometry and
calculated as weight divided by
height cubed.

Collection of Outcome Data

Vital status was collected annually by
review of medical records, annual
clinic visits, telephone interviews,
and/or the death index.

Annual complications, interventions,
and hospital days were collected
both as part of the medical

history from the parent or guardian
and obtained from the medical
record. Weight and height
measurements were obtained

from the medical record and
translated to z scores on the basis
of World Health Organization
standards.!*

Questionnaires regarding
neurodevelopment, behavior, and
quality of life (QoL) were mailed to
families annually. For this study, we
analyzed the results at 6 years of age
from 3 instruments: (1) the 5
summary domains of the Vineland-II;
(2) the 13 subdomains of the
Behavior Assessment System for
Children, Second Edition (BASC-2);
and (3) the 10 subdomains of the
Pediatric Quality of Life Inventory
(PEDS-QL).1>~17

Statistical Approach

Transplant-free survival was
analyzed to determine associations
with gestational age, birth weight,
and birth weight for gestational age
groups by using Cox proportional
hazards regression, adjusting for
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significant associations with sex,
shunt type, ponderal index, and other
covariates (Supplemental Table 3).
Because of violation of the
proportional hazards assumption on
the effect of shunt type and other
covariates, these comparisons were
split into <5 months of age and

=5 months (mean age at stage II).
Interactions of gestational age, birth
weight, and birth weight for
gestational age groups with each
other and with sex, shunt type, and
ponderal index were also considered.
Only predictors, covariates, and
interactions that were significantly
related to the outcome were included
in the final models. Predictors were
not included in the same model if
their Spearman correlation was >0.5.
Similar regression modeling was
performed to assess anthropometry,
neurodevelopment, and QoL. In
models for anthropometry,
neurodevelopment, and QoL, we used
the variables listed in Supplemental
Table 3. Socioeconomic status was
determined by using a census-based
score from the subject’s census block
tract at the time of random
assignment.18

Cox competing risks models were
used to test for associations between
the predictors of gestational age, birth
weight, and birth weight for
gestational age with the outcomes of
LOS for each of the 3 surgical stages
(considered as time to event of
discharge), complications, and
interventions. Death before discharge,
complication, or intervention was
considered a competing risk.

In the models, we controlled for
significant effects of shunt type,

sex, and their interactions.

Numbers of complications and
interventions were compared
between groups by using Wilcoxon
rank-sum tests.

All analyses were conducted by
using SAS v9.4 (SAS Institute, Inc,
Cary, NC). Statistical significance was
tested at level 0.05. Because of the
challenges of multiple testing,
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focus was placed on identifying
general patterns across related
outcomes.

RESULTS

Demographics and Categorization

Of the 549 subjects in the analytic
cohort, 12 did not have gestational
age recorded. Of the 537 subjects
eligible for this analysis, 64 (12%)
were preterm, 234 (44%) were
early-term, and 219 (41%) were term
deliveries (Fig 1). Because late-term
birth was infrequent (n = 20, 4%),
these children were excluded from
further analyses. LBW was infrequent
(n = 76, 14%), but 221 (41%)
subjects were SGA. Only 8 infants
were LGA (1%) and were excluded
from further analyses. There was

a slight male predominance across
categories of gestational age

and weight for gestational age
(58%-65%, Fig 1A). The intersection
and overlap of SGA and LBW

with each other and the

gestational age categories are shown
in Fig 1B.

Transplant-Free Survival
Gestational Age

Preterm but not early-term delivery
was associated with worse
transplant-free survival (hazard ratio

A 3004 B

= Hl Male

b 4 Female

D

= 2004

w %

= H

s H

5 i :

2 1004 . 2 7

£ i |2 Ala B

g il |7 R B

z Y HEH R

LEE . B

0 78 % HEH B B

g\é_&é‘ﬂz‘ < \;%\) Y
s SRy
&V

FIGURE 1

[HR]: 2.58; confidence interval [CI]:
1.43-4.67; Table 1, Fig 2). Increased
risk for death or transplant among
those born preterm persisted even
after survival to discharge after the
Norwood procedure (HR: 1.96; CI:
1.10-3.49, Fig 2). There was no
significant interaction between
gestational age category and sex.
In Cox multivariable regression
models, other than the predictor
variables of interest, factors
associated with survival included
cardiac anatomy, shunt type,

and presence of a recognized
syndrome or extracardiac
abnormality (Table 1). Spearman
correlations between term

groups and LBW, and term groups
and SGA, were 0.37 and 0.42,
respectively.

