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Introduction/Study Question: Children with complex congenital
heart disease (CHD) are at high risk of significant cognitive impair-
ments. Due to the burden of their child’s precarious condition, the
parents are also at risk of high levels of anxiety and stress. Among
other factors, parenting stress has been identified as a predictor of
executive functioning at school entry in healthy children. This
cohort study aimed to investigate the association between parent-
ing stress and executive functioning in 5-year-olds with complex
CHD. We hypothesized that higher levels of parenting stress will
be associated with poorer performance in executive tasks and
higher rates of parent-reported executive deficits.
Methods: Fifty-eight children with complex CHD followed at the
CHU Sainte-Justine neurocardiac clinic were recruited (mean age
= 5.55 years; standard deviation, SD = 0.26). They all underwent
at least one cardiac surgery. Children performed standardized
executive function assessment of their planning abilities (Tower
subtest of the NEPSY) as well as their inhibition and selective
attention skills (K-CPT-2). Parents completed standardized ques-
tionnaires on the executive functioning of their child (BRIEF-P)
and parenting stress (PSI-4-SF). A bivariate Pearson correlation
matrix was computed and corrected for multiple comparisons
(Benjamini FDR set to 25% for executive tasks and 5% for
questionnaire scores).
Results: A significant part of our cohort had impairements in plan-
ning abilities (13%), inhibition (44%) and selective attention (58%)
when completing executive functioning tasks. Questionnaire
scores revealed that 33% of the parents reported significant deficits
in at least one sphere of executive function. Only 8% of the parents
reported above-normal parenting stress levels. Bivariate Pearson
correlations revealed a significant negative association between

parenting stress and planning abilities (Tower subtest; p=.034)
and a significant positive association between the K-CPT-2 mea-
sures of impulsivity (Commissions; p=.016) and selective attention
(Detectability; p=.049) and parenting stress. Similarly, the results
revealed a significant positive association between parenting stress
and the five core subscales of the BRIEF-P (Inhibition: p<.001;
Flexibility: p=.015; Emotional Control: p<.001; Working
Memory: p<.001; Planning and Organizing: p=.003).
Discussion: Higher parenting stress is associated to worse planning
abilities and better inhibition and selective attention in 5-year-old
children and more parent-reported executive dysfunction. Since
parents tend to pass on their anxiety to their child, we hypothesize
that a better impulse control might reflect a fearful approach to
novelty transmitted by the parents, making the child less prone
to commit to an answer.We also hypothesize that the better ability
to distinguish targets from non-targets (selective attention) might
result from heightened vigilance, also passed on by the parents as
they are more alert to potential threats. Our results underline the
interplay between parenting stress and executive functioning at
school entry contrasting with results we obtained in school-age
children whose objective executive performance was not associ-
ated with their parents’ stress levels.

Caregiver Perspectives on Family Centered Follow-up
After Pediatric ECMO
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Intro: Most pediatric patients requiring extracorporeal membrane
oxygenation (ECMO) survive to hospital discharge. However,
survivors are at increased risk of physical, cognitive, and
emotional health impairments. The Extracorporeal Life Support
Organization recommends neurodevelopmental assessment and
support for recovery. Evidence reporting families’ priorities in fol-
low-up are limited. The aim of this study was to elicit caregivers’
perspectives regarding vital components of and challenges to
participating in post-ECMO follow-up care.
Methods: An electronic survey was completed by consented care-
givers of pediatric ECMO survivors who were <18 years of age at
the time of ECMO and admitted to the neonatal, pediatric or
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cardiac ICU at the UPMC Children’s Hospital of Pittsburgh
between 2015-2020. Caregivers were contacted by email with
up to four reminders sent to non-responders every 3 days.
Demographic, hospital, and ECMO details were extracted from
both a local ECMO database and the electronic health records
and linked with survey respondents. Descriptive data were pre-
sented as median (interquartile range). Free text comments were
qualitatively analyzed into themes.
Results: Fifty of the 121 eligible families (41%) responded. 59% of
pediatric ECMO survivors were male, with a median age of 3
months and ECMO duration of 97 hours. Forty-two percent of
caregivers categorized their child’s overall health as “fair” or
“poor” after ECMO therapy. More specifically, caregivers
reported impairments in speech and language (58%), attention/
concentration (38%), behavior (25%), motor (40%), memory
(21%), hearing (6%) and vision (19%) domains. Eleven percent
of children received home care nursing prior to ECMO versus
53% after ECMO. Similarly, 9% of children received special
accommodations or extra learning support in school prior to
ECMO versus 44% after ECMO. The majority of families found
their child’s primary care providers and subspecialty providers
“very helpful” or “somewhat helpful” in aiding their child’s recov-
ery. A majority of respondents were either “extremely likely” or
“somewhat likely” to come to either an in-person or virtual multi-
disciplinary ECMO follow-up clinic (66% and 77%, respectively).
Qualitatively, caregivers spoke to the medical, developmental,
social and emotional aspects of their child’s recovery. Caregivers
noted personal emotional challenges and changed bonds between
siblings. Resources provided during hospitalization and post dis-
charge were noted to be helpful although additional resources
for coping, such as in-hospital patient and family mental health
support, peer support groups, and neurodevelopmental support,
were mentioned. Finally, caregivers positively commented on
the support they received from their medical team but also
lamented on the many appointments after discharge and the frus-
trations with coordination of appointments, home nursing, sup-
plies, and medications.
Discussion: Caregivers of children who survived ECMO hospitali-
zation identified specific unmet needs, including improving parent
and child emotional support, appreciation for organized neurode-
velopmental follow-up, and coordination of care post hospital dis-
charge. These findings suggest an urgent need to include caregivers
and patients in the development of a structured multidisciplinary
ECMO follow up clinic.

The association between overprotective parenting and the
growth and development of children with congenital heart
disease: a systematic review
Avedissian T1, Noureddine S2, Hneiny L1, Atwi S1
1American University of Beirut, Beirut, Lebanon; 2University of South
Dakota, Sioux Falls, SD, United States

Introduction:Congenital Heart Disease (CHD) is themost common
birth defect of childhood. Over recent years, advances in the treat-
ments significantly improved the preoperative and perioperative
outcomes of children with CHD, with 90% surviving into adult-
hood. However, the disease still marks these children with residual
sequelae after surgical interventions. One of the main health prob-
lems that persist even after surgical intervention is the growth and
developmental delay. Even with the recent improvements in the

management of CHD, neurodevelopmental outcomes after car-
diac surgery have improved only modestly over time. Parents
are primarily responsible for the care of the child with CHD after
hospitalization. However, the demands of such a chronic illness
place these parents under high levels of stress, which in turn impact
the parent-child relationship. Because of the child’s long-term ill-
ness process, some parents tend to perceive the child as highly vul-
nerable and become overprotective, further limiting the
developmental opportunities and subsequently influencing their
growth and development. Overprotective parenting was found
to affect healthy and chronically ill children’s psychological and
behavioral outcomes negatively. However, studies on the associ-
ation between overprotective parenting practices and the growth
and development of children with CHD are seldom investigated.
Therefore, this study aimed to answer the following research ques-
tion, whether there was an association between overprotective
parenting and the growth and development of children with con-
genital heart disease.
Methods: This study used a systematic review methodology and
included CINAHL, EMBASE, MEDLINE and PsycINFO data-
bases. The GRADE guidelines were followed to assess the risk
of bias.
Results: PRISMA reporting guidelines were employed. Of the
11,583 abstracts screened, 56 full-text articles were retrieved
and four met the pre-determined criteria for the narrative analysis.
There was no reporting found on the association between parental
overprotectiveness and the growth of children with CHD.
However, regarding development, studies suggested that maternal
overprotectiveness was significantly higher in children with CHD
than in healthy controls and appeared to be associatedwith some of
the domains of child development.
Discussion: Targeting parenting approaches remain important to
enhance the development of children with CHD, since overpro-
tective parenting appeared to be associated with some of the
domains of development. However, more research is needed
given the limitations of the studies reviewed.

11th Annual CNOC Scientific Sessions S1239

https://doi.org/10.1017/S1047951123001804 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951123001804


Single Ventricle Patients: Determining the Need for
Neuropsychological Evaluation through In-Clinic
Consultation and Screening
Marsha Siebenmorgen, Corinne M. Anton, Angela Canas
Children’s Health Dallas, Dallas, Texas, USA

The Children’s Health Fontan Clinic (FC) is a multidisciplinary
collaboration intended to assess, treat, and support single ventricle
patients who have undergone staged palliation. The FC prioritizes
equitable access to neuropsychological services for English- and
Spanish-speaking families through the inclusion of language-pro-
ficient providers. This quality improvement project aimed to
investigate the most common concerns endorsed on a neurodeve-
lopmental symptom checklist for FC patients, as well as the most
common diagnoses and recommendations provided post-evalu-
ation for single ventricle patients. Patient demographics can be
found in Table 1.
The Neurodevelopmental Symptoms Checklist (NSC) is an
unpublished screening tool created to efficiently identify patient
neurocognitive and behavioral needs during FC appointments.
Initial NSC screening of patients ages 5 to 25 years of age were
analyzed using weighted scores for symptom clusters (Table 2).
Descriptive data on diagnoses and recommendations following
evaluations for patients within the same age range were also gath-
ered (Table 3).
To date, 61 consultations have been completed. Of those, 47
received the NSC. Both the NSC and consultation were used
to determine the need for evaluation. Approximately 56 evalua-
tions have been completed. The most common NSC concerns
included emotional difficulties, executive dysfunction, and atten-
tion problems. The most common diagnoses provided following
neuropsychological evaluation were AD/HD, Internalizing
Disorder, and Learning Disability. The most common recommen-
dations included educational support, psychotherapy, and medica-
tion consultation.
The NSC symptoms, diagnoses, and recommendations are com-
parable to what has been identified in the congenital heart disease
literature.1 Future goals include increasing access to in-clinic con-
sultations and consistent monitoring through screens and evalua-
tions to improve outcomes among single ventricle patients, as well
as modifying and validating the NSC for potential use across pedi-
atric medical centers.

REFERENCES
1. Marino, B.S., Lipkin, P.H., & Newburger, J.W. et al. (2012).
Neurodevelopmental Outcomes in Children with Congenital
Heart Disease: Evaluation and Management: A Scientific
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126, 1143-1172.

Implementation of a Dedicated Cardiac
Neurodevelopmental Program
Kirby K, Noori H, Lombardi-Lytle S, Scala M, BeidelmanM, Dubner S
and Ryan K
Lucile Packard Children’s Hospital Stanford, Palo Alto, CA, USA

Introduction: Children with congenital heart disease (CHD) are at
risk for neurodevelopmental deficits and require developmental
care to maximize their potential. Prior to 2020, the developmental
care of Stanford Children’s CHD patients was fragmented.
Inpatient developmental care for patients in the Cardiovascular
Intensive Care Unit (CVICU) was limited to interventions per-
formed by physical and occupational therapists with little nurse,

physician, or parent involvement. Outpatient clinics served a sub-
set of children with CHD, ended at age 3 years, and lacked rec-
ommended, routine standardized developmental screening. Our
goal was to establish a Cardiac Neurodevelopmental Program
(CNP) providing neuroprotective and developmentally support-
ive inpatient and outpatient care for CHD patients.
Methods: We reviewed characteristics of established US cardiac
center programs including funding sources, program personnel
and composition, and neurodevelopmental screening schedules
and assessments. A needs assessment of nursing knowledge of
inpatient developmental care among critically ill patients was com-
pleted. Key stakeholders from cardiology, developmental-behav-
ioral pediatrics, neonatology, inpatient rehabilitation, and nursing
convened to design a dedicated CNP. Consensus criteria estab-
lished patients at highest risk for developmental deficits, catchment
area was defined, and predicted clinic volume was estimated.
Methods of inpatient identification and referral pathways were
established.
Results: Inpatient needs assessment revealed that frontline staff
were unfamiliar with basic principles of CVICU neurodevelop-
mental care (e.g., noise prevention, cycled lighting, positioning).
A CVICU specific developmental pathway was adapted from
the NICU to teach bedside providers and parents to implement
developmental care at all stages of illness. Twice monthly bedside
CNP rounds educate parents and staff, document care plans, and
summarize neurological, audiological and genetic findings, reha-
bilitation status, and social/emotional support. At hospital dis-
charge we found that children meeting California Children’s
Services High Risk Infant Follow Upmedical eligibility were seen
in the Stanford Children’s Infant Development Specialty Program
(IDSP) until age 3. Many patients eligible for follow up by
American Heart Association (AHA) criteria and those over 3 years
were excluded. A shared list in the electronic medical record was
created to track patients referred from CNP rounds and through
outreach to Stanford cardiologists. Inpatient to outpatient transi-
tion is ensured by pre-discharge scheduling of IDSP or CNP
appointment and rehab therapies, and/or obtaining consent for
Early Intervention. All high-risk cardiac patients as defined by
the AHA are seen in IDSP until age 3 and then in CNP clinic
for ongoing care.
Discussion: We leveraged the success and infrastructure of existing
programs to promote infant and child development. The Stanford
CNP is improving the continuum of developmental care for chil-
dren with CHD through multidisciplinary collaboration, educa-
tional modules, clinical rounds, and the CNP clinic. Future
work includes social determinants of health assessment, refinement
of referral and clinical protocols, and establishing a research
program.

The provision and impact of rehabilitation provided by
Physiotherapists in children with congenital heart disease
following cardiac surgery: A scoping review
Stephanie Clarke, Natalie Milburn, Julie Menzies and Nigel Drury
BirminghamWomen’s and Children’s Hospital NHS Foundation Trust,
Birmingham, United Kingdom

Introduction: Children with congenital heart disease (CHD) are at
risk of delayed motor development with increased risk for those
requiring cardiac surgical intervention. We conducted a scoping
review to identify the provision and impact of physiotherapy-
delivered rehabilitation in children with CHD following cardiac
surgery
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Methods:CINAHL, EMBASE, PUBMED, AHMED, EMCARE,
Cochrane Database of Systematic Reviews, NHS Evidence data-
bases were searched (2000-2022). Included studies were published
in full, in English and reported the use of physiotherapy in CHD
(participants 0-18 years) post-surgical procedure Articles were
screened by title and abstract and through full-text review with
results structured in accordance with the PAGER framework
and PRISMA- ScR checklist.
Results: 5747 papers were screened, with seven full-text peer-
reviewed papers published 2014-2021 identified. Included papers
were predominantly from non-randomised cohort studies with
sample size between 1-247. Study participants ranged from 0-16
years, with a variety of cyanotic and acyanotic congenital heart
defects and surgical procedures. There was wide variation in dura-
tion, frequency, length and type of physiotherapeutic interven-
tions and lack of standardised assessment of impact. Few adverse
events were reported, however assessment of stability prior and
during interventions varied significantly.
Discussion: Assessing the impact and provision of physiotherapy in
CHD post-surgical intervention is challenging due to low sample
sizes, lack of control groups, heterogeneous demographics and var-
iable intervention and formats delivered. Further research is
required to identify optimum format of physiotherapy provision,
establish potential impact of physiotherapy delivered rehabilitation
on motor function and development and establish recommenda-
tions regarding measures of stability pre and during intervention.

Fetal hemodynamics are associatedwith survival and short-
term neurodevelopmental outcomes in patients with
cyanotic congenital heart disease
Fu-Tsuen Lee1,2,*, Liqun Sun*, Joshua FP van Amerom2, Sharon
Portnoy2, Davide Marini2, Vanna Kazazian2, Joanne Bonanno2,
Amandeep Saini2, Natasha Milligan2Thiviya Selvanathan2, Jessie Mei
Lim2, Brahmdeep Saini2, Renee Sananes2, Edgar Jaeggi3, John C
Kingdom2, Christopher K Macgowan2, Linh Ly2, Vann Chau4, Steven
P Miller2 and Mike Seed
1University of Toronto, Toronto, ON, Canada; 2The Hospital for Sick
Children, Toronto, ON, Canada; 3Mount Sinai Hospital, Toronto,
ON, Canada; 4BC Children’s Hospital, Toronto, ON, Canada

*Fu-Tsuen Lee and Liqun Sun contributed equally.

Introduction: Neurodevelopmental delay is common in patients
with cyanotic congenital heart disease (CHD). We previously
demonstrated correlations between in utero cerebral oxygenation
and brain growth in fetuses with CHD using fetal cardiovascular
magnetic resonance (CMR).1 However, fetal cardiovascular mag-
netic resonance (CMR) measures of fetal circulatory physiology
have not previously been compared with survival or neurodeve-
lopmental outcomes.
Objective: Our objective was to determine the relationship
between late gestational in utero hemodynamics, survival and neu-
rodevelopmental outcome at 18 months of age in the setting of
cyanotic CHD.
Methods: Blood flow was measured in the major fetal vessels of 161
late-gestational human fetuses with cyanotic CHD using cine
phase contrast CMR. In a subgroup of subjects, major vessel oxy-
gen saturations and hemoglobin were measured using MR relax-
ometry. Fetal cerebral oxygen delivery (CDO2) was calculated
using a combination of superior vena caval (SVC) flow, ascending
aortic oxygen saturation and fetal hemoglobin concentration, and
indexed to fetal weight (kg). The corrected Bayley Scales of Infant

and Toddler Development Assessment III was employed to deter-
mine cognitive, language, and motor composite scores in a sub-
group of 74 patients at 18 months of age, 28 of which had
CDO2 measured. Unpaired comparison tests, correlation analyses,
and multivariable linear regressions were used to assess relation-
ships between fetal hemodynamics and outcomes.
Results: Subjects underwent fetal CMR at 36.1 gestational weeks
(IQR: 35.3, 37.0): mean combined ventricular output (CVO) was
437.4±116.2 ml/kg/min, SVC flow was 137.0±45.6 ml/kg/min,
CDO2was 13.3±4.7ml/kg/min. Neurodevelopment was assessed
at 18.6 months (IQR: 18.2,19.4): mean cognitive composite was
100 (IQR: 95, 110), language composite was 94 (IQR: 89, 103),
and motor composite was 100 (IQR: 91, 107). The mortality rate
prior to 18 months was 14.3% (23/161) and was inversely related
to fetal CVO (446 vs. 383 ml/kg/min, p=0.02). SVC flow was
positively associated with cognitive composite (r=0.33,
p=0.004), language composite (r=0.27, p=0.02), and motor
composite scores (r=0.26, p=0.03). Adjustment of diagnosis in
the multivariable linear regression model revealed SVC flow
was positively associated with cognitive composite (r=0.44,
p=0.001) and language composite (r=0.38, p=0.01), but not
motor composite scores. Specific diagnoses were a significant pre-
dictor of Bayley outcome. CDO2 was positively associated with
cognitive composite (r=0.56, p=0.001), language composite
(r=0.39, p=0.04) and motor composite scores (r=0.46, p=0.01).
Discussion: Fetal hemodynamic parameters are associated with sur-
vival and 18-month neurodevelopmental assessment outcomes in
patients with cyanotic CHD, even when adjusted for diagnosis.
While a range of postnatal risk factors for adverse neurodevelop-
mental outcomes have previously been identified, our results
emphasize possible links between fetal circulatory physiology
and neurodevelopmental outcomes in patients with cya-
notic CHD.

Impact of a systematic developmental follow-up program
on the neurodevelopment of school-aged children with
complex congenital heart disease: preliminary results
Yara Maalouf BSc1,2, Justine Pelletier BSc1, Catherine Bernard MSc1,3,
Amélie Doussau MSc RN4, Nancy Poirier MD FRCSC4,5, Natacha
Paquette PhD1,2, Marie-Noëlle Simard PhD1,3, and Anne
Gallagher PhD1,2

1CHU Sainte-Justine Research Center, Montréal, QC, Canada;
2Department of Psychology, Université de Montréal, Montréal, QC,
Canada 3School of Rehabilitation, Faculty of Medicine, Université de
Montréal Montréal, QC, Canada and 4Clinique d’investigation neuro-
cardiaque (CINC), CHU Sainte-Justine, Montréal, QC, Canada and
5Department of Surgery, Division of Cardiac Surgery, Faculty of
Medicine, Université de Montréal, Montréal, QC, Canada

Introduction: Congenital heart diseases (CHD) are the most
common type of congenital anomalies. Children born with com-
plex CHD usually require cardiac surgery in their first year of life
and have a higher risk of developing cognitive and functional dif-
ficulties. As of 2012, the American Heart Association recommends
early systematic follow-ups for children born with CHD.
Consequently, the Clinique d’Investigation NeuroCardiaque
(CINC) was founded at the Sainte-Justine hospital. The purpose
of the CINC is to systematically assess children born with CHD
and provide individualized interventions through a multidiscipli-
nary team. In a previous study in three-year-old children, we have
shown that those part of the CINC had fewer developmental
delays than children born before the opening of the CINC in
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2013, who thus received standard clinical care.With increased aca-
demic demands, several developmental issues arise in school-aged
children with CHD. The aim of the current study is thus to evalu-
ate the benefit of the CINC program in school-aged children (8 to
11 years old). We hypothesize that the benefits from our develop-
mental program will be greater at that age.
Methods: To date, 47 children with complex CHDwere recruited:
10 children (3 boys; mean age = 9 years, SD= 0.49 years) enrolled
in a systematic follow-up program (CINC group) and 37 children
(24 boys; mean age = 9 years, SD = 1.5 years) who received stan-
dard care before the opening of the CINC (control group). All
patients had at least one cardiac surgery in the first year of life.
Children completed standardized neuropsychological tasks assess-
ing intellectual functioning, attention and impulsivity, cognitive
flexibility, planification and organization skills, visuoconstructive
abilities, reading accuracy, mathematical skills and verbal memory.
Preliminary data were compared with norms as well as between
groups with independent sample t tests.
Results: Preliminary data reveal a significant difference in attention,
planification and organization skills in both the CINC and control
groups as compared to the norms (p < 0.05). Comparisons
between groups reveal significantly better visuo-constructive abil-
ities (p = 0.02) and a tendency of better cognitive flexibility (p =
0.09) and reading accuracy (p = 0.06) in the CINC group com-
pared to the control group. However, the controls exhibit better
mathematical skills compared to the CINC patients (p < 0.001).
Discussion: In 8-to-11-year-olds with CHD, children who ben-
efited from the follow-up program at the CINC and those who
received standard health care show cognitive deficits related to
attention, planification and organization. Children in the CINC
group showed better visuoconstructive abilities, and a tendency
for better executive functioning and reading skills while children
in the control group showed better mathematical abilities. It is
noteworthy that the measure of mathematical skills has the highest
rate of missing data (almost 30%). Because of the current very small
sample size of the CINC group, it is difficult to interpret these
results and further data is required in order to assess the impact
of our systematic developmental follow-up program on the neuro-
development of children with complex CHD.

