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The Current State of Unapproved Cannabidiol Product 
Use in Children
Braden Cowell, PharmD; Hannah Van de Roovaart, PharmD; Melissa Beck, PhD; Aleda M. H. Chen, PharmD, PhD;  
and Justin W. Cole, PharmD

Cannabidiol (CBD) is a naturally occurring cannabinoid isolated from Cannabis sativa. CBD has therapeutic 
benefit for the treatment of seizures associated with various epilepsy syndromes in children; however, data 
are lacking related to the use of CBD for other indications in pediatric patients. Despite this lack of clinical 
data, the use of CBD products as a complementary treatment for various conditions in children continues to 
increase. Thus, it is imperative that those involved in the care of children and adolescents are well informed 
with current information related to CBD use in pediatrics. This review will address the pharmacology of 
CBD, legal and regulatory factors, usage patterns, current efficacy data, and safety concerns related to 
the use of CBD in children and adolescents. Recommendations for clinicians, public health officials, and 
researchers are also provided to effectively manage the use of unapproved CBD products in the pediatric 
population.

ABBREVIATIONS ABC-CFXS, Aberrant Behavior Checklist–Community Edition – Fragile X Syndrome; ADHD, 
attention-deficit hyperactivity disorder; AEA, N-arachidonoylethanolamine; ASD, autism spectrum disorder; 
AUC, area under the curve; BDNF, brain-derived neurotrophic factor; CBD, cannabidiol; CGI-I, Clinical Global 
Impression–Improvement; cGMPs, current good manufacturing practices; CNS, central nervous system; 
DEA, Drug Enforcement Agency; FDA, US Food and Drug Administration; FXS, fragile X syndrome; GABA, 
gamma–aminobutyric acid; GAD, generalized anxiety disorder; GPR55, G protein–coupled receptor 55; 
PPARγ, peroxisome proliferator-activated receptor gamma; THC, tetrahydrocannabinol; Tmax, time to maximal 
concentration; TRPV, transient receptor potential vanilloid; 5-HT, 5-hydroxytryptamine 

KEYWORDS cannabidiol; cannabinoid; pediatrics
J Pediatr Pharmacol Ther 2025;30(5):564–579

DOI: 10.5863/JPPT-24-00081

Introduction
Cannabidiol (CBD) use has expanded rapidly in recent 

decades within the United States, including among 
children and adolescents.1,2 It is important for pediatric 
health care professionals, including pharmacists, to un-
derstand key elements related to CBD products to guide 
conversations with parents and guardians who may be 
considering or already use such products for the care 
of their children. This includes the regulatory landscape, 
clinical science, and safety concerns related to these 
products.3–9 Thus, the aims of this review are to provide 
a comprehensive review of unapproved CBD product 
use in children and to provide the clinician with practi-
cal considerations when communicating with families 
regarding these products, including the pharmacology, 
historical and current regulations, safety and efficacy, 
and health beliefs surrounding use of CBD products.

Pharmacology and Pharmacokinetics of CBD
There are 3 main classes of cannabinoids: endocan-

nabinoids (naturally occurring within the body), phyto-

cannabinoids (naturally occurring within the Cannabis 
sativa plant), and synthetic cannabinoids (synthesized 
for therapeutic use). Over 100 different phytocannabi-
noids have been discovered from the C sativa plant, 
with delta-9-tetrahydrocannabinol (THC) and CBD be-
ing most abundant.10 While THC is well known for its 
psychotropic effects, CBD lacks these properties. In 
addition, CBD may exert anti-inflammatory, antiemetic, 
and neuroprotective effects.11

CBD is thought to exert its primary action on recep-
tors within the endocannabinoid system. Within this sys-
tem, 2 endocannabinoids, N-arachidonoylethanolamine 
(anandamide/AEA) and 2-arachidonoylglycerol, are 
transferred across the synaptic cleft where they bind 
to the cannabinoid receptors. The cannabinoid recep-
tors, CB1 and CB2, are inhibitory G protein–coupled 
receptors. CB1 receptors are the most abundant, with 
expression on gamma–aminobutyric acid (GABA) and 
glutamatergic neurons, particularly in areas of the brain 
associated with motor control, learning, memory, cogni-
tion, and emotions. CB2 receptors are less prominent 
and primarily found in the peripheral tissues including 
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immune cells, the spleen, and cardiovascular tissues. 
CB2 is also expressed in neural cells involved in pain 
perception, located in postsynaptic locations through-
out the central nervous system (CNS).1,10,12,13 Binding of 
endocannabinoids to CB1 and CB2 receptors results 
in the release of neurotransmitters such as glutamate, 
GABA, dopamine, serotonin, and acetylcholine.1,10,12,13 
While human data are limited, the expression of can-
nabinoid receptors is believed to change throughout 
development. In rodents, CB1 receptor expression 
and levels of AEA and 2-arachidonoylglycerol in the 
CNS peak in adolescence. CB1 receptor expression 
is thought to peak around 5 years of age in human 
prefrontal cortex followed by a slow decrease into adult-
hood.14 While a full review of these factors is beyond 
the scope of this review, clinicians should be aware that 
the clinical effects of cannabinoids may vary throughout 
development in humans owing to physiologic changes 
in the endocannabinoid system.

CBD acts as an indirect antagonist of CB1 and CB2 
receptors. Compared with THC, which is a strong ago-
nist at CB1 receptors, CBD has a much lower affinity 
for these receptors, acting as a negative allosteric 
modulator. Thus, CBD may reduce the clinical effects 
of THC.8 CBD is also believed to work by blocking 
the metabolism and uptake of AEA,10 allowing for 
more activation of CB1 and release of downstream 
neurotransmitters. Further, in vitro research suggests 
that CBD may have CB2 receptor inverse agonism.15 
The interaction of CBD with CB2 receptors expressed 
in brain circuits that are hyperactive in patients with 
schizophrenia is also noteworthy.16 These CB2 re-
ceptor interactions likely explain the lack of certain 
psychotropic effects, such as hallucinations, with CBD 
compared with THC.

CBD exerts other important effects, such as ago-
nism at glycine, transient receptor potential vanilloid 
(TRPV)-1, 5-hydroxytryptamine (5-HT) 1A, and 5-HT3A 
receptors; partial agonism at D2 and D3 receptors; 
inhibition at sodium and calcium channels; modulation 
of peroxisome proliferator-activated receptor gamma 
(PPARγ); and antagonism at G protein–coupled recep-
tor 55 (GPR55).8,10 The anticonvulsant properties of 
CBD are thought to be mediated by interaction with 
many of these receptors, including GABA, glycine, 
TRPV1, TRPV2, and GPR55 receptors.8 Additionally, 
the administration of CBD increases brain-derived 
neurotrophic factor (BDNF) and 5-HT levels in animal 
models. Considering decreased BDNF levels in the CNS 
in patients with depression, the potential to modulate 
5-HT1A and 5-HT3A receptors, and interactions with 
PPARγ and other PPARs, CBD may have antidepressant 
and anxiolytic effects.8 This also points to the potential 
for CBD to be used in the treatment of substance use 
and dependence.

Most of what is known regarding the pharmacoki-
netics of CBD is derived from studies of oil-based oral 

formulations used for the treatment of seizures asso-
ciated with epilepsy. The oral bioavailability of CBD is 
relatively low at 13% to 19% owing to variable absorp-
tion and extensive first-pass metabolism via CYP3A4.17 
Absorption after oral administration is greatly increased 
when CBD is given with a high-fat meal, demonstrated 
by a 5-fold increase in maximum concentration and a 
4-fold increase in area under the curve (AUC). Addition-
ally, the AUC of CBD after oral administration is dose-
dependent.18 Time to maximal concentration (Tmax) after 
administration of oromucosal drops or sprays ranges 
from 1.64 to 4.2 hours, with similar Tmax values reported 
with sublingual drops. The bioavailability of CBD after 
smoking or inhalation has been reported to be around 
31%.17 Absorption and systemic exposure of CBD after 
topical administration is highly variable because of 
lipophilic properties and a tendency to degrade when 
exposed to light, temperature, and air.19

CBD is highly protein bound (>94%), leading to a large 
volume of distribution (20,963 to 42,849 L in adults).4 
The major CYP450 enzymes responsible for the bio-
transformation of CBD to its active metabolites are 
CYP3A4 and CYP2C19.20 CYP2C9, CYP2C19, UGT1A9, 
and UGT2B7 have also been implicated in the metabo-
lism of CBD. The resultant half-life of CBD in children 
is highly variable, ranging from 1 to 2 days with chronic 
oral administration, and may be significantly shorter 
with other routes of administration.17 Nearly 40 differ-
ent metabolites of CBD have been identified, all with 
varying potency.21,22 7-Hydroxy CBD, the primary active 
metabolite of CBD, has reduced activity compared 
with CBD itself and exhibits unique pharmacokinetic 
properties.20 For example, the AUC of 7-hydroxy CBD 
is 38% lower than CBD itself.4 CBD is primarily excreted 
in the feces.4 While a full review of the pharmacology 
and pharmacokinetics of CBD is beyond the scope of 
this review, clinicians should be aware of how these 
factors affect the clinical effects of CBD in children.23

Factors Affecting Unapproved CBD 
Product Use in the United States

In 2018, the first CBD (Epidiolex, Greenwich Biosci-
ences, Carlsbad, CA) dosage form was approved by the 
US Food and Drug Administration (FDA).3 Epidiolex is 
an oil-based oral solution containing 100 mg/mL of CBD 
and is indicated for the treatment of seizures associated 
with Dravet syndrome, Lennox-Gastaut syndrome, and 
tuberous sclerosis complex.4 While the use of Epidiolex 
in children with various epilepsy diagnoses continues 
to grow, so does the use of unapproved CBD products 
for epilepsy and other indications. CBD products have 
reportedly been used in a variety of other disease 
states as both monotherapy and adjunctive therapy,5–7 
including the treatment of muscle spasticity, sleep 
disorders, loss of appetite, nausea and vomiting, and 
neuropsychiatric disorders including autism spectrum 
disorder (ASD).8,9 Notably, all other CBD-containing 
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products are not approved by the FDA and are thus 
considered unapproved products.

The history of CBD use and approval within the 
United States is summarized in Figure 1.2,24–29 Prior to 
2018, legal access to CBD products was limited.2,24–29 
However, since the Farm Bill in 2018, there has been 
increasing legal access to a broad variety of CBD prod-
ucts.24–28 Recent growth in CBD use is influenced by the 
changing public perceptions surrounding its utility for 
a wide range of indications and acceptability for use.24

Analysts estimate that the CBD market could grow 
from an estimated $4.9 to $12.8 billion in 2021 to $47.2 
to $56.2 billion by 2028.24,30 Increased consumer in-
terest and subsequent awareness in this market have 
spurred growth, and companies continue to expand 
research efforts to demonstrate the efficacy of CBD 
products in a broad variety of disease states and con-
ditions.31,32 Growth is also due to the broadening of 
available products in recent years, which now include 
oils, gummies, tinctures, infused food products, skin-
care products, sprays, patches, vape pens, and more.24

Changing attitudes toward CBD and prescription 
pharmaceuticals have also contributed to the increas-
ing CBD market. Parents are often looking for alterna-
tive “natural” treatments for children. Because the 
general public is aware that CBD products are derived 
from a plant source, many parents may believe that 
these offer a natural and safer alternative to FDA-
approved pharmaceuticals. This has driven research 
into public perceptions of CBD.31,32 Perceptions of other 
drugs, such as opioids, have also changed parental at-
titudes toward CBD. For decades, opioids have been a 
therapeutic mainstay of pain management. However, 

there have been significant challenges with opioids 
involving misuse and addiction.24 The visibility of the 
opioid epidemic and public media portrayal of its effects 
have resulted in many patients and families seeking 
alternative remedies for managing pain, including CBD 
products.32

Unapproved CBD products are purchased from 
both offline and online distributors. However, owing 
to a decrease in consumer confidence surrounding 
e-commerce with CBD products, the offline distribution is 
expected to make up an increasingly larger percentage 
of the market.24 While dispensaries are responsible for 
most CBD sales today, predictions show a shift away 
from dispensaries toward retail stores, including some 
pharmacies in states that allow this practice.24 With 
prices often ranging from $60 to $70 per unit (i.e., 1–fl oz 
bottle of oil, 30-day supply of gummies, 1.7–4 fl oz bottle 
or jar of topical cream/lotion), CBD products can have 
a substantial impact on community pharmacy profits 
owing to the margin on the products.28 However, CBD 
products can also have a substantial negative impact 
on patient health care costs, as patients may purchase 
multiple products monthly, depending on the dose re-
quired to treat the condition. Health savings accounts 
and flexible spending accounts cannot be used to pay 
for CBD products, either. It is important to consider 
this impact, particularly for families that struggle with 
elements of the social determinants of health, such as 
financial stability or health insurance.

While the growth of the CBD market appears to 
be exponential, significant concerns remain related 
to mislabeling and illegal marketing. As noted by the 
FDA, “marketing unapproved products, with uncertain 

Figure 1. Timeline of key events in CBD use and legality in the United States.

CBD, cannabidiol; CNN, Cable News Network; FARM Bill, Federal Agriculture Improvement Act of 2018; FDA, 
US Food and Drug Administration; THC, tetrahydrocannabinol.
a �In 2015, Weed, the influential documentary highlighting Charlotte Figi’s story was aired on CNN. This documentary 

showcased Charlotte’s story of epilepsy and her positive experience with CBD products. It also elaborated on 
some of Colorado’s biggest medical marijuana growers, the Stanley brothers, and their branding of Charlotte’s 
Web hemp oils in 2012.

b �This law, for the most part, leaves regulation regarding hemp production and marketing up to the states. The 
United States is thought to be one of the largest consumers of CBD-derived products. This is perceived to be 
largely due to the Farm Bill of 2018.
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dosages and formulations can keep patients from ac-
cessing appropriate, recognized therapies to treat seri-
ous and even fatal diseases.”3 With expanding growth of 
the CBD market, it is important to monitor and address 
unreliable safety and efficacy data. Changing regula-
tory guidelines and expanded guidance may provide 
enhanced information regarding safety and efficacy, 
while preventing mislabeling and illegal marketing.33

Regulatory and Legal Landscape of 
Unapproved CBD Products

The regulatory and legal landscape of CBD products 
continues to change. Most updates to CBD regulations 
have occurred rather slowly, but the future of these 
standards is likely to change much more rapidly as 
states start to play a larger role in deciding how CBD 
and other hemp-derived products are managed.

Federal Regulations. Prior to 2018, all CBD-contain-
ing products were considered Schedule I controlled 
substances by the Drug Enforcement Agency (DEA). 
The 2018 Farm Bill created distinctions between can-
nabis (e.g., marijuana), which was illegal to cultivate, 
and hemp, which was distinguished as a legal crop if it 
contained less than 0.3% THC by weight.34 Six months 
later, the FDA approved the first prescription form 
of cannabidiol, branded as Epidiolex.3 According to 
the Food, Drug, and Cosmetic Act, supplements and 
foods cannot contain drugs, and any supplements or 
foods that do contain active drugs cannot be shipped 
across state lines.35 These stipulations mean that any 
product other than Epidiolex does not meet FDA ap-
proval requirements as a drug or dietary supplement. 
Given the variety of both foods and supplements con-
taining CBD, there are significant concerns whether 
CBD products fit within legal distribution regulations. 
Though many of these products are prohibited by 
the letter of the law, the current regulatory pathways 
through the FDA are insufficient to provide to fully 
manage the desire for CBD products and the corre-
sponding risks associated with their use.36 Owing to 
limited centralized regulation, as well as the Farm 
Bill’s federal decriminalization of hemp cultivation, 
states typically determine the legality of CBD prod-
ucts, making the distribution and marketing of CBD 
products within states and across state lines increas-
ingly complicated.

It is important to note that all manufacturers are still 
required to follow the current good manufacturing 
practices (cGMPs) for dietary supplements as specified 
in Title 21 of the Code of Federal Regulations.37 Many 
dietary supplements and food additives containing CBD 
have remained on the market following this legislation, 
and there are concerns that they do not follow cGMPs. 
Further, citing the lack of data regarding long-term use 
and a lack of consistency with self-administered doses, 
the FDA has indicated that new regulations need to 
be established that will likely be stricter on current 

development of CBD supplements.36 Additionally, the 
DEA has recently recommended that marijuana be 
reclassified as a Schedule III controlled substance fol-
lowing the recommendation of the Health and Human 
Services Department. Even if these regulatory changes 
are made, it is uncertain whether new rules and regula-
tions will be enforced properly. As the FDA and the DEA 
work with lawmakers to develop clearer regulations, 
states will have to decide the processes and allowances 
for CBD sales, considering future federal regulations.

State Regulations.  While several states have al-
lowed expanded access to unapproved CBD prod-
ucts, a majority have instituted certain conditions that 
limit either how CBD can be supplied or from where 
it can be sourced. Specifically, most of the states that 
have restrictions regarding the supply of CBD either 
limit the THC content, require CBD to be derived from 
hemp, require medical cannabis licensures for prod-
ucts with higher THC content, or limit the dosage 
forms (e.g., edibles) that can be dispensed or sold. 
Further categorical information on state regulations 
can be found in Table 1.38 For example, California has 
recently prohibited hemp-derived THC products and 
raised the minimum age to purchase hemp products 
to age 21 years. Both medicinal and recreational CBD 

Table 1. State Regulations Regarding CBD Products 
as of July 2024

Fully Legal Conditionally Legal

Alaska Alabama New Mexico

Arizona Arkansas North Carolina

California Delaware North Dakota

Colorado Florida Ohio

Connecticut Georgia Oklahoma

District of Columbia Hawaii Pennsylvania

Illinois Idaho Rhode Island

Maine Indiana South Carolina

Massachusetts Iowa South Dakota

Michigan Kansas Tennessee

Montana Kentucky Texas

Nevada Louisiana Utah

New Jersey Maryland West Virginia

New York Minnesota Wisconsin

Oregon Mississippi Wyoming

Vermont Missouri

Virginia Nebraska

Washington New Hampshire
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are allowed.39 Georgia has banned the sale of all CBD 
products to persons younger than 21 years beginning 
October 1, 2024, but does not have the stricter prohi-
bitions on hemp-derived products.40

Product Quality Assurance.  As noted earlier, the 
FDA is considering new regulations related to CBD 
products,36 while reaffirming their stance that unap-
proved CBD products do not meet the requirements 
necessary to be categorized as dietary supplements 
nor have any been evaluated for approval as a drug. 
Despite lacking an appropriate regulatory pathway 
for these products, CBD products are expected to 
be produced according to the good manufacturing 
requirements for both drugs and dietary supplements, 
including assessing purity, strength, and composition.37 
Yet, numerous reports suggest that CBD products con-
tinue to suffer from issues with label accuracy, includ-
ing both incorrect concentrations and composition.

Spindle et al41 reported that of the 105 products tested, 
only 24% were accurately labeled for their CBD content, 
while only 38% were correctly labeled for THC content. 
Similarly, the FDA conducted a sampling study of CBD 
and THC levels in 2020 to determine if the tested product 
ingredient concentrations were within 20% allowable 
deviation from the label.42 They found that only 35% of 
products tested contained CBD levels within 20% of the 
label claim.42 Suppliers of these CBD products are not 
required to report inactive ingredients, the CBD source, 
or whether pesticides or other chemicals were used in 
the growing or production process. This is an important 
area of consideration for health care professionals when 
counseling families on the safe use of CBD products.

Parental Health Beliefs and CBD Use 
Patterns Among Children

Despite limited information available on use pat-
terns, there is a general understanding that parents 
have increasingly used unapproved CBD products for 
their children. A recent nationally representative US 
survey of parents found that nearly one-third (31.3%) 
reported that they had administered an unapproved 
CBD product to their child who was diagnosed with 
attention-deficit/hyperactivity disorder (ADHD), ASD, 
and/or generalized anxiety disorder (GAD).43 Usage 
varied depending on geographic region, which could 
be due to state laws and regional societal views regard-
ing CBD products. The highest prevalence was found 
in the western region at 43.4%, and the lowest was 
found in the northeastern region at 18.6% (p < 0.05).43

Many different formulations of unapproved CBD 
products are available, some of which mimic candies, 
which could increase the risk of accidental overdose 
in children. In one study, the most common CBD dos-
age form administered to children by parents was 
edible gummies. Oils, drops, tinctures, topical creams 
and lotions, lollipops, and other edibles were also 
reportedly administered to children.43 Perceptions of 

CBD products overall vary. Most consumers desire 
well-known or trusted companies to produce CBD 
products, owing to a higher likelihood of safety con-
trols in place, higher manufacturing standards, and 
more experience in producing high-quality products 
consistently.44 Survey findings also indicate that over 
two-thirds of consumers who have never purchased 
CBD products are more likely to purchase them if they 
are regulated by a federal agency.44 When asking 
parents, 83% prefer FDA regulation of CBD products, 
with 74% preferring it to be prescribed only.45 While in-
creased regulation may result in increased perceived 
safety and higher use of CBD products, it could raise 
the cost of manufacturing CBD products,33 driving the 
consumer costs even higher. It may further increase 
use of unapproved products as well in an effort to 
reduce out-of-pocket costs.

Parents have used or contemplated the use of CBD 
products for a broad variety of indications. These in-
clude common uses in epilepsy46 as well as emerging 
therapeutic areas such as neurologic and psychiatric 
disorders (GAD, ADHD, ASD),43 juvenile rheumatoid 
arthritis,47 and fragile X syndrome (FXS).48 Expanding 
use indicates positive perceptions of CBD product 
efficacy and safety along with high interest for use. 
Interestingly, in a representative survey of parents who 
give their children CBD products for ASD, GAD, and/or 
ADHD, parents perceived stronger community support 
surrounding CBD use.43 There is even less information 
on pediatric patients’ perceptions of CBD products, 
but one study evaluated CBD oil use by adolescents 
in inflammatory bowel disease and found they had 
positive perceptions of efficacy.49

Effectiveness of CBD Products in the 
Pediatric Population

The efficacy of Epidiolex for the treatment of seizures 
in children associated with Lennox-Gastaut syndrome, 
Dravet syndrome, and tuberous sclerosis complex 
has been established through multiple prospective, 
placebo-controlled trials.5,50 However, research efforts 
regarding the efficacy of Epidiolex in other forms of 
epilepsy remains ongoing. Further, data evaluating the 
use of unapproved products in children for indications 
other than epilepsy require additional scrutiny. Thus, 
we performed a rapid review of CBD studies in the 
pediatric population for indications other than epilepsy, 
published through 2022, using MeSH terms in PubMed 
with the aid of a research librarian. The articles were 
then screened in Covidence with the following inclu-
sion criteria: research study (controlled study, case 
report, case series); uses purified, unapproved CBD 
products (contains <0.3% THC); and contains data on 
patients 0 to 21 years of age. Articles were excluded if 
they included Epidiolex, medical marijuana, or treated 
epilepsy. Two researchers independently reviewed 
each article for inclusion and exclusion, with a third 
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researcher resolving conflicts. The first phase of review 
focused on titles and abstracts, and the second phase 
of review focused on full text. A total of 576 studies 
were imported into Covidence, with 203 duplicates 
removed. After the review phases, a total of 14 studies 
were included. Table 2 summarizes these publications 
evaluating the efficacy and safety of CBD in children 
and adolescents.

Briefly, our review generated 14 studies that included 
5 randomized controlled trials, 4 case reports/series, 
and 3 open-label studies (typically linked to a drug study 
phase [I, II, or III]). The most common condition was ASD 
(n = 5), followed by FXS (n = 2). Two studies were broad 
and included multiple diseases or conditions. Efficacy 
and safety results varied among the studies. Data from 
the studies are discussed further below.

Within the published literature, the use of CBD for the 
treatment of core deficits and maladaptive behaviors 
associated with ASD has received the most attention. 
To date, only aripiprazole and risperidone have been 
approved by the FDA for the treatment of irritability and 
aggression associated with ASD, and no medications 
lead to improvement in the core deficits associated 
with ASD.51 These realities have been a primary driver 
of research to elucidate whether CBD might be effica-
cious for children with ASD. The largest of these trials 
was a prospective, double-blind, placebo-controlled 
crossover study published in 2021.52 The investiga-
tors enrolled 150 participants 5 to 21 years of age with 
ASD. Participants were randomly assigned in a 1:1:1 
fashion to receive either placebo, a whole-cannabis 
plant extract containing a 20:1 ratio of CBD to THC, or 
a purified CBD product containing the same 20:1 ratio 
of CBD to THC for 12 weeks. The whole-cannabis plant 
extract product retained all natural cannabinoids and 
plant terpenes, while the purified product did not. After 
a 4-week washout period, participants were switched 
from the placebo arm to a treatment arm or vice versa. 
Participants were started on 1 mg/kg/day of CBD and 
doses were increased by 1 mg/kg/day every other day 
to a maximum of 10 mg/kg/day for patients weighing 
between 20 and 40 kg or 7.5 mg/kg/day in patients 
>40 kg. No significant differences in Home Situation 
Questionnaire–ASD scores were observed when the 
CBD-rich products were compared with placebo. When 
comparing, Clinical Global Impression–Improvement 
(CGI-I) scale, 49% of patients receiving the whole plant 
extract, 38% receiving the purified CBD-rich product, 
and 21% receiving placebo reported improvement. 
Only the difference in CGI-I between the whole plant 
extract and placebo was statistically significant (p = 
0.005). Median improvement in Social Responsive-
ness Scale-2 scores were 3.6 points for placebo, 14.9 
points for whole plant extract (p = 0.009), and 8.2 for 
the purified product (p = 0.80). This secondary outcome 
is important to note because it may signal an improve-
ment in social communication, one of the core deficits 

seen in patients with ASD. Over 20% of the participants 
reported somnolence and decreased appetite when 
taking either the whole plant extract or purified product. 
No serious adverse events were reported.52

Other studies have also evaluated the use of 
CBD in ASD. Barchel et al53 evaluated 53 children 
between the ages of 4 and 22 years to receive a 
cannabis oil containing a 20:1 ratio of CBD to THC. 
The recommended dose of CBD was 16 mg/kg/day up 
to a maximum of 600 mg/day. Overall improvement 
in symptoms related to ASD was reported by 74.5% 
of parents. Looking at specific symptoms, 26 of 38 
(68.4%) parents reported an improvement in hyper-
activity, 23 of 34 (67.6%) reported an improvement in 
self-injury, 15 of 21 (71.4%) reported an improvement in 
sleep, and 8 of 17 (47.1%) reported an improvement in 
anxiety. However, none of these improvements were 
considered statistically significant when compared 
with conventional treatment responses published in 
the literature.53 Somnolence and changes in appetite 
were the most reported adverse effects. However, 
this trial is limited by the small sample size, lack of 
blinding, lack of a true comparator group, and a re-
quirement of only 30 days of follow-up.

Preliminary data on the use of CBD-rich products 
for the treatment of complex motor disorders with 
predominant spasticity or dystonia are promising. Lib-
zon et al54 conducted a pilot study in which pediatric 
participants between the ages of 1 and 17 years were 
given 5% CBD-enriched oil with either 0.25% or 0.83% 
THC for a duration of 5 months. These products had 
CBD to THC ratios of 20:1 and 6:1, respectively. The 
study was conducted in Israel, where fewer regulatory 
constraints allowed for the higher concentration of 
THC to be used. Patients were administered 1 drop 3 
times daily of the allocated oil, with the dose titrated 
up until the drug was unable to be tolerated, serious 
side effects were noted, or a maximum of 15 mg/day 
of THC was reached. Twenty participants completed 
the study. The mean CBD doses at the final study visit 
were 3.73 mg/kg/day in the 6:1 group and 5.53 mg/kg/
day in the 20:1 group (p = 0.42). Statistically significant 
improvements for the total cohort were seen in numeri-
cal rating of dystonia, spasticity, mood, stool function, 
sleep, pain, and appetite. Additionally, improvements 
were seen in both the Gross Motor Function Measure 
and the Cerebral Palsy Child questionnaire for quality 
of life. Statistically significant differences in clinical 
effects between the 2 products were not observed 
owing to the small sample size of the study. Worsening 
of seizures was reported in 2 patients, including one 
that experienced new onset gelastic seizures. One 
patient experienced excitation with rapid dose titration, 
and one reported mood fluctuations with concurrent 
methylphenidate use.54

Interest in using CBD in children with intellectual 
disability is also growing. Efron et al55 published a 
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(Table cont. on page 571)

Table 2. Efficacy and Safety of CBD Products in Children and Adolescents for Treatment of Conditions Other 
than Epilepsy

Author (Year) | 
Study Design

CBD Product(s) Condition(s) and 
Population

Outcomes

Aran52 (2021) | 
RCT

167 mg/mL CBD and  
8.35 mg/mL THC 
CBD:THC ratio 20:1

ASD 
150 participants 
5–21 years of age

Efficacy: 
No difference between groups (CBD vs 
placebo): 
• �Home Situation Questionnaire–ASD
• �Autism Parenting Stress Index
Significant improvement for C 
BD vs placebo in:
• �CGI-I scale with disruptive behavior 

anchor points (p = 0.005)
• �Social Responsiveness Scale  

(p = 0.009)
Safety:
• �Somnolence was more common in 

CBD vs placebo (p < 0.001)
• �No other significant differences or 

severe/serious adverse events

Barchel53 (2018) |  
retrospective 
observational 
study

Concentration of 30% and a 
CBD:THC ratio 20:1 
Dosed by weight:
• �CBD - 16 mg/kg, up to 600 

mg daily
• �THC - 0.8 mg/kg, up to 40 

mg daily

ASD 
53 participants 
4–22 years of age

Efficacy: Change in symptoms:
• �No change = 21.6%
• �Improvement = 74.5%
• �Worsening = 3.9%
Safety: Most common adverse event – 
somnolence

Berry-Kravis58 
(2022) | RCT

Transdermal gel (4.2% w/w CBD 
concentration) dosed by weight:
• �≤35 kg = 250 mg daily
• �>35 kg = 500 mg daily

Fragile X 
syndrome 
212 participants 
3–17 years of age

Efficacy: 
Improvement but no significant 
difference:
• �Social avoidance
• �Irritability
• �Unresponsiveness/lethargy
Patients with ≥90% methylation of 
FMR1:
• �Significant improvements in 

unresponsiveness/lethargy  
(p = 0.020)

• �Significant improvements in 
Caregiver Global Impression: SA 
and isolation, irritable and disruptive 
behaviors, and social interactions  
(p = 0.038, p = 0.028, and p = 0.002, 
respectively)

Safety: Most common adverse effect 
was upper respiratory tract infection 
(double occurrence vs placebo)

Chelliah59 (2018) |  
case series

Various CBD dosage forms 
including spray, oil, and cream

Epidermolysis 
bullosa 
3 cases 
6 months, 3 years, 
and 10 years of 
age

Efficacy: Improvement of blistering 
and symptoms associated with 
epidermolysis bullosa
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Author (Year) | 
Study Design

CBD Product(s) Condition(s) and 
Population

Outcomes

Efron55 (2021) |  
RCT

98% CBD in oil, dosed by 
weight:
• �5 mg/kg/day, titrated up to a 

maintenance dose of 20 mg/
kg/day

Intellectual 
disability and 
severe behavioral 
problems 
8 participants 
8–16 years of age

Efficacy:
• �Significant reduction in Aberrant 

Behavior Checklist-Irritability 
subscale symptoms in the CBD 
group. (p < 0.05)

• �No significant reduction in the 
placebo group.

Safety: No dose reductions, well 
tolerated

Heussler57 
(2019) | phase 
1/2 open-label

Transdermal CBD, up to  
250 mg daily

Fragile X 
syndrome 
20 participants 
6–17 years of age

Efficacy: Statistically significant 
reduction:
• �Mean Anxiety, Depression, and Mood 

Scale score (p < 0.001)
• �Manic/hyperactive behavior  

(p < 0.001)
• �Social avoidance (p < 0.001)
• �Compulsive behaviors (p = 0.03)
• �Secondary outcomes: Aberrant 

Behavior Checklist–Community, 
pediatric anxiety rating scale, 
pediatric QOL inventory, visual 
analogue scale (hyperactivity/
impulsivity, tantrum/mood, and 
anxiety)

Safety:
• �No serious adverse events
• �>10% experienced gastroenteritis, 

vomiting, and upper respiratory tract 
infection

Koren56 (2021) | 
case report

CBD oil, smoked, and flower Disruptive 
symptoms related 
to FASD 
2 cases 
5 and 12 years of 
age

Efficacy: Improvement in disruptive 
symptoms
• �Significant decrease in disruptive 

behavior score (p = 0.0002) across 
all 5 cases

Safety: No reports of serious adverse 
drug reactions

Libzon54 (2018) |  
RCT

5% oil formulation
• �0.25% δ-9-

tetrahydrocannabinol (THC) 
20:1

• �0.83% THC 6:1 group

Complex motor 
disorders 
20 participants 
1–17 years of age

Efficacy: Significant improvement 
across multiple efficacy assessments
• �Barry-Albright Dystonia: p = 0.009
• �Numeric Rating Scale for spasticity 

and dystonia: p = 0.002
• �Gross motor function: total and lay,  

p = 0.001; sit, p = 0.009
• �Quality of life: p = 0.036
• �Visual Analog Scale: p = 0.022

Madden81 
(2020) | case 
study

CBD oil, up to 50 mg, 6 times 
per day

Neuroendocrine 
tumor with 
metastatic disease 
13 years of age

Safety: Potential drug interaction 
between methadone and CBD, leading 
to fatigue and sleeplessness

Table 2. Efficacy and Safety of CBD Products in Children and Adolescents for Treatment of Conditions Other 
than Epilepsy (cont.)

(Table cont. on page 572)
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randomized, placebo-controlled, double-blind pilot study of CBD for the treatment of severe behavioral 

Author (Year) | 
Study Design

CBD Product(s) Condition(s) and 
Population

Outcomes

Palumbo82 
(2022) | phase 
2 open-label

Transdermal CBD, 250 or 500 
mg/day

ASD 
37 participants 
3–17 years of age

Efficacy: Statistically significant 
improvement: p < 0.05
• �All Aberrant Behavior Checklist–

Community subscales
• �Parent-Rated Anxiety Scale–ASD 

score
• �Autism Parenting Stress Index
• �Each Autism Impact Measure domain
• �Irritability
Safety:
• �No serious adverse effects
• �One discontinuation due to local site 

reaction
• �No changes in laboratory parameters 

or ECG

Perez-Vilar60 
(2023) | case 
series

CBD (unspecified) 6496 cases 
All ages

Safety: Derived from American 
Association of Poison Control Centers 
reports
• �Cases most common in children 2–12 

years of age due to unintentional 
exposure

• �Most frequent clinical effects: CNS 
depression, tachycardia, vomiting, 
neurological, dizziness/vertigo, 
nausea, and agitation

• �Most outcomes were mild in nature, 
with only 1 death likely due to 
comorbid conditions

Silva83 (2022) |  
RCT

0.5% (5 mg/mL) 
CBD:THC ratio 9:1

ASD 
64 participants 
5–11 years of age

Efficacy: 
Significant improvements in CBD vs 
placebo:
• �Psychomotor agitation (p < 0.01)
• �Number of meals per day (p < 0.05)
• �Social interaction (p < 0.001)
• �Anxiety (p < 0.05)
No improvements in:
• �Aggression, concentration, sleep, 

speech, stereotypy
• �Autism Treatment Evaluation 

Checklist
• �Childhood Autism Rating Scale
Safety: 10% with dizziness, insomnia, 
colic, and weight gain

Stolar84 (2022) |  
prospective, 
single arm, 
ongoing, open-
label phase III 
study

CBD oil 
CBD:THC ratio 20:1

ASD 
59 participants 
5–25 years of age

Safety: Significantly higher after 
therapy:
• �LDH (p = 0.003)
• �Free T4 (p = 0.03)
• �TSH (p = 0.01)

Table 2. Efficacy and Safety of CBD Products in Children and Adolescents for Treatment of Conditions Other 
than Epilepsy (cont.)

(Table cont. on page 573)
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problems in children 8 to 16 years of age, diagnosed 
with intellectual disability and severe behavioral prob-
lems. Eight participants were allocated to receive 98% 
CBD oil or placebo for a total of 8 weeks. An initial dose 
of 5 mg/kg/day in divided doses was then titrated by 5 
mg/kg/day every 3 days to a maintenance dose of 20 
mg/kg/day with a total daily maximum dose of 500 mg. 
While the authors reported favorable efficacy data re-
lated to behavioral concerns, conclusions regarding the 
utility of CBD in these children cannot be made owing 
to the trial design and the resulting small sample size.55

Several case reports have been published regard-
ing the use of CBD in children with other congenital 
disorders. Koren et al56 describe the use of cannabis 
in 2 children and 3 young adults diagnosed with fetal 
alcohol spectrum disorder. The first of these children 
was a 5-year-old male also diagnosed with ADHD, 
global cognitive delay, and conduct disorder. The 
patient received 2 drops of a 20% CBD oil that also 
contained 0.2% THC. An improvement in the frequency 
of tantrums and aggression was reported along with 
an improvement in social communication. The second 
child was a 12-year-old male with comorbid learning 
disability and conduct disorder. This patient received 
3 drops of an oil containing 15% CBD and 1% THC. 
Improvements in aggression, restlessness, and impul-
sivity were reported. It is important to note the drastic 
reports of symptom improvement despite very small 
doses of CBD in these 2 children. The remaining reports 
in 3 young adults involved inhalation or ingestion of 
cannabis preparations from the whole plant instead 
of CBD-specific products. No patients experienced 
adverse effects.56

Fragile X syndrome has been associated with signal-
ing changes in the endocannabinoid system. An early 

phase 1/2 open-label study found improvements in 
behavioral outcomes with no serious adverse events. 
However, >10% of patients did experience gastrointesti-
nal issues as well as upper respiratory tract infections.57 
Thus, Berry-Kravis et al58 conducted the CONNECT-FX 
trial, a phase 3, double-blind, placebo-controlled trial 
of ZYN002, a novel transdermal CBD 4.2% gel in pa-
tients 3 to 17 years of age with FXS. Participants were 
randomly assigned to receive ZYN002 or placebo for 
12 weeks. The dose of CBD was 250 mg/day in divided 
doses for patients ≤35 kg in weight, and 500 mg/day 
for patients >35 kg. The mean age of the 212 patients 
enrolled was 9.7 years. No statistically significant dif-
ferences were observed for the primary outcome of 
change in social avoidance as measured using the 
Aberrant Behavior Checklist–Community Edition FXS 
(ABC-CFXS) social avoidance subscale when the total co-
hort was evaluated. However, in the patients with ≥90% 
methylation of FMR1 gene, differences were observed 
in ABC-CFXS social avoidance subscale, Caregiver 
Global Impression–Change in social avoidance and 
isolation, irritability, and disruptive behaviors. Patients 
with ≥90% methylation of FMR1 gene accounted for 
79.7% of patients enrolled. The most common adverse 
effect reported was pain at the application site. No 
serious adverse events were reported in this study.58

Case reports have been published on the use of 
other topical CBD preparations in children for the treat-
ment of epidermolysis bullosa, a group of congenital 
dermatoses that lead to bullae, blisters, and scarring 
of the skin and mucous membranes.59 A 6-month-old 
male with recessive dystrophic epidermolysis bullosa 
was initiated on a CBD spray by the parents. This was 
misted over the affected areas 2 or 3 times daily. The 
parents reported a reduction of blistering, faster healing 

Author (Year) | 
Study Design

CBD Product(s) Condition(s) and 
Population

Outcomes

Zürcher85 
(2022) | 
retrospective, 
observational

THC/CBD 
THC 
Pure CBD solutions with 
concentrations of 2.5%, 5%, and 
10% contained 0.7 mg, 1.4 mg, 
and 2.8 mg per drop

Various 
51 participants in 
CBD group 
4–17 years of age

Efficacy:
• �33 of 51 experienced treatment 

success with the CBD
• �Mostly used to treat pain, seizures, 

and sleep disorders
• �Largest treatment effects were 

reported for pain, spasticity, and 
frequency of seizure in participants 
treated with THC, and for those 
treated with CBD only, the frequency 
of seizures

Safety:
• �Tiredness, sedation, and dry mouth

ASD, autism spectrum disorder; CBD, cannabidiol; CGI-I, Clinical Global Impression–Improvement; CNS, central nervous system; ECG, elec-
trocardiogram; FASD, fetal alcohol spectrum disorder; LDH, lactate dehydrogenase; QOL, quality of life; RCT, randomized controlled trial; SA, 
Static Assessment; THC; tetrahydrocannabinol; TSH; thyroid-stimulating hormone; T4, thyroxine

Table 2. Efficacy and Safety of CBD Products in Children and Adolescents for Treatment of Conditions Other 
than Epilepsy (cont.)
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of chronic wounds, and discontinuation of morphine 
prior to dressing changes. The second case involved 
a 4-year-old female with epidermolysis bullosa and 
KRT5 mutation who was administered a blend of emu 
and CBD oils twice daily. Per parent report, healing 
time of facial blisters was reduced by 50%, the number 
of blisters was reduced, and the patient experienced 
reduced pain with ambulation. Lastly, a 10-year-old boy 
with debilitating keratoderma requiring wheelchair as-
sistance was initiated on a topical CBD oil and cream. 
The family reported a reduction in blistering, reduced 
wheelchair use, and improved ambulation. Notably, 
the patient was able to discontinue regular use of 
naproxen and gabapentin for pain management follow-
ing the use of topical CBD. Additional details about the 
specific CBD products used were not reported.59 While 
controlled clinical trials are necessary to determine 
whether CBD is truly efficacious for this indication, the 
potential anti-inflammatory and analgesic properties 
may explain these findings.

