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Aim: To report neurological examination findings at 5 to 12 months of age in infants
with congenital heart disease (CHD) and to identify predictors of abnormal neuro-
logical examination.

Method: This retrospective observational study included infants who required car-
diac surgery at less than 3 months of age and underwent a standard neurological
examination from a neurologist in the cardiac neurodevelopmental outpatient clinic
between age 5 months and 12 months. Predictors for abnormal neurological exami-
nation (concerns on structured developmental history, demographic factors, medical
history, and newborn develop 1
variate regression.

Results: The sample included 127 infants (mean age 7mo 2wks), who underwent first
cardiac surgery at 7days (4-49 interquartile range [IQR]) of age and were seen for
a neurological examination in the cardiac neurodevelopmental clinic. Neurological

) were considered for multi-

abnormalities were common; 88% of infants had an abnormal neurological examina-
tion in at least one domain assessed. The most common abnormalities were abnor-
mal axial (48%) and extremity (44%) tone, mostly hypotonia. Abnormal neurological
examination was associated with concerns on the concurrent structured develop-
mental history, genetic condition, extracardiac anomaly, longer length of stay, more
than one cardiac surgery, ongoing early intervention services, and abnormalities on

newborn neurodevel
Interpretation: Neurological examination abnormalities are common in infants
with CHD after infant heart surgery, supporting the need for early and ongoing
therapeutic developmental services and adherence to American Heart Association

rec dations for de | follow-up for children with CHD.

Congenital heart disease (CHD) is the most common birth
defect, affecting approximately 40 000 infants born each year
in the USA." Mortality rates for children with CHD have
significantly declined but associated developmental disabil-
ities are increasingly apparent in survivors.'* Children with
CHD often present with deficits in multiple developmental

Abbreviations: CHD, Congenital heart disease; LOS, Length of hospital stay.

domains including motor and visual spatial skills, executive
functioning, language, social cognition, and adaptive behav-
ior.>? Approximately 75% of children with CHD will show
delay in at least one developmental domain by 3 years of age.!
Children with CHD are more likely than children without
CHD to require early intervention and special education



services, which result in a significant economic and psycho-
social impact on families and society."”

Developmental and neurological concerns may be de-
tected early in infancy. Just before discharge home, infants
with CHD who underwent open-heart surgery as newborn
infants demonstrated atypical autonomic regulation, atten-
tion, and motor organization, along with challenges in state
regulation, feeding, and sleeping."""'* Among term newborn
infants with complex CHD, 15% to 40% show brain injury
on MRI before surgery, most commonly white matter in-
jury."*!* Neurological events (e.g. seizures, stroke) in infants
with CHD are associated with a higher risk for long-term
cognitive, motor, language, and emotional/behavioral prob-
lems, as well as social difficulties and inattention.'® Finally,
medical factors such as severity of heart condition, age at
surgery, and length of hospital stay (LOS) are associated with
long-term neurodevelopmental concerns.>**!7-

The known neurodevelopmental challenges for children
with CHD spurred the American Heart Association to rec-
ommend routine evaluation of neurodevelopment in high-
risk patients with CHD. The American Heart Association
statement suggests that the first visit, before 12 months,
incorporates a neuromotor examination assessing muscle
tone, primitive and deep tendon reflexes, sensory status, and
gross motor skills."” While many children with CHD now
undergo a neurological examination based on this recom-
mendation, these examinations and their results have not
yet been described. Moreover, factors that predict abnor-
mal neurological examination have not been identified.
Improving our understanding of the findings at this rou-
tinely recommended neurological evaluation enhances the
ability to detect abnormalities and thereby optimize support
for children with CHD and their families.

The present study aimed to (1) describe the neurological
examination findings in a clinic-referred population of in-
fants with CHD at 5 to 12 months of age, and (2) identify
early medical and neurodevelopmental predictors of an ab-
normal neurological exam in these infants. We hypothesized
that infants whose families report developmental concerns,
infants with greater medical morbidity (i.e. longer LOS, se-
vere heart disease such as single ventricle, and genetic diag-
nosis), and infants with neurodevelopmental abnormalities
noted during the newborn period would be more likely to
demonstrate abnormal neurological examination at 5 to 12
months than those without these risks.

METHOD
Participants

Participants in this retrospective observational cohort study
were drawn from a clinic-based convenience sample of in-
fants whose data are part of a single-center clinical registry.
At our hospital, newborn infants who receive open-heart
surgery systematically undergo an inpatient newborn neu-
rodevelopmental assessment after surgery and are then

What this paper adds

« Neurological examination abnormalities are
common in infants who undergo open-heart
surgery.

