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Chapter 6: Attention and Developmental Disorders: Attention-

Deficit/Hyperactivity Disorder and Pervasive Developmental Disorders 

 

 

 The attention and developmental disorders cover a wide range of 

conditions that typically emerge during early childhood and in many cases 

continue throughout adolescence and adulthood.  These disorders include 

attention deficit/hyperactivity disorder and the pervasive developmental disorders, 

which are discussed in this chapter because many of their symptoms are managed 

with medication.  A number of other psychological disorders discussed in this text 

(including depression, anxiety, and schizophrenia) may appear during childhood 

but they are not generally classified as attention or developmental disorders.  

Other developmental disorders including mental retardation, learning disorders, 

and motor disorders are not discussed in this text. 

 

Attention-Deficit/Hyperactivity Disorder 

 Attention-deficit/hyperactivity disorders (ADHD) are characterized by a 

pervasive inability to attend to tasks often associated with disruptive and 

excessive motor activity and impulsivity. Children with ADHD have difficulties 
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maintaining attention, following instructions, or completing tasks. Often they will 

begin one task only to be quickly distracted by another making it difficult to 

complete or follow through with any. Approximately 8% of the child population 

between the ages of 4 and 17 is diagnosed with ADHD at any given time. 

Attention disorders affect over 4.5 million children of whom a substantial 

proportion (over 2.5 million) is taking medication to alleviate its symptoms. 

Attention disorders are typically first observed in young children as they begin to 

develop independent locomotion. A diagnosis of ADHD, however, usually occurs 

in elementary school where its symptoms begin to interfere with normal 

functioning.  In many cases ADHD symptoms dissipate in late adolescence or 

early adulthood.  Symptoms of inattentiveness may persist, however, in as many 

as 50% of all cases well into adulthood.  Adulthood ADHD frequently co-occurs 

with other behavioral disorders including depression, anxiety, conduct disorder, 

drug abuse, and/or antisocial behavior. Attention disorders may also co-occur 

with other developmental disorders including autism and Asperger’s disorder.  In 

this chapter we focus on ADHD but include the diagnostic criteria and 

pharmacological treatment of these developmental disorders as well. 

 

  Josh‟s parents suspected their child was hyperactive when he was 

first learning to walk at age 2. Compared with other children his age, Josh 

was in constant motion and was little deterred by his numerous falls and 

altercations with furniture. Like other children he liked toys, but rarely 

spent time with any particular one before moving on to the next. It was as 
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if he were merely attempting to grab and relocate a toy rather than 

actually play with it.  Josh was easily irritated with other children and 

rarely played with them.  In the first grade Josh had difficulty attending to 

reading materials presented by his teacher and he appeared easily 

frustrated by the experience. He was passed on to second grade without 

knowing how to read with the assumption that he was merely slow.  At 

home Josh was getting increasingly demanding of attention from his 

parents.  He couldn‟t entertain himself and he needed constant 

supervision to complete his schoolwork. And, even though he was 

beginning to read in second grade, he would not do it on his own. Josh 

displayed both behavioral problems and learning difficulties throughout 

his elementary school years. He ignored the demands of his teachers and 

behaved aggressively towards other students. His parents assumed he was 

acting out frustration and insecurity from his family relocating three times 

during these years.  

  The diagnosis of ADHD occurred midway through seventh grade 

when Josh‟s teacher recommended a psychological evaluation. His school 

psychologist referred him to a psychiatrist who, after a 20 minute visit, 

diagnosed him with ADHD and prescribed Ritalin. Josh has been on and 

off ADHD medication since then. Now in high school Josh finds little 

relief from medication. It contributed significantly to insomnia which only 

seemed to exacerbate his inattentiveness and ability to concentrate. Josh 

now worries about whether he will earn good enough grades to attend 
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college. He acts out frustration with his poor performance; he remains 

disorganized both at home and at school, is easily distracted, and has few 

friends.  

 

 

 For a diagnosis of an attention disorder using the DSM-IV-TR, symptoms 

of either inattention or hyperactivity-impulsivity must be present for a period of at 

least six months prior to the diagnosis: 

A. At least six of the following symptoms of inattention have been present 

to a point that they are disruptive and inappropriate for the child’s 

developmental level:  

1. Often does not give close attention to details or makes careless 

mistakes in schoolwork, work, or other activities.  

2. Often has trouble keeping attention on tasks or play activities.  

3. Often does not seem to listen when spoken to directly.  

4. Often does not follow instructions and fails to finish schoolwork, 

chores, or duties in the workplace (not due to oppositional behavior or 

failure to understand instructions).  

5. Often has trouble organizing activities.  

6. Often avoids, dislikes, or doesn't want to do things that take a lot 

of mental effort for a long period of time (such as schoolwork or 

homework).  
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7. Often loses things needed for tasks and activities (e.g. toys, school 

assignments, pencils, books, or tools).  

8. Is often easily distracted.  

9. Is often forgetful in daily activities.  

B. At least six of the following symptoms of hyperactivity-impulsivity have 

been present to an extent that they are disruptive and inappropriate for the 

child’s developmental level:  

1. Often fidgets with hands or feet or squirms in seat.  

2. Often gets up from seat when remaining in seat is expected.  

3. Often runs about or climbs when and where it is not appropriate 

 (adolescents or adults may feel very restless).  

