
Regina Rosace, MD, FAAP
AVP & Medical Director
Scor Global Life Americas



The Pediatric Brain

 Review Brain anatomy and Function
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 Neurologic Disorders
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 Suicide
 Attention Deficit Hyperactivity Disorder
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Human Brain

 Consists of neurons, glial cells, and blood vessels
 Consists of about 86 billion neural cells (gray matter)  

and 86 billion non-neural cells
Weighs ~1350 grams (about 3 pounds) and is 

approximately 2% of a human’s mass
 Cerebrum makes up 85% of the brain’s weight
 The brain is 73% water, but it takes only 2% 

dehydration to affect attention, memory, and other 
cognitive skills

 The dry weight of brain is 60% fat
 The brain uses ~20% of the body’s total energy and 

oxygen intake
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Human Brain
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Human Brain

6
Bing images obtained “free to modify, share, and use commercially”, 
8/11/2016



Human Brain- The Humunculus
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Human Brain- Neuron
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Human Brain
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Human Brain

 In general, sensation is posterior, in the brain and spine, and motor is anterior
 Occipital lobes-visual perception and processing
 Temporal lobes-short term memory, receptive language and comprehension, 

musical awareness, facial recognition, behavior (aggression)
 Parietal lobes-touch perception, awareness of body parts, eye hand 

coordination, right left recognition, academic skills
 Frontal lobes-executive function, motivation, problem solving, decision 

making, spontaneity, expressive language, motor integration, voluntary 
movement, sequencing

 Cerebellum- coordination of voluntary movement, gross and fine motor 
coordination, balance and equilibrium

 Brainstem controls-autonomic nervous system, level of alertness, arousal 
and sleep regulation, swallowing food and liquid
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Pediatric Brain

 Newborn brain weighs approximately 350-400 grams, and is 12% of 
total mass vs. ~1350 grams and 2 % of total mass for an adult

 Brains grow immediately at birth, with an initial 1% increase in 
size/day.  By 90 days it has reached 55% of adult size.
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Pediatric Brain

 Newborn brain weighs approximately 350-400 grams, and is 12% of 
total mass vs. ~1350 grams and 2 % of total mass for an adult

 Brains grow immediately at birth, with an initial 1% increase in 
size/day.  By 90 days it has reached 55% of adult size.

 Growth, architectural changes, myelination and synaptic development 
are occurring

 700 new neural connections are formed every second in the first 2-3 
years, then pruning increases
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Pediatric Brain

 Newborn brain weighs approximately 350-400 grams, and is 12% of 
total mass vs. ~1350 grams and 2 % of total mass for an adult

 Brains grow immediately at birth, with an initial 1% increase in 
size/day.  By 90 days it has reached 55% of adult size.

 Growth, architectural changes, myelination and synaptic development 
are occurring

 700 new neural connections are formed every second in the first 2-3 
years, then pruning increases

 Reaches adult number of synaptic connections between 2-3 years of 
age

 Reaches adult size during adolescence
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Febrile Seizures

 Most common neurologic disorder in infant and children
 Occur in 2-5% of children <5 years old 
 Peak incidence of 12-18 months with a 1.6:1 male:female predominance
 Genetic predisposition, often, but not always, runs in families
 Definition

 Seizure
 Temperature >38°C (100.4°F)
 Age >3 months and <6 years old
 Absence of CNS infection (meningitis or encephalitis)
 Absence of a metabolic abnormality that may produce seizures
 No history of previous afebrile seizure

 Simple vs Complex Febrile Seizures
 Simple  <15 minutes duration, do not recur in 24 hours
 Simple febrile seizures are a response to the rate of rise of temperature, rather 

than the height
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Febrile Seizures

 Vestergaard M, Pedersen MG, et al., (2008). Death in children with febrile seizures: a population-based cohort study. Lancet, 372(9637), 
pp. 457-463
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Febrile Seizures

