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earning Objectives

Describe the epidemiological and pathophysiological
underpinnings of congenital heart disease, including an overview
of the brain-heart connection, comorbid neurological diagnoses,
neuropsychological outcomes, and important neonatal, cardiac,
operative, and hospitalization related risk factors.

. Review emerging literature related to the influence of

demographic, psychosocial, familial, and sociocultural factors,
including social determinants of health, in congenital heart
disease, to inform accurate prognoses and precision-based
interventions.

. Demonstrate specific translational science initiatives addressing

neuropsychological assessment and surveillance inequities
through innovations across Canadian institution, including
initiatives that actively embed Fuji's ECLECTIC model centrally
within models of neuropsychological services.
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1.

. List common neurodevelopmental,

earning Objectives

Describe the anatomy, physiology,
and the spectrum of CHD & the Heart
Brain Connection

Dr. Dragana Ostojic-Aitkens
PhD, C.Psych

neuropsychological & psychosocial
Dr. Bi Bondi
outcomes PO, CPoyeh (Supervised Practie)

. Apply directions for research and 5

practice to optimize brain health

Dr. Tricia Williams
PhD, C.Psych, ABPP-CN

Assess
Overarchin
EDI factors
across all
objectives

Well established disparities in maternal and neonatal
services by race and socioeconomic status and their

association with neonatal mortality and morbidities wan
Daalen et al., 2024)

Proximal variables related to birth outcomes include
access/entry into prenatal and neonatal care,
employment opportunities, neighborhood

g characteristics (athusen et al, 2016)

Neonatal & neuropsychological services also follow-up
services lack consistency, accessibility, and cultural
humility (Fraiman et al, 2023; Milter et al, 2021)

Variable access to evaluations by
neuropsychologists, occupational therapists or
developmental pediatricians depending on factors
such as location (it et al. 2020).
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AHA SCIENTIFIC STATEMENT

Neurodevelopmental Qutcomes for Individuals
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and Management: A Scientific Statement From
the American Heart Association

Endorsed by the Candiac Neurodevelopmantal Outcome Colaborative

Erica S00d, PhD, Vice Chai; Jane W. Newburger, MD, MPH, FAHAS Julia 5. Anxt, MD; Adam R Cassicy, PhD, ABPP,

Jasrie L Jackson, PhD; Richard A Jonas, MD; Amy J. Lisantl, PRD, RN, CCNS, FAHA; Kella N. Lapez MD, MPH;

‘Shabnam Peyvandi, MD, MAS, FAHA; Bracley S. Maring, MD, MPP; MSCE, MBA, FAHA, Chair: o behalt of the American Heart
Lifelang Cangenital H Heart Health in the Young and the Council on Cardiovascular and

Stroke Mursing

Circulation. 2024;1492997-21022, DOI: 10.1 161/CIR0000000000001211 March 26,2024 €997

10

Ee)
CN@C m About =  Awards ~ i i Membership i ions = Quick Links = Donate

Working Together to Optimize
Neurodevelopment and Quality of Life
Cardiac neurodevelopment includes all aspects of motor, language, cognitive,

socialemotional, and psychological development throughout lfe for
individuals genital heart disease.

disease can have challanges in ane or more of thesa areas. While some of
these challenges are picked up during infancy or early childhaod, others may
/ ot develop until later childhood, adolescence, o even adulthood. CNOC is

eolisborative of clinicians, researchers, patients, and families from across the

cid gether to address and improve
neurodevelopment, mental health, and quality of life for people of all ages and
stages with pediatric and congenital heart disease

52 1,410 73

Hospitals and Universities Clinicians and Researchers Patients and Family Members
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Anatomy, Physiology, and
the Spectrum of CHD: A
Medical Overview




Abnormalities in the
development of the

nearby blood vessels)

Cassiayetal, 2018

Among the
heart most common
(chambers, walls, valves, or bll"th defeCtS

What is CHD?

Different types

depending on

which part is
impacted
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Causes of CHD:

Risk Factors
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lungs

Heart
Anatomy:
Blood Flow

body
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Heart -
Anatomy:
Veins &
Arteries
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Heart Anatomy: Valves

MITRAL VALVE

AORTIC VALVE —@)

PULMONARY VALVE —<
r\
TRICUSPID VALVE —\ S/
S P
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Body ~__

Lungs

(st hichensinn orgeducationmate

Image:Chidran's Minnesota

Superior Vena Cava

S.&.Vena Cava
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Right Atrium
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Tricuspid Valve

LEFT ATRIUM
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Pulmonary Valve

Pulmonary LEFT VENTRICLE
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RIGHT
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_ Body

Aortic Valve
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Left Ventricle
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Mitral Valve
Left Atrium
Pulmonary
Veins
Lungs
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CHD Classification

CHD

Acyanotic Cyanotic

Sokarsk, SinghaTissot(2023)

Image: bt s medjoumey. o ibloglconganialheae dsease

erstaingyous.ches-haas
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CHD Classification
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Acyanotic Cyanotic
Increased Obstruction to Decreased Mixed blood
pulmonary blood flow pulmonary st
blood flow from ventricles blood flow !
Sebars, Singn & Tiss 20251
Holes in the

‘ ‘ heart
Cyanotic

Miced blood
lesions

23

Atrial septal defect

"

_

Right atrium
Atrial septal defect.

