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AIM To describe neurobehavioral patterns in neonates with congenital heart disease (CHD).
METHOD A cohort study describing neurobehavioral performance of neonates with CHD
requiring cardiac surgery. The neonates were evaluated preoperatively and postoperatively

with the Neonatal Intensive Care Unit Network Neurobehavioral Scale (NNNS) and scores

ABBREVIATIONS
CHD Congenital heart disease
NNNS Neonatal Intensive Care Unit

Network Neurobehavioral Scale

were compared with published normative values. Clinical factors were obtained by chart
review to assess their association with behavior. The CHD NNNS score pattern was
compared with previously reported profiles in other high-risk populations.

RESULTS NNNS evaluations were completed on 67 neonates with CHD, resulting in 97
evaluations (50 preoperative, 47 postoperative). Compared with normative values, the cohort

with CHD demonstrated decreased attention, regulation, asymmetry, stress, arousal, and
excitability, along with increased non-optimal reflexes, lethargy, and need for handling
(p<0.05 for all). Additional clinical factors had a minimal effect on the neurobehavioral
pattern. Compared with previously published patterns in high-risk neonates without CHD, the
cohort with CHD demonstrated a unique pattern of behavior.

INTERPRETATION Neonates with CHD demonstrate different neurobehavioral performance
compared with typically developing neonates born at term as well as other high-risk neonates.
Our experience suggests there is a unique neonatal neurobehavioral pattern in the hospitalized
population with CHD. Targeted neonatal neurobehavioral evaluations may be useful in
developing specific therapies to improve neurodevelopmental outcomes in neonates with CHD.

Children with congenital heart disease (CHD), particularly
those who require cardiopulmonary bypass as neonates, are
at risk for neurodevelopmental and behavioral disabilities."*
Over the past decade, surgical outcomes have improved and
mortality rates have declined, allowing a shift in focus to
improving quality of life and decreasing morbidity in these
children. Unfortunately, improved survival in neonates with
complex CHD has been accompanied by a high prevalence
of neurodevelopmental disabilities as this population ages.
To date, known perioperative risk factors explain only 30%
of the observed variation in neurodevelopmental outcomes.’
Fetal and preoperative neonatal brain imaging suggests that
the establishment and development of neurodevelopmental
disability begins before neonatal surgical intervention.’”
Evaluation of neonatal neurobehavioral performance pro-
vides an opportunity to clinically identify neurodevelopmen-
tal variability that is otherwise overlooked in routine
perioperative care. Understanding individual neurobehav-
ioral performance provides an opportunity for parental and
caregiver education, and early referral to neurodevelopmen-
tal support services.

© 2018 Mac Keith Press

The Neonatal Intensive Care Unit Network Neurobe-
havioral Scale (NNNS) is a standardized assessment tool
that evaluates the full range of neonatal behavior across
multiple subdomains to identify patterns that may predict
later neurodevelopment.'®™* The tool was developed for
evaluation of high-risk infants, including drug-exposed
infants and infants born preterm, and meant for broad
applicability. The assessment includes a variety of indica-
tors of neurobehavioral performance such as neurological
and reflex functioning, active and passive muscle tone,
quality of movements, signs of stress or withdrawal, and
responses to visual and auditory stimuli. Multiple subdo-
mains that describe different clinical behaviors such as
arousal and excitability, regulation, or the ability to self-
soothe and respond to stress are scored. Behavior in a
high-risk population can then be compared with published
normative data,'®!11%13

Given the medical fragility of neonates with CHD, hand-
ling is typically limited in cardiac intensive care units, lead-
ing to limited understanding of neurobehavioral
performance during this period. In one small series, lower
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than average summed NNNS scores were reported in neo-
nates with CHD, but preoperative evaluations were limited
and the specific subdomains were not reported.' By assess-
ing specific behavior across the individual subdomains, tar-
geted areas of concern can be identified and a behavioral
profile can be developed that provides insight into at-risk
areas to better guide therapy. This study used the NNNS to
describe behavioral patterns in neonates before and after car-
diac surgery. We hypothesized that the difference in NNNS
scores between neonates with CHD and published norma-
tive values would vary across NNNS subdomains and that
we would identify clinical factors that impact NNNS scores.
This study aimed to describe the neonatal neurobehavioral
pattern in CHD to understand how best to handle these
neonates and identify targeted therapies to improve neuro-
development in this high-risk population.

