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Objectives

« Evaluate the incidence and spectrum of major and minor
morbidities common to the preterm survivor

« Evaluate the pathogenesis or factors that may contribute
to minor morbidities in the preterm survivor and screen
patients for these factors

e Assess patients for the minor morbidities common to the
preterm survivor and set targets for interventions and
future directions for these patients
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Incidence and Spectrum

* Incidence of major morbidities stable
e Ranges from 6-25%

* Include:
o Cerebral palsy
* Visual impairment (CVI)
» Hearing impairment (Auditory Neuropathy)
« Cognitive impairment
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Incidence and Spectrum

50-70% of very preterm infants have difficulty with school
performance

Proposed factor="minor’ morbidities

‘Minor’ morbidity because considered non-disabling In
nature
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“Minor” Morbidities

* Include:
* Minor cognitive deficits
e Learning disabilities
« Executive dysfunction
* Motor delays
* Visual motor perceptual difficulties
« Attention deficit disorder
e Language delays
 Behavioral problems
« Cortical Vision Impairment
* Auditory Dys-synchrony
e Autism Spectrum
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Incidence and Spectrum

Terminology

o Spectrum in development from typical to atypical
* Normal
 Variant

* Problem
e Disorder

Wolraich ML, Felice ME, Drotar D, editors. The Classification of Child and Adolescent Mental Diagnoses in
Primary Care. Diagnostic and Statistical Manual for Primary Care (DSM-PC) Child and Adolescent Version. Elk

Grove Village, American Academy of Pediatrics; 1996.
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Incidence and Spectrum
Motor Delays

Maddalena

Motor delays common
Dystonia=early sign
Quality of gait

Breslau N, Chilcoat EO, Johnson EO, Andreski P,
Lucia VC. Neurologic Soft Signs and Low
Birthweight: Their Association and Neuropsychiatric
Implications. Biol Psychiatry 2000; 47: 71-79.

Bracewell M, Marlowe N. Patterns of Motor
Disability in the Very Preterm Children. Ment Dev
Disabil Res Rev 2002; 8: 241-248.

Goyen T-A, Lui K. Developmental Coordination
Disorder in “apparently normal” schoolchildren born
extremely preterm. Arch Dis Child 2009; 94: 298-
302.
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Incidence and Spectrum
Visual-motor problem
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Preschool Performance of Children with Normal Intelligence Who Were Very
Low-Birth-Weight Infants
Nancy Klemn. Maureen Hack. John Gallagher and Avroy A. Fanaroff
Pediatries 1985:75:531
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Incidence and Spectrum
Visual-spatial processing
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Incidence and Spectrum
Cognitive

Intelligence
* 4-10 point discrepancy on IQ testing of preterms vs. term

* Preterms more likely to have borderline 1Q

* Learning disabilities
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Incidence and Spectrum
Cognitive

Executive Function

* Preterm survivors 2-3 x more likely to have executive
dysfunction

 Difficulty with:
o Starting new activities
« Qrganizing information
» Planning a sequence of activities
» Transitioning from one task to other
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Incidence and Spectrum
Attention/Behaviour Issues

Attention Deficit/Hyperactivity Disorder
o 2.5t0 4 times greater risk in preterm infants
* Neuropathology different, response to medication different

Behavioral Issues

 Difficulties with self-regulation, poor emotional control
* Internalizing symptoms/ anxiety
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Incidence and Spectrum
Language

*EXxpressive and receptive delays
*Mild hearing loss
*Auditory dys-synchrony
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Incidence and Spectrum

Vision
e Cortical Vision Impairment

 Normal eye exam or an eye condition which does not explain the
profound lack of functional vision

* A medical history that includes neurological problems
* Presence of unique visual and behavioural characteristics
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Incidence and Spectrum
Autism?

Autism Spectrum Disorder

« NOT a minor morbidity but not yet covered in most follow
up data bases as a “major morbidity”

e Characterized by:
» Impaired reciprocal social interaction
e Impaired communication

* Presence of restricted, atypical, repetitive, & stereotypic
behaviors
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Incidence and Spectrum
Prematurity & ASD

Threshold Threshold

for ASD for Autism
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Figure. Frequency distribution showing proportion of children with each total SCQ score in the extremely preterm cohort
(n = 183) and term-bom classmates at 11 years of age (n = 137).

