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One hundred million years of
interhemispheric communication:

~ the history of the corpus callosum

F. Aboitiz and Departamento de Psiquiatria y Centro de Investigaciones Médicas,
|. Montiel Facultad de Medicina, Pontificia Universidad Catdlica de Chile,
and Millenium Mucleus for Integrative Neuroscience, Santiago, Chile
Abstract
Correspondence Analysis of regional corpus callosum fiber composiion reveals that  Key words
F. Abaitiz callosal regions connecting primary and secondary sensory areastend  « Commissures
Departamento de Priquiatria, to have higher proportions of coarse-diameter, highly myelinated  » Evolution
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fibers than callosal regions connecting so-called higher-order areas.
This suggests that in primary/'secondary sensory arcas there are strong
timing constraints for mterhemispheric communication, which may
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the corpus callosum in placental mammals is related to the mechanism
of midline fusion in the sensory cortices, which only in mammals
receive a topographically organized representation of the sensory
surfaces. The earty corpus callosum may have also served as a sub-
strate for growth of fibers connecting higher-order areas. which
possibly participated in the propagation of neuronal ensembles of
synchronized activity between the hemispheres. However, as brains
became much larger, the increasingly longer interhemispheric dis-
tance may have worked as a constraint for efficient callosal transmis-
sion. Callosal fiber composition tends to be quite uniform across
species with different brain sizes, suggesting that the delay in callosal
transmission is longer in bigger brains. There is only a small subset of
large-diameter callosal fibers whose size increases with ncreasing
interhemispheric distance. These limitations in interhemispheric con-
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Lateral Asymmetries in Infancy: Implications
for the Development of the Hemispheres

COLWYN TREVARTHEN

Edinburgh Centre for Research in Child Development, Department of Psychology,
The University of Edinburgh, U.K.

TREVARTHEN, C., Lateral asymmetries in infancy: implications for the development of the hemispheres. NEUROSCI
BIOBEHAV REV 20 (4)571-586, 19%6.—Cerebral asymmetry of cognitive processing of stimulus information is commonly
viewed as a neocortical phenomenon. However, 2 number of lines of evidence give innate asymmetry of brainstem motivat-
ing systems, which anticipate experience, a key role,

Spontaneous asymmetries of gesture and emotion can be observed in infants, who entirely lack language and visuo-
constructive skills. Motives for communication in early life may direct subsequent development of complementary cognitive
systems in left and right hemispheres. In split-brain monkeys, lateralized motive sets, intentions for manipulation by one
hand, can determine which hemisphere will see and learn. Evolutionary antecedents of cerebral asymmetry appear to affect

I motivation, social signalling and bimanual coordination, with secondary effects in perceptual processing and learning.

The hemispheres of adult humans differ in links with neurochemical systems that regulate motor initiatives, exploration
and attention, and the approach/withdrawal balance in social encounters. Asymmetries in emotional and communicative
behaviour in infancy support evidénce that an Intrinsic Motive Formation emerging in the embryo human brain stem
regulates asymmetries in development and in functioning of the cerebral cortex. Copyright © 1996 Elsevier Science Ltd.
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Brain (1997), 120, 1057-1063

The right brain hemisphere is dominant in human
ifants

C. Chiron,'? I. Jambaque* R. Nabbout,' R. Lounes? A. Syrota! and O. Dulac?

'Hospital F. Joliot, Department of Medical Research, Correspondence to: Catherine Chiron, Service de
Atomic Energy Commission, Orsay, INSERM Unit 29 and  Neuropediatrie, Hopital Saint Vincent de Paul,
Neuropediatric Department, Hospital Saint Vincent de Paul 82 avenue Denfert Rochereau, 75674 Paris cedex 14,
and University Rene Descartes and *University Paris V, France

Medical statistic laboratory, UA CNRS 1323, Paris, France

Summary
The development of functional brain asymmetry during  Asymmetry shifts to the left after 3 years. The subsequent
childhood is confirmed by changes in cerebral blood flow  time course of changes appear to follow the emergence of
measured at rest using dynamic single photon emission  functions localized initially on the right, but later on the left
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Autistic Spectrum Disorders as Functional
Disconnection Syndrome