« Medical complications in infancy increase risk for

neurological abnormalities.

Family-reported concerns on structured develop-

mental history may predict abnormal neurologi-

cal examination at 5 to 12 months of age.

« Abnormal newborn neurodevelopmental assess-
ment may predict abnormal neurological exami-
nation at 5 to 12 months of age.

referred for an outpatient neurological examination before
12 months of age. The family receives instructions to sched-
ule the outpatient visit in their discharge instructions and
via a letter mailed home. Data from these visits are included
in a clinical registry.

Inclusion criteria for the current sample from this regis-
try were: underwent cardiac surgery with cardiopulmonary
bypass at less than 3 months of age at Boston Children’s
Hospital and returned for an outpatient neurological ex-
amination at 5 to 12 months of age between December 2011
and June 2017. The Boston Children’s Hospital Institutional
Review Board approved data to be included in the registry by
obtaining informed consent from the family and a waiver for
use of archival data was granted by the Institutional Review
Board.

Demographic, medical, and
neurodevelopmental history

Demographic information was collected via a family intake
interview including child sex and ethnicity along with pri-
mary caregiver education.

The study team’s cardiac research nurse reviewed the
medical records and collected information on birthweight,
gestational age at birth, presence of any known genetic di-
agnosis associated with a neurodevelopmental disorder,
extracardiac cc | anomaly, ber of cardiac cath-
eterizations, incidence of stroke or seizure, and mode of
feeding at hospital discharge. Data regarding infant heart
surgery was obtained from the Society of Thoracic Surgeons
Congenital Heart Surgery Database,” a central hospital da-
tabase, including cardiac anatomy, age at operation, number
of cardiac surgeries, and LOS during inpatient admission for
cardiac surgery. The family indicated whether their child
was receiving early intervention services at the present time
or in the past.

Newborn neurodevelopmental assessment was con-
ducted on infants less than 3 months of age when inpa-
tient after their first surgical intervention. Infant behavior




was assessed by a developmental and clinical psychologist
using a clinical adaptation of the Newborn Behavioral
Observation, a measure derived from the Brazelton
Neonatal Behavioral Assessment Scale.”>”® Details of the
newborn assessment and the variables collected were pre-
sented in a previous manuscript."" Systems of infant devel-
opmental functioning assessed included autonomic, motor,
attention, and state organization along with the degree of
examiner facilitation required to support subsystem bal-
ance. Assessment also measured the amount of examiner
facilitation which included the degree of environmental
and examiner support to bring the infant to organization
such as breaks during the assessment, use of a pacifier, and
slowly pacing the assessment. Each variable was classified
as normal versus abnormal for age. Infant inclusion criteria
included complete neurodevelopmental assessment before
discharge home and absence of prescribed sedative medi-
cations at time of discharge.

Neurological evaluation

A board-certified pediatric neurologist conducted the out-
patient neurological evaluation at 5 to 12 months of age,
which included a structured developmental history and a
standard neurological examination. The structured devel-
opmental history was obtained from the family via a clinical
interview including open-ended questions about language
and motor development, feeding, sleep patterns, and hand
preference. The neurologist categorized responses that were
then classified for analysis as ‘normal for age’ or ‘of concern’.
After the structured developmental history, neurological ex-
amination was performed using an adaptation of a stand-
ardized neurological exam previously used in infants born
preterm.” Adaptation included expansion of the motor
section to capture axial tone and hypotonia. The neuro-
logical examination components were mental status (state,
visual attention, expressive communication, and receptive
communication), cranial nerves (pupillary responses, ex-
traocular movements, facial symmetry, palate rise, suck),
motor system (muscle bulk, tone, strength axially and in
the extremities), and reflexes (deep tendon and primitive)
with each item categorized then classified as normal versus
abnormal. Communication items were stratified because of
age of assessment (Table S1, online supporting information).

Statistical analysis

The primary outcome variables were the outpatient neuro-
logical examination at 5 to 12 months of age. The predictors
evaluated included concerns noted on structured develop-
mental history at the time of outpatient neurological evalua-
tion, demographic factors, and medical history. In the subset
of infants who underwent inpatient newborn neurodevelop-
mental assessment, these newborn variables were also evalu-
ated as predictors.