Weight Categories

LBW and SGA were not
independently associated with worse
survival. Moreover, there were no
significant interactions between
preterm birth, LBW, SGA, shunt type,
or sex. LBW was associated with
worse survival when preterm

birth was not included in

the model (HR: 1.73; CI: 1.23-2.44),
but its effect was no longer
statistically significant after
accounting for preterm birth. A
lower ponderal index (indicative

Preterm

Early Term Term

Cohort distribution. Number of subjects (n = 537) in each gestational age and birth weight category
are shown according to sex (A). “Late-term delivery and LGA infants were excluded from analyses
because of the small numbers. Intersection of gestational age category with LBW and SGA, in the
cohort excluding LGA and late-term infants (n = 509), demonstrated all individuals who were
categorized as LBW were also SGA, but not all SGA were LBW. There were LBW and SGA individuals
distributed across all gestational age categories (B).
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TABLE 1 Multivariable Models for Survival

Characteristics HR (95% CI) P
(A) Enrollment to age 6 y
Term group
Early term versus term 1.35 (0.85-2.14) 2
Preterm versus term 2.58 (1.43-4.67) <.01
Shunt type
RVPAS versus BTS <5 mo 0.47 (0.27-0.82) 01
RVPAS versus BTS =5 mo 1.16 (0.60-2.22) 66
Syndrome
Extra cardiac abnormality 1.24 (0.76-2.02) 4
Syndrome 2.56 (1.37-4.76) <01
Anatomic subtype
AS/MS and related diagnoses <5 mo 0.35 (0.16-0.80) 01
AS/MS and related diagnoses =5 mo 0.12 (0.02-0.66) 02
Obstructed pulmonary veins 3.57 (1.52-8.39) <01
(B) Norwood discharge to age 6y
Term group
Early term versus term 1.25 (0.83—1.90) 29
Preterm versus term 1.96 (1.10-3.49) 02
Shunt type
RVPAS versus BTS <6 mo 0.34 (0.19-0.60) <01
RVPAS versus BTS =5 mo 1.69 (0.94-3.03) .08
Anatomic subtype
AS/MS and related diagnoses <5 mo 0.32 (0.13-0.80) 02
AS/MS and related diagnoses =5 mo 0.08 (0.01-0.52) 01
TAPVR 3.46 (1.36-8.80) 01

Final multivariable Cox model of freedom from transplant or death is shown from enroliment to 6 y for the entire cohort
(A) and Norwood discharge to 6 y for those that survived to Norwood discharge (B). Only predictors, covariates, and
interactions that were significantly related to the outcome were included in final models. AS, aortic stenosis; MS, mitral
stenosis; TAPVR, total anomalous pulmonary venous return.

of greater asymmetric growth) in
SGA infants was weakly

associated with an increased risk of
death or transplant (interaction P
value = .04, HR = 0.93 for each
increase of 1 in ponderal index;

CI = 0.86-1.02).

Anthropometry

Preterm delivery, early-term delivery,
LBW, and SGA were all associated
with lower weight-for-age z-scores at
6 years of age compared with their
reference group (term, not LBW, and
AGA, respectively, Fig 3). In

—— Preterm and male

~——  Early term and male
- Torm and male
- Preterm and female
- Early term and female
-= Term and female

Freedom from Death or Transplant (%)
Freedom from Death or Transplant (%)
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Time from Random Assignment to Event, Years Time from Norwood Discharge to Event, Years

FIGURE 2

Transplant-free survival. Freedom from transplant or death is shown from enroliment to 6 years for
the entire cohort (A) and from Norwood discharge to 6 years for those who survived to Norwood
discharge (B).

multivariable modeling, only SGA
remained independently predictive
(slope = —0.63 = 0.15, P < .001),
with additional significant effects of
white race (slope = —0.45 £ 0.19,

P =.02) and total hospital LOS over
all surgeries (slope = —0.004 *=
0.002/day, P = .01) predicting lower z
scores. LBW and SGA were also
associated with lower length-for-age
z scores (Fig 3). For both weight and
length, worse anthropometry
appeared to be driven by male
infants, although sex did not have

a statistically significant interaction
across all groups. Shunt type did not
affect growth or demonstrate any
interactions with gestational age or
birth weight categories.

