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Attention-deficit/hyperactivity disorder (ADHD) is a common psychological diagnosis in children. This disorder
impacts children and adolescents in all areas of life, including academic performance, extracurricular activi-
ties, and social interactions. ADHD can continue into adulthood where unemployment and substance abuse
has been described. Although behavioral therapy is recommended for all patients with ADHD, medication
management typically is initiated soon after diagnosis. Psychostimulants remain the primary medication of
choice. This review focuses on the clinical use of psychostimulant medication in children and adolescents.
The pharmacodynamic and pharmacokinetic differences between the newest long-acting formulations as
well as commonly encountered adverse drug reactions, with suggested management strategies, will be
highlighted. Non-stimulant therapy with atomoxetine or alpha,-adrenergic agonists is also reviewed. These
agents may be warranted for patients who cannot tolerate psychostimulant therapy or have a comorbid
condition. Finally, the 8-year multimodal treatment study results are also discussed.

INDEX TERMS: adolescent, alpha_-agonist, amphetamine, atomoxetine, attention deficit disorder with hy-

peractivity, central nervous system stimulants, child, clonidine, methylphenidate, pediatric
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INTRODUCTION

Attention-deficit/hyperactivity disorder
(ADHD) is one of the most common neurobe-
havioral disorders in childhood. ADHD can
impact not only school performance, but also
social interaction. If untreated, this could lead
to poorer grades and isolation from friends, and
in adolescence there is increased drug abuse and
delinquent behavior. Pharmacological treatment
is highly effective, and ongoing, long-term stud-
ies are starting to reveal more evidence to help
providers discern proper therapy duration, po-
tential side effects, and more specific outcomes
to monitor. Many agents are available and clini-
cians need to be aware of the pharmacokinetic
and pharmacodynamic differences so that an
appropriate, patient-specific regimen can be
offered. This review will discuss the common
medication therapy used for ADHD patients
along with strategies to help manage common
side effects. This article is not meant to encom-
pass all comorbidities associated with ADHD but

rather to highlight the common regimens and
challenges seen within the community.

Prevalence

The prevalence of ADHD in any specific popu-
lation is difficult to determine owing to differ-
ences in diagnostic criteria and access to health
care. In the United States, it is estimated that 5%
to 9% of children aged 5 to 12 years have ADHD,
which is similar to the estimated worldwide
prevalence of 5.29%.'° Male children are twice as
likely to be diagnosed as similarly aged females;
however, this may be due to males expressing
more hyperactive symptoms, while females
demonstrate inattentiveness often, which may
be more difficult to identify.*> ADHD impacts
patients of all ethnic backgrounds, but there is a
slightly higher prevalence noted in non-Hispanic
Caucasians.* Approximately 70% of patients di-
agnosed with ADHD as a child will continue to
have significant symptoms during adolescence
and more than half of them will have impairment
into adulthood.®
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Etiology

The exact cause of ADHD is unknown, but
many potential risk factors have been identi-
fied, including biological and environmental
risks. Both norepinephrine and dopamine play
a critical role in modulating attention in ADHD.
Norepinephrine may have more effect on execu-
tive functioning (deficits in executive functioning
manifest as having difficulty solving problems,
remembering tasks, and planning for a future
task),” whereas dopamine may be more impor-
tant in maintaining attention.®* Genomic studies
have identified a variety of dopamine and sero-
tonin receptors (i.e., dopamine 4 and 5, serotonin
1B) having significant association with ADHD.

A genetic component to ADHD has mount-
ing evidence, too, stemming from a twins study
completed in Europe, Australia, Scandinavia, and
the United States, showing a mean heritability
of 76%. This means that 76% of the etiology of
ADHD can be explained by genes.” Some envi-
ronmental factors that have been associated with
ADHD include low birth weight and maternal
smoking.! Thus, there is a multitude of factors
that need to be taken into account when consid-
ering a diagnosis of ADHD.

Symptoms and Diagnosis

There are 3 hallmark symptoms of ADHD: inat-
tention, hyperactivity, and impulsivity. Inatten-
tion presents as difficulty paying close attention
to details in schoolwork or other activities, lack
of attention to partners in verbal communica-
tion, and inability to follow through on tasks.
In contrast, impulsivity is seen as the inability
to remain seated in situations where it would
be expected (e.g., school, work), blurting out re-
sponses to questions, completing other people’s
sentences, or acting without thinking through the
consequences first. Hyperactivity often presents
as fidgeting when attempting to remain seated
or excessive movement throughout the day. The
presence of any of these symptoms in a patient
justifies being evaluated for ADHD.