While literature regarding the efficacy of unapproved 
CBD products in the treatment of various conditions 
in children and adolescents continues to grow, many 
publications are fraught with concerns, including small 
sample sizes, lack of methodologic rigor, variance 
in products used, a wide range of dosing strategies, 
short duration of follow-up, and positive publication 
bias. Interestingly, there are no published reports on 
the efficacy of CBD in children and adolescents with 
ADHD or GAD despite recent reports of use for these 
indications.43

Safety Concerns Related to Unapproved 
CBD Products

Poison centers in the United States began to see 
an increase in calls related to CBD in 2014; between 
July 2014 and June 2021, the US National Poison Data 
System reported 6496 cases involving CBD products, 
with 85.2% involving exposure to unapproved CBD 
products.60 Children and adolescents younger than 
18 years accounted for 51.2% of all cases.60 Exposure 
to other products was observed in 19.1% of cases, and 
18 cases required admission to a critical care unit. The 
most common clinical effects were CNS depression, 
tachycardia, and vomiting. Other effects reported 
include ventricular arrhythmias, non–ST elevation 
myocardial infarction, myopericarditis, bradycardia 
with heart block, blood pressure changes, respira-
tory depression, dyspnea, hallucinations, and contact 
dermatitis. It should be noted that the purity of these 
products was unknown; thus, these effects may be at-
tributed to other substances also contained in the CBD 
products or coadministered substances.60

Adverse effect reporting in studies evaluating un-
approved CBD products is variable and difficult to 
evaluate based on the varying doses and product for-
mulations, as well as often being coadministered with 

other drugs. Based on clinical trials involving Epidiolex, 
several adverse effects are specifically associated with 
systemic CBD exposure. The most common dose-
related adverse effects include somnolence. Diarrhea is 
often observed with increasing doses, possibly related 
to the amount of oil administered as CBD dosages 
are increased. Cannabinoid hyperemesis syndrome 
has not been reported in patients taking purified CBD 
products.4 However, this may occur with unapproved 
CBD products because these often contain varying 
mixtures of cannabinoids. Thus, clinicians should main-
tain a healthy suspicion for cannabinoid hyperemesis 
syndrome in patients who are receiving an unapproved 
CBD product and present with abdominal pain, early 
morning nausea, loss of appetite, intractable cyclic 
nausea and vomiting, or using hot showers to provide 
temporary symptom relief.61 This syndrome typically 
does not respond to antiemetic therapy and resolves 
with cessation of the marijuana-derived product.61

Additional studies evaluating the clinical toxicity of 
CBD indicate that doses of 20 mg/kg/day or higher 
are sufficient to produce a variety of adverse effects, 
including somnolence, decreased appetite, diarrhea, 
and increases in serum transaminases.62,63 Patients who 
are treated with CBD for long periods often experience 
weight loss and/or loss of appetite, leading to growth 
issues. In addition, many studies report moderate 
to severe increases in aspartate aminotransferase, 
alanine aminotransferase, and, to a lesser extent, 
gamma-glutamyl transferase. However, these results 
are confounded by the higher doses used and the 
coadministration of other antiseizure medications. The 
risk of transaminase elevations is most common in the 
first 2 months of therapy when used in children with 
epilepsy, and the risk increases significantly with con-
comitant administration of valproic acid, and to a lesser 
extent, clobazam.4 It is noteworthy that nonclinical stud-
ies in rhesus monkeys have demonstrated increases 
in liver weight, which suggests that CBD may directly 
cause hepatotoxicity.63,64

Owing to metabolism via hepatic enzymes and other 
effects on drug metabolism, the risk of drug-drug in-
teractions with CBD is high when used systemically. 
CYP3A4, CYP2C19, CYP2C9, CYP2C19, UGT1A9, and 
UGT2B7 are all important in the metabolism of CBD.20 
From a clinical perspective, CBD doses may need to 
be increased when administered with carbamazepine, 
oxcarbazepine, phenobarbital, or phenytoin owing to 
enzyme induction. CBD is also an inhibitor of CYP1A2, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and 
UGT2B7.65,66 Concomitant use of CBD with clobazam 
leads to the accumulation of N-desmethylclobazam, a 
potent active metabolite of the parent drug. Some clini-
cians recommend empirically reducing the clobazam 
dose by up to 50% when initiating concomitant CBD. 
Close monitoring and careful titration of clobazam 
doses is necessary with this combination. CBD is also 
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known to alter the metabolism of certain antipsychotics, 
selective serotonin reuptake inhibitors, tricyclic antide-
pressants, and opioids. CBD can inhibit the metabolism 
of certain proton pump inhibitors, such as omeprazole, 
which is commonly used in children.65,66 Additionally, 
oral doses of CBD should be reduced in patients with 
hepatic impairment.4

Purified forms of CBD could be safer for patients in-
stead of the unapproved CBD products that oftentimes 
yield unpredictable proportions of THC. For example, a 
post hoc analysis of a phase 3 safety study assessing 
the safety of diazepam nasal spray in patients who also 
received CBD treatment found that the lowest rates of 
treatment emergent adverse events attributed to diaz-
epam were reported in patients who received highly 
purified CBD.67 Outside of CYP-related drug interac-
tions, clinicians should be careful of additive adverse 
effects when CBD is used concomitantly with certain 
medications, such as CNS and respiratory depression 
with depressant medications (e.g., benzodiazepines, 
barbiturates, morphine, and insomnia agents).4 Thus, 
clinicians should carefully ask about prescribed medica-
tions, over-the-counter medications, nutritional supple-
ments, and unapproved medication use, such as CBD, 
to avoid drug-drug interactions.

Monitoring is also a key element to promote patient 
safety with CBD use. Transaminase (aspartate amino-
transferase, alanine aminotransferase) and bilirubin 
levels should be checked at baseline then at 1, 3, and 
6 months after initiation and periodically thereafter to 
ensure early identification of any liver damage. Other 
monitoring parameters could include vital signs such 
as heart rate and blood pressure. Jadoon et al68 con-
ducted a randomized, double-blind, placebo-controlled, 
crossover study with the aim to assess CBD’s impact 
on cardiovascular response. They found that with acute 
administration of 600 mg of CBD, patients had lower 
blood pressure (−5 mm Hg; p < 0.05), reduced stroke 
volume (−13 mL; p < 0.01), and an increased heart rate 
(+10 bpm; p < 0.01).68 While this was a small single-dose 
study, the evidence suggests the need to monitor 
patients’ blood pressure and heart rate at each visit 
throughout therapy with CBD, especially in patients 
with comorbid cardiovascular conditions and when 
increasing doses.

Further, the most common vehicle for CBD products 
are edible oils such as olive oil, grapeseed oil, and 
sesame oil.4,69 Epidiolex, for example, is made with ses-
ame seed oil. 4 With the increasing prevalence among 
children of severe allergies to foods, including peanut 
and sesame products,70,71 clinicians must guide parents 
to select products with third-party testing to verify the 
inactive ingredients in these cases or recommend 
against use altogether.72 Furthermore, administration of 
CBD in lipid formulations has been shown to increase 
absorption of CBD by as much as 300% compared with 
non–fat-containing formulations.73 Thus, it is important 

for providers to carefully counsel caregivers on the risks 
of allergic reactions and excessive exposure when us-
ing oil formulations of CBD products.

Little is known about the safety of CBD in pregnancy, 
including effects on embryonic development, the risk of 
major congenital malformations, pregnancy outcomes, 
and postnatal outcomes including long-term neuro-
cognitive effects. Preliminary data from rodent models 
suggest that CBD exposure in utero is associated with 
decreased problem-solving behaviors in exposed off-
spring.74 Thus, the use of CBD during pregnancy should 
be avoided. The use of CBD during breastfeeding has 
also not been studied. However, owing to detection 
of CBD in breastmilk in women using marijuana, and 
the risk of product contamination with THC and other 
substances, discontinuation of CBD or avoidance of 
breastfeeding is recommended.75,76

Recommendations on Pediatric CBD 
Use for Clinicians and Public Health 
Organizations

With nearly one-third of parents (31.3%) reporting 
pediatric administration of an unapproved CBD prod-
uct for ADHD, ASD, and/or GAD,43 clinicians should 
specifically ask parents and patients about the use of 
CBD products, particularly in children with behavioral 
health diagnoses and neurodevelopmental disorders. 
Often parents may not think of CBD products when 
asked questions about medications during the medi-
cation reconciliation process. Parents may also not 
consider CBD as a dietary supplement. Thus, asking 
specific, nonjudgmental questions about CBD use can 
be helpful in soliciting this information from parents. 
In the authors’ experience, asking open-ended ques-
tions about other products or services parents use to 
“enhance the health” of a child often opens dialog 
related to complementary and alternative treatments, 
including CBD.

When addressing unapproved CBD product use in 
children, the ARMED approach may provide a useful 
rubric for clinicians.77 Originally developed as a tool for 
discussing complementary and alternative therapies 
with parents, this approach focuses on A-asking effec-
tive questions, R-respect family’s perspectives, D-dem-
onstrating respect for parents, M-monitoring therapy, 
E-providing proper education, and D-distributing infor-
mation in a nonjudgmental, evidenced-based manner.77 
For example, if a parent comes to the pharmacy asking 
for CBD gummies to help her child with ADHD, using 
the ARMED approach may help the pharmacist ask 
questions about other therapies used for ADHD and 
listen respectfully to discern the parent’s rationale and 
perceptions of CBD use. The pharmacist could also 
ensure that there is a connection to primary care for 
monitoring of therapy and could provide information on 
the efficacy and safety of CBD products, using evidence 
without passing judgment on choices.
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Multiple studies indicate the importance of the clini-
cian having a conversation surrounding CBD use with 
a nonjudgmental approach.78 Other approaches that 
could be used when discussing CBD products include 
motivational interviewing, which is a patient-centered 
approach that follows similar principles to the ARMED 
approach. This could be a particularly beneficial ap-
proach when parental knowledge and health beliefs 
need to be explored in an encounter. Parents often 
perceive that clinicians lack significant knowledge re-
garding CBD products, so it is important for those work-
ing with pediatric patients to enhance their knowledge 
of potential uses, along with safety and efficacy data, 
surrounding CBD products.78,79 Key educational mes-
sages for clinicians to share with parents are included 
in Figure 2. Public health officials should partner with 
local poison centers and local clinicians to understand 
regional usage patterns and concerns, as this may un-
cover opportunities for monitoring and education of the 
public. These parties should also be familiar with federal 
and state legislation and regulations regarding the use 
of CBD products. Clinicians, public health officials, and 
parents should be involved in reporting adverse reac-
tions associated with CBD-containing products through 
the FDA’s MedWatch reporting system. Local health 
departments, regulatory agencies, and clinicians should 
work together to disseminate up-to-date information 
on the risks and therapeutic potential of CBD. Lastly, 
resources aimed at providing evidence-based informa-
tion on unapproved CBD products should be created 
and distributed to both parents and adolescents. Social 
media communication strategies may be helpful for 
public-facing communication.

Recommendations for Future CBD 
Research

To truly elucidate the role that CBD plays in the 
treatment of pediatric conditions, additional research 
is imperative. The true extent of unapproved CBD 
product use in the pediatric population is still unknown 
and warrants further study. Exploring the relationship 
between parent perceptions, knowledge, and health 

behaviors could help the medical community iden-
tify key areas for intervention. Research to establish 
evidence-based approaches to educating clinicians, 
parents, and children on the risks of unapproved CBD 
use should be prioritized.

In clinical research studies involving CBD, reliable, 
purified, pharmaceutical-grade CBD products should 
be used. While CBD products show promise for sev-
eral conditions in children as previously discussed, 
placebo-controlled trials should be supported to 
establish efficacy and safety. Based on the current 
literature, GAD and neurodevelopmental conditions, 
including ASD and ADHD, should be a primary focus 
of this research. Trials evaluating the use of CBD prod-
ucts in children with various forms of epilepsy, ASD, 
behavioral concerns in patients with intellectual dis-
ability (NCT04821856), anxiety (NCT05324449), youth 
alcohol disorder (NCT05317546), and youth at risk for 
psychosis80 are ongoing and may help to answer some 
of these questions. Additionally, long-term efficacy and 
safety must be established, including evaluation of the 
effects of CBD on the developing brain. Future research 
should also focus on pharmacogenomic factors that 
affect CBD pharmacokinetics and pharmacodynamics 
across the lifespan.

Conclusion
CBD is an effective antiseizure medication in pediat-

ric patients diagnosed with Lennox-Gastaut syndrome, 
Dravet syndrome, or tuberous sclerosis complex. While 
data evaluating the use of CBD for indications other 
than seizure treatment continue to grow, the applica-
tion of these data to clinical care is limited owing to 
variability in product composition, differing routes of 
administration, variance in dosing strategies, concerns 
for product integrity, and small sample sizes. The use 
of unapproved CBD products among children and 
adolescents continues to increase despite a lack of 
clinical data supporting use. These products seem to 
be used more commonly to treat behavioral concerns 
in pediatric patients, including ADHD, ASD, GAD, and 
sleep disorders in the pediatric population. Clinicians, 

Figure 2. Key educational messages for parents about unapproved CBD products
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public health officials, and health care leaders must 
be prepared to address the ramifications of increasing 
use of unapproved products in the pediatric population 
through ongoing evaluation of usage patterns, provi-
sion of evidence-based education, reporting of adverse 
effects to the FDA, and support of further research in 
the field.
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Clinical Uses of Nigella Sativa in Pediatrics: A Systematic 
Review and Meta-Analysis of Randomized Controlled 
Trials
Maha M. Abumadini, MA; Shakil Ahmad, PhD; Wesam AlYahya, PhD; Christopher Amalraj, PhD; and Yasmin AlGindan, PhD

OBJECTIVE Nigella sativa (NS) has been widely used and investigated in several pediatric studies; however, 
its safety and efficacy in pediatrics are yet to be evaluated. This systematic review evaluates the clinical 
uses, safety, and efficacy of NS in pediatrics.

METHODS The search was conducted across 4 databases, including PubMed, Web of Science, Scopus, 
and Cochrane, up to September 6, 2023, and included clinical trials using NS in pediatrics. A methodologi-
cal quality assessment was performed using the Cochrane risk of bias tool for randomized trials (Rob 2). 
A meta-analysis was conducted to evaluate safety. The systematic review follows the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines.

RESULTS Two hundred sixty-five studies were screened for eligibility, including 125 papers from Scopus, 
31 from PubMed, 37 from Cochrane, and 72 from the Web of Science. Sixty-eight duplicate papers were 
eliminated, and 185 studies were excluded. Three studies were added from snowballing. Fifteen clinical 
trial studies were included in this review. Limited studies have been conducted on NS in pediatrics. Based 
on the meta-analysis, no statistically significant side effects have occurred. Different doses and forms of NS 
were used, and most studies have reported improvements in the outcomes.

CONCLUSION More high-quality studies are needed to establish the efficacy of using NS in different dis-
eases, along with its effective dose and form. The studies in this review report no severe adverse effects 
and no statistically significant occurrence of side effects. However, further studies are needed to fully under-
stand the safety of using NS in pediatrics.

ABBREVIATIONS NS, Nigella sativa; NSO, Nigella sativa oil; RCT, randomized control trial 

KEYWORDS Nigella sativa; black seeds; children; pediatrics; systematic review; meta-analysis
J Pediatr Pharmacol Ther 2025;30(5):580–592
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Introduction
The benefits of Nigella sativa (NS) have attracted 

considerable research attention due to its immunomod-
ulatory, anti-inflammatory, and antioxidant properties. 
NS use has been widespread in traditional medicine 
throughout history, especially in Prophetic Medicine 
(Tibb-e-Nabwi), Unani, Siddha, and Ayurveda. The oil 
and seeds of this plant have been used in folklore as 
medicines and foods; it is considered one of the most 
effective healing methods in Islamic literature.1 Nigella 
sativa is a medicinal herb belonging to the Ranuncu-
laceae family and widely referred to as blackseed, 
also called black cumin or kalonji. The seeds and oils 
of NS contain various bioactive components, such as 
thymoquinone, thymohydroquinone, and carvacrol.2 
Thymoquinone is a major bioactive component of NS, 
identified as a potential antimicrobial, anti-inflammatory, 
and chemoprotective agent.1

Nigella sativa is native to several regions, including 
Southwest Asia, the Eastern Mediterranean, North 
Africa, and Asia, and has been used in numerous food 
cultures as a flavoring agent and adjuvant.3 Nigella 
sativa comprises 38% to 45% lipids, 32% carbohydrate, 
and 21% protein; primary amino acids found in it are glu-
tamic acid, aspartic acid, arginine, leucine, and glycine. 
It contains high levels of unsaturated fatty acids (57.71% 
linoleic acid and 24.46% oleic acid), mainly in Nigella 
sativa oil (NSO). The oil in NS seeds is rich in essential 
fatty acids, tocopherols, phytosterols, and polyphenols, 
making it a valuable ingredient in traditional medicine 
and the food industry.4 The seeds of NS are rich in 
calcium, magnesium, sodium, potassium, phosphorus, 
manganese, iron, zinc, and copper.5 Research has 
examined the plant’s potential benefits for diabetes 
mellitus, skin cancer, acne vulgaris, and wound healing.2 
Furthermore, the plant has been shown to benefit the 
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reproductive, pulmonary, and immune system.1 Gholam-
nezhad et al6 reviewed numerous studies showing that 
NS and its main active compound, thymoquinone, have 
anti-inflammatory, antioxidant, antimicrobial, antitumor, 
antidiabetic, and antiepileptic properties that could 
benefit children. Nigella sativa and thymoquinone have 
glucose-lowering effects that could help manage diabe-
tes in children and hepatoprotective effects that could 
prevent damage to liver tissue in children exposed to 
toxic substances.7 In addition, NS and thymoquinone 
have been found to possess immunomodulatory effects 
that could strengthen the immune system. Additionally, 
it has a bronchodilator effect that could benefit children 
with asthma and allergies.6,8 However, the safety of 
using NS in the pediatric population is unclear. Ma-
shayekhi et al9 investigated the toxicological profile of 
NS and reported that it is generally considered safe, but 
more detailed studies are needed to draw a definitive 
conclusion. The side effects of this medicinal herb did 
not cause serious adverse events, and it can be used 
in clinical trials because of its major effects that have 
been shown to be beneficial.10 To our knowledge, no 
systematic review has been conducted to evaluate the 
efficacy, safety, and clinical uses of NS in pediatrics. 
Therefore, this systematic review aims to assess the 
safety, effectiveness, and clinical uses of NS in the 
pediatric population.

Materials and Methods
Search Strategies.  This systematic review follows 

the guidelines of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses. It is regis-
tered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO ID: CRD42023475329).

A search was conducted across 4 databases for 
studies published until September 6, 2023. PubMed, 
Cochrane, Web of Science, and Scopus (Elsevier) 
databases were systematically searched for relevant 
English-language studies published in the literature. 
Search terms used were “Nigella Sativa” OR “black 
seed” OR “black cumin” OR “kalonji” AND “pediat-
ric*” OR “child*” OR “adolescen*” (Table 1). No filter 
was used in the Web of Science and Scopus data-
bases. The clinical trials filter was used in PubMed 
and Cochrane. The search was peer-reviewed by 
another independent reviewer. No date limits were 
applied. The criteria included clinical trials, studies 
on children/pediatric populations, and studies in the 
English language. Exclusion criteria included review 
papers, case studies, non-English language studies, 
studies on adults, irrelevant studies, studies that did 
not use NS, and studies published without full articles. 
Randomized control trials (RCTs) were considered 
eligible if they answered the following questions of 
the P-I-C-O-S model:

P: Participants: pediatric patients.
I: Intervention: using NS.

C: Comparator: compared with standard treatment 
or others.

O: Outcomes: outcomes measured by the study (no 
specific outcome).

S: Study design: RCT.
Data Collection and Data Extraction. Results were 

uploaded to the Rayyan website, and duplicates 
were removed based on title, date, author, and vol-
ume fields. After the duplicates were removed, titles 
and abstracts were screened for relevance. Two in-
dependent reviewers screened the studies based on 
the inclusion criteria and the PICOS model. The titles 
and abstracts of the studies were reviewed as the first 
step, followed by the complete articles of the relevant 
studies. Forward and backward citation (snowballing) 
searching was conducted for the included studies us-
ing Citationchaser.11

The RCTs were synthesized to describe the extracted 
data. Data were collected from studies by 2 indepen-
dent reviewers. The data included the study author, 
year and country, population and sample size, study 
design, intervention, dose and duration of intervention, 
study outcome, reported side effects, and efficacy of 
using Nigella.

Data Synthesis and Statistical Analysis.  A meta-
analysis was conducted using the Meta-Mar online 

Table 1. Search Strategy

Database Searched Terms

PubMED (“Nigella sativa”[MeSH Terms] OR 
(“nigella”[All Fields] AND “sativa”[All 
Fields]) OR “nigella sativa”[All 
Fields] OR (“black”[All Fields] AND 
“seed”[All Fields]) OR “black seed”[All 
Fields] OR (“black”[All Fields] AND 
“cumin”[All Fields]) OR “black 
cumin”[All Fields] OR “kalonji”[All 
Fields]) AND (“pediatrics”[MeSH 
Terms] OR “pediatrics” [All Fields] 
OR “pediatric”[All Fields] OR 
(“child”[MeSH Terms] OR “child”[All 
Fields]) OR (“adolescent”[MeSH 
Terms] OR “adolescent”[All Fields]))

Cochrane (“Nigella Sativa” OR “black seed” 
OR “black cumin” OR “kalonji”) 
AND (“pediatric*” OR “child*” OR 
“adolescen*”)

Web of Science (“Nigella Sativa” OR “black seed” 
OR “black cumin” OR “kalonji”) AND 
TS= (“pediatric*” OR “child*” OR 
“adolescen*”)

Scopus TITLE-ABS-KEY (“Nigella Sativa” 
OR “black seed” OR “black cumin” 
OR “kalonji”) AND TITLE-ABS-
KEY (“pediatric*” OR “child*” OR 
“adolescen*”)
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software to assess the safety of using NS in pediatrics 
based on the presence of side effects among treated 
patients versus a placebo group. For the efficacy of us-
ing NS in pediatrics, it was only conducted in the treat-
ment of epilepsy. Odds ratio and 95% CI were used. 
The p value threshold of 0.05 was used to determine 
statistical significance in both meta-analyses, as dis-
played in forest plots. Funnel graphs were used to de-
tect the risk of publication bias in both meta-analyses.

Risk of Bias and Quality Assessment. To evaluate 
the evidence of quality included in this review, the 
Cochrane risk of bias tool for RCTs version 2 (Rob 2) 
was used to assess the risk of bias. Three indepen-
dent reviewers conducted the assessment, and the 
review team only evaluated the published paper in 
the journal, aiming to adhere to the intervention (the 
per-protocol effect) based on the following 5 risks 
of bias domains: Domain 1: randomization process; 
domain 2: deviations from the intended interven-
tions; domain 3: missing outcome data; domain 4: 
outcome measurement; and domain 5: selection of 
the reported result.

Results
Literature Search and Study Characteristics. Two 

hundred sixty-five studies were screened for eligi-
bility; 125 papers from Scopus, 31 from PubMed, 37 
from Cochrane, and 72 from the Web of Science. 
Sixty-eight duplicate papers were eliminated, and 185 
studies were excluded. Reasons for excluding records 

were review papers (n = 22), studies on adults (n = 
17), animal studies (n = 23), irrelevant studies (n = 100), 
nonclinical trials (n = 11), studies without full articles (n 
= 6), not using NS (n = 3), still conducting the study (n 
= 3). Studies that might meet the inclusion criteria but 
were excluded because of the study design.10 Three 
studies were identified from 383 papers obtained 
through backward and forward (snowballing) cita-
tions. Fifteen clinical trial studies were included in this 
review, as depicted in the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses flow dia-
gram in Figure 1. The summary of the included studies 
is displayed in Table 2. All studies were published be-
tween 2008 and 2020. Four studies were conducted 
in Egypt, 4 in Iran, 2 in Iraq, 2 in Indonesia, 1 in India, 1 
in Pakistan, and 1 in Bangladesh.

Diseases That Used Nigella Sativa.  Three stud-
ies were conducted on children with epilepsy,12–14 3 
on leukemia,15–17 1 on brain tumors,18 2 on asthma,19 
1 on wheeze associated with lower respiratory tract 
illness,20 2 on children and adolescents with acne 
vulgaris,21,22 1 on allergic rhinitis,23 1 on neonates with 
staphylococcal skin infection,24 and 1 on healthy ado-
lescents.25

NS Forms, Doses, and Side Effects. Different forms 
of NS have been used to treat various diseases in 
children, such as natural seeds, aqueous extract, pow-
dered form, oil, topical lotion, and nasal drops. Doses 
included oral powdered NS at a dose of 500 mg/day 
for 4 weeks up to 2 g/day for 3 months or based on 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the search 
and study selection process.
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Table 2. Summary of Included Studies

Author, 
Publication 
Year, and 
Country of 
Origin

Objective of 
Study

Population 
and Sample 

Size

Study Design Intervention Study Findings

Akhondian, 
2007, Iran12

To assess the 
efficacy of 
black cumin 
seed extract 
in reducing 
the frequency 
of seizures in 
children with 
refractory 
epilepsy

20 children, 
13 mo to 13 
yr old, with 
refractory 
epilepsy

RCT, double-
blinded 
crossover 
clinical trial

Aqueous extract 
of black seed 
(40 mg/kg/8hr), 
placebo for 4 wk

The frequency of 
seizures significantly 
decreased, the 
water extract of NS 
has an antiepileptic 
effect, and may alter 
monoamine levels in 
the central nervous 
system in children 
with refractory 
seizures

Shawki, 2013, 
Egypt14

To evaluate the 
effects of black 
seed oil on 
oxidative stress 
markers, seizure 
frequency, and 
severity

22 children, 
aged 2–16 yr,  
with intractable 
seizures

Prospective, 
randomized, 
single-
blinded, 
controlled, 
crossover 
pilot study

Black seed oil 
(40-80 mg/kg/
day) for 4 wk

Black seed oil as an 
add-on therapy did 
not alter oxidative 
stress markers, 
seizure frequency, or 
severity in intractable 
epileptic patients

Ahmad, 2010, 
India20

To study the role 
of NSO in children 
with wheeze-
associated lower 
respiratory tract 
illness

84 Children 
aged 6–15 yr 
with wheeze

RCT, 
prospective, 
open study

NSO in a dose 
of 0.1 mL/kg/
day for 14 days, 
the control 
group received 
standard 
treatment

NSO has a beneficial 
effect in decreasing 
the pulmonary index 
and increasing the 
peak expiratory flow 
rate

Barlianto, 2017, 
Indonesia26

To investigate 
the potential 
antiasthmatic 
effect of NSO on 
Th1/Th2 cells, IFN 
g/IL-4 cytokines, 
and asthma 
control

82 children 
aged 6–15 
years with 
asthma

RCT, single-
blind

NSO 15–30 
mg/kg/day 
with standard 
treatment 
guidelines for 
asthma for 8 wk

Supplementation 
with NSO improves 
children’s IFN g/IL-4 
balance and asthma 
control. There is no 
significant correlation 
between Th1/Th2 
cells and ACT scores

Barlianto, 
2018, 
Indonesia19

To investigate the 
effects of NSO on 
TH17/Treg and the 
improvement of 
asthma control in 
asthmatic children

28 children 
aged 4–14 yr 
with asthma

RCT, single-
blind

NSO, 15–30 
mg/kg/day 
for 8 weeks 
with standard 
treatment of 
asthma

NSO 
supplementation 
improves Th17/
Treg balance and 
clinical symptoms in 
asthmatic children

Hagag, 2020, 
Egyp16

To evaluate 
the protective 
role of black 
seed oil against 
doxorubicin-
induced 
cardiotoxicity in 
children with ALL

40 children 
aged 2–16 yr 
with ALL

RCT Black seed oil 
80 mg/kg/day, 
divided into 
three doses 
with doxorubicin 
therapy for 1 
wk after each 
dose, placebo 
intervention in 
group 2

Black seed oil 
improves some 
cardiac side effects 
of doxorubicin, as 
shown by better 
systolic functions 
in children with 
acute lymphoblastic 
leukaemia

(Table cont. on page 584)
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Author, 
Publication 
Year, and 
Country of 
Origin

Objective of 
Study

Population 
and Sample 

Size

Study Design Intervention Study Findings

Hagag, 2013, 
Egypt17

To evaluate 
the protective 
role of black 
seed oil against 
hepatotoxicity 
induced by 
methotrexate 
therapy in 
children with ALL

40 children 
with ALL, 
ages ranged 
from 4–13 yr

RCT Oral NSO in 
capsule 450 
mg (80 mg/
kg/day) on 3 
divided doses for 
1 wk after each 
methotrexate 
dose

NSO can prevent 
hepatotoxicity from 
methotrexate therapy 
and improve overall 
survival in children 
with ALL

Dogar, 2009, 
Pakistan15

Assessing the 
efficacy of Nigella 
sativa seeds in 
children with ALL, 
and evaluating 
the efficacy of the 
3 test treatments

48 children, 
ages 
between 2 
and 18 yr with 
ALL

RCT Powdered NS 
seeds (40 mg/kg 
orally in 2 equally 
divided doses) 
with conventional 
therapy for 3 mo

Nigella sativa seeds, 
in combination with 
cytotoxic drugs, could 
help treat children 
with ALL and improve 
treatment outcomes

Alsamarai, 
2014, 
Iraq23

To evaluate 
the therapeutic 
efficacy of the 
NS extract as 
a treatment 
approach for 
allergic rhinitis

68 children, 
adolescents, 
and adults, 
aged 6–45 yr

RCT Topical NSO 
(nasal drops) 
about 15 mL, 2 
drops (one in 
each nostril) 3×/
day for 6 wk

Topical NSO was 
influential in treating 
allergic rhinitis and 
improving symptoms

Mousa, 2017, 
Egypt18

To evaluate 
the effect of 
black seeds on 
the prevention 
of febrile 
neutropenia and 
length of hospital 
stay in children 
with brain tumors

80 children, 
aged 2–18 yr

RCT, 
randomized 
pretest-
posttest 
control group 
study

Whole natural 
black seeds 
5 g/day for 3–9 
mo, the control 
group received 
no intervention 
(nothing)

Black seeds 
decrease febrile 
neutropenia and 
length of hospital 
stay in children with 
brain tumors

Momen, 2019, 
Iran13

To assess the 
efficacy of a 
mixture of NS and 
Thymus vulgaris 
extracts 
(Epistop) on 
seizure frequency 
and duration

22 children 
with 
refractory 
epilepsy aged 
between 2 
and18 yr

RCT, double-
masked 
placebo-
controlled 
cross-over 
design

A mixture of NS 
and Thymus 
vulgaris extracts 
(Epistop) for 4 wk 
vs placebo group

No improvement was 
seen in the frequency 
and duration of 
seizures. Only a 
minority of highly 
selected children 
experienced a 
reduction in seizure 
frequency

Soleymani, 
2020, 
Iran21

To assess the 
effect of topical 
Nigella sativa gel 
on acne vulgaris

60 patients, 
aged 15–35 
yr

RCT, double-
blind

Topical Nigella 
sativa hydrogel 
twice daily for 60 
days, placebo 
hydrogel

NS hydrogel 
improved the 
symptoms of acne 
vulgaris and 
significantly 
decreased the count 
of acne lesions and 
reduced the mean 
number of pustules 
observed

Table 2. Summary of Included Studies (cont.)

(Table cont. on page 585)
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body weight at a dose of 40 mg/kg in 2 equally divid-
ed doses for 3 months, with no side effects reported 
in those studies. One study used whole natural NS 
seeds at a dose of 5 g/day for 3 to 9 months with no 
side effects or adverse events reported.18 Oil of NS 
was used at a dose of 15 to 30 mL/kg/day for 8 weeks, 
with no side effects reported, and at a dose up to 40 
to 80 mg/kg/day for 4 weeks.19,26 Nausea and vomiting 
were reported in 1 patient, and 2 patients had an exac-
erbation of seizures after receiving NS oil.7 Topical NS 
in the form of skin lotion or hydrogel has been used to 
treat pustule infection and acne,21–23 or as nasal drops 
at approximately 15 mL, 2 drops (1 in each nostril) ad-
ministered 3 times/day for 6 weeks to treat allergic 
rhinitis.23 A summary of the doses, forms, and side ef-
fects reported by each study has been described in 
Tables 3 and 4. None of the studies reported a severe 
adverse event, and a few reported mild side effects.

Quality Assessment and Risk of Bias. All included 
studies in the review were available in full text. The 
overall risk of bias across 15 studies was assessed; 
4 had a low risk of bias, 1 had some concerns, and 

the remaining 10 RCTs had a high risk of bias, as 
shown in Figure 2. Despite this, we reported a low 
risk of bias concerning the randomization process 
(73% low risk). Some studies did not clearly describe 
the type of randomization process. The domain of 
deviations from the intended intervention had a 50% 
high risk of bias due to the lack of double blinding in 
most of the studies or blinding not being mentioned 
in the study.

Furthermore, almost none of the included studies 
have evaluated adherence to the intervention. Low 
risk of bias was judged regarding the domain of miss-
ing outcome data for all studies. However, most of the 
included studies reported a high risk of bias in the 
domain of measuring the outcome, with only 40% of 
studies having a low risk of bias. Finally, only 13% have 
a high risk of bias in the domain of selecting reported 
results, and most of the studies included showed a low 
risk of bias in this domain.

Statistical Analysis.  Meta-analysis of the pooled 
data is shown in Figure 3. Of the 114 participants in 
the NS group, 12 reported side effects, compared 

Author, 
Publication 
Year, and 
Country of 
Origin

Objective of 
Study

Population 
and Sample 

Size

Study Design Intervention Study Findings

Bin Sayeed, 
2014, 
Bangladesh25

To examine the 
effect of NS on 
anxiety, mood, 
and cognition in 
adolescents

48 healthy 
adolescents 
aged 
between 14 
and 17 yr

RCT 500 mg/day of 
Nigella sativa 
once daily for 
4 wk

Nigella sativa 
improves mood 
and cognition and 
decreases anxiety

Rafati, 2014, 
Iran24

To explore the 
antimicrobial 
effect of black 
seed extract 
on skin pustule 
infection

40 neonates 
with pustular 
infection 
aged 
between 6 
and 11 days

Clinical trial Black seed 
extract drops, 
were applied 
topically, 3×/day 
for 4 days, on the 
skin lesions

Black seeds extract 
is effective, like 
the standard drug 
(mupirocin), in 
treating localized 
infection and has 
antimicrobial activity. 
There was no 
significant difference 
in recovery time 
compared with 
traditional medicines

Nasir & Hadi, 
2010, 
Iraq22

To evaluate the 
use of NSO lotion 
as a natural 
remedy for the 
treatment of acne 
vulgaris

81 
adolescents 
and adults 
with acne 
vulgaris, ages 
ranging from 
13–23 yr

RCT 10% of Nigella 
sativa oil lotion 
twice daily for 
8 wk

Nigella sativa oil 
lotion was effective 
as a topical treatment 
for acne vulgaris, safe 
and well-tolerated 
topical treatment 
for moderate acne 
vulgaris

ACT, asthma control test; ALL, acute lymphoblastic leukemia; IFN, interferon; IL-4, interleukin-4; NS, Nigella sativa; NSO, Nigella sativa oil;  
RCT, randomized control trial; Th1, T-helper cell type 1; Th2, T-helper cell type 2; TH17, T-helper cell 17

Table 2. Summary of Included Studies (cont.)
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with 102 participants in the placebo group, with only 3 
experiencing side effects. Overall, the analysis shows 
that the reported side effects in the included studies 
are statistically not significant, as indicated by a p value 
> 0.05. No heterogeneity exists between studies (I2 = 
0%). For the efficacy of using NS in pediatrics, meta-
analysis was applicable only to 3 studies conducted on 
children with epilepsy. The meta-analysis was pooled 
from 3 studies, which could generate the OR and CI to 

evaluate the efficacy of using NS in epilepsy (seizure 
frequency). As shown in Figure 4, the effect of NS on 
seizure frequency was not significant (p value > 0.05). 
No heterogeneity exists among the 3 studies, with an 
I2 value of 0%. The risk of bias summary is presented 
in Figures 5 and 6. The symmetrical distribution of the 
points and their scatter suggests that there is a publica-
tion bias in both meta-analyses, due to the small num-
ber of studies included in the meta-analyses.

Table 3. Summary of the Reported Side Effects From Using Oral Nigella Sativa

Study Dose, Type, and 
Duration

Total 
Number of 

Participants

Number of 
Patients 
With the 

Presence of 
Side Effects

Number of 
Patients 
With the 
Absence 
of Side 
Effects

Side Effects Reported

Akhondian12 Aqueous extract 
of black seed (40 
mg/kg/8 h) for 
4 wk

21 4 17 3 patients reported 
adverse events: 1 
reported constipation 
in the NS group, 
1 developed a 
maculopapular rash 
on the trunk, and 1 
increased laughing at 
the time of seizure in the 
placebo group

Shawki14 Black seed oil 
(40–80 mg/kg/
day) for 4 wk

22 3 19 1 patient developed 
nausea and vomiting, 
and 2 patients had an 
exacerbation of seizures 
after receiving black 
seed oil

Momen13 A mixture of NS 
and Thymus 
vulgaris extracts 
(Epistop) for 4 wk

22 2 19 Only 3 patients reported 
lethargy and diarrhea, 2 
in the intervention group 
and 1 in the placebo 
group

Ahmad20 NSO 0.1 ml/kg/day 
for 14 days

84 1 83 1 patient developed 
diarrhea in the NSO 
group

Barlianto19,26 NSO 15–30 mg/
kg/day for 8 wk

28 0 28 No side effects reported

Dogar15 Oral powdered 
nigella sativa 
(40 mg/kg) in 2 
equally divided 
doses for 3 mo

48 0 48 No side effects reported, 
NS seeds improved the 
outcome of treatment

Mousa18 Whole natural 
black seeds 5 g/
day for 3–9 mo

80 0 80 No side effects reported

Bin Sayeed25 500 mg/day of NS 
for 4 wk

48 0 48 No side effects reported

NS, Nigella sativa; NSO, Nigella sativa oil
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Table 4. Summary of the Reported Side Effects From Using Topical Nigella Sativa

Study Dose, Type, and Duration Total 
Number of 

Participants

Number of 
Patients 
With the 

Presence of 
Side Effects

Number of 
Patients 
With the 

Absence of 
Side Effects

Side Effects 
Reported

Nasir & Hadi22 10% of Nigella sativa oil 
lotion twice a day for 8 wk

81 0 81 No side 
effects 
reported

Alsamarai23 Topical Nigella sativa oil 
(nasal drops) about 15 mL, 
2 drops (1 in each nostril) 
3×/day for 6 wk

68 5 56 Nasal 
dryness was 
reported

Rafati24 Black seed extract drops 
were applied topically 3× 
daily for 4 days on the skin 
lesions

40 0 40 No side 
effects 
reported

Soleymani21 Topical Nigella sativa 
hydrogel twice daily for 60 
days

60 0 60 No side 
effects were 
reported

Figure 2. Risk of bias in the included studies.

Study ID D1 D2 D3 D4 D5 Overall

Akhondian, 2007 Low risk

Momen, 2019 Some concerns

Bin Saeed, 2014 High risk 

Ahmad, 2010 

Shawki, 2013 

D1 Randomization processNasir & Hadi, 2010 

D2 Deviations from the intended interventions 

Rafati, 2014

D3 Missing outcome data

Mousa, 2017

D4 Measurement of the outcome 

Alsamari, 2014 

D5 Selection of the reported result 

Dogar, 2009

Hagag, 2015

Hagag, 2020

Soleymani, 2020 

Barlinato, 2017
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Discussion
Nigella sativa’s immunomodulatory, anti-inflamma-

tory, and antioxidant properties have been observed 
in many clinical trials. However, few studies have 
been conducted on the pediatric population. Three 
studies in this review have evaluated the efficacy of 
NS in children with epilepsy (Table 2).13,14,27 Shawki et 
al14 evaluated the efficacy of black seed oil at a dose 

of 40 to 80 mg/kg/day for 4 weeks. They reported 
that black seed oil did not significantly affect seizure 
frequency or severity. In addition, the study reported an 
exacerbation of seizures after receiving black seed oil 
in 2 patients. However, a greater than 50% reduction 
in seizure frequency was seen in 6 patients. A greater 
than 50% reduction in the severity of seizures was seen 
in 2 patients after the administration of black seed oil 

Figure 3. Forest plot of the included studies to evaluate the safety of using Nigella sativa in pediatrics.

Events Events
Experimental Control Odds Ratio

IV, Fixed, 95% CI
Odds Ratio

IV, Fixed, 95% CIStudy Total Total Weight

Shawki et al. 2013
Akhondian et al.2007

3
2
1
5

1
16
12
42
35

9
0
1
0
0

2
6

10
42
33

11
16.8%
24.6%
15.5%
18.8%

24.3%
3.37 [0.15;
1.80 [0.14;
3.07 [0.12;

12.08 [0.64;

0.56 [0.04;
75.37]
23.37]
77.59]

227.70]

7.44]

0.01 0.1 1 10 100

Momen et al.. 2019
Ahmad et al.2010
Alsamarai et al. 2014

Total (95% CI) 114 102 100.0% 2.34 [0.66;   8.36]
Heterogeneity: Tau2 = 0; Chi2 = 2.49, df = 4 (P = 0.65); I2 = 0%

Figure 4. Forest plot to evaluate the efficacy of using Nigella sativa on epilepsy (seizure frequency) in 
3 studies that used N. sativa with epilepsy.
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in the study by Noor et al.28 Momen and colleagues13 
showed that using a mixture of NS and Thymus vulgaris 
extracts (Epistop) for 8 weeks does not affect the du-
ration and frequency of seizures. However, 4 children 
with refractory epilepsy showed a significant reduction 
in seizure frequency after administration of Epistop. 
The author’s opinion was that the administration of the 
Epistop might be beneficial in children with refractory 
seizures with typical development, normal magnetic 
resonance imaging and electroencephalogram, and 
low seizure frequency of less than 10 events per week. 
Using the aqueous extract of NS seeds in a dose of 
40 mg/kg/8hr for 4 weeks was effective and had an 
antiepileptic effect in children with refractory epilepsy.14 
The benefits seen in epileptic patients included in 
those studies might be due to the thymoquinone pre-
sented in NS, which produces antinociceptive effects 
through indirect activation of the supraspinal mu (1)- 
and kappa-opioid receptor subtypes. Thymoquinone 
had anticonvulsant activity in rats, probably through 
an opioid receptor-mediated increase in GABAergic 
tone.29 Almost all animal studies that have explored 
the effect of NS on seizure models have shown an 
anticonvulsive effect.29–33

In the current review, 2 studies have investigated the 
anti-asthmatic effect of NSO in asthmatic children,19,26 
and 1 study evaluates the role of NSO in wheeze-
associated lower respiratory tract illness in children 
(Table 2).20 Supplementation with NSO at a dose of 15 
to 30 mg/kg/day with standard treatment for 8 weeks 

was compelling and improved interferon-g/interleukin-4 
balance, T-helper cell 17/Treg balance, asthma control 
score, and symptoms in asthmatic children. The chemi-
cal composition of NS has been studied in detail. One 
of the main active components appears to be mainly 
attributed to thymoquinone. The mechanism of action of 
NS enables it to act as an immunomodulator and regu-
late T helper/Treg balance.34 Boskabady and Farhadi35 
have reported a beneficial effect of using the aqueous 
extract of NS as a prophylactic measure to improve the 
asthma severity. Another study has shown that NSO 
helps decrease pulmonary index and increase peak 
expiratory flow rate in children with wheeze-associated 
lower respiratory tract illness.20 Nigella sativa is thera-
peutically beneficial in controlling asthma symptoms 
and relieving airway inflammation.36

Three studies were conducted on children with 
leukemia and 1 on children with brain tumors. A review 
of NS and its anti-cancer properties in vitro and in 
vivo models found that this might be due to the high 
thymoquinone content in NS.37 Nigella sativa has 
been shown to possess antineoplastic activity against 
tumors.38 Nigella sativa exhibits an anti-cancer effect 
through different proposed mechanisms of action, 
including its effect on the activity of enzymes, usage 
of free radicals, intracellular glutathione changes, 
inhibiting cell proliferation, trapping the free radicals, 
and antioxidant activity.39,40 All 3 studies in this review 
were focused on reducing treatment or disease-
related side effects.

