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Preface

The pediatric population is distinct from the adult 
population. The uniqueness of neonates, infants, 
children, and adolescents is beyond the physical and 
developmental distinctions. Consequently, drugs 
behave differently in this population. Medications 
may not be absorbed, distributed, metabolized, or 
eliminated in the same manner as in adults, and 
the pharmacokinetics may vary across the age con-
tinuum from birth to adolescence. Furthermore, 
medications may have altered pharmacodynamics in 
children compared with adults, causing increased or 
decreased efficacy or safety—about which much is 
still unknown.
	 As pediatric clinicians, we are faced each day 
with challenges in selecting the appropriate phar-
macotherapy for children and adolescents. Yet un-
til now, there has been no resource to guide the 
aspiring pediatric pharmacist in selecting the best 
pharmacotherapeutic approach. In this book, we 
focused on common pediatric illnesses and condi-
tions and sought content experts to create chapters 
geared toward a pharmacy student, a PGY1 resident, 
an early practitioner, or an adult practitioner occa-
sionally caring for a pediatric patient. The contribu-
tors to this book strove to offer essential knowledge 
of each topic, together with a detailed description 
of pharmacotherapeutic options. As educators, we 

understand the need to provide a concise, easy-to-
understand, yet thorough resource that allows the 
reader to glean the most salient points. This book 
was written, reviewed, and edited by leading clini-
cians and educators. It presents an overview of dis-
ease pathophysiology, clinical features, clear goals 
for therapy, and insightful treatment considerations 
based on primary literature, clinical guidelines, and 
extensive clinical experience.
	 Our vision in creating this book was to assist the 
student, resident, and relatively new practitioner in 
learning about the unique intricacies of the pediatric 
patient and pediatric pharmacotherapies. For stu-
dents using this textbook in a pediatric elective or 
advanced pharmacy practice experience, we hope it 
will spark their interest in pursuing practice in this 
dynamic and rewarding specialty. For the PGY1 res-
ident gaining experience in a pediatric rotation, we 
hope it will be used as an initial point of reference to 
understand an approach to treating patients. Those 
early in their careers, or only occasionally caring for 
pediatric patients in any setting, will perhaps be in-
spired to learn more about the use of medications in 
children. Our overarching intent was to empower 
the book’s readers to positively affect the care of the 
pediatric population.
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Figure 1. Example of WHO growth chart: girls (age 0–24 months), head circumference-for-age and weight-for-length 
percentiles (Reference 22).
Reproduced from World Health Organization Growth Standards (www.who.int/childgrowth/en), published by the Centers for Disease 
Control and Prevention, November 1, 2009.
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Figure 2. Example of CDC growth chart: boys (age 2–20 years), body mass index-for-age percentiles, 2000 (Reference 22).
BMI = body mass index.
Reproduced from Centers for Disease Control Growth Charts (www.cdc.gov/growthcharts) developed by the National Center for Health 
Statistics in collaboration with the National Center for Chronic Disease Prevention and Health Promotion, May 30, 2000 (modified October 
16, 2000).

























































































Table 1. Types of Medication Errorsa (Reference 7)
Type Definition

Prescribing error Incorrect drug selection (based on indications, contraindications, known allergies, existing 
drug therapy, and other factors), dose, dosage form, quantity, route, concentration, rate of 
administration, or instructions for use of a drug product ordered or authorized by physician (or 
other legitimate prescriber), illegible prescriptions, or medication orders that lead to errors that 
reach the patient

Omission errorb The failure to administer an ordered dose to a patient before the next scheduled dose, if any

Wrong time error Administration of medication outside a predefined time interval from its scheduled 
administration time (this interval should be established by each individual health care facility)

Unauthorized  
drug errorc

Administration to the patient of medication not authorized by a legitimate prescriber for the patient

Improper  
dose errord

Administration to the patient of a dose that is greater or less than the amount ordered by the 
prescriber or administration of duplicate doses to the patient (i.e., one or more dosage units in 
addition to those that were ordered)

Wrong dosage- 
form errore

Administration to the patient of a drug product in a different dosage form than ordered by the 
prescriber