For concerns noted on the structured developmental his-
tory, sensitivity, specificity, positive predictive value,and neg-
ative predictive value in predicting abnormal neurological
examination were evaluated. For demographic and medical
factors, logistic regression was used to evaluate associations
with neurological examination abnormalities. Univariable
logistic regression was used to identify significant predic-
tors of abnormal neurological examination items. Candidate
variables included sex, ethnic group, primary caregiver edu-
cation, birthweight, gestational age in weeks, Apgar score at
5 minutes, single ventricle anatomy, genetic diagnosis, car-
diac catheterization, LOS at first hospitalization in weeks,
age in months at assessment (adjusted for preterm birth, for
those gestational age <37wks), and current use of early in-
tervention services. Variables with limited variability (less
than 10% of the participants affected) or substantial miss-
ing data (>10%) were not included. Predictors with a p-value
<0.20 were then considered for bidirectional stepwise model
building with significant improvement in the Akaike infor-
mation criterion and a p-value <0.05 required for a variable
to remain in the multivariable models.

A similar approach was used to evaluate associations of
newborn neurodevelopmental assessment variables with re-
sults from the infant neurological examination in the subset
of infants with newborn t. Newborn t
variables included items from the autonomic, motor, and
state organization scales, as well as a composite of attention
organization items. The multivariable models retained any
demographic characteristic or medical morbidity found to
be previously significant. Analyses were performed using
R version 3.6.0 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS
Characteristics of the patient population

Demographic and medical characteristics of the 127 in-
fants who returned for neurological examination between 5
months and 12 months of age are presented in Table 1. The
majority of the sample was male (61%), white (87%), and the
primary caregiver had at least a college education (64%).
Sixteen percent of the sample had single ventricle heart dis-
ease and 13% of the sample had a genetic diagnosis. Most
were orally fed at hospital discharge (94%) and two-thirds
were receiving early intervention at the time of the neuro-
logical evaluation (66%).

Structured developmental history

Concerns were noted in gross and fine motor skills (48%),
oral feeding (32%), sleeping (25%), and expressive or recep-
tive communication (27%), but few concerns for social/emo-
tional skills (2%). Early hand preference was reported in 20%
of infants.



TABLE 1 Demographic and medical characteristics of study
population (n=127)
n (%), mean SD,
Variable or median [IQR]
Demographic characteristics
Female 50 (39)
Male 77 (61)
Hispanic, black, other 16 (13)
White 111 (87)
Primary caregiver college degree or higher 81 (64)
Medical background
Birthweight (kg) 3.1,SD 0.7
Gestational age (wks)* 38.4,SD 1.9
Gestational age <37wks 16 (13)
Apgar score at 5min 9[8-9]
Single ventricle anatomy 20 (16)
Prenatal CHD diagnosis 74 (58)
Genetic diagnosis” 16 (13)
Non-cardiac congenital anomaly* 20 (16)
Events before neurological examination
Age at first operation (d) 7 [4-49]
>1 cardiac operation 25(20)
Cardiac catheterization 38 (30)
ECMO 2(2)
Stroke/seizure 2(2)
Feeding at initial hospital discharge
Mixed oral and tube 120 (94)
Nasogastric tube only 8(6)
Nasojejunal tube only 1(1)
Gastrostomy tube only 5(4)
Length of stay (d) 16 [10-27]
iving EI at time of )l 1 84 (66)
examination
Never received EI 36 (28)
Discharged from EI 4(3)
Adjusted age at neurological examination (mo)
5-6 31(24)
7-9 76 (60)
10-12 20 (16)
‘Time from last cardiac surgery to neurological 7mo 1wk [Smo
examination 3wks-8mo
3wks]

All variables with <10% missing.

*Range of gestational age was 2941 weeks, IQR 38-40weeks.

"Most frequent genetic diagnoses include: Kabuki syndrome, Mosaic Trisomy X
syndrome, Townes-Brocks syndrome, CHARGE syndrome, Jacobsen syndrome,
Trisomy 18, and 22q11.2 deletion.

“Most frequent non-cardiac congenital anomalies include: brain, renal, orthopedic,
cleft lip/palate, and gastrointestinal.

IQR, interquartile range; CHD, congenital heart disease; ECMO, extracorporeal
membrane oxygenation; El, early intervention services.