 ~ 1/3 of children at risk of recurrent febrile seizure
 Majority recurred within 1 year, nearly all within 2 years
 Risk is increased in

 Younger age at onset
 Febrile seizures in a first degree relative
 Low degree of fever while in ER
 Brief duration of fever

 Risk of developing epilepsy (afebrile seizures)
 Abnormal neurologic development
 Complex febrile seizure
 Family history of epilepsy
 Multiple febrile seizures

19



Epilepsy

 Seizure: the clinical expression of abnormal, excessive, synchronous 
discharges in the cerebral cortex.  
 Must show abnormal electrical activity on an EEG during the abnormal 

paroxysmal activity.
 A normal EEG between seizures means NOTHING.
 Can be idiopathic or as a result of trauma, electrolyte abnormalities, 

structural lesions, infection, etc.
 Can be focal (partial) or generalized.
 Status Epilepticus is the term used when the seizure is prolonged or 

immediately recurrent without a return of consciousness.
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Epilepsy
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Epilepsy
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Epilepsy

 Seizure: the clinical expression of abnormal, excessive, synchronous 
discharges in the cerebral cortex.  
 Must show abnormal electrical activity on an EEG during the abnormal 

clinical activity
 A normal EEG between seizures means NOTHING
 Can be idiopathic or as a result of trauma, electrolyte abnormalities, 

structural lesions, infection, etc.
 Can be focal (partial) or generalized.

 Epilepsy: 
 Two or more unprovoked seizures > 24 hours apart.
 May be idiopathic, or arise from a variety of genetic, structural, or 

metabolic causes.
 NOT reactive seizures, ie., caused by hyponatremia, hypoglycemia, toxin 

exposure, high fever, acute infection or intracranial bleeding.
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Epilepsy 

 Poor prognosis syndromes have other neurologic deficits associated with 
them
 Infantile Spasms
 Dravet Syndrome
 Lennox-Gastaut Syndrome
 Landau-Kleffner Syndrome

 Benign Syndromes
 Benign Rolandic Epilepsy
 Juvenile Myoclonic Epilepsy
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Epilepsy

 Risk factors for mortality include
 Abnormal neurologic exam
 Intellectual disability
 Structural or metabolic etiology of seizures
 History of status epilepticus
 Poorly controlled epilepsy

 Use of >1 AED at last follow up
 Continued frequent seizures
 Diagnosis of intractable epilepsy
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Epilepsy

 SUDEP
 Sudden Unexplained Death in Epilepsy
 A diagnosis of exclusion
 Most often occurs in the early 20’s (15-44 yo in some studies)
 Risk factors include:

 >1seizure/month
 Polytherapy
 Subtherapeutic AED levels
 Duration of epilepsy >10 yrs
 Severe cognitive impairment

26



Epilepsy
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Epilepsia
Volume 53, Issue 12, pages 2164-2171, 18 SEP 2012 DOI: 10.1111/j.1528-1167.2012.03661.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1528-1167.2012.03661.x/full#f1

Epilepsy‐related mortality is low in children: A 30‐year 
population‐based study in Olmsted County, MN

http://onlinelibrary.wiley.com/doi/10.1111/epi.2012.53.issue-12/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1528-1167.2012.03661.x/full#f1


Craniosynostosis- Nonsyndromic

 Craniosynostosis is premature closure of the sutures in the skull
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Craniosynostosis
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Gallagher ER, et al, Evaluating Fontanels in the Newborn Skull, 
Contemporary Pediatrics, Nov 01, 2013



Craniosynostosis- Nonsyndromic

 Craniosynostosis is premature closure of the sutures in the skull
 Four patterns of prematurely fused sutures
 Surgical repair performed for increased ICP or cosmetic deformities
 Incidence and Prevalence

 Sagittal - 1/5000 live births, most sporadic
 Coronal - 1/10,000 births, 20-30% of surgical cases, FGGR-3 mutation in up to 73% of familial
 Metopic - 1/7000 – 1/15,000 births, 28% associated with intra- and extracranial anomalies
 Lambdoidal - 1/10,000 births, <2% of surgical cases

