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The Pediatric Brain

Review Brain anatomy and Function
Characteristics of the Pediatric Brain
Neurologic Disorders

− Craniosynostosis
− Febrile seizures
− Epilepsy
− Concussions
Psychiatric Disorders

− Suicide
− Eating Disorders
− Autism Spectrum Disorder
− Behavioral Disorders
− Attention Deficit Hyperactivity Disorder
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Human Brain
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Human Brain- Neuron
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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.
The brain is 73% water, but it takes only 2% dehydration to affect 

attention, memory, and other cognitive skills.
 In adulthood, the dry weight of brain is 60% fat.
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Pediatric Brain
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Pediatric Brain
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Craniosynostosis
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Gallagher ER, et al, Evaluating Fontanels in the Newborn Skull, 
Contemporary Pediatrics, Nov 01, 2013 11



Craniosynostosis- Nonsyndromic

Craniosynostosis is premature closure of the sutures in 
the skull.
Surgical repair is performed for increased ICP or 

cosmetic deformities.
All present at birth, becomes more obvious with growth
No sex predilection or geographic distribution
Nonsyndromic Craniosynostosis repair have a near 

average MR after 1 yr post repair.

Sloan GM, et al, Surgical Treatment of Craniosynostosis: Outcome 
Analysis of 250 Consecutive Patients, PEDIATRICS Vol. 100 No. 1 July 
1997

12



Plagiocephaly

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

13



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.

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

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

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

18



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

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 antiepileptic drug (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
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Traumatic Brain Injuries

Open Head Injuries
−Gunshot wound (GSW)
−Penetrating injuries
−Skull fractures
Closed Head Injuries
−Subdural/Epidural hematomas
−Contusions
−Shaken Baby Syndrome
−Concussions
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Concussions

●Definition: A form of mild traumatic brain injury (mTBI) recognized as a 
clinical syndrome of traumatically induced alteration of brain function 
which is generally self limited.

●There may or may not be a loss of consciousness (LOC).
●There is no generally accepted objective test for diagnosis. Brain MRI 

or CT may be done to rule out more significant pathology.
●Symptoms may occur immediately or not present for hours to days.
●Signs and symptoms can be subtle, and include:

Cognitive/ fatigue
Vestibular (balance)
Ocular (vision)
Mood and/ or anxiety
Migraine Headaches
Cervical discomfort leading to headaches
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Concussions:  Tests

Experimental tests
●GFAP and UHC-L1
●S100B
●Quantitative EEG

Diagnostic Aids
●ImPACT- Immediate Post-Concussion Assessment and Cognitive Test
●SCAT3 - Sport Concussion Assessment Tool
●BESS - Balance Error Scoring System
●formal neuropsychological testing
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Concussions: Incidence

●Between 1.6-3.8 million sports and recreation related concussions 
occur in the United States each year.

●For 15-24 year olds, sports are second only to motor vehicle crashes 
as the leading cause of traumatic brain injuries.

●In Ohio, approximately 4,000 children 18 years and younger are 
treated in emergency rooms each year.

●All states have enacted some form of Return to Play / Concussion 
Safety Law
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Concussions: Complications

●Second Impact Syndrome
− Most serious complication
− Second impact prior to symptom resolution resulting in serious brain injury
− Vascular engorgement and/or bleed leading to massive increase in intracranial 

pressure, brain herniation, severe brain damage and possible death.
− Zachary Lystedt Law, Washington State 2009

●Post Concussion Syndrome
− Persistent post-concussive symptoms lasting 3 months or longer

●Chronic traumatic encephalopathy
− “punch drunk”
− NFL studies- Increase mild cognitive impairment and memory issues in retired 

NFL players who had 3 or more concussions reported
− 61% reported ≥ 1 concussion, 24% reported ≥ 3 concussions

Guskiewicz KM, Marshall SW, Bailes J, et al. 
Association between recurrent concussion and late-life 
cognitive impairment in retired professional football 
players. Neurosurgery. 2005;57(4):719–26
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Concussions: Mortality

●No mortality from a single simple concussion
●Second Impact Syndrome may have mortality
●No good long term studies 
−No objective diagnosis of concussion
−Awareness has changed over the years

●NFL Study published in Neurology, 2012
−Mortality study of NFL players who played at least 5 seasons 1959-

1988
−Overall, player mortality is less than expected (SMR 0.53)
−Neurodegenerative mortality was increased (SMR 2.83)
• ALS (SMR 4.31)
• Alzheimer’s Disease (SMR 3.86)

Lehman EJ, Hein MJ, Baron SL, Gersic CM. 
Neurodegenerative causes of death among retired 
National Football League players. Neurology. 
2012;79(19):1970-1974. 
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Pediatric Psychiatric Disorders