METHOD

Participants

This is a cohort study. All inpatients less than 46 weeks
corrected gestational age with CHD requiring or antici-
pated to require surgical intervention or catheter-based
alternative by 30 days corrected age or before hospital dis-
charge were eligible for inclusion. The only catheter inter-
vention that qualified for inclusion was the placement of a
palliative ductal stent as an alternative to a surgical
Blalock—Taussig shunt for neonates with ductal-dependent
CHD. For analysis, individuals must have had at least one
preoperative or postoperative NNNS evaluation. At our
institution, the NNNS evaluation has been the standard of
care as part of the neurodevelopmental program. Neonates
are evaluated once preoperatively and once postoperatively.
The postoperative evaluation occurs once the neonate has
stabilized and is out of the intensive care unit, before dis-
charge. This is done to try to decrease the effects that
sedation and other medications may have on the neurobe-
havioral performance of the neonate. The clinical team
determines eligibility and clinical stability before evalua-
tion. This study was reviewed and approved by the Univer-
sity of Utah Internal Review Board (IRB_00055216).

NNNS evaluation

The NNNS development, rationale, and methods have been
previously reported.'®'*'>!7 In brief, the tool consists of a
115-point standardized behavioral assessment, allowing 12
subdomain scores to be calculated: habituation, attention,
need for handling, quality of movement, regulation, number
of non-optimal reflexes, arousal, hypotonia, hypertonia, num-
ber of asymmetric reflexes, excitability, lethargy, and an addi-
tional stress scale. The NNNS takes approximately
30 minutes to complete and was administered by a licensed
physical, speech, or occupational therapist with specific train-
ing and additional certification in administering the tool.

Demographics and clinical phenotype
Clinical factors including a prenatal cardiac diagnosis,
genetic syndrome, preterm birth status, and cardiac
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What this paper adds

* Neonates with congenital heart disease demonstrate different neurobehav-
ioral performance than typically developing neonates.

e FEvaluation of neonatal neurobehavioral performance provides an opportunity
to identify neurodevelopmental variability early.

e |dentification of neurobehavioral performance variability allows targeted
interactions and therapy.

diagnosis were obtained by chart review. Patients were cat-
egorized as having a prenatal diagnosis if a fetal echocar-
diogram  had been obtained at institution
demonstrating CHD likely to require neonatal surgery.
The chart was reviewed for genetic testing that confirmed
a specific syndrome or a clinical diagnosis of a syndrome
by a geneticist. Variants of unknown significance on
microarray alone were not classified as genetic syndromes.
For this study, we dichotomized preterm birth status. A
neonate was considered preterm if born at less than
37 weeks’ gestation. Cardiac diagnoses were grouped into
five categories based on the physiology of their lesion: (1)
dextro-transposition of the great arteries; (2) other lesions
with ‘mixing physiology’ such as pulmonary atresia with
intact ventricular septum and tricuspid atresia; (3)
hypoplastic left heart syndrome and its variants; (4) arch
obstruction or interruption; and (5) left to right shunts
such as a large aortopulmonary window.