Wrong drug- 
preparation errorf

Drug product incorrectly formulated or manipulated before administration

Wrong 
administration-
technique errorg

Inappropriate procedure or improper technique in the administration of a drug

Deteriorated  
drug errorh

Administration of a drug that has expired or for which the physical or chemical dosage-form 
integrity has been compromised

Monitoring error Failure to review a prescribed regimen for appropriateness and detection of problems, or failure 
to use appropriate clinical and laboratory data for adequate assessment of patient response to 
prescribed therapy

Compliance error Inappropriate patient behavior regarding adherence to a prescribed medication regimen

Other medication 
error

Any medication error that does not fall into one of the above predefined categories

aThe categories may not be mutually exclusive because of the multidisciplinary and multifactorial nature of medication errors. 
bAssumes no prescribing error. Excluded would be (1) a patient’s refusal to take the medication or (2) a decision not to administer the dose 
because of recognized contraindications. If an explanation for the omission is apparent (e.g., patient was away from nursing unit for tests or 
medication was unavailable), that reason is documented in the appropriate records.
cThis would include, for example, wrong drug, a dose given to the wrong patient, unordered drugs, and doses given outside a stated set of 
clinical guidelines or protocols.
dExcluded would be (1) allowable deviations based on preset ranges established by individual health care organizations in consideration 
of measuring devices routinely provided to those who administer drugs to patients (e.g., not administering a dose based on a patient’s 
measured temperature or blood glucose level) or other factors such as conversion of doses expressed in the apothecary system to the metric 
system and (2) topical dosage forms for which medication orders are not expressed quantitatively.
eExcluded would be accepted protocols (established by the Pharmacy & Therapeutics Committee or its equivalent) that authorize phar-
macists to dispense alternative dosage forms for patients with special needs (e.g., liquid formulations for patients with nasogastric tubes or 
those who have difficulty swallowing), as allowed by state regulations.
fThis would include, for example, incorrect dilution or reconstitution, the mixing of drugs that are physically incompatible, and inadequate 
product packaging.
gThis would include doses administered (1) via the wrong route (different from the route prescribed), (2) via the correct route but at the 
wrong site (e.g., left eye instead of right), and (3) at the wrong rate of administration.
hThis would include, for example, administration of expired drugs and improperly stored drugs.
Originally published in the ASHP guidelines on preventing medication errors in hospitals. Am J Hosp Pharm 1993;50:305–14.
Copyright 1993 American Society of Health-System Pharmacists. All rights reserved. Reprinted with permission. 



























Table 1. Piaget’s Cognitive Developmental Stages and How They Affect Medication Education (References 8, 9)
Approximate 
Age (years)

Developmental 
Stage Features Medication Counseling

0–2 Sensory motor Do not see the connection between  
self and outside objects

Learning about medicines is not possible.

2–7 Preoperational Can consider only a single aspect  
of a situation

Can consider only the here and now
Have no concept of cause and effect
Have difficulty conceptualizing time
Do not understand the connection 

between an action and their health
Can use symbols or pictures to  

represent objects 

Hands-on activities are the most effective.
It is important to include the taste of 

medicine in your education to them.
Example information to provide: This 

medicine will keep you from getting 
sick. You will take it when you wake 
up in the morning and before you go to 
sleep at night. Your mom or dad will 
help you take the medicine.

7–11 Concrete 
operations

Can focus on many aspects of  
a situation

Can think about concrete events  
but have difficulty with 
hypothetical situations

Can distinguish between self  
and effects of the outside world

Can best understand concrete  
or observable situations

Can understand that diseases  
are preventable

Can see things from different  
points of view

Give them time to ask questions, and 
explain concepts to them.

Include a discussion about the adverse 
effects of medicines that should be 
reported to parents.

Example information to provide: This 
medicine will go into your lungs and 
make it easier for you to run and play. 
You will take it when you wake up and 
before you go to bed. If you do not take 
it two times a day, it will not work. You 
need to brush your teeth after using 
the medicine. Work with your mom 
and dad to make sure you take the 
medicine right and remember to take 
the medicine.