The Diagnostic and Statistical Manual of Mental
Disorders (DSM-5)" is used to officially diagnose
a patient with ADHD. The DSM-5 separates
the hallmark symptoms into 2 categories: inat-
tention and hyperactivity /impulsivity. Within
each category there is a list of symptoms, and a
pediatric patient (younger than 17 years) must
have 6 or more of these symptoms in either cat-

egory to be diagnosed with ADHD. Patients 17
years of age or older only require 5 symptoms
for the diagnosis. Additionally, to be diagnosed,
the patient must have expressed the symptoms
of ADHD for a minimum of 6 months and have
a history of developing several of the symptoms
before the age of 12 years. Symptoms also must
be present in 2 or more settings, such as home
and school, and there must be clear evidence
that the symptoms interfere with functioning. In
addition to the diagnosis of ADHD, a presenta-
tion subtype is described for each patient, based
on the number of symptoms found within each
category. If the patient has 6 or greater symptoms
in both the inattention and the hyperactivity/
impulsivity categories, they are designated as
having combined presentation ADHD. If the
patient has 6 or greater symptoms in the inatten-
tive category only, they are designated as having
predominantly inattentive presentation ADHD,
whereas if they have 6 or greater symptoms in
only the hyperactive/impulsive category, they
are considered to have predominantly hyperac-
tive/impulsive presentation ADHD.

Anumber of rating scales have been created to
assist the clinician in the diagnosis of ADHD and
in the monitoring of therapy. The Conners Rat-
ing Scales and the Vanderbilt ADHD Diagnostic
Scales are the 2 most commonly used in clinical
practice. The Conners Parent Rating Scale—Re-
vised asks the parent or adolescent patient ques-
tions to elucidate information that helps deter-
mine the relative degree of presence or absence
of the hallmark ADHD symptoms. The Conners
Teacher Rating Scale-Revised is similar in nature
but evaluates the symptoms in a separate setting
and is used if the parents allow information to be
obtained from the patient’s school. The Vander-
bilt ADHD Diagnostic Parent and Teacher Scales
evaluate for ADHD symptoms and additionally
assess for common comorbid conditions.! Further
detailed information about each rating scale can
be found in the article by Pliszka et al.!

PHARMACOTHERAPY OF ADHD

Psychostimulants have been the medications
of choice for treating ADHD for more than 60
years. About 75% to 80% of children with ADHD
will benefit from the use of psychostimulants.
Methylphenidate, dexmethylphenidate, dex-
troamphetamine, lisdexamfetamine, and the
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mixed amphetamine salts (dextro- and levo-
amphetamine) constitute the psychostimulants
currently on the market. They have similar clini-
cal benefits; however, the pharmacokinetic and
pharmacodynamic profiles vary greatly. Tables 1
and 2 list the common ADHD medications avail-
able as of January 2016.

In general, the psychostimulants have similar
common adverse reactions including decreased
appetite, stomach pain, sleep disturbances, and
headaches. Less common adverse reactions
include labile mood and growth suppression.
Data are conflicting regarding the effect of psy-
chostimulants on growth. There are long-term
data available discussing height loss of 1 to 2
cm that is sustained but dependent upon dose
and duration of therapy."! However, a more
recent longitudinal study'> was published that
disputes this variation in growth. Patients born
between 1976 and 1982 were retrospectively
evaluated to assess final adult height and peak
height velocity and the association between
psychostimulant use and duration. There was
no significant change in height between those
patients treated for ADHD versus non-treated
controls. Results also did not show any differ-
ence even in patients treated for >3 years.”? New
warnings of sudden cardiac death are described
within the psychostimulants” product informa-
tion. Table 3 discusses more recent primary
literature highlighting strategies for managing
potential cardiovascular risk. There is no uni-
versal requirement about obtaining a baseline
electrocardiogram; however, the American
Academy of Pediatrics and the American Heart
Association state that an electrocardiogram
can be considered in children with risk factors,
such as a family history of heart disease or an
individual history of chest pain or dizziness.**?

Drug-drug interactions are not common with
the psychostimulants; however, amphetamine
products have more potential for interactions
than methylphenidate, since amphetamines
are metabolized through cytochrome P450 2D6.
However, caution is to be taken if methylpheni-
date is administered with tricyclic antidepres-
sants, phenobarbital, phenytoin, or warfarin,
since increased concentrations of these agents
has been shown. The exact mechanism of this
interaction is unknown."* Methylphenidate and
amphetamine products are contraindicated with
monoamine oxidase inhibitors, since the psy-

chostimulants inhibit monoamine oxidase and
thus coadministration may cause a hypertensive
crisis.'**

Methylphenidate

Methylphenidate is the medication most
widely used as first line treatment for ADHD.
Methylphenidate exerts its action on both dopa-
mine and norepinephrine transporters, thus it is
believed to increase dopamine and norepineph-
rine in the prefrontal cortex.!® There are various
formulations available. The immediate-release
formulations are usually started for younger
and smaller children (i.e., <16 kg) who are naive
to psychostimulants.! The dose is usually given
twice daily, about 4 hours apart (i.e., before school
and at lunchtime) and can be given up to three
times a day. There are liquid formulations avail-
able if the child cannot swallow the tablets whole,
as is recommended. Food does not change the
overall benefit of methylphenidate administra-
tion; however, with the long-acting, solid dosage
formulations, a high-fat meal eaten at the same
time of administration may delay the onset of
action.' Titration to maximum effective dose can
occur quite quickly, since the clinical benefit can
be seen within a few days to 1 week. Thus, clini-
cians can titrate doses every 7 days. Once patients
are titrated to an appropriate dose, clinicians may
consider once-daily formulations.