 All present at birth, becomes more obvious with growth
 No sex predilection or geographic distribution
 All except lambdoidal synostosis can be observed in syndromes
 Nonsyndromic Craniosynostosis repair have a near average MR after 1 yr post repair.
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Sloan GM, et al, Surgical Treatment of Craniosynostosis: Outcome 
Analysis of 250 Consecutive Patients, PEDIATRICS Vol. 100 No. 1 July 
1997



Craniosynostosis
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Positional Plagiocephaly

 1982 – positional plagiocephaly was recognized, but received little attention with a 
prevalence of 1/300.

 1992 – American Academy of Pediatrics’s Back to Sleep Campaign to combat SIDS 
suggested infants sleep only on their backs.  Prevalence increased to19.7% by 4 
months of age.
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Plagiocephaly
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Positional Plagiocephaly

 1982 – positional plagiocephaly was recognized, but received little attention with a 
prevalence of 1/300.

 1992 – American Academy of Pediatrics’s Back to Sleep Campaign to combat SIDS 
suggested infants sleep only on their backs.  Prevalence increased to19.7% by 4 
months.

 Treated with repositioning or orthotic devices such as cranial bands or helmets.
 Surgery not typically used
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Pediatric Psychiatric Disorders
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National Health and Nutrition Examination Survey 
(NHANES) National Youth Fitness Survey 2012



Mortality 

Diagnosis Male Female Total
SMI 2.47 1.89 2.15

Schizophrenia 2.78 1.74 2.25
Schizoaffective 2.35 2.88 2.52

Bipolar 1.76 2.21 1.95
Substance use 3.60 4.67 4.17

Depressive 1.53 1.18 1.29
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London Study by Chang et al. (2010)
2007-2009  1.3 million population with a 31,719 sample >14 yo
Serious Mental Illness (SMI) – schizophrenia, bipolar, depressive 
disorders, or substance use disorders

Units = Standardized mortality ratios (SMRs)



Mortality Statistics in Psychiatry

Diagnosis
15-44 yo 45-64 yo 65+ yo

SMI 4.47 3.10 1.60
Schizophrenia 4.73 3.44 1.63
Schizoaffective 3.96 2.71 2.10

Bipolar 4.09 2.58 1.51
Substance Abuse 6.81 4.40 1.91

Depressive 3.21 1.75 1.18
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London Study by Chang et al. (2010)

Units = Standardized mortality ratios (SMRs)
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What disorder could Homer have?
How about Bart?
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What disorder might Stewie have?
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Oppositional Defiant Disorder

 A pattern of the following behaviors lasting at least 6 months with at 
least four symptoms from the following categories, with at least 1 
individual who is NOT a sibling.
 Angry/Irritable Mood
 Argumentative/Defiant Behavior
 Vindictiveness

 Causes distress in self or others or has a negative impact on social, 
educational or occupational functioning.

 Not a result of psychosis, mood disorder or substance abuse.
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Conduct Disorder

 Persistent pattern of behavior in the past 12 months where the basic rights of others or 
societal norms are violated with the presence of at least 3 items from 15 criteria from 
the following categories:
 Aggression to people and animals
 Destruction of property
 Deceitfulness or theft
 Serious violation of rules

 The behavior causes significant impairment in social, academic, or occupational 
functioning

 Often includes
 Lack of remorse or guilt
 Callousness – lack of empathy
 Unconcerned about performance
 Shallow or deficient affect
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Conduct Disorder
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Conduct: Disorder in children and adolescents INSERM
Collective Expert Reports NCBI
Bookshelf



Conduct DO and ODD
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Soc Psychiatry Psychiatr Epidemiol. 2010 Jul; 45(7): 
695–704



Suicide

 In 2010, 10th highest cause of death in USA
 12.1 deaths/100,000

 Adults          higher rate with mood disorder, panic disorder, and 
substance abuse