Blood passes from the
loft atrom to the right

Left atrium

Right ventricle
enlarged

——> Biood high i oxygen
—> Biood lowIn oxygen

AboutkidsHealth.ca

Ventricular septal
defect

5

Pulmonary artery
©

Extra bood flow b
the lungs Left ventricle
is enlarged

Right ventricle
Ventricular
septal defect
Blood passes from
the left ventrice to
the right ventricle

—> Blood highiin oxygen
—> Blood lowin oxygen

AboutkidsHealth.ca
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Ventricular septal
defect

Atrial septal defect

Left atrium

© AboutkidsHealth.ca
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Narrowing or
T 1 obstruction of

blood vessels or
Acyanotic Cyanotic valves

Mixed blood

pulmonary pulmonary o

Blood Flow blood flow

Increased Obstruction to Decreased
lood flow
from ventricles
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Pulmonary stenosis

Pulmonary valve
is thickened and
namowed

Right ventricle
becomes thickened

—> Blood with oxygen

—> Blood low in oxygen
o inaree © AboutkidsHealth.ca
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Aortic stenosis

Aortic valve
is thickened and
narrowed

Left ventricle
becomes thickened

—> Blood high in oxygen
% Bloodlowin omygen © AboutkidsHealth.ca
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Coarctation of the aorta

=\

Coarctation of
the aorta
Narrowing of the aorta

Transverse
aortic arch

Patent ductus
arteriosus
bypasses the
‘coarctation and
allows blood to
reach the lower part
of the body

Left ventricle
pumps harder
‘against narrowing

—> Blood high in oxygen
—> Blood low in oxygen

Mixed blood © AboutKidsHealth.ca
CHD
Atresia
Tetralogy of Fallot
Acyanotic Cyanotic

Increased Obstruction to Decreased
pulmonary blood flow pulmonary fcatne
Blood Flow from ventricles blood flow

30
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Pulmonary atresia

Patent ductus
arteriosus

Tricuspid atresia

Atrial
septal
defect
Atretic Fretic tricuspid vave —__ 1
pulmonary
valve < nall right ventricle Ventricular
septal defect
Small right
ventricle

2025-04-14

Pulmo

Atrial
septal

Tricuspid atresia

nary atresia

Patent ductus
arteriosus

Alrial septal defect

Atretic tricuspid vaive —__

defect
Atretic
pulmonary
valve Small right ventricle
Small right
ventricle

Tetralogy of Fallot
NV

Aorta
is misaligned

Pulmonary valve
s thickened and
Ventricular

na
Right ventricle
becomes thickened septal defect
is a hole between
the left and right
ventricles
——>Bicod high in oxygen
—> Blood low in oxygen
Mixed blood © AboutKidsHealth.ca
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CHD P
Transposition of
the great arteries
HLHS
Acyanotic Cyanotic
N
Increased Obstruction to Decreased
pulmonary 0 pulmonary Rt
Blood Flow from ventricles blood flow
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Transposition of the great arteries

Pulmonary artery
pumps blood high in
oxygen to the lungs

Left ventricle
is connected to the

are switched pulmanary artery

Right ventricle
is connected to
the arta

—> Blood high in oxygen

Bioad | 0.0 © AboutKidsHealth.ca
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Hypoplastic left heart syndrome

Patent ductus
arteriosus
Allows blood to
reach the aorta and
o out the body

Right atrium

Atrial septal defect
Allows blood to reach
the right ventricle

Left ventricle is small

Right ventricle
pumps all blood

—> Blood high in oxygen
—> Blood low in oxygen
Mpeac bicard © AboutKidsHealth.ca Y
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Congenital Heart Operations.

Maior long-term Major long-em Major long-lomm Pulmonary artery band
induging luding incuting
naed for raoperaton oo tor reoperation nved fot taoparation BT Shurt
very ikely tho unkely Siage | Norwood
Cavo-paimonary (Glenn)
TOF repair with the * AV canal repaic +  ASD dosure St
use of a rans- + Anorial Switch + VSO dosurs Fontan
annular paich aperatian +  PDAdwision
Senning o mustard | | = Valve repairs + TOF repair withaut
oparation + Coarctation repai e use of rans-
Oporations © ALGAPAropar annulae paich
Resection of sub
a0t membrann

Figura 2: A simplified classification of congenital heart oporations basad on expectod long.term outcomes. ALCAPA: Anomatous
left coronary artery from puimonary artery, ASD: Atrial septal efect, BT shunt: Blalock-Taussig shunt, TOF: Totralogy of Fallot,
VSD: Vontricular septal defect

| Kumar (2015)
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Select Congenital Heart Operations

Closure by Device

Image sourco; American Hoart Association
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Select Congenital Heart Operations

During the Glenn Procedure During the Fontan Pracedure
The superior The NG s ad
s ueddresty o i
the pulmon: \ e
connecied ol e
mrfwylnum Ww r "
pulmon;
s : 7 - t —
A Flmcriony ren) A conduit
s usually
added
The SVC
discomnect Ahole called a
from the:
heart helps with the

ra
flow unilthe  SIVEY
lungs adjust [ The e
Bedy s disconnected from the heart

e Kick Hesith
h orzieniparentz/iontan
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_ - Race -——— ﬂ = @

Insurance ~
coverage Structural Racism, Soclal Determinants of Health, and
- Pravider Bias: Impact on Brain Development In Critical
R Congenital Heart Disease
Immigrant
status
.