Methylphenidate once-daily formulations
vary in pharmacodynamic effect even though,
pharmacokinetically, the dose is listed as once
daily for all sustained-release formulations. Con-
certa (McNeil Pediatrics, Titusville, NJ), Focalin
XR (Novartis Pharmaceutics Corporation, East
Hanover, NJ), Metadate CD (UCB Inc, Smyrna,
GA), and Ritalin LA (Novartis Pharmaceutics
Corporation, East Hanover, NJ) are the newest
long-acting formulations available. Ritalin SR
(Novartis), Metadate ER (UCB), and Methylin
ER (Mallinckrodt Inc, Hazelwood, MO) are in-
termediate-acting formulations and may require
either twice-daily dosing or an addition of an im-
mediate-release preparation midday to achieve
adequate benefit. When considering once-daily
dosing, the clinician needs to take into account
when the symptoms occur and the duration of
effect that is warranted. The timing of peak con-
centrations and overall “coverage” vary greatly
from product to product. With Ritalin LA and
Focalin XR, the spheroidal oral drug absorption
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system (SODAS; Elan Corpora-
tion, Allegan, MI) formulation
is used, which provides 2 peaks
in concentration, mimicking the
administration of twice-daily
immediate-release prepara-
tions. Fifty percent of the drug
is immediately released and
50% is released 4 hours later.'”18
The Metadate CD drug deliv-
ery system is a timed release
bead formulation (Diffucaps,
Adare Pharmaceuticals, Law-
renceville, NJ) that releases
30% of the dose as immediate
release and 70% of the dose as
extended release.” Focalin XR,
Metadate CD, and Ritalin LA
are capsules that can be opened
and sprinkled onto soft food,
which aids administration,
although the beads should not
be chewed. The longest acting
of the formulations is Concerta,
which is the osmotic-controlled
release oral delivery system
(OROS; ALZA Corporation,
Mountain View, CA) formula-
tion that delivers 22% of the
drug as immediate release and
then by osmotic pressure, the
remaining drug is released at
a controlled rate.® This tablet
needs to be swallowed whole
and not crushed or broken and
the outer shell may be seen in
the stool. Quillivant XR (Tris
Pharma Inc, Monmouth Junc-
tion, NJ) is a once-daily suspen-
sion, available for patients who
cannot take the solid dosage
formulations.”! The suspension
delivers methylphenidate as
20% immediate release and
80% extended release. Similar
to the other extended-release
formulations already discussed,
a high-fat meal will delay the
peak concentration by up to
1 hour. Specific instructions
for reconstitution of the oral
powder formulation by the

Comments
Current long-acting amphetamine formulations approved for >6 yr

Duration
of Activity
4-6 hr
8-12 hr

6-12yr:
18.8 mg/day;
13-17 yr:

12.5 mg/day
ADHD, attention-deficit/hyperactivity disorder; BID, two times a day; CD, controlled delivery; ER, extended release; FDA, United States Food and Drug Administration; LA, long acting; ODT, orally disin-

40 mg/day
tegrating tablet; OROS, osmotic-controlled release oral delivery system; qd, one time daily; SR, sustained release; XR, extended release; yr, years old

30 mg/day
40 mg/day
70 mg/day

Maximum

Dosage Information

Starting
<3yr:2.5
mg/day
3-5yr:2.5
mg daily
>6yr:5mg
once to BID
5-10 mg qd
20-30 mg qd
3.1mgqd

Formulation
Capsule: 5,10, 15, 20, 25,30 mg 10 mg daily

Capsule: 5,10, 15 mg
Capsule: 20, 30, 40, 50, 60, 70

Tablet: 5,7.5,10, 12.5, 15, 20,

30 mg
Tablet: 2.5, 5,7.5,10, 15, 20,

30 mg

Solution: 5 mg/5 mL
Amphetamine - Long Acting

Tablet: 5,10 mg
Tablet: 5, 10 mg

18.8 mg

Brand
mg
Adzenys XR-ODT Tablet: 3.1,6.3,9.4,12.5,15.7,

Dexedrine
DextroStat
Procentra
Zenzedi
Adderall XR
Dexedrine SR
Vyvanse

Amphetamine - Short Acting
Adderall

Table 1. Commonly Prescribed Psychostimulant Medications for ADHD 4151723265458 (cont.)