 Children and adolescents         higher rate with previous attempts and 
mood disorder, especially in combination with conduct disorder

 Males          higher rate with substance and alcohol abuse

 >90% of people who kill themselves have a diagnosable mental 
illness
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Rate of Suicide on 2010
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By Age (deaths/100,000)
15-24 yo 25-44 yo 45-64 yo 65-84 yo 85+ yo

10.5 15 18.6 14.5 17.6

By Sex  (deaths/100,000)
Men Women
19.9 5.2

Attempt : death ratio
Youth Elderly
25:1 4:1
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What disorder does Cookie Monster have?
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Eating disorders 

Anorexia Nervosa
• (Refusal to maintain body weight at or above a minimally normal 

weight for age and height): Weight loss leading to maintenance of 
body weight <85% of that expected or failure to make expected 
weight gain during period of growth, leading to body weight less than 
85% of that expected.

• Intense fear of gaining weight or becoming fat, even though under 
weight.

• Disturbance in the way one's body weight or shape are experienced, 
undue influence of body weight or shape on self evaluation, or denial 
of the seriousness of the current low body weight.
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Eating Disorders

Bulimia Nervosa
• Recurrent episodes of binge eating characterized by both:

– Eating, in a discrete period of time, an amount of food that is 
definitely larger than most people would eat. 

– A sense of lack of control over eating during the episode.
• Recurrent inappropriate compensatory behavior to prevent weight 

gain.
– ie. vomiting, laxatives, fasting, excessive exercise

• The binge eating and inappropriate compensatory behavior both 
occur, on average, at least once a week for 3 months.

• Self evaluation is unduly influenced by body shape and weight.
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Eating Disorders

Binge Eating Disorder
• Recurrent episodes of binge eating characterized by both:

– Eating, in a discrete period of time, an amount of food that is 
definitely larger than most people would eat. 

– A sense of lack of control over eating during the episode.
• The binge eating occurs, on average, at least once a week for 3 

months.
• Accompanied by feelings of guilt, embarrassment or disgust.
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Eating Disorders
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Eating Disorders

• Meta-analysis of 36 studies from 1966-2010 by Arcelus et al. (2011)
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1 in 5 Anorexia Nervosa deaths were from 
suicide

Standardized Mortality Rates
Anorexia Nervosa 5.86

Bulimia 1.93
Eating Disorders NOS 1.92



Anorexia Nervosa
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Age and Mortality
Age at Diagnosis Standardized Mortality Rate

<15 yo 3
15-19 yo 10
20-29 yo 18
30+ yo 6
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What diagnosis might Bert have?



Autism Spectrum Disorder
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Autism Spectrum Disorder

• Persistent deficits in social communication and social interaction 
across multiple contexts

ie. deficits in social-emotional reciprocity, nonverbal     
communication, maintaining or understanding relationships, …

• Restricted, repetitive patterns of behavior, interests, or activities (at 
least 2) currently or historically

ie. Repetitive movements or speech, inflexibility, highly fixated 
interests, hyper- or hyporeactivity to sensory input, …

• Symptoms must be present in the early developmental period
• Symptoms cause clinically significant impairment
• These disturbances are not better explained by intellectual disability 

or global developmental delay.
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Autism, then and now…

 DSM III – 1980 Infantile Autism
 Onset , 30 months
 Pervasive lack of responsiveness to other people
 Gross deficits in language development
 If speech is present, peculiar speech patterns such as immediate and delayed echolalia, 

metaphorical language, pronominal reversal
 Bizarre responses to various aspects of the environment

 DSM V – 2013 Autism Spectrum Disorder
 Symptoms must be present in the early developmental period (but may not become fully 

manifest until social demands exceed limited capacities or may be masked by learned 
strategies later in life)

