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OBJECTIVES The safe use of medications in pediatric patients requires practitioners to consider the unique 
pharmacokinetics and pharmacodynamics of drugs prescribed in this age group. In an effort to create 
a standard of care for the safe use of medications in this population, a list of drugs that are potentially 
inappropriate for use in pediatric patients has been developed and titled the “KIDs List.”

METHODS A panel of 7 pediatric pharmacists from the Pediatric Pharmacy Association were recruited to 
evaluate primary, secondary, and tertiary literature; FDA Pediatric Safety Communications; the Lexicomp 
electronic database; and product information for drugs that should be considered potentially inappropriate 
for use in pediatric patients. Information was rated using predefined criteria. A PubMed search was 
conducted using the following terms: adverse drug events OR adverse drug reactions. The search was 
limited to humans; age <18 years; case reports, observational studies, or clinical trials; and English language. 
No date range was used. Results were used to create an evidence-based list of candidate drugs that was 
then peer-reviewed and subjected to a 30-day public comment period prior to being finalized. 

RESULTS A PubMed search yielded 4049 unique titles, of which 210 were deemed relevant for full review. 
Practitioner recommendations highlighted an additional 77 drugs. FDA Pediatric Safety Communications 
and the Lexicomp database yielded 22 and 619 drugs, respectively. After critical analysis, peer review, and 
public review the final KIDs List contains 67 drugs and/or drug classes and 10 excipients.

CONCLUSIONS This extensive effort led to compilation of the first list of drugs that are potentially 
inappropriate for prescribing in all or in a select subgroup of pediatric patients. If avoidance is not clinically 
possible, the drug should be used with caution and accompanied by appropriate monitoring.
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Introduction
According to the World Health Organization (WHO), 

adverse drug reactions (ADRs) are defined as “any 
noxious and unintended response to a drug that occurs 
in man at doses normally used for prophylaxis, treat-
ment of diagnosis of disease, or for the modification 
of physiological function.”1 The vast majority of ADRs 
are benign, but some can be associated with signifi-
cant morbidity and mortality. Although some ADRs are 
iatrogenic and unpredictable, others are unintended, 
but expected based on our knowledge of the pharma-
cology of the drug. Regardless of etiology, these are 
probably or definitely preventable. In addition to harm, 
preventable ADRs add unnecessary burden to the 
patient and parents and cost to the health care system.

Almost 30 years ago a list of inappropriate drugs for 

use in patients 65 years and older residing in nursing 
homes was created.2 Since that time the American 
Geriatric Society has updated and published what has 
become known as the “Beers Criteria.”3 The Beers Cri-
teria represents a standard of care that has improved 
safe prescribing and use of drugs in older adults. A 
comparable evidence-based list of drugs that are as-
sociated with unintended and preventable ADRs would 
enhance medication safety in the pediatric population. 
With this in mind, the Pediatric Pharmacy Association 
(PPA) commissioned a group of pediatric pharmacists 
to evaluate the medical literature and compile a list of 
drugs that should be “avoided” or “used with caution” 
in all or a subset of the pediatric population.

The KIDs List is an essential first step to improving 
medication safety by serving as a reference tool to 
identify medications associated with a high risk for 
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ADRs, thereby decreasing serious ADRs and creating 
a tool that could be used to evaluate and enhance the 
quality of care, decrease costs, and identify areas for 
needed research in the pediatric population. It is our 
hope that this resource will also serve as a catalyst for 
an increased dialogue among interprofessional prac-
titioners and respective pediatric institutions and that 
it will enhance public awareness of the problem. With 
these goals in mind, we publish the Key Potentially 
Inappropriate Drugs in Pediatrics, or the “KIDs” List.

Background
Incidence of ADRs. The minimum rate of ADRs in all 

patients worldwide is estimated to be 5% per course of 
drug therapy.4 Serious ADRs occur in 6.7% of hospital-
ized adult patients, with a fatality rate of 0.32%.5 It has 
been estimated that ADRs cause 100,000 to 197,000 
deaths annually in the United States and Europe, re-
spectively.5,6 In fact, it has been noted that ADRs may 
be the fourth to sixth leading cause of death in adults.5