4. Often has trouble playing or enjoying leisure activities quietly.  

5. Is often "on the go" or often acts as if "driven by a motor".  

6. Often talks excessively.  

7. Often blurts out answers before questions have been finished.  

8. Often has trouble waiting one's turn.  

9. Often interrupts or intrudes on others (e.g., butts into conversations or 

 games).  

10. Some symptoms that cause impairment were present before age 7.  

11. Some impairment from the symptoms is present in two or more settings 

 (e.g. at school/work and at home).  
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12. There must be clear evidence of significant impairment in social, 

school, or work functioning.  

 

Pathology of attention-deficit/hyperactivity disorder 
 

 While causes of attention-deficit hyperactivity disorder remain elusive, 

there appears to be a consistent pattern of cortical hypoarousal and an increase in 

theta activity in ADHD patients when compared to normal children and 

adolescents. Electroencephalagraph (EEG) studies typically find a higher 

theta/beta activity ratio among ADHD subjects than in normal subjects which is 

consistent with cortical hypoarousal, particularly in the frontal and cingulate 

cortices (Dickstein et al., 2006; Rowe, et al., 2005; Snyder et al., 2006; Zang et 

al., 2007).  Cortical hypoarousal would account for poor attentiveness and 

concentration. 

 

Figure 1: Quantitative EEG (Q-EEG) patterns from normal and ADHD affected 

children. Excessive slow wave activity (alpha and theta activity) is characteristic 

of  ADHD. Reproduced with permission from Jay Gunkelman.  
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 Imaging studies (fMRI) also find decreases in thalamic sensory activity 

suggesting abnormalities in reticular activating system.  Decreases in 

cholinergic input to the sensory thalamus and to the thalamic reticular nucleus 

may contribute to cortical hypoarousal and an EEG pattern that is uncharacteristic 

of the normal beta predominant pattern observed during wakefulness (see Figure 

2).  Corticothalamic projections from the frontal cortex back to the TRN are 

believed to underlie attentional regulation (Zikopoulos et al., 2007) and may 

also be hypoactive in ADHD. These findings may account for the difficulties 

ADHD patients have in attending to objects or tasks for extended periods of time. 

Stimuli or tasks that would normally arouse the cortex via the thalamocortical 

pathway are apparently inhibited by the thalamic reticular nucleus (TRN). During 

normal wakefulness cholinergic input to the TRN disinhibits the attentional gate 

allowing for cortical arousal. In ADHD the attentional gate is essentially closed 

and the cortex remains under aroused. 

 

 



 8 

 

Figure 2: Cholinergic neurons originating in the pons project to both the sensory 

thalamus and to the thalamic reticular nucleus (TRN). During normal 

wakefulness projections to the sensory thalamus facilitate thalamocortical activity 

while projections to the TRN disinhibit the inhibitory influence the TRN has over 

the sensory thalamus (inhibition of inhibition = facilitation). The effect is to open 

the “attentional gate” allowing sensory input to reach and arouse the cortex. In 

ADHD the reticular activating system is hypoactive resulting in the inhibition of 

the sensory thalamus. Projections from the thalamus to the cortex are therefore 

inhibited contributing to cortical hypoarousal and a more synchronized EEG 

pattern characterized by abnormal theta activity.  

 

 Research also indicates that children with ADHD may express delayed 

cortical maturation when compared to age-matched controls. In a large study 

conducted at the National Institute of Mental Health researchers using magnetic 

resonance imaging compared cortical thickness in 223 children with ADHD with 

223 normal controls. While these groups showed similar developmental patterns 

in their primary sensory cortices, there were significant differences in cortical 

thickness in remaining cerebral areas. These differences were most pronounced in 

the prefrontal regions (Shaw et al., 2007).  What is presently unknown is whether 

delayed cortical maturation is a result of cortical hypoarousal or the cause of it. 
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 Stimulant drugs appear to normalize cortical activity by increasing beta 

activity and decreasing slower wave alpha and theta activity in the frontal cortices 

(Loo et al., 2004; Pliszka, 2007; Song et al., 2005). These effects are most evident 

in ADHD subjects who respond well to stimulant medication. Stimulant drugs 

may act directly on catecholamine pathways within the frontal and cingulate 

cortices, by facilitating ascending cholinergic activity to the thalamus, or by both 

of these mechanisms.  

 Decreased activity in the brain’s arousal systems and their targets in 

cortical areas often appear contradictory to the hyperactive and impulsive 

symptoms observed with ADHD.  That is, how could an individual with 

hyperactivity be under aroused?  While it has been suggested that cortical 

hypoarousal is causally related to inattention and distractibility, hyperactivity and 

impulsivity, on the other hand, may be attempts by patients to increase neural 

arousal by engaging in ADHD-typical behaviors including self-stimulation and 

attention-seeking (Antrop et al., 2000; White, 1999). The excessive appearance of 

these behaviors typifies ADHD.  

 

Dopamine Deficit Theory of ADHD 

 The Dopamine Deficit Theory of ADHD proposes that depressed 

dopamine activity in the caudate nucleus and frontal cortices may contribute to 

cortical hypoarousal.  Research from a variety of studies provides evidence for an 

increased expression of the dopamine transporter in ADHD patients (Swanson, et 

al., 2007; Volkow, et al., 2007). Specifically, studies using radioactive ligands for 
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the dopamine transporter have found increased DAT numbers in ADHD patients 

in the caudate nucleus when compared to matched control subjects. As illustrated 

in Figure 3 these differences were not observed in the putamen, however (Spencer 

et al., 2007). The dopamine transporter (DAT) plays a key role in regulating 

dopamine activity throughout the brain by determining synaptic dopamine 

availability.  An increase in DAT expression in the caudate nucleus and frontal 

cortices is believed to diminish dopamine availability and receptor activity in 

ADHD.  Depressed dopamine activity is presumed to contribute to cortical 

hypoarousal and inattention.  