National Health and Nutrition Examination Survey 
(NHANES) National Youth Fitness Survey 2012

29



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

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)
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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

London Study by Chang et al. (2010)

Units = Standardized mortality ratios (SMRs)
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Suicide

 In 2014, 10th highest cause of death in USA
13 deaths/100,000 in 2014
 2nd leading cause of death in 10-14, 15-24, 25-34 year age groups

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 in 2014

By Age (deaths/100,000)
Gender 15-24 yo 25-44 yo 45-64 yo 65-74 yo 75+ yo

male 18.2 24.8 29.7 26.6 38.8
female 4.6 7.2 9.8 5.9 4.0

By Sex  (deaths/100,000)
Men Women
20.7 5.8

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

Bing images obtained “free to modify, share, and use commercially”, 
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Eating Disorders
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Eating disorders 

Anorexia Nervosa
• Restricting caloric intake 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.

38



Eating Disorders

• Meta-analysis of 36 studies from 1966-2010 by Arcelus et al. (2011)

1 in 5 Anorexia Nervosa deaths were from 
suicide

Standardized Mortality Rates
Anorexia Nervosa 5.86

Bulimia 1.93
Eating Disorders NOS 1.92
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Anorexia Nervosa

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?
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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 (RRB), 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 disorder might Stewie have?

Bing images obtained “free to modify, share, and use commercially”, 
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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
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What diagnosis might the Minions get?
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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
– Combine
– 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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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

Units = SMR

P=.032
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ADHD

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%

aADHD = adult ADHD
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ADHD

Dalsgaard et al, Mortality in children, adolescents, and 
adults with attention deficit hyperactivity disorder: a 
nationwide study, The Lancet, 2015.
1.92 million individuals, 32,061 with ADHD, born 1981-2011, 

followed from 1st birthday until 2013 in Denmark.

Mortality in children, adolescents, and adults with attention 
deficit hyperactivity disorder: a nationwide cohort study
Dalsgaard, Søren et al.
The Lancet , Volume 385 , Issue 9983 , 2190 - 2196
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ADHD

Diagnosis Adjusted MRR
ADHD 1.50

ADHD + ODD or CD 2.17
ADHD + Substance Use Disorder 5.63

ADHD + ODD or CD + Substance Use 
Disorder

8.29

ODD or CD or Substance Use Disorder 3.55
Control 1.00

Mortality in children, adolescents, and adults with attention 
deficit hyperactivity disorder: a nationwide cohort study
Dalsgaard, Søren et al.
The Lancet , Volume 385 , Issue 9983 , 2190 - 2196

MMR= Mortality Rate Ratio
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ADHD

Gender MRR
Male 1.27

Female 2.85

Mortality in children, adolescents, and adults with attention 
deficit hyperactivity disorder: a nationwide cohort study
Dalsgaard, Søren et al.
The Lancet , Volume 385 , Issue 9983 , 2190 - 2196

MMR= Mortality Rate Ratio

ADHD without ODD, CD, or substance abuse, broken down by gender

 ODD, CD, and substance abuse disorder increase 
mortality in a dose-response manner

 The increased mortality is driven by deaths from unnatural 
causes, most common being accidents.
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ADHD

 1.57 million children born at term, birthweight>2500 gm, 5 minute APGAR of 10, 
no congenital malformations

Age at first ADHD dx 
(years)

Adjusted MRR

1-5 2.34
6-17 1.32
>17 4.77

No ADHD 1.00

Mortality in children, adolescents, and adults with attention 
deficit hyperactivity disorder: a nationwide cohort study
Dalsgaard, Søren et al.
The Lancet , Volume 385 , Issue 9983 , 2190 - 2196

MMR= Mortality Rate Ratio
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Common ADHD medications           Meds that give me pause

Methylphenidate
Ritalin
Focalin
Metadate
Concerta
Daytrana Patch

Amphetamine
Dextroamphetamine
Vyvanse
Lisdexamfetamine

Atomoxetine/Strattera

Alpha2-adrenergic agonists
● Clonidine/Catapres
● Guanfacine/Intuniv

Antidepressants
● Tricyclic antidepressants

- Desipramine
-Nortiptyline

● Bupropion/Wellbutrin

Atypical Antipsychotics
● Risperidone/Risperdal
● Ziprasidone/Geodon
● Aripiprazole/Abilify

Medications for improved attention
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Questions?

My 2 yo granddaughter, when told she needed shots and a blood draw! 63



Questions?

My 5 mo granddaughters. A grandmother can brag! 64
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