The frequency of ADRs in children have been in-
vestigated in a number of systemic reviews across 
more than 2 decades.7–11 These studies have explored 
ADR rates that caused hospitalization, occurred during 
hospital stay, or happened in the community setting. 
In a review of 80 studies reporting ADRs in children, 
Smyth et al10 found that the incidence of an ADR causing 
hospital admission ranged from 0.4% to 10.3%. Another 
study reported that ADRs were responsible for 4% of 
admissions to a large British children’s hospital, with 
the ADR directly leading to the admission in 71% of 
cases.12 The authors concluded that 33% of the reac-
tions were possibly avoidable.12 Smyth et al10 reviewed 
21 prospective studies of hospitalized pediatric patients 
and found that ADRs occurred in up to 16.8% of patients. 
Thiesen et al9 reported that 17.7% of all children who 
spend more than 48 hours in a hospital experienced 
at least 1 ADR. Neonates occupy a unique subset of 
pediatric patients who have a high risk for ADRs and 
an even higher risk for serious ADRs. Kaguelidou et al11 
used information between 1986 and 2012 housed in the 
French pharmacovigilance database to look specifically 
at the occurrence of ADRs in neonates <1 month of life. 
Of the 1688 neonates experiencing an ADR, 59% were 
considered serious.11 Regardless of environment, the 
incidence and prevalence of ADRs appear higher in the 
pediatric population than that noted in adults.

Estimates for ADRs in the community setting are even 
harder to determine and are often complicated by unin-
tentional overdoses. In a review of 33 studies, Aagaard 
et al8 noted an ADR rate of 1.46% in outpatients. They 
also reported differences in ADR rates in the pediatric 
population, with about 25%, 50%, and 25% of ADRs 
occurring in children ages <1 year, 1 to 10 years, and 
>10 years, respectively.8

Multiple underlying reasons for the higher rates of 
ADRs in the pediatric population exist, including lack 

of FDA labeling in various pediatric populations and 
age-related differences in drug disposition and effect. 
Data on prescription medication use were available for 
38,277 children and adolescents from 1999 to 2014, and 
Hales et al13 found that the overall use of any prescrip-
tion medication in the past 30 days was 21.9%. During 
2013–2014, Qato et al14 found that 19.8% of children and 
adolescents were prescribed at least 1 medication, and 
7.5% used multiple medications. Rieder15 reported on a 
population of 1 million Canadian children and noted that 
about 20% of all prescriptions were written for 70% of 
patients, which suggested that patients with complex 
or chronic diseases frequently receive polytherapy.

Off-Label Use. Currently more than 1400 medica-
tions are available in the United States, with about 
20 to 30 new medications being FDA approved each 
year.15 The approval and subsequent release of new 
medications onto the market often occurs without the 
benefit of even limited experience in pediatric patients. 
This lack of information often requires practitioners to 
prescribe drugs in an “off-label” manner, employing 
poorly defined dose strategies, which increases the risk 
of ADRs. The Best Pharmaceuticals for Children Act and 
the Pediatric Research Equity Act in the United States 
and 2 European reports (from the European Medi-
cines Agency and European Union Commission) were 
designed to encourage more studies of medications 
used in the pediatric population.16 Although these leg-
islative decisions provide incentives and requirements 
for pediatric studies of new drugs and their labeling, 
medications on the market prior to these acts often do 
not benefit from legislative incentives. Despite these 
initiatives, off-label use of medicines in children is still 
widespread. In fact, 50% of medications in the United 
States are still not labeled for use in children.17 Off-label 
use among European countries ranges from 13% to 69% 
and 2% to 100% of prescriptions prescribed off-label in 
the hospital and primary care settings, respectively.18 
Off-label use of drugs presents an even larger and 
more complex issue in preterm and full-term neonates, 
in infants and children ages <2 years, in children with 
rare or chronic diseases, and in those who are critically 
ill. In fact, Nir-Neuman et al19 reported that among the 
1064 prescriptions for 49 medications in critically ill 
neonates, 64.8% involved off-label use. Likewise, the 
number of critically ill pediatric patients receiving at 
least 1 off-label medication was 88.7%. The risk of ADRs 
in the pediatric population is increased because pedi-
atric practitioners must rely on case reports, anecdotal 
observational experience, and historical dogma in lieu 
of evidence-based studies.

