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Overview

Neural Systems and Develepment

s Activity’ Dependent Development and Neural
Plasticity/

s Complexity'as a measure off maturation and
neuredevelopment

x SUmmany eff Results




Plasticity anal Activity
Dependent Development

Neural Plasticity/Is a adynamic precess by Which
e brain develops

IIhIS precess; Is affiected by:

x Nature (e.g. genetic pregramming)

x Nurture (e.g. envirenmental stimulus)
x Niche (e.qg. development)

EnRvirenmentall perturations (.6, premature
PIrth) canr upser this natural precess, potentially,
leading| te leng-ternm develepmental deficit.




The Developmental Niche

INew brain research stigaests, the first five years of life
are mest critical fer hrain development.

Synapses; WhICh connect neurons, ane created at
great speed during the first three years oflife.

ihe: part efi the brain responsible for seeinge), heanng,
SPEEech preduction and receplive: language Is mMest
active during thesrst few years of life:

x At birtn aboul 25 percent of the brains
CORNEctionNs are fermea.

a By age 3, 90/ percent o the: hrain Is hardwiread:
Trranslational Research Question:

s What are the effects of genetic and environmental
stresses on| brain cennectivity andilong term
neural development 2
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Measurements:

e EEG Patterns

e Heart Rate
 Blood Pressure
e Temperature ...

ENOLYPE 4--;EnV|ronment

Exterﬁal Stimuli:
Positive and Negative
Influences

Understanding:

*Biology

* Health

* Development
*Disease
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A Measure of Brain
Connectivity: and Complexity.
Using EEG
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The Brain as a Dynamical
Sy/Stem

A dynamical system consists, of 2 parts
u State
2 dynamics

e state is defined as the infermation
REecessany at any given time: instant te
completely describe the: futlre evolutien efithe
system.

The dynamics define now: the state evelves
OVer time;

Eor stalkle systems, the tiajectory ofi the: system
appreaches a subset of the state space called
an attracter as time approaches infinity.




Complexity: and Dimension

Geometnc properties of the attactor can e
USed 1o characierize the: system

x Periodic

a Quasi-pernoaic

a Chaetic

One method comnmoenly used tor guantify,
dynamicall system| properties Is the
colrelation integral (€,):

€. measures tine prehability that peints on
e attracter have: pair-Wise diStances <.

There are two stepsito calculating C,.

s Step 1: Attractor IS reconstructed (embedding);

m Step 2: C, Is calculated from the reconstructead
Stete Vectors.




Attractors and Dimension

Attractor

u SEet of states tewards WhiIch the system, state
liajeclores are drawn; GVer ime— CharacCienzes
the long| term behavioer of the system

DImension

a related te the amount off Infermation reguired te

SpPeciiy:a poelnt on the: attactor
Viore complex system henavier - more
Infermatien Is required e descrilne this
PEnaVIeKR and the dimensien Is ene way: te
measure this complexity.

INot all' attractors have Integer dimension
a Strange Attractors or Eractals




Correlation Dimension

At smallfdistances I, the correlation integral
DENEVES aS|a POWEr oV, I.e., € Y.

e exponent viIs defined as, the correlation
dimension (ID,):

Iihe correlation dimension; charactenzes the

active degrees of fireedem| er complexity. of the
system.

e higher the comelation dimensien, the more
complex the system.




Expernmental Measurement of the Attractor

Vieasurement efi the system: atiractor
V(O=EX(D): R > RM

1 KIS the dimensien of attractor

= M IS the embedding dimension

Embedding the atiracior

s One-te-ene mapping that presenes differential
Infermatien

s Alsoipreserves fractall invanants (dinensiens,
LyapunoVv: EXpenents)

a Guaranteed! for m > 2k (\Whitney)




Attractor Reconstruction from a
Time Series

Time Delay Embedding frem:a one-
dimensional time sernes measurement s(t):

Y(O=HX(D)=(S(D), 5(t-7);...., S(t-(M=1)7))

s Embedding guaranteed fier mi> 2k (Jdiakens)

@ther Methods off Reconstruction
s Derivative Coordinates — Decreases SNR

s Coordinates;fliem Singular Systems, Analysis —
Increases lll-conditioning




Correlation Dimension

Correlation Dimension for Lorenz Attractor, d, = 2.04

Correlation Integral:
C(r) =
«Counts number of pairs

of points with inter-point
distance less than r

*For small r, C(r) =~ rP2

d log,, C)/d log,

-.D, = slope of

In linear region




Selection of the Embedding
Dimension

Goal: Eind minimum
embedding dimension
[eguired terunielal dynamics
Off the: attractor