 

 

Figure 3: Increased dopamine transporter (DAT) expression (means & SE) in the 

caudate nucleus but not in the putamen in 21 ADHD patients compared to 26 

matched control subjects. Data derived from Spencer et al., (2007). 

 

Measuring ADHD Severity and Improvement 

 Like other psychological disorders, ADHD cannot be objectively 

measured so clinicians and researchers need to rely on psychological evaluation to 

determine its severity and whether treatments are effective. It is important for 
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students and researchers alike to understand just how this research is conducted to 

better evaluate treatment effectiveness.  

 Perhaps one of the most widely used assessment scales for measuring 

treatment outcomes for ADHD is the Connor’s Global Index (CGI) scale. The 

Connor’s scale comes in several different forms including assessments to be used 

by parents and teachers. A subscale of the Global Index (CGI-ADHD) is typically 

used to assess changes in ADHD specifically and is based on the DSM-IV 

diagnostic criteria.  Like psychological evaluations discussed in previous 

chapters, the CGI requires raters to judge the severity or frequency of an 

assortment of symptoms and behaviors. Figure 4 shows a representative 

comparison of treatment outcomes as measured by the Connor’s ADHD subscale. 

In this study 128 patients aged 6 to 14 years participated. These subjects were 

randomly assigned to receive either Ritalin or a placebo for 2 weeks. Baseline 

ADHD scores were assessed by the Connor’s ADHD scale before treatment 

commenced and again after the final treatment at 14 days.  In this comparison 

Ritalin significantly reduced symptom severity while the placebo had no 

discernable effect. Other psychological assessment scales are used to evaluate 

ADHD and they tend to reveal similar results.  

 A more objective assessment involves either fMRI or EEG to measure 

changes in cortical activity following treatment. The costs and limited availability 

of these methods, however, often restrict their use to smaller research studies at 

major research institutions.  
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Figure 4:  The effects of Ritalin vs. placebo on Connor‟s ADHD rating scores 

(means and standard errors). Ritalin significantly reduced symptom severity from 

a pretreatment baseline to the final treatment at 14 days. Scores slightly worsened 

for the placebo group. Data summarized from Biederman et al., (2003). 

 

Pharmacological treatment of attention-deficit/hyperactivity disorder 

 

Amphetamines and Methylphenidate 

 

 In 1999 the National Institute of Mental Health (NIMH) published its 

findings from a 14 month study of treatment options for ADHD.  A major 

conclusion from this study was that treatments which included stimulant 

medication were far superior to intensive behavioral treatment or community-

based treatment alone. In addition, children treated with medication (either alone 

or in combination with intensive behavioral therapy) showed greater 

improvements in academic performance and social skills than children in the non 

medicated comparison groups. The use of stimulant medication is now widely 

considered to be vital to an effective treatment program even in younger children.  

Concerns about the potential risks of stimulant abuse and increases in substance 

abuse appear to be unwarranted.  In fact, drug abuse risk appears to decrease 

among stimulant-treated ADHD patients compared to their non treated cohorts 
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(Faraone et al., 2007).  Because an increase in substance abuse risk is associated 

with ADHD these findings are particularly noteworthy since they reveal stimulant 

medication may actually protect against later drug abuse.  

 

 Amphetamines have been used for the treatment of ADHD since the early 

1930s. These stimulant drugs include dextro-amphetamine (Dexadrine), 

dextro/levo-amphetamine (Adderall), and the most recently approved 

amphetamine for ADHD lisdexamfetamine (Vyvanse).  The dextro-amphetamine 

isomer is the main compound and active ingredient in Adderall and Vyvanse 

which contain other amphetamine structural isomers.   

 Methylphenidate (Ritalin) and dexmethylphenidate (Focalin) are also 

stimulant drugs which are virtually indistinguishable in their effects from the 

amphetamines. Daytrana, a methylphenidate, is only available as a skin patch to 

provide slower, extended release as well as to reduce abuse potential. Research 

comparing the effectiveness of amphetamines and methylphenidates reveal little 

differences in their effectiveness or side effect profiles.  Both of these classes of 

drugs are available in rapid and extended release formulations.  At the time of this 

writing methylphenidate and other amphetamine compounds accounted for over 

90% of the prescription medication for ADHD.  

 

Mechanisms of Amphetamine and Methylphenidate Action 

 Amphetamines (including methamphetamine to be discussed later) have 

perhaps some of the most complex and wide ranging synaptic effects of any 
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psychoactive drug (see Figure 5).  They increase synaptic concentrations of both 

norepinephrine and dopamine by several distinct mechanisms. First of all, 

amphetamines block reuptake transporters for norepinephrine as well as 

increase the amount of NE released into the synapse. Both of these effects 

contribute to enhanced NE activity in both the brain and the peripheral nervous 

system.  