Altered Pharmacokinetics. Another important 
contributing factor to an increased rate of ADRs in the 
pediatric population is the relationship of ontogeny of 
systems and the resultant impact of developmental 
pharmacology on drug therapy. Growth and develop-
ment from birth to adolescence is a dynamic process 
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that increases a patient’s risk for ADRs as he or she 
undergoes significant maturational changes in body 
composition and organ function.20–22 Because the 
pharmacologic response to a drug is dependent on 
these changes, an approach to medication use in the 
pediatric arena requires an understanding of physi-
ologic characteristics at various ages combined with 
a comprehensive knowledge of the pharmacokinetics 
of a specific drug. Without question, age is correlated 
with drug pharmacokinetics resulting from changes 
in absorption, distribution, metabolism, and excre-
tion. Developmental changes in absorptive surfaces 
(e.g., gastrointestinal tract, skin, pulmonary tract), in-
tragastric pH, and changes in gastric emptying times 
and intestinal motility rates affect drug absorption. 
Maturational changes occur in gut drug transports and 
drug-metabolizing enzymes. Neonates have a thinner 
stratum corneum, which enhances percutaneous ab-
sorption of drugs. During a decade, body composition 
changes as total body water decreases and body fat 
increases. Phase l and phase 2 hepatic metabolizing 
enzyme systems mature over time. These processes 
are responsible for the biotransformation of drugs. 
The ontogeny of these reactions is significantly under-
developed in premature and full-term neonates. The 
kidney is responsible for the clearance of many drugs 
from the body. The development of renal function (i.e., 
glomerular filtration, tubular secretion) approaches that 
of an adult by the first year of life.

Methods
Panel Selection and Composition. The PPA Board of 

Directors commissioned this work on March 23, 2017. 
Seven pediatric pharmacists were recruited from the 
PPA membership, in part based on experience in vari-
ous subpopulations of pediatric practice. These prac-
tice domains included, but were not limited to, neonatal 
and pediatric critical care, hematology/oncology, and 
general pediatrics. Each panel member completed a 
conflict of interest disclosure form at the beginning of 
the process and again at each meeting of the panel. No 
panel member had a conflict of interest that precluded 
participation.

Process and Operational Definitions. The process 
began with discussion regarding the process that would 
be used to identify, review, and assess information re-
lated to ADRs in the pediatric population. The focus of 
the early meetings of the panel related to definition of 
terms and methodologies used to identify and assess 
ADRs. Once abstracts were identified, the full text of a 
subset of articles that met inclusion criteria were pulled 
and reviewed.

ADR. The panel adopted the WHO description of 
an ADR: “Any noxious and unintended response to 
a drug that occurs in man at doses normally used for 
prophylaxis, treatment of diagnosis of disease, or for 
the modification of physiological function.”1

Potentially Inappropriate Use. Potentially inappro-
priate medications are defined by the Beers Criteria as 
“medications or medication classes that should gener-
ally be avoided in persons 65 years or older because 
they are either ineffective or they pose unnecessarily 
high risk for older persons and a safer alternative is 
available.”23 For the KIDs List, potentially inappropri-
ate medications are thus defined as “medications or 
medication classes that should generally be avoided 
in persons younger than 18 years because they pose 
an unnecessarily high risk for children and a safer 
alternative is available.” Drug ineffectiveness was not 
a criteria for the KIDs List. This list is meant to serve 
as a clinical tool and is not meant to replace clinical 
judgment or be used in a punitive manner. Needs of 
an individual patient, management of a disease(s), or 
unique situations may surpass the recommendations 
of this list. The choice of appropriate medications for 
pediatric patients should involve an interprofessional 
health care team that takes into consideration the val-
ues and preferences of the child and legal guardians.

Avoid Versus Caution. Two recommendations were 
used in the KIDs List: avoid and caution. Avoid was 
used when either the strength of the recommendation 
was strong or the potential adverse effect was of a life-
threatening or life-altering nature. Caution was used to 
describe drugs in which the quality of evidence was low 
or very low or the strength of the recommendation was 
weak, or if there was a clear therapeutic need for the 
drug despite the evidence still demonstrating a higher 
risk in children than in adults.

Ages. Because maturation of physiologic systems 
affects the likelihood of ADRs given the pharmacology 
of the drug or excipient, the panel felt it was necessary 
to use subsets of ages in considering the different 
levels of risk for an ADR. Hence, patients were further 
stratified as: 1) very low birth weight, defined as <1500 
g; 2) neonates <1 month; 3) infants <24 months; and 4) 
children <18 years. The definition of age for “children” 
(i.e., birth to 18 years) used in the KIDs List encompasses 
neonates, infants, young children, older children, and 
adolescents, rather than the traditional age defini-
tions.24,25 The panel did not find evidence that children 
and adolescents were different with regard to evidence 
in the literature supporting a different drug restriction 
strategy.