=
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Table 2. Commonly Prescribed Non-Psychostimulant Medications for ADHD?%4243

Generic  Formulation Dosage Information Duration of Comments
(Brand) Starting Maximum Activity
Selective norepinephrine reuptake inhibitor
Atomoxetine Capsule: 10, If<70kggive Dose:1.4mg/ 10-12hr After initiation, wait a minimum
(Strattera) 18, 25,40,60, 0.5 mg/kg/ kg/day upto (variableand of 3 days before titrating to usual
80,100 mg  day;if>70kg 100 mg/day  dependent maintenance dose to evaluate
give40mg/  Givendaily or on patient for tolerability. For patients with
day divided BID metabolism)  CYP2D6 polymorphisms or those
taking strong CYP2D6 inhibitors,
initial titration should occur at 4
weeks.
Dose adjustment required in
hepatic impairment.
Alpha_-agonists
Clonidine ER  Tablet: 0.1, 0.1 mg/day 0.4mg/day  12-24 hr Patients converting from immediate
(Kapvay) 0.2 mg given at divided BID release formulations cannot be
bedtime converted on a 1:1 ratio.
Full efficacy of dose is evident at
7-14 days post initiation. Do not
Guanfacine Tablet: 1,2,3, 0.05-0.08 mg/ 6-12yr:4mg/ break, crush or chew ER tablets.
ER 4mg kg/doseor1  day; 13-17 yr: Dose adjustments required with
(Intuniv) mg given one 7 mg/day guanfacine and concomitant use
time daily of strong CYP3A4 inhibitors or

inducers.

ADHD, attention-deficit/hyperactivity disorder; BID, two times a day; CYP, cytochrome P450; ER, extended release; yr, years old

pharmacist before dispensing are available in the
product information.*

Dexmethylphenidate is the isomeric form of
methylphenidate and is available as an immedi-
ate-release Focalin (Novartis), and long-acting
Focalin XR formulation.”? The dose is about one-
half of the racemic methylphenidate formula-
tions. The long-acting formulation is the bimodal
release system described above (SODAS).

Methylphenidate also is available as a trans-
dermal patch, Daytrana (Noven Pharmaceuticals
Inc, Miami, FL).” The patch is applied to the hip
area every day, typically for 9 hours. The fam-
ily should apply the patch onto the child in the
morning, 2 hours before the desired time of effect,
and remove it after 9 hours; however, it should
be noted that the drug’s effect may continue for
up to 2 to 3 hours after taking off the patch. The
patch may be removed earlier than 9 hours if
a shorter duration of effect is desired or if the
patient is experiencing side effects later in the
day. The patch is known to produce a rash and
irritation at the application site in upwards of
40% of patients.* The application site should be
rotated every day to try and limit the potential
for rash; however, if irritation appears, the patient

may need a short course of topical corticosteroids
and possibly a change to oral methylphenidate.
The used patch should be disposed of properly,
by folding it in half with the sticky sides stuck
together to avoid abuse potential or accidental
ingestion by a small child or pet.

Amphetamine

Even though the mechanism of action is
believed to be similar for methylphenidate
and amphetamine products, the amphetamine
products also increase dopamine release. The am-
phetamine products also have more potential for
decreased appetite.” There are immediate-release
tablets, extended-release capsules, and liquid
available. The capsule formulations of Adderall
XR (Shire US Inc, Wayne, PA), Dexedrine Span-
sules (Catalent Pharma Solutions, Winchester,
KY), and Vyvanse (Shire US) can be opened and
placed on soft foods.”**? As with methylphe-
nidate, food does not affect the overall benefit
of amphetamines; however, there is a delay in
absorption of about 2.5 hours if a high-fat meal is
eaten with the mixed amphetamine salts."” When
comparing the immediate-release preparations of
amphetamine/dextroamphetamine and methyl-

J Pediatr Pharmacol Ther 2016 Vol. 21 No. 3 ® www.jppt.org
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Table 3. Management of ADHD Medication Side Effects®%°

Medication

Side Effect

Strategies to Manage

Psychostimulants:
side effects
common to the
class

Daytrana

Atomoxetine

Alpha, agonists

Decreased appetite,
nausea, vomiting,
headache

Sleep disturbances

Labile mood, irritability

Psychiatric symptoms

Tic disorder

Cardiovascular risk

Priapism

Leukoderma

Abdominal pain, vomiting,
decreased appetite

Somnolence, fatigue,
dizziness

Priapism

Psychiatric symptoms,
including suicidal
thoughts or behaviors

Somnolence, fatigue,
dizziness

Blood pressure changes

Administer medication with food/after meal or switch to short-
acting agent. Monitor height and weight every 6 months. Drug
holidays may be beneficial if significant decrease in growth is
noted.