The association between parenting stress and executive
functioning in school-aged children with congenital heart
disease
Yara Maalouf BSc1,2,*, Charles Lepage BSc*,1,2 Justine Pelletier BSc1,3,
Catherine Bernard MSc1,3, Amélie Doussau MSc RN4, Nancy Poirier
MD FRCSC4,5, Natacha Paquette PhD1,2 Marie-Noëlle Simard
PhD1,3, and Anne Gallagher PhD1,2

1CHU Sainte-Justine Research Center, Montréal, QC; 2Department of
Psychology, Université de Montréal; 3School of Rehabilitation, Faculty of
Medicine, Université de Montréal; 4Clinique d’investigation neurocar-
diaque (CINC), CHU Sainte-Justine and 5Department of Surgery,
Division of Cardiac Surgery, Faculty of Medicine, Université de Montréal

*Co-first authors

Introduction/Study Question: The survival rate of children born with
congenital heart disease (CHD) is increasing due to the advance-
ment of medical knowledge and the refinement of surgical tech-
niques. With a longer lifespan, a plethora of neurodevelopmental
sequelae, notably lower executive functioning, is observed in this
population. Due to the burden of their children’s precarious con-
dition in the first years of life, parents of these children are also at a
risk of higher stress levels. Among other factors, parenting stress has
been identified as a predictor of executive functioning in healthy

children. The current study aimed to investigate the association
between parenting stress and executive functioning in 8 to 11-
year-old children with complex CHD. We hypothesized that
higher levels of parenting stress are associated with poorer perfor-
mances in executive functioning and higher rates of parent-
reported executive deficits.
Methods: To date, 37 children with complex CHD were recruited
(24 boys; mean age = 9 years, 11 months, SD = 1.5 years). All
patients had at least one cardiac surgery in the first year of life.
Children completed standardized executive function tasks assess-
ing cognitive flexibility (D-KEFS-Trails Making Test), working
memory (WISC-V- Digit Span Backwards), and planification
and organization skills (Rey-Osterrieth complex figure- copy con-
dition). Parents completed standardized questionnaires on their
children’s executive functioning (BRIEF-P) and on parenting
stress (PSI). A bivariate Pearson correlation matrix was applied
and corrected for multiple comparisons (Benjamini FDR set to
25% for executive tasks and 5% for questionnaire scores).
Results: Bivariate Pearson correlations revealed no significant asso-
ciations between parenting stress and all child-measured executive
functions scores. However, all seven indexes of parent-reported
executive functioning showed moderate or strong positive associ-
ations with parenting stress: Inhibit (p<.001), Shift (p<.001),
Emotional Control (p<.001), Initiate (p<.001), Planning and
Organizing (p<.002), Organizing of materials (p<.012), and
Monitor (p<.001).
Discussion: In 8-to-11-year-olds with CHD, parenting stress is pos-
itively associated with parental reported children’s executive dys-
function, but not with directly child-measured executive
functions.However, parenting stress seems to influence the parents’
perception of their children’s executive functioning. These results
are in contrast with other findings from our laboratory showing an
association between parenting stress and directly measured execu-
tive functions in younger children (preschoolers). Overall, these
results suggest that executive functioning in school-aged children
is not associated with parental factors anymore and might be more
associated with other psychosocial factors, notably the school envi-
ronment and peers, whereas at preschool-age, executive function-
ing is strongly influenced by parental factors. This study underlines
the subtle interplay between parenting stress and parent-perceived
and measured executive functioning at school-age.

Standardized School Screening to Identify Educational
Needs and Link Supports to Children with Heart Disease
Christie Ruehl https://orcid.org/0000-0002-7548-8878, JD,MBA1,*;
KristinKornetzke,BSN,RN2; JasonSeidl,MBA3;KyleLandry https://
orcid.org/0000-0002-1283-805X, Med4; Cheryl Brosig https://orci-
d.org/0000-0002-1952-8652, PhD5; ElizabethNeidhold, BSN,RN2;
Angie Klemm, BS2; Jenny Patterson, MHA2; Peter Bartz https://orci-
d.org/0000-0002-1952-8652, MD5

1Senior Program Manager, Educational Achievement Partnership
Program, Children’s Wisconsin; 2Herma Heart Institute, Children’s
Wisconsin; 3IS Clinical Applications, Children’s Wisconsin;
4Educational Achievement Partnership Program, Children’s Wisconsin.
https://orcid.org/0000-0002-1283-805X; 5Department of Pediatrics,
Medical College of Wisconsin, Herma Heart Institute, Children’s
Wisconsin. https://orcid.org/0000-0002-1952-8652

*Senior Program Manager, Educational Achievement Partnership
Program, Children’s Wisconsin. (414) 266-4494, CRuehl@
ChildrensWI.org, https://orcid.org/0000-0002-7548-8878

Introduction: Children with heart disease are at-risk for an array of
neuropsychological deficits that may affect development,
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psychosocial skills and academic attainment. While some medical
centers offer school liaison services, cardiology clinicians may lack a
consistent approach to identify school concerns and determine
applicable support services, reflecting an urgent need to develop
these resources. The aim of this quality improvement project
was to create and seamlessly integrate a school screening system
into outpatient cardiology clinic workflow and screen ≥80% of
eligible children for school concerns.
Methods: The project team at a single center developed a 5-ques-
tion School Screener EPIC flowsheet where clinic staff indicate
whether the child’s cardiac condition is chronic and the parent/
guardian identifies developmental, psychosocial and academic
concerns or other school support needs. Based on responses to
these questions, 1 of 4 action steps are automatically recommended
for follow-up: Educational Achievement Partnership Program
(EAPP) referral, notify primary care provider (PCP), school health
plan (SHP) or no action step needed. Best practice advisory alerts
with links to forms allow clinic staff to complete follow-up steps
immediately and record the action taken at the bottom of the flow-
sheet. Following clinic-wide roll out and training, 23 cardiology
nurses administered the School Screener to children meeting
screening criteria: 3.0-17.9 years old, a cardiology office visit at
the main campus, and qualifying department types (9 total) and
visit types (9 total). Exclusion criteria were children with a diag-
nosis of “normal heart” and those previously screened within
the past 11 months.
Results:During the 4th quarter of 2021, 672 children met screening
criteria and 486 (72.3%) were screened for school concerns.
Screening rates peaked at 82.0% in September and gradually
decreased throughout the end of the year. The pool of eligible
children and the cohort screened were demographically consistent
in age and gender (mean age 10.0 years, range 3.75 – 17.98 years,
and 58% male), but ethnically divergent: 15.3% Hispanic in the

pool and 8.7% in the screened cohort. 47.7% of children had
≥1 school concern in the 3 areas screened: 28.0% had develop-
mental concerns, 32.1% academic and 37.2% psychosocial. The
distribution of follow-up step recommendations was largely as
expected: 42.6% EAPP, 31.9% SHP, 5.1% PCP, and 20.4% with
no follow-up step needed; however, there was a larger than
expected variance between the recommended follow-up steps
and the action step actually completed (see figure).
Discussion: The School Screener successfully integrated into clinic
workflow and additional optimizations may boost screening rates
consistently≥80%. Follow-through on EAPP referral recommen-
dations far exceeded SHPs and PCPs. Further investigation is
needed to determine utility of and adaptations for SHP and
PCP follow-up steps.

White Matter Microstructure and Self-Reported
Neuropsychological Functioning in Youth Born with
Congenital Heart Disease
Kaitlyn Easson1,2Charles V. Rohlicek3, Guillaume Gilbert4, Sean C. L.
Deoni5, Maxime Descoteaux6, & Marie Brossard-Racine1,2,7,8
1Advances in Brain & Child Development Laboratory, Research Institute
of the McGill University Health Centre, Montreal, QC, Canada;
2Department of Neurology & Neurosurgery, Faculty of Medicine &
Health Sciences, McGill University, Montreal, QC, Canada;
3Department of Pediatrics, Division of Cardiology, Montreal Children’s
Hospital, Montreal, QC, Canada; 4MR Clinical Science, Philips
Healthcare, Mississauga, ON, Canada; 5Advanced Baby Imaging
Laboratory, Brown University, Providence, RI, USA; 6Sherbrooke
Connectivity Imaging Laboratory, Université de Sherbrooke,
Sherbrooke, QC, Canada; 7School of Physical and Occupational
Therapy, McGill University, Montreal, QC, Canada; 8Department of
Pediatrics, Division of Neonatology, Montreal Children’s Hospital,
Montreal, QC, Canada

Introduction: Adolescents born with congenital heart disease
(CHD) frequently present with impairments in executive and
psychological functioning, the neural correlates of which remain
poorly understood. We have previously used multicomponent
driven equilibrium single pulse observation of T1 and T2

(mcDESPOT) and neurite orientation dispersion and density
imaging (NODDI) to detect lower myelination and axon density,
with relatively preserved axon orientation, in youth born with
CHD in many association white matter tracts. Association tracts
are known to play a critical role in higher-order cognitive func-
tioning and emotional regulation. Therefore, this study aimed
to determine if myelination and axonal density and orientation
alterations within association tracts are related to executive and
psychological functioning in youth born with CHD.
Methods:Youth aged 16 to 24 years born with complex CHDwho
underwent open-heart surgery before two years of age completed
a brain MRI including T1-weighted, high angular resolution dif-
fusion imaging, and mcDESPOT acquisitions. Participants also
completed three self-report questionnaires: the Behavior Rating
Inventory of Executive Function - Adult Version (BRIEF-A) to
assess various domains of behavioural regulation and metacogni-
tion; the Flourishing Scale to assess social-psychological prosperity;
and the Resilience Scale to assess self-perceived resilience. Linear
or logistic regression models were used to examine the associations
of myelin water fraction (MWF), neurite density index (NDI), and
orientation dispersion index (ODI) values in 8 bilateral association
tracts with continuous outcome scores or presence of significant
impairments, respectively. All models controlled for age, sex,
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and maternal education. The false discovery rate correction for
multiple comparisons was applied.
Results:MWF in several association tracts was negatively associated
with T-scores on the Self-Monitor andWorkingMemory scales of
the BRIEF-A (where higher T-scores indicate poorer function-
ing). Higher NDI in several association tracts was associated with
lower odds of a clinically-significant impairment (T-score≥ 65) on
the Self-Monitor scale of the BRIEF-A.No significant associations
were found for the Flourishing Scale or Resilience Scale.

Improving Early Mobility and Parental
Holding in the Nemours Cardiac Intensive Care
Unit (CICU)
Sarah Russell PT, Bridy Hamilton OTR/L, Erica Sood PhD, Tammy
Fenton-Ward PA-C, Kristin Daniels BSN RN CCRN, Janet
Prozzillo MSN RN NE-BC, Colin Meyer-Macaulay BScH, MD,
FRCPC, FAAP.
Nemours Children’s Health, Wilmington DE

Objectives: To increase the proportion of newborns (NBs) held by
their parents by 24 hours of life (HOL) to 50% in 6 months and
decrease the amount of time until a baby is held 50% in 6 months;
to increase the proportion of non NBs mobilized out of bed
(OOB) by 24 hours to 50% and decrease the median time to
OOB by 50% in 6 months.
Population/Sample: All newly admitted patients to the CICU.
Methods: Members from the cardiac interdisciplinary team
reviewed current early mobility guidelines and barriers to success.
An updated evidence based early mobility and holding guideline
was created and reviewed by the CICU medical team, nursing
management/staff, and the therapy team in accordance with avail-
able best practices. An electronic medical record flowsheet was
generated to allow nursing and medical staff to discuss and docu-
ment guidelines daily using patient rounds checklist. Data illustrat-
ing the holding andmobilization of CICU patients were collected.
This data was analyzed to reflect the impact of newly implemented
standards of care on patient mobilization and early NB holding
using standard quality improvement methodology.
Results: For the 2 years prior to Plan/Do/Study/Act (PDSA) cycle
1, the mean proportion of NBs held by 24 HOL was 17%, and the
median time to hold was 72.5 hrs. In 5/24 months, 0 NBs were
held by 24 HOL. During PDSA cycle 1, every month the propor-
tion of NBs held was above the previous trend line (Fig 2A), while
every data point for median time to hold was below the previous
trend line, both indicating an improvement (Fig 3A). Prior to
PDSA cycle 1 themean proportion of non-NBsOOB by 24 hours
was 30% and the median time to first OOB was 28.1 hrs. During
PDSA cycle 1 there was no consistent change in the proportion of
non-NBs mobilized OOB within 24 hours (Fig 2B) nor the
median time to first mobilization (Fig 3B).
Discussion: Following the implementation of the holding guide-
lines a consistent increase in the number of NBs held by their
parents within 24 HOL along with a decrease in the amount of
time from birth to first hold by parents/family.We did not achieve
the same improvement in children >30 days old. PDSA cycle 2
will include an analysis of the most common barriers to early hold-
ing and mobility from PDSA cycle 1.

Figure 1: Holding and mobility guidelines currently in use at
Nemours Cardiac Center

Figure 2: A) Proportion of newborns (<30 days) held by their
parents within 24 hours of life. B) Proportion of non-newborns
mobilized out of bed by 24 hours of admission the cardiac intensive
care unit. UCL: Upper confidence limit, LCL: Lower confidence
limit

Figure 3: A) Median time to first hold of newborns by parents.
B) Median time to mobilization of non-newborns out of bed.
UCL: Upper confidence limit, LCL: Lower confidence limit.
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Psychosocial Outcomes of Emerging Adults with
Congenital Heart Defect
Fatme Abboud1,2Kaitlyn Easson1,2Annette Majnemer2; 3; 4, Charles V.
Rohlicek5, Marie Brossard-Racine1,2,3,56
1Advances in Brain and Child Health Development Research Laboratory,
Research Institute of the McGill University Health Center, Montreal,
Canada; 2Department of Neurology and Neurosurgery, McGill
University, Montreal, Canada; 3School of Physical and Occupational
Therapy, McGill University, Montreal, Canada; 4Department of
Pediatrics, Division of Neurology, McGill University Health Center,
Montreal, Canada; 5Department of Pediatrics, Division of Cardiology,
McGill University Health Center, Montreal, Canada and 6Department of
Pediatrics, Division of Neonatology, McGill University Health Center,
Montreal, Canada

Introduction: A congenital heart defect (CHD) is the most common
neonatal birth defect affecting approximately 8 in 1000 live births.1

Individuals born with a complex CHD often experience neurode-
velopmental and psychosocial deficits throughout their lifespan.2,3

Additionally, executive function (EF) deficits have been consis-
tently observed in the CHD population, and are associated with
poorer academic achievement and a higher incidence of psychiat-
ric disorders.4 The transition from adolescence to adulthood is
known to be a critical period for self-determination during which
autonomy and psychosocial wellbeing are expected to flourish.
However, little is known about the psychosocial functioning of
youth with CHD during this period specifically. Therefore, this
study aims to characterize the psychosocial wellbeing and
autonomy of emerging adults with CHD and explore the poten-
tially modifiable factors associated with optimal outcomes to orient
the care offered in cardiac transition programs.
Methods: Adolescents and young adults 16-26 years of age born
with a CHD requiring open-heart surgery utilizing cardiopulmo-
nary bypass during the first two years of life were enrolled to com-
plete a series of questionnaires assessing psychosocial functioning,
as measured by resilience and psychological wellbeing, as well as
EF and age-appropriate indicators of autonomy. Healthy age-
and sex-matched participants were also recruited. Group
differences were assessed using two-sample t-tests, Pearson χ2,
Fisher exact tests, or analysis of covariance as appropriate.
Associations between individual or clinical variables and outcomes
were assessed using multiple linear regression and analysis of
covariance.
Results: A total of 58 emerging adults with CHD and 57 healthy
youth participated in this study. Emerging adults with CHD
had lower educational attainment and were more likely to still
be living with their parents when compared to controls.
Controlling for maternal education, psychosocial functioning
did not significantly differ between the two groups; however,
emerging adults with CHD had significantly lower EF than their
healthy peers. Worse EF was associated with worse psychosocial
functioning in both the CHD and the control groups. Longer total
bypass time and total aortic clamp time were associated with
worse EF.
Discussion: In this present study, we identified that EF deficits
present in emerging adults with CHD are associated with worse
psychosocial wellbeing. While our finding of EF deficits is consis-
tent with prior literature in individuals with CHD, the lack of
psychosocial deficits is not. These results support the need for fur-
ther research into the challenges experienced by individuals with
CHD across the lifespan in order to develop an optimal support
program for a successful transition to adult care.
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Prevalence of torticollis following congenital heart disease
repair
Bear L1, Bear L2, Mussatto K; 3, Kwapick R; 3, Weyda H1, Bear L1,
Bear L; 3, Kwapick R; 3, Kwapick R1, Schulz P
1Medical College of Wisconsin, Milwaukee, Wisconsin,
USA2Milwaukee School of Engineering, Milwaukee, Wisconsin, USA;
3Children’s Wisconsin, Milwaukee, WI, USA

Introduction and study question: The Herma Heart Institute of
Children’s Wisconsin established a routine congenital heart disease
neurodevelopmental follow up program in 2007. During routine
follow up of these cardiac patients it appeared that there were a
significant number of patients that were diagnosed with torticollis.
It is known that if torticollis is left untreated it may lead to plagio-
cephaly, facial asymmetry, visual and motor disturbances. (1, 2, 3)
To date there is not any literature that identifies the prevalence of
this finding in this population. Our goal was to determine the
prevalence of torticollis in infants who underwent cardiac surgery
in infancy in order to intervene and prevent known sequelae.
Study design: A retrospective chart review was completed of all
patients seen in the Herma Heart Institute Developmental
Follow-up clinic from September 2014 through May 2018. All
patients met high risk criteria established by the American Heart
Association for developmental follow up and had undergone com-
plex congenital heart surgery in the first year of life. Physical
examination by one of two physicians and standardized develop-
mental evaluation utilizing the Bayley Scales of Infant Toddler
Development, 3rd edition by a physical therapist were completed.
A diagnosis of torticollis was included if made at the initial follow
up clinic visit. The prevalence rate was calculated based on the time
of the first clinic visit.
Result: 555 patients were seen during the data collection period.
185 patients exhibited torticollis for an overall prevalence rate
of 33.3%. Of those with torticollis, 55.7% were male (103/185),
and 78.9% had undergone a two ventricle repairs (146/185).
56.2% of patients with torticollis also demonstrated at least one
delay on the Bayley Scales of Infant Toddler development. Of
those patients with more than one visit (146), 23.3% (34/146)
had persistence of their torticollis at a subsequent visit.
Discussion: The prevalence of torticollis in the congenital heart dis-
ease population has never been reported. This study provides initial
evidence of a significant burden of disease in the congenital heart
disease population, as over half the patients with torticollis also had
at least one area of developmental delay. Further exploration of the
progression/resolution of disease and further characterization of
the impact of torticollis is warranted.
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An Investigation ofDevelopmental ScreeningOutcomes in
the Congenital and Heart Transplant Population
Corinne M. Anton1, Sivan S. Aulov2, & Kelli N. Triplett1
1Children’s Health – Children’s Medical Center, Dallas, TX, USA;
2Fordham University, New York, NY, USA

Developmental screenings are useful to assist in evaluation and
management of children with congenital heart disease (CHD)1.
This quality improvement project aimed to investigate develop-
mental domains between surgical intervention groups via the
Ages and Stages Questionnaire (ASQ-3)2.

Retrospective chart review was employed to examine pediatric
cardiology patients’ ASQ-3 results completed during outpatient
cardiology appointments between 03/2016 and 04/2022. Initial
ASQ-3 of patients (n=166) ages 4-12 months of age were analyzed
(Table 1). The following surgical groups were examined: shunt
dependent (SD), shunt dependent + aortic arch reconstruction
(SD/AA), and heart transplant (HT). Chi square test of independ-
ence was used to examine categorical data. Independent samples t-
test and analysis of variance evaluated mean differences between
groups with Tukey’s HSD test implemented for post-hoc
examination.
There were no significant differences in development based on
demographic variables. A greater percentage of HT patients were
categorized as “delayed” in communication and fine motor skills
than SD and SD/AA patients (Table 2). HT patients also demon-
strated poorer communication mean scores than both the SD (p =
.001, 95% C.I. = -16.80, -3.45) and SD/AA groups (p = .04, 95%
C.I. = -14.31, -.30) (Table 3). HT patients demonstrated signifi-
cantly worse mean scores for gross motor (p = .01, 95% C.I. = -
17.71, -1.94), fine motor (p = .02, 95% C.I. = -16.71, -1.49), and
personal social skills (p = .01, 95% C.I. = -16.82, -1.94) than the
SD group. There were no significant differences in development
between congenital and acquired heart disease patients within the
HT group.
Developmental differences were observed within complex pediat-
ric cardiac surgical procedure groups in the current sample with
HT patients evidencing greater delayed screenings. Potential rea-
sons for these outcomes include increased illness severity of patients
awaiting heart transplant. The provision of developmental inter-
vention and neurodevelopmental support prior to discharge is
recommended.