Strength of Recommendation. This assessment 
reflected a classification by the panel describing the 
seriousness of an ADR, the extent to which the clinician 
can be confident in concluding that the desir able effects 
of an intervention outweigh the unde sirable effects. A 
“strong” recommendation is predicated on the belief 
that most informed clinicians would choose the recom-
mended course of action. The implication of a strong 
recommendation is that when the clinician is presented 
with information about a specific ADR he or she would 
choose to avoid or use the drug cautiously in lieu of 
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assuming the risk of the ADR. A strong recommendation 
allows clinicians to have confidence in their interactions 
with patients and to structure discussions accordingly. 
Conversely, a weak recommendation is consistent with 
significant variability in the decisions that a clinician 
would make when presented with information about 
a specific ADR. Because these decisions may vary ac-
cording to the parents’ and patients’ values and prefer-
ences, the clinician must ensure that drug treatment is 
in keeping with their values and preferences.

Quality of Evidence. The quality of evidence is a 
reflection of the aggregate of published information. 
When the quality of evidence is high, the strength of 
a recommendation is greater than if the quality is low. 
The quality of evidence definitions used for the KIDs List 
were based on those from the GRADE recommenda-
tions26 and used by the Beers Criteria.27 Although the 
Beers group eliminated the “very low” classification, the 
KIDs List panel elected to keep it given the paucity of 
high-quality data on adverse drug events in children. 
An assessment of “high quality” indicates that further 
published information or research is very unlikely to 
alter our confidence in the recommendation or esti-
mate of ADR effect. “Moderate” quality suggests that 
further research may have an important impact on our 
confidence because it may influence or change the evi-
dence regarding a recommendation. A “low” estimate 
of quality implies that further published information or 
research is likely to affect our confidence in the estimate 
of effect and is likely to change the conclusion. A “very 
low” implies that any estimate of effect is very uncertain.

Literature Search and Review. Electronic databases, 
published communications, information from package 
inserts, practice guidelines, member expertise, and 
external reviewers were used to ensure that the maxi-
mum number of drugs and excipients were identified for 
initial consideration. The process is described in Figure 

1. Articles and sources were collected, screened, and 
assessed for eligibility using the PRISMA strategy.28

Electronic Databases. An initial PubMed search was 
conducted on October 24, 2017. The search strategy 
included “adverse drug events” and “ADR” as keywords 
and/or mesh-terms, which were combined with “< 
18-years-old” as a filter. Other filters included “human 
studies,” “case reports,” “observational studies,” and 
“clinical trials.” Date ranges were not used, but the 
search was restricted to items published in the English 
language.

Lexi-Drugs Online and Pediatric and Neonatal Lexi-
Drugs Online databases were searched by a Lexicomp 
staff member on November 20, 2017. The fields “ALERT: 
US Boxed Warnings,” “Special Alerts,” and “Warnings & 
Precautions (contains Contraindications and Warnings/
Precautions)” were searched using the following terms: 
“children” OR “pediatric” OR “neonate” OR “infant” OR 
“child” OR “adolescent.” A panel member narrowed 
the list based on predefined inclusion and exclusion 
criteria. The list of potential candidate monographs was 
categorized for distribution according to the specialty 
expertise of the panel members.

FDA Communications. FDA Pediatric Safety Com-
munications29 were searched by 1 panel member. The 
site was searched for reports through January 2019. 
PubMed searches were performed on identified drugs 
using the methods previously described.

Panel Members. Individuals on the panel suggested 
drugs and excipients that were thought to be potentially 
harmful in pediatric patients. These suggestions were 
based on past experience, pharmacy education, or 
residency training, or anecdotal evidence among the 
community of pediatric pharmacists. A PubMed search 
on each drug was conducted using the methods previ-
ously described. Full texts of all pertinent manuscripts 
were brought forward to the panel for review and 

Figure 1. Methods for development of the KIDs List.
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discussions regarding inclusion.
Inclusion Criteria. Drugs and excipients were con-

sidered for inclusion if: 1) the drug was commercially 
available in the United States (did not require pediatric 
labeling); 2) the ADR was documented in medical litera-
ture and was clearly attributed to the drug or excipient; 
3) a safer therapeutic alternative was available; 4) the 
ADR occurred in patients between 0 and 18 years of 
age; and 5) the incidence, frequency, and severity of 
the ADR were greater in the pediatric population than 
in adults.