our

Statistical analysis

Descriptive statistics are summarized using median and
first and third quartiles for continuous variables. Percent-
age and number are reported for categorical variables. The
z-scores of preoperative NINNS and postoperative NNNS
subdomain scores were calculated using the parameters
from the normative data: z=(individual NNNS score minus
the mean of normative score) divided by (standard devia-
tion of normative score).'! NNNS subdomain scores in
our cohort were compared with published normative val-
ues'' using two independent sample #-tests or Wilcoxon
rank sum tests. The association of clinical factors with pre-
operative. NNNS subdomain scores was assessed using
descriptive statistics. Preoperative NNNS scores were used
owing to the variable timing and clinical course at the time
of the postoperative evaluations. Given the small numbers
within each cardiac diagnostic category, the clinical
diagnosis comparisons were performed by combining the
left-sided obstructive lesions (categories 3 and 4) and com-
paring those with all other diagnoses. This grouping was
chosen because of the altered in utero cerebral blood flow
and smaller head size in fetuses with left-sided obstructive
lesions that may be associated with worse neurodevelop-
mental outcomes.'® For the subset of neonates who had
both preoperative and postoperative evaluations, these eval-
uations were compared with a signed-rank test. We specifi-
cally chose to compare the results of our high-risk cohort
with another high-risk cohort, those with neonatal absti-
nence syndrome, owing to this population being the most
thoroughly studied using the NNNS. Statistical signifi-
cance level was set at two-sided p<0.05. All of the statistical



analyses were conducted using SAS 9.4 (SAS Inc., Cary,
NC, USA).

RESULTS

Patient cohort

Between September 2015 and July 2016, a total of 67 indi-
vidual neonates were evaluated using the NNNS, resulting
in 97 evaluations (50 preoperatively and 47 postopera-
tively), with 30 neonates being evaluated both preopera-
tively and postoperatively (Table I). The preoperative
evaluation was performed at a median age of 5 days (range
1-73d, four evaluations occurred after 30d of age) and the
postoperative evaluation was performed at a median of
13 days postoperatively (range 5-40d). Of the 67 individual
neonates, 59 underwent surgery requiring cardiopulmonary
bypass, five had cardiac surgery without cardiopulmonary
bypass, and three had an interventional catheterization pro-
cedure. Of the three catheterizations, two patients had pul-
monary atresia with intact ventricular septum and
underwent radio-frequency perforation and pulmonary
valvuloplasty followed by ductal stenting; the other patient
had tetralogy of Fallot and underwent ductal stenting.
There were a total of eight deaths, which all occurred
postoperatively (five during the initial hospitalization). In
that same period, there were 59 cases of neonatal car-
diopulmonary bypass, 12 cases of neonatal cardiac surgery
without bypass, and four cardiac catheterizations for duc-
tal-dependent critical CHD performed at our institution,
resulting in a capture rate of 89% of eligible neonates

undergoing NNNS  evaluation during their initial
Table I: Clinical factors
Clinical factor n (%)
Sex
Male 43 (64)
Female 24 (36)
NNNS evaluation
Preoperatively only 20 (30)
Postoperatively only 17 (25)
Both 30 (45)
Intervention required
Surgery with cardiopulmonary bypass 59 (88)
Surgery without cardiopulmonary bypass 5 (8)
Catheterization 3 (4)
Gestational age
Preterm <37wks 21 (31)
Term >37wks 46 (69)
Genetic syndrome
Yes 18 (27)
No 49 (73)
Prenatal diagnosis
Yes 39 (58)
No 28 (42)
Cardiac diagnosis
Dextro-transposition of the great arteries 17 (25)
‘Mixing physiology’ 19 (28)
Hypoplastic left heart syndrome 11 (17)
Arch obstruction 19 (28)
Left to right shunts (aortopulmonary window) 1(2)

Demographics and clinical factors used for comparative analysis
are shown by number and percentage of total study cohort (n=67).

hospitalization (67% preoperatively). Specific reasons for a
missed evaluation were not objectively quantified in this
study, but included inability to coordinate the examination
with the therapist’s schedule, lack of recognition of eligi-
bility before the infant went to the operating room and
before discharge, and clinical instability of the eligible
patient.

CHD NNNS

Compared with published normative data for typically
developing, term neonates, preoperative patients with
CHD demonstrated decreased attention, regulation, arou-
sal, excitability, and stress scores, along with increased
non-optimal reflexes, lethargy, and need for handling
(Fig. 1). When compared with normative data, postopera-
tive patients similarly demonstrated decreased attention,
regulation, arousal, excitability, and stress scores, along
with increased lethargy and need for handling. Addition-
ally, postoperative patients demonstrated a higher quality
of movement, fewer

non-optimal reflexes, and less hypotonia compared with
normative results (Fig. 2). Neonates who underwent both
preoperative and postoperative evaluations demonstrated a
change in some subdomains, such as a decrease in non-
optimal reflexes postoperatively, while other subdomain
scores remained unchanged such as in the arousal subdo-
main  (Fig. S1 and Table SI, online supporting
information). Owing to the small number of neonates with
habituation scores, we were unable to compare scores
within this subdomain.