 Deficits in social-emotional reciprocity must be present or have been present
 ASD can be with or without accompanying language impairment
 "Peculiar speech patterns" are not required for a diagnosis. However, echolalia and 

idiosyncratic phrases are considered examples of RRBs
 2 or more RRB’s must be present
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Autism Spectrum Disorder

• Behaviors can improve or deteriorate over time

• 20-33% epilepsy

• 40% comorbid psychiatric disorder

• Increased mortality rate

• Adaptive behavior is usually markedly lower than intelligence

• Independent living often compromised

• Mortality is greatest from epilepsy, accidents, and “cause unknown”
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Autism Spectrum Disorder

• 13,111 ambulatory Californians diagnosed with autism between 

1983-1997 by Shavelle et al. (2001)

• Male:Female = 3.9:1

• Death rate of autism + epilepsy is 6x’s that of autism alone
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What diagnosis might the Minions get?



ADHD

• Inattention
• Hyperactivity/impulsivity
• Several inattentive or hyperactive-impulsive symptoms were present 

before age 12 years.
• Several symptoms are present in two or more settings
• There is clear evidence that the symptoms interfere with, or reduce 

the quality of, social, school, or work functioning.

• Three presentations of ADHD
– Combined
– Predominantly inattentive
– Predominantly hyperactive/impulsive
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ADHD

• Inattention: 
– Often fails to give close attention to details or makes careless mistakes
– Often has trouble holding attention on tasks or play activities.
– Often does not seem to listen when spoken to directly.
– Often does not follow through on instructions and fails to finish tasks.
– Often has trouble organizing tasks and activities.
– Often avoids, dislikes, or is reluctant to do tasks that require mental effort over a 

long period of time.
– Often loses things necessary for tasks and activities
– Is often easily distracted
– Is often forgetful in daily activities.
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ADHD

• Hyperactivity and Impulsivity:
– Often fidgets with or taps hands or feet, or squirms in seat.
– Often leaves seat in situations when remaining seated is expected.
– Often runs about or climbs in situations where it is not appropriate (adolescents or 

adults may be limited to feeling restless).
– Often unable to play or take part in leisure activities quietly.
– Is often "on the go" acting as if "driven by a motor".
– Often talks excessively.
– Often blurts out an answer before a question has been completed.
– Often has trouble waiting his/her turn.
– Often interrupts or intrudes on others (e.g., butts into conversations or games)
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Pediatric ADHD Prevalence
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Adult ADHD Prevalence
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ADHD

• Mortality and ADHD in Adults with Childhood ADHD by Barbaresi et 
al. (2013) 

• Rochester, Minnesota, born 1976-1982

• Retrospective and prospective components
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ADHD

Retrospective portion

• 5718 records reviewed
• 367 with childhood ADHD

– 1.9% deceased
– 2.7% incarcerated

• All cause death = 1.88
Not significant

• Accidental death = 1.7

• Suicide = 4.83                                             Significant

67

Units = SMR

P=.032



ADHD

Adult ADHD and Psychiatric Diagnoses
Ψ Dx Ø Ψ Dx

aADHD 23.7% 5.6%

Ø aADHD 33.2% 37.5%
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Prospective portion 

232 with childhood ADHD                        335 Controls
29.3% met criteria for adult ADHD           34.9% with psychiatric diagnosis 



ADHD
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232 patients with childhood ADHD

 87 had no aADHD, no psychiatric disorders    37.5%
 77 had only psychiatric disorder                       33.2%
 13 had aADHD 5.6%
 55 had aADHD and psychiatric disorders         23.7%



Common ADHD medications           Meds that give me pause

Methylphenidate
 Ritalin
 Focalin
Metadate
 Concerta
Amphetamine
 Dextroamphetamine
 Vyvanse
 Lisdexamfetamine
Strattera
Daytrana Patch

Risperidone/Risperdal
Geodon/Ziprasidone
Clonidine
Guanfacine
Intuniv
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Medications for improved attention



Questions?
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My 2 yo granddaughter, when told she needed shots and a blood draw!
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