Exclusion Criteria. Drugs and excipients were 
excluded if: 1) the agent was a vaccine, drug device, 
herbal product, parenteral nutrition component, inhaled 
anesthetic, contrast agent, or illicit drug; or 2) the ADR 
was due to teratogenicity, drug exposure based on 
breastfeeding, an overdose, or an allergic reaction. 
Therapeutic effectiveness of drugs and FDA labeling 
were not considered when comparing drugs.

Extraction of Data. Once abstracts, articles, mono-
graphs, or communications were available they were 
reviewed by 2 panel members for inclusion and exclu-
sion based on predefined criteria. If one of those indi-
viduals concluded that the drug or excipient warranted 
further consideration it was discussed by the full panel.

Analysis. Between October 2017 and January 2019, 
the panel held weekly or monthly meetings via confer-
ence calls. During these meetings the panel reviewed 
and discussed candidate drugs and excipients. Panel 
members were assigned to conduct follow-up PubMed 
research on drugs and excipients identified during 
the process. Panel members conducted the research 
between the meetings and returned with references 

and a recommendation action (i.e., avoid, caution) and 
determination of strength of recommendation and qual-
ity of evidence to the whole panel for discussion. The 
panel decided by consensus the merits of the research 
available, whether it met inclusion or exclusion criteria, 
and its bearing on whether the drug should be included 
in the KIDs List.

Internal and External Review. The manuscript was 
reviewed by 2 pediatric pharmacists from PPA as well as 
an interprofessional group of individuals (see Acknowl-
edgments) who are recognized experts in pediatric drug 
therapy. The document was also reviewed by 1 nurse 
practitioner representing the Academy of Neonatal 
Nursing, and 1 nurse practitioner representing the Na-
tional Association of Nurse Practitioners. Comments 
generated by these reviewers were researched and 
discussed by the panel, and a revised manuscript was 
developed. This manuscript was submitted to the more 
than 1500 members of PPA for review via an electronic 
communication. Comments were accepted during a 
30-day period. The panel discussed and researched all 
comments and generated the final KIDs List manuscript. 
The List will be updated at least every 5 years or earlier 
if data become available prompting action.

Results
A summary of the systemic review and identification 

of included drugs and excipients is outlined in Figure 2. 
The initial PubMed search yielded 4049 unique titles. 
A total of 973 abstracts were reviewed by 2 panel 
members who identified 210 articles for full-text review. 
A search of all 3600 monographs included in the two 

Figure 2. Results of literature search, expert opinions, FDA Pediatric Safety Communications, and Lexicomp® 
database search.
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Lexicomp databases yielded 1038 drugs, of which 619 
were included for consideration by the full panel. The 
drugs fell into the following categories: neonatal (n = 
30), neurology/psychology (n = 79), infectious disease/
pulmonary (n = 106), hematology/oncology (n = 85), 
general pediatrics (n = 116), critical care (n = 100), and 
endocrinology/nephrology (n = 103). Expert opinion led 
to the identification of an additional 77 drugs, which 
were evaluated via literature searches. The review of 
FDA Pediatric Safety Communications yielded 31 rel-
evant announcements. Of those, 22 were forwarded 
to the full panel for consideration.

Ultimately, 126 items were cited in the report, with 
110 and 16 associated with drugs and excipients, 
respectively. These included peer-reviewed publica-
tions, such as research articles, case reports, or series; 
systemic reviews; and national guidelines. The citations 
also included important committee/panel reports from 
national organizations. Communications from the FDA, 
CDC and opinion items, as well as prescribing informa-
tion from package inserts, were also included.

The final KIDs List contains 67 drugs (Table 1). The 
most frequently cited groups included anti-infectives, 
antipsychotics, dopamine antagonists and gastroin-
testinal agents. Most of the drugs (85%) required a 
prescription. Most of the drugs were available in vari-
ous and multiple dosage formulations, including oral, 
parenteral, and external.