Avoid late afternoon and evening dosage. Use short-acting
agent or switch to atomoxetine. Decrease bedtime stimuli and
consider addition of melatonin.

Decrease dose or consider discontinuation of medication with
further evaluation of potential comorbid conditions.

Evaluate comorbid conditions before starting therapy.
Development of symptoms is rare (<0.1%); however, if new
psychiatric symptoms emerge once a psychostimulant is started,
consider changing therapy.

ADHD is a common comorbidity with tic disorders. Although
ADHD medications do not cause tics, in some cases they may
exacerbate an underlying tic disorder. Alternative therapies
for ADHD should be considered, if tics worsen while on
psychostimulants include alpha, agonists or atomoxetine.

Baseline evaluation of BP, HR, and family/patient history of
heart disease should occur. There is a possible increased risk of
cardiovascular event when decreasing psychostimulant dose®;
however, further investigation is needed.

May occur while on therapy, but has been reported after
discontinuation of therapy. This is considered a medical
emergency and should be treated immediately.

Loss of skin pigmentation has been reported and may persist
after discontinuation. Discontinue patch use if leukoderma is
noted.

To assist with tolerance, use recommended dose titration when
initiating therapy. May give with food. Administration BID;
divided dose may help decrease side effects.

Administer once daily at bedtime.

Considered a medical emergency and patient should seek care
immediately.

Development of new psychiatric symptoms is rare (<0.2%).
Suicidal ideations (0.4%) have been noted, but no completed
suicides have been reported.

Administer at bedtime.

Titrate slowly to maximum effective dose to avoid lowering
of BP. Avoid abrupt discontinuation and taper slowly to avoid
rebound hypertension.

ADHD, attention-deficit/hyperactivity disorder; BID, two times a day; BP, blood pressure; HR, heart rate

phenidate, Pelham et al® reported that amphet-
amine/dextroamphetamine seemed to have a
longer, sustained effect at about half the dose of

methylphenidate. However, dosing needs to be
individualized by symptom response. Vyvanse
(lisdexamfetamine dimesylate) is a prodrug that
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is converted to the active metabolite dextroam-
phetamine in the gut, which may reduce the
potential for abuse.

Clinical Use of Psychostimulants

Selection of psychostimulants depends upon
duration of coverage desired, formulation
required, and cost. As mentioned earlier, the
pharmacodynamic profile differs among the
various agents. If a child or adolescent only needs
help during school, the product chosen should
provide about 6 to 8 hours of action, whereas if
a child or adolescent needs benefit to maintain
after-school activities, including homework and
driving, a 12-hour product should be consid-
ered.'*”” The usual initial regimen starts with an
immediate-release psychostimulant adminis-
tered twice daily (e.g., 5 mg two times daily) for
those that are smaller in weight (i.e., <16 kg),! and
then the dose is titrated to a maximum effective
dose producing minimal side effects. In children
who are older and larger, and adolescents, the
smallest effective dose should be initiated and
titrated upwards. Many of the sustained-release
formulations are available in lower strengths
and may be used as initial therapy. In clinical
practice, with the newer once-daily formulations
now available, most providers will start with a
once-daily, long-acting formulation (e.g., Con-
certa, Ritalin LA, or Metadate CD). If sustained-
release formulations are not providing adequate
coverage, an immediate-release formulation is
added in the afternoon. Unlike other medications
used in pediatrics, weight-based dosage is not
used routinely with these agents. These medi-
cations should be taken daily to gain complete
clinical benefit. At least monthly follow-up is
recommended with face-to-face interviews and
completion of teacher and parent evaluations to
determine effectiveness of the regimen.

Drug holidays may be used in a variety of
situations. For example, in patients experiencing
weightloss, a period off of drug may provide time
for a child to gain some weight. Another common
drug holiday that families request is time off of
medication during the summertime. If a child
ends a school year on medication and the family
chooses to not administer medication during the
summer, it is highly recommended to restart the
medication at the end of summer break so that the
child can start the new school year with medica-
tion. Restarting of the medication should be at

least 2 weeks before the start of school in order to
achieve maximum benefit. In any case, however,
these “drug holidays” are less often implemented,
owing to the chronic nature of ADHD. The medi-
cation may be discontinued temporarily during
the school year once the student is established
within his/her class to determine whether or
not the medication is at the proper dose or if it is
necessary to continue the medication. During any
change in dose or trial off of medication, evalua-
tions should be completed so as to discern if medi-
cation continues to be needed. If a child reaches
the maximum daily dose recommended without
clinical benefit, consider changing to a different
psychostimulant, especially if no adverse reac-
tions occurred. An example might be in a child
who has been on Concerta at maximum daily
doses with minimal clinical benefit, but has had
no adverse reactions. A clinician may consider
switching to an amphetamine-based product,
e.g., Adderall (Teva Select Brands, Horsham,
PA). However, if adverse drug reactions occur
(i.e., decreased appetite, headache), the isomeric
formulation of methylphenidate, dexmethylphe-
nidate, could be considered. If side effects persist
or if psychostimulants have not provided optimal
benefit, non-psychostimulant therapy should be
considered.