Table 5. Nigella Sativa and Children With Epilepsy

Study Age & 
Sample 

Size

Sex NS Group Control 
Group

Seizure Frequency 
Before Treatment

Seizure 
Frequency 

After 
Treatment 

(NS)

p value

Shawky14 <18, 22 M = 10 
F = 12

✓ ✓ ≥2 seizures/mo 6 patients 
showed >50% 
reductions 
in seizure 
frequency

0.552

Momen13 <18, 22 M = 8 
F = 14

✓ ✓ Seizure frequency 
ranged between 
2 and 140 events/
wk. Median seizure 
frequency = 35 
events/wk

In 4 patients, 
seizure 
frequency 
was reduced 
by >60 %

0.0528

Akhondian12 <18, 20 M = 10 
F = 10

✓ ✓ ≥1 seizure/mo Improvement 
in seizure 
frequency 
was seen 
in 65 % of 
patients

≤0.001

F, female; M, male; NS, Nigella sativa
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Dogar et al15 reported that NS seeds, at a dose of 
40 mg/kg/day in 2 equally divided doses for 3 months, 
in combination with a cytotoxic drug, could assist in 
the treatment of acute lymphoblastic leukemia. It sig-
nificantly improved treatment outcomes and proved to 
be an excellent anticancer agent. The 2 studies from 
Hagag and colleagues16,17 reported an improvement in 
some cardiac side effects of doxorubicin in children 
with ALL (n = 40), exhibiting better systolic function, as 
well as decreased methotrexate hepatotoxicity, and 
improved overall survival. Mousa et al18 used whole 
natural black seeds at a dose of 5 g/day for 3 to 9 
months to decrease the incidence of febrile neutro-
penia and length of hospital stay in children with brain 
tumors (n = 80).

The current review also included 2 studies on acne 
vulgaris patients21,22 and 1 on newborns with a staphy-
lococcal skin infection (Table 2).24 A 10% NS oil lotion 
applied twice daily for 8 weeks was a safe and well-
tolerated topical therapy for acne vulgaris.22 Thymo-
quinone, the active component in NS, has been shown 
to suppress leukotrienes, prostaglandins, and 5-lipoxy-
genases in numerous inflammatory models and can also 
decrease the production of IL-1β, TNF-α, and monocyte 
chemoattractant protein.34,41 Nitric oxide production in 
macrophages and mixed-glial cells is reduced by the NS 
extract and thymoquinone lipopolysaccharide-induced 
inflammation.41,42 The aqueous extract of NS can sup-
press the expression of key inflammatory mediators, 
including nitric oxide, IL-6, and tumor necrosis factor.37 
Nigella sativa has anti-bacterial effects against many 
bacteria, and multidrug-resistant strains, such as Staphy-
lococcus aureus and Mycobacterium tuberculosis. NS is 
active against several bacteria, including Staphylococ-
cus aureus, Pseudomonas aeruginosa, and Escherichia 
coli. Alpha-pinene, one of the phytochemicals in NS, 
impacts Propionibacterium acnes.43

Additionally, Soleymani et al21 showed that applying 
a topical NS hydrogel twice a day for 60 days reduced 
the symptoms of acne vulgaris when used topically 3 
times a day for 4 days on skin lesions in newborns and 
infants aged 6 to 11 days.

Black seed extract drops were found to have antibac-
terial activity and to be as effective as the usual medica-
tion, mupirocin, in treating localized infections. Nigella 
sativa is thought to have potential as a medicinal plant 
for treating acne due to its immunomodulatory, anti-
inflammatory, antioxidant, and antibacterial properties 
against P. acne. Other clinical uses of NS in pediatrics 
were used on children with beta-thalassemia major 
(n = 25); 2 g/day of powdered NS added to foods or 
drinks for 3 consecutive months was found to decrease 
iron overload-induced oxidative stress and hemolytic 
anemia. In addition, NS reduced the side effects of 
iron chelation therapy.44 Nigella sativa was also used 
in patients suffering from allergic rhinitis as a topical 
oil (nasal drops) of approximately 15 mL, 2 drops (1 in 

each nostril) 3 times/day for 6 weeks; it improved the 
symptoms and was effective in the treatment of allergic 
rhinitis, and only nasal dryness was reported as a side 
effect.23 Nigella sativa was used on healthy adoles-
cents (n = 48) to examine the efficacy of NS on anxiety, 
mood, and cognition in adolescents. Nigella sativa 
administered at 500 mg/day once daily for 4 weeks 
was effective in stabilizing mood, modulating anxiety 
positively, and decreasing anxiety.25 This is because 
NS increases the level of hydroxytryptamine-5 and 
thus decreases anxiety. Also, NS and thymoquinone 
decrease NO, decrease brain gamma-aminobutyric 
acid, and provide an anxiolytic effect.33

Regarding the safety of using NS in pediatrics, none 
of the included studies report a serious adverse event 
from using NS in pediatrics. Our analysis shows that 
the reported side effects in the included studies were 
not statistically significant. However, a few mild adverse 
events have been reported. Two patients experienced 
an exacerbation of seizures, which might raise concern 
when using NSO with epileptic children, and 1 patient 
developed nausea and vomiting after black seed oil 
administration.14

The gastrointestinal problems reported by Shawki 
et al14 were similar to those of Kalus et al,10 who re-
ported a mild gastrointestinal problem after black seed 
oil administration on an empty stomach. In another 
study, 1 patient reported constipation with the use 
of black seed extract.27 Momen et al13 did not report 
an adverse event from using a mixture of NS and 
Thymus vulgaris extracts, and none of the children 
discontinued the treatment. A topical form of NS was 
used for acne, skin infections, and allergic rhinitis. 
None of the studies that used the topical form of NS 
reported any serious side effects. Some nasal dry-
ness was reported in 1 study when NSO was used as 
nasal drops.25 The meta-analysis in our study shows 
that the occurrence of side effects was not statisti-
cally significant. Nigella sativa seeds are approved 
by the United States Food and Drug Administration 
and recognized to be safe as a flavoring agent or an 
adjuvant in food (21 CFR§182.20).45 An overview of NS 
safety concluded that studies assessing the toxicity 
of NS have reported it as a safe medicinal plant.9 The 
extract of NS seeds, and its bioactive components, 
are considered chemicals with low toxicity9,10,29 and 
a wide safety margin.46,47 For thymoquinone and NS 
extracts, a high-quality clinical trial investigating the 
relationship of NS dose, form, and duration of use to 
clinical outcomes is needed.

Information about the bioavailability of NS constitu-
ents after human consumption is lacking, and additional 
information about the absorption, distribution, and 
disposition of NS bioactive constituents in humans is 
needed.3

For future studies, more detailed and high-qual-
ity studies are required to establish the safety and 
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efficacy of using NS in the pediatric population. None 
of the studies included in this review measures the 
participants’ adherence to the intervention. Frequent 
supervision and follow-ups on compliance and adher-
ence to the intervention are required in those studies 
conducted on pediatrics.

Limitations.  The literature has some limitations. 
Limited studies have been conducted on NS use in 
pediatric diseases, and limited analyses were appli-
cable. In addition, a high risk of bias was seen in the 
methodological quality assessment in most of the in-
cluded studies in this review.

Conclusion. Limited studies have been conducted 
on NS in the pediatric population; more detailed stud-
ies are needed to establish the efficacy of using NS 
in different diseases, along with its effective dose and 
forms. Because there are limited studies on NS in pedi-
atric populations, statistical analysis cannot be applied 
to a definitive conclusion on its efficacy. The studies in 
this review report no severe adverse effects, and the 
occurrence of side effects is statistically not significant. 
However, further high-quality studies are needed to 
fully understand uses, efficacy, and safety of NS in the 
pediatric population.
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OBJECTIVE To report efficacy, safety, and dosing of angiotensin II (AT-II) in pediatric patients with refractory 
vasodilatory shock.

METHODS This was a single center retrospective cohort study using automated, high-fidelity hemodynamic 
data in a large tertiary pediatric academic medical center. Pediatric patients who required multimodal vaso-
pressor therapy for fluid refractory vasodilatory shock and received AT-II between June 2017 and November 
2022 were included. High-fidelity hemodynamic data were captured via the Etiometry T3 platform. Vasoac-
tive-inotropic score (VIS), AT-II dosing, demographics, clinical characteristics, and potential adverse effects 
were collected from the electronic medical record.

RESULTS Fourteen pediatric patients with a median age of 11.6 years (range, 13 days–16.8 years) received 
AT-II at a dose of 2.5 to 80 ng/kg/min for a median of 32 hours (range, 3.1–72.4). Ten of 14 patients (71%) re-
sponded favorably to AT-II therapy, experiencing a clinically significant decrease in VIS or increase in mean 
arterial blood pressure. The median age of responders was significantly higher than that of nonresponders 
(12.5 years vs 0.4 years; p = 0.002), and responders had a higher baseline VIS (56 vs 33; p = 0.008) than 
nonresponders. One patient (7%) experienced peripheral ischemia.

CONCLUSIONS Angiotensin II has a potential role in the management of pediatric patients with vasodila-
tory shock resistant to multimodal vasopressor therapy. Demographic and clinical characteristics predicting 
response in the pediatric population require careful, prospective evaluation.

ABBREVIATIONS AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; AT-II, angiotensin II; 
ECMO, extracorporeal membrane oxygenation; EMR, electronic medical record; FDA, US Food and Drug 
Administration; ICU, intensive care unit; KDIGO, Kidney Disease: Improving Global Outcomes; LOESS, locally 
estimated scatterplot smoothing; MABP, mean arterial blood pressure; NED, norepinephrine equivalent 
dose; PELOD, pediatric logistic organ dysfunction; PICU, pediatric intensive care unit; PRISM, pediatric risk 
of mortality; RRT, renal replacement therapy; VIS, vasoactive-inotropic score; VTE, venous thromboembo-
lism; ΔMABP, change in mean arterial blood pressure; ΔVIS, change in vasoactive-inotropic score 

KEYWORDS angiotensin II; pediatrics; sepsis; shock; vasoconstrictor agents
J Pediatr Pharmacol Ther 2025;30(5):593–600

DOI: 10.5863/JPPT-24-00121

Introduction
Pediatric sepsis occurs worldwide in 1.2 million 

children annually. Mortality can be as high as 50% 
and is most often attributed to refractory shock and/or 
multiorgan dysfunction. Current pediatric guidelines 
recommend catecholamine agents as first-line treat-
ment for fluid refractory shock.1 Owing to receptor 
downregulation and endogenous catecholamine me-
tabolism, patients often require increasing amounts of 
catecholamines to maintain hemodynamic stability and 
adequate end-organ perfusion.2 High doses and ex-
tended durations of catecholamine agents can lead to 

serious adverse effects including peripheral ischemia, 
myocardial cellular apoptosis, and arrhythmia devel-
opment.3 The addition of vasopressin is suggested if 
patients require high doses or continued titration of 
catecholamines.1 Additional non-catecholamine agents 
used in clinical practice, including stress-dose hydrocor-
tisone and methylene blue, lack reliable efficacy data to 
be strongly recommended in pediatric guidelines and 
remain last-line agents.4–6 Disadvantages of high-dose 
catecholamine and vasopressin use, combined with a 
paucity of literature regarding third-line agents, neces-
sitate additional research for an efficacious vasopressor 
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with a mechanism of action that augments guideline 
recommendations.

Angiotensin II (AT-II) is a novel non-catecholamine 
vasopressor that binds to peripheral AT-II receptors 
resulting in vasoconstriction. In adults, AT-II increased 
mean arterial blood pressure (MABP) and reduced 
norepinephrine vasopressor equivalents at hour 3 
compared with placebo leading to US Food and Drug 
Administration (FDA) approval in adults for use in septic 
or other distributive shock in 2017.7 Angiotensin II simi-
larly reduced vasopressor requirements while maintain-
ing goal MABP in a small number of pediatric patients; 
however, data are limited to descriptive case reports 
and a single center case series that rely on intermittent 
blood pressure evaluation.8–10 At St. Louis Children’s 
Hospital, AT-II is used in pediatric patients with vasodila-
tory shock who require multimodal vasopressor therapy 
and who cannot meet or maintain their MABP goal. 
Our institution also uses data management software 
that captures continuously monitored vital sign data 
from patients admitted to an intensive care unit (ICU).

In this study, we aimed to use automated, high-fidelity 
hemodynamic data and vasopressor requirements to 
study the efficacy of AT-II in a pediatric population with 
vasodilatory shock requiring multimodal vasopressor 
therapy. Also, we aimed to identify patient and clinical 
characteristics of patients who responded or did not 
respond to AT-II therapy. Finally, we aimed to report 
AT-II dosing strategy and adverse events following 
AT-II initiation.

Materials and Methods
Patients admitted to the St. Louis Children’s Hospital 

Pediatric Intensive Care Unit (PICU) who received AT-II 
between June 2017 and November 2022 were identi-
fied by using the hospital electronic medical record 
(EMR). The availability of corresponding hemodynamic 
data in the Etiometry T3 Quality Improvement System 
(Etiometry Platform, Etiometry Inc, Boston MA) during 
AT-II administration was evaluated. Etiometry T3 is an 
FDA-cleared data management software integrated into 
the EMR system that captures and archives prospective 
ICU clinical data from multiple sources in near real-time. 
Patients were included if they received AT-II for at least 
3 hours and had hemodynamic data from arterial ac-
cess archived in Etiometry T3 for the duration of the 
AT-II infusion. Patients were excluded if they received 
AT-II for less than 3 hours or did not have hemodynamic 
data available for the duration of the infusion. This 
study was approved by the Institutional Review Board 
at Washington University in St. Louis.

Baseline patient characteristics and clinical data 
were collected through retrospective chart review. 
Baseline demographics included patient age, sex, 
weight, severity of illness, and cause of vasodilatory 
shock. Race and ethnicity were not collected owing 
to the impact of potential socioeconomic, health care, 

and social constructs on the incidence and outcomes 
of pediatric septic shock and the inability to account for 
these confounders.11 Severity of illness at PICU admis-
sion was quantified by calculating the Pediatric Risk 
of Mortality (PRISM-III) score.12 The Pediatric Logistic 
Organ Dysfunction–2 (PELOD-2) score was calculated 
at PICU admission, prior to AT-II initiation, and at AT-II 
discontinuation.13 Additional data collected prior to  
AT-II initiation included stress-dose hydrocortisone use, 
need for mechanical ventilation, need for renal replace-
ment therapy (RRT), left ventricular fractional shorten-
ing percentage, and serum lactate concentration. The 
use of venous thromboembolism (VTE) prophylaxis or 
documented contraindications, the need for extracor-
poreal membrane oxygenation (ECMO) during the PICU 
admission, acute kidney injury (AKI), acute respiratory 
distress syndrome (ARDS), and mortality during AT-II 
infusion and at 30 days were captured. Acute kidney 
injury was assessed 48 hours prior to AT-II initiation 
through 24 hours post AT-II discontinuation and cat-
egorized by worst AKI stage using standard pediatric 
Kidney Disease: Improving Global Outcomes (KDIGO) 
definitions.14 ARDS severity was calculated from data 
within 6 hours prior to AT-II initiation as outlined by the 
Pediatric Acute Lung Injury Consensus Conference 
Group.15 Patients were assessed for adverse events in-
cluding cardiac arrest, cardiac dysfunction, arrhythmia, 
thrombosis, and peripheral ischemia through review 
of daily progress notes during ICU admission. Imaging 
studies were reviewed for any patient with a docu-
mented thromboembolic complication to determine 
presence before or after AT-II administration.

Angiotensin II first became available at our institution 
for treatment of refractory shock in 2017, with use at 
the discretion of the attending intensivist. In 2020, an 
institutional protocol was implemented to guide AT-II 
use. Criteria included clinical features of vasodilatory 
shock in the setting of adequate volume resuscitation 
and cardiac output and the inability to obtain or maintain 
desired MABP despite high-dose multimodal vasopres-
sor therapy (minimum criteria of ≥0.2 mcg/kg/min of 
epinephrine or norepinephrine and ≥0.5 milliunits/kg/
min or 40 milliunits/min of vasopressin). The recom-
mended starting dose for AT-II was 5 ng/kg/min with 
titrations every 5 minutes to a maximum dose of 80 ng/
kg/min based on a blood pressure goal determined by 
the attending intensivist.

Information on AT-II and other vasopressor dosing and 
duration was collected via documentation in the electronic 
medication administration record and the nursing critical 
care flowsheets to create a single vasopressor titration 
timeline. Weaning of AT-II and other vasopressors was 
at the discretion of the attending intensivist. Non–AT-II 
vasopressor support was quantified into a single vaso-
active-inotropic score (VIS).16,17 The VIS was calculated as 
a continuous variable and data were imputed from the 
most recent documented dose for each vasopressor. 
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Baseline VIS reflects the median VIS in the 10 minutes 
immediately prior to AT-II initiation. High-fidelity hemody-
namic data were accessed via the Etiometry T3 platform, 
which prospectively collected second-by-second blood 
pressure data via arterial line. All blood pressure data 
analyzed were obtained from an invasive hemodynamic 
monitoring device. Data for MABP were analyzed as the 
median values per minute. Baseline MABP was the me-
dian MABP during the 10 minutes immediately prior to the 
start of the AT-II infusion. To account for the variance in 
MABP goals based on patient age, the difference between 
an evaluated MABP and a patient’s baseline MABP was 
calculated (ΔMABP).

The primary objective of our study was to assess 
acute hemodynamic response after initiation of AT-II. A 
response was defined as either an increase in ΔMABP 
by ≥10 mm Hg and/or 15% at 3 hours after AT-II initia-
tion with a stable VIS (change of ≤10) or a reduction 
in VIS of >10 at 3 hours after AT-II initiation.7 A change 
in VIS (ΔVIS) of >10 was used because it corresponds 
to a norepinephrine equivalent dose (NED) change 
of >0.1 mcg/kg/min. The 3-hour ΔMABP and VIS were 
calculated by using the median value over a 3-minute 
span at hour 3 of the AT-II infusion. Demographic and 
clinical characteristics were compared between AT-II 
responders and nonresponders. Secondary analyses 
included impact of AT-II infusions on PELOD-2 scores 
over time, description of AT-II dosing, use of VTE pro-
phylaxis, and assessment for potential adverse effects.

Descriptive statistics were used to summarize demo-
graphic data, baseline clinical characteristics, vasopres-
sor use, AT-II dosing, VTE prophylaxis, and adverse 
effects. Univariate comparisons of demographic and 
clinical characteristics between responders and nonre-
sponders were performed by using the Mann-Whitney 
U test and Fisher’s exact test for non-normally distrib-
uted continuous and categorical data, respectively. 
The Wilcoxon Rank Sum test was used to compare 
paired MABP and VIS values between baseline and 
3 hours and PELOD-2 between AT-II initiation and 
discontinuation. Continuous ΔVIS and MABP values 
are depicted as smoothed conditional means modeled 
using locally estimately scatterplot smoothing (LOESS) 
non-linear regression with the line of best fit and the 
95% confidence interval estimated. Statistical tests 
were considered significant where p < 0.05. Statistical 
analysis was performed with SPSS version 25 (Armonk, 
NY) and R version 4.2.2 (Vienna, Austria) including the 
ggplot2 package.

Results
A total of 25 pediatric patients were identified as 

receiving an AT-II infusion during the study period. Six 
patients were excluded for lack of continuous hemody-
namic data, 4 patients had incomplete or inaccessible 
continuous hemodynamic data, and 1 patient had AT-II 
discontinued prior to the 3-hour response evaluation. 

Fourteen patients had complete continuous hemody-
namic data suitable for the primary analysis. The median 
age and weight were 11.6 years (range, 13 days–16.8 
years) and 34.6 kg (range, 2.9–76.8), respectively. 
Ten patients (71%) received AT-II for the management 
of septic shock and received stress-dose hydrocorti-
sone prior to AT-II initiation. One patient (7%) received  
1 vasopressor, 6 (43%) received 2 vasopressors, and  
7 (50%) received 3 vasopressors prior to AT-II initiation; 
the median baseline VIS of 50 reflected a correspond-
ingly high vasopressor dose requirement. Additional 
demographic and baseline clinical characteristics are 
presented in Table 1.

The median duration of AT-II infusion for the cohort 
was 32 hours (range, 3.1–72.4). The median starting 
and maximum dose of AT-II were 5 ng/kg/min (range, 
2.5–10) and 80 ng/kg/min (range, 20–80), respectively. 
The median time to maximum dose was 58 minutes 
(range, 17–434). At 3 hours, the median ΔMABP was 

Table 1. Baseline Clinical Characteristics*

(N = 14)

Age, yr 11.6 (0.04–16.8)

Male sex, n (%) 7 (50)

Weight, kg 34.6 (2.9–76.8)

PRISM-III score 11 (0–37)

PELOD-2 score at ICU admission 7.5 (0–25)

PELOD-2 score at AT-II initiation 16.5 (4–25)

Cause of vasodilatory shock, n (%) 
 Septic shock 
 Vasoplegic shock

 
10 (71)  
4 (29)

Vasopressor use at AT-II initiation, n (%) 
 �Epinephrine + norepinephrine + 

vasopressin 
 Epinephrine + vasopressin
 Norepinephrine + vasopressin 
 Norepinephrine + epinephrine† 
 Norepinephrine†

 
 7 (50) 

 
 4 (29) 
 1 (7) 
 1 (7) 
 1 (7)

VIS at AT-II initiation 50 (28–220)

Stress-dose hydrocortisone use at AT-II 
initiation, n (%)

10 (71)

Mechanical ventilation during ICU 
admission, n (%)

13 (93)

ECMO during ICU admission, n (%) 5 (36)

RRT at AT-II initiation, n (%) 6 (43)

AT-II, angiotensin II; ECMO, extracorporeal membrane oxygenation; 
ICU, intensive care unit; PELOD, pediatric logistic organ dysfunction; 
PRISM, pediatric risk of mortality; RRT, renal replacement therapy; VIS, 
vasoactive-inotropic score

*Data reported as median (range), unless otherwise noted.
†Received AT-II prior to implementation of institutional protocol.
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significantly higher than baseline by 7 mm Hg (range, 
−5 to 40) (p = 0.04) and the VIS was significantly de-
creased at −4.5 (range, −100 to 15) (p = 0.01). A total 
of 10 patients (71%) were categorized as responders. 
Figure 1 shows the trend in VIS and percent change 
in MABP between groups. Of the responding patients, 
5 (50%) met response criteria based on a decrease in 
VIS of >10 and 6 (60%) met response criteria based 
on a positive ΔMABP of >10 mm Hg and/or 15% in-
crease with a stable VIS (1 patient met both criteria). 
As expected, change in VIS was significantly higher in 

responders at 3 hours of therapy (−12 vs −1; p = 0.02). 
Supplemental Figure S1 depicts the best-fit lines and 
95% CI modeled by using LOESS nonlinear regression 
for the complete treatment period. Responders were 
significantly older (p = 0.002) and had a significantly 
higher baseline VIS (p = 0.008) than nonresponders 
(Table 2). Despite similar baseline PRISM-III and 
PELOD-2 scores, nonresponders had over a three-
fold higher mortality rate during the AT-II infusion 
and at 30 days; however, these differences were not 
statistically significant (Table 2). Due to this higher 

Table 2. Patient Characteristics Based on Response to AT-II*

Responders 
n = 10

Nonresponders 
n = 4

p value

Age, yr 12.5 (2.4–16.8) 0.4 (0.04–1.8) 0.002

Weight, kg 44.2 (10–76.8) 5.1 (2.9–12) 0.004

PRISM-III score 13 (3–34) 9 (0–37) 0.73

PELOD-2 score at ICU admission 8 (2–23) 11 (0–25) 1

PELOD-2 score at AT-II initiation 17 (4–23) 19 (14–25) 0.54

Septic shock, n (%) 6 (60) 4 (100) 0.251

Baseline VIS 56 (34–220) 33 (28–37) 0.008

Time on vasopressors prior to AT-II initiation, hr 16.6 (6.1–113.2) 23.6 (5.1–27.1) 0.84

Vasopressin use, n (%) 8 (80) 4 (100) 1

Stress-dose hydrocortisone use, n (%) 6 (60) 4 (100) 0.25

ΔMABP at 3 hr, mm Hg 9 (−3.5 to 40.4) 3.6 (−4.8 to 10.3) 0.64

ΔVIS at 3 hr −12 (−100 to 0) −1 (−3 to 15) 0.02

Time to max AT-II dose, minutes 56.5 (17–413) 74.5 (21–434) 0.539

Left ventricular fractional shortening, % 38 (19–43)† 43 (30–45) 0.35

Lactate at AT-II initiation, mg/dL 10 (5.5–19) 7.5 (2.6–22) 0.64

ARDS classification, n (%) 
 None 
 Mild 
 Moderate 
 Severe

 
1 (10) 
3 (30) 
4 (40) 
2 (20)

 
0 (0) 

2 (50) 
2 (50) 
0 (0)

 
0.66

Renal dysfunction, n (%) 
 AKI stage 2 
 AKI stage 3

 
2 (20) 
8 (80)

 
0 (0) 

4 (100)

 
1

ECMO during ICU admission, n (%) 4 (40) 1 (25) 1

RRT at AT-II initiation, n (%) 3 (30) 3 (75) 0.25

Mortality during AT-II administration, n (%) 2 (20) 3 (75) 0.09

Mortality at day 30, n (%) 3 (30) 4 (100) 0.07

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; AT-II, angiotensin II; ECMO, extracorporeal membrane oxygenation; 
ICU, intensive care unit; PELOD, pediatric logistic organ dysfunction; PRISM, pediatric risk of mortality; RRT, renal replacement therapy;  
ΔVIS, vasoactive-inotropic score; ΔMABP, change in mean arterial blood pressure

*Data reported as median (range), unless otherwise noted.
†Data available for 6 patients.
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mortality rate, an assessment of PELOD-2 scores 
during AT-II administration could only be performed 
in the responder group. Of the 8 patients in the  
responder group who survived during the AT-II in-
fusion (1 died after stopping the AT-II, but prior to 
30  days), there was a significant decrease in the 
PELOD-2 score from AT-II initiation to AT-II discontinu-
ation (median, 17; range, 4–23 vs median, 11; range, 
2–17; p = 0.01). All other characteristics were similar 
between responders and nonresponders (Table 2).

Two patients (14%) had a documented thrombosis, 
but both were identified prior to AT-II initiation. One 
patient (7%) experienced ischemia of the right lower 
extremity, which did not result in AT-II discontinuation. 
None of the patients in our cohort received pharmaco-
logic VTE prophylaxis during the AT-II infusion. Three 
patients (21%) were already receiving therapeutic an-
ticoagulation with either bivalirudin or unfractionated 
heparin. Ten patients (71%) had contraindications to 
anticoagulation, including 8 patients (57%) with throm-
bocytopenia and 2 patients (14%) with coagulopathy. 
Non-pharmacologic VTE prophylaxis with sequential 
compression devices were used in 2 patients (14%). No 
other adverse effects were documented.

Discussion
To date, this is the only study to describe response 

to AT-II, using high-fidelity hemodynamic trends in a 
pediatric population. Despite the high degree of critical 
illness within this cohort, treatment with AT-II resulted 
in a positive acute hemodynamic response in most 
patients. Classification of response was equally distrib-
uted between patients who had a positive ΔMABP or a 
decrease in VIS at hour 3 of the AT-II infusion. Baseline 
VIS was higher in those patients with an acute hemo-
dynamic response to AT-II initiation. Our study is also 
the first to assess severity of illness in pediatric patients 

across the duration of the AT-II infusion, showing a 
significant decrease in PELOD-2 score in responders, 
indicating improved organ function and reduced mortal-
ity risk. Documented adverse effects were infrequent 
and did not require discontinuation of AT-II.

Angiotensin II has robust evidence evaluating ef-
ficacy, safety, and predictors of response in the adult 
population. Angiotensin II effectively increased MABP 
compared with placebo in adults with vasodilatory 
shock who were unresponsive to high-dose multimodal 
vasopressor therapy in the ATHOS-3 trial.7 Post hoc 
analyses of ATHOS-3 documented a more profound 
response to AT-II therapy in patients with AKI requiring 
RRT and decreased mortality with initiation of AT-II at 
lower doses of other vasopressors.7,18,19 A subsequent 
retrospective, multicenter, adult study demonstrated 
a significant association between favorable hemody-
namic response and lower baseline lactate concentra-
tions.20 Informed by these trials, we explored clinical 
factors predictive of response to AT-II in pediatric 
patients. We were unable to reproduce these findings 
in our small pediatric cohort. However, we evaluated 
several pediatric-specific characteristics, including 
age, weight, and left ventricular fractional shortening 
percentage, and found that responders to AT-II were 
significantly older with correspondingly higher weights 
(p = 0.002 and p = 0.004, respectively). We are unable 
to attribute this difference in response to myocardial 
maturity because all patients in our cohort with avail-
able data (n = 10) had normal left ventricular fractional 
shortening percentages (Table 2). Using a less specific 
definition of response, Tezel et al10 similarly found no 
difference in clinical characteristics, including need 
for ECMO, RRT, and steroid use, between survivors 
and those who died after AT-II infusion. Interest-
ingly, although our time to AT-II initiation was less in 
the responder group, responders had a significantly 

Figure 1. Median vasoactive-inotropic scores (A) and percent change in mean arterial blood pressures (B) 
in responders vs nonresponders to AT-II. Plots are censored when ≥50% of the subgroup has missing data 
due to attrition.

A B

AT-II, angiotensin II; MABP, mean arterial blood pressure; VIS, vasoactive-inotropic score.
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higher VIS (p = 0.008) than nonresponders. Tezel et al10 
similarly showed a numerically lower time on vaso-
pressors in pediatric patients who survived but with a 
correspondingly lower NED; however, in both evalu-
ations this difference was not statistically significant.

Data supporting the efficacy and safety of AT-II in the 
pediatric population are limited to small case series and 
a single center cohort study.8–10 Although these studies 
demonstrated an increase in MABP and/or decrease 
in requirement for vasopressor support with the use of  
AT-II, definition of hemodynamic response was subjec-
tively determined and results are limited by intermittent 
blood pressure assessments collected retrospectively 
from the EMR. In our study, we used high-fidelity, continu-
ous hemodynamic assessment with retrospective clinical 
information to categorize response to AT-II in a critically ill 
pediatric population. We modified previously used adult 
response definitions to account for criteria not directly 
applicable to pediatric patients, including varying blood 
pressure goals for age and use of a validated pediatric 
vasopressor equivalence score. More specifically, we 
adapted the definition of blood pressure response used 
in the ATHOS-3 trial (increase in MABP from baseline of 
at least 10 mm Hg or an increase to at least 75 mm Hg) 
to account for young pediatric patients with lower goal 
blood pressures (increase in MABP from baseline of at 
least 10 mm Hg or 15%). We defined a clinically meaning-
ful change in VIS of >10 to correlate with a NED change 
of >0.1 mcg/kg/min, which was the change in background 
vasopressor criteria used in ATHOS-3 to continue use 
of study medication.7 Our definition of response, using 
both a ΔMABP/% change and ΔVIS at 3 hours, may 
provide better feedback than either blood pressure 
response or change in vasopressor requirement alone 
for clinicians and researchers evaluating AT-II in pediat-
rics. Consideration of both variables in the first 3 hours 
of AT-II administration, in addition to patient-specific 
characteristics, may help with intensivist assessment of 
response and decisions regarding continuation of treat-
ment. Use of similar criteria should be considered for 
AT-II response assessment in future prospective studies. 
Additionally, use of automated, high-fidelity, continuous 
hemodynamic data obtained from invasive monitoring 
devices improved precision in identification of response 
to AT-II in the pediatric population (Figure 1).

The largest pediatric cohort study (Tezel et al10) 
described the use of AT-II in 23 critically ill pediatric 
patients with catecholamine-resistant vasodilatory 
shock. Guidelines for use of AT-II were similar between 
our institutions, resulting in patient populations with 
comparable PELOD-2 scores at AT-II initiation, rates of 
invasive mechanical ventilation, use of steroids, and a 
primary etiology of sepsis. Tezel et al10 documented an 
increase in median MABP of 6.5 mm Hg and decrease 
in the median NED by 18%, 3 hours after initiation of AT-
II. We saw a comparatively positive median ΔMABP in 
our entire cohort of 7 mm Hg at 3 hours with a smaller 

decrease in median VIS of 9%. While both the VIS in our 
cohort and the NED in the cohort presented by Tezel 
et al10 represent a high vasoactive burden on their re-
spective scales, it is difficult to directly compare NED and 
VIS given differences in their calculations. Most notably 
the weight of vasopressin varies drastically; whereas 
VIS escalates consistently with weight-based titrations 
common to pediatric practice, NED assumes flat dos-
ing based on adult data and practice and application of 
this ratio to titratable doses increases the influence of 
vasopressin on the score.21 For this reason and given 
current data supporting validated use in the pediatric 
population, we opted to use VIS in the current report.16,17 

Similar to previous pediatric cohorts, mortality in the 
current study was high; however, this is unsurprising 
given our use criteria, baseline vasopressor require-
ments, and PELOD-2 score at AT-II initiation. While 
the difference in patient ages between responders 
and nonresponders in this cohort is concerning, it is 
important to recognize the known worse outcomes 
in younger patients with septic shock, which could 
account for the mortality trends observed between 
groups.22 Furthermore, this difference may be attrib-
uted to ontogenetic changes in the renin-angiotensin-
aldosterone system. Endogenous AT-II levels are 
generally elevated in early infancy, but they decrease 
with age. This age-related shift may present a potential 
for therapeutic use of exogenous AT-II, though current 
data on endogenous AT-II concentrations in infants and 
children show considerable variability.23 We believe that 
age-related differences may have pathophysiologic 
feasibility and demonstrate the necessity of future 
studies of the very young. Safety data for AT-II also ex-
ist primarily in adult literature indicating a potential for 
tachyarrhythmias, peripheral ischemia, and deep-vein 
thrombosis.7 Among 23 pediatric patients in a recent 
case series, a single occurrence of digital ischemia 
and a peripherally inserted central catheter associated 
thrombus were reported.10 These reports, in addition to 
our single report of peripheral ischemia, are unable to 
establish direct causality given their retrospective de-
sign, high baseline vasoactive burden, and inadequate 
sample size to reliably detect rare adverse effects.

Additional limitations of this cohort study should be 
noted. Use of medication guidance criteria resulted in 
many patients receiving AT-II as a last-line therapy as 
demonstrated by an increasing PELOD-2 score and 
high VIS at AT-II initiation. This prevents evaluation of 
a defined place in treatment for AT-II, may confound 
the number of responders and mortality rate reported, 
and limits applicability of our results to less critically 
ill patients. Furthermore, the individualized titration 
practices of AT-II by each physician may have influ-
enced the response rate, although 79% of patients 
reached their maximum AT-II dose prior to the 3-hour 
efficacy mark and there was no difference in time to 
achieve maximum AT-II dose between responders and 
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nonresponders (Table 2). Additionally, the retrospec-
tive design of this study limited our ability to evaluate 
adequacy of the volume resuscitation component of the 
use criteria because it was determined at the discretion 
of the attending physician. Although we collated vaso-
pressor dose titrations from multiple documentation 
sources, vasopressor dosing was not collected from 
an infusion pump integrated with the electronic health 
record, and therefore calculated VIS scores are limited 
by manual charting. Similarly, adverse effect reporting 
relied on physician documentation and association of 
adverse effects with AT-II was highly subjective.

Conclusions
Angiotensin II has a potential role in the management 

of pediatric patients with vasodilatory shock based on 
improvement in MABP observed in adult studies and 
emerging pediatric data. This study used high-fidelity, 
continuous hemodynamic monitoring to contribute 
additional data on the acute hemodynamic response 
to AT-II in pediatric patients with fluid and vasopressor 
refractory shock, documenting a positive response 
in 71% of patients corresponding with a significant 
decrease in the PELOD-2 scores. While a difference in 
age, weight, and baseline VIS were noted in our cohort, 
patient-specific predictors of response to AT-II warrant 
further exploration.
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Evaluation of Methicillin-Resistant Staphylococcus aureus 
Eradication in People With Cystic Fibrosis
Eva M. Byerley, PharmD; Vedat O Yildiz, MS; Shahid I. Sheikh, MD; and Kimberly J. Novak, PharmD

OBJECTIVE People with cystic fibrosis (pwCF) have impaired bacterial mucociliary clearance, which can 
result in colonization with pathogens like Pseudomonas aeruginosa and methicillin-resistant Staphylococ-
cus aureus (MRSA) in the lower airway. Although guidelines for the eradication of P. aeruginosa in CF are 
well-established, MRSA eradication guidelines are lacking. This study aimed to determine the rates of MRSA 
eradication in pwCF based on a prescribed antibiotic regimen.

METHODS This retrospective chart review included pwCF with a first lifetime positive MRSA respiratory cul-
ture or first positive MRSA respiratory culture after at least 1 year of MRSA negativity (minimum of 4 negative 
respiratory cultures) obtained at Nationwide Children’s Hospital between August 1, 2012, and February 28, 
2022. Secondary outcomes assessed the impact of adding topical decontamination on MRSA eradication 
and the time to a subsequent MRSA-positive respiratory culture after completing the eradication regimen.

RESULTS Sixty-two patients were included, and 16% achieved MRSA eradication. Intravenous vancomycin 
transitioned to oral trimethoprim-sulfamethoxazole achieved the highest eradication rate of 75%  
(p = 0.008). Antibiotics consisting of dual therapy with rifampin and topical decontamination had a higher 
rate of eradication (25%) compared with antibiotics alone, antibiotics with topical decontamination, or no 
antibiotics. Four patients had no subsequent MRSA-positive cultures, including 2 patients who did not 
receive antibiotics.

CONCLUSIONS The transition from intravenous vancomycin to oral trimethoprim-sulfamethoxazole had the 
highest rate of MRSA eradication. Overall rates of MRSA eradication at 12 months in patients CF using anti-
biotics with or without topical decontamination are low.

ABBREVIATIONS CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator; ETI, 
elexacaftor/tezacafor/ivacaftor; MRSA, methicillin-resistant Staphylococcus aureus; NCH, Nationwide  
Children’s Hospital; pwCF people with cystic fibrosis; Pa, Pseudomonas aeruginosa; TMP-SMX, 
trimethoprim-sulfamethoxazole 

KEYWORDS antibiotics; cystic fibrosis; eradication; methicillin-resistant Staphylococcus aureus
J Pediatr Pharmacol Ther 2025;30(5):601–606

DOI: 10.5863/JPPT-24-00079

Introduction
Impaired bacterial mucociliary clearance caused by 

the production of abnormally thick, sticky mucus in 
the respiratory tract is a key clinical feature of cystic 
fibrosis (CF). In healthy individuals, the lower respiratory 
tract supports minimal bacterial replication. Owing to 
the changes in the airway environment caused by the 
defect in the CF transmembrane conductance regulator 
(CFTR) protein, people with CF (pwCF) can host micro-
organisms in the lower airway, including pathogens 
capable of colonization and long-term survival, such as 
Pseudomonas aeruginosa (Pa) and methicillin-resistant 
Staphylococcus aureus (MRSA).1,2

Based on the 2022 Cystic Fibrosis Foundation 
patient registry, 26% and 15.6% of pwCF had positive 
respiratory cultures for Pa and MRSA, respectively.2 
Chronic infection with Pa and MRSA in CF is associated 
with poor outcomes, including increased morbidity 
and mortality.3,4 Eradication of colonized bacteria may 
prevent chronic infection in pwCF. There are well-
established guidelines for the eradication of Pa, yet 
MRSA eradication guidance is lacking.5 United States 
guidelines do not address the eradication of MRSA.6 
The United Kingdom Cystic Fibrosis Trust recommends 
attempting to eradicate MRSA, although it states that 
the optimal eradication method remains unclear.7

The STAR-too randomized trial is considered the 
first randomized trial in the United States studying a 
MRSA eradication regimen in pwCF.8 Forty-five pwCF 

Submitted July 6 2024; Accepted October 7 2024;
Published online August 20 2025

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access



Evaluation of MRSA Eradication in Cystic Fibrosis Byerley, E et al

602	  J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5 www.jppt.org 

between the ages of 4 and 45 years with a positive 
MRSA respiratory culture were randomized to receive 
either observation or undergo an eradication protocol. 
The eradication protocol included the following: oral tri-
methoprim-sulfamethoxazole (TMP-SMX) or minocycline 
plus rifampin for 2 weeks; nasal mupirocin and whole-
body cleansing with chlorhexidine wipes for 5 days; twice 
daily gargling with 0.12% chlorhexidine gluconate for 14 
days, and enhanced household cleaning. The primary 
endpoint was MRSA eradication by day 28.8 The study 
found that 82% of patients in the treatment group had 
MRSA-negative respiratory cultures compared with 26% 
in the observation group on day 28, with a difference of 
52% after adjusting for interim reviews (p < 0.001). On 
day 84, 54% of the treatment group were MRSA negative 
compared with 10% in the observation group.8

The duration of the endpoints in the STAR-too trial 
may not be adequate for assessing the long-term clinical 
response of MRSA eradication attempts. In comparison, 
the endpoints of trials evaluating Pa eradication in pwCF 
are considerably longer than the STAR-too trial. The 
EPIC and ELITE trials followed patients over 18 and 27 
months after initiation of treatment, respectively.9,10 The 
ability of a pwCF to sustain long-term eradication may 
lead to improved outcomes. A cohort study of children 
in the EPIC trial found that patients who were Pa-free in 
all quarterly cultures in the preceding 12 months, defined 
as sustained eradicators, had improved microbiologic 
outcomes, increased time to Pa chronic infection, and 
increased time to developing mucoid Pa.11

The CF Center at Nationwide Children’s Hospital 
(NCH) is a Cystic Fibrosis Foundation–accredited cystic 
fibrosis center serving more than 500 pediatric and 
adult pwCF. At our center, the incidence of methicil-
lin resistance within CF respiratory cultures growing  
S. aureus has decreased from 45% (555/1228) in 2012 
to 25% (214/862) in 2022. NCH does not have a stan-
dardized MRSA eradication protocol in CF, although 
many providers will follow part or all of the STAR-too 
protocol. This study aimed to determine the rates of 
MRSA eradication within 12 months after treatment 
based on the prescribed antibiotic regimen.