 

 

Figure 5: Amphetamines (including methamphetamine) increase the availability 

of dopamine in several distinct ways including: (1) by binding to the pre-synaptic 

membrane of dopaminergic and noradrenergic neurons it increases the release of 

both norepinephrine and dopamine from synaptic vesicles; (2) by causing the 

transporters for dopamine to act in reverse transporting vesicular dopamine back 

into the terminal and to transport this “free”  dopamine into the synaptic cleft; 

and (3) by blocking the re uptake transporter for norepinephrine. 
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 Amphetamines also contribute to increased dopamine activity by several 

different mechanisms. Amphetamines bind to the vesicular transporter and cause 

dopamine to be released from its storage vesicles into the cytoplasm of the 

terminal button. This “free” dopamine is then transported into the synaptic cleft 

by amphetamine-induced reversal of the dopamine transporter (DAT). 

Amphetamines also increase the amount of dopamine released from synaptic 

vesicles during neuronal signaling. These combined mechanisms enhance extra 

cellular concentrations of dopamine significantly.   

 The mechanisms by which amphetamines contribute to cortical arousal in 

ADHD appear to be complex as well. Dopamine contributes to cortical arousal 

via the mesocortical pathway originating in the nucleus accumbens. Increased NE 

activity contributes to cortical arousal via the reticular activating system 

originating in the locus coeruleus. The relative contributions of these systems to 

ADHD remains unknown, however, as discussed in the previous section, 

depressed dopamine activity in the caudate nucleus and the prefrontal cortices are 

presumed to play important roles in ADHD symptoms. Amphetamines may act to 

increase and stabilize this activity. 
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Figure 6: Dopamine pathways originate in the substantia nigra and ventral 

tegmental area of the pons. The nigrostriatal system innervates the basal ganglia 

while the mesolimbic-cortical system projects to the nucleus accumbens and to 

the frontal cortex. 

 

 

 

 

 

Figure 7: Norepinephrine pathways originate in the locus coeruleus and project 

along the reticular activating system to the frontal cortex.  

 

 

 

 



 17 

 

 

Side Effects of Amphetamine and Methylphenidate 

 While the amphetamines remain the treatment of choice for ADHD and 

narcolepsy, they are not without significant side effects. The most noticeable 

effects are insomnia, nervousness, irritability, weight loss, and dizziness. Because 

amphetamines enhance noradrenergic activity peripherally as well as centrally 

they may also cause hypertension, tachycardia, and cardiac arrhythmias.  In 

excessive doses or overdose amphetamines are known to induce psychotic states, 

seizures, and cardiac failure. While these effects may seem extreme, the most 

common side effects with prescribed doses are well managed by dosing early in 

the day and by using slower release formulations or transdermal patches.  

 In 2003-2005 several studies were released suggesting that 

methylphenidate (Ritalin) might be associated with an increase in cancer (El-Zein 

et al., 2005).  However, larger follow-up studies conducted in Germany found no 

such association (Walitza et al., 2007).  Methylphenidate was also implicated in 

delayed growth in children, but again, researchers investigating this alleged side 

effect monitored 229 children for 2 years and found no evidence for delayed 

growth or maturation (Wilens et al., 2005).  Methylphenidate continues to be the 

most widely prescribed drug for ADHD, but because of the stigma associated 

with stimulant use, and its alleged potential for abuse, physicians and parents are 

seeking alternatives.  
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Alternatives to Amphetamine and Methylphenidate for ADHD 

 
 Several effective alternatives to amphetamines are now available for 

treating ADHD including atomoxetine (Strattera) and modafinil (Provigil).  While 

both of these drugs are promoted as non stimulants, they do resemble the 

amphetamines in that they block re uptake transporters for norepinephrine and 

dopamine and they do promote wakefulness and increases in activity (Madras et 

al., 2006). Specifically, modafinil (Provigil) appears to increase norepinephrine 

and dopamine activity in the brainstem and forebrain areas that regulate sleep and 

promote wakefulness (Wisor et al., 2005).  Recent research suggests that 

modafinil may activate hypothalamic centers that regulate sleep-wake cycles by 

inducing orexin release (Kim et al., 2007; Rao et al., 2007). Orexin is an 

excitatory neuromodulator that regulates the activity of catecholamine brainstem 

nuclei involved in arousal. Modafinil appears to promote alertness by increasing 

histamine release in the tuberomammillary nucleus of the hypothalamus. 

Histamine activity in the hypothalamus is known to regulate sleep and 

wakefulness by activating hypothalamic nuclei involved in arousal.  Increasing 

histamine activity contributes to wakefulness while histamine blockade causes 

drowsiness and sedation. The potent sleep promoting effect of antihistamines is 

well known.  

 Modafinil is approved for narcolepsy and excessive sleepiness associated 

with sleep apnea and shift-work sleep disruptions. Its off label use for ADHD is 

supported by several studies including comparison studies with methylphenidate. 

For example, Amiri et al., (2008) found modafinil to be as effective as 
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methylphenidate in reducing ADHD symptoms with fewer side effects. Subjects 

taking modafinil reported better appetites and fewer sleep difficulties than those 

taking methylphenidate.  Other side effects associated with modafinil included 

headache, nervousness, agitation, dry mouth, and hypertension—all similar to the 

amphetamines and methylphenidate.  