Atomoxetine

Asnoted above, psychostimulants are consid-
ered to be the first-line medications for the treat-
ment of ADHD. However, some patients may
not be able to take agents from this class owing
to their inability to tolerate the side effect profile
or the presence of a contraindicating factor, such
as an allergy to a psychostimulant product or a
comorbid tic condition (e.g., Tourette’s disorder).
Additionally, anywhere from 10% to 30% of
patients will not respond to psychostimulants.*
Atomoxetine is an alternative agent for these pa-
tients. Atomoxetine is theorized to be a selective
norepinephrine reuptake inhibitor.” As a result of
the inhibition, concentrations of norepinephrine
and dopamine are increased in the prefrontal
cortex of the brain, which is believed to control
behaviors. The localization of this effect limits the
impact of the medication on the remaining areas
of the brain and may explain why atomoxetine
lacks abuse potential.*® Therefore, unlike the
psychostimulants, atomoxetine is not a controlled
substance.
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Unlike psychostimulants, the initial dosage
for atomoxetine in younger children is based
on weight and is then titrated after a minimum
of 3 days to allow the patient time to adjust
to the medication’s impact and adverse drug
reactions.” For young children and adolescent
patients weighing less than or equal to 70 kg, the
initial dose is 0.5 mg/kg/day given once daily in
the morning. After the recommended 3-day ad-
justment period to assess for tolerability, the dose
canbe increased to 1.2 mg/kg/day, if needed for
efficacy. Doses larger than 1.4 mg/kg/day or 100
mg/day have not been found to improve results
and should be avoided owing to increased risks
for adverse reactions. Children 6 years of age or
older, adolescent patients weighing greater than
70 kg, and adults are not dosed by weight, but in-
stead have a standard initial dose of 40 mg daily.
The dose can be titrated to 80 mg after the rec-
ommended 3-day adjustment period if needed.
If this dose fails to control the patient’s ADHD
symptoms, it can be titrated to 100 mg after 2 to
4 weeks.” In both age groups, total daily doses
can be given as a single dose in the morning or
can be split evenly between a morning dose and
an early evening dose.” Splitting the daily dose
into 2 doses does not impact daytime results of
the agent, but may decrease side effects experi-
enced by the patient and improve symptoms in
the home setting after school.? This is most likely
due to the product’s duration of action, which is
limited to near 9 hours, as noted in research and
review articles by Wigal.?' The exact duration of
action is variable between patients and may be
due to alterations in metabolism, which will be
discussed in the next paragraph. In contrast to
the near immediate effects of the psychostimu-
lants, atomoxetine may take 1 to 2 weeks before
manifesting an initial response; after reaching the
recommended maximum daily dose for his/her
weight, a patient’s symptoms may continue to
improve for up to 2 months.* If the patient fails
to respond to atomoxetine or develops intolerable
adverse reactions, the medication can be stopped
abruptly without tapering.”

Atomoxetine is metabolized in the liver by the
cytochrome P450 2D6 pathway.?** Approximate-
ly 7% of the Caucasian population are poor me-
tabolizers within this pathway and may require
dose adjustments. Similarly, patients using other
medications that are known inhibitors of the 2D6
pathway will need to be followed up closely.*®

Atomoxetine is relatively well tolerated by
patients.’* Somnolence, dry mouth, nausea,
constipation, dizziness, and decreased appetite
are often seen early in the treatment course and
tend to subside significantly over time.” Insom-
nia may develop over time and may be worse in
those patients with evening doses. Atomoxetine
may mildly increase both heart rate and blood
pressure, and may produce orthostatic hypoten-
sion, but does not impact growth.**

Two potentially fatal issues can be seen in
patients taking atomoxetine, and pharmacists
should counsel the patients and their families
about monitoring for these reactions.”** As
with other medications that impact the central
nervous system neurotransmitters, atomoxetine
has the potential to increase suicidal ideation in
patients and this is listed as a Black Box warning
in the product information. However, it is not
considered a contraindication. The risk for this
reaction is greatest when initially starting the
medication or when dose adjustments are made.
The patients and their families should be warned
to watch for these types of thoughts or significant
changes in behavior or mood and to report them
immediately to a health care provider for close
management. Similarly, patients and families
will need to monitor for any evidence of liver
failure, such as change in urine color or jaundice.
If these symptoms appear, the medication should
be stopped immediately and liver function tests
performed.