Johnson S, Hollis C, Kochhar P, Hennessey E, Wolke D, Marlow N. Autism Spectrum Disorders in Extremely

Preterm Children. J Pediatrics 2010; 156: 525-531
28 Sunnybrook
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Incidence and Spectrum
‘Minor’ Morbidities

e Spectrum of outcomes possible
* |solated ‘minor’ morbidity is rare

e Cluster of conditions more common

o Detection requires discrete assessments

Alyward GP. Neurodevelopmental Outcomes of Infants Born Prematurely. J Dev Behav Pediatr 2005; 26: 427-
440.
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Incidence and Spectrum

Behavioral Phenotype

« Describes a constellation of behavioral, cognitive, motor,
and social difficulties observed in a population with a
common biological disorder

 Premature survivors have a phenotype
— Common biological disorder=brain injury

Hodapp RM, Fidler DJ. Special Education and Genetics: Connections for the 215t Century. The J Spec Educ
1999; 33: 130-137.
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Pathogenesis of Minor Morbidities

Proposed model for injury includes:

* Interruption of normal neuro-developmental development
 Developmental susceptibility to injury

 Type of injury (focal & diffuse)

 Recovery patterns

Volpe JJ. Brain injury in preterm infants: a complex amalgam of destructive and developmental disturbances. J
Lancet 2009; 8: 110-124.
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Pathogenesis

Interrupted Neuro-development

« Critical periods of brain development
« Migration (3-5 months gestation)
e QOrganization/Connectivity (6 months on)
* Myelination (6 months on)
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Pathogenesis
Developmental Susceptibility

« Developmental vulnerability with preterm birth

« Critical cells in preterm brain lack protection from injury
e Subplate neurons
e |[nterneurons
* Pre-oligodendrocytes
« External granule cells

Volpe JJ. Brain injury in preterm infants: a complex amalgam of destructive and developmental disturbances. J
Lancet 2009; 8: 110-124.

Volpe JJ. Subplate Neurons—Missing Link in Brain Injury in the Premature Infant? Pediatrics 1996; 97: 112-113.

Volpe JJ. Cerebellum of the Premature Infant: Rapidly Developing, Vulnerable, Clinically Important. J Child Neurol
2009; 24: 1085-1104.
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Pathogenesis
Developmental Susceptibility

Intermediate B
wone

Subventricular
zone

Ventricular
one
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Subplate Neuron Layer

 Located beneath the cortical
plate

e Peak activity between 22 and
36 weeks gestation

* Area where growing axons
“wait” for input from the
thalamus and other distant
cortical sites

* Vulnerable to negative effects
of glutamate
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Pathogenesis

Pattern of Injury

e (Can occur on:

« Macroscopic (IVH,
PVL, PVHI)

e Microscopic level
(diffuse injury)
o Cell death via:
* Necrosis
o Apoptosis

Volpe JJ. Brain injury in preterm infants: a
complex amalgam of destructive and
developmental disturbances. J Lancet 2009;
8:110-124.
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Pathogenesis
Recovery/Plasticity

 Recovery
 Restoration of function

e Reorganization
« Shifting of function to different area

Hadders-Algra M. The Neuronal Group Selection Theory: a framework to explain variation in normal
development. Dev Med Child Neurol 2000;42:566-72.
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Pathogenesis
Recovery

Timing, intensity/magnitude,
duration of insult is
CRITICAL

Brain areas with high
metabolic activity or
undergoing high rates of
differentiation are most
susceptible

Combination of recovery
and reorganization after
Injury could explain wide
variations of outcomes due
to prematurity
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Pathogenesis
Recovery/Plasticity

 Neuronal Group Selection Theory
o Sleeper Effect

 May account for lack of early identifiers

Luciana M. Cognitive development in children born preterm: Implications for theories of brain plasticity following
early injury. Devel Psychopathol 2003;15:1017-47.
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Pathogenesis
Altered Neuro-development

 Endresultis:
« Gray matter architecture distorted
* White matter connectivity altered
e Cerebellum under-developed

* Leads to secondary cortical dysplasia

Volpe JJ. Brain injury in preterm infants: a complex amalgam of destructive and developmental disturbances. J
Lancet 2009; 8: 110-124.