≥ 12 Formal 
operations

Capable of hypothetical thought  
and logical reasoning

Understand how illness occurs and is 
affected by their actions

Begin to understand they can have 
control of their health

Typically able to receive a message at 
the same level as an adult, but keep in 
mind they may be more embarrassed by 
certain topics.

Example information to provide: This 
medicine works in your lungs to 
decrease mucus and swelling so that 
you can breathe better and have less 
cough. Because you are breathing 
things into your lungs every day that 
cause the problem, this medicine works 
only if used every day, twice a day. It is 
important to keep using this medicine 
even when you start feeling better 
because the asthma will still be there. 
Work with your parents to help make 
this part of your everyday routine.
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Figure 1. Rumack-Matthew nomogram.
Reprinted with permission from McGraw-Hill. Flomenbaum NE, Goldfrank LR, Hoffman RS, Howland MA, Lewin NA, Nelson LS. Initial 
evaluation of the patient: vital signs and toxic syndromes. In: Flomenbaum NE, Goldfrank LR, Hoffman RS, Howland MA, Lewin NA, Nelson 
LS, eds. Goldfrank’s Toxicologic Emergencies, 9th ed. New York: McGraw-Hill, 2011:34.







































Table 4. Acne Products (Reference 9)
Class/Selected 
Agents Brand Name(s) Dosing Comments
Topical Agents
Retinoids
Adapalene 0.1% Differin Apply once daily in the evening. Increased risk of photosensi-

tivity reactions. Recommend 
application of sunscreen  
(SPF ≥ 15)

Tazarotene  
0.05%, 0.1%

Tazorac Apply 2 mg/cm2 once daily in the 
evening.

Tretinoin  
0.025%, 0.05%, 
0.1%

Retin-A, Avita Apply once daily in the evening; start 
with 0.025% cream or 0.01% gel and 
increase concentration as tolerated.

Antibiotics
Clindamycin 1% Cleocin T, 

ClindaMax
Apply a thin film twice daily. Should not be used as 

monotherapy
Erythromycin 2% Akne-mycin Apply twice daily.
Benzoyl peroxide  
2.5%, 4%, 5%, 8%, 
10%

Neutrogena 
Clear Pore, 
Benzac AC, 
OXY

Apply once daily; can gradually increase 
to two or three times/day, if needed

If excessive dryness or peeling 
occurs, reduce dose frequency 
or concentration. Recommend 
application of sunscreen  
(SPF ≥ 15)

Keratolytic Agent
Salicylic acid 
0.5% to 2%

Clean and Clear 
Advantage 
Acne Cleanser, 
Neutrogena 
Oil-Free Acne 
Stress  
Control, OXY 
face wash

Apply once or twice daily. Available in a variety of dos-
age forms. Recommended in 
patients who cannot tolerate 
benzoyl peroxide. Do not use in 
children < 2 years.

Combination Products
Erythromycin/
Benzoyl peroxide

Benzamycin Apply twice daily.

Clindamycin/
Benzoyl peroxide

Acanya, 
BenzaClin

Apply pea-sized amount once  
daily (Acanya).
Apply twice daily (BenzaClin)

Clindamycin/
Tretinoin

Veltin, Ziana Apply once daily. Increased risk of photosensi-
tivity reactions. Recommend 
application of sunscreen  
(SPF ≥ 15)

Adapalene/
Benzoyl peroxide

Epiduo Apply once daily. Increased risk of photosensi-
tivity reactions. Recommend 
application of sunscreen  
(SPF ≥ 15)

(continued)
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Table 1. Common Congenital Heart Defects and Surgical Repairs
Defect Description of Lesion Surgical (or Interventional) Repair
Patent ductus 
arteriosus (PDA)

Communication between pulmonary 
artery (PA) and aorta

Ductus ligation
Coil or device insertion (interventional)

Atrial septal defect 
(ASD)

A communication between right and left 
atria by a hole in the atrial septum

Patch repair of defecta

Device insertion (interventional)
Ventricular septal 
defect (VSD)