Clinical risk factors and NNNS scores

The presence of a genetic syndrome was not associated
with a difference in NNNS scores in the study cohort
(Table SII, online supporting information). Neonates who
were prenatally diagnosed had a lower arousal score (me-
dian of 3.43 vs 4) but no other significant differences com-
pared with neonates without a prenatal diagnosis
(Table SIII, online supporting information). Neonates
born preterm demonstrated increased lethargy and stress
scores and a decrease in attention compared with neonates
born at term (Table SIV, online supporting information).
There was no significant difference in NNNS preoperative
scores when comparing left-sided obstructive lesions with
all other diagnoses (Table SV, online supporting informa-
tion). Owing to the small numbers of neonates with habit-
uation and attention scores, we were unable to compare
scores within these subdomains across clinical risk factors.
Our inability to determine a significant difference between
these clinical factors may be due to being underpowered
given our small sample size.

NNNS patterns

The pattern of subdomain NNNS scores for the popula-
tion with CHD was statistically unique when compared
with previously published patterns described in the popula-
tion with neonatal abstinence syndrome'* (Fig. 3).
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Figure 1: Comparison of preoperative Neonatal Intensive Care Unit Network Neurobehavioral Scale scores with normative data. Preoperative subdo-

main scores of the cohort with congenital heart disease are compared with normative published data and displayed with standard whisker box plots.

Standardized z-scores were created and used for plotting purposes. *p<0.05.

Standardized z-score

Figure 2: Comparison of postoperative Neonatal Intensive Care Unit Network Neurobehavioral Scale scores with normative data. Postoperative subdo-

main scores of the cohort with congenital heart disease are compared with normative published data and displayed with standard whisker box plots.

Standardized z-scores were created and used for plotting purposes. *p<0.05.

Although the pattern is unique, there are some similarities
to previously published ‘high-risk’ patterns such as lower
regulation, increased need for handling, and more non-
optimal reflexes. Owing to the small numbers of neonates
with habituation and attention scores, we were unable to
compare scores within these subdomains.

DISCUSSION

When objectively measuring neonatal neurobehavioral per-
formance with the NNNS, we found that, compared with
typically developing controls born at term, neonates with
CHD demonstrate different neurobehavioral performance
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in multiple subdomains both before and after undergoing
surgical intervention. To our knowledge, this is the first
report of the NNNS subdomain scores in the population
with CHD and the largest cohort of neonates with com-
plex CHD evaluated preoperatively. In our experience,
neonates with CHD demonstrated lower attention scores
and higher need for handling scores, indicating that more
effort is needed by the examiner to get the attention of the
neonate, and that the neonate also requires more handling
to soothe. Evaluating each subdomain individually provides
opportunities for identification of areas of concern, tailored
interactions with the neonates, and may have prognostic
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Figure 3: Comparison of behavioral pattern of the population with congenital heart disease (CHD) with a high-risk neonatal abstinence syndrome

(NAS). Pattern z-scores of the previous published neurobehavioral patterns in drug-exposed neonates were standardized using the normative data.

value. Abnormal NNNS subdomain scores in other popu-
lations are associated with future neurodevelopmental con-
cerns. For example, neonates born moderate to late
preterm (32-36wks’ gestation) with suboptimal performance
in the NNNS excitability and regulation subdomains,
which our cohort also demonstrated, had three times
higher odds of cognitive delay at 2 years of age."”