There was sufficient evidence to classify 39 drugs/
excipients as “avoid” and 23 as “use with caution.” 
As expected, most of the drugs classified as “avoid” 
had a combination of strength of recommendation 
plus quality of evidence as either “strong” and “high” 
or “strong” and “moderate” (65%). Far fewer drugs 
classified as “use with caution” had a combination of 
strength of recommendation plus quality of evidence as 
either “strong” and “high” or “strong” and “moderate” 
(29%). Ten excipients were identified (Table 2). Six of 
these pharmaceutical vehicles were noted as “avoid” 
and 4 were determined to be “use with caution.” Five 
excipients noted as “avoid” were specific for neonates.

Discussion
Pediatric patients have a unique vulnerability to 

ADRs. Some drugs may require more caution in children 
because of underdeveloped metabolic pathways or 
organ or tissue systems, whereas others may be less 
harmful, such as with those drugs that have enhanced 
renal clearance in young healthy kidneys. Through 
a lengthy process, we identified 67 drugs and drug 
classes and 10 excipients that are potentially inappro-
priate for use in all or a subgroup of pediatric patients. 
The number of strong recommendations in the KIDs List 
was lower (68%) than that seen in the Beers Criteria3 
(95%). This highlights the need for more evidence to 
further define and clarify these adverse reactions in the 
pediatric population.

Intent. The KIDs List is meant to serve as an evi-
dence-based guide to improve the safety of medication 
use in pediatric patients. The primary target audience 
of this publication is health care professionals caring for 
patients younger than 18 years in the acute and chronic 
institutional setting, as well as ambulatory and commu-
nity settings. The KIDs List is intended to be a guide, 
and the recommendations do not suggest absolute 
contraindication of any drug in any pediatric patient. 
As in all medical cases, the entire clinical picture of the 
patient must be assessed and evaluated by the health 
care professionals directly involved in the patient’s care, 
and treatment with drugs on this list may be warranted, 
depending on the clinical situation. The KIDs List is not 
a substitute for clinical judgment. There may be specific 
populations or diseases for which treatment with any 
of these drugs is warranted. The intent of the KIDs List 
is to improve the safety of medication use in children, 
educate clinicians and patients, and serve as a quality 
control tool.

It should be noted that some drugs included on 
this list are also on the WHO Model List of Essential 
Medicines for Children.30 Acceptable therapeutic 
alternatives readily available in the United States (for 
the same indication) played a role in the expert panel’s 
determination of recommendation in the KIDs List. The 
KIDs List is not intended to nullify the WHO Model List 
of Essential Medicines for Children. Use of these drugs 
in other countries for certain clinical conditions may 
be warranted.

Application. This list should serve as a useful re-
source for clinicians and institutions caring for children 
and provide a basis for allocation of resources and 
additional research to improve drug safety in the pe-
diatric population. During the review, only those drugs 
approved for use in the United States, regardless of US 
FDA-labeled age, were considered; hence, application 
of this list for pediatric patients in countries other than 
the United States may not be appropriate.

Limitations. Generation of the KIDs List resulted in 
several unexpected challenges. The panel sought to 
identify whether adverse events from individual drugs 
were associated with a chemical or therapeutic class 
effect. Evaluation of individual drugs within a class of 
drugs with concerning in vitro data was impossible in 
some cases. For example, numerous drugs displace 
bilirubin from albumin in vitro, raising the concern for in-
creased risk of kernicterus in neonates. However, some 
drugs (e.g., ibuprofen) have corresponding clinical data 
demonstrating safety in neonates.31,32 These drugs were 
excluded from the list. Several other drugs with similar 
in vitro concerns are included in the list with a weak 
recommendation based on a very low quality of data. 
This is not because corresponding data corroborate 
in vitro data with clinical evidence of ADRs in pediatric 
patients, but because in vivo data are lacking. In these 
cases, we hope health care professionals will carefully 
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evaluate the real-world impact of these agents before 
widespread clinical use occurs. The KIDs List highlights 
areas of research needed in the pediatric population.

Excipients posed a challenge for the panel because 
no complete list of drugs with benzyl alcohol, ethanol, 
propylene glycol, and other excipients exists. Each drug 
may be noted to contain excipients, but not always the 
amount within the product. Although it is known that 
certain excipients have led to significant adverse effects 
and death in pediatric patients, there are not docu-
mented acceptable limits for all excipients in neonates 
and children.33,34 Therefore, we considered excipients 
individually and included available information. Clini-
cians must remain diligent about the presence and 
concentration of these excipients in drugs prescribed 
to pediatric patients.