Atomoxetine has been proven effective when
compared to placebo in a number of double-
blind, placebo controlled trials.*** Slightly less
clear is the comparative efficacy of atomoxetine
and psychostimulants. In 2010, May and Kratoch-
vil® published an evaluation comparing all psy-
chostimulants to atomoxetine and indicated that
in most trials the psychostimulants performed
better than atomoxetine. However, when looking
at individual agents, the results can differ. For
example, immediate-release methylphenidate
demonstrates similar efﬁcacy to atomoxetine,
but when comparing Concerta to atomoxetine, a
clear advantage is observed with Concerta.*” As
of 2013, only 1 small pilot study formally evalu-
ated using atomoxetine with methylphenidate.
Although the pilot study had promising results,
this combination cannot be recommended at
this time owing to the limited amount of data
available.®
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Alpha -Agonists

Before the release of atomoxetine in 2002,”
there were no Food and Drug Administration
(FDA) approved alternatives to psychostimu-
lants for the management of ADHD symptoms.
Immediate-release clonidine and guanfacine,
alpha,-agonists used for blood pressure control,
were used off-label as second-line agents for pa-
tients failing 2 psychostimulants or as adjunctive
therapy for patients with suboptimal results with
a psychostimulant alone.'*?* These agents were
also used if the patient had a comorbid condi-
tion resulting in tics, such as Tourette’s disorder,
which could be exacerbated by psychostimulant
therapy.* However, these agents could be dif-
ficult for the patient to tolerate owing to their
side effect profile and they may place the patient
at a significant risk for rebound hypertension
if abruptly discontinued. Recently, extended-
release versions of each drug have become
available, which minimize the initial drop in
blood pressure and are better tolerated than their
immediate-release counterparts.* These agents
should be considered for patients that have failed
psychostimulant monotherapy or atomoxetine
or require treatment for comorbid psychiatric
conditions. Additionally, patients exhibiting
aggression may benefit from alpha, -agonist
therapy owing to its subtle sedative effect.* The
alpha,-agonists can be used as monotherapy or
as adjunctive therapy in patients with suboptimal
response to psychostimulants.?*

The exact mechanism of action for the alpha, -
agonists in ADHD is not known.* The predomi-
nant theory is that these agents work by directly
mimicking norepinephrine effects at the alpha,,
adrenoreceptors in the prefrontal cortex. Guan-
facine is selective for the alpha,, adrenorecep-
tors, while clonidine is active at the alpha, AB,
.na ¢ adrenoreceptors. Theoretically, this implies
that guanfacine and clonidine will have similar
efficacy via stimulation of the alpha,, adrenore-
ceptors, but guanfacine may have less sedation
and impact on blood pressure owing to its lack
of effect on the alpha,, . . adrenoreceptors.*

Each product has its own unique dosing regi-
men. Extended-release guanfacine, Intuniv (Shire
US), is approved for patients older than 6 years
and is initiated at a dose of 1 mg per day. At
weekly intervals the daily dose can be increased
by 1 mg until a response is seen or the daily dose
reaches 4 mg. Doses larger than 4 mg have not

been found to be more effective than smaller
doses and increases the side effect potential of
the drug. Doses can be taken in the morning or at
bedtime, but should consistently be given at the
same time each day.*? Improvement in symptoms
is typically observed when the dose reaches 0.05
to 0.08 mg/kg/day.*

Extended-release clonidine, Kapvay (Shiongi
Inc, Florham Park, NJ), is initiated at 0.1 mg at
bedtime. At weekly intervals the daily dose can
be titrated by 0.1 mg. Doses larger than 0.1 mg
should be split into equal morning and evening
doses. If equal doses are not possible, the larger
dose should be at night.

The full impact of these agents on ADHD
symptoms may not be seen until 7 to 14 days
have elapsed.* If it becomes necessary to stop
either of these agents, it is important to taper the
medication slowly to avoid rebound hyperten-
sion. Doses of extended-release guanfacine can
be decreased by 1 mg every 3 to 7 days. Doses of
extended-release clonidine are decreased by 0.1
mg every 3 to 7 days.**

Extended-release clonidine is metabolized in
the liver to inactive metabolites. In terms of drug
interactions, this metabolism is beneficial, since
serum concentrations are not impacted. How-
ever, health care providers should remember
that this agent will still exhibit drug interactions
by potentiating adverse reactions, such as seda-
tion or hypotension, or antagonizing the effects
of other therapies. In contrast, extended-release
guanfacine is metabolized by the cytochrome
P450 3A4 pathway, and dose adjustments will
be needed when using guanfacine with strong
inducers or inhibitors of this pathway.***