In addition to looking at each NNNS subdomain indi-
vidually, our findings suggest that there are neurobehav-
ioral patterns unique to neonates with CHD amid their
perioperative care. In general, neonates with CHD tend
to interact less with their environment, demonstrating
decreased arousal, attention, and excitability compared
with typically developing neonates. This pattern of
behavior is also different from other hospitalized high-
risk populations, such as drug-exposed neonates, who
tend to have a more highly excitable pattern. Various
behavioral profiles, identified from the NNNS subdo-
mains, have been described in both low-risk and other
high-risk populations.'**® Previous work in drug-exposed
neonates identified multiple different behavioral profiles
within a population that had similar drug exposure and
comparable psychosocial risk factors. Different neurobe-
havioral profiles were associated with variable neurodevel-
opmental outcomes and predicted future neurocognitive
performance."* A similar latent profile analysis in the
population with CHD has the potential to identify
behavioral profiles that can serve as a prognostic tool for
the wide variability seen in CHD
neurodevelopment.

Although it is well accepted that children with CHD are
at risk for neurodevelopmental and behavioral disabilities,
there is wide variability in outcomes in the population
with CHD'* and it is often difficult to predict which chil-
dren will be most affected. Similarly, while our entire

currently

cohort demonstrated abnormalities in certain subdomains
that differed significantly from previously published nor-
mative results, there was wide variability within many of
those subdomains. In an attempt to identify an explanation
for the variability, we looked at several clinical factors and
found that few were clearly associated with variation in
NNNS subdomain scores. Preterm birth status did have
an impact in a few subdomains, including increased
lethargy and stress scores and decreased attention. This
may be due to variations in the neonatal intensive care
unit as opposed to the cardiac intensive care unit environ-
ment, the variation in postnatal age, or the effects of pre-
term birth status on neurodevelopment. Regardless, the
neonate born preterm with CHD is a subset that requires
additional investigation. The other clinical factors that we
identified did not have a major impact on NNNS scores.
While small numbers and heterogeneity within the clinical
classifications may explain why no difference was found, it
is also possible that the presence of CHD and the care
that is required for it may dominate the neurobehavioral
profile beyond previously identified risk factors. Additional
studies with a larger sample size are needed to confirm
these findings, as well as to determine whether there are
additional clinical factors associated with neurobehavioral
differences. Long-term follow-up studies are required to
determine whether the heterogeneity in NNNS subdo-
mains correlates with variability in later neurodevelop-
ment.

Having a better understanding of the NNNS subdomain
scores and behavioral patterns in the population with
CHD may positively alter the care team’s approach to
these high-risk neonates. Changing how caregivers interact
with these neonates and tailoring interactions to improve
the neonates’ response has been demonstrated to have a
positive impact on development in the neonatal population

Neurobehavior of Neonates with CHD Whitnee J Hogan et al. 1229



born preterm.”?’** In our experience, the targeted evalua-
tions accommodated increased interaction between our
inpatient therapists, the rest of the inpatient team, and
the parents. The objective measures of the NNNS added
to the previously subjective evaluations of the therapists
working to promote the behavior and development of
these high-risk neonates. With these objective measures,
the therapists augmented their approach and recommen-
dations to the primary caregivers and future outpatient
therapists. Appropriately changing how we care for and
handle neonates with CHD to support their unique
behavioral state may improve their development and war-
rants further investigation.

Our study has some limitations. Although this is the
largest study evaluating neonates with CHD, the sample
size remains small, thereby limiting our ability to identify
other significant variables, such as type of CHD lesion,
which may be associated with variable NNNS scores.
Also, a large number of infants were not evaluated both
preoperatively and postoperatively, with selection bias
against more acute neonates who would not tolerate the
preoperative examination. The missing data may limit our
ability to capture differences that occur as a result of
neonatal cardiac surgery and its associated care. Given our
small sample size limiting power for multivariable analy-
ses, we also did not collect other clinical information such
as intubation time, cardiopulmonary bypass time, ionotro-
pic support needed, and other markers of acuity that may
impact neurobehavioral performance. Because we did not
control for these factors, we chose to focus our evalua-
tions on the preoperative time, when there is less variabil-
ity in the care these neonates require, as well as evaluating
closer to discharge when these other influences may not
be as great.