/

ch’me Social Determinants .........
Socu;economu: of Health ba;r\ers

\
\

status /
\ Geographic
N location
RESEARCH S— °
-

Social determinants of health and outcomes for children and
tematic review

Ethnicity

— _ Parental education -
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C a ll fo r E u Ita b l e Structural Racism, Sociai Determinants of Health, and Provider Bias:
Impact on Brain Development in Crilical Congenital Heart Disease (cCHD),

Healthcare

Addressing Disparity, Inequity, and Ineguality

ACal for

41

The Heart - Brain
Connection

42
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Development of the Heart

Y300 s £ @/ I Y

Onset of heart development
is in early gestational period

e

e e NI « Heart is the first functional
== D T organ to develop

Brain development co-
occurs, but extends well into
the third trimester and

. postnatally

The Rale of Epigenetics in Congenital Heart Disease
N Cassidy et al. 2018 Peyyandi and Rolins, 2023

o+ |
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Fetal Brain

Table 1. Common brain abnormalties noted on MRI among fetuses <™
and/or neonates with complex congenital heart disease

Domain: MRI modality Abnarmality
Qualitative b devel ol s realomeed
inspecrion * Dysmature myelinarion
o Delayod sulcation’
Brain volumes: morphometry o | Global and regional brain

olumes'

"
1 Apparent diffusion coefficient'”
| Fractional anisotropy

asparte—choline

Microstucural brain development:
diffusion tensor imaging
Merabolic brain development:

spectroscopy ratio’

=
K
£

. + Condng Grgrosen + Opazamsing =srtic Bow

Oxygenation/nutient delivery: * | Oxygen consumpsion ** RSP R R A —
Funcional MRI, cardiovasculas  » | Oxygen delivery

MRI o | Tissue oxygenation " . —

|, Decreased: 1, Increase. MRI, magnetic resonance imaging,

-

Fetal Brain

Lt

Figurs 3. Contributoes 10 delayest biin Sévelopment In ater. The eiclogy of prenatl delayed Disin development in congentl heat iseass is
hought o be rultifactorial with contributions from coroviscular physiclogy. Eenetc Giferences. ond an adwerse matomabletal environment,
6TGA, Gextroranspostion of the great arteres: HLMS, hyOpIastc left heart synarome.

7
|

[

Peyuandiand Rolns, 2025
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Infant Brain

Il Ot T Brain dysmaturation increases risk for

. neonatal brain injury (e.g., white matter
T a— injury, microhemorrhage, ischemic

" L v lesions)

P P - Widespread brain abnormalities and
= = = injury ) pre- and post-surgery

Focal brain injuries are the "tip of the
iceberg" - some neurodevelopmental
sequelae unexplained

mal Brain ©
with Conge:

2025-04-14
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Child and Adolescent Brain

More likely to have brain abnormalities
than typically developing peers

Structural brain aboormaliies in adolescents and young adults
Wwith congeaital hear defect 8 Systematic feview

vt s v seceaston

Delayed volumetric brain growth

Alterations in cortical organization

Difference in white matter
microstructural integrity and organization

Focal/multi-focal abnormalities

47

Aging Brain in CHD

{ BRAIN ACROSS THE LIFESPAN ]

hpoa ncrema

48
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Brain and Mental Health
LqvUdVry5c)
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Neurodevelopmental &
Neuropsychological
Qutcomes of CHD

Impact Across the
Lifespan

fb

Child Adolescent

51
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Infant

PEDIATRICS

« Cognitive, speech/language, and motor delays

75% nhad developmental delay in
>1 domain at >1 assessments

2025-04-14

Infant

PEDIATRICS

P, D My 41405 o L0150

« Cognitive, speech/language, and motor delays 100 |47

105

96-97 98-5900-01 02-03 04-0506-07 0809
Year of Binh

FIGURE 2
Standarsaed POL 853 MEX measa By e
u

area messa gt ha e
o ercer,
vaioe of the covsrates. Ov

o

Risk Factors in
Infancy:

e Canadien Journal of Cardiclogy '

The Genetics of Neurodevelopment in
Congenital Heart Dis

* Prematurity

« Low birth weight
« Feeding delay

« Growth failure

« Developmental delay in
infancy/toddlerhood

* Need for neonatal cardiac surgery

(Cassidystal, 2017; Pattetal., 2023; Sood etal, 2024)

54
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Operative Risk Factors in Infancy:

2025-04-14

Operative Risk
Factors in Infancy:

(Morton etal 2017; Cassidyetal., 2017; Sood otal, 2024)

Peri-Operative Post-Operative
Anesthesia exposure * Hypoxemia

Hypotension

Length of post-op

Hyp

reperfusion
Reoxygenation
Inflammation

d
Low cardiac output
Re-operations
Sedative exposure

0 Infections
Hypothermia Seizures
Seizures Embolism, stroke

Embolism, stroke
Acidosis/hematocrit
Cardiopulmonary bypass

time

Circulatory arrest time
Cardiopulmonary
resuscitation
Mechanical support
(ECMO, VAD)

Heart transplantation

56

« Speech-language
« Fine motor
« Academic achievement

(Sood etal., 202¢; Cassidy etal, 2017; Phillps etal., 2023)

« Intellectual/cognitive functioning

Early Childhood

Re==

Congenital heart disease: A primer for the
pediatric neuropsychologist | i

Rt i & B 1 e
ey e

57
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« Intellectual/cognitive functioning
« Speech-language

* Motor

« Academic achievement

« Attention

« Executive functioning

* Processing speed

« Visuospatial processing

* Memaory and learning

(So0d etal., 2024; Cassidy etal, 2017; Phillps etal., 2023)

[ % ]

Childhood/Adolescence

Rasasse

Chid Neurcpsychoicgy

Congenital heart disease: A primer for the
pediatric neuropsychologist

B Lyt & g, inbecey
i dare 8wy K e

2025-04-14
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Prevalence of Neurodevelopmental Disorders

3 >50%

children aged 6+ received a
neuradevelopmental diagnosis

Prevalence of Neurodevelopmental Disorders

”@m >50%

children aged 6+ received a
neuradevelopmental diagnosis

HX

more likely to receive a
neurodevelopmental diagnosis
vs. general population

20



Prevalence of Neurodevelopmental Disorders

hx

more likely to receive an ADHD
diagnosis vs. general population

2025-04-14
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Prevalence of Neurodevelopmental Disorders
@....