REFERENCES:
1. Noeder, M. M., Logan, B. A., Struemph, K. L., Condon, N.,
Mueller, I., Sands, B., : : : & Sood, E. (2017). Developmental
screening in children with CHD: Ages and Stages
Questionnaires. Cardiology in the Young, 27(8), 1447-1454
2. Schonhaut, Luisa, et al. “Validity of the Ages and Stages
Questionnaires in Term and PretermInfants.” Pediatrics, vol.
131, no. 5, 2013, https://doi.org/10.1542/peds.2012-3313.

Associations among screen time, sleep hours, social
functioning, executive functioning, and disruptive
behaviors in pediatric heart disease
Corinne M. Anton1, Marsha Siebenmorgen1, Angela Canas1, Alice Ann
Holland1, Melissa A. Faith2
1Children’s Health – Children’s Medical Center, Dallas, TX, USA;
2Johns Hopkins All Children’s Hospital, St. Petersburg, FL, USA

Introduction and StudyQuestion:Childrenwho have had cardiac sur-
gery are more likely to develop learning and cognitive deficits that
negatively impact their academic, social, vocational, and commu-
nity functioning.2 Quality sleep and limited screen time are asso-
ciated with improved health-related quality of life and child
behavior.4 This study explored links between screen time and sleep
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duration and children’s social, behavioral, and executive function-
ing in a congenital and acquired heart disease sample.
Method:We obtained parent report of children’s screen time sleep
duration via single items and parent report of children’s social skills
(SRS-2), behavior problems (BASC-3), and executive functioning
(BRIEF-P) via standardized measures. We examined whether
meeting age-normed sleep and screen time recommendations
were linked with children’s social, behavioral, and/or executive
functioning. Due to study novelty, we conducted multiple t-tests
to avoid type II error in multivariate tests.
Results: Descriptive data is summarized in Table 1. Children who
did not meet minimum sleep recommendations evidenced greater
hyperactivity and atypical behaviors, and worse expressive social
communication, modulating emotional responses, and flexibly
transitioning in tasks/situations. Children who had more than rec-
ommended screen time evidenced greater inattention, internaliz-
ing symptoms, and atypical behaviors andworse adaptability, social
awareness, social cognition, and social communication (Table 2).
Discussion: Average sleep duration was below AAP recommenda-
tions.3 Average screen time was above AAP recommendations.1

Sleep and screen time predicted differences in social skills, behavior
symptoms, and executive functioning. Findings suggest the impor-
tance of closely monitoring cardiac patient screen time/sleep dura-
tion and providing caregiver education/intervention as needed.
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Nursing Education of Neurodevelopmentally Appropriate
Cue-Based Cares of Infants with Critical Congenital Heart
Disease
Eileen Kelleher, MS, OTR/L, NTMTC1, Hannah Whipple, PT,
DPT, NTMTC1, Hannah Barnes, BSN, RN1, Alexandra Lamari-
Fisher, PhD1, Jeremy Affolter, MD1,2, Carlos Mery, MD, MPH1,3,
Austin Adair, MD1,2

1Texas Center for Pediatric and Congenital Heart Disease, Department of
Pediatrics, Dell Children’s Medical Center, University of Texas- Austin,
Austin, TX; 2Division of Pediatric Critical Care, Department of
Pediatrics, Dell Children’s Medical Center, University of Texas- Austin,
Austin, TX; 3Division of Pediatric and Congenital Cardiothoracic
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University of Texas-Austin, Austin, TX

Introduction/Objective: Pediatric patients with complex congenital
heart disease have delays in several key areas of neurodevelopment,
notably motor skills, cognition, communication and language
skills, visual/motor and visual/spatial integration, and executive
functioning. Cardiac critical care unit (CCU) environmental fac-
tors, including monitor alarms, sleep interruptions, and diminished
stimulation with sedation and paralysis, may contribute to these
delays. We describe a nursing education model with a correlative
case study integrating a neurodevelopmental model into routine
medical care thereby improving neurodevelopment.
Methods: Forty-one registered nurses (RNs) in our cardiac center
underwent a 30-minute lecture and simulation session focusing on
cue-based and four-handed cares. The education curriculum was
developed utilizing a literature review of best practices for devel-
opmental care models in NICUs (Neonatal Integrative Care
Model or IDC), as well as current and emerging practices on
CVICUs (Individualized Family-Centered Developmental Care
Model or IFDC) in addition to proprietary unit-specific recom-
mendations based on therapists’ discretion and observation.
A locally developed pre- and post-lecture survey was administered
to the CCUnursing staff to assess nursing awareness and comfort in
providing the described cares. We continue to monitor how uti-
lizing this model impacts various CCU environmental factors. For
example, one patient with complex single ventricle congenital
heart disease who required Berlin EXCOR ventricular assist
device support was evaluated utilizing the practices communicated
between the therapy and nursing staff.
Results: Pre-test average scores were 72% while post-test scores
were 88%, showing a 16% improvement in nursing comfort with
cue-based and four-handed cares (Table 1). As an example of clini-
cal correlate, a long-term patient before implementation had
severe hyperactive delirium that required 75.2 morphine milli-
gram equivalents (MME), daily exposure to 13 mg midazolam
and 6mg lorazepam, daily exposure to 302mcg dexmedetomidine
and 72 mcg clonidine, haloperidol, risperidone, and ketamine for
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baseline safety of the patient and cooperation with life-sustaining
medical equipment as well as additional periodic exposure to
opioids and ketamine for cares, dressing changes and wound vac-
uum changes. After implementation this exposure decreased to
53.2 MME, daily exposure to 8 mg lorazepam, and daily exposure
to 130 mcg dexmedetomidine and 200 mcg clonidine at baseline
with no additional requirements for cares, dressing changes nor
wound vacuum changes (Table 2). This case study, while not
directly causative, shows the correlative improvements in admin-
istering neurodevelopmentally appropriate cares can have on
exposure to sedation medications.
Conclusions: Nursing education on cue-based and four-handed
cares rooted in theories from both the Neonatal Integrative
Care Model (IDC) and the Individualized Family-Centered
Developmental Care Model (IFDC) is an effective way to increase
nursing understanding and comfort. While further research is war-
ranted, it can also potentially contribute to a correlative decrease in
the required amount of sedation medications utilized for pediatric
patients with congenital heart disease.

Left ventricular dimensions and function by three-
dimensional echocardiography are associated with brain
injury in neonatal encephalopathy
Elias, P.1,3, Lapointe, A.2, Wintermark, A.1,3, Moore, S.S.1,3,4,
Martinez, D.V.1,3, Simoneau, J.1,3, Altit, G.1,3
1Division of Neonatology, Montreal Children’s Hospital, Montreal, QC,
Canada; 2Division of Neonatology, CHU Sainte-Justine, Montreal,
QC, Canada; 3McGill University Health Centre - Research Institute,
Montreal, QC, Canada, and 4Dana Dwek Children’s Hospital, Tel
Aviv Sourasky Medical Center, Tel Aviv, Israel

Background: Despite therapeutic hypothermia (TH), many neo-
nates with neonatal encephalopathy (NE) develop brain injury.
These neonates often present with cardiac dysfunction in the first
days of life.
Objective: To evaluate the association between brain injury on
magnetic resonance imaging (MRI) and cardiac function of neo-
nates with NE treated with TH, using bi-dimensional (2D) and
three-dimensional echocardiography (3D-ECHO).

Design: Single-center prospective study of neonates with moderate
to severe NE treated with TH between 2019 and 2021.
3D-ECHOs were performed on day of life (DOL) 2 (during
TH). Left ventricular (LV) metrics were measured by Simpson’s
biplane and 3D-Speckle Tracking Echocardiography. Cardiac
function of neonates with vs. without brain injury were compared.
Results: We included 16 infants; ten had injury on brain magnetic
resonance imaging and six did not. Demographic/clinical character-
istics were similar between groups. Neonates with brain injury had
higher left ventricle end-diastolic volume (LVEDV) 4.6 [1.2] vs
3.4 [0.9] mL; p = 0.04. They also had higher 3D-derived stroke
volume (1.8 [0.5] vs 2.5 [0.7] mL; p=0.047) and higher peak global
circumferential strain (-26.6 [3.6] vs –21.3 [4.0] %; p=0.01).
2D echocardiography also showed a higher LVEDV (7.1 [1.6] vs
5.4 [1.2] mL; p=0.047) and stroke volume (4.5 [3.7] vs 3.2 [0.9]
mL; p=0.02) in neonates with brain injury, but did not show a higher
peak circumferential strain.
Conclusion: Neonates with moderate to severe NE developing brain
injury despite TH had differences on their 3D-ECHO LV markers
comparedneonateswithout injury.Anenhancedunderstandingof their
cardiac alterationsmay help improve their management and outcomes.

Starting School Strong: Providing 1:1 education to
caregivers of children with CHD to increase knowledge of
and advocacy within the early childhood special education
system
Johnson S, Heigel S, Vogel C, Allen K, DeRegnier R
Ann and Robert H. Lurie Children’s Hospital, Chicago, IL, USA

Introduction & Study Question: Children with congenital heart dis-
ease (CHD) are at higher risk for developmental delays affecting
cognitive, linguistic, and motor abilities. These delays may qualify
patients for early childhood special education (ECSE) services in
the public school system; however, caregivers of children with
CHD may be unaware of how to access these services or how
to transition from Early Intervention (EI) to ECSE, leading to gaps
in care. We hypothesized that providing 1:1 caregiver education
about the benefits of participation in ECSE, how to access services,
and caregiver rights and responsibilities within the public

Variable Score
Pre-Test Score 72%

Post-Test Score 88%

Improvement 16%

Table 1. Scores of locally derived assessments of nursing comfort and understanding of cue-based and four-handed cares.

Medicine Before After
Morphine Milligram Equivalent 

(MME)

75.2 53.2

Midazolam (mg) 13 0

Lorazepam (mg) 6 8

Dexmedetomidine (mcg) 302 130

Clonidine (mcg) 72 130

Table 2.Medication dose of case received before and after nursing staff had undergone education of cue-based and four-handed cares for case
correlate.
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education system could improve caregiver comfort navigating the
system and advocating for necessary services.
Methods: Children with CHD aged 24-48 months previously
referred for EI developmental therapy services through the Illinois
Department of Human Services were identified through our
cardiac neurodevelopmental clinic. Their caregivers were invited to
participate in a 1:1 virtual information session about ECSE services
conducted by the clinic’s Education Liaison via telemedicine.
Pre- and post-intervention surveys measured caregiver understand-
ing of the differences between EI and ECSE, the transition process
from EI to ECSE, and interest in accessing ECSE services. The
post-intervention survey also evaluated whether the caregiver had
taken steps toward requesting an ECSE evaluation.
Results: A total of 7 caregivers participated in this pilot study with
children ranging in age from 30-36 months at baseline data collec-
tion. Pre-intervention, 3 children (43%) were still receiving EI ser-
vices and 3 children (43%) had recently aged out of the program.
None of the caregivers reported participation in a transition plan-
ning conference with the EI and ECSE teams. Six of 7 caregivers
(86%) reported being interested in pursuing ECSE services for
their child.
Post-intervention, 6 caregivers (86%) reported understanding the
differences between EI and ECSE services (vs. 4 caregivers (57%)
pre-intervention), and 100% of caregivers reported knowing the
next steps required to complete the transition to ECSE services
(vs. 2 caregivers (29%) pre-intervention). At study conclusion, 5
caregivers (71%) had taken steps to request an ECSE evaluation,
and 1 patient (14%) had been placed in a Head Start Program with
specialized services.
Discussion: Difficulty navigating the transition between EI and
ECSE can lead to gaps in care. In this pilot study, provision of
1:1 caregiver education facilitated better caregiver understanding
and advocacy for necessary services but was labor intensive.
Cardiac neurodevelopmental clinics may be well-positioned to
support caregivers through this transition but would require
appropriate dedication of resources to the effort.

Association of Reading Exposure and Maternal Education
Level with Developmental Outcomes in Infants with
Congenital Heart Disease
1Puri K1, Serrano F1, Ruth A1, Pande C2, Khuc A1, Monteiro S
1Baylor College of Medicine, Houston, TX, United States; 2Texas
Children’s Hospital, Houston, TX, USA

Introduction: Early childhood literacy programs (ECLP) to facilitate
reading exposure are recommended by the American Academy of
Pediatrics for cognitive and language development. In 02/2021,
we launched Books@Heart, a novel inpatient ECLP, for all infants
with congenital heart disease (CHD) admitted to the Texas
Children’s Hospital (TCH) Heart Center. We aimed to analyze
the impact of inpatient and outpatient reading exposure on devel-
opmental outcomes in children with CHD, including the interac-
tion of reading exposure with maternal education level.
Methods: Infants <1 year of age who received ECLP services
through Books@Heart and were followed in the TCH Cardiac
Developmental Outcomes Program clinic with completion of
the Survey of Well-Being of Young Children (SWYC) were
included. The SWYC is a parent-completed developmental-
behavioral screening tool for children that assesses risk for devel-
opmental disorders and family/social determinants of toxic stress.
For this study, the answer to the question, “During the past week,
how many days did you or other family members read to your
child?” was recorded. During the visit, standardized cognitive

scores were assessed with Capute Scales (Cognitive Adaptive
Test (CAT), and Clinical Linguistic and Auditory Milestone
Scale (CLAMS)) and overall developmental quotient (DQ) was
calculated. Demographics including maternal education were
abstracted.
Results: Forty-four patients and families met inclusion criteria -
52% female, 11% born at gestation <36weeks, and race/ethnicity
distribution as follows: 30% non-Hispanic White, 43% Hispanic,
11% non-Hispanic Black, and 16% Others. Eighteen percent of
mothers had not graduated high school (2% <middle school,
2% middle school, 14% some high-school), while 82% were high
school graduates or higher (14% high school, 11% some college,
7% trade school, 32% college, and 18% graduate).
The median outpatient reported weekly reading frequency in the
first 2 years of life was 4 (IQR 2 - 7). There was a significant cor-
relation between the maternal education level and reported read-
ing frequency (r = 0.349, p = 0.024).
The median inpatient reported weekly reading frequency was 1
(IQR 0 - 3). We did not find an association of inpatient reported
reading frequency with maternal education level (p = 0.226).
CAT /CLAMS developmental data at 6 months of age were avail-
able for 28 patients. Median CAT DQ was 102 (2 - 117) and
median CLAMS DQwas 95 (85 - 102). We did not find a signifi-
cant correlation between inpatient reported reading frequency or
level of maternal education with CAT (p = 0.336 and 0.937,
respectively) or CLAMS DQ scores (p = 0.128 and 0.830, respec-
tively). However outpatient reported reading frequency had a pos-
itive correlation with the CLAMS DQ (r = 0.430, p = 0.028).
CONCLUSIONS: Higher maternal education level is associated
with increased early childhood reading exposure in children with
CHD. Outpatient reported reading frequency was associated with
higher CLAMS DQ, suggesting that interventions targeting read-
ing exposure and book access may improve developmental out-
comes in these patients. Larger prospective studies are needed to
assess the impact of inpatient ECLP on neurodevelopmental
outcomes.

Positive Impact of Inpatient Childhood Literacy Program
on Developmental Care and Family Experience
Sethi L1, Deshotels K1, Ruth A1,Mummert K1,McClelland S1, Hill S2,
Brown G1, Bryant T1, Forde J1, Elhoff J1, Puri K
1Baylor College of Medicine, HOUSTON, TX, USA, and 2Texas
Children’s Hospital, Houston, TX, USA

Introduction and Study Question: Early childhood literacy programs
(ECLP) to distribute books as well as anticipatory guidance about
reading during primary care clinic visits is recommended by the
American Academy of Pediatrics (AAP) to promote cognitive
and language development. To incorporate this into the inpatient
developmental care of children with congenital heart disease, we
launched Books@Heart, a novel inpatient ECLP at Texas
Children’s Hospital Heart Center in 02/2021. The aim of this
study was to report the impact of Books@Heart on inpatient care-
giver reading practices and family experience.
Methods: Through Books@Heart, each patient age <1year and
their family receives a book, guidance about reading to infants,
and a calendar for self-tracking reading frequency at admission
as well as at ages corresponding to recommended well-child
checks. At least 2 weeks after receiving the first book, feedback
was solicited from all families receiving services from
Books@Heart using a QR-code based electronic survey. Paired
samples t-tests were used to compare reading practices and access
to books pre- and post- Books@Heart.
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Results: We received 60 feedback surveys, and the responses are
summarized in the attached table. 98% (59/60) of respondents
reported being very satisfied or satisfied with the information
and books received through Books@Heart, and 98% (40/41)
strongly agreed or agreed that reading helped them feel more con-
nected/involved in their child’s care. 92% (24/26) of respondents
felt that Books@Heart improved their experience at the hospital.
A majority of parents did not identify any barriers to reading to
their child in the hospital (68%, 28/41). Of note, 12% (5/41)
reported that they did not know they are allowed to read to their
child and 5% (2/41) were worried that by reading they are in the
way of medical care.
Compared to the reported reading frequency prior to introduction
to Books@Heart, caregivers reported a significantly higher reading
frequency after learning about Books@Heart (p = 0.002), with the
proportion of caregivers reading to their child daily increasing from
35% (17/49) to 64% (23/36). There was also a trend towards
improvement in access to books with 18% (14/38) parents report-
ing no books at home prior to Books@Heart, which decreased to
11% (14/49) after learning about Books@Heart (p = 0.071).
CONCLUSIONS:Based on caregiver report, we conclude that an
inpatient ECLP in a heart center is effective in improving reading
exposure for infants with heart disease. We also report positive
impacts on access to books, and family engagement and experi-
ence. Next steps include addressing the barriers to reading to
infants in the hospital as well as caregiver and medical provider
education about the benefits of early childhood reading. Larger
prospective studies are needed to assess the impact of inpatient
ECLP on long- term literacy attitudes and behaviors, as well as
neurodevelopmental outcomes.

Neurodevelopmental impact of antenatal diagnosis in
children with transposition of great arteries
Connor Mabbott MSc1; Thiviya Selvanathan MD1; Stephanie Au-
Young PhD1; Jessie Mei Lim PhD1; Ingrid Blydt-Hansen MD2; Fu-
Tsuen Lee BSc1; Amandeep Saini BScN1; Davide Marini MD PhD3;
Ting Guo PhD1; Pradeep Krishnan MD1; Linh Ly MD MEd1;
Michael-Alice Moga1; Mike Seed MBBS4; Steven P Miller MDMAS1;
Vann Chau MD1

1The Hospital for Sick Children, Toronto, ON, Canada2University of
British Columbia, Vancouver, BC, Canada; 3University Hospital
Southampton, Southampton, United Kingdom; 4BC Children’s
Hospital, Vancouver, BC, Canada

Introduction and Study Question: Infants with congenital heart dis-
ease (CHD), including those with transposition of the great arteries

(TGA), are at risk for poor brain growth, which has been linked to
neurodevelopmental impairments. It is unknownwhether antena-
tal diagnosis can affect brain growth and neurodevelopmental out-
comes. Our objectives were to determine whether (1) antenatal
diagnosis of TGA is associated with pre- and post-operative brain
weight and (2) associations between pre- and post-operative brain
weights and 18-month neurodevelopmental outcomes are modi-
fied by antenatal diagnosis.
Methods: Pre- and post-operative clinical characteristics were col-
lected in a retrospective cohort of 143 infants with TGA (80 ante-
natally diagnosed [56%]). We assessed brain maturation by
calculating brain weights on pre- (n=107, median post-menstrual
age [PMA] 39.7 weeks, IQR 38.3-41.1) and post-operative
(n=122, PMA 42 weeks, IQR 39.6-44.4) MRIs. 18-month cog-
nitive, language andmotor outcomes were assessed in 101 children
using Bayley Scales of Infant Development, 3rd edition (BSID-3).
General estimating equations (GEEs) were used to assess the asso-
ciation between antenatal diagnosis with pre- and post-operative
brain weights. GEEs with an interaction term were used to deter-
mine whether antenatal diagnosis modified the association
between brain weights with BSID-3 scores; all models accounted
for PMA atMRI, brain injury, and ventricular septal defect (VSD).
Results: Infants with antenatal diagnosis were younger at birth
compared to those diagnosed postnatally (39 weeks vs 39.3 weeks
postnatally, p=0.024) with no other significant differences.
Antenatal diagnosis was not associated with greater postnatal brain
weights (Coef=6.44, 95%CI [-6.29,19.17]). The interaction
between antenatal diagnosis and postnatal brain weight signifi-
cantly predicted BSID-3 cognitive (p=0.0007) and language
(p=0.048), but not motor outcomes. Specifically, in postnatally
diagnosed infants, smaller brain weights are associated with lower
cognitive and language scores; this association was attenuated in
those diagnosed antenatally (Figure 1). VSD was a significant
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predictor (Coef=-5.31, 95%CI [-10.39,-0.23], p=0.04) of cogni-
tive outcomes.
Discussion:Antenatal diagnosis interacts with neonatal brain weight
to predict 18-month cognitive and language outcomes in infants
with TGA. Specifically, smaller brain weight is associated with
lower cognitive and language scores in infants with postnatal
but not antenatal diagnosis of TGA. These findings highlight
the importance of antenatal diagnosis and the need to consider
individual risk factors for adverse neurodevelopmental outcomes
in infants with TGA. Identifying factors that mitigate the associa-
tion between smaller brain weight and poorer outcomes may offer
opportunities to support optimal neurodevelopment.