In summary, standardized neonatal neurobehavioral evalu-
ations demonstrate that neonates with CHD have different

REFERENCES

neurobehavioral performance compared with term, typically
developing neonates. Routinely performing targeted neona-
tal evaluations may be useful in both guiding standardized
therapies and neonatal handling practices and identifying
patients at risk. Future investigation should focus on deter-
mining whether neonatal evaluations can identify patients
who need increased surveillance and how the results can be
used to develop individualized therapies to improve neuro-
developmental outcomes in the population with CHD as a
whole and individually.

ACKNOWLEDGEMENTS

We thank Lauren Malik, Courtney Jones, Kristen Gallup, and
Debbie Thomas for their commitment to the inpatient care and
evaluation of our Heart Center patients. The authors have stated
that they had no interests that could be perceived as posing a con-
flict or bias.

SUPPORTING INFORMATION
The following additional material may be found online:

Figure S1: Preoperative and postoperative scores of individual
patients for the ‘non-optimal reflexes’ and ‘arousal’ subdomains.

Table SI: Comparison of preoperative and postoperative
Neonatal Intensive Care Unit Network Neurobehavioral Scale
scores

Table SII: Comparison of Neonatal Intensive Care Unit Net-
work Neurobehavioral Scale scores in those without and with a
genetic syndrome

Table SIII: Comparison of Neonatal Intensive Care Unit Net-
work Neurobehavioral Scale scores in those with a postnatal com-
pared with prenatal diagnosis

Table SIV: Comparison of Neonatal Intensive Care Unit Net-
work Neurobehavioral Scale scores in neonates born preterm
compared with neonates born at term

Table SV: Comparison of Neonatal Intensive Care Unit Net-
work Neurobehavioral Scale scores by cardiac diagnostic category

1. Marino BS, Lipkin PH, Newburger JW, et al. Neurode-
velopmental outcomes in children with congenital heart
disease: evaluation and management: a scientific state-
ment from the American Heart Association. Circulation

2012; 126: 1143-72.

~

. Marino BS. New concepts in predicting, evaluating, and
managing neurodevelopmental outcomes in children
with congenital heart disease. Curr Opin Pediatr 2013;
25: 574-84.

. Bellinger DC, Wypij D, Kuban KC, et al. Developmen-

w

tal and neurological status of children at 4 years of age
after heart surgery with hypothermic circulatory arrest
or low-flow cardiopulmonary bypass. Circulation 1999;

100: 526-32.

+

Gaynor JW, Stopp C, Wypij D, et al. Neurodevelop-
mental outcomes after cardiac surgery in infancy. Pedi-
atrics 2015; 135: 816-25.

. Gaynor JW, Wernovsky G, Jarvik GP, et al. Patient

v

characteristics ~ are  important  determinants  of

o

bl

®

b

neurodevelopmental outcome at one year of age after
neonatal and infant cardiac surgery. 7 Thorac Cardiovasc
Surg 2007; 133: 1344-53.

Miller SP, McQuillen PS, Hamrick S, et al. Abnormal
brain development in newborns with congenital heart
disease. N Engl 7 Med 2007; 357: 1928-38.

Andropoulos DB, Hunter JV, Nelson DP, et al. Brain

Surg 2010; 139: 543-56.

529-36.

10.

1

o=

Boukydis CF, Bigsby R, Lester BM. Clinical use of the
Neonatal Intensive Care Unit Network Neurobehavioral

Scale. Pediatrics 2004; 113 (3 Pt 2): 679-89.