6X

more likely to receive an ASD
diagnosis vs. general population

Prevalence of Neurodevelopmental Disorders
e

HX

more likely to receive an ID
diagnosis vs. general population

21



Prevalence of Neurodevelopmental Disorders
@ -

3x

more likely to receive an LD
diagnosis vs. general population

2025-04-14

Prevalence of Neurodevelopmental Disorders

- am

preschool

o 2om ‘

| 3x
= more likely to receivea
- = neurodevelopmental diagnosis

in childhood/adolescence vs.

65

Risk Factors in Childhood/Adolescence

« Genetic abnormalities/

‘Neuropsychological profiles

« Patient-specific factors

(So0d etal., 2024; Cassidy etal, 2017)

. syndromes
can vary and a"a not reliably  CHD type and severity
conform to a singular « Surgery in infancy with
- cardiopulmonary bypass
paz‘hagnomo'mc . « Chronic cyanosis
neurobehavioral signature.” « Single-ventricle CHD

« 3-stage surgical palliation

-Soodetal, 2024 AHA et Gy by vs. surgical correction

66
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Cumulative Impact Across Development

Fetal Infancy  Toddlerhood Early Childhood  School-Age

Adolescence  Adulthood Older Age
>

Neuroimaging and Neurodevelopmantal

Philips K, et . J Am Coll Cardiol. 2023,82(23)2225-2245.

+ Motor skills - Attention  Attention
+ Language skills - Memory « Memory and learning
+ Cognition .
+ Neurological function . and verbal + Social cognition
- Visual-spatial skills
+ Neurological function N il
detciredprimltk + Academic outcomes

2 9 Outeomes Among Individuals With
« Verbal comprehension Complex Congonital Hoart Distase

* Full-scale, verbal, and
nonverbal IQ

L%

"

2025-04-14
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Adulthood

Neurocognitive and psychasocial outcomes in adul
congenital heart disease: a lifespan appraach

« Self management skills

» Disease management

« Educational attainment

* Employment status

» Economic self-sufficiency

« Early and late -onset
dementia risk

» Impact to interpersonal
relationships

* Quality of life
* Mental health

(Kovacs et aL, 2020; Cohen ot oL, 2018; Wilson etal, 2015)

68

1
05
0
-05
-1

15

-2
-25
-3
Figure 1 Mean performance of the three clusters in different
neurocognitive demains. A: attention; EF: executive function;
GF: global cognitive function; GI: globally impaired cluster;

M: memory; MI: moderately impaired cluster; NI: non-impaired
cluster; PS: processing speed; VC: visuoconstructive.

Neuropsychological Profiles @ o= g

« Patients (age 12-30) with CHD had
poorer neuropsychological profiles than
healthy controls across all domains

« Three phenotypes:

* NI - non-impaired
* M| - moderately impaired

« Phenotypes sensitive to social, neonatal,
and psychological adjustment variables

69
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Outcomes

2024 Scientific Statement from the
American Heart Association

2025-04-14
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Factors that Increase Risk

Neurodevelopmental
Outcomes [Bmazea— ||

2024 Scientific Statement from the | .S5EE==
American Heart Association

f
i
i

|

it
4
i

|

71

Genetic

+ Ganatic abormaity or syndrome associated

with deveiopmactal delay or cisorder

Cangenital heart disease physiology rosulling in "
Wo,wngmuhuywhm Syomey
. torm

« Posinatal congenital heart disease diagnosis

requiring neonatal cardiac surgery

Perioperati sezures i nancy [

b { in | or

« Significant beain injury on neumimaging | Bl iy [t e
+ Prolonged post-op infant hospitaization | or

+ Cardiopumonary resuscitation | Contextual and physiological risk

* Mechanical support (EGMO, VAD) L

‘B‘Yﬂw"mm‘l I
+ Foeding delay in infancy

+ Growih ailure in Infancyoddlerhood » [RCIT
* Davelopmantal delay in infancyfoddiernood JWLJ
Social and Family

. ic Gisacvantage

« Signiicant psychological distress in the parent

Figure 2. Factors that increase neurodevelopmental risk in Individuals with congenital heart disease. soodetal. 2029 L

72
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Neurodevelopmental

Outcomes
2024 Scientific Statement from the

Risk Stratification

American Heart Association

A SN T

2025-04-14
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/ Categery1: . no . NO Critoria 3.1: Yeu Risk Category 3
sty 1 cumsac ", 05, Rink Category 2.7, oy nanmense " (- Grana32
< . Cre et more fckos
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N f i I
N
P s
e SR L A
* Poriopersing Wewws 0
Signvicant ben injry Oetected an neuromagng
POSAMEAION 1 Wy
e
Vischancal ugport (ECHO or VAD)
v Varmcananon
+ Socoaconome Gaaantsge
Seieant myehclagel davoss i parers
+ Faacin oy rrey
‘Growih sdury i fancy o odetoon
 evspmensldelaf 1 ey o K300
Figure 1, Risk i ay (So0d stal., 2024)
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Adaptive Functioning Quality of Life

