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Congenital heart disease (CHD)
o Most common congenital malformation. 1
o Anomaly of heart or large blood-vessels structure present at birth. 
o Over 50% of CHD children with neurodevelopmental disabilities. 1,2 

o Major impacts on the quality of life of these children. 1,2

Structural brain alterations 
o Structural brain alterations in neonates with CHD (white matter injury, cortical immaturity, etc.). 3-5

o Microstructural and structural abnormalities can cause alterations in functional connectivity. 6

Brain network dysfunction
o Brain network dysfunction in infants with CHD before corrective surgery. 7
o A recent study (see poster # 19, Fourdain et al.) suggested that altered functional connectivity 

persists after corrective cardiac surgery.  

Relationship between functional connectivity and cognitive profile 
o Reported in other clinical populations such as children born prematurely. 8
o Has never been investigated in children with CHD.

INTRODUCTION

Identify early neuroimaging predictive markers of neurodevelopment in children with CHD by 
investigating the association between 4-month resting-state functional connectivity, using 

near-infrared spectroscopy (rs-fcNIRS), and 24-month developmental outcome. 

METHODOLOGY

Demographic and clinical characteristics of participants

Controls
n = 18

CHD
n = 8 p value

Males, n (%) 7 (39) 7 (88) 0.022*
Mean age at testing, months (SD) 4.51 (0.35) 4.58 (0.36) 0.65
Mean GA at birth, wk (SD) 39.83 (1.12) 39.34 (1.53) 0.37
Cardiac lesion, n (%) - - -

TGA - 6 (75) -
DORV - 1 (12.5) -
Truncus Arteriosus, VSD - 1 (12.5) -

Age at first surgery, days (SD) - 17.75 (25.79) -
PICU stay, days (SD) - 10.63 (7.56) -

Probes localization 
standardized according 

to the 10-20 system

Custom helmet held on an 
infant’s head for a 12-

minutes rs-fcNIRS recording 
data during sleep

Imagent tissue oximeter with 
20 Hz sample rate emitting 

light at 690 and 830nm

Neurodevelopmental assessment

o Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III)
o MacArthur-Bates Communicative Development Inventories (MBCDI)

rs-fcNIRS acquisition

rs-fcNIRS data analyses

o Movement artifact corrections

o Fast Fourier Transform : Decomposition of the signal’s in the frequency domain

o Phase coherence analyses in individual cardiac frequency intervals (2.03 to 2.23
Hz) allowing bad channels exclusion (based on a treshold of cardiac coherence :
0.3 for at least 50% of the channels)

o Functional connectivity computed using phase coherence analyses in low
frequency bands (0.03 to 0.08 Hz)

Median standard scores (SS) and percentile ranks (PR) of participants in each group and p 
value results of Mann-Whitney U tests analyses. Interquartile ranges are showed in 
parentheses. ** = p ≤ 0.05. * = p ≤ 0.1. 

RESULTS

Circular graph of positive associations between rs-
fcNIRS and Bayley-III cognitive standard score
including all participants from both groups (CHD
and Controls). Greater rs-fcNIRS values at 4
months are associated with better scores on
cognitive scale at 24 months (p < 0.05).

Circular graph of group differences (statistical
trend, p < 0.1) in the positive association
between rs-fcNIRS and Bayley-III cognitive
standard score. Greater rs-fcNIRS connections
between these channels seems to be associated
with better scores on cognitive scale in Controls
compared to CHD group.

Controls CHD p value

Bayley-III cognition (SS) 10 (2) 9 (2) 0.046**
Bayley-III receptive language (SS) 11.5 (3) 8 (1) 0.006**

Bayley-III expressive language 
(SS) 

10 (1) 9 (2) 0.064*

Bayley-III fine motor (SS) 12 (4) 12 (5) 0.929 (ns)

Bayley-III gross motor (SS) 9 (2) 9 (1) 0.383 (ns)

MBCDI expressive vocabulary 
(PR) 

51.25 (57) 21 (62) 0.033**

MBCDI grammatical form (PR) 45.5 (61) 11 (18) 0.042**

MBCDI mean length of utterance 
(PR) 

61 (60) 27 (14) 0.022**

MBCDI sentence complexity (PR) 63 (54) 25 (27) 0.009**

Neurodevelopmental scores

Functional connectivity and neurodevelopmental scores
*Results of 4-month functional connectivity are reported in poster #19.

o Compared to controls, children with CHD exhibited poorer
scores in the cognitive and language domains, which is
coherent with the current literature. 9-11

o Preliminary results revealed associations between resting-
state functional connectivity at 4 months and
developmental scores at 24 months, where weakened
cerebral connections could be linked to poorer cognitive
scores.

o Interhemispheric and long-distance connections seems to
be more associated with 24-month outcomes.

o A statistical trend points toward some differences between
groups in the association between functional connectivity
and neurodevelopmental outcomes. A larger sample size
may lead to more precise and specific pattern.

o These results suggest the feasibility of identifying early
brain predictors of neurodevelopmental outcomes in CHD.

DISCUSSION
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THE NEXT STEPS…
o Pursue participants recruitment to have more robust

and specific results and to ensure equivalence
between groups.

o Investigate the effect of medical and demographic
variables that could modulate the associations
between rs-fcNIRS and neurodevelopmental
outcomes.