Neurodevelopmental status recognition in high-risk
children with congenital heart disease
Jamison, Nicholas RN, CPN; Dolan, Kevin MSHA; Cass, Jennifer
PhD, ABPP; Khalid, Omar MD
Nationwide Children’s Hospital, Columbus, OH, United states

Introduction: Advances in both surgical techniques and periopera-
tive care have led to improved survival in infants and children
undergoing surgery for complex congenital heart disease
(CHD). Many infants who have undergone surgery for CHD in
the neonatal period demonstrate a pattern of neurodevelopmental
sequelae. Neurodevelopmental deficits have the potential to neg-
atively impact quality of life throughout the lifespan of children
with CHD, impacting poorer academic achievement, reduced
employment opportunities, difficulties with emotional and behav-
ioral function, self-esteem and social relation. Increasing knowl-
edge about neurodevelopmental outcomes and identifying this
high risk population may provide strategies to optimize long-term
outcomes.
Our aim is to increase outpatient cardiology clinic identification of
neurodevelopmental status from <1% to 20% by December 2022
and maintain for six months. The target population is children (3-
18 years of age) with a history of open-heart surgery in the first year
of life.
Methods: A multidisciplinary team conducted a quality improve-
ment initiative to improve neurodevelopmental screening at a sin-
gle-center cardiology outpatient clinic. A key driver diagram (fig.
1) establishing factors that may impair neurodevelopmental
screening and potential interventions was developed. A screening
tool was created and integrated into the electronic medical records
to be used by nursing staff during the outpatient cardiology visits of
eligible patients. The goal of the screening tool is to identify any

concern(s) regarding child’s development, mood or behavior and
whether the child is receiving any neurodevelopmental or school
related services. Parents voicing neurodevelopmental concerns are
able to request a referral for neuropsychology evaluation.
Results: Identification of this high-risk population was low due the
lack of formal screening methods. Using quality improvement
(QI) methodology, we were able to improve the outpatient neu-
rodevelopmental screening from <1% to 44%.

Discussion: With a QI approach we were able to increase neuro-
developmental screening in the cardiology outpatient clinic and
increase awareness about the importance of screening and referral
for formal evaluation. Integrating the neurodevelopmental screen-
ing questionnaire as part of nursing evaluation prior to being seen
by the cardiologist helped streamline clinical care and improve
compliance. Further improvements of screening and referral are
still needed. We also are in the process of considering key drivers
and interventions to improve the rate children referred are seen for
formal neurodevelopmental evaluation.
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Impact of Quality Improvement Initiative on Early
Intervention Referral and Evaluation Rates for At-Risk
Infants with Congenital Heart Disease
Christy Gaus1 RN, Mary Jane Broge1 MSN, CPNP, Julie Stumpf1

MSN, RN, Amal Hamed1, Ashley Fanz1, Theresa Arnold1, Caroline
K. Lee2 MD
1St. Louis Children’s Hospital, St. Louis, MO, USA, and 2Department
of Pediatrics, Washington University School of Medicine, St. Louis,
MO, USA

Background: Early Intervention (EI) programs provide evaluation
and interventions to enhance the development of children aged
birth to three with developmental delays (DD) or a medical con-
dition likely to lead to DD. Children with congenital heart disease
(CHD) are at risk for DD and are eligible for EI evaluation. The
Heart Center (HC) at St. Louis Children’s Hospital implemented a
process to refer all at-risk CHD infants to EI upon hospitalFig 1: Key Driver Diagram
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discharge (DC), but outcomes of the referral process and sub-
sequent evaluation by EI were unknown.
Study Aims: 1. Increase % of eligible CHD infants who receive EI
referral at hospital DC from baseline rate of 66% to 100% over 7
months. 2. Increase the % who receive EI evaluation from 47%
to 90%.
Methods: This study utilized the Model for Improvement method
of Plan/Do/Study/Act (PDSA) cycles. Study population included
all infants <1y DC’ed from inpatient HC admission who met cri-
teria for neurodevelopmental (ND) risk per American Heart
Association guidelines. Baseline data were obtained over 6 months
(Apr-Oct 2021). To confirm EI referral, the local EI office for each
patient was contacted. To confirm EI evaluation, patient’s guard-
ian was contacted if not documented in medical records.
Four interventions over 7 months (Nov 2021-May 2022) were
implemented in 45-day PDSA cycles: 1. Embedding the EI referral
process into weekly inpatient ND rounds and discussing with fam-
ilies at bedside; 2. Follow-up call to families 4 weeks post-DC to
confirm they had been contacted by EI; 3. Creating a master list to
track EI referrals; 4. Documenting EI referral in patient’s DC
paperwork. Outcome measures of EI referral and evaluation were
obtained post-interventions. Run charts were used for analysis.
Results:Baseline:Of 44 infants DC’ed, 86% (n= 38)met criteria for
EI referral. Of these, 66% (n= 25) received EI referral at DC, and
72% (n= 18) of those were evaluated by EI. Of total eligible, 47%
(18/38) received EI evaluation. Post intervention: Of 64 infants
DC’ed, 10 were already receiving EI. Of the remainder (n=54),
85% (n=46) met criteria for EI referral, and of those 85%
(n=39) received referral at DC. The 7 not referred were due to
missed referral (n=4), and guardian declining referral (n=3). Of
those referred, 92% (n=36) were evaluated by EI. Of total eligible,
78% (36/46) received EI evaluation.
Discussion: This quality improvement initiative improved the rate
of EI referral and evaluation for hospitalized CHD infants at risk for
DD. EI referral rate increased from 66% to 85% after interventions,
and EI evaluation rate increased from 47% to 78%. Importantly, if
EI referral was made, there was a high rate of completed evaluation
that improved from 72% to 92%.
EI services can change a child’s developmental trajectory and
improve ND outcomes, and EI referral by the HC team should
be a routine part of the DC process. This study showed the fea-
sibility to successfully facilitate the important transition for
CHD infants to outpatient EI, by introducing the concept of EI
to families during the hospitalization, ensuring a referral is made
at DC, and following up with families after DC. Further study
is needed to continue to improve rate of EI referrals and under-
stand and address barriers to EI evaluation.

“The Trauma of the Transition”: Parent Experiences of
Transition from Pediatric Intensive to Acute Care
Vanessa Toraño1 (Undergraduate Student); Jessika Boles, PhD, CCLS1

(Assistant Professor of the Practice)
1Vanderbilt University, Psychology and Human Development, Nashville,
TN, USA

In addition to the psychosocial and neurodevelopmental risks
posed by pediatric cardiac defects, illnesses, or injuries for children
and families, a critical care admission also imparts physiological and
psychological distress. To reduce the risk of Post-Intensive Care
Syndrome in pediatric patients (PICS-p) and Post-Traumatic
Stress Disorder in parents/caregivers, providers must identify,
anticipate, and address the most distressing elements of care that
families identify. One such event is the child’s transition across

units and services; in adult care, these transitions are characterized
by ineffective communication across providers and families, as well
as increased risk of adverse events and medical errors. However,
little is known about how this is experienced by pediatric patients
and families. Therefore, the purpose of this study was to explore
parent/caregiver perceptions of their child’s transition from the
pediatric intensive care unit to the acute care or step-down unit.
Research questions included: 1) How do parents/caregivers of
pediatric patients perceive and describe their child’s care in the
ICU, the acute care unit, and the transition between the two;
and 2) what stressors and supports do they identify when transi-
tioning between units?
Using a convergent, mixed methods design, 62 parents/caregivers
of children admitted to the pediatric cardiac or general intensive
care units of the research site completed an online survey about
their experiences; 17 completed an in-depth follow-up interview.
Parents rated their perceptions on a Likert-type scale drawn from
evidence on parent perceptions of pediatric healthcare quality.
These dimensions of care quality included communication, time
spent with providers, availability of physical resources, emotional
support, and respect for spiritual and cultural needs. The semi-
structured interview guide also addressed these areas while
allowing parents to expand on their needs, experiences, and rec-
ommendations for improvement.
Demographic responses were analyzed using descriptive statistics,
with paired and independent samples t-tests and linear regression
to address hypotheses; interview data were analyzed using an
inductive coding approach as per Boles et al. (2017). Overall, par-
ticipants rated intensive care quality significantly higher than the
quality of acute care (p<.001, d=6.02). Participant satisfactionwith
transition between units was significantly lower than their reported
satisfaction with intensive care and acute care stays (p<.05). They
verbally described transition as “being thrown from a moving
train,” “traumatic in and of itself,” and “the scariest experience.”
They identified the need for specific preparatory information and
support prior to transition, more training for acute care staff serving
patients transferred from the ICU, and better communication
between teams and families.
These findings reveal that transitions between intensive and acute
caremay challenge patient and family wellbeing and jeopardize the
provision of high-quality care. Providers and staff must anticipate
patient and family transition needs, and collaborate to provide
effective preparation, education, and continuity of care to promote
both physical health and emotional resilience.

Improving Adherence with Hearing Screen
Recommendations in the Infant Cardiac ICU
Margaret Christian MD1, Ganga Krishnamurthy MD1, Karen Miranda
BSN RN2, Jaymee Franknecht AUD3, Megan Kuhlmey AUD3,
Kimberly Cornielle3, Cristina Brooks RN1, Maria Beltran RN1,
Sandhya Brachio MD1

Division of Neonatology, Department of Pediatrics, New York-
Presbyterian/Morgan Stanley Children’s Hospital, Columbia University
Irving Medical Center, New York, NY

1CHONYCare Coordination, New York-Presbyterian/Morgan Stanley
Children’s Hospital, Columbia University Irving Medical Center, New
York, NY; 2,3Audiology, Department of Otolaryngology, Columbia
University Irving Medical Center, New York, NY

Introduction and Study Question: Infants with congenital heart
disease are at increased risk of developing hearing loss due to
high-risk exposures and underlying genetic predisposition.1
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Surgical cardiac repair and ECMO exposure further increases this
risk. Prevalence of hearing loss ranges from 5.9-28.6% amongst
patients with history of surgical cardiac repair and 26% amongst
neonatal ECMOgraduates.2–4 Timely intervention within the first
3-6 months of life has been shown to mitigate the adverse conse-
quences of hearing loss.5,6

The purpose of this quality improvement project is to increase the
percentage of infants with risk factors for hearing loss (congenital
cardiac disease, history of cardiac repair, history of ECMO expo-
sure) who have audiology appointments for hearing screens at 3-6
months of age from 0% to 80% within a 6-month period amongst
infants discharged/transferred from the infant cardiac ICU inNYP
- Morgan Stanley Children’s Hospital.
Methods: This quality improvement project was conducted from
April - September 2022 and utilized a key driver diagram to iden-
tify and test 3 Plan-Do-Study-Act Cycles. Initial cycles focused on
increasing awareness among health care providers regarding the
new hearing screen recommendation and expanding the care
manager role to include audiology appointment scheduling.
Primary outcome measure is percent of patients with audiology
appointment scheduled at discharge. Secondary outcomemeasures
include (1) percent of patients who had audiology referrals submit-
ted via E-mail by the care manager and (2) percent of patients who
had referrals submitted through the electronic medical record sys-
tem by the front-line staff. Of note, EMR referrals are not utilized
by the audiology clinic for scheduling and are beingmeasured as an
indicator of front-line provider retention of new hearing screen
recommendations. Subsequent cycles focused on improved nurs-
ing collaboration and EMR modifications including adding
audiology appointment to the discharge checklist in provider
handoff and note templates.
Results:Decrease in appointment scheduling and e-mail referrals in
June corresponds with re-assignment of care manager to cover
general NICU in addition to infant cardiac ICU. Of 12 appoint-
ments scheduled for June – September, only 2 patients arrived for
audiology evaluation. Primary reasons for lack of follow up include
conflict with other medical appointments, hospital readmission,
and parental assumption that repeat hearing screen was unneces-
sary if pre-discharge hearing screen was normal.
Discussion: Our process of scheduling infants for audiology
appointments depended primarily on the care manager. A stream-
lined approach permitted rapid initial attainment of the desired

outcome. However, sustained improvement requires a multi-
faceted approach that involves multiple care team members and
EMR changes. Next steps include developing a functional ambu-
latory audiology referral order for scheduling appointments,
parental education on the purpose and importance of audiology
follow-up, and partnering with community health workers to
monitor for and address barriers to adhering with audiology fol-
low-up appointments.
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CNNN: Assessment and management of Feeding
Challenges for Infants with CHD: What We Know and
Future Directions
1Desai H, 2Negrin K, 3Jones C, 4Fogel J, 5Butler S
CHOC Children’s Hospital, Orange, CA, USA

1,2Nemours Children’s Health, Wilmington, DE, USA; 3Primary
Children’s Hospital, Salt Lake City, UT, USA; 4Advocate Children’s
Hospital, Oak Lawn, IL, USA; 5Boston Children’s Hospital, Boston,
MA, USA

Introduction: Despite the evidence for feeding challenges in infants
with CHD, assessment tools and intervention strategies which
consider their unique post-surgical sequelae have not yet been
established. Current practice to improve oral feeding difficulties
in this population applies knowledge based on neonatal literature.
However, their effectiveness is unknown for infants with CHD, as
there are significant gaps in the research examining these strategies.
We review the medical complications of infants with CHD
regarding assessment and management of feeding difficulties along
with recommendations for care.
Recommendations for Assessment and Strategies for Oral Feeding:
Infants with CHD often require respiratory support after surgery.
Research examining safety of oral feeding on non-invasive respi-
ratory support has been conducted with neonates, with lack of
standardized protocols for assessment. Changing nipple flow rate
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and position are strategies used to improve breathing while wean-
ing from respiratory support but has not been researched in infants
with CHD. Gastrointestinal difficulties after cardiac surgery may
result in feeding disruption. Collaboration with a gastroenterolo-
gist is beneficial to identify appropriate diagnostic testing to man-
age symptoms. Nonpharmacologic management has been
recommended as the initial treatment for infants with GERD, fol-
lowed by medication, however we do not know if these are effec-
tive strategies for infants with CHD.
Neurobehavioral abnormalities such as poor state regulation and
attention can result in poorer feeding outcomes. The NICU
Network Neurobehavioral Scale-II and the Newborn
Behavioral Observations are assessments which have been used
in research of infants with CHD. To facilitate neurobehavioral
development, The Supporting of Oral Feeding in Fragile
Infants method and Auditory, Tactile, Visual, and Vestibular have
been found to be effective in preterm infants. In addition, the
Newborn Individualized Developmental Care and Assessment
Program has been shown to improve outcomes in neonates and
is recommended in infants with CHD.
There are no standardized oral feeding assessments to evaluate bot-
tle or breastfeeding skills of infants with CHD, requiring reliance
on tools used for neonates. Strategies to support respiratory stability
and safety include side-lying positioning, co-regulated pacing and
use of slower flow nipple to change milk flow rate. Infants with
CHD are also at high risk for dysphagia secondary to vocal cord
paresis. Instrumental assessments evaluate swallow function and
assist with clinical decision making. Dysphagia may be managed
by altering liquid viscosity. However, thickeners may negatively
impact the immature infant gut with unknown side-effects for
infants with CHD.
Conclusion:We recommend early assessment and intervention by a
skilled feeding therapist to promote oral motor strength,
coordination and oral sensory processing for appropriate feeding
development. Additional studies exploring oral feeding with
non-invasive respiratory support, gastrointestinal complications
and effect on oral feeding development and outcomes using
common therapeutic strategies is necessary to determine effective
management of feeding difficulties in infants with CHD.

Impact of Functional Feeding Impairments on Quality of
Life and Family Functioning in Infants with Congenital
Heart Disease
J. Heather Northam, MA, CCC-SLP1; Erica Del Grippo, DO2; Karli
Negrin, MS, CCC-SLP1; Joslyn Kenowitz, PhD2; Erica Sood, PhD2

1Department of Therapeutic and Rehabilitative Services - Nemours
Children’s Health; 2Nemours Cardiac Center, Nemours Children’s
Health, Sidney Kimmel Medical College, Thomas Jefferson University

Background: Infants with congenital heart disease (CHD) often
have significant challenges in feeding, nutrition, and growth.

When nutrients are delivered through supplemental nutrition,
such as via nasogastric (NG) tube, quality of life and family func-
tioning may be affected. Associations between standardized mea-
sures of functional oral intake, quality of life, and family
functioning before and after feeding therapy have not been previ-
ously investigated in the pediatric cardiac population.
Methods: Infants with CHDwho presented following cardiothora-
cic surgery with dysphagia at the time of discharge were studied.
Functional oral intake was assessed by the clinician through the
FOIS (Functional Oral Intake Scale) at therapy visits. Prior to
or at the first feeding therapy visit and at discharge from therapy,
caregivers also reported perceptions of infant quality of life and
impact of the child’s health on family function through adminis-
tration of the PedsQL (Pediatric Quality of Life) Infant and the
PedsQL Family Impact Scale. Demographic data, total hospitali-
zation length of stay, type of cardiothoracic surgery and CHD
were obtained from the electronic medical record.
Results:Nineteen patients completed the Infant PEDSQL and the
PEDSQL Family Impact Scale questionnaires prior to or at the first
feeding therapy visit and thirteen at discharge from feeding therapy
(Table 1). Of the six patients with increased functional oral intake
based on pre- and post-therapy FOIS scores, a clinically meaning-
ful increase in PedsQL family impact scores was observed for 50%
(N = 3), indicating a decrease in the impact of the child’s health on
family function.Of the seven patients with no change in functional
oral intake, 57% (N = 4) exhibited a clinically meaningful increase
in PedsQL family impact scores. Pre- and post-therapy PedsQL
Family Impact Scale scores based on improvement in functional
oral intake are represented in Figure 1. The two families with
reduced PedsQL Family Impact Scale scores reported vomiting,
discomfort, and gastroesophageal reflux as stressors throughout
the therapeutic process.
Discussion: Based on current data, associations between functional
oral intake, quality of life, and family impact are not clear. While
functional oral intake may play a role in the impact of the child’s
health on family function, infants with congenital heart disease
often havemultiple comorbidities that impact the family. Data col-
lection for this study is ongoing. Future analyses with a larger sam-
ple size will evaluate the impact of functional oral intake on infant
quality of life and family functioning, while also considering the
impact of other comorbidities and complications.

Standardized Approach to Holding in the Infant
Cardiac Unit
Eleanor Estébanez, MSN, CPNP-PC, CCRN; Kirstin Morrill, BSN,
RN, RNC-NIC
New York Presbyterian Columbia University Medical Center

As surgical outcomes continue to improve for infants with com-
plex congenital heart disease (CHD), the need to support long
term neurodevelopmental (ND) outcomes has become apparent.
Infants with CHD are at increased risk for ND deficits, as well as
behavioral and mental health problems as compared to their well
peers. Brain development is structurally delayed in infants with
certain forms of complex CHD. Many of these risk factors are
non-modifiable related to disease processes or to the nature of pro-
longed inpatient status. The burden falls upon clinicians to exam-
ine unit practices and the environment to discover opportunities to
augment modifiable factors as much as possible to facilitate the
most favorable environment for infant development. At
Columbia University Medical Center, a 17-bed infant cardiac unit
serves infants under 12-months with CHD in perioperative phases
of care. A previous unit-based quality improvement project

Pre-
Therapy 
FOIS

Post-
Therapy 
FOIS

Pre-
Therapy 
Family 
Impact

Post-
Therapy 
Family 
Impact

Pre-
Therapy 
Infant 
PEDSQL

Post-
Therapy 
Infant 
PEDSQL

Mean 2.26 4.5 71.49 76.96 80.69 83.80

Standard 
Deviation

1.1 1.73 16.78 16.16 11.22 10.7

Note. Pre-Therapy N = 19, Post-Therapy N = 13

Table 1. A comparison of scores obtained before and after
feeding therapy plan of care
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assessed bedside nurse comfort level with mobilizing infants
with invasive devices as well as barriers to achieving these ends.
During 2020 and 2021, nurses were in-serviced on standardized
line securement and a holding algorithm (Figure 1). Weekly
interdisciplinary developmental care rounds were also incorpo-
rated during this time. The investigators then evaluated comfort
level and perceived cultural change after educational interven-
tion. A quality improvement project conducted in 2020 inves-
tigated nursing perceived barriers prior to educational
intervention. A holding algorithm was added during a second
PDSA cycle. A 6-question survey was developed to query
nurses about comfort level and perceived cultural changes with
regards to mobilizing infants with invasive devices. Responses
were given in the affirmative or negative (Strongly agree, agree,
disagree, strongly disagree). Educational intervention compo-
nents: (1) algorithm for determining safe transfer out of bed,
(2) demonstration and teach-back, (3) training of unit cham-
pions. Survey responses served as the outcome variables in
the analysis. Of the 61 clinical nurses, there were 51 respondents
(response rate 84%). When asked “I believe unit culture has
changed,” 82% of nurses agree or strongly agree with regard
to umbilical lines, 80% with arterial lines, 70% with chest tubes.
With regard to mobilizing infants, 86% reported comfort with
umbilical lines and arterial lines, and 70% with chest tubes. The
ICU environment may be adapted to promote optimal devel-
opment during hospital stay. When pre-intervention surveys
were conducted in August 2020, nurses noted comfort, safety
and support as barriers to mobilizing patients in the infant car-
diac unit. Two years later, nurses are reporting a perceived cul-
ture shift with regards to umbilical and arterial lines following
standardization of line securent and initiation of holding algo-
rithm. In the next PDSA, we need to evaluate chest tube man-
agement, comfort level, and culture. Strong commitment from
leadership, staff education, family support, value of parents as
the primary caregivers is needed, and policies to increase con-
sistency of practice. Future directions: parent surveys assessing
understanding of PT/OT/SLP role, experience with colostrum
care. Family advisory council partnership. Expand outpatient to
include a broader CHD population. Obtain IRB approval to
investigate holding trends and invasive device data prior to
and after intervention.