Health-related ~ Overall

il NE = Mental Health/Internalizing Behavioural/Externalizing
Psychosocial
Depression Withdrawal Aggression Defiance
Outcomes
Anxiety Somatization ADHD Hyperactivity
e e S Bt Social Psychiatric
Social cognition ASD PTSD

2025-04-14
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Psychosocial Outcomes

* Shared origins of psychological and
neurodevelopmental outcomes

« Span across the lifespan - particular
risk at adolescent/early adulthood
transition

« Compounded challenges of adulthood

Psychological Qutcomes and Intet
With

77

Psychosocial Outcomes
« Self management skills

« Shared origins of psychological and + Disease management
neurodevelopmental outcomes « Educational attainment

« Span across the lifespan - particular : Employment status. .
risk at adolescent/early adulthood * Economic self-sufficiency
transition E=—=) - Earlyand late -onset

dementia risk

 Impact to interpersonal
relationships

* Quality of life
* Mental health

« Compounded challenges of adulthood

(Kovacs etal, 2020; Cohen etal., 2018; Wilson etal. 2015)

78
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Parent and Family
Outcomes

2025-04-14
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Postpartum

Mental Health

Depression/ PTSD/
hopelessness Trauma

Parental
Mental
Health

z
Somatization |

Psychological

Impact on Parents

& Caregivers

« High risk periods:
« Time of diagnosis
« Acutely following
cardiac surgery
« Persist long-term

Mental Health Problems in Parents

of Children with Congenital Heart
Disease

80

81

Parent/Child Relationship

Responsivity Attachment

Impact on
Families

Uackson et al, 2015, 2016 Wei et al. 2015 Alkan Finances
L2017 Soodet st 2021

Family Stress/Coping

Routine

Communication ~ Interruptions
Conflict Isolation

Childcare needs

Parenting
Eftess Parenting style
(authoritative,
Behaviours permissive)

Family Quality of Life

27



ALY ﬁ *.gf? Moderating Factors of
. ' Neurodevelopmental,
"\~ |"*4  Psychosocial, Parent,

and Family Outcomes

2025-04-14

wsCETRC ST

Social
S g e ——
Determinants of — -
®
Health Early ion and the Effect of Soci
‘on Neurodevelopment in Infants with Tetralogy of Fallot
fe = ¥ Vicky Tam' - Grace De€ose'
« Several socioeconomic Fael i

parameters were associated
with neurodevelopment, = S

independently of genetic
syndrome
* Household income
* Unemployment
 Low-income status

84
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Social
Determinants of
Health

+ Lower SES associated with

% Open

iy
With Dextro:Transpositin of the Great Arteries

2025-04-14

worse neurodevelopmental s == =T T
outcomes from early
childhood through = =
adolescence
e — - |
85
Social 0pen

Determinants of
Health

+ Lower SES associated with
worse neurodevelopmental
outcomes from early
childhood through
adolescence

With Detro Transposition of the Great Arteries

Fgre2

Sean

86

Social
Determinants of
Health

status over time associated
with lower SES and younger

lower maternal IQ

With DextroTransposition of the Great Arteries

0a

e e ey

« Declining neurodevelopmental

maternal age at childbirth, and

87
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Social
Determinants of
Health

+ Lower SES associated with
increased risk of long-term
mortality

Lower SES associated with

American Acsdemy of Pedistric Slectiv Depasit
[

Disaase

2025-04-14

£ o - —
worse neurodevelopmental H
outcomes (adaptive behavior, LI
problem-solving, fine motor, ez
and communication skills) and .
functional status outcomes at , w - o - - -,‘
6 years-post Norwood iy - : -] o » b
H B : H '
Folowup (Years)
Social ‘
Determinants of Pecioperative Course and Socioeconomic
Status Predict Long-Term
Neurodevelopment Better Than
H ea lt h Pertopérative Conventional Neuroimaging in
Children with Congenital Heart Disease
« Neither postoperative total
brain volume nor
Association of Total IQ B Total IQ

perioperative brain injury
severity predicted total I1Q, but
SES (P <.001) and longer
hospital stay (P = .004) did

Total Q.

Total Q.

Hosptal Stay,days (logarithmic scale) Socosconomc Status

89

Directions for

Research and Practice

to Optimize Brain
Health

90
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‘Critical next steps must
include efforts to prevent
and mitigate developmental

delays and disorders.”

-Sood et al., 2024 AHA

2025-04-14
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Prevention & Intervention Across the Lifespan

Prenatal & Child & Family Older Child &
Infant Adolescent

92
Prenatal & Medical Protective Factors
dep{:[?t?;ra,l& Timing of cardiac
preparation surgery
Monitoring of
Cerebral
Perfusion and
Oxygen
{ @ ]
93
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Prenatal Psychological Support

“As soon as | heard, | stopped L e Py e e || i
listening, everything was a blur” e B W e | -~
L = | —

Participants appreciated
the ability to just talk to
someone who knew about
congenital heart disease.

Erica Sood, PhD

2025-04-14

94

Individualized Developmental & Family-
Centered Inpatient Care

“Parents weren't
consistently holding
their infants’

- Jones et al, 2025

Newborn Individualized Developmental Care
and Assessment Program (NIDCAP)

Figure 1

Synactive Model of Development Synactive Model of Developmental Care

; A inidea
Individuals Systems

96
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------ Increasing Individualized
Developmental Care using

NIDCAP for infants in Cardiac

isatren Faniy
il et e A i b 1 it it
[ Conpurta o Dirns

Caring for hearts and minds:
e ement appra
_ toindividusiized developmental
eare in the cardiac intensive
care unt

2025-04-14

97

Supporting
Transition
from
Hospital to
Home

Neurodevelopmental Surveillance

School
Readiness.