Neurodevelopment and QoL

Gestational age did not appear to
impact scores on tests of
neurodevelopment and QoL for
subjects who survived to 6 years of
age. Specifically, there were no
differences found in the results of the
Vineland-II (Fig 4A), BASC-2, and
PEDS-QL at age 6 years among the
preterm, early-term, and term groups.
LBW was associated with worse
scores in multiple domains of the
survey measures (Fig 4A, Table 2),
including 3 of the 5 summary scores
in the Vineland-II. Motor skills scores
in the Vineland-II appeared
consistently low across all categories.
For comparisons within the

study cohort, however, only LBW
infants were significantly

different from their reference group,
not LBW (Fig 4A). Sex and LBW

had significant interactions in
multiple domains of the Vineland-II,
BASC-2, and PEDS-QL. All of the
BASC-2 scores were poorer in LBW
females with the exception of the
anxiety score, which was worse in
LBW males (Table 2). The sex-specific
differences for the BASC-2

Adaptive Skill composite score are
shown in Fig 4B.

Significant interactions were also
found between shunt type and LBW.
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For all significant interactions,

LBW had a greater association with
worse test scores in children who had
a BTS rather than RVPAS. Few
interactions were found between
gestational age or weight for
gestational age and sex or shunt type
(Table 2). In addition to the
gestational age, birth weight, and
weight for gestational age

categories, male sex, extracorporeal
membrane oxygenation (ECMO),
seizures, vision problems,
socioeconomic status, gastric feeding
tube, and higher number of

total complications were independent
risk factors for worse assessment

on the Vineland-II, BASC-2, and
PEDS-QL in the final multivariable
models (selected domains shown in
Supplemental Table 4). The

highest R? values for these models
was 0.34.

Hospital LOS, Complications, and
Unplanned Interventions

For subjects who survived to
discharge after the Norwood surgery,
preterm birth, LBW, and SGA were
each associated with longer

hospital LOS (median difference:
3.5-5 days, Fig 5A). In Cox
multivariable regression models,
there was an increased risk for
longer LOS for preterm versus

term infants (HR: 1.79; CI: 1.28-2.44;
P <.01), LBW versus not LBW infants
(HR: 1.64; CI: 1.23-2.17; P < .01),
and SGA versus AGA infants (HR:
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h reference group for male and female combined.

1.34; CI: 1.11-1.61; P < .01) but
not early-term versus term infants
(HR: 1.05; CI: 0.86-1.28).

The multivariable models for LOS
revealed no significant interactions
with shunt type or sex. For
subjects who survived to discharge,
preterm birth, early-term birth,
and LBW were associated with
more complications through
Norwood discharge compared with
their reference groups (Fig 5B).

No differences were seen in LOS or
complication number

surrounding stage II and Fontan
procedures. Without shunt type in
the multivariable model, having

a shorter time to first

complication was more likely in
SGA versus AGA subjects (P = .045).
When shunt type was included in
the multivariable model, SGA was
no longer significant (HR: 1.20; CI:
0.97-1.49) because shorter

time to first complication was less
likely in the RVPAS group (HR: 0.80;
Cl: 0.65-0.99; P = .04). Freedom
from interventions was higher

in the BTS group compared

with the RVPAS group, but
gestational age and birth weight
groups had no effect on
intervention rate.

DISCUSSION

In this secondary analysis of 6-year
outcomes in subjects with HLHS
enrolled in the SVR studies, we found

that for subjects born small and
before 39 weeks, associations with
outcomes are divergent depending
on the outcome of interest.

Although prematurity was associated
with a continued risk of increased
mortality even after survival

to Norwood discharge, LBW had

the strongest association with poorer
neurodevelopmental outcomes.
Preterm birth, early-term birth, LBW,
and SGA were all associated with
poorer growth, longer LOS, and
higher complication rates.

These findings suggest that
mechanisms causing delivery at
lower gestational age or birth weight
lead to worse outcomes by
divergent means.

It is not surprising that neonates born
small and before 39 weeks’ gestation
with HLHS have widely divergent
outcomes. Drivers of preterm delivery
and intrauterine growth (and
resultant birth weight) in the absence
of congenital heart disease are
numerous, complex, and interrelated
with a wide range of etiologies,
including infectious, social,
environmental, cardiovascular,
metabolic, hematologic, genetic, and
age-related risk factors.'?"!