Robert Melillo1 and Gerry Leisman 1,2
Reviews inthe Neurosciences 2009 {inPress}H& Freund Publishing €o-
Abstract

We outline in this paper the basis of how functional disconnection with reduced activity
and coherence in the right hemisphere would explain all of the symptoms of autistic
spectrum disorder as well as the observed increases in sympathetic activation. If the

roblem of autistic spectrum disorder is primarily one of desynchronization and ineffective
interhemispheric communication, then the best way to address the symptoms is to
improve coordination between areas of the brain. To do that the best approach would
include multimodal therapeusis that would include a combination of somatosensor»{
cognitive, behavioral, and biochemical interventions all directed at improving overa (
health, reducing inflammation and increasing right hemisphere activity to the level that it
becomes temporally coherent with the left hemisphere. We hypothesize that the unilateral
increased hemispheric stimulation has the effect of increasing the temporal oscillations
within the thalamocortical pathways bringing it closer to the oscillation rate of the
adequately functioning hemisphere. We propose that increasing the baseline oscillation
speed of one entire hemisphere will enhance the coordination and coherence between the
two hemispheres allowing for enhanced motor and cognitive binding.

KEYWORDS: epigenetic, ADHD, .ﬂ'~.5|per|§erfsI autism, epigenetic, functional disconnection, dopamine
systems, gamma oscillations, Hemisphericity, dysautonomia
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The Early Development of the Autonomic Nervous
System Provides a Neural Platform for Social
Behaviour: A Polyvagal Perspective

Stephen W. Porges[&]] and Senta A. Furman
Brain-Body Center, Department of Psychiatry, University of lllinois at Chicago, Chicago, IL, USA

We present a biobehavioural model that explains the neurobiological mechanisms through which
measures of vagal regulation of the heart (e.g. respiratory sinus arrhythmia) are related to infant
self-regulatory and social engagement skills. The model describes the sequential development of
the neural structures that provide a newborn infant with the ability to regulate physiological state
in response to a dynamically changing postpartum environment. Initially, the newborn uses
primitive brainstem-visceral circuits via ingestive behaviours as the primary mechanism to
regulate physiological state. However, as cortical regulation of the brainstem improves during the
first year of life, reciprocal social behaviour displaces feeding as the primary regulator of
physiological state. The model emphasizes two sequential phases in neurophysiological
development as the fetus transitions to postpartum biclogical and social challenges: (1) the
development of the myelinated vagal system during the last trimester and (2 )the development of
cortica Iregulation of the brainstem areas regulating the vagus during the first year postpartum.
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PRIMITIVE REFLEXES AND THEIR RELATIONSHIP TO
DELAYED CORTICAL MATURATION, UNDER
CONNECTIVITY AND FUNCTIONAL DISCONNECTION
IN CHILDHOOD NEUROBEHAVIORAL DISORDERS

*Robert Melillo™

*F. R. Carrick Institute for Clinical Ergonomics,
*Rehabilitation, and Applied Neurosciences

*Garden City, New York USA

Infantile Reflexes Gone Astray in Autism

Philip Teitelbaum (1), Osnat B. Teitelbaum (1), Joshua Fryman (2), and Ralph Maurer (3).
(1) Department of Psychology, Gamesville, FL 32611

(2) Computer Science Department, Georgia Institute of Technology, Atlanta, GA

(3) Department of Chuld Psychiatry, University of Flonida Medical School, Gamesville, FL 32610

Abstract. In the cases presented in this paper plus others we hypothesize that movement disturbances in infants
can be interpreted as reflexes gone astray and may be early indicators for a diagnosis of autism. In the children
reviewed some reflexes persist too long in infancy, whereas others first appear much later than they should. The
asymmetrical tonic neck reflex is one reflex that may persist too long in autism. Head-verticalization in response to
body nilt is a reflex that does not appear when it should in a subgroup of autistic-to-be infants. We suggest that it
may be used by pediatricians to screen for neurological damage that may be a marker for a subgroup of autistic-fo-
be children, especially in fanilies where there is a history of autism.