Materials and Methods
Study Design and Participants. This retrospective 

study included pwCF with an index MRSA isolation 
from a respiratory culture obtained at NCH between 
August 1, 2012, and February 28, 2022. An index 
MRSA culture was defined as the first lifetime positive 
MRSA respiratory culture or first positive MRSA respi-
ratory culture after at least 1 year of MRSA negativity. 
Patients included after at least 1 year of MRSA nega-
tivity were required to have a minimum of 4 negative 
respiratory cultures during that period. Respiratory 
cultures included bronchoalveolar lavage and CF re-
spiratory cultures (expectorated or oropharyngeal). 
Patients were excluded if the index culture was a small 

colony variant or TMP-SMX resistant MRSA, if they 
received systemic antibiotics with MRSA coverage 
within 30 days before index culture, if they received 
antibiotics their MRSA isolate was resistant to, if they 
had less than 1 year of documented follow-up, or if the 
index MRSA culture was identified from outside of the 
NCH electronic health record. Antibiotics considered 
as having MRSA susceptibility included TMP-SMX, 
minocycline, doxycycline, linezolid, and vancomycin. 
As this study was intended to demonstrate the ability 
to achieve routine MRSA eradication, TMP-SMX resis-
tance was chosen as an exclusion criterion because it 
indicates a MRSA strain would be a small colony vari-
ant and, therefore, difficult to eradicate.

Measures. This study aimed to determine the rates 
of MRSA eradication within 12 months after treatment 
based on the prescribed antibiotic regimen. Antibiotics 
with MRSA susceptibility received within 1 year of the 
index culture, whether prescribed for intentional MRSA 
eradication or received incidentally for CF exacerba-
tion, were recorded. Antibiotics with MRSA susceptibil-
ity were defined as previously listed in the exclusion 
criteria. If no antibiotics with MRSA sensitivity were 
prescribed within 1 year of the index culture, patients 
who otherwise met inclusion criteria were included to 
assess for rates of self-eradication. Eradication was 
defined as at least 4 consecutive MRSA-negative re-
spiratory cultures within a minimum of 12 months. Sec-
ondary objectives included the eradication rates with 
the addition of topical decontamination (nasal mupiro-
cin, chlorhexidine mouthwash, or chlorhexidine body 
wipes or wash) and time to subsequent positive MRSA 
respiratory culture after completion of the initial eradi-
cation regimen. An exploratory analysis examined the 
likelihood of eradication associated with patient age, 
type of CFTR mutation, CFTR modulator therapy, and 
timing of treatment in relation to the index culture.

Data were obtained through retrospective chart 
review within the NCH electronic health record. De-
mographics collected at the date antibiotics were 
prescribed included age and CFTR modulator therapy. 
If a patient was not prescribed antibiotics, age and 
CFTR modulator therapy were collected on the date 
of index MRSA culture. The authors also collected data 
on sex assigned at birth, CFTR gene profile, duration 
of antibiotics, addition of rifampin to the eradication 
regimen, addition of topical decontamination to the 
eradication regimen, results of respiratory cultures 
12 months after antibiotics for MRSA eradication, and 
time to a subsequent MRSA-positive respiratory culture 
after antibiotics for MRSA eradication.

Statistical Analysis.  Descriptive statistics are re-
ported as mean ± SD, median (IQR), or total num-
ber and percentage. For the group comparisons, a 
2-sample t-test or Wilcoxon sum rank test was used 
for the continuous variables, and Χ2 or Fisher’s exact 
test were used for the proportions as appropriate. The 
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significance level was set at α ≤ 0.05. The data were 
analyzed using SAS, version 9.4 (SAS Institute Inc., 
Cary, NC, USA).

Results
Demographics.  There were 74 patients who met 

inclusion criteria with an index MRSA respiratory cul-
ture between August 1, 2012, and February 28, 2022. 
Twelve patients were excluded for having less than 
1 year of follow-up (n = 8), receipt of antibiotics with 
MRSA coverage within 30 days before index culture 
(n = 3), or having an index culture that was a small 
colony variant or TMP-SMX–resistant strain (n = 1). 
Lung transplant patients were not specifically exclud-
ed; however, none were identified. Of patients, 47% 
were assigned male at birth. The median patient age 
was 9 years (IQR, 4–23) at the time of antibiotic re-
ceipt, with a range of 1 month to 65 years. CFTR gene 
profiles included F508del homozygous (n = 31, 50%), 
F508del heterozygous (n = 22, 35%), other (n = 8, 13%), 
and unknown (n = 1, 2%). Of patients, 74% (n = 46) were 
not prescribed a CFTR modulator at the time of the 
MRSA index culture positivity.

Antibiotic Regimen.  Forty-eight patients (77%) re-
ceived antibiotics with MRSA susceptibility, and 14 
(22%) did not receive antibiotics. Antibiotic regimens 
prescribed included oral TMP-SMX (n = 34), oral and 
intravenous linezolid (n = 3), oral tetracycline (mino-
cycline and doxycycline; n = 7), and intravenous van-
comycin transitioned to oral TMP-SMX (n = 4). Figure 1 
shows eradication rates stratified by the prescribed 
antibiotic regimen. The overall MRSA eradication rate 
at 1 year was 16%. The antibiotic regimen with the 
highest rate of eradication was intravenous vancomy-
cin, which was followed by oral TMP-SMX, yielding a 

75% eradication rate (p = 0.008). These patients re-
ceived a range of 4–12 days of vancomycin therapy, 
with a median duration of 8.5 days before transition-
ing to oral TMP-SMX. Of 48 patients who received 
antibiotics, 25 (52%) were prescribed antibiotics for 
the intentional eradication of MRSA, and 23 (48%) 
received antibiotics with MRSA susceptibility inciden-
tally for a CF exacerbation. Antibiotics used for inten-
tional MRSA eradication were as follows: TMP-SMX 
(n = 21), oral linezolid (n = 1), oral minocycline (n = 1), 
and intravenous vancomycin transitioned to oral TMP-
SMX (n = 2). The eradication of those who intention-
ally received antibiotics for MRSA eradication was 12%  
(n = 3) compared with 17% (n = 4) in those who re-
ceived antibiotics for a CF exacerbation. The median 
duration of antibiotics was 14 days (IQR, 14–14) and did 
not differ between those who intentionally received 
antibiotics for eradication compared with those who 
received antibiotics incidentally for a CF exacerbation. 
All but 8 patients received 14 days of antibiotics.

Rifampin and Topical Decontamination.  Figure 2 
outlines the eradication rates based on the addition 
of rifampin and topical decontamination. Patients who 
underwent intentional MRSA eradication (n = 25) were 
prescribed individual topical products at varying rates 
as follows: 100% were prescribed nasal mupirocin  
(n = 25), 84% were prescribed chlorhexidine body 
wash or wipes (n = 21), and 40% were prescribed 
chlorhexidine mouthwash (n = 10). Eight patients (32%) 
were prescribed rifampin and topical decontamination 
as part of their antibiotic regimen consistent with the 
STAR-too protocol. These patients received TMP-SMX  
(n = 7) and minocycline (n = 1).

Figure 1. Number of patients who did or did not 
achieve MRSA eradication stratified by antibiotic 
regimen. MRSA eradication was defined as MRSA 
negativity at 12 months after initiation of antibiotic 
treatment with a minimum of 4 consecutive MRSA-
negative respiratory cultures.

ABX, antibiotics; IV, intravenous; LZD, linezolid; TET, tetracycline;  
TMP-SMX; trimethoprim-sulfamethoxazole; PO, oral.

Figure 2. Number of patients who did or did not 
achieve MRSA eradication stratified by antibiotics 
with or without the addition of rifampin or topical de-
contamination. Topical decontamination is reported 
as the addition of at least 1 of the following: nasal mu-
pirocin, chlorhexidine mouthwash, or chlorhexidine 
body wash/wipes. MRSA eradication was defined 
as MRSA negativity at 12 months after initiation of 
antibiotic treatment with a minimum of 4 consecutive 
MRSA-negative respiratory cultures.

ABX, antibiotics; RIF, rifampin; TOP, topical decontamination

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access



Evaluation of MRSA Eradication in Cystic Fibrosis Byerley, E et al

604	  J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5 www.jppt.org 

Time to Subsequent MRSA-Positive Respiratory 
Culture. Patients had a median follow-up of 4.4 years 
(IQR, 3.1–7.5) from their index MRSA culture. Figure 3 
depicts MRSA culture negativity survival after index 
MRSA culture. Four patients had no follow-up cultures 
that were positive for MRSA, including 1 patient who 
received vancomycin and transitioned to oral TMP-
SMX, 1 patient who received oral minocycline, and 2 
patients who did not receive any antibiotics.

Exploratory Analysis.  The exploratory analysis in 
the Table assessed MRSA eradication rates stratified 
by age, CFTR gene profile, and CFTR modulator ther-
apy. Overall, MRSA eradication rates were found to be 
higher in patients aged ≥ 18 years of age, those with 
F508del heterozygosity, and those on either ivacaftor 
or elexacaftor/tezacaftor/ivacaftor (ETI), although the 
differences were not statistically significant.

Discussion
Despite increased mortality and morbidity from 

MRSA infection in pwCF, the optimal regimen for MRSA 

eradication remains unclear. Our study retrospectively 
evaluated the rates of MRSA eradication at 12 months, 
based on the antibiotics used in clinical practice. The 
primary endpoint of 12 months was chosen to assess 
sustained MRSA eradication, which may be more 
relevant than initial early eradication (ie, 28 days) to 
morbidity and mortality outcomes of chronic MRSA 
infection. The STAR-too protocol uses TMP-SMX or 
minocycline plus rifampin as the antibiotic regimen 
for MRSA eradication.8 Most patients included in our 
study received oral TMP-SMX (55%) and tetracycline 
derivatives (11%). Eradication rates with these antibiotics 
were 6% and 29%, respectively. The transition from in-
travenous vancomycin to oral TMP-SMX had the highest 
eradication rate of 75% (n = 4). During the study period, 
vancomycin therapeutic drug monitoring utilized within 
our institution targeted serum trough concentrations of 
15–20 mcg/mL in pwCF. Area under the curve/minimum 
inhibitory concentration monitoring for vancomycin 
was not performed. All vancomycin therapy was initi-
ated while inpatient. Other studies have found varying 
success in using nebulized vancomycin in combination 
with oral antibiotics and topical decontamination for 
MRSA eradication. However, evidence for intravenous 
vancomycin for MRSA eradication is lacking.12,13

In our study, 8 patients followed regimens compara-
ble to the STAR-too protocol. The 12-month eradication 
rate for these patients was 25%. In comparison, Belarski 
et al14 found that the percentage of negative cultures 
at 12 months in 10 CF patients who completed MRSA 
eradication using the STAR-too protocol was 70%. 
The feasibility of using all components of the STAR-
too protocol has been impacted by the development 
of CFTR modulator therapy as a standard of care in 
pwCF. Rifampin is a strong inhibitor of CYP3A4, which 
induces the metabolism of CFTR modulators, including 
ETI.15 Concurrent use of rifampin with CFTR modulators 

Figure 3. Kaplan-Meier curve of the percentage of 
patients without subsequent positive MRSA cultures 
following the index culture.

Table. Exploratory Analysis of Factors Impacting MRSA Eradication

Demographics Number of Patients (N = 62) p value

Achieved 
Eradication (n = 10)

Did Not Achieve 
Eradication (n = 52)

Age  
 <18 yr 5 (12%) 34 (87%) 0.19
 ≥18 yr 5 (21%) 18 (78%)

CFTR gene profile  
 F508del homozygous 3 (10%) 28 (90%) 0.358
 F508del heterozygous 6 (27%) 16 (72%)
 Other 1 (13%) 7 (87%)
 Unknown 0 (0%) 1 (100%)

CFTR modulator therapy  
 None 5 (11%) 41 (89%) 0.076
 Ivacaftor 3 (43%) 4 (57%)
 Lumacaftor/ivacaftor 0 (0%) 3 (100%)
 Tezacaftor/ivacaftor 0 (0%) 1 (100%)
 Elexacaftor/tezacaftor/ivacaftor 2 (40%) 3 (60%)
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is not recommended.15 Patients in our study more 
commonly received single antibiotic regimens (not 
including rifampin) with topical decontamination than 
antibiotics consisting of dual therapy with rifampin and 
topical decontamination, which had a lower eradication 
rate (10% vs 25%). The more frequent use of a single 
antibiotic regimen at our institution was likely due to 
our study period largely preceding the publication of 
the STAR-too trial in 2017. Before this, no MRSA eradi-
cation protocol was used at our CF center, and MRSA 
eradication attempts were not routinely attempted. 
Cunningham et al16 published a protocol for the STAR-
ter trial, which compared MRSA negativity at 28 days 
between a treatment group given 2 courses of a single 
oral antibiotic regimen (without rifampin) plus nasal 
mupirocin and the control group from the STAR-too 
trial. At the time of publication, the results of this study 
were not yet available, and additional studies may help 
determine the optimal eradication regimen for pwCF 
on CFTR modulator therapy.

Of note, the results of our study call into question 
the effectiveness of antibiotics in eradicating MRSA. 
The overall rates of sustained MRSA eradication at our 
center at 12 months were quite low. Only 10 patients 
(16%) achieved eradication by any method according to 
our study’s definition. Of these 10 patients, 3 received 
no antibiotics with MRSA susceptibility within 1 year of 
their index MRSA culture. Self-eradication was identi-
fied in the STAR-too study, as 5 of 19 patients (26%) 
in the observational group were MRSA negative at 
day 28.8 Patients in both our study and the STAR-too 
trial may have had a transient MRSA infection, which 
is thought to impact up to 30% of patients with MRSA 
positive culture.17 In addition, the use of ETI, a highly 
effective CFTR modulator, may impact a patient’s ability 
to self-eradicate or could prevent MRSA colonization 
altogether. ETI has been found to have a positive impact 
on MRSA respiratory cultures in pwCF. A retrospective 
chart review revealed that patients initiated on ETI ex-
perienced a decrease in MRSA culture positivity from 
31% to 24% (−6.5%, p = 0.0963) 12 months after starting 
ETI.18 Another prospective cohort study found that the 
rate of MRSA-positive cultures decreased from 43.8% 
at baseline to 27.5% (−37.2%, p = 0.003) 12 months 
after ETI initiation.19 Of 3 patients who self-eradicated 
within our study, 1 was not receiving a CFTR modulator 
at the time of the index MRSA culture, 1 was prescribed 
ivacaftor, and 1 was prescribed ETI. Our study was un-
able to fully describe the impact of CFTR modulators on 
MRSA eradication. Only 23% of index cultures occurred 
after the approval of ETI in our study. Before that, very 
few patients would have been eligible for highly effec-
tive ivacaftor therapy. Last, it is important to note that 
although it has been established that chronic MRSA 
infection leads to a decline in lung function in pwCF, 
there is a lack of data to show that achieving MRSA 
eradication improves long-term clinical outcomes. Our 

study did not assess the clinical impact of achieving 
or sustaining MRSA eradication, and larger database 
studies are needed to determine the long-term effects 
of MRSA eradication in pwCF.

Limitations of this study include its retrospective chart 
review design and small sample size. The dose and 
frequency of antibiotic regimens were not assessed. 
Antibiotic regimens were recorded based on prescrip-
tions within the electronic health record; however, it was 
not determined whether the prescriptions were filled or 
picked up by the patient. Evidence of therapeutic van-
comycin trough levels was not assessed. It is unknown 
in our study if patients may have received antibiotics 
during this period that were not documented in the NCH 
electronic health record. Adherence to recommended 
environmental decontamination strategies could not 
be determined. Our study did not assess for clinical 
outcomes associated with MRSA eradication or adverse 
effects of MRSA eradication therapies.

Conclusions
The transition from intravenous vancomycin to oral 

TMP-SMX had the highest rate of MRSA eradication in 
our single-center, retrospective study. Future studies 
are needed to determine the impact of intravenous 
versus oral antibiotic regimens on MRSA eradication. 
Patients presenting with an index MRSA culture during 
an acute pulmonary exacerbation should be treated ac-
cording to exacerbation guidelines and be considered 
as having completed a MRSA eradication attempt. Of 
note, the overall rates of MRSA eradication in pwCF us-
ing antibiotics with or without topical decontamination 
are low. The lack of long-term effectiveness studies 
supports the need to weigh the risks and benefits when 
considering antibiotics for eradication following the 
patient’s first MRSA culture, especially in patients on ETI 
who may be able to achieve self-eradication. More data 
are needed to determine the impact of CFTR modulator 
therapies on their ability to prevent initial MRSA colo-
nization, enhance MRSA self-eradication, and achieve 
sustained MRSA eradication with an optimal protocol.
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Evaluation of Research and Scholarship Activities  
with a Pediatric Curricular Track in a Doctor of  
Pharmacy Program
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OBJECTIVE The University of Oklahoma College of Pharmacy created the Pediatric Degree Option Program 
(PDOP) to enhance the knowledge and skills of students in pediatric pharmacy. The purpose of the study 
was to identify the pediatric-focused research and scholarship activities and outcomes of PDOP graduates.

METHODS This was a retrospective study of PDOP graduates from 2011-2022. The primary objective was 
to identify the overall number of activities conducted during the PDOP. Secondary objectives included 
the overall number of peer-reviewed and non-peer reviewed publications, and comparison of the median 
number of scholarship activities per PDOP graduate between those who did and did not complete a PGY1 
residency. Inferential statistics were performed using Mann-Whitney U and Chi-square or Fischer’s exact 
test as appropriate, with an a priori p value <0.05.

RESULTS Fifty-two PDOP graduates completed the program. Following graduation, 23 (44.2%) individuals 
completed a postgraduate year-one (PGY1) residency. PDOP graduates completed a total of 53 research 
and scholarship activities. The majority (n=44; 83.0%) were original research projects, and 41 (77.4%) gradu-
ates published ≥1 manuscript. There was a significant difference in manuscript authorship between gradu-
ates who did and did not complete a residency (18 versus 7, p<0.001). Seventeen (26.2%) of the PDOP 
scholarship projects involved collaboration with a PGY1/postgraduate year-two (PGY2) resident.

CONCLUSIONS This study demonstrated that students enrolled in a curricular track were exposed to various 
aspects of the research and scholarship process. Many of the activities resulted in a publication or presen-
tation for the PDOP graduate.

ABBREVIATIONS APPE, advanced pharmacy practice experience; IRB, institutional review board; OU,  
University of Oklahoma; PDOP, Pediatric Degree Option Program; PGY1, postgraduate year one; PGY2, 
postgraduate year two 

KEYWORDS pediatrics; pharmacy; research; manuscripts; curricular track
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Introduction
Children <18 years of age account for approximately 

25% of the United States population.1 Pharmacists play 
a significant role in the care of pediatric patients. A 
2013 white-paper including members of the American 
College of Clinical Pharmacy Pediatric Practice and 
Research Network and the Pediatric Pharmacy Asso-
ciation highlighted the impact that pharmacists have 
on the care of pediatric patients including prevention 
of medication errors, improvement in quality of life, 
and economic outcomes, and these findings are still 
relevant today.2 Despite the vital role that pediatric 
pharmacists have, Prescott and colleagues3 noted that 
pharmacy students in Doctor of Pharmacy programs 
only receive a median of 16 hours of pediatric didactic 
content within pharmacy curricula and only about 20% 

of students complete an advanced pharmacy practice 
experience (APPE) rotation in pediatrics. As a result, 
there remains limited opportunities to provide the 
knowledge and skills for pharmacy students to expose 
them to a future career in pediatric pharmacy. In 2020, 
a joint statement on pediatric education in Doctor of 
Pharmacy programs was published and provided rec-
ommendations on ways colleges of pharmacy could 
enhance their professional programs.4 One recommen-
dation was the creation of pediatric pharmacy concen-
trations or curricular tracks within Doctor of Pharmacy 
programs. Pediatric curricular tracks provide students 
with in-depth training in pediatrics, often including at 
least one didactic elective in pediatric pharmacy, an 
independent study involving pediatric research, and 
at least one pediatric focused APPE.4
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Few programs across the United States offer a pe-
diatric curricular track within their Doctor of Pharmacy 
program. In 2010, the University of Oklahoma (OU) Col-
lege of Pharmacy initiated its curricular track, called the 
Pediatric Degree Option Program (PDOP), with the first 
graduate of the program in 2011.5,6 A detailed descrip-
tion of the PDOP that describes the overall purpose, 
the admission requirements for students, and primary 
faculty and adjunct support preceptors involved have 
been described in the literature.5 One element that was 
included within the OU College of Pharmacy PDOP 
was a focus on research and scholarship in pediatric 
patients. The emphasis on research and scholarship 
in pediatric patients is important because off-label 
use of medications in children is common. Petkova 
and colleagues7 conducted a systematic review of 
studies across the world evaluating the incidence of 
off-label medications in pediatric patients and noted 
that the number of off-label medications in the United 
States ranged from 36-57%, depending upon the pa-
tient population. Thus, pediatric pharmacists should 
develop the skills necessary to conduct medication 
use evaluations and literature searches to investigate 
the efficacy and safety of medications. As part of the 
program, PDOP graduates had the opportunity to com-
plete research and scholarship activities. Johnson and 
colleagues5 conducted an evaluation on the impact 
of the PDOP on pediatric-focused APPEs and faculty 
scholarly productivity. Between 2011-2016, all 30 gradu-
ates completed pediatric-focused scholarly activities, 
defined as participation in original institutional review 
board (IRB)-approved projects and/or quality improve-
ment activities focused on the pediatric population, as 
a co-author on a peer-reviewed or non-peer-reviewed 
manuscript, and as a presenter at a conference on 
clinical research.5 At the time the study was conducted, 
the PDOP program had only been in existence for five 
years. Additional data has since been collected and 
can be used to evaluate the types of research and 
scholarship activities graduates have completed in 
the PDOP. The purpose of the study was to identify 
the pediatric-focused research and scholarship activi-
ties and outcomes of PDOP graduates over a 12-year 
timeframe.

Research and Scholarship Activities in the 
Pediatric Degree Option Program

The PDOP has included 2 different tracks that 
students can complete to meet the 16 credit hour re-
quirements of the program, track 1 (6 hours of didactic 
coursework and three APPE rotations) and track 2  
(8 hours of didactic course work and two APPE rota-
tions). At the OU College of Pharmacy, these APPE 
rotations were completed over 1 calendar month 
and consisted of 4 credit hours per APPE rotation. 
The requirements of the PDOP from 2011-2022 are 
listed in Table 1.

From 2010-2014, PDOP graduates completed didac-
tic courses on the Oklahoma City or Tulsa campuses 
which were delivered synchronously, and pediatric 
APPE rotations could be completed in the Oklahoma 
City or Tulsa area. Beginning in 2015, the OU College 
of Pharmacy underwent a programmatic change where 
all graduates would complete the Doctor of Pharmacy 
program on the Oklahoma City campus. The PDOP 
graduating class of 2018 was the last class to have 
students on both campuses. As a result of these pro-
grammatic changes, the number of pediatric faculty 
and the overall Doctor of Pharmacy students class 
size declined.

Graduates in the 2010-2018 classes were given 
the option to participate in research and scholarship 
activities. The PDOP directors identified students 
interested in research and scholarship during one-
on-one meetings to discuss each student’s individual 
plan of study. Research and scholarship projects were 
identified from OU College of Pharmacy faculty and 
adjunct support preceptors who participated in the 
PDOP. To complete the research and scholarship 
activities, students were enrolled in a self-paced, 
independent study for didactic credit during their 
second or third professional year and/or one research 
APPE rotation during their fourth professional year. 
Alternatively, students could also complete these 
activities in a volunteer capacity associated with no 
elective credit during their second, third, or fourth 
professional year. In addition, students were given 
the opportunity to participate as research assistants 
on ongoing IRB-approved research projects. These 
projects were OU College of Pharmacy faculty and/
or adjunct support preceptor-led projects, some of 
which were assigned as postgraduate year one (PGY1) 
Pharmacy or postgraduate year two (PGY2) Pediatric 
pharmacy resident projects. They were also given 
the opportunity to participate in the development 
and execution of a new original IRB-approved study 
or other scholarly manuscripts (i.e., case reports and 
review articles). To minimize the burden on the OU 
College of Pharmacy faculty and/or adjunct support 
preceptors, multiple students may have been as-
signed to a single project.

Graduates from 2019-present are required to com-
plete track 1. In addition, a decision was made to require 
all students to participate in an original IRB-approved 
research project. These PDOP graduates participated 
in all phases of the research process, including de-
velopment and submission of an IRB protocol, in a 
structured manner like the conduct of research with 
PGY1 Pharmacy residents. As mentioned above, more 
than one student may have been assigned to a single 
project. Based on their interests, students may have 
also volunteered to participate as a research assistant 
in another ongoing IRB-approved project and/or schol-
arly manuscript.
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Table 1. Didactic and Pediatric-Focused Advanced Pharmacy Practice Experiences in the Pediatric Degree 
Option Program from 2011-2022

Course Brief Description Credit 
Hours

Required Course During 
Time Period (Yes, 

Optional, Not available)

2011-2018 2019-2022

Didactic Electives
Pharmacotherapy 
considerations in 
pediatrics

Case-based delivery focusing on ambulatory care topics 
(hypertension, community acquired pneumonia) and acute 
care topics (cystic fibrosis exacerbations, septic shock)

3 Yes Yes

Introduction 
to pediatric 
pharmacotherapy

Lecture-based content delivery focusing on drug 
development, various self-care topics, problem solving, 
counseling tips, and palatability of medications

2 Optionala Not 
availableb

Pediatric medication 
safety

Discussion-based delivery focusing on best practice for 
pediatric prescriptions and including hands-on review of 
prescriptions and utilization of drug information sources

2 Optionala Not 
available

Independent study Self-paced course with one-on-one teaching with a faculty 
member on a quality improvement or research project

1-3 Optionala Yesc

APPEs
In-patient rotations 
(general pediatrics, 
PICU, CICU, 
infectious disease, 
NICU, hematology/
oncology)

Students participate in multidisciplinary rounds with 
teaching teams. Activities include medication reconciliation, 
therapeutic drug monitoring, medication counseling, and 
provision of drug therapy recommendations.

4 Yesd Yesd

Nephrology/kidney 
transplant

Students participate in rounds with the nephrology in-patient 
team and attend the renal transplant clinic approximately 1-2 half 
days per week. Activities include drug information responses, 
medication reconciliation, medication counseling, provision of 
drug therapy recommendations, therapeutic drug monitoring, 
and renal dose adjustment

4 Optionale Optionale

Ambulatory care Students attend various out-patient clinics approximately 
5 half-days per week. Activities include disease state 
management, drug information responses, medication 
reconciliation, medication counseling, provision of drug 
therapy recommendations and prescription insurance 
assistance

4 Optionale Optionale

Diabetes camp Students participate as a counselor for both day-camp and a 
week-long overnight camp for children with diabetes. Activities 
include monitoring for, preventing, and treating hypoglycemia 
and hyperglycemia, carbohydrate counting, calculating 
insulin doses, administering insulin, assisting with insulin dose 
adjustments, and administering other medications.

4 Optionale Optionale

Research Student completes a concentrated rotation focused in 
completion of an ongoing research project and/or scholarly 
article. Activities include data collection, data entry, data 
analysis, and/or completion of writing assigned sections of 
an article

4 Optionale Yes

APPE = Advanced pharmacy practice experiences; CICU = Cardiac intensive care unit; NICU = Neonatal intensive care unit; PICU = Pediatric 
intensive care unit
a �Students could select from these courses in order to meet the didactic credit hour requirement for track 1 (6 hours of didactic course work) 

and track 2 (8 hours of didactic course work)
b �Course no longer offered beginning with 2019 PDOP graduates
c �Beginning with the PDOP graduates in 2019, the independent study course was approved for 3 credit hours and took place in the Fall semester 

of the 3rd year of the Doctor of Pharmacy program.
d �Students had to complete ≥1 in-patient rotation.
e �Students could select the remaining 1-2 APPE rotations based on the track that the PDOP graduate completed (i.e., track 1 required three APPE 

rotations and track 2 required two APPE rotations), preceptor availability, and the PDOP graduate’s interests.
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For all research and scholarship activities, one of the 
OU College of Pharmacy faculty served as the research 
mentor. Depending on the research and scholarship 
project, other OU College of Pharmacy faculty or other 
adjunct support preceptors participated as members 
of the research team. Additional OU College of Phar-
macy faculty or staff were employed to assist with 
the qualitative or quantitative analyses. To prepare 
PDOP students for work on research and scholarship 
activities, they participated in several topic discussions 
throughout their experiences. Beginning with the 2019 
PDOP graduates, these topic discussions were more 
formalized. Table 2 describes an overview of the re-
search and scholarship activities and topics that were 
covered through their required coursework. It should 
be noted that all students participating in original IRB-
approved research projects were required to complete 
the required IRB training through the Collaborative 
Institutional Training Initiative.8

Materials and Methods
Study Design. This study was a retrospective cohort 

study of OU College of Pharmacy PDOP graduates 
from 2011-2022. Graduating students were identified 
by records maintained by the PDOP director that con-
tain the name of the student, graduating year, research 
and scholarship activities, coursework completed, and 

initial position after graduation, and these records 
were utilized to provide ongoing reports to the OU 
College of Pharmacy Dean’s Office and the Curriculum 
and Assessment Committees for accreditation reports. 
The 2022 end date was selected for the study to allow 
time for publication, as previous studies have identi-
fied the mean time to publication of research projects 
by pharmacy trainees is approximately 2 years after 
initiation of the project.9,10 IRB approval was waived for 
this study as it was based on de-identified data that 
was maintained in the existing database for the PDOP.

Data Collection and Study Objectives.  Data col-
lection included the PDOP track completed, the type 
of APPE rotations and didactic courses that students 
completed, the graduation year, and types of research 
and scholarship activities. Specific data collected for 
each project included type of research and scholar-
ship activity (i.e., original IRB-approved research, case 
report/case series, or review article), if a manuscript 
was published, the type of presentation given (plat-
form, poster, or both), and if the project received an 
award. The number of active ongoing projects per 
year were collected and included a count of projects 
in any phase of development (e.g., protocol devel-
opment, data collection, manuscript preparation). If 
a project spanned more than one year, it would be 
included in the count for subsequent years.

Table 2. Overview of the Research and Curriculum within the Pediatric Degree Option Program Beginning 
with the PDOP Graduating Class of 2019

Course Year of the 
Professional 

Program

Description of Research and 
Scholarship Activities

Topics Covered

Independent 
study didactic 
elective

Third • �As part of the content for the course, 
students complete research training 
required by the IRB and additional 
topics regarding clinical research

• �Students are assigned a pediatric 
pharmacy research project during 
the independent study and work on 
the development of the IRB protocol 
and present the presentation of the 
research-in-progress at the end of the 
semester

• �CITI/IRB training
• �Overview of clinical research design
• �Developing a great research 

question
• �Working with your research team
• �Ethical considerations in research
• �Off-label use of medications
• �Expanded access/compassionate 

use of medications
• �How to deliver a poster/platform 

presentation

Research APPE 
rotation

Fourth • �The students complete the 
assigned research project from their 
independent study course

• �Activities include data collection, 
data entry, data analysis, completion 
of writing assigned portions of their 
research article, and completion of a 
peer-review of manuscript submitted 
for publication with a preceptor

• �Students are assigned additional topic 
discussions for medical writing and 
peer-review

• �Medical writing
• �Abstract writing
• �Peer-review of manuscripts

APPE = Advanced pharmacy practice experiences; CITI = Collaborative Institutional Training Initiative; IRB = Institutional review board
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The primary objective was to identify the overall 
number of pediatric-focused research and scholarship 
activities. Research and scholarship activities were de-
fined as participation in original IRB-approved pediatric 
focused projects, as a co-author on a peer-reviewed 
or non-peer-reviewed manuscript, and as a presenter 
at a conference on clinical research.5 Any involvement 
on an original IRB-approved research or scholarly 
manuscript (i.e., case report/case series, or review 
article) were counted as one project. For example, 
development of an IRB protocol and data collection on 
the same project counted as one project. Projects that 
were not submitted for IRB-approval (e.g., drug mono-
graphs, formulary projects) were not included as part 
of this definition since they did not meet the definition 
for human-subjects research. Secondary objectives 
included the overall number of original IRB-approved 
research projects, peer-reviewed and non-peer re-

viewed publications, and authorship and contributor 
roles on peer-reviewed and non-peer-reviewed publi-
cations. Contributors on manuscripts were defined as 
those who do not meet the four criteria for authorship 
as proposed by the International Committee of Medical 
Journal Editors and were acknowledged as participants 
in published manuscripts.11 Other secondary objectives 
included the overall number of poster and platform pre-
sentations, the initial position of each PDOP graduate 
after graduation and whether they collaborated on a 
PGY1 Pharmacy or PGY2 Pediatric pharmacy resident 
project, and a comparison in the median number of 
scholarship activities per PDOP graduate between 
those who completed a PGY1 Pharmacy residency 
versus those who did not.

Statistical Analyses. Descriptive statistics were em-
ployed. Continuous data were compared using Wil-
coxon rank-sum test. Categorical data were compared 

Figure 1. Overview of Pediatric Degree Option Program (PDOP) Graduates, Projects, and Number of Pediatric 
Faculty Members Per Year
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using Chi-square tests or Fisher’s Exact tests, as ap-
propriate. Data analysis was performed using SAS 
v9.4 (Statistical Analysis System; Cary, North Carolina), 
with the a priori alpha being set at p<0.05.

Results
Demographics of PDOP Graduates. There was a total 

of 52 students evaluated that were enrolled in the PDOP 
between the years of 2011 to 2022, including 41 gradu-
ates from 2011-2019 and 11 graduates from 2019-2022. 
Figure 1 provides an overview of the total number of the 
OU College of Pharmacy Doctor of Pharmacy graduates 
per class, and the percentage of PDOP graduates per 
Doctor of Pharmacy class from 2011-2022. The major-
ity of PDOP graduates completed track 1 (n=46; 88.5%). 
Table 3 provides an overview of the track completed and 
the research coursework that PDOP graduates complet-
ed. Forty-seven students (90.4%) participated in at least 
one research or scholarship activity. The remaining five 
students were PDOP graduates between the timeframe 
of 2011-2018. Three of these five students completed an 
independent study didactic elective where they worked 
on non-IRB-approved projects. The majority (n=35; 
67.3%) of PODP graduates completed both an indepen-
dent study didactic elective and an APPE research rota-
tion. Figure 1 provides the number of full-time pediatric 
faculty mentors per year from 2011-2022.

Twenty-three (44.2%) completed a PGY1 residency 
after graduation. For the remaining 29 (54.7%) PDOP 
graduates 19 (36.5%) took a position practicing in 
community pharmacy, 9 (17.3%) took a position in a 
health-system, and 1 (1.9%) took a position as a certified 
specialist at a poison information center.

Research and Scholarship Activities. A total of 53 
unique pediatric-focused research and scholarship 
activities were identified. A summary of these projects 
can be found in Table 4. Figure 1 also provides the num-
ber of ongoing active research and scholarship proj-
ects per year from 2011-2022. The median [interquartile 
range (IQR)] number of ongoing research and scholar-
ship projects per year was 9 (6.8-10.5). The number 
of PDOP graduates who worked on each activity var-
ied with a median of one PDOP graduate per project. 
Twenty (37.7%) projects had ≥1 PDOP graduate on the 
project, and the maximum number of PDOP graduates 
working on a project was six. The most common ac-
tivity was an original research IRB-approved project 
(n=44; 83.0%). Of these 44 projects, 24 (54.5%) involved 
voluntary participation by the PDOP graduates on a 
project in progress, including 15 (34.1%) that were an as-
signed pharmacy resident project and nine that (20.4%) 
were OU College of Pharmacy faculty and/or adjunct 
support preceptor project. The remaining 20 (45.5%) 
were a project that was developed specifically for the 
PDOP graduates, and they were involved throughout 
the entire development and execution of the project.

Most projects (n=41; 77.3%) were published (Table 4). 
PDOP graduates delivered 29 (54.7%) presentations as 

Table 3. Overview of Track Completed and Research 
Coursework in PDOP Graduates from 2011-2018 and 
2019-2022 (n=52)

Variables 2011-2018 
(n=41)a

2019-2022 
(n=11)b

Number (%)

Track completed
 Track 1 35 (85.4) 11 (100)
 Track 2 6 (14.6) —
Involvement in research 36 (87.8) 11 (100)

Research coursework 
completed:
 �Independent study for 

self-directed learning
32 (78.0) 11 (100)

 �APPE research rotation 32 (78.0) 11 (100)
 �Either independent 

study didactic elective 
or APPE research 
rotation

39 (95.1) 11 (100)

 �Both independent study 
didactic elective and 
APPE research rotation

25 (61.0) 11 (100)

APPE = Advanced pharmacy practice experience
a �From 2011-2018, the number of graduates per year were 2011 (n=1), 

2012 (n=3), 2013 (n=5), 2014 (n=5), 2015 (n=8), 2016 (n=8), 2017 (n=7), 
and 2018 (n=4).

b �From 2019-2022, the number of graduates per year were 2019 (n=4), 
2020 (n=3), 2021 (n=2), and 2022 (n=2).

Table 4.  Description of Pediatric Research and 
Scholarship Activities (Projects) (n=53)

Variable Number (%) or 
Median (IQR)

Type of project:
 Original IRB-approved research 44 (83.0)
 Review article 3 (5.7)
 Case report/case series 6 (11.3)

PGY1 Pharmacy or PGY2 Pediatric 
pharmacy resident project:
 Original IRB-approved research 15 (28.3)
 Case report/case series 2 (3.8)

Manuscript published 41 (77.4)

Presentation given 29 (54.7)

Presentation type:
 Platform 1 (1.9)
 Poster 26 (49.1)
 Both 2 (3.8)

Award received for project 5 (9.4)

Number of students per project 1.0 (1 to 2)

IRB = Institutional review board; PGY1 = Postgraduate year one;  
PGY2 = Postgraduate year two
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a platform and/or poster presentation at various pro-
fessional conferences both locally and nationally. Only 
three of these presentations involved a research and 
scholarship activity that was not ultimately published. 
Of the 17 resident projects, five (29.4%) had PDOP 
graduate co-authors on the published peer-reviewed 
manuscript and six (35.3%) had PDOP graduate co-
authors on the platform and/or poster presentations. 
Five (13.9%) of the 36 projects that were non-PGY1 or 
PGY2 pharmacy resident projects received a local or 
national research award.

Comparison of Research and Scholarship Activi-
ties. Table 5 provides a comparison of research and 
scholarship activities per PDOP graduate who did and 
did not complete a PGY1 Pharmacy residency. There 
was not a significant difference in the types of proj-
ects between those who did and did not complete 
a PGY1 Pharmacy residency, nor was there a signifi-
cant difference in manuscript publication. A greater 
number of PDOP graduates who completed a PGY1 
Pharmacy residency were co-authors on a manuscript 
versus those who did not complete a PGY1 Pharmacy 
residency (18 versus 7, p<0.001). In contrast, a greater 
number of PDOP graduates that did not complete a 
PGY1 Pharmacy residency were listed as contributors 
on manuscripts in comparison to those that complet-
ed a PGY1 Pharmacy residency, 15 versus 6, p=0.06. 
There were significantly more PDOP graduates that 
completed a PGY1 Pharmacy residency who pre-
sented an original IRB-approved research project at 
local (9 versus 3, p<0.001) and national (21 versus 14. 
p<0.014) conferences versus those who did not com-
plete a residency.

Discussion
This study evaluated the research and scholarship 

output of students enrolled in the pediatric-focused 
curricular tracks or concentrations over a 12-year pe-
riod. Our findings demonstrate that the majority (n=47; 
90.4%) of PDOP graduates were successfully engaged 
in various aspects of the research process, resulting 
in meaningful scholarly contributions to the field of 
pediatric pharmacy. Several studies have described 
outcomes of curricular tracks or concentrations within 
Doctor of Pharmacy programs.5,6,12–20 To our knowledge, 
there are only 3 pediatric pharmacy curricular tracks 
or concentrations offered within Doctor of Pharmacy 
programs.5,6,19,21 All three programs involve students in 
pediatric research. Given the number of medications 
that are used off-label in pediatrics and the concerns 
for establishment of pediatric medication safety and 
efficacy, the goal would be that these original IRB-
approved research studies and scholarly manuscripts 
completed by students would fill gaps in the literature.