Preschool
Readiness —

- Assessment for 36 Months. Cogniion

Early Intervention , Language.
Cognion Motor Sxis"
Seree Tt Sehoot Readiness
18 Months Langusge i it )
Neurological e sitia i
Assessment Y Cogaition Adagiivr Suils AutismiSocial Communication
Ntk = n - Atenlon Behsiou: PAMATY Caregher Mental Health
Month i Executive Function
Neurobenavioural Monchon  AusmySocisl Communiation
Consultation S Grown Adugiive Shla Primary Caveghver Mental Health
ey AutisSotial Communication
Hospital Discharge Soclal-Emotions Fu

nctioning
Reguiation® -

p—— e tal Hesigy: PTImaty Caregiver Mentat Meaitn

Neurobehavioural Status*

Figure 1. Congenital heart disease nevrodevelopmental assessment domains for birth through 5 years of age.
“Denotes extended battery

99
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Recommended CHD Test Domains

LAl

i
e

s sy [ —

—— |

2025-04-14

100

Risk Stratification &

Neurodevelopmental

& Neuropsychological
Follow Up

L sk 1
Paror Survitinta ar Sereaning par 2000 AP Cincal Aepor |

101

102
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“The main difference in CHD
outcomes, is almost always
related to inadequate access

to care”

- Anshor, Sartika & Diantina, 2024

2025-04-14

103
1in 3 children attend
neurodevelopmental
evaluation!

104

Factors Associated with Atiendance for Gardiac
Neurodsvelopmental Evaluation

105
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“It's more than just a conversation

about the heart™: exploring

Barriers & Enablers to Care bt A

the delivery and uptake of
cardiac neurodevelopmental

follow-up care

2025-04-14
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Telehealth Into

Assessment: A Model From the Cardiac

Bphany .o

Anfll Bathwi

Lk oth umentel
C Cavn

Sowin Kamoser
Kty . Walte 7 10, an rom s Tobahesth Tt Fovc
Eandine oo dwsnlopmaral nieema Collaharsive

e ———

Trieshe Esuaton

Oppeciustin s et bl bl Menrsdeebpestnl e

Corsamagemen

[t

“lo move this field of research forward, we must
strive to better understand the impact of
neurodevelopmental and psychosocial
intervention within the CHD population including
adapting existing interventions for individuals

with CHD.

- Cassidy et al., 2021
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1in 2 CHD patients are at risk of developing
mental health & neurodevelopmental
. disorders

)

Yet less than 10% of children and/or their families
receive mental health care

2025-04-14

109

“The relationship
between CHD and child
psychosocial behaviour

does not occur in a

vacuum”
Cassedy et al., 2023

110

Supporting Parents  overall evidence supports:

* Reduced maternal anxiety and distress

= Improved parenting confidence and coping

* More secure mother-infant attachment

winm = Improved infant feeding

« Improved family functioning

» Greater safisfaction with care

* Preliminary evidence of improved infant
neurcdevelopmental outcomes

Cincinnati Children’s Opens Nation’s First

Heart and Mind Wellbeing Center

Very few trials included fathers or caregivers from
diverse socis ic or cultural backg d

37



Supporting Families: Congenital Heart
Disease Intervention Program

* CHIP-Infant
* CHIP-School
« CHIP-Family

Trial of Interventions 1o Fromote
th Congenital Heart Discase Entering

2025-04-14

BMC Podtrics

families: design of a randomized

T T
Problem The CHIP-Familly study to improve the &
Prevention Psychoeducation Parenting Skills psychosocial wellbeing of young children
Therapy with congenital heart disease and their
controlled trial

[ @ J

112

reducing attention deficits in children

Yoga Intervention in with congenital heart disease: the Yoga
. o for Little Hearts Feasibility
Congenital Heart Disease Study Protocol

Open sccass ratacor
BM) Open A Parent-child yoga intervention for

nne Gallagher, PO, PI
Ful Professor, UdeM
Neuropsychologist

113

Older Children &
Adolescent
Interventions

114
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Interventions

Pharmacological

*Stimulant and
nonstimulant
medications

*Generally safe to use in
this population

Batraetal., 2012, Trairatvorakul et al., 2023

2025-04-14
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Cognitive
Interventions

RO O PUBUATIES « e o ORGINAL I
=

Heart Disease

et ', b,

—
<
J

PR e e e e i RLLSIell  regulatory skills

Review Arsicle

Esecurive function deficits in congenital heart disease:
why is intervention important

e bl e €. Blioge

Single-center, RCT, 60 adolescents (13-16
years) with CHD

No improvement in working memory

Improvements in inhibitory control,
attention, and parent-reported cognitive

« The training did not enhance other areas
of executive function or behavioral

COGMED outcomes

116

Cognitive
Interventions

— UNIVERSITY
- [T CHILDREN'S HOSPITAL
2URICH

BM) Open Multimodal personalised executive
function intervention (E-Fit) for sehool-
aged ehildren with complex congenital
heart disca
controlled

for a randomised

39
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Adolescence &
Young
Adulthood

Web-Based Mindfulness Intervention in Heart Healing Hearts
Disease: A Randomized Controlled Trial and Minds

* Mental Health & Resilience

« Self management & »

Transition Mindfulness training showed positive
* Promotion of Health- effects ..a useful adjunct to current
Related Quality of Life clinical therapy in patients with heart -

disease (Younge et al., 2015)

« Job Training, Vocational
Rehabilitation & Education

L @ ]

118

Gaps & Direction in Research

» Only emerging evidence-based interventions for other patient populations
adapted for CHD

« Largely limited to North America and European countries

« Limited RCTs & no data on potential cost-effectiveness limited real-world
implementation

« Comparative effectiveness of different intervention approaches and
mechanisms of action unknown.