Considered but Not Included. Many drugs were 
proposed for inclusion in the KIDs List based on histori-
cal or personal beliefs, but were not included because 
evidence was not sufficient to include them based on 
the methodology used by the panel. Some of the drugs 
and drug classes that were commonly recommended, 
but not included are considered here.

Over-the-counter pediatric cough and cold prepara-
tions have come under scrutiny because there is limited 
literature to demonstrate clinical effectiveness, and the 
risks of toxicity are well documented.35,36 These medica-
tions were not included in the KIDs List because safety 
issues were closely linked with overdoses, and the 
panel could not find a clear toxicity risk when labeled 
dosing regimens are used in recommended doses.37 
This should not be taken as an endorsement of these 
products for clinical use; there simply was not enough 
evidence to confer a clear safety risk when using thera-
peutic doses of these agents in children.

Supporting evidence for the historical recommen-
dation to avoid fluoroquinolones in children was not 
found to be sufficiently robust.38 After discussion of the 
potential for clinical benefit, particularly in certain popu-
lations, such as patients with complicated urinary tract 
infections,39 cystic fibrosis,40 and certain community-
acquired pneumonia cases,41 a decision was made to 
not include this class of drugs.

Aspirin also has a long history of being avoided in 
children because of the proposed association with Reye 
syndrome. Recent literature42 contesting this associa-
tion, along with its frequent use and proven benefit 
in certain populations, such as those with Kawasaki 
disease,43 postischemic stroke,44 and cardiac surgery 
patients,44,45 led to the panel’s decision to give a weak 
recommendation to use with caution in children with 
suspicion of viral illness (influenza and varicella).

Although pediatric labeling can be an endorse-
ment of safety for the indication, the panel reviewed 
primary literature and compared the safety of drugs 
within therapeutic classes. From this perspective, the 
risks of some FDA-approved drugs were deemed Ta
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significant enough to warrant inclusion of those drugs 
on the KIDs List. Likewise, although FDA Pediatric 
Safety Communications were used to identify drugs 
with a higher likelihood of harm in pediatric patients, 
their existence was not, in and of itself, considered 
evidence of a higher likelihood of harm. Although it 
is acknowledged that the FDA may have internal data 
not found in the primary literature, the panel neverthe-
less sought to understand the reasoning behind FDA 
warnings and, when based on the primary literature, 
the panel applied the GRADE approach to determine 
whether to place a drug on the KIDs List. Sildenafil is 
an example of a drug excluded from the KIDs List that 
has an FDA warning that recommends against pediatric 
use. Upon review of the STARTS-146 and STARTS-247 
trials, the panel decided that sildenafil did not carry 
an age-specific toxicity concern. Rather, it could be 
safely used in pediatric patients if dosed correctly in 
the proper subpopulations of patients with pulmonary 
arterial hypertension.

Antidepressants presented a similar challenge. In 
2004, the FDA issued a US Boxed Warning on the 
entire class of antidepressants, indicating they were 
associated with an increased risk of suicidality and 
suicidal ideation in children.48 When considering a class 
effect with these drugs, the panel felt antidepressants 
are clinically beneficial to many pediatric patients and 
including this entire class of drugs would not provide 
clinicians with a useful decision support tool. The panel 
made an effort to determine if any particular drug in the 
class posed a greater risk than others49,50 and found 
that at this time there is insufficient evidence to suggest 
that any of these drugs have a higher risk of suicidality 
or suicidal ideation, and thus the class was left off the 
list. This is another example where additional research 
may influence this decision for the next version of the 
KIDs List.

Future Directions. The panel expects significant 
feedback on this document. Our intent is to collect 
comments and consider the recommendations in light 
of new literature. An updated KIDs List will be published 
when a critical mass of new data warrants an update. 
This list is the first step in the ongoing work of clinicians 
and researchers to continuously improve the safety 
of pediatric pharmacotherapy, used in combination 
with a thorough process that incorporates drug-drug 
interaction checking, pharmacogenomics results, and 
patient-specific and clinical factors.