Neurological examination

On standard neurological examination, 112 infants (88%)
had abnormality in at least one domain assessed. Of those
infants with an abnormality, most patients had abnormal-
ity in either mental status (state, visual attention, expressive
communication, and receptive communication) or motor
domains (Fig. 1). Seventy-two infants (64%) showed abnor-
malities in more than one domain and 33 (29%) showed
abnormalities in more than two domains. Abnormalities
on the neurological examination are presented in Table2.
Abnormalities included reduced expressive (37%) or recep-
tive communication (22%) in the mental status exam of the
neurological examination. Forty-eight percent had abnor-
mal axial tone, mostly hypotonia (47%); 44% had abnormal
extremity tone, mostly hypotonia (31%). Diffuse hypotonia
(both axial and extremity) was seen in 27%. Weakness was
also common in upper (32%) and lower (19%) extremities.

Newborn neurodevelopmental assessment

Of the 127 patients seen for neurological examination, 63
(50%) were also seen in the newborn period for neurode-
velopmental assessment, off sedative medications at time of
assessment and included in our data registry (Table3). The
median adjusted age at the newborn assessment was 21 days
(IQR 13-32). Common abnormalities on the newborn as-
sessment were noted in autonomic (68%), motor (81%), at-
tention (63%), and state (43%) organization.

Predictors of neurological examination

Structured developmental history was moderately predic-
tive of concurrent abnormalities on the neurological exam

Mental Status (49%)

Cerebellar (7%)

Reflexes (30%)

Motor Exam (80%)

FIGURE 1  Overlap of abnormalities present across the five domains
assessed on the logical inati bers in the figure denote
the number of individual infants with abnormalities and numbers outside
of the figure note percent of infants with abnormalities.




TABLE 2 Abnormalities on neurological examination (n=127)

Abnormal
Neurological examination item n (%)
Mental status 62 (49)
Exam state 3(2
Visual interaction 2(2)
Receptive communication 27(22)
Expressive communication 47 (37)
Cranial nerves 20 (16)
Visual field 1(1)
Pupillary response 1(1)
Extraocular movement 403
Visual interest 403)
Facial symmetry 5@
Hearing 5(4)
Suck 202
Motor 101 (80)
Head control 23(24)
Axial tone 61 (48)
Extremity tone 55 (44)
Grasp precision 6(6)
Extremity strength 38 (33)
Symmetry of movement 23(18)
Reflexes 38 (30)
Strength of deep tendon reflexes 23(18)
Symmetry of deep tendon reflexes 10 (8)
Cerebellar 9(7)
Dysmetria 8(6)
Extraneous movement 2(2

(TableS2, online supporting information). For example,
expressive communication concerns in the structured de-
velopmental history were associated with expressive commu-
nication findings on the neurological exam with a sensitivity
of 78% and specificity of 76%. Gross motor concerns in the
structured developmental history were associated with axial
tone abnormality on the neurological exam with a sensitivity
of 74% and specificity of 77%.

Univariable and multivariable associations of demo-
graphic and medical characteristics with neurological exam-
ination findings are presented in Table4 and Table $3 (online
supporting information). Receiving early intervention ser-
vices at the time of neurological evaluation was associated
with abnormal receptive communication on the mental sta-
tus portion of the neurological examination. Younger age at
exam, primary caregiver college degree, and presence of a
non-cardiac congenital anomaly were associated with ab-
normal expressive communication on the mental status por-
tion of the neurological examination. Infants with a known
genetic diagnosis and those who underwent more than one
cardiac surgery were more likely to demonstrate abnormal
axial tone. Infants with a non-cardiac congenital anomaly

TABLE 3 Predisch newborn 1
findings (n=63)
Abnormal
Behavioral system n (%)
Autonomic organization 43 (68)
Autonomic regulation 30 (48)
Need for facilitation 27 (44)
Consolability 12 (19)
Activity level 38 (62)
Crying 38 (60)
Motor organization 51 (81)
General tone—upper extremities 37 (64)
General tone—lower extremities 36 (62)
Asymmetry 14 (23)
Rooting 26 (44)
Sucking 23 (38)
Hand grasping 30 (50)
Attention organization 38 (63)
Animate visual 33 (55)
Animate visual and auditory 36 (60)
Inanimate visual 30 (50)
Inanimate visual and auditory 28 (47)
State organization
State regulation 27 (43)

All variables with <10% missing.

and those with longer LOS were more likely to demonstrate
abnormal extremity tone.