« Increasing recognition of the value of shared decision-making, peer
support, and technology

* Few known to actively embed training and support in cultural humble
practice delivery

119

Case Example:

From Heart to Home:
Promoting Mental Health
Outcomes for Children with
CHD through Positive
Parenting (Interact-North)

SickKids
120
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What parents What gets in
From Diagnoses to Ongoing Journey: Parent want? the way?

d Improved parent J—
D) L llconfide * fchild care
e oy e P, 2
W Transportation/parki
. o e
Understanding impact of me
CHD on brain development
Intervention expriences amang chidcan with

nital and neonatal conditons imy
brain ment: patterns of service utlization.
barriers and future directio

conger pacing
dvalop of [
2 ! Lack of fit/ Waitists
ling/Parent
e ——

Diagnoses
Tricia §. Williama,"* PuD €. Peress, Kyla P McOonaid, ™ Py,
Samantha D. Roberts,'* Hos. BA. Vann Chau,™* MO, FRGPC.
b o,

2025-04-14

121

Transdiagnostic feasibility trial of internet-based
parenting intervention to reduce child behavioural
difficulties associated with congenital and
neonatal neurodevelopmental risk: introducing I-
InTERACT-North

Britcany Burek. Weghan K Ford, Marie Nooper, Rivka Green, Sara Ahals

I-InNTERAC o R S T
North

A virtual therapy program
] e ———
empowering parents to promote e
resilience

Building I-INTERACT-North: Participatory Action Research Design
ofan Online Parent-Child Therapy
Program to Optimize Congenital and Neurodevelopmental Risk

Meghan K. Fard' 4. Brendan F. Andradet" - Shari L Wade”

Sata Ahela Kohut' -Tricta 8, Willams'*

122

7 elLearning Modules
iinteractaboutkidshealth.cal

I-InTERAC
North

Avirtual therapy program

empowering parents to promote Up to 7 Therapy Sessions
resilience B with live coaching

123
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Follow Your Child

Session 1: Introduction . Fostive HomB

Session 2: Special play time « Parent-Child Time Together
Session 3: Lead your child
Session 4: Setting child up + Impact of medical condition o

emotion and behaviour
for success

Preventative strategiesto avo

Session 5: Limit setting & challenges

Core consideration of family-

consequences specific factors
Session 6: Home rules and Lead Your Child
family values « Instructions to build security a

safety

Clear, consistent limits ﬁ.ﬂ

Consequences

Session 7: Closing thoughts

124

Step 3: Full Program

Step 1: Consult

ot Pare Pt L 114
e gl g
Sl Besens e

Stepping up to COVID-19: A Clinical Trial of a

psy gy g
Behavior Problems in Children With Neurological Risk
MM&“M Guﬂ.l?hnlmn ks:,k-lvrcm‘-’m MLWIM“P-B
Evdokia Anagnostou,*’
MD, Brondan F. nmm.'“m MPMII«“‘“WW and Tricia §. WIIAMA."'"M

125
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Embedding EDI-Informed Principles in Interact-North:
Representation of I-North Families

Sample representation of agyptior
reported family race and chinese

ethnicity CG nq d IO n ! ({h}]stiun

african hlSpGnlC

indign jewish
o dutch british
estonian spanish
american L italian
greek suropean

km from SickKids

mAsian mBlack m Hispanic mindigenous mWhite

SickKids

126
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Powar

Interact-North EDI Training Curriculum

Dr. Naddley Désiré
PhD, C.Psych

Remerber 1o engage (n hinest dinlogise
Usten with compassion and ampathy
Share the space

Value different perspectives

4ttt ot ol i

SickKids

2025-04-14
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EDI
Considerations
& Culturally
Responsive
Care

Culturally Humble Care Starts with...Introspection

TOWARDS CULTURAL SAFETY

Cultural Cultural
Campetency Hunmility

128

Big Picture Considerations

* Longstanding legacy of systemic racism in policing Black &
Indigenous Communities of Color and
Historically Marginalized Families
* Intersectionality of race & socioeconomic status
« Conceptualization of “good parenting”
* Parenting & Gender
* Expectations/assumptions regarding women'’s
* Majority of pediatric neuro/psychologists are also women

« Limitation or Strength?