Initiating CNOC Registry Participation for a
Multidisciplinary Heart Center
1Marian Morris, PhD,MPH, RN, 2Jessica Pliego, PhD, 2Louisa Keith,
MD, 2Margaret Goss, MSN, APRN, CPNP-PC, 2Zoe Allen, MBA,
BSN, RN, 1Carlos Mery, MD, MPH, 1Elizabeth McCullum, PhD,
1Alexandra Lamari-Fisher, PhD
1Dell Children’s Medical Center and The University of Texas at Austin
Dell Medical School, Austin, TX, United States; 2UT Health Austin
Pediatric Neurosciences at Dell Children’s Medical Center, Austin, TX,
United States

Introduction: Accurate collection and reporting of neurodevelop-
mental data requires a robust infrastructure and a multidisciplinary
team. This study describes the experience of a new Heart Center
and Cardiac Neurodevelopmental Outcomes Program in devel-
oping the necessary infrastructure de novo for CNOC participa-
tion and tracking of neurodevelopmental outcomes.We hope that
our experience can provide help to other centers with beginning
such an undertaking.
Methods: Our multidisciplinary Heart Center was created in
2018 as a novel collaboration between a stand-alone pediatric
hospital and a new medical school. In partnership with the
Pediatric Neurosciences department, the Center started partici-
pation in the CNOC registry in Spring 2021. Initiation of
CNOC participation was a planned multistep process that
included: 1) exploration of established registry processes; 2)
recruitment of key stakeholders; 3) establishment of criteria
for inclusion; 4) development of a workflow between clinical
and outcomes personnel to minimize redundancy; 5) creation
of a REDCap database consistent with existing clinical data-
bases; 6) development of a data process to include different
existing software interfaces and EMRs; 7) development of a
process for inpatient and outpatient work; and 8) management
of cultural differences between medical disciplines such as car-
diology and neurology. The system was developed in a way to
also support other quality, research, scholarly, and clinical
operational activities for the Heart Center.
Results: A data system and workflow were developed as a multi-
disciplinary initiative between the Outcomes and Psychosocial
teams in the Heart Center and team members in the Pediatric
Neurosciences department, including both neurologists and neu-
ropsychologists. A REDCap database was created in a way that
could integrate with other REDCap databases used by the cardiac
and neurosciences teams. Data entry began in July 2021 with an
iterative case identification process with several opportunities for
refinement of the process. A total of 190 cases for 157 unique
patients were entered in the first year. Patient characteristics are
listed in Table 1.

Major learning points:

– Identifying cases is not a one-time, definitive process, but rather
an iterative, ongoing consideration of a wide pool of cases that
the team reviewed to achieve consistent agreement on what is
included.

– There is some amount of gray area with respect to deciding on
registry inclusion for certain cases, due to the unique nature of
each patient’s cardiac defect and personal history of hospitali-
zation and progress.Figure 1. Holding Algorithm
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Conclusions: Optimal initiation of CNOC participation and data
capture of neurodevelopmental outcomes requires a concerted
multidisciplinary effort between multiple stakeholders. The expe-
riences lived by our Center can provide other centers with useful
information on how to establish a sustainable de novo CNOC
registry workflow.

A Dedicated Volunteer Program for Pediatric Inpatients
with Congenital Heart Disease
1Caprarola SD, 1Wolfe K, 1Scott S, 2Clark K, 2Rosemund F, 1Kelly S,
2Abbey B, 2Maloney E, 2Clark C, 1Davidson J
1University of Colorado, Aurora, CO, USA; 2Children’s Hospital
Colorado, Aurora, CO, USA

Introduction: Children with congenital heart disease (CHD) are at
increased risk of neurodevelopmental impairments. The etiology
of these impairments is multifactorial with length of surgical hos-
pitalization consistently identified as a primary predictor.
Potentially modifiable risk factors associated with hospitalization
which could impact neurodevelopment include being left alone
for long periods of time with minimal interaction or opportunity
to engage in developmentally appropriate play. Volunteers may be
an underutilized resource to help providers and families deliver
neurodevelopmental care to pediatric inpatients with CHD. We
aimed to develop a volunteer program specific to our cardiac
inpatient units, with the goal of volunteers providing targeted
developmental care during patient interactions.
Methods: Our Cardiac Inpatient Neurodevelopmental Care
Optimization (CINCO) interdisciplinary team developed a vol-
unteer program specifically for inpatients with CHD.
Volunteers underwent hospital volunteer training as well as
CINCO-specific training withHeart Institute’s child life specialists
to best equip them in their bedside volunteer roles. This included
education about working with cardiac patients, shadowing an
experienced CINCO volunteer for two sessions, and an introduc-
tion to the Developmental Plans made by physical, occupational,
and speech/language therapists. These include a goal from each
discipline based on current skill level, caregiver priorities, and
developmental milestones appropriate for patient’s age. The
Developmental Plans were used as therapy extenders to increase
the amount of time children worked on therapy goals, as well
as structure the volunteer’s patient interactions. Patients were
identified to be visited by a volunteer if they had therapy and
CINCO orders, indicating they were well enough for visitors

and activity. Priority was given to those without a parent/caregiver
present at bedside and those with longer lengths of stay.
Results: The first volunteer started September 22, 2021. Between
then and June 1, 2022, we onboarded 9 volunteers whoworked an
average of 18 shifts each for a total of 166, 3-hour shifts. In this
time, 625 cardiac inpatients received developmental care from a
volunteer. During these visits, 277 patients were played with,
178 patients read to, and 274 patients held in the volunteer’s arms.
In addition, Developmental Plans were used during 233 visits.
Qualitatively, the volunteer program was received positively by
inpatient multidisciplinary staff, families, and volunteers.
Discussion: Volunteers can provide targeted neurodevelopmental
care to children with CHDwho are inpatient, even during periods
of critical illness, providing consistent developmental care when
parents are unable to do so. Increasing developmental stimulation
and interaction may help alleviate some of the ways in which hos-
pitalization is disadvantageous for overall neurodevelopment.
Furthermore, allowing parents time away from the bedside could
improve their mental health, which may ultimately improve neu-
rodevelopmental outcomes as well. Volunteers specifically trained
to work with inpatient cardiac patients can be utilized to help mit-
igate potentially modifiable risk factors impacting neurodevelop-
mental outcomes.

Sounds Levels in a Pediatric Cardiac Intensive Care Unit
are Higher than Recommended and May Lead to Patient
Stress
1Caprarola SD, 2Jones MB, 2Yurasek G, 2O’Neill R, 2Rowan M,
2Gordish H, 2Wernovsky G
1University of Colorado, Aurora, CO, USA; 2Children’s National
Medical Center, Washington, DC, USA

Introduction:The Environmental Protection Agency (EPA) and the
World Health Organization (WHO) recommend that hospital A-
weighted sound level in decibels (dB(A)) do not exceed 40-45 dur-
ing the day and 35 at night. The American Academy of Pediatrics
(AAP) also recommends sound levels for infants and neonates be
less than 45 dB(A). Elevated sound levels in hospitals have been
associated with disturbances in sleep, patient discomfort, delayed
recovery, and delirium. We measured noise levels in a 26-bed
dedicated pediatric CICU; our hypothesis was that the Cardiac
Intensive Care Unit (CICU) is louder than current recommenda-
tions and is associated with elevations in heart rate and blood pres-
sure, sedation administration and delirium.
Methods: Between January 25, 2021 and March 1, 2021, sound
decibel meters (Tekpro data logging sound decibel meters) were
placed at all 26 bedspaces to measure and record dB(A) levels con-
tinuously 24 hours per day with samples obtained every 5 minutes.
Vital signs, CAP-D scores and sedation administration were
obtained via chart review. The dB(A) levels were then converted
to an hourly mean dB(A) level and analyzed using mixed effects
nested regression models to account for the multiple repeated sam-
ples for multiple patients on multiple days and in multiple rooms
throughout the time course.
Results: During the study period, 64 patients in 26 private and
semi-private rooms were monitored with a total of 166,228 indi-
vidual decibel readings. Sound levels for this cohort were consis-
tently above the WHO, EPA and AAP recommendations with
average daytime levels of 50.6 dB(A) and maximum 76.9
dB(A), and average nighttime levels of 49.5 dB(A) and maximum
69.6 dB(A). An increase in average andmaximum noise levels dur-
ing a 12-hour shift were not associated with an increase in CAP-D
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scores the following shift. An increase in average and maximum
noise level during the night shift increased the probability of seda-
tion administration the following hour (p-value < 0.001 and
0.010, respectively) and was predictive of an increase heart rate
and blood pressure (p-value < 0.001).
Discussion:Consistent with previous studies, the dB(A) levels in the
CICU were consistently higher than the WHO, EPA and AAP
recommendations. Differing from previous studies, sound levels
were significantly elevated during the day compared to the night.
An increase in heart rate, blood pressure and sedation requirement
may suggest a stress response to persistent and sudden loud noises.
Given the known negative impacts of excessive noise on stress,
sleep, healing and brain development, reducing excessive and sud-
den noise may help decrease patient stress and possibly improve
short- and long-term neurodevelopmental outcomes.

Neonates with Congenital Heart Disease have a Higher
Total Opioid Exposure for 5 days post-Operatively than
Infants
1Caprarola SD, 2Jones MB, 2Sterzbecher V, 2Dazo M, 2Griffin E,
3Leathers L, 2Riley C, 2Gordish, H, 2Wernovsky G
1University of Colorado, Aurora, CO, USA; 2Children’s National
Medical Center, Washington, DC, USA; 3Atrium Health Levine
Children’s Hospital, Charlotte, NC, USA

Introduction: Both untreated pain and opioid exposure impact neu-
rodevelopment in critically ill infants.Mitigating both the effects of
opioids and pain remains challenging in the management of infants
undergoing cardiac surgery. Our primary aim was to describe and
compare opioid dosing in neonates and infants undergoing cardiac
surgery.
Methods: We conducted a secondary analysis of a single center
retrospective cohort of all CICU surgical patients <1 year of
age to quantify opioid exposure within the first 5 days following
cardiac surgery. Patient characteristics, demographics, surgical data,
as well as pain and sedation scores and medications within 5 days
following cardiac surgery were collected via chart review and
analyzed.
Results: Of 170 patients less than 1 year of age, 75 were neonates
<30 days of age at the time of surgery. The groups were similar
with respect to gender, race, ethnicity and the presence of genetic
abnormalities. Biventricular CHD without arch obstruction was
more common in infants than in neonates. Neonates had

significantly longer duration of mechanical ventilation, ICU and
hospital length of stay. Mean total opioid exposure was signifi-
cantly higher in neonates in morphine equivalents (ME) (10.39
± 8.85 mgME/kg) than in infants (5.06 ± 10.01 mgME/kg)
(p<0.001). Mean initial opioid infusion doses (0.09 mgME/kg/
hr vs 0.07 mgME/kg/hr) and mean maximum opioid infusion
dosing (0.13 mgME/kg/hr vs 0.11 mgME/kg/hr) were higher
in neonates compared to infants. Neonates also received more
PRN opioid doses than infants (22 doses vs 13 doses). Similarly,
mean total Dexmedetomidine exposure was higher in the neonatal
population (45.39 ± 39.09 mcg/kg) than in infants (29.01 ± 33.50
mcg/kg). Neonates were also more commonly discharged on
Methadone than infants (31.3% of neonates and 10.8% of infants).
Discussion:Compared to infants 1-12months of age, neonates with
CHD had more complex disease and postoperative risks to neuro-
development, including opioid exposure. Our results highlight the
importance of a careful assessment and targeted response to pain
and discomfort, perhaps including non-pharmacologic measures
and parental engagement when possible. Multicenter trials and
sharing of best practices may help improve neurodevelopmental
care and reduce opioid exposure in this vulnerable population.

Neonatal Cerebrovascular Stability Index Is Associated
WithNeurodevelopmental Scores In 9-month InfantsWith
Congenital Heart Disease
Nhu N. Tran PhD1, Jodie K. Votava-Smith MD2, Vidya Rajagopalan
PhD3, Ken M. Brady MD4, Ashok Panigrahy MD5

1Division of Neonatology, Children’s Hospital Los Angeles (CHLA),
Department of Pediatrics, Keck School of Medicine of University of
Southern California (KSOM USC); 2Division of Cardiology,
Department of Pediatrics, CHLA and KSOM USC, Los Angeles,
California, United States; 3Department of Pediatric Radiology, KSOM
USC and CHLA, Los Angeles, California, United States; 4Lurie
Children's Hospital of Chicago, Anesthesiology and Pediatrics,
Northwestern University Feinberg School of Medicine, Chicago, Illinois,
United States; 5Department of Pediatric Radiology, CHLA, Los
Angeles, California, United States and University of Pittsburgh Medical
Center, Children’s Hospital of Pittsburgh, Pittsburgh, Pennsylvania,
United States

Introduction: Infants with congenital heart disease (CHD) have an
increased risk for poorer neurodevelopmental outcomes (NDO)
compared to healthy controls (HC). Impaired cerebrovascular
autoregulation (CA) may contribute to neurologic impairments
in CHD infants. We examined neonatal cerebrovascular stability
index (CSI) [a measurement of change in cerebral oxygenation
during a postural change, as a proxy for CA] and its associations
with future NDOs in infants with CHD compared to HC at 3
early-age timepoints.
STUDY QUESTION: Does neonatal CSI associate with future
NDOs and does the association of CSI on NDOs vary significantly
between groups? We hypothesized that neonatal CSI would asso-
ciate significantly with future NDOs and that the association of
CSI on NDOs would vary significantly between groups.
Methods:We conducted a prospective, longitudinal study in CHD
infants and HC. We collected neonatal CSI and NDO at 3 early-
age timepoints (3-months, 6-months, and 9-months of age). We
performed 3 tilts (moving the infant from supine and sitting pos-
tures) while measuring cerebral oxygenation via near-infrared
spectroscopy. CSI was determined by subtracting the average
2-minute sitting cerebral oxygenation from the 2-minute supine

Figure: Predicted probability of receiving sedation given the aver-
age sound level during the prior hour.
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value for each tilt, then averaging these values at each age. The
Bayley-III assessed the NDOs.
Results:We examined a total of 34CHD and 26HC infants. Linear
regression analyses showed that neonatal CSI significantly associ-
ated with 9-month cognitive composite scores (β=1.26, 95%
CI=0.22, 2.29, p=0.02). Moreover, we detected a significant
group-by-CSI interaction (p=0.05), indicating that the association
of group with CSI on NDOs varied significantly between groups.
Figure 1 depicts the estimated means of the interaction showing
that CSI did not significantly associate with 9-month cognitive
composite scores in HC (β=0.77; 95% CI=-1.10, 2.64;
p=0.41), whereas CSI significantly associated with 9-month cog-
nitive composite scores in CHD infants (β=1.49; 95% CI=0.22,
2.75; p=0.02). CSI, however, did not significantly associate with
the other developmental domains at 9-months of age and for the
other age timepoints.
Discussion:We found that better neonatal CSI significantly associ-
ated with higher cognitive development scores in 9-month-old
CHD infants, suggesting that impaired cerebral blood flow may
underlie neurodevelopmental abnormalities in CHD infants.
Future studies are needed to better understand the mechanism
of interaction between CSI and cognitive development.

Beyond Pain Management: An Interdisciplinary and
Developmentally Centered Approach to Optimize
Comfort in Neonates Following Cardiac Surgery
1Dazo, M, 1Jones, M, 1Sterzbecher V, 2Caprarola, SD, 1Griffin, E,
3Leathers, L, 1Riley, C, 1Ozturk, M, 1Wernovsky, G
1Children’s National Hospital, Washington, DC, USA; 2Children’s
Hospital Colorado, Aurora, CO, USA; 3Levine Children’s Hospital,
Charlotte, NC, USA

Introduction: Developmental care has become standard practice to
optimize neurodevelopment. However, neonates after cardiac

surgery face unique challenges, including painful procedures,
immobility, parental separation, lines, tubes, wires, and many
more. Recognizing the effects of undertreated pain and opioid
exposure on brain development, we developed a Comfort
Curriculum (CC) that included pharmacological and non-phar-
macological methods of pain control for post-operative cardiac
surgery patients. The aim of this study was to determine if the
implementation of a CC could reduce opioid exposure without
increasing pain scores.
Methods: The CC was developed by an interdisciplinary team and
consists of a pain management pathway, non-pharmacologic sup-
port table and infant holding guidelines. We assessed patient dem-
ographics, type of congenital heart disease (CHD), surgical
procedure, pain scores, opioid dosing, and other postoperative var-
iables in neonates undergoing cardiac surgery pre- and post-CC
implementation. Outcomes in neonates were compared using
Wilcoxon rank sum tests for continuous variables and chi2 tests
for categorical variables.
Results: The pre-CC group (n=36) weighed significantly more
than the post-CC group (n=39) (3.03 ± 0.85 vs 3.35 ± 0.71 kg;
p=0.037) but was otherwise similar with respect to gestational
age, age at surgery, gender, race, ethnicity, and surgical class.
Despite similar pain scores between the groups, the post-CC
had significantly lower initial opioid doses in morphine equivalents
(ME) [0.12 ± 0.03 mgME/kg pre-implementation to 0.08 ± 0.02
mgME/kg post-implementation, (p<0.001] andmaximum opioid
doses [0.16 ± 0.05 mgME/kg pre-implementation to 0.11 ± 0.04
mgME/kg post-implementation, (p = <0.001)].
Discussion: The results of this study support that an interdiscipli-
nary, developmentally centered approach to comfort care follow-
ing cardiac surgery can significantly reduce opioid exposure
without increasing pain scores in neonates. Effective implementa-
tion of the CC required a strong commitment by a dedicated inter-
disciplinary team and a willingness to adopt non-pharmacological
measures to optimize comfort. This study may serve as baseline
data for a multicenter trial to assess generalizability. Likewise, it
may help support future studies on reduced opioid exposure
and developmental outcomes of neonatal cardiac surgical patients.
Table 1

Figure 1. This image shows the relationship between cerebro-
vascular stability index (CSI) and 9-month cognitive scores
between the congenital heart disease (CHD- represented in blue)
and healthy control (represented in red) groups.
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An Interdisciplinary Approach to Neurodevelopmentally
Supportive Care in The Heart Institute at Children’s
Hospital Colorado
1Emily HMaloney, PT, DPT, PCS, 1Caelah Clark, MS, CCC-SLP,
1Brenda Abbey, MS, CCC-SLP, 2Suhong Tong, MS, 1Sherrill D.
Caprarola, MD, MS, 1Jesse Davidson, MD, MPH, MSc, 1Hilary
Patteson, RN, 1Alyse Talbot, RN, 3Sarah Kelly, PsyD, 1Sarah Scott,
CCLS, 4Colton Hageman, BS, 1Kimberly L DiMaria, CPNP-AC,
CCRN, 1Kelly R. Wolfe PhD, ABP-CN
Children’s Hospital Colorado, Aurora, CO, USA

1University of Colorado AnschutzMedical Campus, Aurora, CO, USA;
2University of Colorado School of Medicine, Aurora, CO, USA;
3University of Colorado School of Medicine, Aurora, CO, USA

Introduction & Study Question:While morbidity and mortality rates
have improved for infants with congenital heart disease (CHD),
neurodevelopmental outcomes remain a concern as these patients
are at higher risk for delays in cognition, motor, and language
development. Historically, neurodevelopmental care was imple-
mented in the Cardiac Intensive and Progressive Care Units at
Children’s Hospital Colorado through discipline specific interven-
tion. In order to standardize and integrate interdisciplinary, neuro-
developmental care, the Cardiac Inpatient Neurodevelopmental
Optimization (CINCO) program was developed.
Methods: Therapy team involvement begins at hospital admission
with automatic therapy orders, allowing for evaluation and plan of

care development by each discipline. Additional standardized test-
ing is completed on patients with complex needs, specifically the
single ventricle population, to support referrals and track develop-
ment. Patients under 2 years of age are eligible for additional neu-
rodevelopmental care through CINCO (Fig. 1). Our inter-
disciplinary team continues to support neurodevelopment
throughout the hospital stay and into outpatient (Fig. 2), as well
as improving efficiency and provision of CINCO pillars.
Results: As a result of early therapy involvement and CINCO
implementation, neurodevelopmentally supportive care increased
(Fig.3A and 3B). Patients 2 years or younger with single ventricle
physiology had a 100% completion rate for developmental assess-
ments since 2016, 92% received a developmental plan prior
to hospital discharge after Stage 1 palliation, and 85% after Stage
2 palliation.
Discussion:We effectively implemented institutional change to the
culture and interventions provided to patients with CHD through
early therapy involvement and CINCO. We provided direct
intervention, education and resources for families, referral recom-
mendations, and follow up after discharge to impact the long-term
developmental outcomes of this high-risk population. While lim-
ited access to items impacted developmental kits during Phase 2 of
CINCO implementation, the program’s consistent drive for
improvement and sustainable process allowed for increased utiliza-
tion and impact of CINCO. Ongoing tracking of neurodevelop-
mental outcomes is necessary to understand the impact of this
comprehensive program and guide future interventions tomitigate
developmental risk factors.