A communication between right 
and left ventricles by a hole in the 
ventricular septum

Patch repair of defecta

Device insertion (interventional)

Tetralogy of Fallot 
(TOF)

PA stenosis, VSD, overriding aorta, 
right ventricular hypertrophy

VSD closure and repair of PA stenosisa

Transposition of the 
great arteries (TGA)

Switched locations of the PA and aorta, 
resulting in two separate circulations

Arterial switch operationa

Coarctation of the 
aorta (CoA)

Narrowing of the aorta. Grouped into 
pre- and postductal categories

End-to-end anastomosis surgery  
(if the coarctation does not involve carotid arteries)

Patch repair surgerya  
(if coarctation involves carotid arteries)

Hypoplastic left 
heart syndrome 
(HLHS)

Absence of left ventricle and aortic 
narrowing (atresia)

Norwood procedurea (combination of PA and aorta to 
form a “neo-aorta,” BT shunt, atrial septectomy) OR 
Sano modificationa OR hybrid procedure

Bidirectional Glenn Second stage of HLHS palliation Takedown of BT shunt, anastomosis of SVC to PAa

Fontan Third stage of HLHS palliation Attachment of IVC to PA by an extracardiac conduita

aRequires cardiopulmonary bypass to perform surgical procedure.
BT = Blalock-Taussig; IVC = inferior vena cava; SVC = superior vena cava.

Table 2. Significant Sequelae of Congenital Heart Disease Before and After Surgical Intervention
Defect Preoperative Immediate Postoperative Long Term
Patent ductus arteriosus 
(PDA)

CHF, PHTN None None

Atrial septal defect (ASD) CHF, PHTN HTN None
Ventricular septal defect 
(VSD)

CHF, PHTN Systolic HTN, arrhythmias None

Tetralogy of Fallot 
(TOF)

CHF, hypercyanotic episodes, 
chronic cyanosis, clubbing

LCOS, PHTN, HTN, VT, 
thrombus formation

VT, exercise intolerance

Transposition of the 
great arteries (TGA)

Cardiogenic shock, cyanosis LCOS, coronary vasospasm None (arterial switch)

Coarctation of the  
aorta (CoA)

Cardiogenic shock (neonates), 
CHF, LV enlargement

LCOS (particularly in neonates), 
HTN

HTN, recoarctation

Hypoplastic left heart 
syndrome (HLHS)

Cardiogenic shock, cyanosis LCOS, arrhythmias, PHTN, 
cyanosis

Sudden death, low weight 
gain, poor feeding

Bidirectional Glenn See long-term HLHS 
management

LCOS, arrhythmias, PHTN CHF

Fontan See long-term bidirectional 
Glenn management

LCOS, arrhythmias, PHTN, 
chylous effusions, thrombus 
formation

Arrhythmias, effusions, 
PLE, thrombi, plastic 
bronchitis

CHF = congestive heart failure; HTN = hypertension; LCOS = low cardiac output syndrome; LV = left ventricular; PHTN = pulmo-
nary hypertension; PLE = protein-losing enteropathy; VT = ventricular tachycardia.























Figure 9. Hypoplastic left heart syndrome and three-stage surgery.
This diagram represents the anatomy of unrepaired hypoplastic left heart syndrome (HLHS). Note the aortic atresia 
and small left ventricle. Stage 1 represents three options for the initial palliation of HLHS. (a) The classic Norwood 
procedure combines the aorta and pulmonary artery (also known as the Damus-Kaye-Stansel procedure), creation of 
an atrial septal defect, and placement of a Blalock-Taussig (BT) shunt. (b) The Sano procedure replaces the BT shunt 
with a right ventricle to pulmonary artery conduit. (c) A hybrid procedure involves stenting of the ductus arteriosus 
and banding of the branch pulmonary arteries. Stage 2 is the bidirectional Glenn procedure, in which the BT shunt 
or right ventricle to pulmonary artery conduit is taken down, and the superior vena cava is attached to the pulmonary 
artery. Stage 3 is the Fontan procedure, in which an extracardiac conduit is used to attach the inferior vena cava to 
the pulmonary artery, subsequently dividing pulmonary and systemic circulations.
Reprinted with permission from: Stumper O. Hypoplastic left heart syndrome. Heart 2010;96:231–6.