43



Positive Parenting Approaches & EDI

+ Parental warmth, nurturance & predictability
consistent positive predictors across race, culture and
socioeconomic status

« Parenting behaviors measured in most studies are
representative of middle-class North American
families

« Varyingvalues (i.e., compliance, parent respect),

* Varyingviews of mental health, causes of children’s
behaviourand help-seeking

2025-04-14

130

Interact-North Current Practices:

ED' * Participation:
H H « Creating safe space to foster trust from the outset
con SI d eratl o n S « Flexible, virtual scheduling, interpreter services,
questionnaires with demonstrated utility among
& CUItu ra"y BIPOC parents (i.e., ECBI), tablets
H « Active involvement of Family Advisory Committee
Res pon s Ive * EDI should be considered at each step, across
Ca re sessions (i.e., SPT, Time out, goals of program, time
commitment, positive reinforcement)

131

EDI & Culturally Humble Care: Considerations within
the Interact-North Program

Culturally care is predi on Safety and

EDI
Considerations
& Culturally 1
Responsive
Care

132
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EDI & Culturally Responsive Care

E D I Culturally ive care is p on Safety and

Considerations within the Interact-North Program

Neurodiversity &
Considerations
& Culturally
Responsive
Care

n

families/children to become.
Inclusion also means acki
experien

ore neuroty|

f neurodi regivers

133
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Are there psychosocial stressors or mental health concerns that may impact

n promoting

dging and validating the diverse, lived

Feedback from Trainees

Trainee feedback regarding EDI-embedded training
was positive.

Specific appreciation of EDI content related to:
- o self-reflection regarding positionality and implicit biases,
o differentiating cultural competence from cultural humility

o instruction on specific practices to be integrated into I-N
promoting cultural humility.

SickKids
134

00

Feedback from Trainees 99

“It encouraged me to
reflect on my biases and
assumptions and approach
clinical care by creating a
safe and inclusive space for
all patients”.

“ It gave me an
appreciation for the
concept of cultural

humility as opposed
to cultural competence”.

SickKids
135
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Patient & Family Voices

LY

.
Parent ted that th A o
arents reporte: al e program P
and therapist adequately incorporated ( F3 ] :‘\’/ll’r"':;["grer:a‘z: ﬁ Q

their family’s cultural heritage to

guide treatment
Translation of Knowledge
‘ program materials dissemination

Focus groups identified future
€Dl opportuntes for largr scae REPRESENTATION

implementation including: “ n “[Rs

? I-InTERACT-North mnmgmmds

2025-04-14
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Stepped-Care Online Parent Support following Congenital

Heart Disease: A Randomized Control Trial

Objectives

1. Determine efficacy of I-InNTERACT-North vs care as
usualin families of children with CHD

Enrolment & Baseline
Measures

2. Assess feasibility and acceptability among parent
and clinical partners to inform future clinical
implementation in Cardiac Neurodevelopmental I-InNTERACT- Care as
follow up programs North Usual

Randomization

e 3-, 6-, & 12-Month
Follow-Up
**For CAU, option to start
I-INnTERACT-North

Protocol

Stepped-Care Web-Based Parent Support Following Congenital
Heart Disease: Protocol for a Randomized Controlled Trial

137

I'™M NOT
STRONG ENOUGH

Customization
to Congenital
Heart Disease

138
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Primary Outcomes

e A S B TN 20, 8

. Feasibilit;/, réach, adherence

Secondary Outcomes

2025-04-14

* Parent mental health
« Positive parenting skills * Parent & child quality of life
+ Child behaviour problems & intensity * Program acceptability
* Program implementation (TIR)
* Service utilization & economic impact
A‘(’ﬁma;g)ed Declined (n = 4)
. = No response (n = 6)
First 9 Months of e
. Consezt;d Contacting (n = 7)
Recruitment =33 —
(Feb— Nov 2024) Completed baseline
(n =30)

North (n = 16)
In treatment
(n=86)
In follow-up
(n=7)

Randomized to I-INTERACT-

Randomized to Care as
usual (n = 14)

LFU (n=3) LFU (n=1)

In follow-up (n = 13)

140

Preliminary Evidence of I-INTERACT-North Efficacy and

Acceptability in CHD

trial

T_Score

N

[ U———— some PR

behaviour mental health

N =20 children (60% male, M,g=5.43, SD,,.=1.41) with CHD who participated in an I-INnTERACT-North

Improvement in child Improvement in parent Improvement in parenting

skills

141
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The program was very useful for my family. The
modules were clear, concise and easy to complete
within the week. | was able to integrate Special Play
Time, along with the other strategies, into our daily
lives rather seamlessly.

Parent of 4yo with left ventricular dysfunction

Parent of 4yo with atrial

I'am eternally grateful to [I-INTERACT-
V8 L septal defect

North]...it made our home more
peaceful.

Mg,

[I-INTERACT-North] definitely helped create
strategies to correct the behavior that | never
would've thought about. Hopefully as we continue
to implement them the behavior will improve for
her own safety.

Parent of 6yo with truncus

2025-04-14

arteriosus
142
[-INTERACT-North
()] Parent Testimonials
143
The NeuroOutcomes Lab SickKids | AboutKidsHealth.ca | I-InTERACT-North

Days Weeks Therapists Sessions

Mean time from referralto  Mean time from intake to  Trained since 2019 Total number of therapy

first contact with parents first contact with I-INnTERACT hours provided focusing on
-North therapist family stress and positive

parenting strategies

Thank you to the Garry Hurvitz Centre for Brain and Mental Health for the support that makes I-InTERACT-North possible.
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nteracT-norTH IS

.ﬂemm WEST

Investing in the next generation

SickKids

2025-04-14
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 Unique expertise in brain-behaviour
relationships & common outcomes

Concluding | _ _ N
* Increasing professional accountability
. . f o2 " "
Call to Action: o o nervertion
Neuropsychological families
Clinical PreCiSion & * Increasing precision and range of

. service and research to optimize brain
Resea I’Ch g] CH D health across lifespan
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Thank you for Attending

Getting to the Heart
of the Matter:

/Translational Neuropsychological
/' Service Pathways in Congenital
| Heart Disease

2025-04-14
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