Various risk factors may also be
associated with diverse outcomes in
a sex-specific manner.*%%3 It is
important to distinguish between
anthropometry in small neonates that
is appropriate for the predicted
growth potential and growth that is
restricted because of an impaired
intrauterine environment, but
accurately defining growth restriction
in the HLHS population is

difficult. In addition to the usual
determinants of growth potential
based on parental size and genetics,
newborns with HLHS are typically
below average in birth weight

and length and disproportionately
further below average in head
circumference.**"%¢ Our findings are
consistent with these studies
because nearly half our cohort met
criteria for SGA.


http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2018-2577/-/DCSupplemental

A 150+

B Communication

@® Adaptive Behavior Composite
V¥ Motor Skills

A Daily Living Skills

4 Socialization

T % kK * .

E T -:d-- - =TT -:'1-- i T -:-‘- .

— @ 3 L 2

) L 4 T L 3

= 100 JA ¢ ..A .. F'S PA

E Y * (i il
- & & < [ 3 I [

& &Yy F e
Q;}( QQ

B Male

=)
=
1

BASC Adaptive Skill
Composite Score

N

ird

. Female

IELT.

FIGURE 4

> ¥
%O ?’O

Neurodevelopmental outcomes. Vineland-ll subdomain scores (mean = SD) are shown for each
gestational age and birth weight category (A). From the many significant subdomain interactions in
Table 2, 1 example of a significant interaction in the BASC Adaptive Skills composite score (mean =
SD) between birth weight and sex is shown (B). * P = .05, compared with reference group.

Despite the problems in classifying
growth in the fetus with HLHS,

the importance of elucidating
different mechanisms for

divergent growth should not be
overlooked as evidence increases to
support the theory that an adverse
prenatal environment imperils future

cardiovascular outcomes.?” In

HLHS, impaired placental function,
estimated by umbilical artery Doppler
flow, is associated with asymmetric
and worse growth,28 and a composite
variable for impaired maternal-fetal
environment has been associated
with worse survival.*’ Supporting

TABLE 2 Interactions Between Birth Weight
Categories, Gestational Age, and Sex
in Neurodevelopment Subdomains

Significant Subdomains With a Worse Outcome
LBW
BASC: Atypicality
BASC: Functional Communication
Vineland-Ill: Communication
Vineland-Il: Daily Living Skills
Vineland-Il: Motor Skills
SGA
PEDS-QL: Treatment Anxiety
Vineland-Il: Communication
Preterm
None
Early term
None
Significant Interactions With a Worse Outcome
LBW, female
BASC Adaptive Skills Composite
BASC: Activities of Daily Living
BASC: Adaptability
BASC: Attention
BASC: Social Skills
PEDS-QL: Physical Functioning
PEDS-QL: Cognitive Problems
PEDS-QL: Communication
Vineland-ll: Communication
Vineland-Il: Daily Living Skills
Vineland-Il: Socialization
LBW, BTS
BASC: Behavioral Symptoms Index
BASC: Aggression
BASC: Hyperactivity
PEDS-QL: School Functioning
Preterm, male
BASC: Hyperactivity
Preterm, BTS
None
SGA, male
PEDS-QL: Perceived Physical Appearance
SGA, BTS
PEDS-QL: Perceived Physical Appearance

The total number of significantly worse scores for each
gestational age and birth weight category compared with
their reference group (reference groups: term, not LBW,
AGA) across all of the subdomains in the Vineland-Il (5),
BASC (13), and PEDS-QL (10). All significant interactions
between gestational age or birth weight category and sex
or shunt type that were associated with a worse outcome
are listed.

the importance of an adverse
prenatal environment, a weak
association between lower ponderal
index and worse survival in the

SGA group was demonstrated

in our results. In contrast with other
growth-restricted populations,®°
however, we found no regression to
the mean for weight or length in

MILLER et al
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LOS and complications. LOS distribution for those that survived to hospital discharge after the
Norwood (blue), stage Il (red), and Fontan (green) surgeries (A). Outliers with hospital stay
>130 days were not included in the graph. The mean (yellow diamond), median (bar), and dis-
tribution for the number of complications for survivors up to Norwood discharge (blue) and from
Norwood discharge to 6 years (red) are shown (B). * P = .05, compared with reference group, with
Cox competing risk for the LOS and Wilcoxon rank test for complications.