False Nearest Neighlors

s [Vieasures percentage of
neighboering points that are
close tegether due to projection
Off attractor ente; SUlSPaCES
withitee small an embedding
dimension

Okay for selection of minimum
embedding dimension

Reveals noise level of time
series

False Mearest Meighbors for Lorenz Attractor, Impact of Added Noise
—— no noise

SNR=40

&= only noise

Percent False Mearest Meighboars

Embedding Dimension




Experimental Study

EEG data sets: Healthy Neonates o at
31-32 thru fiull term.

[Data acquisition:
s Bipolar digital EEG recerdings at 12 hitsianad
64 Hz

6] data Sets of St greups analyzed: full termm
(B (at'age 40-41 weeks), preterm (P
(at'age 40-41 weeks) and pretemm: (P (at
age 31-32 weeks)




Experimental Analysis

ime series (EEG) data Isisegmented inte 2-minute
EPOCHS

Tihe epochsifor full-term;neonates (CA=40-41 weeks)
and preterm bakies (CA=40-41 weeks) alne separatea
according to their sleep stages; I.e., active sleep (AS)
and guiet sleep (@S).

The epochsifor preterm; neonates (CA=31-32 Weeks)
are net grouped by sleep state.

C, isicomputed frem the EEG time series using
embedding dimensions m=10,12 anal 14 while the
time delay Is varied fiiem 1. te) 10 samples.

ihe local slepes for the mest linear region ofi the'log
C. versus log r provide estimates of D5.




Results for Channel Epl-C3

D2 for AS

ET e & BT L AF AR P 2 e
4041 4041 4041 4041 3132

(AS)  (@S) (AS) (QS)

ST Y 5.26 5.30 5.02
+/- +/- +/- +/-
0.54 0)3519 0.57 0:59

FT 4041 PT4041 PT 3132

D2 for QS

FT4041 PT4041 PT3132




Results for Fpl-C3 (AS)

NIH Fp1C3 Full-Term @40-41 AS m=12 NIH Fp1C3 Pre-Term @40-41 AS m=12
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Results for Fpd-C3 (QS)

NIH Fp1C3 Full-Term @40-41 QS m=12
T

NIH Fp1C3 Pre-Term @40-41 QS m=12
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PT4041 R,, (AS & QS)
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Statistical Analysis

T-test for the Null Hypothesis (H,) that the mean D, for
FT4041, PT4041, PT3132 and Surrogate data are from
the same distribution: 1=reject and O=can not reject

1, p<5 e-006 1, p<2 e-04 1, p<l1l e-10 1, p<?2 e-07

1, p<5 e-006 1, p<1 e-10 |1, p<4 e-00 , p<7 e-06

1, p<2 e-04 1, p<le-10 , p<1 e-00 , p<1 e-06
1, p<1l e-10 |1, p<4 e-005F1"1, p<1 e-007 1, p<6 e-06
1, p<2 e-070 11, p<7 e-066/} 1, p<1 e-064 | 1, p<6 e-06

1, p<4 e-04 1, p<1 e-008f}1, p<5 e-08

Conclusions: (1) There is a statistically significant difference
between FT and PT at same CA (40-41 weeks) (2) PT is less
complex than FT, (3) EEG in AS in FT and PT at 40-41 weeks Is
statistically similar to the surrogate, (4) Complexity of the EEG for
FT and PT at 40-41weeks in QS and PT at 31-32 weeks is
dominated by nonlinearity.




D, Complexity: and Neural
[Development

D2 vs Age (Fpl1l-C3)

29 29 29 29 30 30 30 30 31 31 32 33 39 395 40 404 414 414

Age (week)




D, Complexity: and Neural
[Development

D2 vs Age (Montage)




Conclusions

Plasticity s anfactivity: dependent dynamic
PIOCESS N GEVEIopINg GraanISms

Neurodevelepment in neenates can e
AdSSEessed usingl a computational
PhRERBLYypE that gquantifies “complexityin
the EEG duing sieep

Complexity’ Increases aleng the
develepmental trajectory durnng the
neonatal peroad
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