Most of these other studies evaluating outcomes of 
curricular tracks or concentrations have focused on 
other clinical specialties (e.g., adult acute care, criti-

cal care, psychiatry, geriatrics), leadership/pharmacy 
business management, and global health and have not 
included a focus on development of research skills. Par-
sons and colleagues12 conducted a survey of curricular 
tracks or concentrations within 134 Doctor of Pharmacy 
programs and had 65 (48.5%) respondents. Sixteen 
(11.9%) respondents offered 38 curricular tracks or 
concentrations. Only seven (18.4%) of the 38 curricular 
tracks or concentrations required a project, but it was 
not apparent if this project was a research or scholar-
ship activity, or if it was a non-IRB-approved project that 
was not intended to be published or presented outside 
of the institution. Volger and colleagues19 reported on 
their experience with a pediatric curricular track or 
concentration at Southern Illinois University Edwards-
ville School of Pharmacy. Their program required all 
students to complete a clinical research project within 
an independent study course during their third profes-
sional year. These findings align with the current OU 
College of Pharmacy PDOP graduate requirements 
that were implemented in 2019. However, their study 
did not provide specific details on the outcomes of 
their projects, so it is difficult to compare to our study.

The OU College of Pharmacy PDOP graduates 
completed or assisted with 44 original IRB-approved 
research projects. In the previous eight studies de-
scribing their curricular track or concentration, six 
mentioned that they offered students opportunities 
to participate in original IRB-approved projects.13–20 
It is difficult to compare these studies with our study 
because not all of them provided a specific number 
of original research projects completed, and some 
of the studies only included an evaluation 1-3 years 
after initiation of their program. We found no statisti-
cal difference in the number of original IRB-approved 
projects between those who did and did not complete 
a PGY1 pharmacy residency. Four of the other studies 
evaluating curricular tracks or concentrations did report 
the number of students who went on to complete a 
PGY1 Pharmacy residency after graduation, but they 
did not compare differences in those who did and did 
not complete a residency program.16–19 Given that until 
2019 participation in research was an option with the 
PDOP, our findings seem to suggest that students who 
are not residency bound still seek out opportunities for 
participation in research activities. It is plausible that 
their participation in these activities may help foster 
critical thinking and time management skills that may 
aid students no matter their postgraduate career paths.

Within the OU College of Pharmacy PDOP program, 
several of our projects involved “layered learning” with 
other PDOP students or pharmacy residents. Fifteen 
(34.1%) of our 44 original IRB-approved research proj-
ects were an assigned residency project, and one-third 
had ≥1 student working on the same project. Involving 
multiple students and residents on one project is a 
“layered learning” approach that could help ensure 
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timely completion of the research project. Coons and 
colleagues17 developed a Pharmacotherapy Scholars 
program at the University of Pittsburg School of Phar-
macy that focused on preparation for postgraduate 
residency training from 2013-2019. They noted 60 stu-
dents completed the program and reported that they 
had as many as eight students on one research project. 
Most of our projects had 1-2 students, but we did have 
one large project in which six students were working 
on data collection. The “layered learning” approach 
may provide pharmacy residents with opportunity for 
mentorship and co-precepting responsibilities.

The majority of PDOP graduates in our program pub-
lished ≥1 manuscript with their original IRB-approved 
research project or scholarly manuscript (n=41; 77.4%) 
and presented their research project at a research 
conference (n=29; 54.7%). Other studies evaluating cur-
ricular tracks or concentrations evaluated both metrics 
and reported that students presented their research at 
conferences and several students were able to publish 
their findings.16–20 However as noted previously, the 
total number of projects was not reported, and the 
timeframe for some of these studies was only 1-3 years 
after inception. So, it would be difficult to compare the 
findings to our study. In our study, we did find that a 

significantly higher number of PODP graduates who 
completed a PGY1 Pharmacy residency were an au-
thor on a published manuscript versus those who did 
not complete a residency. None of the other studies 
evaluating curricular tracks or concentrations evaluated 
this metric. These results suggest that those who are 
focused on postgraduate training may be more moti-
vated to complete all phases of a research or scholar-
ship activity that may lead to publication to enhance 
their competitiveness as a PGY1 Pharmacy resident.

Aside from the impact on the individual PDOP gradu-
ates, the research and scholarship activities did help 
increase scholarly productivity for the faculty mentors. 
Johnson and colleagues5 evaluated the number of 
scholarship activities pre- (2005-2010) versus post-
implementation (2011-2016) of the PDOP program for 
the first five years of the program. In this study, they 
found that implementation of the PDOP program al-
lowed for twice the number of scholarship projects 
for participating faculty compared to baseline. The 
number of faculty members did decline over time with 
the programmatic change that occurred with the OU 
College of Pharmacy beginning in 2014. However, 
for most projects, there was more than one faculty 
member who served as a mentor on these projects, so 

Table 5. Comparative Analysis of Aggregate and Individual Research and Scholarship Activities Among PDOP 
Graduates with and without a PGY1 Residency (n=52)

Variable Overall (N=52) Residency 
(n=23)

No Residency 
(n=29)

P-value

Number (%) and Median (IQR)

Projects
Types of projects:
 Original IRB-approved research 33 (63.5) 17 (73.9) 16 (55.2) 0.16
 Review article 4 (7.7) 3 (13.0) 1 (3.4) 0.31
 Case report/case series 8 (15.4) 5 (21.7) 3 (10.3) 0.44

Manuscripts
Published >1 manuscript 38 (73.1) 19 (82.6) 19 (65.5) 0.168

Manuscript type:  
 Peer-reviewed 38 (73.1) 19 (82.6)  19 (65.5)  0.17 
 Non peer-reviewed 1 (1.9) 1 (4.3) -- 0.44

Role on manuscript:  
 Author 25 (48.1) 18 (78.3)  7 (24.1) <0.001
 Contributor 21 (40.4) 6 (26.1) 15 (51.7) 0.06

Total number of manuscripts 1 (1 to 2) 2 (1 to 2) 1 (1 to 1) 0.40

Presentations
Presented at a conference  35 (67.3) 21 (91.3) 14 (48.3) 0.001

Presentation type:
 Platform 3 (5.8) 2 (8.7) 1 (3.4) 0.58
 Local poster 12 (23.1) 9 (39.1) 3 (10.3) <0.001
 National poster 33 (63.5) 21 (91.3) 12 (41.4) 0.014

Total number of presentations 2 (2 to 3) 3 (2 to 3) 2 (1 to 3) 0.03

IRB = Institutional review board
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this helped offset the time commitment of a particular 
faculty member. Unfortunately, in this study, we were 
unable to quantify the number of mentorship hours 
that faculty spent to provide guidance to the PDOP 
graduates on their projects and teaching activities 
related to research. To help streamline delivery of 
teaching content, a standardized research curriculum 
was implemented (Table 2).

This study has several limitations. First, this was a 
single-center study, so the results may not be generaliz-
able to all Doctor of Pharmacy programs as they may 
not have a pediatric curricular track or concentration, 
and/or they may not have a required research and 
scholarship component as part of their curricular track 
or concentration. Second, for our PDOP, there were 
anywhere from 3-7 OU College of Pharmacy pediatric-
focused faculty and 2-4 adjunct support preceptors in 
addition to the OU College of Pharmacy faculty/staff 
who helped with data analysis during the 12-year time-
frame and were able to serve as a mentor for research 
and scholarship activities. Our results would have likely 
been different if we did not have this level of support 
to guide the PDOP graduates on their research and 
scholarship activities. Third, there was a reduction 
in the number of Doctor of Pharmacy students did 
decrease over the 2011-2022 timeframe. However, 
the percentage of PDOP graduates per Doctor of 
Pharmacy class ranged from was between 3-8% from 
2011-2022. Fourth, as noted, graduates in the PDOP 
were not required to participate in research until the 
2019 graduating class, and graduates from 2019-2022 
were required to complete Track 1 with more formal-
ized research topic discussions. However, as we noted, 
90% of PDOP graduates participated in ≥1 research or 
scholarship activity, and most (67%) completed Track 
1 including an independent study and APPE research 
rotation. Last, the retrospective nature of the study 
limits our ability to assess the quality of the research 
experiences or the long-term impact on graduates' 
careers. Bennett and colleagues22 surveyed pharmacy 
residents who participated in a team-based research 
program associated with the OU College of Pharmacy 
and found that participation in a structured research 
program was associated with future participation in 
clinical research after residency graduation and overall 
confidence in mentoring of students and residents in 
clinical research. However, it is unclear if we would note 
similar findings with PDOP graduates, as their experi-
ences were within a Doctor of Pharmacy program rather 
than a postgraduate training experience.

Conclusion
This study demonstrates that a structured pediatric 

curricular track with a strong emphasis on research can 
successfully engage pharmacy students in meaningful 
scholarship activities. The high rates of project comple-
tion and output in terms of publication and presentation 

suggest that such programs can contribute significantly 
to students’ research skills and to the broader field 
of pediatric pharmacy. Future efforts should focus on 
further optimizing research curricula within Doctor 
of Pharmacy programs and evaluating the long-term 
impact on graduates’ careers and contributions to 
pediatric medication use and safety.
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JPPT | Retrospective Single Center Study

RESEARCH

Retrospective Evaluation of Dosing Effects of Bumetanide 
Continuous Infusions in the Pediatric Cardiac Intensive 
Care Unit
Sukumar Suguna Narasimhulu, MBBS, MPH; Briana Williams, PharmD; Brian Kelly, PharmD; Dalia Lopez-Colon, PhD;  
Giles Peek, MD; Jeffrey P. Jacobs, MD; Kevin Sullivan, MD; Michael A. Brock, MD; Jose Hernandez-Rivera, MD;  
Zasha Vasquez-Colon, MD; Wei Wang; Tavenner Dibert; Mark S. Bleiweis, MD; and Joseph Philip, MD

OBJECTIVE Bumetanide is commonly used to achieve diuresis and alleviate fluid overload in pediatric 
cardiac intensive care unit (PCICU) patients. This study aims to describe the dosing, efficacy, and safety of 
bumetanide continuous infusion (CI) regimens used in PCICU patients.

METHODS This single center, retrospective study included patients <6 years of age, admitted to the PCICU 
who received a bumetanide CI for at least 6 hours. The primary outcome was identifying doses and the 
total duration of bumetanide CI regimens. Secondary efficacy outcomes were determined by the ability to 
achieve negative fluid balance within 24 hours and the time to reach negative fluid balance. Secondary 
safety outcomes were based on the prevalence of electrolyte imbalances and renal impairment.

RESULTS Data from 90 pediatric patients represented 106 hospital encounters in this study. The median age 
of our study population was 137 days, with a median weight of 4.3 kg. The dose ranged from 0.005 mg/kg/hr  
to 0.3 mg/kg/hr, with a median dose of bumetanide of 0.046 mg/kg/hr and a median duration of 5.8 days. 
The change in serum electrolytes and creatinine during baseline and peak infusion rates was not clinically 
significant.

CONCLUSION This study remains the largest pediatric study to date describing the dosing, efficacy, and 
safety concerns of bumetanide CI in the PCICU population. However, using a high-dose bumetanide drip 
>0.1 mg/kg/hr may not improve the overall outcome, and future studies can explore specific advantages of 
its use in neonates undergoing cardiac surgery.

ABBREVIATIONS AVSD, atrioventricular septal defect; CI, continuous infusion; CRRT, continuous renal re-
placement therapy; CV, cardiovascular; ECMO, extracorporeal membrane oxygenation; HLHS, hypoplastic 
left heart syndrome; IV, intravenous; PCICU, pediatric cardiac intensive care unit; PD, peritoneal dialysis;  
SCr, serum creatinine; VA, venoarterial; VAD, ventricular assist device 

KEYWORDS bumetanide; cardiac intensive care unit; continuous infusion; critically ill; pediatrics
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Introduction
The pediatric cardiac intensive care unit (PCICU) 

plays a critical role in managing pediatric patients with 
complex congenital heart defects and those undergo-
ing cardiac surgery. One challenge often encountered 
in these patients is fluid overload, which can lead to 
compromised cardiac function, respiratory distress, and 
other adverse clinical outcomes.1 Effective fluid man-
agement strategies are essential to achieving optimal 
hemodynamic stability and improving patient outcomes 
in the PCICU setting.1

Loop diuretics, such as bumetanide, are commonly 
used to achieve diuresis and alleviate fluid overload 
in these patients owing to their rapid onset of action 

and potent diuretic effects. These agents are indicated 
in various clinical conditions, including generalized 
edema, heart failure, and oliguria.2 Owing to inadequate 
response to furosemide or furosemide plus a thiazide 
diuretic and limited intravenous (IV) drug compatibility 
seen with furosemide, bumetanide continuous infusions 
(CIs) have been increasingly used at our institution, 
particularly within our PCICU. While bumetanide is 
often administered intermittently, CI administration has 
gained increasing attention as a potential strategy to 
provide more constant and predictable drug exposure, 
potentially leading to more controlled diuresis and few-
er fluctuations in fluid balance.3 Currently, bumetanide is 
not approved by the US Food and Drug Administration 
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for administration in pediatric patients, even though it 
has been used consistently for more than a decade. 
Compared with furosemide, bumetanide has greater 
bioavailability and potency, with a conversion rate of 
20:1 for IV furosemide to IV bumetanide and 40:1 when 
converting oral furosemide to IV bumetanide.4 Based on 
the established furosemide CI doses of 0.05 to 0.4 mg/
kg/hr and having this conversion in mind, bumetanide 
CI dosing regimens generally range from 0.00125 to 
0.01 mg/kg/hr.4 We started at a slightly higher dose 
given resistance of loop diuretics over time, inadequate 
response to increasing furosemide doses, and propen-
sity for renal insufficiency in patients with significant 
cardiac disease.

Bulkley and colleagues5 were the first to evaluate 
bumetanide CIs in critically ill neonates and children and 
reported mean doses of 0.05 mg/kg/hr. McCallister and 
colleagues6 also reviewed the use of bumetanide CI 
in critically ill pediatric patients, where 58% of patients 
were admitted to the PCICU, and mean doses up to 0.01 
mg/kg/hr were used. These studies reported significant 
variations in mean doses of bumetanide CI. Owing to 
the limited data available to support a definitive dosing 
regimen of bumetanide CI, specifically in the pediatric 
patient population, the purpose of this study was to 
describe the dosing, efficacy, and safety of bumetanide 
CI regimens used in PCICU patients.

Materials and Methods
Study Design.  This was a single center, descrip-

tive, retrospective study performed at the University 
of Florida (UF) Health Shands Hospital in Gainesville, 
FL. Our PCICU unit is a quaternary care center with 
23 beds for patients with complex congenital heart 
disease. Electronic health records were used to iden-
tify pediatric patients admitted to the PCICU who re-
ceived a bumetanide CI.

Inclusion criteria were met if patients were younger 
than 6 years, admitted to the PCICU, and received bu-
metanide CI for at least 6 hours as part of their clinical 
management between January 1, 2018, and September 
1, 2022. The age cutoff 6 years was used to allow for 
a more homogenous patient population and to evalu-
ate the dosing effects in younger children, because 
previous studies that included pediatric patients up to 
18 years of age have reported significant variations in 
dosing regimens.5 Patients with incomplete or miss-
ing medical records were excluded from the study. 
If a patient had multiple admissions during the study 
time frame, each encounter with bumetanide CI was 
assessed as an individual occurrence.

Data Collection. A comprehensive review of medi-
cal records was conducted. Historical patient data 
were collected by manual chart review, and bu-
metanide CI was determined by clinical documenta-
tion on the medication administration record. Data 
collection included relevant demographic information 

(i.e., age, sex, weight); admitting cardiac problem or di-
agnosis; dosing regimens, including doses and dura-
tion of CI; previous use of furosemide; concomitant di-
uretics; fluid balance measurements (every 12 hours); 
weight measurements obtained 24 hours before and 
after bumetanide infusion and laboratory parameters 
(i.e., serum electrolytes; renal function biomarkers, 
namely blood urea nitrogen and serum creatinine ev-
ery 12 and 24 hours); hemodynamic or mechanical cir-
culatory support; and respiratory support and oxygen 
requirements, defined as any support other than room 
air to mechanical ventilatory and circulatory support 
requirements. Inadequate response to furosemide is 
defined as not reaching negative fluid balance.

Outcomes.  The primary outcome was identifying 
doses and total duration of bumetanide CI regimens. 
Secondary efficacy outcomes were determined by 
the ability to achieve negative fluid balance within 
24  hours and time to reach negative fluid balance 
defined as the net cumulative balance of inputs and 
outputs with variables including but not limited to oral/
IV fluids, medications, blood products, daily urine out-
put, stool, and other bodily output (e.g., chest tube, 
gastrostomy, gastric or ostomy outputs) as recorded 
after initiation of bumetanide infusion. Secondary 
safety outcomes were based on the prevalence of 
electrolyte imbalances and renal impairment. Elec-
trolyte imbalances were predefined as serum potas-
sium concentration less than 3 mEq/L, serum chloride 
concentration less than 90 mEq/L, and serum bicar-
bonate concentration greater than 35 mEq/L. Renal 
impairment was predefined as increased serum cre-
atinine (SCr) by 0.3 mg/dL within 48 hours or 1.5 times 
the baseline, or urine output <0.5 ml/kg/hr for at least 
6 hours.7,8 Laboratory values were obtained upon 
admission (or within 1 week of life for neonates) and 
within 12 hours of bumetanide peak infusion rates.

Subgroup analyses were performed to evaluate 
bumetanide regimens, based on patients’ overall 
cardiovascular (CV) history and risk. This evaluation 
included patients who required extracorporeal mem-
brane oxygenation (ECMO) and those with an implanted 
ventricular assist device (VAD). Exploratory outcomes 
in the post hoc analysis included survival to discharge, 
mortality rates observed from peak bumetanide infusion 
rates, and dosing regimens used at the time of death.

Statistical Analysis. Descriptive statistics (e.g., me-
dians, IQRs, and frequencies) were used to summa-
rize the study population’s patient demographic and 
clinical characteristics. The Wilcoxon signed rank test 
was used to test the statistical significance of continu-
ous variables, and a chi-square test was used to ana-
lyze categorical data. All tests were 2-tailed, with an 
overall alpha level of 0.05 for statistical significance. 
To generate these findings, statistical analyses were 
performed by using appropriate statistical software, 
JMP Pro 17.
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Results
Baseline Characteristics. Ninety-four patients were 

identified for study eligibility; however, 4 patients 
were excluded because they received continuous 
bumetanide infusions for less than 6 hours. Ninety 
patients were included in the final analysis; however, 
to account for patients having multiple hospital admis-
sions, the total number of 106 hospital encounters 
was analyzed (Figure). Baseline patient demographics 
for all encounters, including age, sex, weight, and ad-
mitting cardiac problems, are summarized in Table 1. 
Most patients included were female and younger than 
8 months (65 patients making up 72%). Eighty-six per-
cent of the patients receiving bumetanide CI transi-
tioned from furosemide with inadequate response to 
furosemide as defined by no negative fluid balance 
(Supplemental Table S1). Of note, 91% of patients re-
ceived concomitant diuretics during bumetanide CI, 
with the highest use seen with chlorothiazide, fol-
lowed by acetazolamide and spironolactone (Supple-
mental Figure). The most common admitting cardiac 
problem was hypoplastic left heart syndrome (HLHS), 
followed by cardiomyopathy and atrioventricular sep-
tal defect (AVSD).

Primary Outcome.  Table 2 highlights bumetanide 
dosing regimens observed in the PCICU during the 
study period. The median initial starting dose of bu-
metanide was 0.03 mg/kg/hr, ranging from 0.005 to 
0.2 mg/kg/hr. The median dose of bumetanide was 
0.046 mg/kg/hr, with a median duration of CI of 5.8 
days. Median maximum doses of bumetanide were 
0.075 mg/kg/hr, with doses as high as 0.3 mg/kg/hr 
being used in 2 patients.

Efficacy Outcomes.  The secondary efficacy end-
points for optimal diuresis are displayed in Table 3, 
with 83% of patients achieving negative fluid balance 
within 24 hours of bumetanide CI initiation and a me-
dian time to reach negative fluid balance of 13.4 hours. 

Figure. Study inclusion flow diagram.

Table 1. Baseline Patient Demographics for All 
Encounters (N = 106)*

Age, days 137 [49, 276]

Female 57 (53.8)

Weight, kg 4.3 [3.2, 7.0]

Hypoplastic left heart syndrome 47 (44.3)

Cardiomyopathy 15 (14.2)

Atrioventricular septal defects 7 (6.6)

Other diagnosis 37 (34.9)

Other diagnosis breakdown

Double outlet right ventricle 6

Tetralogy of Fallot 5

Tricuspid atresia 5

Ventricular septal defects 4

Coarctation of aorta 3

Truncus arteriosus 2

Transposition of great arteries 2

Total anomalous pulmonary venous 
return

2

Partial anomalous pulmonary venous 
return

2

Pulmonary atresia intact ventricular 
septum

2

Aortic stenosis 1

Double inlet left ventricle 1

Interrupted aortic arch 1

Pulmonary stenosis 1

* �Categorical data reported as counts (%); continuous data reported 
as median [IQR].

Table 2. Bumetanide Dosing Regimen*

Initial dose, mg/kg/hr 0.03 [0.01, 0.05] 
(0.005–0.2)

Maximum dose, mg/kg/hr 0.075 [0.05, 0.1] 
(0.01–0.3)

Median dose, mg/kg/hr 0.046 [0.03, 0.07] 
(0.005–0.16)

Cumulative dose, mg/kg 6.02 [2.07, 21.82] 
(0.2–40)

Duration of CI, hrs 140 [51, 381] 
(9–585)

CI, continuous infusion

* Continuous data reported as median [IQR] or median [IQR] (range).
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The urine output was collected for 24 hours for our 
study population with a median of 1.36 mL/kg/hr. To 
account for inconsistent or incomplete documentation 
on 18 encounters concerning weight, a weight compar-
ative analysis was performed on 88 individuals before 
and 24 hours after starting a bumetanide CI. Before 
bumetanide initiation, the median weight was 5.0 kg 
compared with 4.9 kg after the start of bumetanide, 
which was statistically significant (p = 0.009).

Safety Outcomes.  Safety was analyzed by using 
the previously defined criteria for electrolyte imbal-
ances and renal impairment. Seventy-three percent of 
patients experienced hypokalemia, 32% experienced 
hypochloremia, and 36% experienced hypercarbia 
(Table 4). Based on SCr elevations, 51% of patients had 
some renal impairment. Significant changes in serum 
electrolytes and renal function biomarkers were noted 
between all laboratory values measured at baseline 
and during median peak infusion rates but were not 
clinically significant (Table 5).

Exploratory Outcomes.  Epinephrine (45.2%), mil-
rinone (34.4%), dopamine (8.6%), vasopressin (7%), 
norepinephrine (3.2%), and phenylephrine (1.6%) were 
the choices of vasopressor and inotropic support that 
required hemodynamic support for hemodynamic 

stability. Supplemental Table S2 includes additional 
clinical characteristics that were analyzed to assess 
patients’ CV history and risk. Eighteen percent of in-
dividuals were supported while on venoarterial (VA) 
ECMO, whereas 19% of patients had an implanted 
VAD using the Berlin Heart (Woodlands, TX, USA) 
EXCOR for additional mechanical circulatory support. 
When looking at heart transplant status, 34% of pa-
tients were awaiting heart transplants, whereas 12% 
had a history of heart transplants. Seventeen patients 
were supported by dialysis: 9 patients needing contin-
uous renal replacement therapy (CRRT) and 8 patients 
requiring peritoneal dialysis (PD). Of the 17 patients, 
13 were non-survivors, 8 received CRRT, and 5 were 
on PD. Of the 4 survivors, 1 was on CRRT, and 3 were 
on PD. Respiratory support and oxygen requirements 
varied substantially, with 75% of patients needing 
mechanical ventilation at some point during a bu-
metanide CI.

When assessing survival to discharge, 31 non-
survivors were reported at the time of discharge. 
Of the non-survivors, 61% were receiving maxi-
mum bumetanide doses of 0.1 mg/kg/hr or greater 
(Supplemental Table S3). When stratifying this group 
further, based on maximum bumetanide doses (<0.1 
vs ≥0.1 mg/kg/hr), there was a significant increase in 
deaths recorded with doses ≥0.1 mg/kg/hr (12 vs 19 
patients; p = 0.0085). Doses observed at the time of 
death were 0.1 mg/kg/hr, ranging up to 0.3 mg/kg/hr 
(Supplemental Table S3).

A subgroup analysis of bumetanide regimens and 
survival to discharge, based on the CV history and risk, 
is presented in Supplemental Table S4. Patients with 
HLHS received higher doses of bumetanide and had 

Table 3. Efficacy Secondary Endpoints (N = 106)*

Negative fluid balance within  
24 hr

88 (83)

Overall net negative volume, mL 151.5 [83.8, 257.8]

Urine output over 24 hr after 
initiation, mL/kg/hr

1.36 [0.74, 2.35]

Time to reach negative fluid 
balance after initiation, hr

13.4 [9.5, 19.1]

* �Categorical data reported as counts (%); continuous data reported 
as median [IQR].

Table 4. Prevalence of Safety Secondary Endpoints 
(N = 106)*

Electrolyte Imbalances

K+ <3 mEq/L 77 (72.6)

Cl− <90 mEq/L 34 (32.1)

CO2 >35 mEq/L 38 (35.9)

Renal Impairment

SCr increase ≥0.3 mg/dL within 48 hr or 
≥1.5× baseline

54 (50.9)

BUN15 >20 mg/dL 83 (78.3)

BUN, blood urea nitrogen; Cl−, chloride; CO2, carbon dioxide; K+,  
potassium; SCr, serum creatinine

* Categorical data reported as counts (%).

Table 5. Comparison Between Laboratory Values at 
Baseline and During Peak Infusion Rates*

Baseline During Peak 
Infusion 

Rate

p value†

K+, mEq/L 4.0  
[3.6, 4.6]

3.3  
[2.9, 3.6]

<0.0001

Cl−, mEq/L 104  
[100, 107]

100  
[94, 105]

0.0028

CO2, mEq/L 24  
[21, 26]

28  
[24, 32]

<0.0001

SCr, mg/dL 0.36  
[0.25, 0.48]

0.42  
[0.28, 0.70]

0.0006

BUN, mg/dL 16  
[11, 21]

22  
[14, 35]

0.0008

BUN, blood urea nitrogen; Cl−, chloride; CO2, carbon dioxide; K+, potas-
sium; SCr, serum creatinine

* Continuous data reported as median [IQR]
† Wilcoxon signed rank test.
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higher mortality than those with cardiomyopathy and 
AVSD. Patients with a VAD in place received higher 
doses and had higher mortality rates than those without 
a VAD. This finding was also consistent among individu-
als on VA ECMO. Because several patients had multiple 
admissions, we analyzed these data from the number 
of encounters. For patients with multiple encounters, 
compared with those with a single encounter, we ob-
served shorter durations of bumetanide CI (92 vs 161 
hours; p = 0.3032) and increased survival to discharge 
(78% vs 68%; p = 0.3527). However, these results did 
not reach statistical significance.

Discussion
In this single center retrospective study, we reviewed 

106 encounters of patients admitted to the PCICU 
who received a bumetanide CI for at least 6 hours. 
This review provides valuable insights and real-world 
evidence into bumetanide’s dosing, efficacy, and safety 
in managing fluid overload in critically ill pediatric car-
diac patients. The findings of this study demonstrate 
that bumetanide CI led to improvements in diuresis 
and fluid balance in pediatric patients undergoing or 
awaiting cardiac surgery within the PCICU. We suggest 
a starting dose of 0.005 mg/kg/hr and a maximum dose 
of 0.1 mg/kg/hr to maximize benefits with a minimal 
side effect profile that can be easily managed. The 
reason for choosing this maximum dose is that in our 
subgroup analysis no patient survived when the doses 
were above 0.1 mg/kg/hr, suggesting that a patient’s 
underlying condition and hemodynamic profile cannot 
be reversed with high-dose diuretics.

The analysis of urine output, weight, and fluid in-
take/output records revealed favorable responses to 
treatment, suggesting that bumetanide CI provides a 
sustained diuretic effect. This aligns with the rationale 
for using bumetanide CI in this patient population, 
because it allows for more precise titration and poten-
tially avoids the rapid fluctuations in diuresis that may 
be experienced with intermittent dosing. Bumetanide 
offers additional potential benefits when compared with 
furosemide. Previous adult studies have suggested that 
bumetanide may potentially cause less potassium ex-
cretion,9 ototoxicity,10 and bilirubin displacement11 when 
compared with furosemide and may have a reduction 
in seizure burden.12 These last 2 findings are significant 
and beneficial to consider in the neonatal patient popu-
lation, who typically present with hyperbilirubinemia in 
the first few days of life and have a higher propensity 
for seizures with neonatal cardiac surgery.13 We had 18 
neonates in our study, but we did not focus on evaluat-
ing these and hope to explore this in future studies.

It is crucial to note that our analysis also identified 
electrolyte imbalances and renal impairment in patients 
receiving bumetanide CI. These findings are consistent 
with previous studies highlighting the potential risks 
and complications of loop diuretic therapy in critically ill 

patients.14 Electrolyte imbalances, including hypokalemia 
and hypochloremia and resulting contraction alkalosis, 
can have significant clinical consequences and require 
careful monitoring and management in these patients.

Additional key findings indicate that sicker patients 
received higher doses of bumetanide CI. The subgroup 
and exploratory analyses found higher doses were 
being used with longer duration of infusions, specifi-
cally in patients on ECMO and those with an implanted 
VAD. However, it should be noted that the observed 
increased mortality risk may be attributed to several fac-
tors, including but not limited to the severity of illness, 
underlying cardiac pathology, or the development of 
treatment-resistant fluid overload.

These adverse effects highlight the need for close 
monitoring and cautious administration of this treatment 
approach. The risks observed in this retrospective review 
underscore the importance of considering individual 
patient factors, such as baseline renal function, electro-
lyte status, and overall clinical condition, when deciding 
on the appropriateness and dosage of bumetanide CI. 
Furthermore, a multidisciplinary approach involving col-
laboration between the PCICU team, pediatric cardiology 
specialists, and pharmacists is crucial to ensure ad-
equate patient selection, appropriate dosing strategies, 
and proactive management of potential complications.

Limitations of Study
By analyzing a comprehensive set of patient data, 

this study contributes to our understanding of the 
use of bumetanide CI and its implications for clinical 
practice. However, it is essential to consider the limi-
tations inherent in a retrospective chart review when 
interpreting these results. The study’s retrospective 
nature introduces the risk of selection biases and limita-
tions in the data collection process due to incomplete 
documentation of medical records. The lack of a con-
trol group hinders the ability to directly compare the 
outcomes of bumetanide CIs with alternative treatment 
strategies, such as intermittent dosing or other loop 
diuretic agents. Considering all this, it is challenging 
to attribute these findings directly to continuous bu-
metanide infusions. Therefore, these findings should 
be interpreted cautiously and considered hypothesis 
generating rather than definitive evidence of causality.

A large percentage of patients receiving concomitant 
diuretics may also confound the results. However, this 
can be expected in clinical practice with critically ill 
patients. Patients who are admitted to the PCICU often 
have poor heart function at baseline, which can contrib-
ute to hypoperfusion to vital organs and worsening clini-
cal outcomes. Additionally, electrolyte replacement and 
supplementation data were not included or analyzed 
owing to variable provider practices. Lastly, the inclu-
sion of patients who received bumetanide CI may 
introduce a bias toward patients with more severe fluid 
overload or those who were deemed less responsive to 
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intermittent dosing. This could potentially overestimate 
the efficacy of bumetanide CI as compared with a ran-
domized controlled trial or prospective study.

Despite these limitations, this study remains the larg-
est pediatric study describing dosing, efficacy, and safety 
concerns of bumetanide CI in this specific patient popu-
lation. Our comprehensive data collection and analysis 
provide detailed insights into the clinical outcomes and 
highlight existing knowledge gaps in the literature.

Conclusion
This study contributes to the growing body of evi-

dence on bumetanide CI regimens in pediatric patients 
admitted to the PCICU. We identified positive outcomes 
in diuresis and fluid balance by comprehensively ana-
lyzing bumetanide CI in our population. However, using 
a high-dose bumetanide drip >0.1 mg/kg/hr may not 
improve the overall outcome, and there may be advan-
tages to specific use in neonates undergoing cardiac 
surgery, which needs to be explored. We emphasize 
the importance of further research, including prospec-
tive, randomized controlled trials, to assist clinicians in 
making informed decisions, aiming to improve patient 
outcomes and enhance care in this critical setting.
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Evaluation of Institution-Specific Strategy for Converting 
Dexmedetomidine to Clonidine in a Pediatric Cardiac 
Intensive Care Unit
Christopher Phillips, PharmD; Andrew Sweigart, PharmD; Hailey Collier, PharmD; Elizabeth Herrup, MD;  
and Evan Zachary Ramsey, PharmD

OBJECTIVE This study aimed to evaluate the success and safety of an institution-specific strategy for con-
verting dexmedetomidine to clonidine in the cardiac intensive care unit at a tertiary care pediatric hospital.

METHODS This retrospective descriptive study included pediatric patients under 18 years of age receiving 
at least 7 days of dexmedetomidine infusion before conversion to clonidine between January 1, 2018, and 
October 1, 2023. A successful conversion was defined as dexmedetomidine infusion discontinuation in the 
absence of therapy reinitiation within 36 hours after the initial enteral clonidine dose; no dose increases 
greater than 15% within 36 hours of initial clonidine dose, and no requirement for supplemental doses. 
Patients with dexmedetomidine discontinuation before completing stepwise conversion were evaluated for 
adverse drug events (ADEs). Descriptive statistics were used to analyze the data.

RESULTS A total of 148 episodes of conversion from dexmedetomidine to clonidine were evaluated for 
134 patients. Patient demographics and treatment characteristics included a median age at conversion of 
4.6 months (IQR, 1.5–7.1), a median duration of dexmedetomidine exposure of 19 days (IQR, 12–34), a median 
initial clonidine dose of 9.3 mcg/kg/day (IQR, 7.2–10), and a median time to discontinuation of 19 hours (IQR, 
17–36) after the first dose of clonidine. Successful conversion occurred in 99 (67%) of episodes evaluated, 
and no ADEs were identified.

CONCLUSION The conversion allowed for most patients to tolerate the conversion to clonidine, and no ADEs 
were identified.

ABBREVIATIONS ADE, adverse drug event; CICU, cardiac intensive care unit; ICU, intensive care unit;  
IQR, interquartile range; IV, intravenous; PICU, pediatric intensive care unit 

KEYWORDS clonidine; dexmedetomidine; sedation; pediatric; withdrawal; cardiac intensive care unit
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Introduction
Dexmedetomidine is a centrally acting alpha-2 

adrenoreceptor agonist commonly used in intensive 
care unit (ICU) settings as a sedative, anxiolytic, and 
analgesic.1,2 Its use has increased because of its 
minimal effects on respiratory drive and reduced risk 
of delirium.3,4 The Pain, Agitation, Neuromuscular 
Blockade, and Delirium in Critically Ill Pediatric Patients 
with Consideration of the ICU Environment and Early 
Mobility Guidelines recommend dexmedetomidine 
as a primary sedative in critically ill pediatric patients 
requiring mechanical ventilation and in postoperative 
pediatric cardiac surgery patients to decrease the risk 
of tachyarrhythmias.4

Prolonged intravenous (IV) infusions of dexmedeto-
midine increase the potential for tolerance and, sub-
sequently, the risk of withdrawal after therapy discon-

tinuation. Withdrawal symptoms include hypertension, 
tachycardia, diaphoresis, anxiety, fever, and delirium 
upon abrupt discontinuation.2,4,5 To facilitate dexme-
detomidine discontinuation and decrease the risk of 
withdrawal, clonidine, an enterally available alpha-2 
adrenoreceptor agonist, has been used.3–9 Reported 
dosing regimens of clonidine for attenuating withdrawal 
ranged from 4 to 19 mcg/kg/day, divided every 6, 8, or 
12 hours.6–8 Prior studies also describe inconsistent 
conversion practices and methods for detecting the im-
pact of clonidine. This variability highlights the need for 
further research to establish optimal dosing regimens 
based on patient characteristics, clinical contexts, and 
safety considerations.

The study institution’s pediatric cardiac intensive 
care unit (CICU) developed a strategy for converting 
dexmedetomidine infusions to enteral clonidine in 
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divided doses starting in 2018. At the time of develop-
ing this approach, there was no previous literature 
describing how to do this conversion. Therefore, this 
practice was developed in close collaboration between 
CICU pharmacists and physicians, informed by historical 
experience, physician preference, existing literature, 
and typical dose ranges and pharmacokinetic proper-
ties of both drugs.

The adopted institution-specific strategy for con-
verting a patient from dexmedetomidine to clonidine 
involves calculating the clonidine dose (mcg/kg/day) 
by multiplying the rate of dexmedetomidine infusion at 
the time of conversion (mcg/kg/hr) by 10 (a 1:10 ratio). 
It is recommended to divide the daily clonidine dose 
every 6 hours, unless the individual dose falls below 
the minimum measurable volume set by the institution. 
Clonidine is administered concomitantly with dexme-
detomidine until the fourth dose of clonidine is given. 
The decision to overlap therapy while decreasing the 
dexmedetomidine dose was guided by the onset of 
action of clonidine and the half-lives of clonidine and 
dexmedetomidine.5,10,11 This allows clonidine sufficient 
time to reach therapeutic levels while dexmedeto-
midine is weaned to discontinuation. For example, 
dexmedetomidine 1 mcg/kg/hr is converted to enteral 
clonidine 10 mcg/kg/day divided every 6 to 12 hours. 
Clonidine is administered in the form of tablets or 
extemporaneously compounded suspension (0.1 mg/
mL). The preferred frequency of clonidine was a daily 
dose divided every 6 hours unless the volume was 
less than 0.05 mL (0.005 mg), which is the minimum 
measurable volume determined by the institution to 
ensure the accuracy of doses drawn up. To facilitate 
the conversion from dexmedetomidine to clonidine, 
the institution-specific strategy recommends that the 
dexmedetomidine infusion rate be decreased by half 
30 minutes after the second and third doses of enteral 

clonidine and discontinued 30 minutes after the fourth 
clonidine dose (Table 1).

This study aimed to address the gaps in current 
literature by focusing on patients converted to cloni-
dine using this standardized conversion approach 
and outlining specific criteria for achieving successful 
conversion. The purpose of this study was to describe 
the conversion of dexmedetomidine to clonidine to 
evaluate the success and tolerability of this institution-
specific strategy.

Materials and Methods
This retrospective descriptive study was performed 

at a 600-bed freestanding children’s hospital with 
a 36-bed CICU. Patients were identified for inclu-
sion if they had orders for dexmedetomidine and 
clonidine between January 1, 2018, and October 1, 
2023. Patients less than 18 years of age, admitted to 
the CICU, who received dexmedetomidine infusions 
for at least 7 days and were converted to clonidine 
using the institution-specific strategy, were included. 
Patients were excluded if they were administered any 
alpha-2 adrenoreceptor agonists (i.e., clonidine or 
guanfacine) as a maintenance medication before dex-
medetomidine initiation, received an initial clonidine 
dose that deviated greater than 15% of the calculated 
dose, were intubated at the time of conversion, re-
ceived extracorporeal membrane oxygenation and/
or continuous renal replacement therapy, became 
nothing by mouth status and could not receive enteral 
medications within 36 hours of the initial dose of 
clonidine and/or were transferred to another facility 
at the time of conversion (to account for any missing 
information that may occur outside the institution), or 
expired within 36 hours of the initial dose of clonidine. 
Patients with greater than 1 conversion episode were 
included in this evaluation.

Baseline demographic data, including age and 
weight at the time of conversion, sex, and race, were 
collected. Data related to treatment characteristics, 
including the number of episodes, initial and maximum 
dexmedetomidine infusion rate (mcg/kg/hr), total dex-
medetomidine infusion duration (days), dexmedetomi-
dine infusion rate at the time of conversion (mcg/kg/
hour), clonidine dose at time of conversion (mcg/kg/
day), time between the administration of the first dose 
of clonidine and dexmedetomidine discontinuation 
(hours), were collected.

The primary endpoint was the rate of successful 
conversion from dexmedetomidine to clonidine, de-
fined as: (1) dexmedetomidine infusion discontinuation 
within 36 hours of the initial clonidine dose, (2) lack of 
dexmedetomidine infusion restart within 36 hours after 
infusion discontinuation, (3) absence of clonidine dose 
adjustments greater than 15% of the recommended 
dose within 36 hours of initial clonidine dose given, 
and (4) no requirement for supplemental intermittent 

Table 1. Example of Institution-Specific Strategy for 
Converting a Dexmedetomidine Infusion to Enteral 
Clonidine

Example: Dexmedetomidine IV 1 mcg/kg/hr

Step 1 Administer the first dose of enteral 
clonidine 10 mcg/kg/day divided every 
6–12 hr

Step 2 Decrease dexmedetomidine IV rate to 
0.5 mcg/kg/hr 30 min after administering 
second dose of enteral clonidine

Step 3 Decrease dexmedetomidine IV rate to  
0.25 mcg/kg/hr 30 min after administering 
third dose of enteral clonidine

Step 4 Discontinue dexmedetomidine IV 30 min 
after the fourth dose of enteral clonidine

IV, intravenous
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doses of dexmedetomidine or clonidine within 36 hours 
of initial clonidine dose.

The secondary endpoint was the safety of this con-
version strategy, focusing on the number of adverse 
drug events (ADEs) that occurred during conversion. 
The 2 ADEs of interest were hypotension and brady-
cardia that occurred as a result of the conversion. To 
assess this, the institution’s internal safety reporting 
system was reviewed for any reported ADEs linked to 
the conversion. Hospital staff are trained to recognize 
and report ADEs using a standardized definition, which 
classifies an ADE as any harm experienced by a patient 
as a result of medication exposure.12 Acknowledging 
that only 10% to 20% of these events are likely re-
ported, steps were taken to ensure ADEs potentially 
associated with this conversion were captured.13 If the 
patient, after receiving at least 1 dose of clonidine fol-
lowing conversion, subsequently had their clonidine 
therapy discontinued or its dose reduced within 36 
hours of the initial clonidine dose, or if dexmedeto-
midine was discontinued within 18 hours of the initial 
clonidine dose, further investigation to assess for 
possible ADEs as causation for deviation from the 
standard conversion protocol was completed. This as-
sessment included reviewing the attending physician’s 
daily progress notes for any mention of common ADEs 
related to conversion, using keywords of bradycardia 
and/or hypotension. Vital signs during conversion 
were also examined to determine whether patients 
experienced bradycardia or hypotension, defined 
as any occurrences in which the patient’s measured 

vital sign fell below the normal age-related values as 
specified by the institution.