LBW and SGA subjects over a 6-year
course and no independent
association between birth weight
category and survival. The 6-year
findings fail to adequately

answer whether the lower weight and
length-for-age z scores represent a
failure to achieve growth potential
or an adequate achievement of

a lower potential. In previous studies
in which infants with HLHS were
involved, copy number variants were
associated with lower length-for-age
z scores, suggesting that the

growth potential may be lower and
driven by genetics.31 Therefore, it

is important to consider that
although growth is a key outcome in
HLHS, it may not be modifiable but,
rather, be a surrogate for other
risks.3%33
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Similarly, the impact of genetic and in
utero factors versus postnatal clinical
care and complications on
neurodevelopment remains
uncertain. Despite similar LOS and
complication rates in the preterm,
LBW, and SGA groups, the LBW group
demonstrated a preponderance of
poorer performance in
neurodevelopmental surveys at

6 years. There were also significant
interactions between the birth weight
category and both sex and shunt
type for the LBW category of infants.
We speculate that a LBW phenotype
represents a more severe global
insult in females compared with
males, indicating a genetic
contribution to the risk of a poor
outcome®*3® or a sex-specific
difference in the impaired maternal-

fetal environment.*® The associations
with LBW and BTS with worse
neurodevelopmental outcomes,
although physiologically plausible
based on the lower diastolic blood
pressure, were statistically
significant for only a few tests and
conflict with previous reports

in which cerebral perfusion was
similar by shunt type.3” This
comparable cerebral perfusion
between shunt types, however, was
demonstrated in a cohort without
LBW. The susceptibility to small
physiologic changes may be more
pronounced in the LBW population
already at its limits of reserve in
compensatory mechanisms to
preserve cerebral nutrient delivery in
the setting of a history of

placental insufficiency.>® In our study,
we did not find the association
between early-term delivery

and worse neurodevelopmental
outcomes described by other
investigators.>® The difference
between our findings and previous
reports may be explained by different
ages at testing, type Il error, or

a masking of small difference in
trends by the large variation in scores
in the HLHS population.

As with any study that attempts to
associate preoperative variables with
later outcomes, the variation within
a small cohort is an important
limitation. The interquartile ranges,
outliers, and standard deviations in
the 6-year outcomes demonstrate

a wide scatter. Only a small
proportion of the outcome variance is
explained by the multitude of
variables accounted for in this
prospectively followed cohort,
suggesting we are unable to control
for many of the factors that may
impact the testing of our primary
hypothesis. Regardless of these
limitations, however, our study
contributes to understanding the
complex process of predicting
outcomes for infants with HLHS faced
with the additional risk factors

of being born early and/or small, and



may aid in counseling families.
These data also suggest that
modeling risk for longer-term
outcomes in children surviving
neonatal surgery is complex, and the
variability in early-life events

should be considered during both
general pediatric and pediatric
cardiac follow-up.

CONCLUSIONS

Preterm birth and lower birth
weights, although often concomitant,
are not equivalent, impacting clinical
outcomes after surgical palliation

for HLHS through mechanisms
independent of perioperative course
complexity. Preterm delivery, but not
SGA or LBW, was independently
associated with decreased transplant-
free survival to 6 years of age,

even when infants survived the
Norwood hospitalization. Although
gestational age and weight for
gestational age categories

were associated with lower weight
and height at 6 years, they

had little association with
neurodevelopment. LBW appeared to
have the greatest association

with worse neurodevelopment.
There were significant

interactions between LBW and sex
and shunt type, with worse
neurodevelopmental outcomes in
LBW females and LBW infants
randomly assigned to a BTS.

With these data, we provide
additional insight into the
complex pathology contributing to
heterogeneous outcomes in

HLHS. Our findings suggest the
drivers of risk for preterm

and small neonates may diverge
depending on the outcome of
interest, are not overcome by

the successes associated

with neonatal survival, and

should be explored in other
diagnoses.

ABBREVIATIONS

AGA: appropriate for
gestational age
BASC-2: Behavior Assessment
System for Children,
Second Edition
BTS: modified Blalock-
Taussig shunt
ECMO: extracorporeal membrane
oxygenation
HLHS: hypoplastic left heart syndrome
HR: hazard ratio
LBW: low birth weight
LGA: large for gestational age
LOS: length of stay
PEDS-QL: Pediatric Quality of Life
Inventory
QoL: quality of life
RVPAS: right
ventricle-to-pulmonary
artery shunt
SGA: small for gestational age
SVR: Single Ventricle
Reconstruction
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