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Objectives

• Expert
- to describe the burden of adverse drug 
reactions in children
- to identify risk factors for adverse drug reactions 
and how they apply to specific groups of children

• Scholar
- to identify new directions in the evaluation and 
diagnosis of adverse drug reactions
- to identify new trends in therapeutics and their 
potential impact on adverse drug reactions



London





The Ideal Medication

• Effectively treats or prevents disease
• Has no adverse events



The reality
• Drugs are never safe and effective in all 
patients 
• Variability in patient response can have serious 
consequences



Context

• Drug use in children
• Myths

– Drugs are not commonly used in the care of 
children

– When they are used, antibiotics are essentially the 
only drugs used



Some Inconvenient Truths
• Perception - Rare
• Fact - Common

– In an average year, the average Canadian child is prescribed 
3.9 prescriptions; the average US child 3.6 prescriptions in a 
year

• Paed Child Health 2003; 8 Suppl A

• Perception - Only antibiotics
• Fact - Many drugs/drug classes

– Among a cohort of 1,000,000 Canadian children in a year, 
more than 1,200 different drugs were prescribed

• Paed Child Health 2003; 8 Suppl A

CDC Data 2015
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Double Edged Sword 

• A blade with two sharp edges
• A term used to describe a situation in 

which good or bad effects 
• Roots from Arabic (sayf ḏū ḥadayn, 

“double-edged sword”) and Biblical 
origins as to the Word of God (Hebrews 
4:12)” Sharper than any double-edged 
sword, it penetrates even to dividing 
soul and spirit, joints and marrow”

• Applies to the beneficial and adverse 
effects of medication (NEJM)







Paradox of Drug Development and EBM
1. Clinical trials provide evidence of efficacy and safety at 

usual doses in populations

2. Physicians treat individual patients who can vary widely in 
their response to drug therapy

+ =

+ =

Efficacious & Safe

Efficacious & Safe

No Response

Adverse Drug Reaction



An ADR is an appreciably harmful or 
unpleasant reaction, resulting from an 
intervention related to the use of a 
medicinal product, which predicts 
hazard from future administration and 
warrants prevention or specific 
treatment, or alteration of the dose 
regimen, or withdrawal of the product

• Edwards and Aronson (2000), Lancet, 356(9237):1255-1259



Adverse Drug Reactions

4th leading cause of death in the USA1

Health care costs: $137-177 billion annually (USA)2-3

Cause 7% of all hospital admissions4

Cause serious reactions in over 2,000,000 hospitalized 
patients (6.7%) each year in the USA1

Cause fatal reactions in over 100,000 hospitalized patients 
each year in the USA1

95% of all ADRs are unreported

4. Pirmohamed et al, BMJ, 2004 
5. MjoÈrndal et al, EACPT3, 1999

1. Lazarou et al, JAMA, 1998
2. Johnson et al, Arch Intern Med 1995
3. Ernst et al, J. Am. Pharm. Assoc. 2001
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Nosology



• 6 year old child presents with 
nephroblastoma; following surgery undergoes 
chemotherapy including ifosfomide

• During chemotherapy it is noted that there is 
evidence of renal injury including 
aminoaciduria

• Over the next 10 years following therapy there 
is no evidence of tumour recurrence 



• During these 10 years there is progressive 
decline in renal function to the point where 
dialysis is needed

• While waiting renal transplant the patient 
expires of complications of end-stage renal 
failure

• Cause of Death?



Nephroblastoma

• This seems somewhat paradoxical as the tumour
had been, by all accounts, successfully eradicated

• It would be reasonable to assume that the 
treated team of oncologists did not desire or plan 
for this outcome

• This nosological anomaly is one of the reasons 
that ADRs are under-estimated in their impact on 
child health
– N Engl J Med 2006; 355:1522-1523



Cultural Issues



Risk Factors for ADRs

• History of a previous ADR
• Large drug doses
• Polypharmacy
• Impairment of the organs of excretion (hepatic or 

renal dysfunction)
• Extremes of age
• Female sex
• Specific genetic polymorphisms
• General Anaesthesia

• Pediatr Clin North Am 2012



Are ADR Rates in Children 
Difference than those in Adults?

• Has been relatively little data with respect to ADRs in 
children compared to adults

• What data is present suggests that overall rates may be 
similar

• In some circumstances, controversy as to whether risks 
may be lower or in fact may be higher; despite the 
impression, when actual data is reviewed risks are 
never lower and often higher

• In some groups of children and for some conditions, 
the risk of an adverse drug event is nearly 100% 
– BMC Med 2013 Nov 7;11:237
– Clin Pharmacol Ther 2017 Mar 13. doi: 10.1002/cpt.677



Drug Safety

• For many years pharmacovigilence was 
conducted using passive surveillance involving 
data capture by regulatory agencies

• This approach resulted in serious adverse 
events being recognized by regulatory 
authorities many years after they had been 
recognized in the peer reviewed literature

• This approach also is associated with serious 
under-reporting of adverse drug events



Tragedies Over Time



Pemoline Induced Hepatic Injury

• Pemoline is a CNS stimulant used in the 
therapy of ADHD

• Entered the US market in 1975
• Withdrawn 30 years later
• However, an active search of the literature 

clearly demonstrated increased risk for 
hepatic injury – as early as 1978
– Drug Safety 2008;31(2):169-80.





Progress Over Time

• There has been slow but steady progress on 
improving drug dosing and drug safety in 
children, largely in the area of dosing and largely 
driven by academic investigators and enhancing 
our understanding of developmental 
pharmacology
– Once-daily gentamicin in NICU
– Identification of unique risks in children

• Valproic acid hepatotoxicity
• Cefaclor serum sickness like reactions

– Drug News & Perspectives 2010, 23(7) 



At-Risk Populations

• Neonates, especially premature neonates
• Children with cancer
• Children with complex chronic disease
• Children in the PICU
• Toddlers

– Eur J Clin Pharmacol 2012;68(5):801-10





Special Cases in Children

• Drug Substitution
• 10 fold errors

– Unique problem in Paediatrics
– More common among certain staff
– May be addressed by EMRs

• Drug Errors
– Probably more common in children than adults
– Again, may be more common among certain staff
– May be addressed by EMRs but there is no data that 

EMRs actually make drug therapy safer for children



Special Issues

• Much of the ADR literature in children has 
focused on adverse events related to ontogeny

• It is well appreciated that premature infants are 
at a substantially increased risk for adverse 
events compared to older children and adults

• What is less appreciated is that some activation-
induced events occur at substantially higher rates 
in toddlers and pre-school children
– Clin Pharmacol Ther 2017 Mar 13. doi: 

10.1002/cpt.677



Off-Label Use

• Many studies on off-label/unlicensed use of 
drugs in children

• Almost all of them are incidence or utilization 
studies

• Off-label drug use is actually quite common, 
even among adults

• However, off-label drug use in adults is often 
guided by evidence











J Clin Oncol 2012 May 1;30(13):1422-8 













The Future
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