Descriptive statistics were used to analyze the 
data, with nominal data expressed as a percentage 
and continuous data expressed as median with IQR. 
A Shapiro-Wilks test was performed on all continuous 
data to test for normality.

Results
A total of 134 patients with 148 episodes of conver-

sion from dexmedetomidine to enteral clonidine were 
evaluated (Figure 1). Thirteen patients experienced 
more than one conversion episode, with 12 having 
2 episodes, and 1 patient having 3 episodes. The 
Shapiro-Wilks test demonstrated significant departure 
from normality for all continuous data points (p > 0.05). 
For baseline demographics (Table 2), the median age 
at conversion was 4.6 months (IQR, 1.5–7.1), the median 
weight at conversion was 4.7 kg (IQR, 3.5–6.7), 72 (54%) 
patients were male sex at birth, and 76 (56.7%) of the 
patients were White or Caucasian. The median dura-
tion of dexmedetomidine exposure before conversion 
was 19 days (IQR, 12–34). The median dexmedeto-
midine infusion rate at the time of the conversion to 
clonidine was 1 mcg/kg/hr (IQR, 0.7–1) at the time of 
conversion to clonidine. The median initial clonidine 
dose at conversion was 9.3 mcg/kg/day (IQR, 7.2–10) 
and was administered at a frequency of every 6 hours 
for 135 (91%) of episodes. Dexmedetomidine was dis-
continued a median of 19 hours (IQR, 17–36) following 
administration of the first dose of clonidine. Information 

Figure. CONSORT diagram. CRRT, continuous renal replacement 
therapy, NPO, nothing by mouth.
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regarding the remaining treatment characteristics is 
available in Table 3.

Of the total 148 episodes evaluated, 99 (67%) met 
the conditions for successful conversion. Episodes 
may have had more than 1 reason qualifying for 

unsuccessful conversion, and the total of each reason 
is displayed in Table 4. In 76 episodes where dexme-
detomidine was infused for less than the median of 
19  days, 23 (30%) resulted in unsuccessful conver-
sions. In comparison, 72 episodes with infusions 
lasting more than 19 days had 26 (36%) unsuccessful 
conversions. In 31 patients, dexmedetomidine was dis-
continued within 18 hours of the initial clonidine dose, 
which prompted a review for any ADEs. Clonidine was 
neither discontinued nor dose-reduced because of 
ADEs within 36 hours of its initiation. No ADEs were 
reported during the study period.

Discussion
This study aimed to assess the success and safety 

of an institution-specific conversion strategy from dex-
medetomidine to clonidine used within the CICU. The 
decision to restrict to this patient population was driven 
by the fact that the conversion practice described is 
specific to the CICU at the study institution and aimed 
to minimize variability in the patient population. The 
motivation behind conversion to enteral clonidine is to 
facilitate de-escalation from ICU-level care by allowing 
for expedited discontinuation of dexmedetomidine infu-
sions, while minimizing the risk of withdrawal symptoms. 
Although previous studies have investigated the role 
of clonidine for attenuating withdrawal symptoms in 
patients transitioning from dexmedetomidine, these 
studies do not focus on CICU patients, there is variabil-
ity in dosing recommendations, and limited consensus 
on the most effective approach.5–9

Liu et al6 conducted a retrospective analysis involv-
ing 24 episodes of converting dexmedetomidine to 
clonidine in patients admitted to a pediatric intensive 
care unit (PICU) rather than in CICU patients evalu-
ated in the present study. In contrast to the present 

Table 2. Baseline Demographics

Total Patients N = 134

Male sex, n (%) 72 (54)

Age at 
conversion, mo, 
Median (IQR)*

4.6 (1.5–7.1)

Weight at 
conversion, kg, 
Median (IQR)*

4.7 (3.5–6.7)

Race† 
n (%)

White or Caucasian 76 (56.7)

Unknown 29 (21.6)

Black or African 
American

25 (18.7)

Asian 2 (1.5)

Hispanic or Latino 
White

2 (1.5)

* Total number of episodes: 148.
† As documented in the electronic health record.

Table 3. Treatment Characteristics for Conversion 
From Dexmedetomidine to Clonidine

Total Episodes N = 148

Total dexmedetomidine treatment 
duration, days

19 (12–34)

Initial dexmedetomidine rate,  
mcg/kg/hr

0.5 (0.3–0.5)

Maximum dexmedetomidine rate, 
mcg/kg/hr

1.2 (1–1.5)

Dexmedetomidine rate at time of 
conversion to clonidine, mcg/kg/hr

1 (0.7–1)

Initial clonidine dose, mcg/kg/day 9.3 (7.2–10)

Initial clonidine frequency, n (%) Every 6 hours: 
135 (91)

Every 8 hours: 
8 (5)

Every 12 hours: 
5 (3)

Time between clonidine 
initiation and dexmedetomidine 
discontinuation, hr

19 (17–36)

Nonparametric continuous data presented as median (IQR); nominal 
data presented as n, (%)

Table 4. Dexmedetomidine to Clonidine Conversion 
Effectiveness

Total Episodes N = 148

Successful conversion, n (%) 99 (67)

Counts of Individual Reasons for Unsuccessful 
Conversion, n = 64*

Dexmedetomidine continuation for >36 hr 
following clonidine initiation, n (%)

35 (55)

Scheduled clonidine dose increased (>15% 
of recommended dose) within 36 hr of 
dexmedetomidine discontinuation, n (%)

19 (30)

As needed clonidine rescue administration 
within 36 hr of clonidine initiation, n (%)

7 (11)

Dexmedetomidine restarted within 36 hr of 
clonidine initiation, n (%)

3 (5)

* Unsuccessful conversion may occur for >1 reason per episode.
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study, where the dexmedetomidine rate determined 
the dose of clonidine, the enteral clonidine dose 
was based on age, with 8 mcg/kg/day for patients 
younger than 6 months of age or 16 mcg/kg/day for 
patients 6 months and older. The stepwise conversion 
approach in the current study was similar to the ap-
proach used in the study, but dexmedetomidine was 
discontinued after the third dose rather than the fourth. 
The median dexmedetomidine treatment duration was 
3.8 days, which is shorter than the median 19 days in 
the present study. Eight conversion episodes (33%) 
demonstrated withdrawal that required additional 
support during conversion, similar to the proportion of 
episodes requiring additional sedation in the present 
study. The median overlap of clonidine and dexme-
detomidine was 18.2 hours, which is comparable to 
the overlap observed in the present study. Addition-
ally, 2 episodes (8%) had bradycardia or hypotension 
requiring intervention.

Another analysis by Lee et al7 evaluated 39 conver-
sion episodes from dexmedetomidine to clonidine 
in patients admitted to the PICU. The median dex-
medetomidine duration was 7.6 days, which is less 
than half of the median duration observed in this 
evaluation. Unlike the institution in the current study, 
there was no standardized conversion practice. The 
median initial clonidine dose was 7.8 mcg/kg/day 
and was typically given every 8 or 12 hours. Of note, 
5% of episodes were converted using transdermal 
clonidine which was not employed in the present 
study. Similar to the present study, the conversion 
from dexmedetomidine to clonidine occurred over 
a median of 19.2 hours. In terms of outcomes, 14 
(37%) conversion episodes resulted in elevated 
Withdrawal Assessment Tool (Version 1) scores of 3 or 
greater. However, only 7 (18%) in their study required 
an increase in sedation, compared with the higher 
intervention rate observed in the present study, 
which could be attributed to the shorter duration of 
dexmedetomidine exposure. Additionally, adverse 
cardiovascular events attributed to conversion oc-
curred in 4 patient episodes (10%).

Crabtree et al8 conducted a study involving 105 PICU 
patients who received dexmedetomidine infusions for 
at least 24 hours, with clonidine administered within 72 
hours of discontinuation of dexmedetomidine. Unlike 
the present study, which did not collect data on other 
sedatives, their study excluded patients receiving other 
continuous infusion sedatives besides dexmedetomi-
dine. A notable difference in their approach was that 
not all patients were converted with dexmedetomidine, 
which overlapped with clonidine. For those with dexme-
detomidine infusion exceeding 5 days, enteral clonidine 
was initiated at 15 mcg/kg/day, divided every 8 hours, 
rather than the approach in the present study, where 
the clonidine dose was scaled to the dexmedetomidine 
rate at the time of clonidine initiation. Although both the 

present and Crabtree et al8 study used a stepwise con-
version process, dexmedetomidine was discontinued 
after the second dose compared with the fourth dose 
in the present study. The median cumulative duration of 
dexmedetomidine infusion in this group was 5.5 days, 
approximately one-third the duration in this study. This 
may explain, in part, why withdrawal symptoms requir-
ing modifications to the planned conversion occurred 
in only 12 (18%) of patients rather than the 33% of epi-
sodes requiring additional support during conversion 
in this evaluation.

By adhering to the conversion practice used in this 
study’s CICU, dexmedetomidine should be discon-
tinued 30 minutes after the fourth dose of clonidine. 
This should occur between 18 and 36 hours after the 
first dose of clonidine, depending on the frequency 
of clonidine administration. Therefore, a period of 
36  hours for dexmedetomidine discontinuation was 
chosen as a condition for conversion success providing 
sufficient time to complete the conversion and allowing 
for additional buffer time to account for medical rounds, 
ordering and verification, medication preparation, and 
administration.

The use of strict inclusion and exclusion criteria 
played a role in controlling for potential confounding 
variability for the conversion process. It is noteworthy 
that episodes were excluded most frequently for an 
initial clonidine dose deviation greater than 15% from 
the standard conversion guidance. This dose devia-
tion threshold was chosen to help ensure accuracy 
of volume measurement based on syringe size and 
associated barrel graduations in conjunction with dose 
rounding logic within the institution’s computerized 
physician order entry system. Patients intubated at the 
time of conversion were excluded because they had a 
higher likelihood of receiving other sedatives to facili-
tate mechanical ventilation. Typically, other sedatives 
are rapidly weaned in preparation for extubation, which 
is why episodes in intubated patients were excluded. 
Patients on extracorporeal membrane oxygenation 
and/or continuous renal replacement therapy were 
excluded as a measure to prevent potential confound-
ing effects due to pharmacokinetic impact from any 
extracorporeal circuitry.

This evaluation found that most episodes were suc-
cessfully converted from dexmedetomidine to clonidine 
according to the predefined criteria. This indicates that 
the conversion practice used in this study is clinically 
feasible by achieving the intended therapeutic goal 
of dexmedetomidine discontinuation. The absence of 
ADEs identified among episodes included is reassuring 
and underscores the safety profile of our conversion 
practice.

The remaining episodes that did not meet the 
criteria for successful conversion required additional 
support during the conversion process, such as ex-
tended dexmedetomidine infusion, dose increases 
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of clonidine, or rescue doses of either clonidine or 
dexmedetomidine. This can be compared with the 
studies detailed above, where 18% to 33% of patients 
required modification or an increase in sedation during 
conversion.6–8 It is noteworthy that episodes in this 
study had greater dexmedetomidine exposure than 
previously reported.

This study has limitations, including an absence of a 
comparator group and data on other sedatives used at 
the time of conversion. Details regarding the reason for 
admission or specific cardiac defects were not collected 
because of feasibility concerns. Patients at the study 
institution’s CICU often have complex surgical histories, 
resulting in a heterogeneous patient population that 
would have been difficult to categorize. Although col-
lecting information on the concomitant administration of 
other sedatives would help limit the confounding of the 
effects of this conversion, excluding patients who were 
intubated at the time of conversion ensured that the 
patients evaluated were less likely to have undergone 
significant changes to sedation at the time of conver-
sion. Information on other medications that may impact 
blood pressure was not collected. However, given this 
retrospective review was of patients in a CICU, the 
use of such medications could have confounded the 
assessment of hemodynamics.

It is also important to note that in practice, this con-
version would not be attempted unless the patient 
were clinically stable for at least 24 hours and not 
experiencing significant withdrawal or excessive seda-
tion requiring active titration of concomitant sedatives. 
Given that data collection was retrospective and the 
safety reporting system is voluntary, there is a potential 
for underdetection or underreporting of ADEs.13 Data 
on dexmedetomidine use at other facilities could not 
be reliably reported for patients started before transfer 
to the study institution. Therefore, dexmedetomidine 
exposure was only reflective of what was administered 
at the study institution.

Additionally, there is variability and subjectivity to the 
elements of withdrawal, which cannot be adequately 
accounted for retrospectively. Differences in provider 
preferences for conversion and weaning strategies 
may explain why a significant number of episodes were 
excluded because of dose deviations. This variability in 
practice may also introduce bias, as successful conver-
sions may not have been captured due to deviations 
from the guidance provided by the institution-specific 
conversion strategy.

Conclusion
The conversion practice investigated allowed for 

most patients to tolerate the transition from a dexme-
detomidine infusion to clonidine, and no ADEs were 
identified. Future studies should assess the safety 
and efficacy of converting from dexmedetomidine to 
clonidine.
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Stability Study of Lorazepam Oral Solution Repackaged 
in Amber Colored ENFit Oral Syringes
Collin Owczarzak, PharmD; Sara Woytowicz, BS; Fang Zhao, PhD; and Ankit Rochani, PhD

OBJECTIVE Lorazepam is a benzodiazepine drug that hospital pharmacies commonly dispense to treat pa-
tients with severe anxiety and seizure disorders. Lorazepam oral concentrate, a marketed oral formulation 
of lorazepam, contains polyethylene glycol and propylene glycol in a solution (2 mg/mL). At Strong Memo-
rial Hospital nurses draw patient-specific doses from a 30mL bulk bottle of lorazepam oral concentrate for 
administration. This study aims to investigate the stability of lorazepam when stored in repackaged amber-
colored ENFit Oral syringes under typical hospital pharmacy conditions (stored at ambient temperature), to 
reduce waste.

METHODS Stability indicating HPLC assay was established to investigate the degradation profile of loraz-
epam treated at ambient temperature (~25°C) and hot conditions (60°C) under acidic (1N HCL), basic (1N 
NaOH), and oxidative (H2O2) stress conditions. This HPLC assay established a robust calibration curve 
to check the stability of the repackaged lorazepam ENFit Oral Syringes. The repackaged syringes were 
stored at Strong Memorial Hospital’s Inpatient Pharmacy at ambient temperature (72 ± 4°F) for 182 days and 
samples were taken to investigate the stability of the repackaged formulation.

RESULTS After 182 days, both volumes (0.25 mL and 0.5 mL) of lorazepam repackaged formulation in the 
ENFit oral syringes, exhibited no visible changes and remained within the acceptable concentration range 
(100 ± 10%) when stored at ambient temperature (72 ± 4°F). The stability data demonstrated that lorazepam 
repackaged in amber-colored ENFit Oral Syringes remained stable at room temperature for up to 90 days.

CONCLUSION This study represents a 30-day extension in the stability compared with the previously re-
ported 60-day stability period for the repackaged lorazepam oral syringes.

ABBREVIATIONS ACN, acetonitrile; DI, deionized water; HCl, hydrochloric acid; H2O2, hydrogen peroxide; 
HPLC, High-Performance Liquid chromatography; IM, intramuscular; IV, intravenous; LOD, limit of detection; 
LOQ, limit of quantitation; NaOH, sodium hydroxide; RT, retention time; TFA, trifluoroacetic acid; USP, United 
States Pharmacopoeia; URMC, University of Rochester Medical Center; %CV, percentage coefficient of vari-
ance 

KEYWORDS compounding formulation; oral syringes; stability; stability indicating; lorazepam
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Introduction
Lorazepam belongs to the benzodiazepine class of 

molecules that are used for the treatment of central 
nervous system disorders such as anxiety, seizures, 
insomnia, and others. It is also used to manage anxiety-
related depressive symptoms. In single high dosages, 
lorazepam has a tranquilizing action on the central ner-
vous system. Lorazepam is readily absorbed in the body 
with an absolute bioavailability of 90% making it a viable 
drug candidate for delivery through the oral route. Peak 
plasma concentrations of lorazepam occur in the body 
at 2 hours after administration. It is recommended that 
the dosage of lorazepam be individualized according 
to the patient’s clinical condition, age, and the patient’s 
response to therapy.1,2 For instance, LORAZEPAM doses 

may range from 1 mg/day to 10 mg/day, divided into 
smaller doses throughout the day as needed.2

Strong Memorial Hospital Inpatient Pharmacy of the 
University of Rochester Medical Center (URMC), serves 
both pediatric and adult patients and used lorazepam 
doses ranging from 0.04 mg/dose to 8 mg/dose. 
When an oral liquid form of lorazepam is required, a 
30-mL multidose bottle of lorazepam oral concentrate 
2 mg/mL is dispensed. The bottle of lorazepam oral 
concentrate that is stored in a CII Safe refrigerator 
until dispensed to the nursing unit, then the bottle is 
stored at room temperature in a Pyxis machine with a 
90-day expiration. Nurses draw the required patient-
specific volumes from the multidose bottle based 
on the ordered dosing needs. When the lorazepam 
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oral solution order is discontinued, the bulk bottle is 
returned to the CII Safe, until any remaining contents 
are destroyed, leading to significant waste over time. 
Repackaging the lorazepam oral solution concentrate 
in small doses may help solve this problem.3 Brown et 
al3 recently demonstrated that repackaged lorazepam 
solution from lorazepam oral concentrate into 1-mL 
oral syringes retains stability for 60 days, showing a 
steady stability profile. Lorazepam oral concentrate 
stored in glass syringes remained stable for over 200 
days at both refrigerated and ambient temperatures.4 
It was also recommended to investigate the stability 
of small-volume aliquots (e.g., 0.5 mL) of repackaged 
lorazepam solution for extended durations.3 Therefore, 
this study investigated the extended stability of low-
volume aliquots of repackaged amber-colored ENFit 
oral syringes of lorazepam oral concentrate.

Materials and Methods
Lorazepam oral syrup (Intensol, NDC 0054-3532-44, 

expiration date April 2025) was procured commercially 
by Strong Memorial Hospital Inpatient Pharmacy for 
performing repackaging. All chemicals used in the study 
were analytical grade. Trifluoro acetic acid (TFA) (Acro 
organics, lot: A0426846), acetonitrile (Fisher Scientific, 
lot: 219305), hydrochloric acid (HCl)1N solution (Fisher 
Scientific, lot: 206701), sodium hydroxide (NaOH) pel-
lets (Sigma Aldrich, lot: 07406LE), hydrogen peroxide 
(H2O2), 30% v/v (Thermo Scientific, lot: B0546098A), 
and all other chemical reagents used in the study were 
purchased from Fisher Scientific (Fair Lawn, NJ). Loraz-
epam standard 1 mg/mL in methanol (Sigma Aldrich, 
lot: FE03272008) was procured as standard. Two sizes 
(0.5 mL and 1 mL) of ENFit amber oral syringes (Amber, 
NeoMed NeoConnect) were procured by Strong Memo-
rial Hospital Pharmacy.

HPLC Conditions for Lorazepam Run.  All chro-
matographic runs were performed using the Shimad-
zu HPLC system (LC-2010AHT), with a UV detector. 
Data were recorded using LC Solution Version 1.24 
SP1. Separations were performed using the Kinetex 
C18 column (S/N: H21-169476, 5µ, 100Å, 150 × 4.6 mm) 
was used for the analysis. The flow rate of the system 
was 1 mL/min and run time for the method was 15 min-

utes and gradient flow ramping for 10 minutes for the 
ACN (with 0.1% v/v TFA) and water (with 0.1% v/v TFA) 
is shown in Table 1. Column eluents were monitored 
at 254 nm wavelength and column temperature was 
maintained at 30°C. The injection volume for all the 
standards and samples was 10 μL.

Calibration Curve Development and Valida-
tion.  The calibration curve for the lorazepam was 
established in the concentration range of 2 μg/mL to 
200 μg/mL. All the standards were analyzed n = 2 × 
2 configuration, that is 2 sets were injected (to deter-
mine intraday variation) on 2 different days (to deter-
mine interday variation). The % coefficient of variance 
(%CV) and % accuracy of each concentration were 
determined to assess the robustness of the analytical 
assay. Acceptance limits of the calibration curve were 
defined as follows (1) % accuracy in the range of 80% 
to 120%, and (2) % coefficient of variance (%CV) of ≤ 
20%.5,6 A manual approach was used to set the limit of 
quantitation (LOQ) and limit of detection (LOD) of the 
method to effectively analyze the lorazepam samples.

Stability Indicating Assay. A standard stock of lo-
razepam (50 µg/mL) was prepared in 50:50 Water: 
ACN and treated with 1N HCl, 1N NaOH, and H2O2. 
Such that pH of the solution with acid, and basic treat-
ments were titrated to pH 2 and 12, respectively. The 
final concentration of H2O2 in the oxidative-treated lo-
razepam was 3% v/v. Acid, base, and peroxide-treated 
samples were divided into 2 aliquots and exposed to 
(a) ambient temperature (~21 to 25°C) and (b) 60°C 
(kept on shaking using an orbital shaker at 130 rpm). 
Samples were drawn at specific time points from each 
temperature condition for acid, base, and peroxide 
treatments for degradation peak investigation using 
the HPLC method.

Lorazepam Stability Assay. Lorazepam stability as-
say was performed using the HPLC method discussed 
in the previous section. Here we have discussed the 
method for repacking, stability conditions, and sample 
preparation for performing a stability study of the re-
packaged lorazepam oral solution.

Repackaging and Storage of ENFit Syringes Filled 
With Lorazepam in the CII Safe of Strong Memo-
rial Hospital’s Inpatient Pharmacy.  At the Strong 
Memorial Hospital Inpatient Pharmacy of the URMC, 
lorazepam oral concentrate, 2 mg/mL solution was 
re-packaged as per the United States Pharmacopoeia 
(USP) <795> standards as follows: (1) 0.25 mL loraz-
epam oral solution was re-packaged into a 0.5-mL am-
ber color ENFit oral syringe, and (2) 0.5 mL lorazepam 
oral solution was re-packaged into a 1-mL amber color 
ENFit oral syringe.

Stability Study of Repackaged Oral Syringes and 
Acceptance Criteria.  Repackaged ENFit syringes 
were stored at ambient room (72 ± 4°F) temperature 
in the Strong Memorial Hospital Inpatient Pharmacy 
CII Safe for 182 days. Samples were taken from the 

Table 1. Gradient Run for the HPLC Run

Time (min) A (Water, 0.1% TFA) B (ACN, 0.1% TFA)

0.01 90% 10%

10 30% 70%

10.01 90% 10%

15 Stop

ACN, acetonitrile; HPLC, high-performance liquid chromatography; 
TFA, trifluoroacetic acid
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hospital inpatient pharmacy at specific time points  
(0, 4, 7, 14, 35, 63, 91, and 182 days), diluted with Wa-
ter: ACN (50:50) only such that the final concentration 
was 50 μg/mL and evaluated for drug content using 
the HPLC method.

Data Analysis.  The stability analysis of loraze-
pam was determined by calculating the percentage 
change of drug remaining from the initial amounts. 
The data were presented as mean with SD.

Results
Standard Curve and Method Validation. As com-

pared with blank deionized water (Figure 1a), the 
chromatography of lorazepam shows a retention time 
(RT) peak at ~8.3 min (Figure 1b). Table 2 shows the 
list of system suitability parameters that were used 
for the HPLC method development for effective de-
tection and quantitation of lorazepam. All the injec-
tions for system suitability were made using standard 
lorazepam (concentration 85 µg/mL) made in 50:50 
water: ACN only. No peak was observed in the blank 
solvent as compared with the drug lorazepam. This 
RT peak was used for performing further method de-
velopment. The calibration curve shown in Figure 1c, 
suggests robust linearity in the concentration range of 
2 μg/mL to 200 µg/mL. The coefficient of determina-
tion (r2) was found to be 0.99. The %CV and % accu-
racy for the intra and interday variability were found to 
be within the acceptable limit of < 5% and 100 ± 10% 
(Table 3). Further, acceptable %CV and % accuracy 
were also observed for the freeze-thaw cycle of the 
3 random concentrations for intra- and interday vali-
dation runs (Table 4). Further, LOD and LOQ were also 
set (by manually checking chromatography peaks) for 
the given assay for the robust detection of lorazepam 
(Figure 1d).

Stability Indicating HPLC Method.  The current 
HPLC method for lorazepam met all the requirements 
for the robust detection and quantitation of standard 
lorazepam solutions. It is also important for the HPLC 
assay to effectively detect the degradation peaks for 

Table 2.  System Suitability Parameters Used for 
Lorazepam HPLC Method Development*

System Suitability Parameters Values

RT 8.3 ± 0.050 min

Tailing Factor 1.31 ± 0.010

%CV 2.150

%Accuracy 103 ± 2.210

HPLC, high-performance liquid chromatography; RT, retention time; 
%CV, percentage coefficient of variance

* �All injections were made using 85 μg/mL (n = 5 injections) in Water: 
acetonitrile and the data are presented as average with SD.

Figure 1. (a) Representative high-performance liquid 
chromatography (HPLC) chromatogram of blank 
(50:50 Water: ACN) sample shows background 
peaks and absence of lorazepam peak at approxi-
mately ~8.3 minutes. (b) Representative HPLC chro-
matogram of lorazepam showing a peak at ~8.3 
minutes, 50 μg/mL. (c) Standard calibration curve 
of lorazepam assay. (d) The overlay of the lower 
limit of detection (LOD) as 1 μg/mL and quantitation 
(LOQ) as 2 μg/mL.
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being used in studying the stability of the repackaged 
lorazepam formulations. Hence, the HPLC method 
was evaluated for the detection of the forced degra-
dation rate and degradation peaks of the standard lo-
razepam solution (50 μg/mL) exposed to acidic, basic, 
and oxidative stress conditions at ambient tempera-
ture (~21°C to 25°C) and at 60°C (Figure 2a and b).

Data show that the lorazepam remains relatively 
stable under acid, base, and peroxide stress conditions 
at ambient temperature conditions. After 48 hours, 
under ambient temperature, acidic and oxidative stress 
causes drug concentration to fall to 89.76% and 86.41%, 
respectively. Whereas the shock of 60°C, for acidic 
and oxidation-treated lorazepam causes complete 
degradation of the drug by the end of 24 hours. This 
observation was confirmed by checking the presence 
of degradation peaks in lorazepam at ambient tem-
peratures and 60°C.

Degradation peaks of the lorazepam after 4 hours of 
exposure to acidic, basic, and oxidative stress under 60°C 
heat shock are shown in Figure 3b–d as compared with 
standard untreated lorazepam with RT around 8.3 minutes 
(Figure 3a). Moreover, Table 5 shows the list of the unique 
degradation peaks that are produced due to acidic, basic, 
and oxidative stress. Chromatographic data (Figure 3) for the 
4-hour exposure (at 60°C) clearly shows the separation of 
degradation peaks. We are unable to confirm the purity or 
the identity of the degradation peak due to the limitation of 
the HPLC assay. Hence, it is difficult to know which type of 
degradation product is being formed during the degradation 

Table 3. %CV and %Accuracy for Lorazepam Calibration Standards for Inter- and Intraday Runs

Conc. (μg/mL) Interday Intraday

%CV %Accuracy %CV %Accuracy

2 2.393 95.114 4.031 95.412

10 1.163 99.272 1.556 98.636

50 0.413 100.426 0.604 100.598

100 0.441 100.446 0.440 100.757

200 0.813 99.861 0.129 100.562

%CV, percentage coefficient of variance

Table 4. %CV and %Accuracy of the Validation Runs Conducted After Freeze-Thaw Cycles of Standard  
Lorazepam Using 3 Random Concentrations on the Calibration Curve

Conc. (μg/mL) Interday Intraday

%CV %Accuracy %CV %Accuracy

80 0.494 104.544 0.046 104.110

90 0.275 104.109 0.092 103.899

180 0.142 100.047 0.189 100.019

Figure 2. Degradation profile of lorazepam after 
treatment with acid, base, and peroxide treatment 
at (a) ambient temperature (~21°C to 25°C), and 
(b) 60°C. Data show relatively higher degradation 
in the first 4 hours of exposure to acid, base, and 
peroxide conditions at 60°C.
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process. However, chromatography data show that the 
degradation products do not interact with the parent peak 
(~8.3 minutes). This shows that the established HPLC assay 
is stability-indicating and can be used for investigating the 
stability of lorazepam repackage oral syringes.

Physical Evaluation and Drug Content Analysis 
for Repackaged Amber Color ENFit Oral Syring-
es.  There was no physical change observed in the 
formulation. No precipitation was seen at the end of 
182 days for both types (0.25 mL and 0.5 mL) of oral 
syringes (Figure 4a). This shows that the formulation 
was physically stable in the CII Safe (storage facility) at 
Strong Memorial Hospital Inpatient Pharmacy.

At predetermined intervals, 3 independent samples 
from 2 types of repackaged syringes (0.25 mL and 
0.5  mL) were collected and analyzed using the es-
tablished HPLC method. The final concentration was 
set to 50 μg/mL for accurate quantitation with the 
stability-indicating assay. The lorazepam concentra-
tion remained within 90% to 100% of the labeled claim. 
This finding suggests that the repackaged ENFit oral 

Figure 3. Representative chromatograms of the 
degradations after exposure at 60°C. (a) Standard 
(untreated), (b) acidic, (c) basic, and (d) peroxide con-
ditions after 4 hours of heat exposure.

Table 5. Degradation Peaks Observed After 4-Hour 
Exposure to 60°C Under Acid, Base, And Peroxide 
Stress Conditions

Sample Type Retention Time Peaks (min)

Acid 10.007

Base 9.388

Peroxide 8.677, 9.266, 9.337, 10.336

Figure 4. (a) Visual appearance of samples (0.25 mL 
and 0.5 mL volume) drawn from repackaged oral 
syringes (of sizes 0.5 mL and 1 mL). Images show no 
physical or visual change over 182 days when stored at 
ambient temperature. (b) % Change in concentration of 
lorazepam suggests that the repackaged oral formu-
lation was found to be stable for 182 days. Data are 
presented as average (n = 3 individual runs), with SD.
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syringes can be stored at ambient room temperature 
(72 ± 4°F) for at least 182 days (Figure 4b).

Discussion
Lorazepam is commonly used to treat anxiety and 

seizure disorders. Lorazepam oral concentrate is 
dispensed by Strong Memorial Hospital’s Inpatient 
Pharmacy. When an oral liquid form of lorazepam is 
needed, a 30-mL multidose bottle of lorazepam oral 
concentrate 2 mg/mL is dispensed. Nurses draw the 
required patient-specific volumes from the bulk bottle 
based on the ordered doses. There is a significant 
amount of lorazepam oral concentrate wastage over 
time due to fractional dosing of the preparation from a 
30-mL bulk bottle, with an expiration date of 90 days. 
Repackaging the lorazepam oral solution in small 
doses was carried out to solve this problem.3

A robust HPLC method was developed for detecting 
and quantifying lorazepam from a commercial non-
aqueous oral lorazepam concentrate for studying the 
stability of repackaged solutions in the amber-colored 
ENFit oral syringes. All chromatograms of the standard 
lorazepam solutions met the system suitability param-
eters. This reverse phase gradient elution HPLC method 
was used to establish a calibration curve for lorazepam, 
effectively quantifying its concentration with a %CV of 
<10% and inter- and intraday accuracy of 100 ± 10%. 
The lower limit of detection (LOD) and lower limit of 
quantitation (LOQ) were 1 μg/mL and 2 μg/mL, respec-
tively (Figure 1d). The method was simple and effective 
for lorazepam detection and comparable to previously 
reported HPLC methods.7–9 Studies have shown the 
use of HPLC methods for detecting lorazepam in both 
solid and liquid dosage forms.7,10 However, previous 
methods had lower sensitivity, with LOQs ranging from 
150 μg/mL to 50 μg/mL.3,7,9 Therefore, we developed a 
similar but more sensitive HPLC method with a higher 
sensitivity (LOQ of 2 μg/mL) gradient chromatography 
for stability studies.

Previous reports indicated that lorazepam experi-
enced over 10% degradation after 48 hours of exposure 
to acidic and peroxide stress at ambient temperature. 
In our current study, we confirmed that no degradation 
of lorazepam occurred at room temperature when 
exposed to acid, base, and peroxide within the first 
4 hours at ambient temperature (~21°C to 25°C). Our 
data also support previous findings (Figure 2a) of loraz-
epam degradation around 48 hours under acidic, basic, 
and peroxide conditions at ambient temperature.3,11 
Additionally, our robust gradient method detected deg-
radation peaks within the first 4 hours of heat (60°C)-
treated acidic, basic, and peroxide-treated standard 
lorazepam (Figure 2b; Figure 3b–d), which was not 
previously shown.3 We also confirmed that both acid 
and peroxide treatments cause maximum degradation 
of lorazepam within 2 to 4 hours of exposure at 60°C. 
This is likely due to the high sensitivity of our gradient 

chromatography method established for studying the 
stability of the repackaged oral formulation.

Given the ordered doses at Strong Memorial Hos-
pital, the stability of 0.25 mL and 0.5 mL volumes is 
particularly beneficial. It is estimated that Strong Memo-
rial Hospital may use approximately 7200 syringes of 
repackaged 0.5 mg/0.25 mL syringes and about 6300 
syringes of repackaged 1 mg/0.5 mL syringes annually. 
Data on estimated waste per month for bulk lorazepam 
oral concentrate stored in the CII Safe and dispensed 
in low volumes (0.25 mL and 0.5 mL), as well as yearly 
waste from these sources, is shown in Figure 5a and b. 
It is estimated that the current workflow for repackag-
ing 0.25 mL and 0.5 mL syringes at Strong Memorial 
Hospital may generate about 950 mL of waste per year. 
Due to the lack of data on packaging and storage for 
low-volume repackaged preparations, the wastage in 
the CII Safe is nearly 6000 mL per year.

In today’s health care environment, cost savings are 
a priority for many departments. While this change may 
seem minor, it represents a workflow that hospital phar-
macies can integrate to support cost-saving initiatives. 
Additionally, dispensing lorazepam in ready-to-use oral 
syringes, rather than bulk bottles, reduces the potential 
for drug diversion. Accurately accounting for waste with 
bulk bottles is challenging due to spillage, product loss 
when the plunger is inserted, and other factors. Using 
repackaged oral syringes can improve the efficiency of 
patient-specific dose dispensing of lorazepam from bulk 
doses and enable a more accurate waste process, thereby 
reducing the opportunity for diversion. Therefore, a sta-
bility study for lorazepam repackaged in amber-colored, 
tamper-proof ENFit oral syringes was conducted at Strong 
Memorial Hospital Inpatient Pharmacy to address this is-
sue and improve patient compliance.

We used our stability-indicating HPLC assay to inves-
tigate the stability of repackaged lorazepam solution in 
the amber-colored ENFit oral syringes over 182 days. 
Visible observations showed no precipitation or par-
ticulate matter at the end of the study (Figure 4a). The 
lorazepam concentration was 93.21% ± 2.04 (for 0.25 
mL syringes) and 94.21% ± 2.13 (for 0.5 mL syringes) 
at the 91-day mark. At 182 days, the concentrations 
were 92.78% ± 0.86 (for 0.25 mL syringes) and 91.18% 
± 0.45 (for 0.5 mL syringes). Both results were within 
the acceptable range of 100 ± 10% variation. This data 
supports the extended stability of lorazepam oral con-
centrate repackaged in ENFit oral syringes for 90 to 
182 days. It not only confirms recent findings but also 
provides additional extended stability data that may be 
useful for hospital pharmacies.3

Conclusion
Lorazepam oral concentrate was repackaged 

into 0.25 mL and 0.5 mL tamper-proof ENFit oral 
syringes at Strong Memorial Hospital Inpatient Phar-
macy. This study aimed to investigate the percentage 
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concentration change over time to evaluate the sta-
bility of these syringes at ambient temperature (72 ± 
4°F) using a robust stability-indicating HPLC assay. A 
robust HPLC assay with an r2 > 0.99, %CV < 5%, and 
accuracy of 100 ± 10% for inter- and intraday variations 
was developed. The RT of lorazepam under the current 
HPLC conditions was 8.3 ± 0.05 minutes. The HPLC 
method was stability-indicating, as degradation peaks 
under stress conditions (acidic, basic, and oxidative) did 
not interfere with the parent peak. Native lorazepam 
solution showed significant degradation at 60°C under 
chemical stressors, with acidic and oxidative stress 
having a notable impact compared with ambient condi-
tions. This stability-indicating HPLC assay was applied 
to study the stability of repackaged amber-colored 
ENFit oral syringes containing 0.25 mL and 0.5 mL of 
lorazepam (2 mg/mL) stored under ambient (72 ± 4°F) 
conditions at Strong Memorial Hospital Inpatient Phar-
macy, Rochester, NY. After 182 days, both volumes of 
lorazepam showed no visible changes, and the percent-
age concentration change remained within the 100 ± 
10% variation when stored at ambient temperature. This 
suggests that lorazepam repackaged in tamper-proof 
amber-colored ENFit oral syringes may have extended 
stability at ambient temperatures for 90 to 182 days.
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Real-World Tocilizumab Use in Pediatric Inpatients
Gideon A. Stitt, PharmD; Mark W. Hall, MD; Mary Ann Diliberto, BS, RN; and Athena F. Zuppa, MD, MSCE

OBJECTIVES Primary objective: to quantify tocilizumab (TCZ) use in pediatric inpatients. Secondary 
objectives: to explore safety and clinical outcomes.

METHODS This retrospective cohort study took place in a free-standing, 564-bed children’s hospital. 
Pediatric inpatients who received intravenous TCZ from January 2016 to May 2021 were included. Data 
collected included demographics, indication, dose, number of administrations, safety events on days 0 to 
7 after TCZ, use of extracorporeal support (ES), presence of concurrent infection, and survival to discharge. 
Exploratory analyses assessed characteristics associated with mortality.

RESULTS A total of 103 TCZ courses (n = 87 patients) were analyzed. Median age was 14 years. Tocilizumab 
indications included cytokine release syndrome (CRS; 56%), autoimmune disease (27%), graft-versus-
host disease (GVHD; 5%), and COVID-19 (4%). The median TCZ dose was 8 mg/kg (IQR, 7.9–11.9), 18% of 
courses were administered during active infection, and ES was used in 15% of courses. New-onset alanine 
transaminase (ALT) or aspartate transaminase (AST) levels >3 times upper limit of normal (ULN) occurred 
in 53% and 60% of courses, respectively. Of 29 courses with evaluable hematologic data, 10% resulted 
in new-onset neutropenia and 3% in severe thrombocytopenia. Overall survival to discharge was 83%. In 
multivariable analyses, independent associations with mortality were found for the use of ES (OR, 8.68; 95% 
CI, 1.85–4.87), oncologic diagnosis (OR, 7.07; 95% CI, 1.14–89.29), and post-TCZ infection (OR, 11.17; 95% CI, 
1.50–138.13).

CONCLUSIONS Tocilizumab is used for many pediatric inpatient indications, most commonly CRS. Newly 
identified transaminitis was common following TCZ administration. Risk factors for mortality are likely con-
founded by illness severity. Administration during active infection was not independently associated with 
increased mortality.

ABBREVIATIONS ALT, alanine transaminase; aOR, adjusted OR; AST, aspartate transaminase; CAR, chimeric 
antigen receptor; CRS, cytokine release syndrome; ECMO, extracorporeal membrane oxygenation; ES, 
extracorporeal support; FDA, US Food and Drug Administration; GVHD, graft-versus-host disease; ICU, 
intensive care unit; IL, interleukin; IV, intravenous; ONC/M, oncologic diagnosis or receiving myelosuppres-
sive therapy; SARS-COV-2, severe acute respiratory syndrome coronavirus 2; TCZ, tocilizumab; ULN, upper 
limit of normal 

KEYWORDS cytokines; evidence-based medicine; interleukin-6; patient safety; pharmacology
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Introduction
Tocilizumab (TCZ) is a recombinant humanized mono-

clonal antibody targeted against the interleukin (IL)–6 re-
ceptor that inhibits IL-6–mediated signaling.1 Tocilizumab 
is currently approved for the treatment of rheumatoid 
arthritis, giant cell arteritis, and systemic sclerosis–
associated interstitial lung disease in adult patients. 
Additionally, it carries US Food and Drug Administration 
(FDA) approval for systemic juvenile idiopathic arthritis, 
polyarticular juvenile idiopathic arthritis, and cytokine re-
lease syndrome (CRS) following chimeric antigen receptor 
(CAR) T-cell therapy in patients 2 years of age and older.2

In June 2021, the FDA granted emergency use au-
thorization for TCZ in patients 2 years of age and older 

who are receiving systemic corticosteroids and require 
supplemental oxygen, noninvasive or invasive mechani-
cal ventilation, or extracorporeal membrane oxygen-
ation (ECMO) secondary to severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection.3 The 
outbreak of the SARS-CoV-2 pandemic in December 
2019 brought renewed attention to the off-label use 
of TCZ for patients with hyperinflammatory conditions, 
including critically ill patients. At least 15 studies have 
assessed the impact of TCZ use in adult patients with 
severe COVID-19, with an overall signal of decreased 
mortality.4–7 Importantly, multiple studies have found no 
increase in secondary infection among adult patients 
with severe COVID-19 who received TCZ.8–12
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While additional uses for TCZ are being explored, it is 
critical to balance any potential benefit with the known 
risks of the drug. Tocilizumab carries several warnings 
in its package labeling, including increased risk of 
infection, hepatotoxicity, and thrombocytopenia.2 The 
current literature surrounding TCZ in pediatric patients 
is sparse and is largely centered on FDA-approved in-
dications.1,2,13–15 We therefore designed a retrospective, 
single center study to describe intravenous (IV) TCZ use 
patterns for on- and off-label indications in hospitalized 
children. We also tested the exploratory hypothesis 
that clinical characteristics could be identified that are 
associated with mortality in hospitalized children who 
receive IV TCZ.