Table 1. Summary of Antiarrhythmic Medication Dosing in Pediatric Patients (Reference 5)
Drug Dosage Notes on Pharmacotherapy
Class Ia (Na+ channel blockade – moderate)
Quinidine sulfate Oral: 30 mg/kg/day or 900 mg/m2/day given in five daily doses 

Range: 15–60 mg/kg/day in four or five divided doses
IV: 2–10 mg/kg/dose every 3–6 hours as needed 

(IV not routinely recommended)

Two forms available 
(sulfate and gluconate). 
Drug level monitoring 
typically not performed

Procainamide IV: Loading dose: 3–6 mg/kg/dose; max 100 mg/dose. 
May be repeated to a total max of 15 mg/kg

IV: Continuous infusion: 20–80 mcg/kg/minute

Procainamide and 
NAPA concentrations 
used to guide therapy

Disopyramide Oral: •  < 1 year: 10–30 mg/kg/day in four divided doses
•	 1–4 years: 10–20 mg/kg/day in four divided doses
•	 4–12 years: 10–15 mg/kg/day in four divided doses
•	 12–18 years: 6–15 mg/kg/day in four divided doses

Drug level monitoring 
typically not performed

Class Ib (Na+ channel blockade – mild)
Lidocaine IV: Bolus: 1 mg/kg/dose

IV: Continuous infusion: 20–50 mcg/kg/minute
Drug level monitoring 
useful for guiding therapy

Mexiletine Oral: 1.4–5 mg/kg/dose every 8 hours
Class Ic (Na+ channel blockade – strong)
Flecainide Oral: Starting dose: 1–3 mg/kg/day or 50-100 

mg/m2/day divided three times/day. 
Max: 8 mg/kg/day or 200 mg/m2/day. 
Average effective dose: 4 mg/kg/day or 140 mg/m2/day

Drug level monitoring 
useful for guiding therapy

Propafenone Oral: 200–300 mg/m2/day divided three or four times/day.  
Max: 600 mg/m2/day divided three or four times/day

Drug levels not 
typically performed

Class II (��-blockade)
Propranolol Oral: Neonates: 0.25 mg/kg/dose every 6 hours. Max: 5 mg/kg/day

Oral: Infants and children: 0.5–1 mg/kg day in divided doses every 6–8 hours 
Usual dose: 2–4 mg/kg/day. Max: 60 mg/day

Esmolol IV: Bolus: 100–500 mcg/kg/dose
IV: Continuous infusion: 300–1000 mcg/kg/minute

Atenolol Oral: 0.5–1 mg/kg/day given one or two times/
day. Max: 2 mg/kg/day or 100 mg/day

Metoprolol Oral: Children 1–17 years: 1–2 mg/kg/day given 
twice daily. Max: 6 mg/kg/day or 200 mg/day

Extended-release tablets 
given once daily

Nadolol 0.5–1 mg/kg/day given daily. Max: 2.5 mg/kg/day
Class III (K+ channel blockade)
Sotalol Oral: Children ≤ 2 years: 30 mg/m2/dose every 8 

hours adjusted per age nomogram OR
2 mg/kg/day divided every 8 hours OR
80–200 mg/m2/day divided every 8 hours

Oral: Children > 2 years: 80–200 mg/m2/dose divided every 8 hours

Institutional practices for 
dosing sotalol can vary. ECG 
monitoring is important for 
QT-interval prolongation.

Amiodarone IV: Bolus: 5 mg/kg/dose up to 15 mg/kg. Max 
dose will vary on the basis of indication.

IV: Continuous infusion: 10–20 mg/kg/
day or 5–15 mcg/kg/minute

Oral: 10–20 mg/kg/day or 600–800 mg m2/
day one or two times/day

Patients may be loaded 
for 1–2 weeks at the 
beginning of therapy 
because of the long half-life 
of amiodarone. Reduction 
to the most effective dose 
can occur after loading.
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