Alyward GP. Neurodevelopmental Outcomes of Infants Born Prematurely. J Dev Behav Pediatr 2005; 26: 427-
440.
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Pathogenesis
Altered Neuro-development

 “Normal” head ultrasound NOT guarantee of normal
outcome

e 90 with CP
e 25% with MDI less than 70

Laptook AR, O’'Shea TM, Shankaran S, Bhaskar B. Adverse Neurodevelopmental outcomes among extremely low
birth weight infants with a normal head ultrasound: prevalence and antecedents. Pediatrics. 2005; 115: 673-680.
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Pathogenesis
Interrupted neuro-development

*3-4% with abnormality on HUS
«20-65% with abnormality on MRI

Inder TE, Wells SJ, Mogridge NB, Spencer C, Volpe JJ. Defining the Nature of the Cerebral Abnormalities in the
Premature Infant: A Qualitative Magnetic Resonance Imaging Study. J Pediatr 2003; 143: 171-179.
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What can we do?
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Targets for Intervention

Hadders-Algra M. The Neuronal Group Selection Theory: a framework to explain variation in normal
development. Dev Med Child Neurol 2000;42:566-72.
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Targets for Intervention
The Role of Epigenetics

Epigenetics” describes the interaction between genes
and the environment

* These Interactions do not result in changes to the genome
itself but account for variations in phenotypic expression

The interaction between low birthweight, prenatal
adversity and postnatal environmental conditions has
also been associated with low cognitive function,
behavioral disorders and psychiatric disorders

Efforts to reduce parental stress and minimize
separation between parents and infants can have long-
lasting and positive effects

Maddalena
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Targets for Intervention

Doyle O, Harmon CP, Heckman J ( 2009) Investing in early human development:
Timing and economic efficiency Economics and Human Biology 7 (2009) 1-6
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Targets for Intervention
NICU

e Intensive care Is intensely
but gently caring

e Less is more
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Targets for Intervention
NICU Follow Up

* Follow up not only surveillance for outcomes
 Need assessment, diagnosis and intervention

« Homework critical—small steps

e Supporting families

35 May 13, 2013 Maddalena



Targets for Intervention
NICU Follow Up

 Awareness of statistics not equivalent to child becoming
statistic

 Should provide heightened surveillance and attention to
‘small’ problems

e Constant contextualization
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Prematurity & ASD

* Practice adopted at Sunnybrook Health Sciences Centre

37

Surveillance for social emotional development at every visit &
offer interventions

Screen for CVI/Auditory dys-synchrony

If concern persists/exists at 18 months, 1 hour instruction in
behavioral therapy provided through clinic

Follow up at 24+ months with ADOS-2 as indicated
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Targets for Intervention
Preparing Child for School

 Behavioral management
 Time In/Time Out

* Routine, consistency

* Anticipate transitions
 Prepare parents

« Offer Choices that are livable

 Playroom strategies
e Toys to consider and avoid
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Targets for Intervention-School
Readiness

e Challenges include prediction of child at risk
— BSID not predictive of I1Q

— Many minor morbidities not well detected with
composite assessments

— Tend to become apparent in early school years
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Targets for Intervention
School Readiness

National Education Goals Panel

e Child ready for school
e School ready for child

e Family and community ready for school

Harris LL et al. School Readiness. Up to Date. 2010.

Patrianakos-Hoobler A, Msall ME, Huo D, Marks JD, Plesha-Troyke, Schreiber MD. Predicting school readiness
from neurodevelopmental assessments at age 2 years after respiratory distress syndrome in infants born preterm.
Dev Med Child Neurol 2010; 52: 379-385.
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Targets for Intervention
Parent Preparation

o Parents need to be educated in positive advocacy

« Education on transition to schools
o Special education resources
* Major morbidities and minor morbidities not mutually exclusive
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Targets for Intervention
Collaboration with teachers

42 May 13, 2013 Maddalena



43

Conclusion

Preterm phenotype is
unique and at particular
risk for school difficulty

Lack of awareness in
school, community, and
within the family

Problem has solutions:!
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Future Directions

e Recognition of prematurity as unigue population in
clinical care and educational system

« Extended follow up ideal model with collaboration with
educators

o Specialized training essential

44 May 13, 2013 Maddalena



Future Directions

* Ongoing research needed

* Neonatal care & impacts on outcome

« Correlation to neuroimaging patterns

* Functional outcome measurements needed

* Interventions specific to preterm phenotype

* Increased educator awareness and school interventions!

45 May 13, 2013 Maddalena



Thank Youl!
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