CICU/CPCU CINCO Order Panel
• Cluster hands-on cares and medications
• Increase time between vitals/skip one overnight hands-on vitals
• Promote holding/time out of bed

Neurodevelopmental Interventions
• Developmental Plans
• Hung weekly by therapies with goals to be completed by therapies, family, volunteers, and nurses each day
• Specific goals and activities are chosen by therapists based on patient status and parent goals
• Developmental Kits
• Provided by therapies at evaluation for use at bedside during admission and for families to keep following hospital discahrge
• Age-specific items to support developmental goals in conjunction with loaner and family toys (0-3 months, 3-6 months, 6-12 months, and 12-24 months)
• Safe Sleep
• Children under 12 months of age
• Encouraging head of bed flat, crib free of extra items, and one swaddle blanket or sleep sack

Volunteers
• Specialized care of hospital volunteers with CINCO training
• Supplement caregiver presence & developmental activities

Parent Mental Health
• Handouts providing education: Mental Health Symptoms, Balancing Presence and Self-Care, Care Partnership Pyramid

Developmental Care Rounds
• Bedside coaching/family discussion
• Review census for CINCO eligibility
• Address outstanding action items

Figure 1. Five Pillars of the CINCO Program

Figure 2. Neurodevelopmental Team Involvement Across Time
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Quantitative Morphological Alterations of the Olfaction
Bulb Predict Executive Dysfunction in CHD
1Racki A, 2Shah A, 2Slabicki R, 1Wallace J, 1Lo C, 2Panigrahy A,
2Ceschin R
1University of Pittsburgh School of Medicine, Pittsburgh, PA, USA;
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Introduction: For patients with congenital heart defects (CHD), the
sequelae are neurodevelopmental disabilities including executive
function, attention, and socio-emotional deficits. Although these
are common diagnoses for patients with CHD, limited research has
investigated themechanistic dysfunctions at play.Our past research
examined the association between abnormal respiratory ciliary
motion (CM) and brain abnormalities in infants with CHD.
Results suggesting that abnormal CM correlated to a spectrum
of subtle dysplasia, notably within the olfactory bulb (OB).1

Our current study investigates whether OB anomalies predict
neurodevelopmental outcomes for adolescents with CHD.
We hypothesize that adolescents with CHD, who show aberrant
volumetric OB measurements will demonstrate executive
dysfunction.

Methods:Aprospective, observational neuroimaging study utilizing
3DT2-weighted andT2 coronal bladeMRI images were analyzed
using ITK-SNAP, a software application for manual segmentation
of bilateral regions of the OB and cerebrospinal fluid (CSF). The
segmentation of 54 CHD and 80 healthy subjects, ages 6-25 years
old, were completed under the supervision of a senior pediatric
neuroradiologist. Volumetric measurements were reported based
on automated 3D segmentation results. Imaging metrics were cor-
related to OB laterality, CSF to OB ratio, total CSF volume, total
OB volume, independent left and right CSF and OB volumes. A
linear regression was used to evaluate MRI volumetric measure-
ments with co-variates: CHD status, sex,MRI age, and segmenter.
Executive functionwas determined by theBRIEF.Olfaction func-
tion was measured with the NIH Toolbox.
Results: No statistically significant result was reported between
cohorts for laterality of OB, CSF to OB ratio, total CSF volume,
total OB volume, nor between left and right CSF and OB vol-
umes. The CHD cohort demonstrated the worst performance
on the BRIEF compared to controls. Enlarged total OB volume
predicted worse performance on the BRIEF (p ≤ .028). Increased
laterality or asymmetry of OB displayed poorer executive func-
tioning using BRIEF (p ≤ .049). Across groups no significant asso-
ciation was reported for olfaction function.
Discussion: Enlarged and/or asymmetric OB in adolescent CHD
and control subjects predicted poor executive functioning.
Given that the OB becomes smaller and more asymmetric over
the lifespan, CHD patients demonstrating extreme lack of matu-
ration (enlarged bulbs) and/or accelerating aging (increased asym-
metry/laterality) represent two subgroups with the highest risk of
executive dysfunction that can impact their quality of life. These
olfactory-based biomarkers may help target at-risk CHD patients
for earlier intervention.

References
1. Panigrahy, A., Lee, V., Ceschin, R., Zuccoli, G., Beluk, N.,
Khalifa, O., : : : & Lo, C. W. (2016). Brain dysplasia associated
with ciliary dysfunction in infants with congenital heart disease.
The Journal of pediatrics, 178, 141-148.
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Characterizing Cerebellar Growth in infants born with a
congenital heart defect during the first year of life.
S. Palmis1, G. Gilbert2, C. Rohlicek3, C. Saint-Martin3, M. Brossard-
Racine1,4,5
1Advances in Brain and Child Health Development Research Laboratory,
Research Institute of the McGill University Health Centre, Montréal,
Quebec, Canada; 2Philips, Mississauga, Ontario, Canada; 3Montreal
Children’s Hospital, McGill University Health Centre, Montreal,
Quebec, Canada; 4Advances in Brain and Child Health Development
Research Laboratory, Research Institute of the McGill University Health
Centre; 5School of Physical and Occupational Therapy, McGill
University, Montreal, Quebec, Canada

Alteration of cerebellar development may result in long-lasting
behavioural and socio-emotional issues. Preliminary evidence sug-
gests that in utero cerebellar development is hindered in fetuses
with complex congenital heart disease (CHD) and may be due
to their impaired circulation. However, it remains unknown if cer-
ebellar growth catches up following palliative or corrective cardiac
surgery. Studies of growth trajectories have the potential to iden-
tify subtle variation patterns that cannot be detected by cross-sec-
tional analyses and may provide novel insight toward the
development of novel diagnostic approaches. Therefore, this study
aims to compare typical and atypical cerebellar growth trajectories,
as assessed by quantitative MRI, during the first year of life,
in the hope of identifying novel biomarkers of abnormal
neurodevelopment.
As part of an ongoing study, we collected brain MRIs in 20 infants
born with a CHD who underwent open-heart surgery during the
first 3 months of life. Infants with CHD were paired to 50 healthy
controls evaluated as part of the Baby Connectome Project.
Participants in both groups completed a brain MRI on a 3.0
Tesla scanner at the targeted time of 3, 6, 9, and/or 12 months.
A total of 156 high-resolution T1w images (49 CHD, 107 con-
trols) were considered of sufficient quality to be included in our
analyses. Using Infant Freesurfer, we segmented the vermis and
the two cerebellar hemispheres. Trajectories were characterized,
for these 3 regions of interest and for total cerebellar volume
(TCV), using mixed-effects models for repeated measured
(MMRM), and linear, quadratic, logarithmic and exponential
regressions were compared using r squared values to determine
the best fit. Volume differences and growth rate between 3 to
12 months were also calculated.
Different growth trajectories functions were identified between
the two groups. While in the CHD group, all 3 regions followed
a linear trajectory, the different regions in the control group fol-
lowed either an exponential, logarithmic or quadratic trajectory.
TCV and left hemispheric volume were significantly smaller in
the CHD when compared to controls at 3 months with a volume
difference of 4,7% and 9,9% respectively. However, volumetric
differences were no more significant by 12 months of age
(<0.5%). No volumetric differences were found between the
two groups in the other regions. During the evaluated period, con-
trols showed volume gains of 40.9% for TCV and 36.3% for the left
hemispheres, while infants with CHD presented with volume
gains 50,6% for TCV and 49,5% for the left hemisphere.
Our preliminary results suggested that smaller cerebellar volumes
previously reported in fetuses with CHD persist during the first
months of life but may catch up by 12 months of age in a subset.
Interestingly, total cerebellar volumetric differences were primarily
driven by the left hemisphere which may indicate selective
regional vulnerability. Future follow-up studies of outcomes are
needed to confirm the clinical significance of our findings.

Fetal consultation to optimize neurodevelopmental
outcomes in critical congenital heart disease: A conceptual
preventive practice model for pediatric neuropsychology
Alyssa A. Neumann, Ph.D., Adam R. Cassidy, Ph.D., LP, ABPP
Mayo Clinic, Rochester, Minnesota, USA

Introduction: Pediatric neuropsychologists play a meaningful role in
supporting families affected by critical congenital heart disease
(CHD), given increasing recognition of the broad impact of
CHD on neurodevelopmental and psychosocial outcomes.
Traditional neuropsychological services are typically utilized
beginning in childhood and often in response to concerns that
have already been identified. However, with advancements in
early detection enabling increased rates of fetal diagnosis of
CHD, prevention-oriented fetal neuropsychological consultation
is a novel avenue through which to begin mitigating CHD-related
risks and promoting positive neurodevelopmental outcomes as
early as the prenatal period.
We present a novel, conceptual model for fetal neuropsychological
consultation with recommendations for specific services and their
timing. Such services might include a) screening for and respond-
ing to relevant caregiver mental health needs, b) identifying and
expanding upon family support/coping resources, c) providing
education on risks and evidence-based strategies for promoting
neurodevelopment in children with CHD during infancy and
early childhood, d) alerting families to cardiac neurodevelopmen-
tal resources/services and planning for follow-up care, and e) serv-
ing as consultant-liaison to other members of obstetric, maternal-
fetal medicine, cardiac, and neonatal intensive care teams.
Research is needed to determine feasibility (e.g., proof of concept),
family perceptions of the services, and long-term outcomes.
Discussion: We discuss implications of our position that fetal con-
sultation can reasonably fall within the purview of pediatric neuro-
psychological care for families affected by CHD. If healthcare
institutions can circumvent pragmatic barriers to implementation
(e.g., third-party payor requirements such as identifying the
patient, issues pertaining to access and telehealth delivery), there
is great potential for fetal neuropsychological consultation to facili-
tate early and enduring partnerships with families, through which
to promote adaptive trajectories for child development.
Attunement to unique psychological stressors in the context of
pregnancies complicated by a fetal CHD diagnosis post-U.S.
Supreme Court 2022 ruling to overturn Roe v. Wade will soon
be essential to standard of care for these families.We anticipate fetal
neuropsychological consultation in CHD may also serve as a
model for more widespread re-imagining of pediatric neuro-
psychological practice—extending subspecialty boundaries to
include prevention neuropsychology.

Keeping patients moving: Risk Factors for Gross Motor
Impairment
Anna J. Jones1, Dallas, Corinne M. Anton2
1Office of Advanced Practice Providers, UT Southwestern Medical Center,
Heart Center, Children’s Health; 2Department of Psychology and
Psychiatry, University of Texas Southwestern Medical Center,
Department of Cardiology, Children’s Health

Multiple factors can impact neurodevelopment in the congenital
heart disease population1 but the degree of impact for each remains
undetermined. Using a combined theory and data drive approach,
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this research project investigated predictors of development delays
(DD) in the shunt dependent single ventricle population.
Established risk factors for neurodevelopmental delay were exam-
ined.2 History of DD and total days hospitalized (LOS) were used
as predictors due to relatively balanced cell sizes within the sample.
Patient initial Ages and Stages Questionnaire (ASQ-3) scores
(n=58), completedwithin 12months of age, were used as outcome
variables. Sample demographics are presented in Table 1. Variable
frequencies and descriptives are presented in Table 2. Standard
multiple regression was used to examine predictors of develop-
mental outcomes.

A multiple linear regression was conducted to test if DD history
and LOS significantly predict patient development. The results
of the gross motor regression model indicated these two predictors
explained 28% of the variance (R2 = .28, F(2, 55)=10.92, p< .001.
Patient LOS significantly predicted gross motor development (β =
-.38, p < .01), as did history of developmental delay (β = -.37, p <
.01). The problem-solving regression model was significant, (R2 =
.08, F(2, 55)=4.57, p < .05), with patient LOS significantly pre-
dicting problem-solving development (β = -.28, p < .05). The
communication, fine motor, and personal-social domains of the
ASQ-3 did not evidence significant regression models.
Patient LOS is likely to negatively influence gross motor and prob-
lem-solving development when compared to other AHA risk-fac-
tors(2). History of DD significantly influences gross motor
development. Results suggest utilization of evidence-based devel-
opmental care interventions that focus on LOS reduction and
strategies to prevent developmental delay, including implementa-
tion of the Newborn Individualized Developmental Care and
Assessment Program.
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1. Fuller S, Nord AS, Gerdes M, Wernovsky G, Jarvik GP,
Bernbaum J, Zackai E, Gaynor JW. Predictors of impaired neuro-
developmental outcomes at one year of age after infant cardiac sur-
gery. Eur J Cardiothorac Surg. 2009;36:40–47.
2. Marino BS, Lipkin PH, Newburger JW, et al.
Neurodevelopmental outcomes in children with congenital heart
disease: evaluation and management: a scientific statement from
the American Heart Association. Circulation. 2012;126(9):1143-
1172. doi:10.1161/cir.0b013e318265ee8a

Demographics 

Total

(n = 58)

Age at screening 6.0 (6.0 – 8.0)

in months

Gender, Male 41 (71%)

Ethnicity

Non-Hispanic or Latino 34 (59%)

Race

White 48 (83%)

Black 8 (14%)

Other 2 (3%)

All continuous variables shown as median (IQR)
All categorical variables shown as n (%)

Outcome Variables Frequencies and Descriptives

AHA Criteria Total

n (%)

Open heart surgery 58 (100%)
Cyanotic heart lesion, no open-heart surgery 0 (0%)

Prematurity (<37 weeks) 5 (9%)

Developmental Delay 33 (57%)

Genetic abnormality 5 (9%)
History of mechanical support 4 (7%)

Heart transplantation 0 (0%)

CPR history 5 (9%)
Prolonged hospitalization of >2 weeks 58 (100%)

Pre-/Peri-/Post-operative seizures 3 (5%)

Abnormalities on neuroimaging, microcephaly 18 (31%)

ASQ-3 Domains M(SD) Age-appropriateAt-risk Delayed

n (%)n (%) n (%)

Communication 46.29(11.61) 45 (78%)10 (17%) 3 (5%)

Gross Motor 27.33(15.54) 12 (20%)23 (40%) 23 (40%)

Fine Motor 45.52(15.56) 35 (60%)11 (19%) 12 (21%)

Problem-Solving 42.53(12.87) 42 (72%)6 (10%) 10 (17%)

Personal-Social 41.47(14.20) 36 (62%)9 (16%) 13 (22%)

Median (IQR)

Hospital LOS (days) 70.50 (49 - 124)
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Getting it all done: Utilizing dedicated developmental
program personnel
Anna J. Jones
Office of Advanced Practice Providers, UT Southwestern Medical Center,
Heart Center, Children’s Health

Cardiac Intensive Care Units are establishing developmental care
practices, with emerging evidenced-based standards for develop-
mental care programs(1-3). A key recommendation for these pro-
grams is the utilization of a multidisciplinary group to steer
practice, participate in developmental care rounds, and perform
developmental assessments and interventions(1,3). In June 2020,
our center implemented a part time inpatient advanced practice
provider (APP) to support the cardiology inpatient developmental
care program. Literature has briefly described benefits of develop-
mental clinical champions in these programs(2). An analysis of the
APP role was completed.
The total amount of APP patient encounters was tracked from
June 2020 through June 2022. An encounter consisted of any
interaction, greater than 10 minutes in length, with a patient
and or caregiver where recommendations were provided to sup-
port developmental care. The target population was patients under
1 year of agewith congenital or acquired heart disease and an actual
or anticipated length of stay greater than 2 weeks. The APP organ-
ized, led, and documented multidisciplinary developmental care
rounds, which were included in encounter totals. Other encoun-
ters included cardiac neurodevelopmental program introductions
and consultations and routine follow-up. Billing practices were
established, in April 2021, for encounters that provided extensive
developmental education and intervention.
Since implementation, the APP has completed 455 encounters
with 182 unique patients; in comparison, the developmental care
team totaled 104 encounters from July 2018 through March 2020
via developmental rounds alone. This resulted in a 283% increase
in average number of monthly developmental care encounters for
the inpatient developmental program. We have maintained
weekly developmental care rounds for four years. When assessing
a 12-month span of billable encounters (May 2021 through May
2022), 160 Relative Value Units (RVUs) were generated (average
of 2.06 per encounter) with an estimated collection rate of $108.30
per encounter.
Increased encounters provide an avenue for dissemination of rec-
ommended neurodevelopmental information, education, and
intervention for parents and staff. A consistent presence has con-
tributed tomaintaining developmental care rounds since initiation.
This data encourages the implementation of dedicated personnel
for an inpatient cardiac-focused developmental care program. An
APP can offer the ability to bill for developmentally focused care,
generating revenue for the program.
1. Butler SC, Huyler K, Kaza A, Rachwal C. Filling a significant
gap in the cardiac ICU: implementation of individualised devel-
opmental care. Cardiol Young. 2017;27:1797-1806.
2. Miller TA, Lisanti AJ, Witte MK, et al. A Collaborative
Learning Assessment of Developmental Care Practices for
Infants in the Cardiac Intensive Care Unit. Journal of Pediatrics.
2020;220:93-100. doi:10.1016/j.jpeds.2020.01.043
3. Sood E, Berends WM, Butcher JL, et al. Developmental care in
North American pediatric cardiac intensive care units: Survey of
current practices. Advances in Neonatal Care. 16(3):211-219.
doi:10.1097/ANC.0000000000000264

The Phenotypic Expression of Autism Spectrum and
Neurodevelopmental Traits in Individuals with Congenital
Heart Disease
Sean Cunningham1, Eileen King PhD2, Chunyan Liu PhD2, Scott
Watkins3, Thomas Miller4
1Department of Pediatrics, Division of General Pediatrics, University of
Utah, Salt Lake City, UT, USA; 2Department of Pediatrics, University
of Cincinnati, Cincinnati, OH USA; Division of Biostatistics and
Epidemiology, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH USA; 3Eccles Institute of Human Genetics, University
of Utah; 3Department of Cardiology, Pediatrics, Maine Medical Center,
Portland, ME, USA

Introduction: Individuals with congenital heart disease (CHD) have
an increased chance of developing autism spectrum traits (AuST).1-
3 Social and communication autistic trait deficits are more preva-
lent to individuals with CHD.1,2 The association between AuST
and neurodevelopmental deficits (NDD) in CHD remain unclear.
The primary aim of the current study was to examine the neuro-
developmental profile of those with CHD and AuST. Secondarily,
we examined risk factors (i.e., demographic, clinical, genetic varia-
tion) associated with AuST and NDD.
Methods: StudyDesign –The study is a secondary analysis of amulti-
center prospective observational study. All participants were pre-
viously enrolled in the PCGC (ClinicalTrials.gov number,
NCT03347214) or Single Ventricle Reconstruction (SVR) trial
(ClinicalTrials.gov number, NCT00115934).
Measures – PrimaryOutcomes - Intellectual and Adaptive domains.
The Wechsler Intelligence Scale for Children, Fifth Edition4 for partic-
ipants< 16 yo, or theWechsler Adult Intelligent Scale, Fourth Edition5

for participants ≥ 16 yo. assessed IQ. The Vineland Adaptive
Behavior Scales, Third Edition assessed adaptives.6 Secondary
Measures – The Social Responsiveness Scale, Second Edition (SRS-
2)7 and the Autism Diagnostic Observation Schedule, Second
Edition(ADOS-2)8 were utilized to assess phenotypical expression
of AuST and stratification. The participants were stratified into
three risk classifications based on the SRS-2 T-score and
ADOS: Low Risk, SRS-2 T-Score <59; At Risk, SRS-2 T-
Score ≥ 60 Negative ADOS or ADOS not performed; and
High-Risk SRS ≥60 & ADOS Positive.
Results: The study cohort (n = 200) had a median IQ score of 99
(IQR, 86, 110) and a high percentage (86.5%) of maternal college/
post college education. The prevalence of AuSTwas 18% (At Risk
n=23, High Risk n=12). Cognitive and adaptive scores were con-
sistently lower for those At Risk andHighRisk (Figure 1), with no
difference between the At Risk and High Risk AuST groups. The
probability of full scale IQ <75 was 5.5% for the entire cohort but
20.2% for those with AuST. There was also increased risk for IQ
<75 for those with a damaging genomic variant (RR 1.22; CI
1.02,1.35), history of cardiac arrest (RR 2.36; CI 1.01,2.49) and
cardiac anatomy of single ventricle with arch obstruction
(RR3.57; CI 1.01,4.62).
Discussion: In the PCGC/PHN cohort with selection bias for high
socioeconomic status, we found a greater prevalence of AuST then
previously reported.3,9 Genetic, demographic, and clinical course
factors were all associated with IQ, but the presence of AuST
appears to be one of the more significant associated traits with
low IQ in CHD. SRS-2 risk stratification was associated with
NDD and further ADOS stratification did not predict significantly
more impairment than SRS-2 alone. Given the challenges of
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administering the ADOS at many programs, these findings may
help guide screening strategies for neurodevelopmental follow-
up programs with limited resources.
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A systematic review of associations between neuroimaging
and neurocognitive function among adolescents and adults
with complex congenital heart disease
Katelyn Phillips,1 Bridget Callaghan,2 Vidya Rajagopalan,3 Farah
Akram,1 Jane W. Newburger4 and Nadine A. Kasparian5
1Discipline of Paediatrics and Child Health, School of Clinical Medicine,
Faculty of Medicine and Health, University of New South Wales,
Sydney, Australia; 2Department of Psychology, University of California
Los Angeles, Los Angeles, California, United States; 3Department of
Radiology, Children’s Hospital Los Angeles and Keck School of
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Introduction: Meta-analytic data indicate that brain abnormalities
are significantly more prevalent in adolescents and adults with
complex CHD compared with healthy peers. There are fewer data
in this population on the relationship of neuroimaging findings to
functional outcomes. In this review, we systematically identified,
synthesized, and critically evaluated evidence on associations
between neuroimaging and neurocognitive, emotional, and
behavioral outcomes among adolescents and adults (aged ≥13
years) with transposition of great arteries (TGA) or single-ventricle
congenital heart disease (SVCHD).
Methods: Six electronic databases were systematically searched
according to a pre-registered protocol (CRD42021229617) to
identify relevant studies reporting both neuroimaging and neuro-
cognitive, emotional, or behavioral outcomes. Records were
independently screened by two reviewers. Risk of bias was assessed
by two reviewers using NIH Quality Assessment tools. Relevant
data were extracted from included studies using a standardized
form and checked for accuracy.
Results: The initial search yielded 5,424 articles. After removal of
duplicates, 2,725 articles were screened and 210 full-texts were
reviewed. After exclusion criteria were applied and risk of bias
was assessed, 43 articles rated ‘fair’ to ‘good’ were included (pub-
lication dates ranging from 2011-2021). Of these, 15 articles
reported outcomes for adolescents and adults in six unique studies.
Two samples included individuals with TGA, three included indi-
viduals with SVCHD, and one included individuals with TGA or
SVCHD. Only one article included patients aged ≥21 years.
Sample sizes ranged from 17-139 participants, 4 of 6 studies were
conducted in the U.S., and neurocognitive outcomes assessed
included intelligence, attention, memory, social cognition, and
learning. Nine articles reported on associations between neuro-
cognition and structural magnetic resonance imaging (MRI; 3

Figure 1: Autistic Traits and Intelligence and Function.
Weschler Intelligence and Vineland Adaptive scaled scores across
test domains for those with low risk (Low), at risk (At) and high risk
(High) for autism spectrum traits (AuST). *p<0.05 compared to
low risk.
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using a 3 Tesla scanner, 6 using a 1.5 Tesla scanner); presence of
cerebral injury was associated with poorer functional outcome in
only a minority of associations tested, whereas smaller total, grey
and white matter volumes were associated with poorer functional
outcome across several articles. Five articles investigated associa-
tions between neurocognition and diffusion tensor imaging
(DTI) and found global differences in white matter network top-
ology and regions of reduced microstructure were associated with
outcomes such as executive function and attention. Only one
study used functional MRI (fMRI) and four articles investigated
associations between neuroimaging and emotional outcomes
(e.g., anxiety, depressive symptoms), with none reporting associ-
ations with neuroimaging.
Discussion: This review highlights the limited studies examining
associations between neuroimaging and neurocognitive outcomes
in this population require replication. Structural neuroimaging had
limited utility in predicting functional outcomes in the samples
studied, highlighting the need for wider adoption of multi-modal
neuroimaging techniques, such as DTI and fMRI, and a greater
focus on neural circuitry, as opposed to single brain regions, to
inform intervention approaches for individuals with TGA
and SVCHD.