When adding the newborn neurodevelopment variables
for the subset of infants who underwent this assessment,
abnormal rooting in the newborn period was associated
with abnormal expressive communication. Increased need
for examiner facilitation in the newborn period was associ-
ated with abnormal axial tone. Increased crying in the new-
born period was associated with abnormal extremity tone.
Surprisingly, children with better attention in the newborn
period were more likely to show abnormal receptive commu-
nication on the neurological examination.

DISCUSSION

This study reported neurological examination findings in
5- to 12-month-old infants with CHD who previously un-
derwent surgical repair and identified predictors of neuro-
logical examination abnormality. The majority of children
had abnormal findings on neurological examination, most
commonly axial and extremity hypotonia, extremity weak-
ness, and delayed expressive and receptive communication.
Abnormalities in cranial nerves and cerebellar function
were less prevalent than other abnormalities, similar to
past research.” These findings indicate that neurological



TABLE 4 Multivariable associations of medical variables and newborn neurodevelopmental assessment with selected neurological exam findings

Neurological
abnormality

Receptive communication

Expressive
communication

Predictor variables

Early intervention services at any time

Abnormal newborn attention
organization

Primary caregiver college degree or
higher

Non-cardiac congenital anomaly

5-6mo at assessment

7-9mo at assessment

10-12mo at assessment

Model including only medical ~ Model including medical,
and d h d and

(n=127) variables (n=63)

Odds ratio (95% confidence interval)

3.63 (1.16, 11.4)" 2.41(0.44,13.2)
0.26 (0.07, 0.99)*

2.53(1.02,6.29)* 2.50 (0.58, 10.8)

370 (116, 11.8)*
Reference

0.34(0.14, 0.84)°
0.16 (0.04, 0.64)°

2.12(0.40, 11.2)
Reference

0.53 (0.12,2.39)
0.22 (0.03, 1.80)

Abnormal newborn rooting 3.85(1.05, 14.2)*
Axial tone Genetic diagnosis 6.87 (1.80,26.2)° 5.85 (0.95, 36.0)
>1 cardiac operation 4.17 (1.56, llAZ)" 4.48 (0.93, 21.6)
Abnormal newborn need for facilitation 5.78 (1.60, 20.9)"
Extremity tone Non-cardiac congenital anomaly 4.60 (1.52, 13.9)" 4.26 (0.85,21.4)
Length of stay in wks 1.18 (1.01, 1.39)* 1.10 (0.73, 1.65)
Abnormal newborn crying 4.96 (1.39, 17.7)*
*p<0.05.
bp<0.01.

abnormalities previously found in older children with CHD,
including hypotonia, gross motor delay, and language delay,
are also common under 1 year of age.'®*? Neurological
abnormalities were strongly associated with family-reported
concerns on a concurrent structured developmental history,
medical risk factors, and abnormalities on an inpatient new-

born neurodevelc

We found that information gathered from the structured
developmental history was generally consistent with find-
ings on the neurological examination. Previous research in
typically developing school-age children noted a strong rela-
tionship between family concern and developmental status,
especially for motor and language concerns.’**' However,
our study is the first to delineate the relationship between in-
fant neurological examination and family-reported develop-
mental concerns. These findings highlight the importance
of pursuing further evaluation when the family of an infant
with CHD expresses neurodevelopmental concern.

Several additional factors predicted neurological abnor-
mality. Similar to previous research on neurodevelopment
in CHD, the current study identifies an association between
children with complex medical needs (longer LOS, genetic
diagnosis, non-cardiac congenital anomalies) and neurolog-
ical abnormality.'>'>?* These associations between children
with complex developmental disability, neurodevelopmental
delay, and neurological examination highlight the need for
close follow-up of children with complex medical status.

Observations during the newborn period predicted
later neurological abnormality. Specifically, increased

need for facilitation, which reflects either infant overstim-
ulation or reduced state regulation, predicted later abnor-
malities in axial and extremity tone on the neurological
exam, and abnormal newborn rooting and a high rate of
crying predicted abnormalities in communication and
tone. Whereas past research showed a strong association
between concurrent neurobehavioral newborn testing and
neurological examination findings in infants with CHD,
these findings are the first to indicate the predictive value
of newborn neurodevelopmental assessment for neuro-
logical abnormalities later in infancy."® Recently there are
data to promote developmental care and protecting the
newborn brain in newborn infants with CHD, the current
data support neurodevelopmental assessment as a pri-
mary step to implementing developmental services before
discharge home and referral to outpatient developmental
therapy services, such as physical therapy, occupational
therapy, and feeding therapy.'"*2-