 Atomoxetine (Strattera) is a catecholamine agonist that selectively blocks 

re uptake transporters for norepinephrine. It may also increase dopamine activity 

in the frontal cortex indirectly.  Originally developed as an antidepressant, 

atomoxetine was tested for efficacy in ADHD patients because of its effects on 

norepinephrine transporters.  A number of studies have found atomoxetine to be 

as effective as methylphenidate or more effective than placebos in well designed 

studies. A meta-analysis of research conducted prior to 2007 also concluded that 

atomoxetine was effective in treating ADHD (Cheng et al., 2007).  While 

atomoxetine is promoted as a non stimulant, its agonizing effects on 

norepinephrine activity, as well as its side effect profile, resemble amphetamine 

and methylphenidate. Its most notable side effects include gastrointestinal 

discomfort, decreased appetite, insomnia, agitation, increased heart rate, and 

hypertension. A comparison of 120 atomoxetine and 114 placebo treated patients 

using the Connor’s ADHD rating scale is presented in Figure 8. As shown, 

atomoxetine significantly reduced ADHD symptoms after 14 days of treatment. 



 20 

 

Figure 8: Comparison of atomoxetine and placebo treatment on Connor‟s ADHD 

evaluation scores. Atomoxetine significantly reduced ADHD symptoms relative to 

placebo controls. (Data from Spencer et al., 2002). 

 
 

 
Table 1: Commonly prescribed drugs for treating ADHD. Other drugs may be 

used in addition to those mentioned here to address specific symptoms which may 

co occur with ADHD. These may include antidepressants, anxiolytics, and in 

some cases antipsychotics. 

 

 

Pharmacological Treatment for ADHD 

Drug Name Trade Names Mechanisms of Action 

Amphetamine 

Dexadrine, Adderall, 

Vyvanse 

Increases both NE and DA availability in 

synapse by multiple mechanisms (see Figure 4) 

Methylphenidate 

Ritalin, Metadate, 

Concerta, Daytrana 

Increases both NE and DA availability in 

synapse by blocking re uptake transporters 

Dexmethylphenidate Focalin 

Increases both NE and DA availability in 

synapse by blocking re uptake transporters 

Atomoxetine Strattera 

Increases NE activity by selectively blocking 

NE re uptake transporters  

Modafinil Provigil 

Increases NE activity in hypothalamus by 

blocking re uptake transporter; increases orexin 

release in hypothalamus; increases histamine 

release in tuberomammillary neurons 

Premoline Cylert (discontinued in 2005 because of liver toxicity) 
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Pervasive Developmental Disorders: Autistic Spectrum Disorders 

 Autistic spectrum disorders are the most prevalent of the pervasive 

developmental disorders (PDD).  The autistic spectrum disorders include 

autistic disorder, Asperger’s disorder, and Rett’s disorder—a rare condition that 

only occurs in females.  Autistic and Asperger’s disorders are presented here as 

distinct disorders because they are described with different diagnostic criteria in 

the DSM IV TR. Considerable debate continues among clinicians and 

researchers, however, about whether these are distinct conditions with different 

underlying pathology or whether they represent an autistic continuum with 

Asperger’s disorder being a less sever and more functional appearance of autism.  

Because describing Asperger’s disorder as a distinct psychological condition is a 

relatively recent addition to the DSM, prevalence data for it are rather limited. It 

appears, however, that together the pervasive developmental disorders may 

affect as many as 90 to 110 in every 10,000 children (Kogan et al., 2009). Autism 

is the most common of the PDD with rates approaching 50 to 70 per 10,000 

children and Asperger’s disorder affecting as many as 20 to 30 per 10,000. Both 

of these disorders occur about four times more frequently in males than in 

females. The reason for the wide variation in prevalence estimates appears to be 

related to inconsistencies in survey methods, the use of different diagnostic 

criteria, and whether children with low IQ are included in the estimate. 

 Autistic disorder was first named in 1943 by Leo Kramer who identified a 

group of 11 children with the condition early infantile autism.  At about the 

same time Hans Asperger, an Austrian physician, used the term autistic 
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psychopath in his description of what is now known as Asperger’s disorder.  

Prior to the use of these modern terms, autistic and Asperger’s disorders fell into 

categories of mental retardation and infantile schizophrenia.  

 The first symptoms of these disorders are most often observed by parents 

who notice a marked lack of responsiveness to others or objects, a tendency to 

withdraw from social interaction, and a lack of verbal and non verbal 

communication. In many cases these children engage in repetitive and self-

abusive behaviors. While autistic spectrum disorders may co occur with other 

developmental disorders, including mental retardation and growth abnormalities, 

these conditions are not required for a diagnosis.   

Autistic disorder 

 According to the diagnostic criteria (DSM-IV-TR) the following 

indicators must be present for a diagnosis of autistic disorder: 

A. qualitative impairment in social interaction, as manifested by at least 

two of the following: 

1. marked impairments in the use of multiple nonverbal behaviors 

such as eye-to-eye gaze, facial expression, body posture, and 

gestures to regulate social interaction 

2. failure to develop peer relationships appropriate to 

developmental level 

3. a lack of spontaneous seeking to share enjoyment, interests, or 

achievements with other people, (e.g., by a lack of showing, 

bringing, or pointing out objects of interest to other people)  
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4. lack of social or emotional reciprocity (e.g., not actively 

participating in simple social play or games, preferring solitary 

activities, or involving others in activities only as tools or 

"mechanical" aids ) 

 

B. qualitative impairments in communication as manifested by at least one 

of the following:  

1. delay in, or total lack of, the development of spoken language 

(not accompanied by an attempt to compensate through alternative 

modes of communication such as gesture or mime) 