Parental Sense of Competence among Parents of Young
Children with Congenital Heart Disease Before and After
Virtual Community-Based Music Program Participation:
A Pilot Study
Lessman K, Needelman H, Roberts H, Miller K, McMorris C, Dartnell
W, Konieczny J
University of Nebraska College of Medicine, Omaha, NE, United states

Introduction: Children with congenital heart disease (CHD) are
more likely to have difficulties with academic achievement,
expressive and receptive speech and language delays, gross and fine
motor deficits, and attentional concerns compared to non-CHD
peers (Nattel 2016, Wernovsky 2016). Additionally, compared
to parents of children with other disabilities, parents of children
with CHD experience increased rates of depression, anxiety,
PTSD symptoms, and reduced health-related quality of life
(Lawoko 2002, Gerasimos 2017). The purpose of this study was
to examine the influence of a virtual, live, community-basedmusic
program on families with a child with critical CHD.
Methods: Participants included 12 children between 6 and 36
months with congenital heart disease (CHD) requiring surgical
intervention in the first 6 months of life and their parent(s).
These parent-child dyads were enrolled in a 10-week virtual music
class. The music classes were 45 minutes each, utilized a variety of
rhythm instruments and household objects, and required active,
ongoing engagement between the parent and child. All parents
completed pre- and post- measures to compare differences in
parent-reported stress (Parenting Stress Index), perceived child
vulnerability (Child Vulnerability Scale) and parent-reported sense
of competence (Parenting Sense of Competence Scale) before and
after the 10-week session. Additionally, parents completed a sat-
isfaction survey following class completion.
Results: A paired samples t-test found that parent-reported sense of
competency was higher at the end of the 10-week music class
(M=66.00, SD=3.06) than at the beginning (M=63.00,

SD=5.10), t(12) = 2.60, p < .05. These was no significant differ-
ence between parent reported child vulnerability scores before
(M=41.77, SD=5.26) and after (M=41.54, SD=5.75) the
10-week class, t(12) = 22, p > .05. Parents reported similar levels
of parenting stress before (M=77.54, SD=11.89) and after
(M=73.77, SD=12.40) the 10-week music class, t(12) = 1.28,
p > .05. Parent-reported satisfaction was rated as “agree” and
“strongly agree” in several areas including satisfaction with choos-
ing to enroll (M=4.38), classes being worthwhile to my child
(M=3.08), and classes being worthwhile to me (parent) (M=4.3).
Discussion: A limitation of this study is attrition that contributed to
an already small sample size. Overall, this study suggests that those
who complete the classes virtually find them to be worthwhile for
both parent and child. In-person classes may also be considered.
Whether they directly provide neurodevelopmental benefit to
children with CHD is not known. Future research that expands
the number of participants and which can follow children longi-
tudinally is warranted.

Predicting Long-Term Developmental Outcomes Using
Inpatient Developmental Screening for Infants with
Congenital Heart Disease
1Butler S, 1Rofeberg V, 1Wypij D, 1Singer J, 1Ware J, 1Ben yishai T,
1Newburger J, 1Wood L, 1Sadhwani A
1Boston Children’s Hospital, Harvard Medical School, Boston, MA,
United States

Introduction: Infants with congenital heart disease (CHD) often
have cognitive, language, and motor delays. Early identification
of delays can increase the quality and accessibility of care. We
explored the utility of an inpatient standardized developmental
screener in predicting developmental functioning in early child-
hood for infants with CHD.
Methods: In this retrospective observational study, a convenience
sample of inpatient postoperative infants with CHD, between 3
and 12 months, underwent pre-discharge neurodevelopmental
screening using the Bayley Scales of Infant and Toddler
Development Screening Test, Third Edition (Bayley Screener)
within 3 days of discharge. Demographic and medical information
was abstracted from the child’s medical record. Ordinal logistic
regression identified predictors of increased risk on the inpatient
Bayley Screener. Outpatient neurodevelopmental follow-up,
12-42 months, included the Bayley Scales of Infant and Toddler
Development, Third Edition (Bayley-III). Jonckheere-Terpstra
trend tests assessed the relationship between Bayley Screener
domains and outpatient Bayley-III domain scores.
Results: The inpatient Bayley Screener was completed on 325
infants at an average age of 5.9 months (SD=2.4). Of these,
18% were single ventricle, 15% were born preterm, 15% had a
genetic condition, 4% had seizure or stroke, and 38% had a long
length of stay (LOS) >2weeks. Across all domains, a greater pro-
portion of study subjects fell in the At Risk and Emerging groups
compared to the normative sample used to create the Bayley
Screener (each P<0.001, Figure 1). The odds of falling in a higher
risk category increased for infants with genetic conditions and long
LOS, across all domains. Additionally, 59 subjects returned for the
outpatient Bayley-III at a mean age of 24.4 months (SD=8.8).
Individuals falling in higher-risk categories on the Bayley
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Screener were significantly likely to have worse performance on
the outpatient Bayley-III (each scale P<0.01, Figure 2).
Discussion: Clinical implications for inpatient standardized neuro-
developmental screening are immense. The inpatient develop-
mental screener is relatively easy to implement and aided in
identifying infants whowere delayed at the time of discharge along
with predicting those with long-term delays and disability. For
centers struggling to prioritize resources for developmental fol-
low-up, our data show that infants who perform poorly on the
inpatient neurodevelopmental screener will continue to show
delay and should be routinely connected to the cardiac neurode-
velopmental follow-up program in addition to intensive early
intervention services.

Executive functions and primary neurodevelopmental
processes in adolescents born with congenital heart disease
after cardiopulmonary bypass surgery
Alenka Schmid1, Melanie Ehrler1, Nadja Näf1, Ruth O’Gorman
Tuura3,4,5, Oliver Kretschmar2,3,4, Flavia Wehrle1,3, Beatrice Latal1,3,4
1Child Development Center, University Children’s Hospital Zurich;
2Department of Cardiology, University Children’s Hospital Zurich;
3Children’s Research Center, University Children’s Hospital Zurich;
4University of Zurich; 5MR Research Centre, University Children
Hospital Zurich

Introduction and study question: Children with congenital heart dis-
ease (CHD) are at risk for neurodevelopmental impairments, in
particular executive function (EF) problems. Inhibition, working
memory and flexibility have been described as core EF that are the
foundation for higher-level EF such as planning and organization.
Little is known about how primary neurodevelopmental processes
(PNP) such as attention, processing speed and fine motor abilities
are associated with EF in patients with CHD. We therefore aimed
to determine the degree of core EF and PNP impairments in a
cohort of adolescents with CHD and to examine the correlation
between these functions.
Methods: In a prospective cohort study, 101 adolescents with CHD
undergoing cardiopulmonary bypass surgery in infancy at the
University Children’s Hospital Zurich, Switzerland were
recruited. A control group of 108 typically developing adolescents
was also recruited. Participants were assessed with an extensive EF
test battery, assessing working memory, inhibition, and cognitive
flexibility, using the Corsi Block Tapping-Test, various subtests of
the Wechsler Intelligence Scale-IV (WISC-IV) and of the Delis-
Kaplan Executive Function System (DKEFS). The primary proc-
esses attention (divided into phasic and intrinsic alertness), process-
ing speed, and fine motor abilities were assessed using subtests of
the Test of Attentional Performance (TAP), theWISC-IV and the
Zurich Neuromotor Assessment (ZNA). Differences between
groups and correlations between functions were assessed using
multiple regression analyses (adjusted for parental education, age
and sex and corrected for multiple testing) and are expressed as
standardized betas.
Results: The analysis of the CHD group included 61 (64.2 %) ado-
lescents with severe, 19 (20 %) withmoderate and 15 (15.9 %) with
mild CHD. Mean age at assessment was 13.32 years (SD = 1.34)
across both groups (group difference p < .01, added as control var-
iable). Compared to healthy peers, adolescents with CHD showed
deficits in all three EF (ßinhibition = .20, ßflexibility = .30;
ßworking_memory = .36; all p < .05 and R2 between 0.10 to
0.28). They performed poorer in processing speed and intrinsic
alertness (ßalertness = .26, p = .002, R2 = 0.11; ßprocessing_speed =
.28, p< .001, R2 = 0.18), but not in phasic alertness and finemotor
abilities (p > .05). CHD severity was not significantly associated
with EF or PNP. The three EF were correlated with processing
speed and fine motor skills (Spearman Rho 0.25-0.74, all p <
.05). Flexibility and working memory were correlated with intrin-
sic alertness (Spearman Rho 0.31-0.34, all p < .01).
Discussion: Adolescents with CHD show poorer performance in
EF, and in processing speed and intrinsic alertness. There is a strong
interrelation between these PNP and EF. Further analyses will
evaluate the detailed pathways and the role of other variables in
the development of EF difficulties in this population.
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The integration and evaluation of infant-family mental
health services in fetal maternal comprehensive care for the
CHD population
Harley, Eliza K. & Rodas, Naomi
Children’s Hospital Los Angeles, Los Angeles, CA, United States

Introduction & Study Question: The poster will present both QI
information and a case study series (3) to highlight a fetal maternal
comprehensive care model. The antenatal and postnatal periods
are characterized as a time of great physiological, psychological,
and social change. As such, caregivers may experience increased
distress and psychological vulnerability.3 Diagnosis of a fetal
anomaly during pregnancy increases risk for perinatal mental
health difficulties.1 Pregnancies marked by the presence of con-
genital heart disease can be especially traumatic and alter the tran-
sition to parenthood and the attachment to the baby.2 As such, an
infant-family mental health and trauma-informed perspective is
paramount. Psychologists are uniquely positioned to assess mental
health risk and address the needs of expectant caregivers.1

Likewise, psychologists with specialized training are uniquely
attuned to infant mental health and the caregiver/infant
relationship.
Methods: The fetal maternal comprehensive care model, empha-
sizes the importance of the relationship and focuses on minimizing
the impact of traumatic stress during the pre- and postnatal period
for the CHD population by facilitating continuity of care. Because
multiple surgeries and/or admissions over infancy and the early
childhood period may be more likely and many families experi-
ence medical complexity, continuity of care is vital. In the fetal
maternal comprehensive care model, the same provider(s) is
present in multiple settings and provides services through all phases
of care (i.e. prenatal/Fetal Maternal Center and Fetal Cardiology,
Labor & Delivery and/or Recovery; inpatient/Cardiothoracic
Intensive Care Unit, Cardiovascular Acute; follow-up/outpatient,
Newborn Follow-up Program.) There is also an emphasis on the
interstage period (i.e. between surgeries), as this is known to be a
time of increased stress for families. Overall, infant-family mental
services provided by an embedded psychologist and trainees are
largely focused on prevention/early intervention, perinatal mental

health, medical trauma and stress, development, grief and bereave-
ment, attachment and bonding, sibling support, communication
with interdisciplinary medical team members, and staff support.
Results &Discussion:A case study series (3) will highlight the impact
and reach of the fetal maternal comprehensive care model for the
CHD population. This model may be replicated in different set-
tings with other populations. Lessons learned and future directions
are outlined.

References
1. Dempsey et al, 2021
2. Kasparian et al, 2019
3. McNamara, Townsend, & Herbert, 2019

Effect of Inpatient Program Introduction on Follow-up
Rates and Family Satisfaction in a Cardiac
Neurodevelopmental Program
Margaret Goss1, MSN,PNP Jessica Pliego1, PhD, Zoe Allen1, MBA,
BSN,RN Alexandra Lamari-Fisher, PhD2, Louisa Keith MD1

1UT Health Austin Pediatric Neurosciences at Dell Children’s Medical
Center; 2Texas Center for Pediatric Congenital Heart Disease,
Department of Surgery and Perioperative Care, Dell Medical School, The
University of Texas Austin

Introduction: Return rates for cardiac neurodevelopmental evalua-
tions have been tracked across several centers. A recent study found
73% of patients who qualify for cardiac neurodevelopmental eval-
uations are not being seen (Ortinau et al, 2021). We hypothesized
that a neurodevelopmental provider introducing themselves and
explaining the purpose of the cardiac follow-up program during
a family’s inpatient stay would improve the program’s follow-
up rate and family’s level of reassurance regarding neurodevelop-
mental monitoring for their children.
Methods: At a single center, AHA guidelines were followed to
determine which patients qualified for cardiac neurodevelopmen-
tal follow-up evaluations. Starting in March 2021, a provider from
the cardiac neurodevelopmental program then met with families
of these patients in person during their inpatient hospital stay or

Inhibition Flexibility
Working 

memory

Processing 

speed

Intrinsic 

alertness

Phasic 

alertness

Fine motor 

skills

Inhibition

Flexibility 0.71
Working memory 0.46 0.65
Processing speed 0.53 0.74 0.58
Intrinsic alertness 0.13 0.34 0.31 0.37
Phasic alertness 0.05 -0.0 -0.09 -0.19 -0.39
Fine motor skills 0.26 0.43 0.25 0.60 0.34 -0.06

Note: Correlations in bold are significant at p < .05. For all measures, higher values indicate better performance.

Table 1. Correlations of EF and PNP.
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spoke with them over the phone regarding the purpose of the out-
patient cardiac neurodevelopmental program. Data on introduc-
tions and whether the patient returned to the clinic was
collected. Families completed a survey during the neurodevelop-
ment clinic visit to determine if 1) based on the introduction the
parent understood the purpose of the program, 2) the family felt
motivated to come to the appointment, and 3) how reassuring it
was that their child is monitored for developmental delays and
neurologic conditions.
Results: 342 patients met AHA criteria to be followed in the cardiac
neurodevelopmental clinic between 2019 and 2022, including 243
after inpatient provider introductions were initiated. If an intro-
duction and explanation was given to caregivers, patients had an
83% show rate. If no introduction or explanation was given,
patients had a 67% show rate. A chi-squared test was used to evalu-
ate the statistical significance of introduction on follow-up rate.
The p-value was significant at p <0.01. 96% of parents responded
that based on the introduction regarding the program they under-
stood why they were being referred. 100% of caregivers said they
felt encouraged to attend the visit. 90% of caregivers found it
reassuring their child is being monitored for developmental delays
and neurologic conditions.
Discussion: We found that speaking with caregivers of patients
regarding the purpose of the cardiac neurodevelopmental clinic
during their child’s inpatient stay improved follow-up rates.
After the conversation, caregivers felt motivated to attend visits
and reassured that their child was being monitored.

The Process to Expertise: A Constructivist Grounded
Theory Study with Caregivers of Hospitalized Infants with
Critical Congenital Heart Disease
Rogers S
Children’s Health Dallas, Dallas, TX, United States

Introduction:Congenital heart disease (CHD) is the most diagnosed
congenital anomaly, and one-quarter of infants diagnosed with
CHD have critical congenital heart disease (CCHD), are immedi-
ately hospitalized after birth, face one or multiple surgical proce-
dures soon after, and a lifetime of medical management for their
heart disease. Caregivers of hospitalized infants with CCHD learn
to do much more than parent; they navigate stress, unfamiliarity,
and altered roles in providing and managing the care needs of a
chronically ill child. Learning occurs in an environment that is
novel, stressful, and unpredictable. Caregivers mitigate this burden
by managing emotions, accessing support systems, and “becoming
the expert” of their hospitalized infant’s care in a critical care set-
ting, even during high emotions and stress. This study aimed to
construct an explanatory theory, based on the analysis of the care-
givers’ perspectives and words, to uncover the process caregivers of
hospitalized infants with CCHD go through to become experts in
their infant’s care in a critical care setting. Knowing this process to
expertise will help guide healthcare providers who deliver medical,
developmental, and psychosocial support and education. The cen-
tral research question is, “What is the process that caregivers of hos-
pitalized infants with CCHD go through to become experts of
their infant’s care in the context of a critical care setting?”
Additional sub-questions supported the research inquiry question
and subsequent data collection and analysis.
Methods: This study employed a constructivist grounded theory
approach to answer the research question and evolving sub-ques-
tions. Participants were English-speaking primary caregivers of
infants with a CHD diagnosis who were hospitalized for at least
twoweeks and underwent open heart surgery within the first three

months of life. The study criteria for participant recruitment
acknowledged that caregivers with recent experience (discharged
within 365 days) navigating their infant’s diagnosis, initial hospi-
talization, and transition home would be the best fit. Grounded
theory methodology provided a framework to learn about the
real-world processes that caregivers go through and allowed the
researcher to develop a theory to understand that process.
Results:AProcessModel of Expertise, co-constructed between the
researcher and participants, emerged, depicting how caregivers’
roles changed and how people, time, environment, and support
systems helped or hindered the process to expertise.
Discussion: There is evidence that understanding this process will
fill a knowledge gap to improve healthcare delivery, education,
and family-centered support in the hospital setting. A process
framework helps guide education for healthcare providers by pro-
viding a touchstone for methodology, defining concepts to be
measured, establishing a standard or criterion of success or failure,
and opening the door for further empirical research. Further, it
acknowledges that caregivers are not alone in this journey.
Knowledge of the adaptive progression that caregivers go through
to becoming an expert in their infant’s care may lead to improved
family-centered care and continuity in healthcare delivery.

Optimizing motor outcomes in the hospitalized infant
with congenital heart disease
1Rogers S, 2Butler S, 3Huisenga D, 4Peterson J, 5Mieczkowski D,
5Hamilton B, 6Schmelzer A, 5Russell S, 7Lewis-Wolf C, 3Fogel J,
8Smith J, 9Malik L
1Children’s Health Dallas, TX, United States; 2Harvard Medical School,
Boston Children’s Hospital, Boston, MA, United States; 3Advocate
Children’s Hospital, Oak Lawn, IL, United States; 4Johns Hopkins
University, Baltimore, MD, United States; 5Nemours Children’s
Hospital, Wilmington, VA, United States; 6Duke University Hospital,
Durham, NC, United States; 7Children’s Minnesota Hospital,
Minneapolis, MN, United States; 8Mended Little Hearts, Albany, GA,
United States; 9Primary Children’s Hospital, Salt Lake, UT, United
States

Introduction: Neurodevelopmental challenges are the greatest
comorbidity associated with congenital heart disease (CHD), with
a high incidence of gross and fine motor delays noted in early
infancy. Hospitalized infants with CHD face challenges in pro-
gressing motor milestones while healing from cardiac interven-
tions. Inpatient cardiac developmental therapists are integral in
supporting motor skill development in hospitalized infants with
CHD. However, minimal literature defines their role, appropriate
assessment measures, or interventions in the cardiac intensive care
unit (CICU) or acute care unit (ACU). Amultidisciplinary team of
cardiac developmental therapists through the Cardiac Newborn
Neurodevelopmental Network (CNNN), a Special Interest
Group of CNOC, collaborated to describe how typical infant
motor skills develop, examine the potential disruptions in that
process, and provide best practice suggestions for motor assessment
and interventions in infants hospitalized with CHD.
Methods: A multidisciplinary, multicenter team of experts com-
posed a comprehensive literature review of evidence-based
practice strategies and clinical experiences to provide recommen-
dations to optimize motor skill development in hospitalized
infants with CHD.
Results:Many infants with CHD have delays in sensory-motor and
gross motor development, state/behavioral disorganization and
dysregulation, a higher prevalence of atypical general movements,
tone abnormalities, and delayed prone progression. Standardized
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neurobehavioral and neuromotor and/or non-standardized devel-
opmental evaluations conducted by cardiac developmental thera-
pists identify neurological impairment, tone and motor
discrepancies, guide intervention strategies, and contribute to
therapy recommendations after hospital discharge. While not cre-
ated for infants with CHD, many standardized assessments have
been utilized in the infant CHD population. Therapeutic inter-
ventions to support motor development include providing an
optimal environment for motor learning; facilitating essential
self-regulation activities; supporting state regulation; providing
developmentally supportive positioning that facilitates midline
development and symmetrical support of the infant’s body; graded
therapeutic interventions to promote typical movement patterns
and interaction with the environment; incorporating family and
caregivers into developmental activity throughout the hospi-
tal stay.
Discussion: Motor support of infants with CHD must be integra-
tive, holistic, and understood within the context of the critical care
environment and a collaborative focus of all interdisciplinary
healthcare team members (See Figure). All infants hospitalized
with CHD should receive developmental therapies upon admis-
sion and have a plan in place to optimize motor skill development
throughout their hospitalization. Interdisciplinary collaboration
and education are vital to ensure optimal motor outcomes for
infants with CHD.