Introduction

In our earlier work (Teitelbaum, 1998) we showed that infants destined to become autistic showed a
characteristic cluster of disturbances in movement patterns detectible by our methods as early as 4-6 months
of age. To do this, we used Eshkol-Wachman Movement Analysis (EWMN) (Eshkol, 1958) in conjunction
miith laser disc still-frame analysis. Through the cases presented plus others we suggest that the mov ;
“.difurbances in infancy in autism can be understood as reflexes gone astray in infancy. In the present pa
_jvi]lre—amlyzesnmenfﬂ]ﬁemnvmmdisturhmes in terms of infantile reflexes.
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Dysregulation of the right brain: a fundamenta
mechanism of traumatic attachment and the
psychopathogenesis of posttraumatic stress
disorder

Allan N, Schore

Objectlve: This review integrates recent advances in attachment theary, affective neuro-
science, developmental stress research, and infant psychiatry in order to delineate the
developmental precursors of postiraumatic stress disorder.

Method: Existing attachment, stress physiclogy, trauma, and neuroscience literatures
were collected using Index Medicus/Medline and Psychological Abstracts. This converging
interdisciplinary data was used as a theoretical base for modelling the effects of early rela-
tional trauma on the developing central and autonomic nervous system activities that drive
attachment functions.

Results: Current trends that integrate neuropsychiatry, infant psychiatry, and clinical
psychiatry are generating more powerful models of the early genesis of a predisposition to
psychiatric disorders, including PTSD. Data are presented which suggest that traumatic
attachments, expressed in episodes of hyperarousal and dissociation, are imprinted into the
developing limbic and autonomic nervous systems of the early maturing right brain. These
enduring structural changes lead to the inefficient stress coping mechanisms that lie at the
core of infant, child, and adult posttraumatic stress disorders.

Concluslons: Disorganised-disoriented insecure attachment, a pattern common in
infants abused in the first 2 years of life, is psychologically manifest as an inability to gen-
erate a coherent strategy for coping with relational stress. Early abuse negatively impacts
the developmental trajectory of the right brain, dominant for attachment, affect regulation,
and stress modulation, thereby setting a template for the coping deficits of both mind and
body that characterise PTSD symptomatology. These data suggest that early intervention
programs can significantly alter the intergenerational transmission of posttraumatic stress 1
disorders.

Key words: attachment, child abuse, dissociation, right brain, trauma.

Australlan and New Zealand Journal of Psychlatry 2002; 36:9-30 Dr.
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Cognitive-motor interactions of the basal ganglia in
development

Gerry Leisman™334¥, Ont Braun-Benjamin™® and Robert Melillo 3%

! The Natlonal institute for Brain and Rehabllitation Sclences, MNazareth, Israel

Z Dapartmant of Mechanics! Engineering, ORTBrsude Collage of Enginearing, Karmiel, Issal

2 ER. Carrick Instiute for Cinical Ergonomics, Aehabiits ton, and Appiled Neurosclences, Hauppauge, NY, L'Sa

! Facultad hManuel Fajardo, Institute for Mewrology and Neurosurgery, Universidad de Clencias Medicas de 1a Habana, Habana, Cuba
 Nazareth Acsdemic Institute, Nazarath, lsrael

Edited by: Meural circuits linking activity in anatomically segregated populations of neurons in
Anmaed A. Moustafs, University af subcortical structures and the neocortex throughout the human brain regulate complex
vwastem Sydney, Ausiratia behaviors such as walking, talking, language comprehension, and other cognitive functions

Reviewsd by: : - ] :
i Machada, nstiute oF associated with frontal lobes. The basal ganglia, which regulate motor centrol, are also

Newrology snd Neurosurgery, Cubs crucial elements in the circuits that confer human reasoning and adaptive function. The
Jarge L. Morales-Quezsds, basal ganglia are key elements in the control of reward-based learning, sequencing,
Labaratory of Neuromodtion, discrete elements that constitute a complete motor act, and cognitive function. Imaging

studies of intact human subjects and electrophysiclogic and tracer studies of the brains