2. in individuals with adequate speech, marked impairment in the 

ability to initiate or sustain a conversation with others 

3. stereotyped and repetitive use of language or idiosyncratic 

language 

4. lack of varied, spontaneous make-believe play or social 

imitative play appropriate to developmental level 

C. restricted repetitive and stereotyped patterns of behavior, interests and 

activities, as manifested by at least one of the following:  

1. encompassing preoccupation with one or more stereotyped and 

restricted patterns of interest that is abnormal either in intensity or 

focus 

2. apparently inflexible adherence to specific, nonfunctional 

routines or rituals 

3. stereotyped and repetitive motor mannerisms (eg., hand or 
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finger flapping or twisting, or complex whole-body movements) 

4. persistent preoccupation with parts of objects 

 

2.  Delays or abnormal functioning in at least one of the following areas, with 

onset prior to age 3 years:  

A. social interaction 

B. language as used in social communication 

C. symbolic or imaginative play 

 

  Jeffery appeared to be perfectly normal in every way until 

he was about 2 ½ years old. While other children his age were 

learning to speak, he was becoming more and more withdrawn. 

His parents assumed he was having hearing problems because he 

reacted very little to their commands or attempts to engage him 

verbally. By 3 years of age Jeffery‟s behavior was becoming more 

and more concerning. He would clutch a toy showing no interest in 

others given to him and he rarely responded to attempts by his 

parents to play.  Attempts by his brother, who was a year and a 

half older, to engage in play were also rejected by withdrawal or 

outburst of anger. While his older brother could be entertained by 

television, Jeffery didn‟t even appear to realize that it was on.  He 

could sit for long periods, content to manipulate a moving part on 

a small toy while rocking back and forth. Abrupt noises or 

appearances of others would often cause Jeffery to react strongly 

as if he were suddenly surprised anyone else was present. Tests of 

his hearing were conducted with great difficulty and followed by a 

referral to a child psychiatrist. Jeffery was determined to have 

normal hearing, but was diagnosed with autistic disorder at the 

age of 4.  

  Jeffery displays several characteristic abnormalities of 

autistic disorder. He shows a total lack of verbal communication, a 

deficit in emotionality, no ability to interact or connect with his 

peers, and stereotypy in his motor movements. The prognosis for 

Jeffery is poor as he will likely present abnormalities in language 

usage and emotionality for much of his life. Treatment will include 

various attempts at behavior modification to teach him personal 

hygiene and minimal social skills.  Medication for his agitation 
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and bouts of depression will also be used. As Jeffery enters his 

teenage years he will become increasingly aware of his condition 

and just how different he is from other kids his age. The painful 

recognition that he is socially awkward as well as his developing 

sexuality will likely lead to a deterioration of his condition. 

Outbursts of aggression will increase to express his increasing 

frustration and to combat the hurtful comments and gestures 

offered by his classmates. 

 

Asperger’s disorder 

 There has been a fairly dramatic rise in the number of Asperger diagnoses 

over the past few years. Whether this increase represents a real increase in it 

prevalence or whether the diagnostic criteria have become clearer is unknown.  

There is considerable debate, however, about whether Asperger’s disorder 

represents a clinically distinct pervasive developmental disorder or whether it is 

on the high-functioning end of a continuum of autistic disorders. The DSM-IV-

TR diagnostic criteria for Asperger’s disorder are essentially identical to those for 

autistic disorder without the severe impairments in speech development.  

 

A. Qualitative impairment in social interaction, as manifested by at least two of 

the following: 

    1. marked impairment in the use of multiple nonverbal behaviors such 

       as eye-to-eye gaze, facial expression, body postures, and gestures  

       to regulate social interaction 

    2. failure to develop peer relationships appropriate to developmental 

       level 

    3. a lack of spontaneous seeking to share enjoyment, interests or 

       achievements with other people (eg., by a lack of showing, bringing,  
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       or pointing out objects of interest to other people) 

    4. lack of social or emotional reciprocity (e.g., not actively participating in 

simple social play or games, preferring solitary activities, or involving others in 

activities only as tools or "mechanical" aids ) 

B. Restricted repetitive and stereotyped patterns of behavior, interests, and 

activities, as manifested by at least one of the following: 

    1. encompassing preoccupation with one or more stereotyped and 

       restricted patterns of interest that is abnormal either in intensity  

       or focus 

    2. apparently inflexible adherence to specific, nonfunctional routines 

       or rituals 

    3. stereotyped and repetitive motor mannerisms (eg., hand or finger 

       flapping or twisting, or complex whole-body movements) 

    4. persistent preoccupation with parts of objects 

C. The disturbance causes clinically significant impairment in social, 

occupational, or other important areas of functioning. 

D. There is no clinically significant general delay in language  

   (eg., single words used by age 2 years, communicative phrases used by  

   age 3 years).  

