
Preprocessing and functional connectivity
1. Visual inspection of the data time-course and exclusion of segments 

contaminated by motion artifacts based on video-recording and behavioral 
observations during acquisition

2. Decomposition of signal’s temporal structure into its frequency components 
using Fast Fourier Transform (200 iterations of 60 sec-length blocks)

3. Computation of phase coherence in low frequency bands (0.03 to 0.08 Hz) 
and in individual cardiac frequency intervals (2.03 to 2.23 Hz in average)

4. Channel exclusion based on a threshold of cardiac coherence (0.3 for at 
least 50% of the channels) 

Statistical analyses
5. Permutations tests on phase coherence matrices to investigate differences 

between groups (controls vs. CHD)

Persistent functional brain network alterations after cardiac surgery
Weakened intrahemispheric resting-state functional connectivity in both left 
and right hemispheres

Overlap with regions with delayed sulcation and gyrification 10

May reflects cortical alterations observed in fetuses and infants 1-3

Reduced long distance and interhemispheric functional connectivity
Less efficient neuronal interactions and less mature functional networks 
persist after cardiac surgery 11,12,13

Perspectives
Explore associations between functional connectivity and developmental 
scores, as well as with clinical and demographic variables, to predict 
neurodevelopmental outcome (see poster #25)
Characterize developmental trajectory of functional brain network 
organization in children with CHD using longitudinal design
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Brain structure alterations in CHD
Progressive decline in gestational brain volume during the third semester 1

White matter injury and cortical immaturity in fetuses and neonates 2,3

Disrupted short- and long-range (trend level) white matter connections 4
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NIRS preprocessing & analyses

Probes localization 
standardized according 
to the 10-20 system

◀

Custom helmet held on 
an infant’s head for a 
12-minute NIRS 
recording at rest 7,8

◀

Imagent tissue 
oximeter with 20 Hz 
sample rate emitting 
light at 690 and 830nm

◀

This research is conducted at the Neurodevelopmental Optical Imaging Laboratory of 
Sainte-Justine University Hospital Centre in collaboration with the cardiac 
neurodevelopmental clinic of the CHU Sainte-Justine (Clinique d’investigation 
neurocardiaque; CINC).

Figure 1. Averaged phase coherence matrix (left) and corresponding circular graph 
showing functional connexions > 0.35 (right) for 28 healthy controls.

Figure 2. Averaged phase coherence matrix (left) and corresponding circular graph 
showing functional connexions > 0.35 (right) for 19 infants with CHD.
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Figure 3. Matrix of phase coherence group differences controls minus CHDs (right) 
and circular graph showing significant differences at the α = 0.05 level (right).
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Demographic and clinical characteristics of participants.
Controls
n = 28

CHD
n = 19 p value

Males, n (%) 16 (57) 16 (84) 0.051
Mean age at testing, months 
(SD) 3.40 (0.47) 3.43 (0.51) 0.84

Mean GA at birth, week (SD) 39.87 (1.19) 39.19 (1.27) 0.068
Mean birth weight, kg (SD) 3.40 (0.47) 3.43 (0.51) 0.84
APGAR at 5 min (SD) 9.07 (0.26) 8.22 (1.31) 0.0017*
Cardiac lesion, n - - -

TGA - 12 -
VDDI - 2 -
ToF - 2 -
CoA - 1
Truncus Arteriosus - 1 -
TAPVR - 1 -

Age at first surgery, days (SD) - 20.47 (25.96) -
PICU stay, days (SD) - 9.47 (5.94) -
Hospital stay, days (SD) - 23.26 (12.64) -
CPB time, min (SD) - 187.84 (50.80) -
Cross clamp time, min (SD) - 132.95 (40.91) -

Altered brain functional network in neonates
with CHD prior to surgery

Decreased regional and long-distance 
functional connectivity involving both 
within- and between-hemispheres 
connections 5

Delayed structural and microstructural 
brain development is associated with 
altered functional connectivity 6

We aim to investigate functional networks in 
infants with CHD after cardiac corrective 
surgery using resting-state functional 
connectivity in NIRS.

* p < 0.5

De Asiz-Cruz et al. (2018)