Materials and Methods
A retrospective chart review was performed at a 

free-standing, 564-bed children’s hospital. All patients 
who received TCZ from January 2016 to May 2021 
were identified via query of pharmacy medication or-
ders. Patients were excluded from analysis if TCZ was 
ordered but not administered, TCZ was administered 
in an ambulatory setting, or any route of administration 
other than IV was used. Only patients receiving IV TCZ 
were included because initial feasibility assessments 
indicated nearly 98% of inpatient TCZ orders during 
the inclusion period were administered via the IV route. 
Each individual patient could contribute more than 1 
TCZ course if they were discharged and readmitted to 
the hospital. All analysis was performed based on TCZ 
courses unless specified.

Data collected via chart review included demograph-
ics, comorbid conditions, TCZ indication, TCZ dose, 
number of doses administered during hospitalization 
(i.e., course of therapy), whether TCZ was administered 
during an active infection, TCZ administration location 
(intensive care unit [ICU] or general ward), receipt of any 
extracorporeal therapy during hospitalization (ECMO or 
any dialysis modality), and survival to discharge. Active 
infection was defined as a positive microbiologic find-
ing with ongoing organism-directed therapy at time of 
TCZ administration. Additional safety data collected 
included new-onset neutropenia, severe thrombocy-
topenia, transaminitis, or new infection within 7 days 
after TCZ administration. Neutropenia was defined as 
an absolute neutrophil count <1500 cells/µL, severe 
thrombocytopenia as a platelet count <50 K/µL, and 
transaminitis as either aspartate transaminase (AST) or 
alanine transaminase (ALT) levels >3 times the upper 
limit of normal (ULN) for age. New-onset laboratory 
abnormalities were defined as having the above labo-
ratory values within the normal range for age for the 
7 days prior to TCZ administration, followed by subse-
quent fulfillment of new-onset abnormality criteria. New 
infection was defined as a positive microbiologic test 
result within the 7 days following TCZ administration 
that received organism-directed therapy for >72 hours. 

For patients who died, data on whether death was 
deemed due to infection or other cause by the clinical 
team were also collected.

Statistical analysis was performed with R 3.6.3 (R 
Core Team, 2021). Descriptive data are reported as 
median (IQR). Categorical data were analyzed by using 
the Fisher exact test and continuous data by using the 
Kruskal-Wallis test. To test associations with mortality, 
univariable analysis was performed on physiologically 
plausible and clinically available characteristics and 
outcomes, using the Fisher exact test. Multivariable 
binomial logistic regression was then performed with 
characteristics found to be statistically significant on 
univariable analysis with a p value < 0.05.

Results
A total of 103 TCZ courses, administered to 87 pa-

tients, were included for analysis (Table 1). Seventy-five 
patients received a single dose of TCZ, 10 patients 
received 2 doses, and 2 patients received 4 doses. The 
median age was 14.1 years (IQR, 7.1–18.7), and median 
weight was 50 kg (IQR, 23.3–64.8). The median dose of 
TCZ administered was 8 mg/kg/dose (IQR, 7.9–11.9) and 
each course consisted of a median of 1 dose (IQR, 1–2).

Tocilizumab was administered for the treatment of 
CRS, primary autoimmune disease, graft-versus-host 
disease (GVHD), and a small number of other indica-
tions. The most common indication for TCZ was CRS 
(56.3%), with 48 (82.7%) of these courses administered 
on-label in patients who underwent CAR T-cell therapy. 
The 10 off-label administrations for CRS-related indi-
cations included cytokine release secondary to flo-
tetuzumab, dinutuximab, and cytotoxic T-lymphocyte 
infusions. Of the 26 TCZ courses administered for an 
autoimmune indication, 20 (76.9%) were for off-label 
indications including neuromyelitis optica, acute dis-
seminated encephalomyelitis, and Takayasu arteritis. 
Tocilizumab was administered to patients with a primary 
oncologic diagnosis or who had received myelosup-
pressive treatment (ONC/M) in 68 (66%) courses, and 
50 (48.5%) TCZ courses were administered in an ICU. 
There were 19 courses where at least 1 dose was ad-
ministered during an active infection, and 15 courses 
where the patient received some form of ECMO during 
the hospital admission (Table 1).

Evaluable safety data are presented in Table 2 
with hematologic data available for 29 (28.2%) TCZ 
courses. Of those, 3 (10.3%) demonstrated new-onset 
neutropenia, and 1 (3.4%) new-onset severe throm-
bocytopenia. Additionally, 45 courses had evaluable 
pre- and post-TCZ ALT data, with 24 (53.3%) courses 
demonstrating new-onset ALT elevation. Of the 53 
courses with evaluable pre- and post-TCZ AST data, 
32 (60.4%) demonstrated new-onset AST elevation. 
Of these courses with evaluable transaminase data, 
13 demonstrated new-onset elevation of both ALT and 
AST. There were no significant differences between 
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survivors and non-survivors for these outcomes. There 
were 9 courses, all in different patients, determined to 
have post-TCZ infections. Of these 9 courses, 2 patients 
(22.2%) survived to discharge and 7 (77.8%) died. There 
were 4 courses overall where the cause of death was 
deemed by the clinical team to be infection, 2 of which 
had confirmed post-TCZ infections per study criteria.

Overall survival to discharge occurred for 85 (83%) 
TCZ courses. Clinical characteristics associated with 
mortality on univariable analysis included receipt 
of extracorporeal support (ES) (OR, 18.93; 95% CI, 
4.62–90.53), ONC/M diagnosis (OR, 5.01; 95% CI, 
1.07–47.77), new-onset post-TCZ infection (OR, 24.92; 

95% CI, 4.10–273.74), administration of TCZ during ac-
tive infection (OR, 3.81; 95% CI, 1.04–13.52), and TCZ 
administration in an ICU (OR, 7.01; 95% CI, 1.80–40.62). 
On multivariable analysis receipt of ES (adjusted OR 
[aOR], 8.68; 95% CI, 1.85–44.87), ONC/M diagnosis 
(aOR, 7.07; 95% CI, 1.14–89.29), and post-TCZ infection 
(aOR, 11.17; 95% CI, 1.50–138.13) remained as significant 
risk factors for death (Table 3).

Discussion
Targeted immunomodulation is increasingly being 

investigated as a therapeutic approach to a range of 
inflammatory diseases in adult and pediatric patients, 

Table 1. Demographics*

Characteristic All Courses (N = 103) Survived (n = 85) Deceased (n = 18)

Age, yr 14.1 (7.1–18.7) 14.3 (7.1–19.1) 11.9 (7.1 –17.2)

Weight, kg 50 (23.3–64.8) 50 (22.8–63.8) 53 (23.2–65.4)

Active oncologic diagnosis or received 
myelosuppressive treatment

68 (66%) 52 (61%) 16 (88.9%)

 • �Acute lymphocytic leukemia 50 (48.5%) 43 (50.6%) 7 (38.9%)

 • �Acute myeloid leukemia 9 (8.7%) 5 (5.9%) 4 (22.2%)

 • �Other 9 (8.7%) 4 (4.7%) 5 (27.8%)

Tocilizumab dose, mg/kg 8 (7.9–11.9) 8 (7.9–11.8) 8 (8–12)

Number of doses received 1 (1–2) 1 (1–2) 1 (1–3)

Indication for tocilizumab

 • �CRS 58 (56.3%) 47 (55.3%) 11 (61.1%)

 • �GVHD 5 (4.9%) 3 (3.5%) 2 (11.1%)

 • �Primary autoimmune 26 (25.2%) 25 (29.4%) 1 (5.6%)

 • �COVID-19 4 (3.9%) 3 (3.5%) 1 (5.6%)

 • �Other 10 (9.7%) 7 (8.2%) 3 (16.7%)

Received any extracorporeal therapy 15 (15%) 5 (5.8%) 10 (55.6%)

 • �ECMO only 1 1 0

 • �CRRT only 8 4 4

 • �ECMO + CRRT 6 0 6

Received tocilizumab in an ICU 50 (48.5%) 35 (41.2%) 15 (83.3%)

Received tocilizumab during active infection† 19 (18.4%) 12 (14.1%) 7 (38.9%)

 • �Bacterial 8 (7.8%) 5 (5.9%) 3 (16.7%)

 • �Viral 15 (14.6%) 9 (10.6%) 6 (33.3%)

 • �Parasitic 2 (1.9%) 1 (1.2%) 1 (5.6%)

CRRT, continuous renal replacement therapy; CRS, cytokine release syndrome; ECMO, extracorporeal membrane oxygenation; GVHD: 
graft-versus-host disease; ICU, intensive care unit

*Data are reported as median (IQR) or n (%).
†Two subjects had concurrent bacterial and viral infections, and 2 subjects had concurrent bacterial, viral, and parasitic infections.
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from COVID-19 to inborn errors of immunity to autoim-
mune encephalopathies.10–12,16,17 However, the potential 
efficacy of TCZ in these novel patient populations must 
be balanced with a safety assessment for off-label use. 
This study is the first to describe the real-world use and 
safety of TCZ across a range of pediatric inpatients, 
including critically ill children with and without active 
infection at the time of TCZ administration. Our study 
demonstrates a wide range of on- and off-label uses 
of TCZ in pediatric inpatients and suggests that being 
on extracorporeal life support, having an ONC/M diag-
nosis, and occurrence of post-TCZ infection represent 
independent risk factors for mortality in the context of 
receiving TCZ. Notably, the presence of active infection 
at the time of TCZ administration was not independently 
associated with mortality.

In the present study, 19 (18.4%) TCZ courses were 
administered in the setting of active infection. Most 
of these courses (78.9%) were administered during 
an active viral infection. The SARS-CoV-2 pandemic 
and resultant studies of acute COVID-19–associated 
respiratory failure demonstrate a role for targeted im-
munosuppression in acutely infected patients. A recent 
meta-analysis of 27 clinical trials describing 10,930 
adults hospitalized with COVID-19 showed lower mor-
tality in the TCZ-treated subjects (n = 6449; OR, 0.86 
[95% CI, 0.79–0.95]; p = 0.003) with no increased risk 
of secondary infection in the TCZ group (OR, 0.95; 95% 
CI, 0.77–1.16).18 Importantly, among studies that failed to 
show a mortality benefit of TCZ in adults with COVID-19, 
the use of TCZ in acutely SARS-CoV-2–infected sub-
jects did not demonstrate harm.7,10,19

Our results complement these studies in the pediatric 
population, assessing off-label use and clinical charac-
teristics associated with mortality, including administra-
tion during active infection. Our finding of a significant 
association between the use of extracorporeal therapy 
and mortality suggests that critical illness itself is likely a 
driver of mortality in our cohort. Similarly, the finding that 
an ONC/M diagnosis was associated with mortality may 
be driven by the underlying disease in that population, 

specifically with TCZ frequently administered for CRS. 
Like the association found between ES and mortality, 
the degree of underlying illness likely contributes to 
this finding, but additional study is warranted given the 
increasing use of IL-6 blockade in hyperinflammatory 
states. Finally, the association between post-TCZ infec-
tion and mortality emphasizes the need for infection 
prevention as well as optimized anti-infective therapy 
in immunocompromised populations.

While our study could not assess the impact of TCZ 
use on mortality, we were able to address several 
important safety outcomes. Adverse events associ-
ated with administration of TCZ are well described in 
prior clinical studies.2 Depending on the indication, 
incidence of AST and ALT elevation >3 times ULN 
ranged from <1% to 5% and 1.7% to 13%, respectively. 
This transaminitis was not associated with clinically 
significant increases in direct bilirubin or clinical evi-
dence of hepatitis or hepatic insufficiency. Addition-
ally, transaminitis resolved with either dose reduction 
or discontinuation of TCZ. Neutropenia (neutrophil 
count <1500 cells/µL) incidence was reported as high 
as 15.4% overall, with an incidence of 25.9% in the 
subgroup of patients <30 kg with polyarticular juve-
nile idiopathic arthritis. Thrombocytopenia (platelet 
count <100 K/µL) was reported in 1.7% of patients. 
Because of these adverse events, the package label-
ing for TCZ includes recommendations to avoid use 
in patients with an absolute neutrophil count below 
2000 cells/µL, platelet count below 100 K/µL, or 
those who have AST or ALT levels >1.5 times ULN. 
The labeling also importantly states that the decision 
to administer TCZ must consider potential benefits 
of treating severely ill patients (e.g., those with CRS) 
versus the risk of short-term TCZ use.2

Our study population’s incidence of new-onset 
neutropenia, thrombocytopenia, and transaminitis was 
significantly higher than that reported in the package 
labeling for TCZ. This labeling acknowledges that 
patients with severe CRS often have cytopenias or 
transaminitis due to previous chemotherapy or CRS 

Table 2. Safety Outcomes*

Outcome of Interest Evaluable 
Courses

Occurrence of 
Outcome

Survived Deceased p value

New infection in 7 days after TCZ 103 9 (8.7%) 2 (22.2%) 7 (77.8%) <0.001

New-onset ANC <1500 cells/µL after TCZ 29 3 (10.3%) – – –

New-onset platelets <50K cells/µL after TCZ 29 1 (3.4%) – – –

New-onset ALT >3× ULN after TCZ 45 24 (53.3%) 20 (83.3%) 4 (16.7%) NS

New-onset AST >3× ULN after TCZ 53 32 (60.4%) 26 (81.3%) 6 (18.8%) NS

ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; NS, not significant; TCZ, tocilizumab; ULN, 
upper limit of normal

*New onset: values within normal range for age for 7 days prior to TCZ administration followed by noted abnormality within 7 days after TCZ 
administration.
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itself, which we attempted to control for by evaluating 
only patients without preexisting laboratory abnormali-
ties in the 7 days prior to TCZ administration. Labora-
tory monitoring was not protocolized in our study, with 
laboratory testing being performed at the discretion of 
the treating clinicians. Subjects who underwent labora-
tory testing may therefore have had a higher pre-test 
probability of having laboratory abnormalities that those 
for whom testing was not performed. The higher rate 
of adverse events identified in this study emphasizes 
the need for additional studies specifically focused on 
identifying the incidence of these adverse events in 
critically ill children.

The package labeling for TCZ recommends labora-
tory monitoring every 2 to 8 weeks, depending on 
indication, starting with the second dose. Based on 
the results of our study, it may be prudent to increase 
monitoring in the period immediately following ad-
ministration of the first dose, particularly in critically 
ill children. While reassuring that the primary adverse 
effects of TCZ resolved in previous studies with either 
dose reduction or discontinuation, an individualized 
risk-benefit analysis must be made in patients at high 
risk of adverse events secondary to TCZ or with pre-
existing laboratory abnormalities that may be further 
exacerbated.

Anti-cytokine therapies have been studied exten-
sively in adults with sepsis, including IL-1 pathway 
inhibitors, anti–tumor necrosis factor-α therapies, 
and bradykinin antagonists.20–25 These trials nearly 
uniformly failed to show a mortality benefit, though 
secondary analyses have repeatedly suggested benefit 
in the subset of subjects with the most severe systemic 
inflammation.26,27 The REMAP-CAP study, an 803-sub-
ject prospective, adaptively randomized study of TCZ 
in critically ill adults with COVID-19, showed the great-
est efficacy of TCZ in subjects in the highest tercile of 
serum C-reactive protein concentrations.28 It is unclear 
if a biomarker-driven approach to TCZ use, with TCZ 
being reserved for patients with marked elevations in 

IL-6, could further enhance the safety and efficacy of 
TCZ in hospitalized children. This is a topic deserving 
of further study.

Limitations of Study
Our study has several limitations, first of which is its 

single center, retrospective nature. This design, as well 
as the lack of a non-TCZ comparator group, prevents 
causal inferences from being drawn. While multivariable 
analysis was performed to help account for confound-
ers inherent in any retrospective study, other unmea-
sured confounders may have influenced our results. 
Post-TCZ laboratory data were also not available for all 
patients and data that were available were not collected 
in a standardized fashion, reducing power to identify 
safety signals. Additionally, combined analysis of ICU 
and non-ICU inpatients may suppress safety signals 
present in either population alone. However, this was 
done to increase power owing to the limited number of 
TCZ courses with available data, and patients receiv-
ing TCZ for the treatment of CRS were well balanced 
between the ICU and ward.

Conclusions
Tocilizumab is used for a broad range of indications in 

pediatric inpatients, the most common being CRS. We 
found no independent association between administra-
tion of TCZ during active infection and mortality, though 
laboratory abnormalities including transaminase eleva-
tion were common. Post-TCZ infection and conditions 
associated with underlying critical illness, however, 
were associated with mortality. Based on our findings, 
surveillance for early transaminitis and neutropenia 
is warranted in acutely ill children receiving IV TCZ. 
Future studies of targeted immunomodulation should 
be considered, focusing on the safety and efficacy of 
TCZ in pediatric patients with severe inflammation, 
and these studies should include surveillance for early 
neutropenia and liver injury.

Table 3. Univariable and Multivariable Analysis of Mortality Risk Factors

Risk Factor Survived 
(n = 85)

Deceased 
(n = 18)

Univariable Analysis 
OR (95% CI)

Multivariable Analysis 
aOR (95% CI)

Received any extracorporeal therapy 5 (5.8%) 10 (55.6%) 18.93 (4.62–90.53) 8.68 (1.85–44.87)

Active oncologic diagnosis or 
received myelosuppressive treatment

52 (61%) 16 (88.9%) 5.01 (1.07–47.77) 7.07 (1.14–89.29)

Post-tocilizumab infection 2 (2.4%) 7 (38.9%) 24.92 (4.10–273.74) 11.17 (1.50–138.13)

Received tocilizumab during active 
infection

12 (14.1%) 7 (38.9%) 3.81 (1.04–13.52) 2.98 (0.67–12.80)

Received tocilizumab in an ICU 35 (41.2%) 15 (83.3%) 7.01 (1.80–40.62) 1.60 (0.34–8.60)

aOR, adjusted OR; ICU, intensive care unit

Bolded values represent statistically significant variables
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Knowledge and Awareness of Caregivers About Using 
Paracetamol in Children in Al-Baha Region: a Cross-
sectional Study
Salah Eldin Abdel Hag Abdel Haleem, PhD; Hashim Abdullah S. Alghamdi, MBBS; Adham Mohammed H. Alghamdi, MBBS; 
Amer Khaled S. Alghamdi, MBBS; Hassan Saleh H. Alzhrani, MBBS; Faris Abdulrahman M. Alzahrani, MBBS; and 
Basim Ibrahim B. Alzahrani, MBBS

OBJECTIVE This study aimed to assess parents’ knowledge, attitudes, and practices regarding the use of 
paracetamol in children.

METHODS A cross-sectional study was conducted in the in Al-Baha region. A self-administered electronic 
questionnaire was constructed and distributed by the research team using a simple random sampling 
method. The questionnaire included sections regarding the sociodemographic data, knowledge, practices 
and attitudes regarding pediatrics’ paracetamol use. Parents or children’s caregivers were targeted by the 
study.

RESULTS 41.9% of 1000 survey respondents reported administering paracetamol to their children. Parents 
reported administering paracetamol based on experience with similar symptoms in their children (27.2%). 
One-third of the respondents (33.3%) believes that the maximum amount to be administered in 1 time is a 
single dose, 58.8% are aware that overdose of paracetamol can harm the child, 60.8% had never adminis-
tered adults’ paracetamol to their children, 26% measure doses using a graded cup or a teaspoon, 61.3% 
preferred paracetamol syrup, and 56.9% store the drugs in the refrigerator. Re-administration of pediatric 
paracetamol, as per instructions of the manufacturer, is practiced by 40%. Physicians are the source of drug 
information in 48.1% of cases. Physician’s prescriptions are the source of obtaining paracetamol in 51.1% of 
cases.

CONCLUSION A parental knowledge gap exists regarding the correct use of paracetamol for children in 
Al-Baha region. Educational programs should focus on the risks of overdose and the importance of fol-
lowing recommended dosages. Educational programs should also recommend limiting OTC dispensing of 
pediatric medications. Health care professionals should educate parents during clinical visits. Social media 
can be utilized to disseminate correct drug information. Narrowing of these gaps in parents’ knowledge and 
practices improves safety and efficacy of paracetamol yielding better health outcomes.

ABBREVIATIONS ED, emergency department; IBM SPSS, International Business Machines Statistical Package 
for the Social Sciences; KSA, Kingdom of Saudi Arabia; NIS, New Israeli Shekel; OTC, over-the-counter; SAR, 
Saudi Riyals. 

KEYWORDS Al-Baha region; parental awareness; pediatric paracetamol; OTC drugs; self-medication
J Pediatr Pharmacol Ther 2025;30(5):645–654

DOI: 10.5863/JPPT-24-00126

Introduction
Over-the-counter (OTC) paracetamol, also known as 

acetaminophen, is regularly used for children’s pain 
relief and as an antipyretic due to its efficacy, relative 
safety, and availability in a range of pharmaceutical 
forms that includes syrups, drops, suppositories, etc. 
However, previous research has shown that parents 
frequently unintentionally give their children an incor-
rect amount of paracetamol.1 In this study, we aimed 
to assess parents’ knowledge, attitudes, and prac-

tices regarding the use of paracetamol, as well as their 
awareness of items containing the active ingredient. 
According to reports, paracetamol is the most prevalent 
pharmaceutical agent involved in overdoses, especially 
in children under age 6.2 The variable dosing schedules 
and strengths of the various formulations of paracetamol 
pose a serious risk of overdose in children and infants.2

Paracetamol is commonly used for fever which is 
demonstrated to be a reason for anxiety among parents. 
Fever accounts for up to 22% of visits to emergency 
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departments (ED).3 Fifty percent of parents treat their 
child’s fever with the wrong medication dosage.3 Many 
parents endorse simultaneous utilization of ibuprofen and 
paracetamol, to lower fever because they dread it exces-
sively.3 Paracetamol poisoning can result from attempted 
suicide or accidental overdose in children.4 Accidental 
child poisoning in Jeddah was mostly connected with 
medicinal drugs, with a reported frequency of 23.3%.5 Pa-
rental education and understanding played a significant 
influence in decreasing the incidence of child poisoning.5 
In a survey of 300 parents, most of the caregivers polled 
(87%) were females (mothers). Approximately half of the 
parents (50.9%) reported having used paracetamol as an 
antipyretic in children under the age of 6.5 One-quarter 
(25.4%) favored syrup forms, whereas 33.8% chose 
suppository dose forms. Roughly half of the caregivers 
(51.2%) relied mostly on medical staff for information. 
The average knowledge score for paracetamol was 2.1  
(SD = 1.4) out of 6, with a median of 2.0 and an IQR of 1.0 
to 3.01. 6 Given the lack of existing studies related to our 
topic and our emphasis on Al-Baha city, our main goal is 
to assess the level of parental knowledge and awareness 
regarding the utilization of paracetamol among children 
in Al-Baha. It is essential to assess parental knowledge 
to establish whether parents are aware of the correct 
usage, dosages, potential side effects, and other safety 
precautions while their children are receiving treatment 
with paracetamol. This knowledge will add a new per-
spective to the discourse that could be beneficial to 
health providers, authorities, and educational programs 
aiming to ensure the safe administration of drugs to the 
pediatric populations in Al-Baha city, Saudi Arabia.

Materials and Methods
Study Design. A cross-sectional study was conduct-

ed in in the in Al-Baha region (including Al-Baha city and 
a few nearby villages). We collected data from pediatrics 
and primary health care centers, where parents went to 
vaccinate their children regularly and then focused on 
dates when we could obtain the needed sample. Most 
of the patients that come to these clinics do not have 
serious symptoms. Data was collected over an 8-week 
period from April 1, 2024 in the spring to May 31, 2024.

Inclusion and Exclusion Criteria.  Al-Baha area 
residents who are parents or caregivers who have le-
gal custody of children between the ages of 0 and 
18 years were the target sample group for the study. 
Persons without children were excluded. Health care 
providers with children have been included to serve 
as internal controls.

Sample Size.  The sample size was calculated by 
utilizing the Qualtrics calculator with a confidence lev-
el of 95%; the proposed sample size was 384.

Method for Data Collection and Instrument. A self-
administered electronic questionnaire was construct-
ed and distributed by the research team using a sim-
ple random sampling method to parents and health 

care providers at the clinics. The health care providers 
included physicians, nurses, and pharmacists. Prior to 
participation, informed consent was obtained from 
all respondents, ensuring their voluntary agreement 
and understanding of the study’s purpose and pro-
cedures. The survey took 8 weeks’ time. The ques-
tionnaire utilized a modified validated survey from 
a similar study conducted in Palastine.7 It included  
4 sections regarding the sociodemographic data, the 
awareness regarding paracetamol products among 
participants, parents’ knowledge of paracetamol use, 
and parents’ paracetamol-related practices and atti-
tudes (see Supplemental Table).

Statistical Analysis
The relationship and incidence of the event have 

been assessed using the χ2. Analysis was performed 
using the software package IBM SPSS Statistics (SPSS 
Inc, version 25.0). Differences were considered statisti-
cally significant at p ≤ 0.05.

Results
All those approached by the questionnaire agreed 

to participate in the survey after understanding of the 
study’s purpose and procedures. Their total number 
was 1000 participants. The demographic characteristics 
of the participants in the study are shown in Table 1. 
The responses reported by physicians were not sig-
nificantly different from the responses of the parents. 
Most of the respondents (45.8%) exist in the age range 
of 18 to 29 years.

Some health features of the children studied in the 
present work are shown in Table 2. 41.9% of parents 
and 50.8% of physician parent respondents reported 
administering OTC paracetamol to their children. 27.2% 
of the parents related this OTC use to their previous 
experience with similar symptoms in their children.

The dosing and administration knowledge and prac-
tices of parents are shown in Table 3. One-third of the 
respondents (33.3%) think that the maximum amount 
to be administered is a 1-time single dose (as opposed 
to repeated doses for persistent fever); and that the 
dose quantity is determined by the age of the child, 
58.8% think that overdose of paracetamol can harm the 
child, 60.8% had never administered adult paracetamol 
pharmaceutic forms to their children, and approximately 
26% measure doses using a graded cup or a teaspoon. 
The parents’ medication preferences and practices are 
shown in Table 4. A majority (61.3%) of respondents 
preferred paracetamol syrup over other pharmaceutical 
forms for their children, 56.9% store the drugs in the 
refrigerator, 41.2% reported that their children refuse to 
take medications; 58.3% persuaded their children by 
encouragement and motivation to take medications. 
Re-administration of pediatric paracetamol is practiced 
by 40% of the parents according to the severity of the 
condition. Physicians were source of drug information 
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Table 1. Demographic Characteristics of the Participants in a Cross-sectional Study About Knowledge and 
Awareness of Parents About Using Paracetamol in Children in Al-Baha Region KSA

Item Total Population 
N = 1000 

n (%)

Physician 
n = 65 
n (%)

Parent* 
n = 935 

n (%)

Age range of the respondent (yr)
 18–29 499 (49.9) 41 (63.1) 458 (49)
 30–39 193 (19.3) 9 (13.8) 184 (19.7)
 40–49 234 (23.4) 13 (20) 221 (23.6)
 50–59 57 (5.7) 2 (3.1) 55 (5.9)
 >60 17 (1.7) 0 17 (1.8)

Education level of the respondent
 Not educated 1 (0.1) 0 (0) 1 (0.12)
 Elementary 20 (2) 0 (0) 20 (2.1)
 Intermediate 25 (2.5) 0 (0) 25 (2.6)
 Secondary 176 (17.6) 0 (0) 176 (18.8)
 University 721 (72.1) 45 (69.2) 676 (67.6)
 Postgraduate degree 57 (5.7) 20 (30.8) 37 (4)

Relationship to investigated children
 Father 120 (12.0)
 Mother 328 (32.8)
 Brother 76 (7.6)
 Sister 236 (23.6)
 Grandfather 8 (0.8)
 Grandmother 12 (1.2)
 Other 220 (22.0)

Education level of the mother
 Not educated 53 (5.3) 1 (1.5)
 Elementary 51 (5.1) 5 (7.7)
 Intermediate 67 (6.7) 4 (6.2)
 Secondary 204 (20.4) 13 (20)
 University 550 (55.0) 30 (46.2)
 Postgraduate degree 75 (7.5) 12 (18.5)

Education level of the father
 Not educated 28 (2.8) 1 (1.5)
 Elementary 49 (4.9) 7 (10.8)
 Intermediate 76 (7.6) 6 (9.2)
 Secondary 219 (21.9) 8 (12.2)
 University 515 (51.5) 27 (41.5)
 Postgraduate degree 113 (11.3) 16 (24.6)

Family Income per month (in SAR)
 <5K 102 (10.2) 4 (6.2) 98 (10.5)
 5K–10K 277 (27.7) 20 (30.8) 257 (27.5)
 10K–20K 389 (38.9) 22 (33.8) 367 (39.3)
 >20K 232 (23.2) 19 (29.2) 213 (22.8)

Marital status
 Single 432 (43.2) 36 (55.4) 396 (42.4)
 Divorced 46 (4.6) 5 (7.7) 41 (4.4)
 Widowed 24 (2.4) 0 (0) 24 (2.6)
 Married 498 (49.8) 24 (37) 474 (50.7)

No. of children
 One child 223 (22.3) 20 (3.1) 203 (21.7)
 2–4 children 480 (48.0) 32 (49.2) 448 (52.2)
 More than 4 297 (29.7) 13 (20) 284 (30.4)

SAR, Saudi Arabia Riyals

* Includes person with legal custody.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access



Pediatric Paracetamol Use in Al-Baha Haleem, S et al

648	  J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5 www.jppt.org 

with reference to pediatric paracetamol use and dosing 
in 48.1% of cases; source of obtaining paracetamol itself 
was physicians’ prescriptions in 51.1% of cases. Thirty-
seven percent never share pediatric paracetamol, while 
41.4% share the drug among other children of the family.

The participant’s response, regarding the febrile 
indication of pediatric paracetamol without prescrip-
tion, is shown in Figure 1. 31.2% estimated 38°C as 
the febrile point for administration of paracetamol to 
their children.

The response of participants, regarding the dosing 
interval of pediatric paracetamol preparations, is shown 
in Figure 2. 48.9% estimated the dosing interval at 4 
to 6 hours.

Discussion
Socio-demographic factors, and family caregivers’ 

psychosocial status, are among the influencing fac-
tors on parental pediatric paracetamol administration 
practices.6 The demographic characteristics of the 
participants in the present study has 2 merit features 
compared with similar previous investigations; a larger 
study sample (n = 1000), and a detailed description 
of the sample. Both contribute to the reliability of the 

results. A Palestinian cross- sectional study of similar 
interest, that included 300 participants, reported 87% 
of the sample being females.1 This is higher than our fe-
male participants of 57.6% of the study sample wherein 
32.8% were mothers, 23.6% were sisters and 1.2% were 
grandmothers. The diversity of caregivers in the fam-
ily, and the involvement of all family members in the 
health care of the family children, shows the strength 
of relationships within the local community. Most of our 
respondents (72.1% total, 55% of mothers and 51.5% of 
fathers) are university graduates. 5.7%, including 7.5% of 
the mothers and 11.3% of the fathers, hold postgraduate 
degrees. 0.1% of the respondents were non-educated, 
moreover, 5.3% of the mothers and 2.8% of the fathers 
of the children are non-educated. Considering that the 
sample was random and cross-sectional, these results 
indicate the wide dissemination of education in the 
local community and contribute to the reliability of the 
results which depends on understanding and honest 
questionnaire responses. The educational level of 
participants in our study is different from that in the Pal-
estinian report, where 55.3% of the mothers reported 
completing high school education as their highest level 
of education. They also reported 75.3% of respondents 

Table 2. Comparison Between Physician and Global Population (Including Physicians) Regarding Some Health 
Features of the Children Studied in a Cross-sectional Study About the Knowledge and Awareness of Parents 
About Using Paracetamol in Children in Al-Baha Region KSA

Response Global Study Population 
N = 1000 

n (%)

Participants Physicians 
n = 65 
n (%)

Children visits to doctor in the past 6 mo
 None 159 (15.9) 11 (16.9)
 Once 237 (23.7) 14 (21.5)
 Twice 255 (25.5) 25 (38.5)
 More than 2 times 222 (22.2) 13 (20)
 I don’t remember 127 (12.7) 2 (3.1)

Children self-treatment at home in the past 6 mo
 None 140 (14) 9 (13.8)
 Once 198 (19.8) 15 (23.1)
 Twice 205 (20.5) 17 (26.2)
 More than 2 times 314 (31.4) 18 (27.7)
 I don’t remember 143 (14.3) 6 (9.2)

Administration of paracetamol to children without 
prescription
 No 321 (32.1) 22 (33.8)
 Yes 419 (41.9) 33 (50.8)
 I don’t know (what paracetamol is) 260 (26) 10 (15)

Indication of paracetamol administration to children 
without prescription (n = 935)
 I didn’t use it without prescription 377 (40.3) 20 (30.8)
 Experience with similar symptoms 254 (27.2) 12 (18.5)
 Expensive doctor charges 23 (2.5) 2 (3.1)
 Lack of confidence in the health care system 18 (1.9) 7 (10.8)
 No need to visit doctor 112 (12) 17 (26.2)
 Other 151 (16.1) 7 (10.8)
 Children ever been hospitalized before (Yes), n (%) 762 (76.2) 50 (76.9)
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Table 3. Dosing and Administration Knowledge and Practices of Parents in a Cross-sectional Study About the 
Knowledge and Awareness of Parents About Using Paracetamol in Children in Al-Baha region KSA*

Item Study Population Response, n (%)

Rectal Suppositories 5-mL Teaspoon

Maximum doses of pediatric paracetamol/day (N = 1000)
 1 333 (33.3) 427 (42.7)
 2 172 (17.2) 152 (15.2)
 3 69 (6.9) 69 (6.9)
 4 29 (2.9) 35 (3.5)
 5 9 (0.9) 17 (1.7)
 I don’t know 388 (38.8) 300 (30)

Pediatric paracetamol dose is determined according to (N = 1000)
 Previous experience 66 (6.6)
 Age of the child 333 (33.3)
 Weight of the child 238 (23.8)
 Severity of the condition 103 (10.3)
 Pharmaceutical manufacturer instructions 130 (13)
 Other 130 (13)

Overdose of pediatric paracetamol can cause harm (N = 1000)
 No 94 (9.4)
 I don’t know 318 (31.8)
 Yes 588 (58.8)
 Drug poisoning 137 (13.7)
 Renal injury 144 (14.4)
 Hepatic injury 130 (13)
 Immunosuppression 77 (7.7)
 Gastric upset 80 (8)
 Other 234 (23.4)

Paracetamol syrup expiration following bottle opening (N = 1000)
 3 mo 380 (38)
 6 mo 119 (11.9)
 Until expiration date 175 (17.5)
 I don’t know 326 (32.6)

Ever administered adult paracetamol preparations to your children  
(N = 1000)
 No 608 (60.8)
 I don’t know 232 (23.2)
 Yes 160 (16)

Cause of administration of adult paracetamol preparations to your 
children (N = 407)
 More safe 66 (6.6)
 More effective 93 (9.3)
 Didn’t have pediatrics form 60 (6)
 Other 188 (18.8)

Adult dose modification done to fit your children (N = 424)
 Administration of half the adult dose 93 (9.3)
 Calculated dose 74 (7.4)
 No modification needed 96 (9.6)
 Other 161 (16.1)

Instrument used to measure the dose (N = 831)
 Graded cup 267 (26.7)
 Syringe 195 (19.5)
 Tablespoon 100 (10)
 Teaspoon 269 (26.9)
 Other 169 (16.9)

* Expiration date according to the respondent own thoughts.
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Table 4. Parents’ Medication Preferences and Practices in a Cross-sectional Study About the Knowledge and 
Awareness of Parents About Using Paracetamol in Children in Al-Baha region KSA

Item Study Population Response, n (%)

Preferred pediatric paracetamol dosage form (N = 1000)
 Rectal suppositories 101 (10.1)
 Tablets 67 (6.7)
 �Syrup 

Rectal suppositories or syrup
613 (61.3) 
186 (18.6)

 Drops 33 (3.3)

Reason for preferring paracetamol rectal suppositories (N = 482)
 Children age 94 (19.5)
 Ease of administration 81 (16.8)
 Effectiveness 90 (18.7)
 Affordable price 27 (5.6)
 Doctor-’s advice 54 (11.2)
 Pharmacist’s advice 19 (3.9)
 Friends’ recommendation 4 (0.8)
 Other 113 (23.4)

Source of mastering suppositories administration technique (N = 457)
 Physicians’ instructions 122 (26.7)
 Pharmacists’ instructions 41 (9)
 Nurses’ demonstration 68 (14.9)
 Previous personal experience 123 (26.9)
 Other 103 (22.5)

Storage of paracetamol rectal suppositories (N = 496)
 In the refrigerator 282 (56.9)
 In the deep freezer 64 (12.9)
 At room temperature 53 (1.1)
 Other 97 (19.6)

Difficulties in administering paracetamol to the children (N = 1000)
 Children uncooperative because of illness 122 (12.2)
 Children sleeping at dosing time 56 (5.6)
 Children refuses to take medications 412 (41.2)
 No difficulties 243 (24.3)
 Other 167 (16.7)

Method used to convince children to take medications (N = 1000)
 Children encouragement and motivation to take medications 583 (58.3)
 Children enforcement to take medications 63 (6.3)
 Administration of suppositories in replacement for syrups 76 (7.6)
 Mixing medications with juice or food 69 (6.9)
 Mixing medications with juice or food or use of suppositories 28 (2.8)
 Asking for medical counseling 31 (3.1)
 Replacing medicines with non-pharmacologic methods 15 (1.5)
 Other 135 (13.5)

Repeated re-administration of pediatric paracetamol depends on (N = 1000)
 Physicians’ counseling/consultation 254 (25.4)
 Pharmacists’ recommendations 46 (4.6)
 Children age 66 (6.6)
 Children weight 54 (5.4)
 Children severity of condition 400 (40)
 Pharmaceutical manufacturer instructions 46 (4.6)
 Other 134 (13.4)

Source of drug information with reference to pediatric paracetamol (N = 1000)
 Physicians 481 (48.1)
 Pharmacists 144 (14.4)
 Pharmaceutical manufacturer medicine leaflet 86 (8.6)
 Friends and relatives 24 (2.4)
 Previous experience 64 (6.4)
 Personal knowledge 64 (6.4)
 Other 137 (13.7)

(Table cont. on page 651)
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fell into the age range of 19 to 30 years old, whereas 
only 49.9% of our respondents were in this age range.1 
With age, mothers are expected to collect a build-up 
of experience pertaining to childcare. Slightly less than 
half of our sample (48%) have 2 to 4 children, 22.3% 
have 1 child, and 29.7% have more than 4 children. 
These determinations are partially consistent with the 
previous determinations that 33.0% had 2 children 
below 18 years of age, and 50% had 2 children below 
6 years of age.1 It has been found that 43.2%, 4.6%, 
2.4%, and 49.8% of those approached by the study are 
single, divorced, widowed, or married, respectively. The 
family monthly income was reported as less than 5K, 
5 to 10K, 10 to 20K, or more than 20K SAR for 10.2%, 
27.7%, 38.9%, and 23.2% of them respectively. The latter 
finding is higher than the findings in similar previous 
investigation in Palestine in which 64% of their sample 
has a family monthly income of 2K to 5K NIS, that is, 

2.066K to 5.165K SAR.7 Both the former and latter 
findings contribute to family stability and general child 
welfare including health issues.

Among the children included in our sample, it has 
been determined that 23.7%, 25.5%, and 22.2% (total 
of 71.4%), have visited a doctor once, twice, or more 
than 2 times, respectively within the past 6 months. 
These results indicate that a majority of families rely 
on health services for their children’s welfare. This 
percentage is greater than the previous determina-
tion that 43.7% of the children had 1 doctor visit in the 
last 6 months.1 The frequency of parental treatment 
of children at home in the past 6 months was 23.7%, 
25.5%, 22.2%, for 1 time, twice, or more than 2 times, 
respectively, compared with none (15.9%). Administra-
tion of paracetamol to children without prescription 
was at 41.9%. The justification of this drug administra-
tion was experience with similar symptoms (27.2%), 

Item Study Population Response, n (%)

Source of getting pediatric paracetamol (N = 1000)
 Physicians’ prescription 511 (51.1)
 Pharmacy without prescription (over the counter) 249 (24.9)
 From friends and relatives 28 (2.8)
 From previously used and stored at home 43 (4.3)
 Via electronic marketing suppliers 21 (2.1)
 Other 148 (14.8)

Re-administration or sharing of pediatric paracetamol for similar symptoms  
(N = 1000)
 I don’t share medicines with others 370 (37)
 I share medicines between my children if they develop similar symptoms 414 (41.4)
 �I share medicines with my friends/relative if their children develop similar 

symptoms
61 (6.1)

 �I re-use pediatric paracetamol for the same child if it develops similar 
symptoms

155 (15.5)

Table 4. Parents’ Medication Preferences and Practices in a Cross-sectional Study About the Knowledge and 
Awareness of Parents About Using Paracetamol in Children in Al-Baha region KSA (cont.)

Figure 1. The response percent, regarding the febrile 
indication (in Celsius degrees) of OTC pediatric 
paracetamol, of participants in a cross-sectional 
study about knowledge and awareness of parents 
about using paracetamol in children in Al-Baha re-
gion KSA, n = 1000.

Figure 2. The response percent, regarding the 
dosing interval of pediatric paracetamol prepara-
tions, of participants in a cross-sectional study about 
knowledge and awareness of parents about using 
paracetamol in children in Al-Baha region KSA,  
n = 1000
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expensive doctor charges (2.5%), lack of confidence in 
the health care system (1.9%), and denial of the need 
to visit a doctor (12%). These findings are consistent 
with those reported by previous studies that 73.4% self-
medicated their children without medical advice; that 
50.7% self-medicated their children with paracetamol 
without medical advice; and that the reason for this 
administration was either having parental experience 
of treating their children (54.6%) or ascertaining of the 
child’s illness from symptoms (49.2%)7. These findings 
reflect a high incidence of OTC paracetamol potentially 
being used incorrectly by parents which poses poten-
tial hazards to this especially vulnerable patient popu-
lation. Earlier investigators had raised alarm against 
over-the-counter medication for pediatrics, particularly 
regarding parents’ misinterpretations medications’ la-
bels.8 Indiscriminate home medication of non-specific 
symptoms such as fever should not be encouraged 
in the presence of remote health care facilities. The 
available access to these services is confirmed by the 
present finding that 76.2% of the subject children have 
been hospitalized before.