In the long term, the alpha -agonists are gen-
erally well tolerated. Upon initiation of either
agent, the patient may experience some transient
adverse drug reactions. The most common of
these reactions are dizziness, drowsiness, fatigue,
and headache. It should be noted that the alpha,-
agonists may exacerbate depression and they
should not be used in patients with pre-existing
depression.** These agents pose a risk for hy-
potension, orthostatic hypotension, and brady-
cardia; therefore, patients should be monitored
closely at initiation, at subsequent evaluations,
and with each dose adjustment. Over time, the
patient will develop tolerance to the blood pres-
sure change.****** Guanfacine has been shown
to be less sedating and less potent in decreasing
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blood pressure and may be tolerated better by pa-
tients sensitive to these issues.” When comparing
the alpha, -agonists to the psychostimulants as
monotherapy for ADHD, the alpha -agonists do
not perform nearly as well. Assessments indicate
that Intuniv and Kapvay are approximately 40%
to 75% as effective as the psychostimulants in
managing the primary symptoms of ADHD.*#
However, these agents can be used along with a
psychostimulant to provide better results if the
patient has suboptimal response to the psycho-
stimulant alone 34748

Non-Standard Therapies

The American Academy of Pediatrics guide-
line for the diagnosis, evaluation, and treatment
of ADHD in children and adolescents recognizes
the role of the psychostimulants, atomoxetine,
and the alpha,-adrenergic agonists in the
management of patients with ADHD.* Other
agents (e.g., venlafaxine, monoamine oxidase
inhibitors) have been studied for the potential
management of ADHD symptoms; however,
these options are not currently FDA-indicated
for the condition or suggested for use within the
major guidelines.

BEHAVIORAL-BASED THERAPY

There is still a lot of discussion as to where
behavioral therapy fits into the armamentarium
for ADHD treatment. Should behavior therapy
be used as first-line therapy for all patients or
only those who are younger or with milder
symptoms? Is medication plus behavior therapy
the best plan for all patients? Many studies have
looked at these questions, and guidelines and rec-
ommendations are available from the American
Psychiatric Association, the American Medical
Association, and the American Academy of Child
and Adolescent Psychiatry. Unfortunately, all 3
organizations have slightly different opinions.
With more recent studies (e.g., the multimodal
treatment study of children with ADHD [MTA]),
there is evidence suggesting that researchers
have not been identifying and monitoring for the
correct outcomes.* Looking more at functional
outcomes versus the DSM listing of symptoms
may be more beneficial in the long term. Some
of these functional outcomes include activities of
daily living, peer and parent relationships, and
academic achievement.”*!

Multimodal Treatment Study of Children With
Attention-Deficit/Hyperactivity Disorder

The MTA study was started in 1992 and is fol-
lowing up 579 children long term with ADHD.
There is now a published 8-year follow-up study
in which school-aged children (7-9 years old) have
been evaluated after initial intensive randomized
therapy with either behavioral-based treatment
alone, medication alone, a combination of behav-
ior therapy plus medication or community care.”
The initial intensive treatment phase was for 14
months. Thereafter, the children were followed
up “naturally” and without randomization. In
a 14-month interim analysis, there was more
clinical improvement in the combination therapy
group (behavior plus medication therapy). How-
ever, it was noted that the children in the MTA
medication treatment arms received larger doses
of medication for a longer period of time and
medication management by a clinical pharmacist
occurred monthly, compared to the community-
treated group where this did not occur."*>** In
the 8-year follow-up study, there appears to be
a loss of sustained effects of medication after 2
years. Since the long-term follow-up was done
“naturally” and without randomization, itis very
difficult to know if sustained clinical benefit may
have been maintained with intensive medication
management plus behavioral therapy. The one
outcome that does seem to hold true, though, is
that patient’s initial symptoms and severity of ill-
ness better predict future outcome than type and
intensity of therapy initiated. Children diagnosed
with ADHD do poorer overall than their peers
without ADHD.*

SUMMARY

Despite the multitude of pharmacological
agents for the treatment of ADHD, there are
many questions remaining regarding the treat-
ment algorithm that will provide the most clinical
benefit with the least side effects. In particular, it
is important to consider long-term efficacy of psy-
chostimulant use and protection or lack thereof
for delinquent behavior and substance abuse.
Despite small studies showing some “protection”
against these adolescent behaviors, it is still un-
known if ADHD medications will decrease sub-
stance use. The MTA study looked at substance
use and overall concluded that nicotine and mari-
juana use is increased in children with an ADHD
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diagnosis, but current standard pharmacological
treatment has not conclusively demonstrated
decreases or “protection” against this behavior.®!
Psychostimulants remain the agents of choice,
with atomoxetine, a non-controlled substance,
as an alternative option for those patients un-
able to tolerate or having failed psychostimulant
therapy. Alpha, -agonists offer another option for
those patients with comorbid conditions such as
tics or aggression. Non-standard therapies, in-
cluding antidepressants and monoamine oxidase
inhibitors, have been studied, but their place in
therapy has yet to be determined. Questions still
remain as to the exact duration of therapy, but
trials off of medication, i.e., drug holidays, may
be warranted to determine continued need for
medication. Thus, choice of medication, dose,
monitoring, and drug holiday options need to
be individually tailored.
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