::-'T;ZT-‘:-’::\:“:S - and behavior of other species confirm thase findings. We know that the relation betwean
NS ttute for Brain and REnabitston the basal ganglia and the cerebral cortical region allows for connections organized into
Sclences, ORTBraude College af discrete circuits. Rather than serving as a means for widespread cortical areas to gain
Enginesring. 51 Snunit. PO Box 78, access to the motor system, these loops reciprocally interconnect a large and diverse set
ﬂﬁ;?:iéf;a of c:er_ebral cqnical areas with the basal ganglia. Neurona_l activity within th_a basal ganglia
st3 1 nazmreth.scil associated with motor areas of the cerebral cortex is highly correlated with parameters

of movement. Meuronal activity within the basal ganglia and cerebellar loops associated
with the prefrontal cortex is related to the aspects of cognitive function. Thus, individual
loops appear to be involved in distinet behavioral functions. Damage to the basal ganglia
of circuits with motor areas of the cortex leads to motor symptoms, whereas damage
to the subcortical components of circuits with non-motor areas of the cortex causes
higherorder deficits. In this report, we review some of the anatomic, physiclogic, and
behavioral findings that have contributed to a reappraisal of function concerning the basal
ganglia and cerebellar loops with the cerebral cortex and apply it in clinical applications
to attention deficivhyperactivity disorder (ADHD) with biomechanics and a discussion of

Right Hemisphere Dysfunction in Subjects With
Attention-Deficit Disorder With and Without
Hyperactivity

B YRR bt 2 107415 1597

The attention-deficit disorder, with and without hafperactwlty, is assqciated with defective attention,
response inhibition and, in attention-deficit disorder with hyperactivity, with motor restlessness In’

dults, inattentio efective res onse |nh|b ition, and im, er5|stenc ore commonly seen in
a Ht?ﬁem?s %erer\egons Int ep We inve Pate osgb?e nJTh %emqgrrh rg

e b e e

& 8&?5" .n.c2N$ij§H Y and e Smentally i C#E)E'g'%Ocd(?r{t.‘HE"aﬂé‘tpe o*EE?SH‘é{e & %na S t&"'s
Auditory Adgjmon normc%IV{e L\ivas assess tusm agugﬁelr‘_lag battery of wssuospatla
Eyeo tl%rﬁe él‘(f%n ngrglspeosg?&es atrlces {l%c% gEg? Intepgence ﬁe [V%ETET’S?OCIL esign,

's Complex IJ%ant eena rs with a en on- EIgl‘%feISOI‘ er with 0 |E out xpergctwl

ormed s T_g worse an contro reater rences were ects with
attentlon deficit dlsor er without hyperactlwty and control than between subJects with attention-

efigit ﬂsor 3 \Pnt IEueractlw and contro gh re ul:ts S(aem to be ¢ n5|sli$nt with, right-
emisphere ‘st uncti especially in subjects wi attentlon eficit disorder W|t eractivi

ition AIS BIock-Des d B nto s Line Orientatjon are the visyospatial tests with the
ﬁd?'lest glsyfrlmlnant power tog Ellf'afgrent?ate Ii)e‘tween controls, suraeects W|St enifllon ef|<:|t dltson:ler
%u?Litz Yg;r?tité\slty, and subjects with attention-deficit disorder W|th hyperactwlty (J Child Neurol
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Attention Deficit/Hyperactivity Disorder
as a Right Hemisphere Syndrome

Selective Literature Review and Detailed
Neuropsychological Case Studies

GERRY A. STEFANATOS a

AND JEANETTE WASSERSTEINba

Cognitive Neurophysiology Laboratory, MossRehab Research Institute,
Albert Einstein Medical Center, Philadelphia, Pennsylvania 19141, USA
A BSTRACT

: Recent studies of ADHD implicate well-defined neuroanatomical networks and
neurochemical gathways in its pathophysiological basis. Considerable attention
has focused on the role of anterior and superior frontal regions and portions of
the basal ganglia, including the caudate nucleus and globus pallidus. This paper
reviews a growing literature suggesting differential involvement of right
hemisphere mechanisms specdialized for behavioral regulation and attention.
Supportive data are drawn from neuropsychology, neuroanatomy, and
neurochemistry. In addition, three cases are presented that illustrate the
complex role of right hemisphere dysfunction in adult manifestations of ADHD.
We suggest that the pleomorggic presentations of ADHD can be understood in
terms of a spectrum of disturbances in overlapping neural regions, especially
involving frontal and parietal areas of the riélht hemisphere and their
connections to subcortical structures (including the striatum, limbic
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