Conclusions
An extensive literature review and panel discussion 

facilitated compilation of the first iteration of a list of 
drugs and excipients that should generally be avoided 
or used with caution in all or select subgroups of pedi-
atric patients. The KIDs List serves as a tool to improve 
drug safety for children. It provides a starting point in 
clinical decision-making, functioning as an evidence-Ta

bl
e 

2.
 E

xc
ip

ie
nt

s 
W

ith
 K

no
w

n 
or

 P
ot

en
tia

l H
ar

m
s 

W
he

n 
U

se
d 

in
 P

ed
ia

tri
c 

Pa
tie

nt
s

Ex
ci

pi
en

t
Ra

tio
na

le
Re

co
m

m
en

da
tio

n
St

re
ng

th
 o

f R
ec

om
m

en
da

tio
n

Q
ua

lit
y 

of
 E

vi
de

nc
e

Be
nz

yl
 a

lc
oh

ol
, s

od
iu

m
 

be
nz

oa
te

, b
en

zo
ic

 a
ci

d33
,3

4,
16

0–
16

3
G

as
pi

ng
 s

yn
dr

om
e

Av
oi

d 
ex

po
su

re
 o

f >
99

 m
g/

kg
/d

ay
 in

 n
eo

na
te

s 
(w

ith
 th

e 
ex

ce
pt

io
n 

of
 s

od
iu

m
 p

he
ny

la
ce

ta
te

/
so

di
um

 b
en

zo
at

e 
us

ed
 fo

r t
he

 tr
ea

tm
en

t o
f u

re
a 

cy
cl

e 
di

so
rd

er
s)

St
ro

ng
H

ig
h

Et
ha

no
l/e

th
yl

 a
lc

oh
ol

34
,16

4  (
th

is
 

ex
cl

ud
es

 e
th

an
ol

 lo
ck

)
C

N
S 

de
pr

es
si

on
, h

yp
og

ly
ce

m
ia

C
au

tio
n 

in
 <

6 
ye

ar
s;

 m
ax

im
um

 o
f 5

%
 v

ol
/v

ol
 

et
ha

no
l w

ith
 c

lin
ic

ia
n 

su
pe

rv
is

io
n

St
ro

ng
M

od
er

at
e

Is
op

ro
py

l a
lc

oh
ol

16
5,

16
6

C
he

m
ic

al
 b

ur
n

C
au

tio
n 

in
 v

er
y 

lo
w

 b
irt

h 
w

ei
gh

t n
eo

na
te

s
St

ro
ng

Lo
w

M
et

hy
lp

ar
ab

en
, p

ro
py

lp
ar

ab
en

16
7

Ke
rn

ic
te

ru
s

C
au

tio
n 

in
 <

2 
m

on
th

s
St

ro
ng

Ve
ry

 lo
w

Ph
en

yl
al

an
in

e16
8

C
og

ni
tiv

e 
an

d 
be

ha
vi

or
al

 
pr

ob
le

m
s

Av
oi

d 
in

 c
hi

ld
re

n 
w

ith
 a

n 
un

kn
ow

n 
ph

en
yl

ke
to

nu
ria

 te
st

St
ro

ng
H

ig
h

Po
ly

so
rb

at
e 

80
16

9–
17

1
E-

Fe
ro

l s
yn

dr
om

e
Av

oi
d 

in
 <

1 y
ea

r (
an

y 
am

ou
nt

)
St

ro
ng

H
ig

h

Pr
op

yl
en

e 
gl

yc
ol

33
,3

4,
17

2,
17

3
La

ct
ic

 a
ci

do
si

s,
 C

N
S 

de
pr

es
si

on
, 

hy
po

gl
yc

em
ia

, h
em

ol
ys

is
, s

ei
zu

re
Av

oi
d 

do
se

s 
>3

 g
/d

ay
 in

 n
eo

na
te

s;
 c

au
tio

n 
do

se
s 

>3
4 

m
g/

kg
/d

ay
 in

 n
eo

na
te

s
St

ro
ng

M
od

er
at

e

The KIDs ListMeyers, RS et al



186  J Pediatr Pharmacol Ther 2020 Vol. 25 No. 3 www.jppt.org 

based reference of the risks associated with relatively 
contraindicated drugs in the pediatric population. This 
list also serves as a reference to combat historical 
dogma, accurately reflecting the rationale and level of 
evidence supporting contraindications and highlighting 
knowledge gaps in the published literature. Recom-
mendations found in this list will evolve over time with 
additional research and clinical experience. Although 
knowledge of pediatric pharmacology has increased 
dramatically, ongoing efforts to promote investigation 
of pediatric pharmacotherapy will improve the depth 
and quality of future iterations of this list.
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