Comparison of Neurodevelopmental Outcomes and
Predictors of Change Over Time in Children with
Congenital Heart Disease and Children Born Very Preterm
Samantha D. Roberts, Tricia S. Williams, Magdalena Wojtowicz,
Michael Seed, Steven P.Miller, VannChau, Stephanie Au-Young, Linh
Ly, Vanna Kazazian, Ruth E. Grunau & Renee Sananes

Introduction: Children diagnosed with congenital heart disease
(CHD) and children born very preterm (VP) have similar patterns
of brain injury and dysmaturation. Yet, limited research has com-
pared neurodevelopment profiles of these groups, and longitudinal
outcomes and predictors of progress remain unclear. This study
compared neurodevelopmental outcomes of children with
CHD and children born VP at 18-months corrected age (m),
examined profile changes from 18m to 36m, and identified predic-
tors of progress over time.
Methods: A clinical research sample of 178 infants born VP
(≤32wks; n=99) or with CHD (n=79) from the Hospital for
Sick Children and Mount Sinai Hospital were tested at 18m.
CHD diagnoses included two ventricles with no arch obstruction
(57%), two ventricles with arch obstruction (4%), single ventricle
with no arch obstruction (33%), and single ventricle with arch
obstruction (6%). Neurodevelopmental outcomes were assessed
using the Bayley Scales of Infant and Toddler Development and
the Child Behavior Checklist. Descriptive statistics and chi-square
analyses were used to compare diagnostic groups, and regression
analyses were used to examine 18m predictors of 36m outcomes.
Of these, 103 infants (nVP=61; nCHD=42) returned for their 36m
assessment. To compare group differences over time, 2x3x2
repeated measures ANOVAs were used.
Results: At 18m, there were no group differences on Cognitive,
Language or Motor Composite mean scores, subtests of
Expressive and Receptive language, or Fine Motor functioning.
VP had higher Gross Motor scaled scores compared to CHD
(p=.023). Eighteen percent of the CHD group had scores ≤70
on Language composite compared to 6% of the VP group
(p=.024). More infants in the CHD group had impaired

Expressive Language (20%; p=.034) and Gross Motor (14%;
p=.020) scores compared to the VP group (7%; 3%). Parents in
the VP group reported higher Anxious/Depressed (p=.007),
Internalizing behaviours (p=.045), and Total Problems (p<.001)
compared to the CHD group. Parents in the CHD group reported
higher Attention (p=.008) and Aggression concerns (p<.001)
compared to the VP group. English as the child’s primary language
(p=.001), lower brain injury severity score (p=.035), and higher
median income (p=.083) was associated with higher cognitive
scores at 18m. Biological female sex (p=.037) and English as first
language (p<.001) were associated with higher language
composite scores. Lower brain injury severity score (p=.010)
was associated with higher motor scores. Longitudinal analyses
revealed a main effect of time for cognition (p<.001), with lower
scores at 36m for both groups. There was a group by time inter-
action for language (p=.005) and motor scores (p=.015). Language
scores remained stable in the VP group but improved at 36m in the
CHD group. Post-hoc analyses revealed that 65% of the CHD
infants that improved over time had a diagnosis of Transposition
of the great arteries. Motor scores in the VP group decreased over
time but were stable in the CHD group. Internalizing behaviours
increased over time for both groups (p=.005).
Discussion: Findings highlight unique and shared neurodevelop-
mental changes in children born VP and children with CHD in
early development.

Public-private partnerships can offset programmatic
expenses for therapeutic tools while increasing community
engagement: A case study of a novel approach to support
an inpatient neurodevelopmental program
King M
Phoenix Children’s Hospital, Phoenix AZ

Intro: Public-private partnerships (PPP) are a hallmark of public
health. We used this model to support inpatient neurodevelop-
mental care plans. Community members sought ways to support
infants and children with congenital heart disease (CHD). Our
Neurodevelopmental team partnered with a large private founda-
tion in a match program.Wemet our goal to raise enough funds to
purchase therapeutic play mats. An aspiring Eagle Scout (Boy
Scouts of America) joined us in a second partnership. His team
raised money, designed, built, and delivered play gyms that fit
inside open cribs and on the play mats. The play mats and play
gyms allow for more advanced therapies for patients in the
inpatient setting. This creates for more opportunities to work
on developmental tasks such as rolling over, reaching/kicking
objects and prone positioning. All while providing a sense of nor-
malcy for caregivers.
Methods: Entering PPP is a unique method of supporting hospital-
based efforts. Partnership agreements were completed. Timelines
for completion of fundraising and delivery of goods were estab-
lished. doTERRA Healing Hands Foundation provided a match-
ing campaignwhich raised the needed funds for the purchase of the
therapeutic mats ($2000). The Eagle Scout recruited his construc-
tion team, acquired the necessary components, hosted the build
day, and delivered the play gyms.
Results: The therapeutic play mats and play gyms have been in use
at the bedside in the CVICU, stepdown, and cardiology floor care
areas. They are widely used by parents, therapist, and nurses to
offer a variety of engagement and enrichment opportunities.
This is particularly helpful for our long-term patients who other-
wise would miss many important developmental milestones.
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Discuss: PPP are novel opportunities to engage community mem-
bers to support ongoing needs of patients with CHD, which is
unknown to many outside the hospital setting. These partnerships
benefit all involved. To the community they offer an increased
opportunity for engagement by increasing awareness of CHD
and the challenges patients and families face. To the patients &
families, they increase their exposure to more advanced therapeu-
tic opportunities and provide a sense of normalcy. To the hospital
they provide cost-sharing opportunities and additional opportuni-
ties for future partnerships. As Heart Centers look to invest wisely
into this population, partnering with outside institutions is fiscally
responsible. Particularly for smaller programswith limited funding,
PPP help offset those costs. Creating these opportunities to engage
communitymembers and larger non-profit organizations is a novel
approach for meeting the developmental and therapeutic needs of
infants and children with CHD.

Regional differences in cortical expansion in fetuses with
congenital heart defects
1Garcia K, 2Bhaskara M, 3Taylor K, 2Vieth J, 3Garret J, 4Rollins C,
3Ortinau C
1Indiana University School of Medicine, Evansville, Indiana, United
states; 2Indiana University, Evansville, IN, United states; 3Washington
University in St. Louis, St. Louis, MO,USA; 4HarvardMedical School,
Boston, MA, USA

Introduction and Study Question: For children with congenital heart
disease (CHD), differences in brain structure and function are
already present at birth and emerge as early as the third trimester
of pregnancy.1 Prenatal alterations in the pattern of cortical folding
have been observed,2 and a growing body of evidence suggests
cortical expansion is a driving force in brain folding.3 We hypoth-
esize that localized differences in cortical expansion exist in fetuses
with CHD, which may in turn drive observed alterations in brain
folding. In this study, we aim to quantify regional cortical growth
differences over the third trimester in fetuses with CHD compared
to their control counterparts.
Methods: Fetal magnetic resonance imaging (MRI) scans were col-
lected from Boston Children’s Hospital and St. Louis Children’s
Hospital at 26-31 weeks and again at 34-39 weeks gestation.
Images were reconstructed using a high resolution, motion-cor-
rected pipeline and an automated segmentation was applied.4

Cortices were manually segmented in ITK-Snap and converted

to cortical surfaces using Caret. Individualized maps of cortical sur-
face expansion were generated using anatomically constrained
multimodal surface matching (aMSM). Subject-specific results
were mapped to a study-specific atlas, and group differences were
analyzed using Permutation Analysis of Linear Methods (PALM),
as described previously.5

Results: Analysis compared 21 fetuses with CHD (6 with dextro-
transposition of the great arteries, 3 with hypoplastic left heart syn-
drome, 4 with Tetralogy of Fallot, 8 other) to 13 control fetuses.
While only minor differences in total cortical expansion were
observed, normalized cortical expansion maps revealed striking
differences in the pattern of cortical growth between CHD and
control fetuses (Figure 1). Specifically, control fetuses exhibited
relatively high expansion in the lateral temporal lobes, whereas rel-
ative expansion of this region was reduced in CHD fetuses.
Additional differences were observed in the motor and somatosen-
sory cortices, as well as the medial frontal and visual cortices.
Discussion: The novel analysis employed in this study allows us to
observe regional differences not detected by previous global analy-
ses of cortical growth. These alterations among fetuses with CHD,
such as reduced growth of the lateral temporal cortex, are consis-
tent with previous reports of atypical folding in this region. This
detailed understanding of altered growth trajectory in-utero
may improve understanding of functional deficits associated with
specific cortical areas, ultimately helping to inform clinical deci-
sions surrounding the need and timing of interventions.
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1. Rollins et al. Ann Neurol. 2021; 89(1):143-157
2. Im et al. AJNR Am J Neuroradiol. 2017;38(7):1449-1455
3. Kroenke et al., J Neurosci. 2018; 38(4):767-75
4. Gholipour et al. Sci Rep. 2017; 7(1):1-3
5. Garcia et al. PNAS 2018; 115(12):3156-3161
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Connecting with Families about Cardiac
Neurodevelopmental Services Online
JM Boyett Anderson, MD1; D Cisneros2, K Olson, PhDi; X Zhang,
PhDi; P Ferrazzano, MD3

1Division of Pediatric Cardiology, University of Wisconsin School of
Medicine and Public Health, Madison, WI; 2University of Wisconsin,
Madison, WI; 3Division of Pediatric Critical Care, University of
Wisconsin School of Medicine and Public Health, Madison, WI

Introduction: Online information is a primary source of informa-
tion for parents with concerns about their child’s health and devel-
opment, however only half of patients confirm the results of web-
based research with their physician. We aimed to assess online
information about neurodevelopmental services offered by indi-
vidual institutions for children who had cardiac surgery during
infancy, and associations between online information and socio-
demographic and institutional factors. We hypothesized that insti-
tutional factors would more strongly correlate with online
information than would the sociodemographic makeup of the
community in which the program was located.
Methods: A total population sample of all programs in the 2021-
2022 Congenital Cardiology Today (CCT) Directory was con-
ducted. Online information about each program’s neurodevelop-
mental follow up program was systematically ascertained, and its
robustness was assessed using a scoring system modified from pre-
vious research. Institutional and sociodemographic information
was extracted from the following databases: Society of Thoracic
Surgeons Public Reporting for Congenital Heart Surgery data-
base; American Medical Association Fellowship and Residency
Information Database; US Census; American Community
Survey; Kaiser Family Foundation; National Center for
Education Statistics; and IDEA Part B Child Count and
Educational Environments. Uni- and multi-variate regression
was analyses were conducted using SPSS. All P values were 2-sided
and p<0.05 was used to indicate statistical significance.
Results: Of the 129 programs listed in the CCT directory, 38
(29%) had information about a neurodevelopmental follow up
program that could be found by searching the program website
and 47 (36%) had information that could be found by performing
a Google search. Of the 91 programs in the STS database, 42 (46%)
had information that could be found using Google. Factors posi-
tively associated with online information about neurodevelop-
mental follow up were surgical volume, surgical complexity,
and affiliation with a pediatrics residency program or a pediatric
cardiology fellowship program. State-level sociodemographic fac-
tors were neither positively nor negatively associated with online
information.
Discussion: Fewer than half of programs performing heart surgery
in children have information about neurodevelopmental follow
up available online. This presents challenges for parents searching
for information on their child’s developmental, behavioral, and
mental health concerns, and may represent a potential barrier to
families seeking appropriate follow-up for their children.
Improved online messaging and pointed anticipatory guidance
during regular clinic visits regarding the neurodevelopmental
needs of children after cardiac surgery are needed.

Relationship between 4-month functional network
topology and 24-month neurodevelopmental outcome in
children with congenital heart disease: Preliminary results
Provost, Sarah1,2, Fourdain Solène1,2, Vannasing Phetsamone1,2,
Tremblay Julie1,2, Roger Kassandra1,2, Vinay Marie-Claude3, Von
Siebenthal Zorina3, Doussau Amélie3, Poirier Nancy3, Gallagher
Anne1,2
1Neurodevelopmental Optical Imaging Lab (LIONlab), Sainte-Justine
University Hospital Research Centre, Montreal, Quebec, Canada;
2Department of Psychology, University of Montreal, Montreal, Quebec,
Canada; 3CHUSainte-Justine Integrated Neurocardiac Clinic, Montreal,
Quebec, Canada

Introduction: In the past years, several studies showed brain struc-
tural and functional network alterations in neonates with CHD.1–5

However, the relationship between brain function and neurode-
velopment is not fully established in this population. For the first
part of this longitudinal prospective cohort study, Fourdain et al.6

compared cortical functional connectivity in 4-month-old infants
with repaired CHD to healthy controls using resting-state func-
tional near-infrared spectroscopy (fNIRS). Results suggested that
a global reduction in the connectivity strength of the CHD group
persisted after the corrective cardiac surgery. These findings spiked
our interest in exploring the brain function of this specific CHD
cohort in greater depth using the graph theory approach. This
study aims at identifying early brain markers of neurodevelopment
in children with CHD by investigating the association between 4-
month functional network topology and 24-month developmen-
tal outcomes.
Methods: A total of 30 healthy children and 19 full-term children
with CHD underwent a rs-fcNIRS data acquisition at 4 months
and a developmental assessment at 24 months. rs-fcNIRS was
recorded for 12 minutes during natural day time sleep in frontal,
frontotemporal, temporal and parietal regions using a tissue oxi-
meter (ISS Inc, Champaign, IL, USA). For network metrics, we
computed the clustering coefficient, the normalized clustering
coefficient, the characteristic path length, the normalized charac-
teristic path length, the global efficiency, the local efficiency, and
the small-world index. Neurodevelopment was evaluated using
the Bayley-III. ANCOVA were used to identify significant
differences between groups’ scores variances at 24 months while
controlling for cofounding variables (e.g., sex, socioeconomic sta-
tus). Corrections for multiple comparisons were performed using
Bonferroni correction. Pearson correlation analyses were used to
explore the association between functional network topology
and statistically lower developmental scores at 24 months.
Results: Preliminary results suggest similar network topology
between CHD and control participants. At 24 months, children
with CHD obtained significantly lower mean scores on the
Bayley-III language composite score (p = .024) and the expressive
communication scaled score (p = .022). Preliminary correlation
results revealed a significant positive association between the clus-
tering coefficient and two language scores (composite score; p =
0.03, expressive communication subscale; p = 0.014) as well as
between the local efficiency and the same language scores
(composite score; p = 0.016, expressive communication subscale;
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p = 0.011). The characteristic path length, the global efficiency,
and the small-world index were not statistically associated with
any language scores.
Discussion: These preliminary results suggest the feasibility of
identifying early cerebral predictors of neurodevelopmental out-
come in CHD. Further analyses are required to confirm these find-
ings and explore the unique contribution of graph theory and
CHD status on neurodevelopment.
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Importance of ongoing developmental screening in
congenital heart disease: A single center experience
Stephany Cox, Lauren Christopher, Dawn Gano, Patrick McQuillen,
Shabnam Peyvandi
University of California, San Francisco

Introduction and Study Question: Systematic developmental surveil-
lance, screening, and assessment of patients with CHD is recom-
mended by AHA guidelines. Many centers focus on
neurodevelopmental (ND) follow-up for infants and toddlers with
CHD, however developmental challenges are common at school-
age even if early milestones were normal and early intervention
(EI) services were not required. Even subtle developmental
impairments can have a significant impact on academic achieve-
ment. Furthermore, mental health concerns are more likely to
be evident during school-age years. The primary aim for this study
was to describe rates of new neurodevelopmental disorder (NDD)
diagnoses, mental health concerns and recommendations for ser-
vices among school-age children evaluated through our ND fol-
low-up program.
Methods: We reviewed pertinent medical, demographic, and
developmental assessment data, from patients referred to our pro-
gram from January 2018 to June 2022. We analyzed data from
children between 4-12 years who had received a cardiac operation
during the first year of life. Recorded comorbidities included neu-
rological conditions, genetic disorders, and prematurity. Primary

outcomes included NDD diagnoses resulting from the evaluation,
whether new services were recommended, and if any mental
health concerns were identified. Descriptive statistics were
performed.
Results: Among 74 patients evaluated in this period, mean age was
6.6 years and 55.4% were male. 41.9% had comorbid diagnoses,
including genetic (17.6%) and/or neurological conditions
(23.0%). Mean Full Scale IQ of the cohort (93+/-19.4) was within
the average range. Two-thirds (66.2%) were diagnosed with a
NDD and new services were recommended for 87.8%. NDDs
were more frequent in patients with CHD + comorbidity
(77.4%) vs. isolated CHD (48.8%). While 56.8% received EI, only
36.5% were receiving special education services at the time of
evaluation. Of children who received services from EI programs
and/or schools, 76% were given new NDD diagnoses, and new
services were recommended for 96%. Among those who had
never received EI or school services, new services were recom-
mended for a majority (70.8%) and 37.5% met criteria for a
NDD. Mental health concerns were identified for 41.9% of
patients.
Discussion: ND follow-up visits during early childhood facilitate
early identification of developmental concerns and referrals to
crucial intervention programs. However, the profile of cognitive,
social-emotional, and academic difficulties often observed in
children with CHD may become more pronounced during
the school-age period. While the cohort of patients seen through
our clinic have overall cognitive scores within the average range,
a majority met diagnostic criteria for a NDD and/or received
recommendations for additional services and supports.
Importantly, among children who never required EI services, a
large percentage were diagnosed with a new NDD and/or were
referred for new services at school-age. Findings from this study
highlight the importance of ongoing developmental monitoring
and clinical assessment past the early childhood period for diagnos-
tic clarification, detection of mental health concerns, and to pro-
vide recommendations for educational planning and clinical
management.

Maternal pregnancy-related stress is associatedwith smaller
fetal brain volumes in congenital heart disease
Lilianne Barbar1, Kathryn S. Mangin-Heimos1, Kaylin Taylor1, Ali
Gholipour2, Joshua Garrett1, Caroline K. Lee1, Dimitrios Alexopoulos1,
Joshua Shimony1, Cynthia M. Ortinau1
1Washington University in St. Louis; 2Boston Children’s Hospital,
Harvard Medical School

Introduction: A prenatal diagnosis of moderate-severe congenital
heart disease (CHD) increases risk of maternal depression, anxiety,
and stress. In utero exposure to maternal psychological distress is
associated with altered brain development in offspring, particularly
within the cerebral cortex, hippocampus and cerebellum. Recent
data in fetuses with CHD show similar associations, but studies that
assess pregnancy-related stress symptoms, and the impact of these
symptoms on fetal brain development, are limited. We aimed to
measure pregnancy-specific stress in women who received a pre-
natal diagnosis of fetal CHD and to determine its association with
late third trimester fetal brain development. We hypothesized that
higher maternal stress would be associated with smaller cortical
plate, hippocampal, and cerebellar volumes.
Methods: Pregnant women with a prenatal diagnosis of moderate-
severe fetal CHD were recruited into a prospective, longitudinal
fetal brain magnetic resonance imaging (MRI) study. Exclusion
criteria were gestational age (GA) >30 weeks, fetal congenital
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infection, multiple gestation pregnancy, and contraindication to
MRI. Participants underwent two prenatal study visits at 28-30
weeks’ gestation (Prenatal 1) and 34-36 weeks’ gestation
(Prenatal 2). At each study visit, fetal brain MRI was performed
and participants completed the revised Prenatal Distress
Questionnaire (NuPDQ), which measures stress symptoms related
to the pregnancy, with higher scores reflecting greater stress. To
evaluate the cumulative impact of stress symptoms over the preg-
nancy, data were analyzed using the Prenatal 2 MRI. Images were
reconstructed using a high resolution, motion-corrected pipeline,
an automated segmentation was applied, and manual modification
was performed to ensure accurate delineation of brain structures.
Brain regions included cortical plate, hippocampus, cerebellum,
white matter, subcortical gray matter (SCGM), diencephalon,
brain stem, total brain volume (TBV), cerebrospinal fluid, and
intracranial volume (ICV). Linear regression models were used
to evaluate the association of NuPDQ scores with brain volumes,
adjusting for fetal sex and GA at MRI.

Results: There were 42 pregnant women enrolled who received a
fetal diagnosis of moderate-severe CHD at a median of 22.0 (IQR
=21.1-26.1) weeks’ gestation. The most common diagnoses were
hypoplastic left heart syndrome (23.8%), transposition of the great
arteries (14.3%), and tetralogy of Fallot (11.9%). The Prenatal 2
MRI was conducted at a mean GA of 35.5 weeks (SD = 1.2
weeks). NuPDQ scores at Prenatal 1 (mean [SD] = 9.9 [6.5])
and Prenatal 2 (mean [SD] = 8.6 [5.2]) were highly correlated
(r[36] = .83, p<.001). Higher Prenatal 1NuPDQ scores were asso-
ciated with smaller cortical plate (β=-.28; p=.03), cerebellum (β=-
.32; p=.02), TBV (β=-.26; p=.04), and ICV (β=-.33; p=.02). All
other regions were non-significant.
Discussion: The association of maternal pregnancy-specific stress
with smaller fetal brain volumes suggests that increased preg-
nancy-related stress may adversely affect fetal brain development
in CHD. These data highlight the importance of providing mental
health support and resources to help alleviate pregnancy-related
stress after prenatal CHD diagnosis.
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