The Individuals with Disabilities Education Act*® man-
dates that every state provide early identification programs
for infants and toddlers with developmental delays, estab-
lished medical conditions, and biological risk factors that
are highly associated with developmental delay. In addition,
the American Heart Association guidelines for children
with CHD recommend that all high-risk infants with CHD
receive early intervention in early infancy."’ Furthermore,
early intervention is available in every state and territory
in the USA and is publicly funded to provide services for
free or at reduced cost for any child who is eligible. All the



infants in our sample were referred to early intervention be-
fore their hospital discharge. Two-thirds of children seen
for the outpatient neurological examination were followed
by early intervention, and in general we did not find a rela-
tionship between current receipt of early intervention and
neurological abnormalities on exam, except in the domain
of receptive communication. Children not receiving early
intervention were just as likely to have abnormalities in their
neurological examination as those receiving early interven-
tion. Conducting a clinical neurology visit in infancy helps
to educate families on their child’s specific developmental
needs, provide guidance on means of supporting develop-
ment, and facilitate referral to therapeutic services. Given
the high risk for neurological abnormality at 5 to 12 months
of age, the current study suggests that all children with com-
plex CHD and open-heart surgery in infancy should receive
developmental therapeutic services, such as early interven-
tion, beginning very early in infancy. In addition, future
investigations should systematically clarify the reasons for
lack of early intervention involvement to determine social
inequities, understanding of need, or other variables that
might impact acquisition of early intervention, especially for
infants for such high risk for neurological impairment.

The current study has limitations. While all children at our
center who undergo CHD surgery in the first year after birth
are referred for outpatient neurological examination before
12months of age, the study could only assess those children
who returned for the outpatient visit and therefore had data
in the registry. Our sample may be subject to selection bias,
based upon medical severity or social factors that influence
likelihood of a family attending the outpatient neurology
visit and may not be generalizable to the broader population
with CHD. Second, as this is an observational study of pa-
tients seen clinically, there is no control or comparison group.
Third, because of the clinical nature of the visit, the neurol-
ogist could not be blinded to the infant’s medical history.
Additionally, while there are other standardized neurological
examination instruments for infants,””*® this study recorded
a standard neurological examination using an existing tool
previously found to be reliable in infants born preterm? and
modified to capture hypotonia, which is commonly found in
infants with CHD. The tool included prespecified categories
to systematically document examination findings and en-
able comparison between different examiners. Similarly to
other assessment tools, some of the domains (e.g. tone) are
subjective, and the clinical nature of the examination could
potentially create observer bias. Fourth, the sam7ple, while
like other studies performed at our institution,*”*""* was
mostly white, with higher primary caregiver education level,
and thus not socio-demographically representative of the
broader US population. Future studies should investigate po-
tential disparities in follow-up care for children with CHD.
Our sample was also derived from a single center where pa-
tients receive neurodevelopmental education before hospital
discharge; the predictive validity of the structured develop-
mental history may not be generalizable to other settings as
our families were primed to monitor development. Finally,

our data on neurological examination was limited to the in-
fant period, thus we cannot determine the persistence and
evolution of these neurological abnormalities over time. It is
known that early childhood evaluations have low sensitivity
for detecting future neurodevelopmental concerns. This is
not a failing of the assessment tools themselves, but a func-
tion of both neural plasticity in early childhood accounting
for compensatory development and that some neurodevelop-
mental functions are not typically expressed until after early
childhood and thus not detectable until those skills are mea-
surable.***! Therefore, children with CHD require ongoing
neurodevelopmental evaluations which begin in infancy.

Broadly, our findings indicate high rates of neurological
abnormality on outpatient follow-up in a clinically derived
sample of children with CHD and support adherence to rec-
ommended ongoing neurodevelopmental evaluation. The
identification of a neurological abnormality in the first year
allows for early targeted interventions, such as physical ther-
apy, occupational therapy, speech therapy, and feeding therapy
early in development. We also noted the importance of solicit-
ing the concerns of family members as a means of identifying
children in need of support. Lastly, our results highlight the
potential of a newborn neurodevelopmental assessment before
discharge to identify patients at highest risk for future neuro-
logical abnormality. These findings underscore the need for
early and ongoing therapeutic neurodevelopmental services
and support the American Heart Association recommenda-
tions for neurodevelopmental follow-up throughout the life
span for children with severe CHD.
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