. Fink NS, Tronick E, Olson K, Lester B. Healthy

newborns’ neurobehavior: norms and relations to med-
ical and demographic factors. F Pediatr 2012; 161:
1073-9.

immaturity is associated with brain injury before and 12. Lester BM, Tronick EZ, LaGasse L, et al. Summary

after neonatal cardiac surgery with high-flow bypass and statistics of Neonatal Intensive Care Unit Network

cerebral oxygenation monitoring. 7 Thorac Cardiovasc Neurobehavioral Scale scores from the maternal lifestyle
study: a quasinormative sample. Pediatrics 2004; 113 (3

Licht DJ, Shera DM, Clancy RR, et al. Brain matura- Pt 2): 668-75.

tion is delayed in infants with complex congenital 13. Lester BM, Andreozzi-Fontaine L, Tronick E, Bigsby R.

heart defects. 7 Thorac Cardiovasc Surg 2009; 137: Assessment and evaluation of the high risk neonate: the
NICU Network Neurobehavioral Scale. 7 Vis Exp 2014;

Ortinau C, Beca J, Lambeth J, et al. Regional alterations 90: €3368. https://doi.org/10.3791/3368

in cerebral growth exist preoperatively in infants with 14. Liu ], Bann C, Lester B, et al. Neonatal neurobehavior

congenital heart disease. 7 Thorac Cardiovasc Surg 2012;
143: 1264-70.

1230  Developmental Medicine & Child Neurology 2018, 60: 12251231

predicts medical and behavioral outcome. Pediatrics

2010; 125: €90-8.


https://doi.org/10.3791/3368

1

16.

1

18.

©n

~

Lester BM,
the

Tronick EZ. History and description of
Neonatal Intensive Care Unit Network Neu-
robehavioral Scale. Pediatrics 2004; 113 (3 Pt 2):
634-40.

Massaro AN, Glass P, Brown J, et al. Neurobehavioral
abnormalities in newborns with congenital heart disease
requiring open-heart surgery. 7 Pediatr 2011; 158: 678—
81.e2.

Lester BM, Tronick EZ, Brazelton TB. The Neonatal
Intensive Care Unit Network Neurobehavioral Scale
procedures. Pediatrics 2004; 113 (3 Pt 2): 641-67.
Donofrio MT, Massaro AN. Impact of congenital
heart disease on brain development and neurodevel-
Int J Pediatr 2010; 2010:

opmental outcome.

359390.

19.

2

=3

21.

22.

Spittle AJ, Walsh JM, Potter C, et al. Neurobehaviour
at term-equivalent age and neurodevelopmental out-
comes at 2 years in infants born moderate-to-late pre-

term. Dev Med Child Neurol 2017; 59: 207-15.

. Sucharew H, Khoury JC, Xu Y, Succop P, Yolton K.

NICU Network Neurobehavioral Scale profiles predict
developmental outcomes in a low-risk sample. Paediatr
Perinat Epidemiol 2012; 26: 344-52.

Als H, Gilkerson L, Duffy FH, etal. A three-center,
randomized, controlled trial of individualized develop-
mental care for very low birth weight preterm infants:
medical, neurodevelopmental, parenting, and caregiving
effects. 7 Dev Behav Pediatr 2003; 24: 399-408.
Montirosso R, Del Prete A, Bellu R, Tronick E, Bor-
gatd R, Neonatal Adequate Care for Quality of Life

23.

24.

(NEO-ACQUA) Study Group. Level of NICU quality
of developmental care and neurobehavioral perfor-
mance in very preterm infants. Pediatrics 2012; 129:
el129-37.

Welch MG, Firestein MR, Austin J, et al. Family nur-
ture intervention in the neonatal intensive care unit
improves social-relatedness, attention, and neurodevel-
opment of preterm infants at 18 months in a random-
ized controlled trial. 7 Child Psychol Psychiatry 2015; 56:
1202-11.

Lester BM, Hawes K, Abar B, et al. Single-family room
care and neurobehavioral and medical outcomes in pre-

term infants. Pediatrics 2014; 134: 754-60.

BACD

British Academy of
Childhood D|5ab|||ty

Thursday 21 March 2019
Leicester, UK

neurodisability

www.bacdis.org.uk

Annual Scientific Meeting 2019

The changing face of paediatric

Very early bird registration closes 31 January 2019

Neurobehavior of Neonates with CHD Whitnee J Hogan et al.

1231



DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

RESUMEN
EVALUACION NEUROCONDUCTUAL DE NEONATOS CON CARDIOPATIA CONGENITA: UN ESTUDIO DE COHORTE

OBJETIVO Describir patrones neuroconductuales en neonatos con cardiopatia congénita.