E. There is no clinically significant delay in cognitive development or in 

   the development of age-appropriate self-help skills, adaptive behavior 

   (other than social interaction), and curiosity about the environment in 

   childhood. 
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  CJ‟s mother first recognized problems with her 8 month old 

after an automobile accident when he bruised his head.  At about 

this time he became increasingly withdrawn and isolated. He could 

sit for long periods watching his hands as he made elaborate 

repetitive movements with them in front of his eyes. CJ was also 

becoming more emotionally distant. He reacted very little to 

attempts by his parents to engage him and he rarely made eye 

contact with anyone. CJ began to speak in single words before his 

second birthday and appeared fascinated by some words and 

repeated them over and over whenever he used them. For example, 

when his father left for work he would say “bye bye”, but then 

continue to repeat this for 10 to 15 minutes after his father had left 

the house. Throughout this recitation he appeared completely 

distracted and did not display any emotion at all to his father‟s 

leaving.   CJ appeared normal in his ability to learn and to use 

language. His vocabulary was far larger than any child in his 

kindergarten and he learned to read almost spontaneously.  By 

first grade he was reading third and fourth grade material easily, 

but apparently without much comprehension. He also learned 

numbers easily and would repeat drawing them with perfection 

until an entire page was filled. If disrupted from this task he would 

scream in protest. CJ„s experiences in elementary school were not 

unlike most of his peers. He had difficulty socializing and 

preferred to be left alone with his drawing numbers and symbols. 

His problems of socialization were confounded by his inability to 

understand the implications of his unthoughtful actions on others. 

If someone has something he wants he simply takes it away, if they 

are speaking he interrupts, and he appears unaware of another‟s 

personal space.  He has been reprimanded on several occasions 

for inappropriately touching others. 

  Because CJ is above normal intelligence and has no 

difficulty learning he will likely lead a productive, but socially 

unfulfilling life. Like the autistic Jeffery, CJ will also begin to 

recognize how different he is from others in later school years. And 

like Jeffery, as his sexuality emerges in his teenage years he will 

most likely be frustrated by his social incompetence and lack of 

friends. In addition, the teasing he now receives in fourth grade 

will likely be no comparison to that he will receive later on. CJ will 

most likely suffer from depression as an adolescent and adult. If he 

is like other Asperger‟s children he will also experience the effects 

of a range of medication including Ritalin, Prozac, Depakote, and 

Clozaril as doctors desperately attempt to manage his array of 

symptoms. 
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Pathology of autistic spectrum disorders 

 While the causes of autistic spectrum disorders remains allusive, perhaps 

some of the most consistent pathological correlates of these disorders are cortical 

underconnectivity and deficits in both functioning and volume of the anterior 

cingulate cortex.  The theory of cortical underconnectivity proposes that autism is 

a result of deficits in white matter that makes up the cortical circuits that 

integrate intrahemispheric connections. These integrative circuits are essential for 

normal cognitive and social functioning which require the integration of activity 

from a variety of cortical structures involved in social, language, problem solving, 

and decision making functions (Barnea-Goraly et al., 2004; McAlonan et al., 

2004; Silk et al., 2006). For instance, a number of studies comparing autistics 

with normal subjects have reported less connectivity and synchronized activity in 

left temporal areas involved in language comprehension in autism. Using fMRI, 

Just et al., (2004) found that autistics showed less activity in the left inferior 

frontal gyrus (Broca’s area) but more activity in the left posterior superior 

temporal gyrus (Wernicke’s area) while engaged in sentence comprehension tasks 

(Figure 9). For example, subjects were asked to read a sentence displayed on a 

computer monitor and then asked to respond by identifying the recipient of action.  
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 Additionally these authors found that activation between these language 

areas was less temporally synchronized in the autistic group during 

comprehension tasks. That is, there was a significant delay in cortical activation 

during the comprehension tasks when compared to non autistic control subjects. 

Functional underconnectivity is presumed to account for that wide range of 

deficits observed in autistic disorders including language comprehension, 

judgment, and social cognition which require the integration and temporal 

synchronization of activity from several cortical areas.  Deficits in the 

development of meylination throughout the corpus callosum and the cortex are 

presumed to underlie autistic disorders.  

  

 

Example of sentence comprehension task:   

  The cook thanked the father. 

  Who was thanked? cook or father 
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Figure 9: Brain activity measured by fMRI in autistic and normal control subjects 

during a sentence comprehension task. Autistic subjects (A) showed less activity 

in the left inferior frontal gyrus but more activation in the left superior temporal 

gyrus (circled areas) than control subjects (B).  Image from Just et al., (2004). 

 

 

 In addition to underconnectivity, autistic disorders are also associated with 

abnormalities in the corpus callosum which connects left and right cortical 

hemispheres. The corpus callosum is a band of approximately 200 million 

interconnecting myelinated axons that unite left and right cortical areas as well as 

intrahemispheric regions. A number of studies have reported reductions in corpus 

callosum size, particularly in the anterior (genu) and posterior (splenium) regions, 

in autistics (Barnea-Goraly et al., 2004; Hardan et al., 2000; Hughes et al., 2007; 

Just et al., 2007).  It has been proposed that this reduction constrains functional 

connectivity within and across cortical regions. A moderate correlation between 

genu area and functional connectivity between frontal and parietal areas supports 

this hypothesis (Figure 10). 
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Figure 10: Horizontal section through the human brain revealing the corpus 

callosum. The anterior genu and posterior splenium are significantly reduced in 

size in autistics. 