METODO Un estudio de cohorte describiendo el rendimiento neuroconductual de neonatos con cardiopatia congénita que
requirieron cirugia cardiaca. Se evaluaron los neonatos pre y post cirugia utilizando la Escala Neuroconductual de la Red de
Unidad de Cuidados Intensivos Neonatales (NNNS) comparando los puntajes con valores normativos publicados. Se obtuvieron
factores clinicos a través de revision de tablas a fin de evaluar su asociacion con la conducta. El puntaje patrén de la NNNS de
cardiopatia congénita fue comparado con perfiles publicados previamente en otras poblaciones de alto riesgo.

RESULTADOS Se completaron evaluaciones con NNNS en 67 neonatos con cardiopatia congénita, resultando en 97 evaluaciones
(50 prequirurgicas, 47 postquirirgicas). Comparado con valores normativos, la cohorte con cardiopatias congénitas demostro
reducida atencion, regulacién, asimetria, estrés, despertar y excitabilidad, asi como incremento de los reflejos no-6ptimos, letargia
y necesidad de ser manipulado (p<0.05 para todos). Factores clinicos adicionales tuvieron un efecto minimo en el patrén
neuroconductual. Al comparar con patrones previamente publicados en neonatos de alto riesgo sin cardiopatia congénita, la
cohorte con ca[diopatia congénita demostré un patron de conducta caracteristico.

INTERPRETACION Los neonatos con cardiopatia congénita demuestran tener un patrdn neuroconductual diferente comparado al
de neonatos de término sanos, asi como al de otros neonatos de alto riesgo. Nuestra experiencia sugiere que hay un patrén
neuroconductual neonatal caracteristico en la poblacion con cardiopatia congénita hospitalizada. Evaluaciones neuroconductuales
neonatales mas precisas pueden ser Utiles para desarrollar terapias especificas a fin de mejorar la evolucién neuroconductual en
neonatos con cardiopatia congénita.

RESUMO
AVALIACAO NEUROCOMPORTAMENTAL DE NEONATOS COM CARDIOPATIA CONGENITA: UM ESTUDO DE COORTE

OBJETIVOS Descrever o padrao neurocomportamental de neonatos com cardiopatia congénita (CC).

METODOS Um estudo de coorte descrevendo a performance neurocomportamental de neonatos com CC cirtrgicas. Os neonatos
foram avaliados no pré e pods-operatério pela Escala Neurocomportamental para redes de unidades neonatais de cuidados
intensivos (ENRUN) e suas pontuagoes foram comparadas com os valores normativos publicados. Fatores clinicos foram obtidos
através da revisao dos prontudrios para avaliar sua associagao com o comportamento. O padrao de pontuagcao da NNNS na CC
foi comparado com perfis previamente descritos de outras populagoes de alto risco.

RESULTADOS Avaliagdes com a ENRUN foram completadas em 67 neonatos com CC, resultando em 97 avaliagoes (50 pré-
operatdrias, 47 pos-operatérias). Comparado com os valores normativos, a coorte da CC demonstrou diminuigao da atencao,
regulacao, assimetria, estresse, alerta e excitabilidade, associado a aumento de reflexos anormais, letargia e necessidade de
tratamento (p<0,05 para todos). Outros fatores clinicos tiveram efeito minimo no padrao neurocomportamental. Comparado com
padroes previamente publicados em neonatos de alto risco sem CC, a coorte de CC demonstrou um padrao Unico de
comportamento.

INTERPRETA(}[\O Neonatos com CC demonstram diferente performance neurocomportamental comparados com neonatos a termo
saudaveis e também com outros neonatos de alto risco. Nossa experiéncia sugere que ha um padrao neonatal
neurocomportamental Unico na populacao hospitalizada com CC. Avaliagoes neurocomportamentais neonatais dirigidas podem
ser Uteis no desenvolvimento de terapias especificas para melhoras o progndstico do neurodesenvolvimento em neonatos com
CC.