 

 

 

Figure 11: Moderate positive correlation between the size of genu of the corpus 

callosum and functional connectivity between frontal and parietal areas. From 

Just et al., (2007). 
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Pharmacological Treatment of Autistic Spectrum Disorders 

 Unlike other disorders discussed in this text, autistic disorders are not 

believed to be a consequence of abnormal synaptic activity or neuronal 

communication. Therefore, pharmacological intervention is not likely to improve 

its most prominent symptoms. However, autistic spectrum disorders commonly co 

occur with symptoms of depression, anxiety, hyperactivity, seizures, and/or 

severe behavioral agitation.  These conditions are often managed with drugs that 

have been approved for other psychological disorders and are therefore used off-

label (a non FDA approved use) for autistic disorders. A list of drugs that are 

commonly prescribed along with the behavioral symptoms they effectively 

manage is presented in Table 2. All of these drugs are described in some detail in 

other chapters so their mechanisms of action will not be discussed here.  
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Drug Name 

Trade 

Name Behavioral Symptoms Classification 

methylphenidate Ritalin inattention, hyperactivity stimulant 

lorazepam Ativan hyperactivity, anxiety 

anxiolytic, 

hypnotic 

Diazepam Valium hyperactivity, anxiety 

anxiolytic, 

hypnotic 

fluoxetine Prozac pediatric depression, anxiety, OCD antidepressant 

fluoxamine Luvox depression, anxiety, OCD antidepressant 

sertraline Zoloft depression, anxiety, OCD antidepressant 

clomipramine Anafranil OCD, anxiety, depression antidepressant 

haloperidol Haldol psychosis, behavioral agitation, tics antipsychotic 

risperidone Risperidol 

psychosis, behavioral agitation, 

mania antipsychotic 

olanzapine Zyprex 

psychosis, behavioral agitation, 

mania antipsychotic 

carbamazepine Tegretol bipolar depression, seizures, mania 

antimanic, 

antiseizure 

lamotrigine Lamictal bipolar depression, seizures, mania 

Antimanic, 

antiseizure 

topiramate Topamax pediatric seizures, migraine antiseizure 

valproate Depakote seizures, migraine antiseizure 

 

Table 2: Drugs used off label to treat symptoms accompanying autistic 

spectrum disorders.  
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Chapter 6: Glossary of terms in bold 

 

 

 

Attention-Deficit/Hyperactivity Disorder a disorder characterized by 

difficulties in attention to tasks, excessive motor activity, and impulsivity. Often 

diagnosed in early childhood but may persist into adulthood. 

 

Hypoarousal a decrease in cortical arousal characterized by an increase in slow 

wave alpha and theta activity observed with an electroencephalograph (EEG). 

 

Theta activity cortical EEG activity in the range of 3.5 to 7.5 Hz often observed 

during the early stages of sleep. 

 

Beta activity desynchronized EEG activity ranging between 13 to 30 Hz typical 

of the normal aroused state. 

 

Alpha activity defined as EEG activity between 8 and 12 Hz characteristic of a 

relaxed or meditative state.  

 

Reticular activating system  a system of neurons originating in the reticular 

formation of the brainstem projecting to the thalamus and cortex. The reticular 

activating system is involved in attention and cortical arousal. 

 

Sensory thalamus regions of the thalamus that receive sensory information and 

project it to the cortex via the thalamocortical pathway.  

 

Thalamic reticular nucleus outer cortex of the thalamus that regulates the 

sensory thalamus and activity along the thalamocortical pathway. Functions as an 

“attentional gate” by allowing or inhibiting sensory input to the cortex. 

 

Attentional regulation the process whereby cortical input to the thalamus filters 

and allows attention to specific sensory information.  

 

Attentional gate the inhibitory influence of the thalamic reticular nucleus to 

regulate sensory information along the thalamocortical pathway. 

 

Dopamine Deficit Theory depressed dopamine activity in the caudate nucleus 

and frontal cortices may contribute to cortical hypoarousal in ADHD. 

 

Dopamine transporter (DAT) proteins on the presynaptic membrane that 

selectively transport extracellular dopamine back into the terminal button. 

Responsible for dopamine reuptake.  

 

Reuptake transporters proteins on the presynaptic membrane that transfer 

neurotransmitter substances in the synaptic gap back into the terminal button.  
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Locus coeruleus a nucleus of noradrenergic cell bodies located in the pons near 

the fourth ventricle. 

 

Tuberomammillary nucleus a nucleus of histaminergic cell bodies located in the 

ventral surface of the hypothalamus. Believed to be involved in cortical arousal.  

 

Pervasive Developmental Disorders a group of developmental disorders 

characterized by deficits in language, social interaction, and motor development.  

 

Autistic Spectrum Disorders the autistic spectrum disorders include autistic 

disorder, Asperger’s disorder, and Rett’s disorder. 

 

Early infantile autism term first used by Leo Kramer in 1943 to describe what is 

know known as autism. 

 

Autistic psychopath term first used by Hans Asperger to describe what is know 

known as Asperger’s disorder. 

 

Infantile schizophrenia a term used under the original classification scheme 

proposed by Eugen Bleuler to characterize autism.  

 

Cortical underconnectivity deficits in white matter that make up the cortical 

circuits that integrate inter and intrahemispheric connections.  

 

White matter large groups of fast-conducting myelinated axons that interconnect 

regions of the brain. Often compared to grey matter which consists of 

unmyelinated neurons. Inside of the brain the white myelinating matter consists of 

a kind of glia cell called an oligodendroicite. Outside of the brain, in the spinal 

cord, this myelinating glia is called a Schwann cell.  

 

Corpus callosum a band of approximately 200 million interconnecting 

myelinated axons that unite left and right cortical areas as well as 

intrahemispheric regions. 

 

 

 

 

 

 

 

 