As it has been initially proposed, there is an aware-
ness gap regarding paracetamol pediatric use. This 
is significant regarding the wide use and the ease of 
access to the drug. Most respondents think that the 
maximum dose is 1 suppository or a teaspoon-full 
syrup. This finding is consistent with the previous 
finding that 61% of the investigated community specify 
paracetamol dosing interval as 4 to 6 hours.1 However, 
there is still a notable number of participants who either 
believe a shorter or longer time frame is appropriate 
or are unsure. Most of the respondents (56.1%) think 
that pediatric paracetamol dose is determined accord-
ing to age or weight of the child regardless of other 
determinant variables such as the clinical indication. A 
previous study had reported similar findings (52.6%).1 
58.8% think that overdose of pediatric paracetamol can 
cause harm, wherein only 13% correctly assigned that 
harm to hepatic injury. This result is consistent with the 
previous reports that 50.9% of the investigated com-
munity is aware of the potential harm of an overdose 
of the drug1; that 67.4% of the investigated community 
believe that paracetamol self-medication is potentially 
lethal in overdose7; or that 25.8% were aware of liver 
damage as a side effect of paracetamol.9 Wherein 
16% had previously administered adult paracetamol 
to their children, 9.3% attributed that misuse to its 
effectiveness compared with pediatric forms, 9.6% 
used the full adult dose while 9.3% gave half of the 
adult dose. This determination is less than a previous 
report where most parents believed that, for all pills, 
when split in half, they provide precisely half of the 
therapeutic dose.7 Of those who used a calculated 
dose (7.4%), only 46.2% used a graded instrument. 
This finding is less than the previous determination 
that 64% used a syringe or a graded cup to adjust 

the dose of paracetamol syrup,1 and far less than the 
finding that most 93.8% of the parents indicated their 
use of the measurement tool available in the medicine 
packet.7 Pertaining to expiration of paracetamol syrup 
following bottle opening, most of the respondents 
(38%) assigned the period of 3 months, contrary to an 
earlier determination of assigning this to the manu-
facturer expiration date on the bottle by 44% of the 
investigated sample.1

The preferred pediatric paracetamol dosage form was 
syrup (62.3%) followed by rectal suppositories (10.1%). 
This finding is different from a previous report wherein 
suppository preference (33.8%) predominated over 
syrup (25.4%).1 In an earlier study, it was determined that 
33.8%, 25.4%, or 1.7% preferred suppositories, syrup, or 
drops, respectively.9 This finding may be determined by 
child age group, with suppositories being more com-
monly indicated for toddlers and infants, while syrups 
are more appropriate for school age children. 18.6% 
reported preferring, both forms equally, and only 3.3% 
preferred neonatal drops. Of the respondents, 19.5%, 
16.8%, 11.2%, and 18.7%, owed their preference of rectal 
suppositories to the age of the child, ease of administra-
tion, the doctor’s advice, or effectiveness, respectively. 
The last finding signals a gap of awareness since the 
different dosage forms are usually bioequivalent. A 
similar finding has been reported in a previous study, 
where 32.8% owed their preference of suppositories 
to its therapeutic efficacy compared with other dosage 
forms.1 It is worth mentioning that the efficacy of this 
dosage form depends largely on mastering administra-
tion technique and the storage of suppositories. Health 
care instructions, or demonstration (50.6%) had been 
the source of mastering the technique, and 56.9% kept 
the medicine stored in the refrigerator. In the instances 
that children refused to take the medication 41.2% the 
predominant method used to convince the child to take 
the medication was encouragement and motivation to 
take the medicine (58.3%) among other methods. Ap-
proximately 7% of respondents reported mixing medica-
tion with juice or food which can lead to unanticipated 
food and/or drug interactions. Former investigators 
found that 26.5% revert to coaxing and encouraging the 
reluctant children (36.2%), compared with 24% shifting 
to suppositories, or 18.8% using force with the child.1 
The latter method (e.g., using force) may lead to more 
serious outcomes as aspiration pneumonia, physical 
trauma, or aggrandizement of psychological trauma. 
The respondents assess severity of the children’s ill-
ness (40%) rather than physicians’ consultation (25.4%) 
for repeated re-administration of pediatric paracetamol. 
These determinations are consistent with the previous 
report that 36.9% of parents relay on severity of illness 
rather than physicians’ consultation (15.1%) for repeating 
paracetamol administration.1

Among other sources, physicians are the main source 
of drug information with the reference to be pediatric 
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paracetamol (48.1%). This finding is greater than a 
previous finding that 33.4% identified physicians as 
their source of drug information.1 Friends and relatives 
constitute a source for drug information to 2.4% of our 
respondents. However, non-medically trained friends 
and relatives are an unreliable source of information, 
compared with other sources such as the pharmaceuti-
cal manufacturer leaflet and can pose hazards to the 
subject children. Over-the-counter acquirement of pe-
diatric paracetamol is common to 24.9% of our sample, 
together with another 2.1% obtaining the drug from elec-
tronic marketing suppliers. The findings that 51.1% of our 
sample get the drug after issuance of a prescription 
order does not ameliorate the seriousness of the situ-
ation. It is an important finding that 63% share the drug 
between their children, for the same child, and relatives 
and friends’ children once they developed the same 
symptoms. Similar findings were reported in Palestine,7 
Korea,10 India,11 and Yemen.12 Fever can be presenting 
symptom for a variety of conditions, the management 
of each depends slightly on the underlying cause of 
fever. Regarding the body temperature that indicates 
administration of pediatric paracetamol, the response 
of 77.5% of the caregivers was variable between 38°C 
and 40°C, while 22.5% were unsure. Similar response 
variations have been reported by previous Malaysian2 
and Italian13 researchers.

Limitations
Limitations of our study include the study type be-

ing a cross-sectional study which provides the least 
level of evidence. Interventional cohort studies may 
produce stronger evidence pertaining to the same 
research question. Our study was limited to a single 
local community, expanding to a greater region and 
expanding to additional special populations (e.g., 
geriatric patients) would strengthen the validly of the 
results. A new questionnaire must be designed and 
validated to include new domains. Correlation between 
demographic and respondent responses should have 
been conducted using logistic regression with a view to 
find any beneficial association that may aid in clarifying 
some issues regarding the area under investigation.

Conclusion
A gap exists in parents’ knowledge regarding the ra-

tional use of paracetamol for children in Al-Baha region. 
In as much as paracetamol is widely used, many parents 
are unaware of the essential drug information. A con-
siderable number of parents depend on non-medical 
sources for these information. It has been shown that 
while most parents use paracetamol for their children, a 
notable number of them do so without medical advice, 
or share the drug with other patients. Some parents 
use incorrect dosages, or are unaware of the potential 
harm of overdose. This shows the need for educational 
programs to enhance parent’s knowledge and safe use 

of paracetamol. Educational programs should focus on 
the risks of overdose and the importance of following 
recommended dosages. Our data suggest that the OTC 
dispensing of drugs should be limited until education 
of their safe use is expanded. Health care profession-
als roles are important in educating parents during 
clinical visits. Social media is, yet, an effective tool that 
can be utilized to disseminate correct drug informa-
tion is received. If these gaps in parents’ knowledge 
and practices are narrowed, the safety and efficacy of 
paracetamol use will be enhanced and better health 
outcomes will be obtained in Al-Baha region.

Article Information
Affiliations. Department of Pharmacology (SEAHAH), Faculty 
of Medicine, Al-Baha University (AHAS, AAMH, AAKS, AHSH, 
AFAM, ABIB), Al-Baha, KSA; Department of Pharmacology 
(SEAHAH), Faculty of Medicine, University of Bahri, Khartoum, 
Sudan.

Correspondence. Adham Mohammed H Alghamdi;  
adham.gh002@gmail.com

Disclosures. The authors declare no conflicts or financial in-
terest in any product or service mentioned in the manuscript, 
including grants, equipment, medications, employment, gifts, 
and honoraria. The authors had full access to all the data in the 
study and take responsibility for the integrity of the data and 
the accuracy of the data analysis. All authors attest to meeting 
the four criteria recommended by the ICMJE for authorship 
of this manuscript.

Ethical Approval and Informed Consent. The authors assert 
that all procedures contributing to this work comply with the 
ethical standards of the relevant international guidelines on 
human experimentation and have been approved by the 
appropriate committees at our institution (Al-Baha University 
Faculty of Medicine; No. REC/PHA/BU-FM/2024/37).

Acknowledgments.  The authors wish to acknowledge the 
Faculty of Medicine at Al-Baha University for their kind encour-
agement, and those students who lend hand in the execution 
of the questionnaire.

Submitted. November 8, 2024

Accepted. January 29, 2025

Copyright. Pediatric Pharmacy Association. All rights reserved. 
For permissions, email: membership@pediatricpharmacy.org

Supplemental Material. DOI: 10.5863/JPPT-24-00126.S1

References
1.	 Daifallah A, Jabr R, Al-Tawil F, et al. An assessment of par-

ents’ knowledge and awareness regarding paracetamol 
use in children: a cross-sectional study from Palestine. 
BMC Public Health. 2021;1(1):21.

2.	 Yeoh ET, Goh AWL, Chong CP. Evaluation of the prac-
tices of using paracetamol among parents in treating 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access

mailto:adham.gh002@gmail.com
mailto:membership@pediatricpharmacy.org


Pediatric Paracetamol Use in Al-Baha Haleem, S et al

654	  J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5 www.jppt.org 

their children in Penang, Malaysia. J Appl Pharm Sci. 
2022;12(1):120–130.

3.	 Kloeden B, Tham D, Oakley E, et al. Community use 
of paracetamol and ibuprofen in children with fever. J 
Paediatr Child Health. 2021;57(10):1640–1644.

4.	 Shivbalan S, Sathiyasekeran M, Thomas K. Therapeutic 
misadventure with paracetamol in children. Indian J 
Pharmacol. 2010;42(6):412–415.

5.	 Fareed AS, Al-Raddadi R, Khaled AH. Children drug poi-
soning in Jeddah: Prevalence, pattern and mother’s prac-
tice. J Community Health Management. 2019;6(1):12–20.

6.	 Cheng L, Wang L, He M, et al. Perspectives of children, 
family caregivers, and health professionals about pedi-
atric oncology symptoms: a systematic review. Support 
Care Cancer. 2018;26(1):2957–2971.

7.	 Zyoud S, M Shtaya R, Q Hamadneh D, et al. Parental 
knowledge, attitudes, and practices towards self-med-
ication for their children: a cross-sectional study from 
Palestine. Asia Pacific Family Medicine. 2020;18(1):1.

8.	 Lokker N, Sanders L, Perrin EM, et al. Parental misinter-
pretations of over-the-counter pediatric cough and cold 
medication labels. Pediatrics. 2009;123(6):1464–1471.

9.	 Kamel F, Magadmi R, AbuOuf NM, et al. Knowledge, 
attitude, and practice of paracetamol and ibuprofen 
administration among caregivers of the pediatric age 
group in Jeddah. Cureus. 2021;13(1):e12460.

10.	 You MA, Nam SM, Son YJ. Parental experiences of 
medication administration to children at home and 
understanding of adverse drug events. J Nurs Res. 
2015;23(3):189–196.

11.	 Sontakke S, Magdum A, Jaiswal K, et al. Evaluation of 
parental perception about self-medication and other 
medicine use practices in children. Eur J Pharm Med 
Res. 2015;2(7):179–185.

12.	 Mohanna M. Self-medication with antibiotic in children 
in Sana’a city, Yemen. Oman Med J. 2010;25(1):41–43.

13.	 Lubrano R, Paoli S, Bonci M, et al. Acetaminophen admin-
istration in pediatric age: an observational prospective 
cross-sectional study. Ital J Pediatr. 2016;42(1):20.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access



	 J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5	 655www.jppt.org 

JPPT | Single Center Retrospective Study

Brief Practice Report

Effectiveness and Safety of Outpatient Monoclonal 
Antibody Use for the Treatment of COVID-19 in 
Children and Adolescents: Single Center Study
Julia Cheng, BS; Emily Heideman, MD; Claudia Espinosa, MD, MSc; Kristen Zeitler, PharmD; Nicholas Piccicacco, PharmD; 
and Claudia Gaviria-Agudelo, MD, MSc

OBJECTIVE Monoclonal antibody therapy has been used to treat COVID-19, with paucity of literature about 
its use in children. This retrospective study sought to evaluate the effectiveness of preventing hospital-
ization and safety of monoclonal antibody (mAb) treatment (bamlanivimab-etesevimab and casirivimab-
imdevimab) for COVID-19 in patients ≤18 years of age.

METHODS Between January 1 and December 31, 2021, patients were selected for mAb therapy, based on 
the referring provider’s clinical assessment of high risk for progression to severe COVID-19. The choice of 
mAb was determined by drug availability, compounding feasibility, and documented in vitro activity against 
circulating SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) variants. All patients received 
a single-dose infusion. Primary outcomes included hospital readmissions and emergency department (ED) 
visits within 90 days of treatment. The secondary outcome was safety/adverse events.

RESULTS Of 141 patients who received mAbs in 2021, only 3 experienced ongoing COVID-19 symptoms. 
Only 1 patient necessitated escalated care owing to persistent COVID-19 symptoms post infusion. There 
were no infusion-related side effects or hospitalizations in the 90 days post infusion.

CONCLUSION Monoclonal antibodies appear to be safe and effective in preventing hospitalizations in 
COVID-19–positive children.

ABBREVIATIONS Bam-Ete, bamlanivimab-etesivimab; Cas-Imd, casirivimab-imdevimab; ED, emergency 
department; mAb, monoclonal antibody; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2 

KEYWORDS COVID-19; immunotherapy; monoclonal antibodies; pediatrics
J Pediatr Pharmacol Ther 2025;30(5):655–659

DOI: 10.5863/JPPT-24-00095

Introduction
The COVID-19 pandemic demanded the timely 

development of new therapeutics for prevention 
and treatment of COVID-19 infection. Aside from 
new vaccines, and few antivirals, monoclonal anti-
bodies (mAbs) emerged as alternative treatment of 
COVID-19 in selected patients.1 Monoclonal antibod-
ies were approved for treatment of mild to moder-
ate COVID-19 disease by the US Food and Drug 
Administration under emergency use authorization. 
The first mAb treatment to receive approval was 
bamlanivimab alone in November 2020 and later for 
the combination bamlanivimab-etesevimab (Bam-Ete) 
in February 2021. This was followed by authorization 
of casirivimab-imdevimab (Cas-Imd) months later.2 
Bamlanivimab is an immunoglobulin G1 antibody that 
binds to the receptor-binding domain of the spike 
protein of SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus 2).3 The antibody was approved 

for use in patients ≥12 years of age; however, the trials 
investigating bamlanivimab’s efficacy included only 
patients ≥18 years of age at the time of randomiza-
tion. Combination treatment with Bam-Ete (which also 
targets SARS-CoV-2 spike protein receptor-binding 
domain) was approved to treat younger pediatric 
patients including newborns in December 2021.4

Casirivimab and imdevimab (Cas-Imd), 2 additional 
mAbs targeting the spike protein of SARS-CoV-2, were 
also approved in November 2020. Again, the mAbs 
were approved for patients ≥12 years of age, because 
early investigations of Cas-Imd included only patients 
of this age group.5–7

There has been scarcity of systematic studies report-
ing the safety and effectiveness of these treatments in 
the pediatric population. We aim to describe the safety 
and effectiveness of mAb use in patients aged 18 years 
and younger who had at least 1 risk factor for progres-
sion to severe COVID-19 disease.
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Materials and Methods
Patients 18 years and younger who received bamla-

nivimab, Bam-Ete, or Cas-Imd for treatment of mild to 
moderate COVID-19 disease at Tampa General Hospital 
were identified retrospectively through pharmacy re-
cords and by electronic medical record review. Disease 
categorization was based on the Centers for Disease 
Control and Prevention classification of COVID-19 
severity in children—mild: requiring no specific medi-
cal care or treatment; moderate: potentially needing 
outpatient care, oxygen, or other medical support; 
or severe: involving hospitalization, intensive care 
unit admission, or mechanical ventilation.8 Patients’ 
medical records were reviewed from January 1, 2021, 
to December 31, 2021.

Examples of risk factors considered to increase 
the risk of progression to severe COVID-19 included 
obesity (body mass index >30), use of immunosuppres-
sion medications, immunodeficiency diseases, chronic 
kidney disease (estimated glomerular filtration rate <90 
mL/min/1.73 m2), solid organ transplant, congenital heart 
disease, chronic respiratory disease (including asthma), 
neurodevelopmental disorder, and dependence on a 
gastrostomy or tracheostomy tube. Of note, owing to 
the high volume of patients infused with mAb at our 
site, as well as some patients being referred for mAb 
therapy from outside our hospital system, the high-risk 
indication for mAb was not readily documented for all 
patients. The specific mAb agent administered was 
dependent on drug inventory and allocation, ease of 
compounding to accommodate high-infusion clinic 
volumes, and documented pseudoviral, in vitro mAb 
activity against the predominant circulating variant at 
the time of each surge. Dosing was a single infusion 
provided at the infusion clinic within the hospital; the 
infusion would last 30 to 60 minutes. Patients were 
monitored for an hour post administration for any side 
effects.

Data on age, sex, race, underlying condition, and 
COVID-19 screening were collected. Our primary 
outcomes were readmission rates and emergency 
department (ED) visits within 90 days. The secondary 
outcome was safety. Descriptive statistics were used to 
analyze the population demographics and outcomes.

Results
A total of 141 pediatric patients received a single 

infusion of mAb during the study period. Five patients 
(3.6%) received bamlanivimab, 9 (6.4%) received Bam-
Ete, and 127 (90.1%) received Cas-Imd. The mean age 
was 15 years and ranged between 10 months and 18 
years (IQR = 13.6-17; SD = 2.3). More than half of the pa-
tients self-identified as White (n = 82; 58.2%), 16 (11.4%) 
as African American, 16 (11.4%) as Hispanic, 8 (5.7%) as 
other race, and 19 (13.5%) declined to disclose their 
race. Two patients below age 12 years received mAb 
under compassionate use. The majority (n = 103; 73.0%) 

had antigen-confirmed COVID-19 infection, while 38 
subjects (27.0%) underwent SARS-CoV-2 polymerase 
chain reaction testing. The most common underlying 
condition was asthma (n = 38; 27.0%), followed by 
obesity (n = 29; 20.6%), and immunocompromised state  
(n = 9; 6.4%) (Table 1).

None of the patients were hospitalized for 90 days 
post infusion. There were no significant variations 
identified in clinical response according to race/
ethnicity. Within 90 days of receiving mAb, only 3 
patients (2.1%) experienced ongoing COVID-19 symp-
toms (Table 2). All 3 received Cas-Imd. Two patients 
phoned in to report symptoms: one experienced 
continuous vomiting for 3 days post infusion and the 
second experienced nausea and vomiting. The third 
patient visited the ED 1 day after infusion with worsen-
ing COVID-19 symptoms. Chest x-ray was performed, 
leading to a diagnosis of bacterial pneumonia, and 
the patient was treated with amoxicillin-clavulanate. 
No infusion-related side effects, including rashes, 
urticaria, or anaphylaxis, were observed in any of the 
patients during infusion or after standard observation 
period. The 2 patients receiving mAbs under compas-
sionate use were hospitalized. The 8-year-old patient 
receiving chronic immunosuppression therapy (pred-
nisone, mycophenolate, and cyclosporine) owing to 
kidney transplant was admitted for the infusion, had 
no adverse infusion-related events, and required no 
escalation of care. The 10-month-old with ornithine 
transcarbamylase deficiency was admitted for treat-
ment of hyperammonemia and COVID-19. He had 
no adverse infusion-related events and needed no 
escalation of care for COVID-19 symptoms but was 
hospitalized for 13 days owing to hyperammonemia.

Discussion
Our study found that no patients were hospitalized 

within 90 days of single-dose mAb administration and 
that mAbs were safe for treatment of COVID-19 in pe-
diatric patients. Overall, patients in our study tolerated 
mAb infusions with less side effects than other authors 
have reported in the literature and had a lower rate of 
escalation of care. This may be due to healthier start-
ing population.

Santos et al9 reported that of 44 pediatric patients 
with risk factors of obesity and/or asthma who received 
bamlanivimab, Bam-Ete, or Cas-Imd, 38 experienced 
improvement of COVID-19 symptoms, 2 did not 
improve clinically, 3 did not keep their follow-up ap-
pointment, and 1 did not complete infusion owing to 
infusion-related adverse events. Two patients were 
evaluated at the ED within 28 days of infusion. One 
had shortness of breath and received treatment with 
albuterol and the other had cervical lymphadenitis. 
Both were discharged home. The patient who had 
infusion-related adverse events had shortness of 
breath and flushing that resolved after administration 
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of diphenhydramine and dexamethasone, and infusion 
was stopped. In comparison, our study had a lower 
percentage of participants with obesity (80% vs 20.6%) 
and asthma (43% vs 27.0%).9

Compared with our study, other published studies 
that included higher proportions of immunocompro-
mised pediatric patients suggest that mAbs were less 
effective and safe for these populations. Despite this, 
most of their patients experienced improvement of 
COVID-19 symptoms with mAb infusion. Bahakel et 
al10 reported a study of 94 patients ranging in age 
from 12 to 25 years with a higher percentage of im-
munocompromised patients than in our study (73% vs 
5.7%). However, the percentage of patients with obesity 
was similar in both studies (26.9% and 20.6%). Of note, 
mAb therapy had greater efficacy in our population, 
with escalation of care necessary for only 1.4% of our 
population, compared with 12.7% of their patients. Pa-
tients in our cohort did not experience infusion-related 
adverse events, compared with a reported 10.1% of 
patients in their study.10

Another study, by Sherman et al,11 included 142 pa-
tients, with 32% classified as immunosuppressed and 
39% classified as obese. They had a higher rate in 
escalation of care than in our study (6% vs 0.7%). In the 
study of Sherman et al,11 4 of the 8 patients admitted in 
the 30 days post infusion were immunocompromised, 
while the other 4 had other underlying conditions. None 
of these patients went to the intensive care unit or died. 

Our population did not experience infusion-related 
adverse events as previously mentioned.

Blind et al12 included 182 patients ranging in age 
from 10 months to 21 years with a higher proportion of 
participants (25%) classified with “severe immunosup-
pression,” while our study had 5.7% of participants with 
immunocompromised status. In their cohort, 15 patients 
experienced ongoing COVID-19 symptoms in the 30 
days after infusion—13 sought medical attention (2 went 
to their primary care provider, 3 received care in the 
ED, and 8 were hospitalized). One patient died from 
COVID-19 complications 23 days post infusion. This 
patient was actively receiving chemotherapy and was 
severely immunosuppressed. Blind et al12 also reported 
7 patients (4%) with infusion-related adverse events, but 
all completed their infusion therapy.

The evolution of the pandemic necessitated changes 
in the guidelines for mAb use. At the time of this writing, 
mAbs are no longer recommended for treatment of 
COVID-19 owing to the high mutability of later viral vari-
ants. However, these data remain valuable as a bridge 
in the knowledge gap of how children and adolescents 
respond to mAb treatment for this viral illness.

Limitations
Limitations of our study include its retrospective 

design, single center, small sample size, and lack of 
information regarding subjects’ COVID-19 vaccination 
status. The analysis did not take into consideration 

Table 1. Demographics and Clinical Characteristics

Patient Characteristics n (%)

Cas/Imd (n = 127) Bam/Ete (n = 9) Bam (n = 5)

Age, mean ± SD, yr 15.25 ± 2.0 16.15 ± 1.0 15.32 ± 1.5

Sex
 Male 69 (54.3) 6 (66.7) 2 (40)
 Female 58 (45.7) 3 (33.3) 3 (60)

Race
 White 76 (59.8) 3 (33.3) 2 (40)
 African American 13 (10.2) 2 (22.2) 0
 Hispanic 12 (9.4) 2 (22.2) 2 (40)
 Other 4 (3.1) 1 (11.1) 1 (20)
 Unknown 18 (14.2) 1 (11.1) 0

No underlying condition 75 (59.1) 5 (55.6) 0

Underlying condition(s) 52 (40.1) 4 (44.4) 5 (100)
 Asthma 24 (18.9) 2 (22.2) 3 (60)
 Obesity (BMI >30) 13 (10.2) 3 (33.3) 1 (20)
 Immunocompromised 7 (5.5) 0 2 (40)
 Chronic kidney disease 1 (0.8) 0 0

COVID-19 screening
 Antigen-confirmed COVID-19 95 (74.8) 5 (55.6) 1 (20)
 PCR-confirmed COVID-19 30 (23.6) 4 (44.4) 4 (80)
 No test done 1 (0.8) 0 0

Bam/Ete, bamlanivimab-etesivimab; BMI, body mass index; Cas/Imd, casirivimab-imdevimab; PCR, polymerase chain reaction
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circulating variants of SARS-CoV-2. Additionally, we did 
not include sotrovimab, an additional mAb approved 
for treatment of COVID-19.

Conclusions
In summary, single doses of mAb infusion included 

in our study were well-tolerated therapies for chil-
dren and adolescents infected with COVID-19 who 
have at least 1 risk factor for progression to severe 
disease in our population. Our data suggest that 
mAbs are safe for use in children and adolescents, 
as demonstrated through the low rate of adverse 
events and absence of hospitalizations. It also dem-
onstrates that mAb therapy is effective in prevent-
ing hospitalizations and progression of the disease, 
as only 1 patient required escalation of care due to 
unresolved COVID-19 symptoms after infusion. It is 
important to continue surveillance and data collection 
to monitor the long-term safety and effectiveness of 
mAb therapies in pediatric patients with COVID-19, 
particularly in the context of evolving viral variants 
and treatment guidelines.
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Assessing Confidence in Adolescent Mental Health 
Pharmacotherapy in Pediatric Medical Residents
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Irene Raju; Darya Razmara; and Samantha Catanzano, PharmD

OBJECTIVE The objective of this study was to assess first through third year pediatric medical residents’ 
confidence levels surrounding first-line pharmacotherapy for common mental health conditions in the pedi-
atric patient population and identify areas of need in resident education initiatives.

METHODS From April 2024 through June 2024, 68 pediatric medical residents participating in a pediatric 
residency program at an academic tertiary medical center were invited to complete a self-assessment 
questionnaire. Residents rated their confidence in developing a treatment plan, prescribing, and counseling 
on medications for pediatric mental health conditions, general physical health conditions, and pharmaco-
therapy using a 5-point Likert scale.

RESULTS A total of 28 pediatric medical residents (41% response rate), ranging from postgraduate year 1 to 
year 3, completed the survey. Compared with physical health conditions, pediatric mental health conditions 
were associated with lower confidence scores in medical residents in the areas of developing a treatment 
plan (mean 3.31 vs 4.28, p < 0.001), prescribing medication (mean 2.77 vs 4.02, p<0.001), and counseling on 
medication side effects (mean 2.94 vs 4.01, p < 0.001).

CONCLUSIONS This study highlights significant gaps in medical residents’ confidence in managing pediat-
ric mental health pharmacotherapy compared with physical health conditions within a single institution’s 
residency program.

ABBREVIATIONS PGY, postgraduate year 

KEYWORDS adolescent; medical education; mental health; pediatric; surveys and questionnaires
J Pediatr Pharmacol Ther 2025;30(5):660–667
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Introduction
Mental health conditions are common among pe-

diatric and adolescent populations. The Centers for 
Disease Control and Prevention’s Annual Youth Risk 
Behavior Survey demonstrated that 40% of high school 
students reported persistent feelings of sadness or 
hopelessness for weeks in a row, leading to a cessation 
of usual activities.1 Furthermore, mental health condi-
tions are one of the most common causes of hospital-
ization among adolescents.2 The recent increase in the 
prevalence and severity of mental health conditions 
and psychotropic prescribing led to the declaration of 
a national emergency in child and adolescent psychia-
try in the United States in 2021.3 Not only are mental 
health conditions common, but many patients do not 
receive care. In 2021 and 2022, approximately half of 
children with a treatable mental health condition did not 
receive mental health care when needed in the United 
States.4 In addition, prescribers recognize there are bar-
riers to patients receiving adequate care, as a survey 
conducted in 2017–2018 revealed that more than 85% 

of health practices surveyed reported it was difficult to 
obtain pediatric behavioral health advice and services 
for patients.5 Overall, there is an imminent need to 
provide adequate education regarding pediatric mental 
health care to future pediatricians, as pediatricians have 
a growing role in pediatric mental health care.

Pediatric medical residency programs in the United 
States are structured to provide broad and intensive 
training across various pediatric care areas. In addition 
to being certified by the American Board of Pediatrics 
or the American Osteopathic Board of Pediatrics, 
pediatrician candidates must complete a program 
requiring at least 36 months of residency practice.6,7 
According to the Accreditation Council for Gradu-
ate Medical Education, pediatric medical residency 
training must include at least 40 weeks dedicated to 
pediatric ambulatory care and 40 weeks focused on 
pediatric and neonatal inpatient care.6,7 The mental 
health training component of the program comprises 
a small proportion of the overall requirements, with 
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only 4 weeks specifically allocated to the mental health 
specialty.6 This limited exposure contrasts with the more 
intensive training provided in other disciplines, such as 
within psychiatry residency programs. It may impact 
residents’ confidence and preparedness in pediatric 
mental health care.

Currently, the focus on pediatric mental health 
within the educational program for medical residents 
is limited because of the overall educational require-
ments imposed by the American Board of Pediatrics. 
Residents complete the required 4 weeks of mental 
health-focused rotations in both outpatient and in-
patient settings and see patients with mental health 
conditions within general inpatient and outpatient 
rotations. However, the pharmacotherapy education 
may be overshadowed by the other physical health 
conditions treated during these rotations. This study 
aims to assess pediatric medical residents’ confidence 
levels surrounding pharmacotherapy for common men-
tal health conditions in the pediatric patient population. 
These factors that influence confidence levels and to 
help identify areas of need in medical resident educa-
tion initiatives.

Methods
This study was conducted in a pediatric hospital 

system located in Texas, providing a broad range of 
medical services to children from 46 counties. The 
center is recognized for its comprehensive specialty 
care, including general and highly specialized medical 
services. The hospital serves a diverse group of pedi-
atric patients, including many who require specialized 
care for mental health conditions treated in dedicated 
behavioral health units and throughout the hospital. 
This institution trains approximately 70 pediatric medi-
cal residents annually, offering hands-on experience in 
various medical disciplines in both inpatient and out-
patient settings, with a mental health specialty practice 
provided during two 2-week inpatient rotations. The 
pediatric medical residents spend time in both the be-
havioral health unit, where the psychiatric team serves 
as the primary team, and with the consulting psychiatric 
team on the general floors. Pharmacists play a crucial 
role in training these pediatric medical residents, con-
tributing their expertise in medication management and 
therapeutic strategies for various mental health and 
physical health disease states through multidisciplinary 
rounding. Currently, there is 1 pediatric psychiatric clini-
cal pharmacist who serves the hospital in the behavioral 
health unit and the psychiatric consult team.

The primary objective of this study was to assess 
the confidence levels of pediatric medical residents in 
prescribing, counseling, and making treatment plans for 
mental health conditions. Secondary objectives were 
to quantify previous psychiatry experiences, identify 
areas of greatest need or potential gaps in education, 
and quantify interest in educational initiatives. A com-

prehensive electronic survey was developed using the 
Qualtrics platform to assess the confidence levels of 
residents in their knowledge of pediatric mental health 
pharmacotherapy and care planning. Survey questions 
were developed in alignment with previously con-
ducted surveys in the literature. They were reviewed 
and adjusted based on feedback from local content 
experts, including a pediatric psychiatric pharmacist 
and a pediatric hospitalist.8,9 The final draft of the survey 
included questions that rated residents’ confidence in 
prescribing medications, developing treatment plans, 
and counseling patients for common pediatric mental 
health conditions, as well as other common pediatric 
medical conditions.

The 17-question survey, shown in Table 1, consisted 
of multiple-choice questions, open-ended queries, and 
Likert scale items. The survey addressed participants’ 
current roles, anticipated practice settings, past experi-
ences in pediatrics and psychiatry, resource usage for 
pediatric mental health treatment, and confidence in 
pharmacotherapeutic treatment planning, prescribing, 
and counseling. Confidence was self-assessed on a 
5-point Likert scale (none [1], poor [2], fair [3], good [4], 
and excellent [5]).

The survey was distributed to postgraduate year 1 
(PGY1), PGY2, and PGY3 pediatric medical residents via 
email and in-person printed QR codes, with 68 medical 
residents targeted for survey participation. The survey 
was open from April 2, 2024, through June 21, 2024. 
Descriptive statistics were employed to summarize 
demographic information, and open-ended responses 
were subject to qualitative analysis to extract meaning-
ful insights based on trends in the responses. Likert 
scale responses were analyzed to quantify participant 
confidence levels of each disease state or medica-
tion class. The aggregate mean for all mental health 
portions of each section was compared with the ag-
gregate mean for all physical health conditions using 
the Wilcoxon Signed Ranks test with an alpha level α = 
0.05 for significance.

Results
The survey was completed by 28 residents (response 

rate 41%) over the course of the survey period. Charac-
teristics of the residents who completed the survey can 
be seen in Table 2. Of the residents who completed 
the survey, the majority were in the first year of their 
program and had a prior psychiatry rotation during 
medical school, residency, or both periods of time. 
Most residents (75%) reported spending 1 to 4 weeks 
in psychiatry rotations during their residency. During 
medical school rotations, the duration varied, with 57% 
of residents spending 1 to 4 weeks and 39% spending 
5 to 8 weeks. Over half (54%) of the residents also 
reported personal or family experience with medica-
tions for mental health conditions. A slightly greater 
proportion of residents anticipate participating in an 
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Table 1. Survey Questions

Question # Question Answer Choices

1 Which of the following best describes your current role? • �PGY1
• �PGY2
• �PGY3

2 Where do you anticipate practicing in the future? • �Inpatient
• �Outpatient
• �Other

3 What prior experience do you have in psychiatry? (Select all 
that apply)

• �None
• �Psychiatry rotation (medical school)
• �Psychiatry rotation (residency)
• �Personal/family experience with 

medications for mental health 
conditions

• �Work experience

3a How many weeks of prior psychiatric rotation experience in 
medical school do you have?

• �1–4 wk
• �5–8 wk
• �>8 wk

3b How many weeks of prior psychiatric rotation experience in 
residency do you have?

• �1–4 wk
• �5–8 wk
• �>8 wk

3c How many weeks of prior work experience in psychiatry do 
you have?

• �1–4 wk
• �5–8 wk
• �>8 wk

4 Please rate your confidence in DEVELOPING A TREATMENT 
PLAN for the following mental health conditions in pediatric 
populations: anxiety, attention-deficit/hyperactivity disorder 
(ADHD), autism spectrum disorder (ASD), behavioral/conduct 
disorders, depression

• �None
• �Poor
• �Fair
• �Good
• �Excellent

5 Please rate your confidence in DEVELOPING A TREATMENT 
PLAN for the following medical conditions in pediatric 
populations: asthma, diabetes, community-acquired 
pneumonia, skin/soft tissue infection, constipation

• �None
• �Poor
• �Fair
• �Good
• �Excellent

6 Please rate your confidence in PRESCRIBING the following 
medication classes for mental health indications in pediatric 
populations: antipsychotics (eg, risperidone), SNRIs (eg, 
duloxetine), SSRIs (eg, escitalopram, fluoxetine), stimulants 
(eg, amphetamines, methylphenidate), mood stabilizers (eg, 
lamotrigine, lithium)

• �None
• �Poor
• �Fair
• �Good
• �Excellent

7 Please rate your confidence in PRESCRIBING the following 
medication classes for medical indications in pediatric 
populations: anti-asthmatics (eg, albuterol, fluticasone), insulin, 
antimicrobials (eg, penicillin, vancomycin), stimulant laxatives/
stool softeners (eg, bisacodyl, senna, docusate, polyethylene 
glycol)

• �None
• �Poor
• �Fair
• �Good
• �Excellent

8 Please rate your confidence in COUNSELING ON SIDE 
EFFECTS of following medication classes for mental health 
indications to pediatric populations and their caregivers: 
antipsychotics (eg, risperidone), SNRIs (eg, duloxetine), SSRIs 
(eg, escitalopram, fluoxetine), stimulants (eg, amphetamines, 
methylphenidate), mood stabilizers (eg, lamotrigine, lithium)

• �None
• �Poor
• �Fair
• �Good
• �Excellent

(Table cont. on page 663)
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outpatient practice site (46%) compared with an inpa-
tient site (39%) in the future, with some reporting the 
intention to practice in both settings (14%).

The survey results reveal varying levels of confidence 
among medical residents in developing treatment 
plans, prescribing medications, and counseling patients 
across different disease states and drug classes, as 
shown in Table 3 and the Figure. When comparing 
aggregate data from all physical health conditions 
surveyed to all mental health conditions, mental health 
conditions overall were associated with lower confi-
dence scores in the areas of developing a treatment 
plan (mean 3.31 vs 4.28, p < 0.001), prescribing medica-
tion (mean 2.77 vs 4.02, p < 0.001), and counseling on 
medication side effects (mean 2.94 vs 4.01, p < 0.001).

Confidence levels for managing physical health 
conditions, such as asthma, community-acquired pneu-
monia, and skin/soft tissue infections, were consistently 
higher than those for developing a treatment plan for 
mental health conditions, such as depression, anxiety, 
and autism spectrum disorder, as shown in Table 3. Con-

fidence in prescribing medications for mental health 
conditions, such as antipsychotics, mood stabilizers, 
antidepressants, and stimulants, was lower, with 29% of 
residents rating their confidence as” good” or excellent” 
compared with 78% for physical health condition medi-
cations, such as antimicrobials, inhalers, and stimulant 
laxatives/stool softeners. Additionally, confidence levels 
for counseling on medication side effects were lower 
for mental health medications compared with physical 
health condition medications. Specifically, medication 
counseling confidence ratings of “good” or “excellent” 
were given by 87% of respondents for physical health 
condition treatments (excluding diabetes). In compari-
son, only 31% of respondents rated their confidence as 
“good” or “excellent” for mental health medications.

When asked how likely they were to participate in 
additional training or educational sessions, 47% of 
residents selected “very” or “extremely likely,” with 
39% selecting “moderately” likely. Residents were 
also asked questions about their preferred methods 
for enhancing their pediatric mental health education. 

Question # Question Answer Choices

9 Please rate your confidence in COUNSELING ON SIDE 
EFFECTS of following medication classes for medical 
indications to pediatric populations and their caregivers: anti-
asthmatics (eg, albuterol, fluticasone), insulin, antimicrobials 
(eg, penicillin, vancomycin), stimulant laxatives/stool softeners 
(eg, bisacodyl, senna, docusate, polyethylene glycol)

• �None
• �Poor
• �Fair
• �Good
• �Excellent

10 What resources do you use currently in regard to pediatric 
mental health treatment? (Select all that apply)

• �Internal guidelines
• �American Academy of Child and 

Adolescent Psychiatry (AACAP)
• �American Academy of Pediatrics 

(AAP)
• �Tertiary Database (Lexicomp, 

UpToDate)
• �Texas Health and Human Services 

Psychotropic Medication Use 
Parameter Guidelines

• �Other

11 What other pediatric mental health conditions/medication 
classes do you want to know more about?

Free-text response

12 Which of the following do you believe could enhance your 
education about pediatric mental health treatment in the 
residency program? (Select all that apply)

• �Lectures
• �Online modules
• �Additional rotations
• �None
• �Other

13 What suggestions do you have for improving education about 
pediatric mental health treatment in your program?

Free-text response

14 How likely are you to participate in additional training or 
educational sessions related to pediatric mental health, if 
offered?

• �Not at all
• �Slightly
• �Moderately
• �Very, Extremely

PGY, postgraduate year

Table 1. Survey Questions (cont.)
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Participants were able to select as many choices as 
they wished. Lectures were the most commonly se-
lected educational method (n = 22), followed by online 
modules (n = 12) and additional rotations (n = 11). None 
of the respondents selected “none” in response to this 
question. When asked in an open-ended format about 
other pediatric mental health conditions or medica-
tion classes, the residents were interested in knowing 
more about the following topics: obsessive-compulsive 
disorder, oppositional defiant disorder, conduct or 
behavioral disorders, agitation, antipsychotics, and 
serotonin-norepinephrine reuptake inhibitors.

Discussion
This study highlights a disparity in medical residents’ 

confidence levels between managing pediatric men-
tal health conditions and physical health conditions. 
Pediatric residents report lower confidence in their 
ability to develop treatment plans, prescribe medica-
tions, and counsel patients regarding mental health 
pharmacotherapy compared with other disease states, 
including asthma and infectious diseases. Confidence 
in insulin and diabetes management was lower than 
in other medical conditions, likely due to the endocri-
nology team serving as the primary team managing 
these medications, with less resident involvement in 
ordering and counseling of insulin. The discrepancy in 
treatment confidence in mental health conditions could 
potentially be attributed to the limited guidelines and 
resources for mental health conditions compared with 
the wide variety of guidelines and resources available 

Table 2. Study Sample Characteristics

Characteristic N = 28 
n (%)

Role
 PGY1 13 (46)
 PGY2 8 (29)
 PGY3 7 (25)

Anticipated practice site
 Inpatient 11 (39)
 Outpatient 13 (46)
 Other* 4 (14)

Prior psychiatry experience
 None 0 (0)
 �Psychiatry rotation (medical 

school)
27 (96)

 Psychiatry rotation (residency) 21 (75)
 �Personal/family experience with 

medications for mental health 
conditions

15 (54)

 Work experience 2 (7)

PGY, postgraduate year

* �Those that indicated “other” planned to practice in both inpatient 
and outpatient sites.

Table 3. Confidence Ratings for Specific Pediatric 
Mental Health and Physical Conditions

N = 28 
Mean ± 

SD

N = 28 
Mean ± 

SD

Developing a treatment plan

Mental Health Physical Conditions

Anxiety 3.64 ± 
0.621

Asthma 4.5 ± 
0.577

ADHD 3.82 ± 
0.67

Diabetes 3.61 ± 
0.832

Autism 
spectrum 
disorder

2.96 ± 
0.838

Community 
Acquired 
pneumonia

4.46 ± 
0.576

Behavioral 
conduct 
disorders

2.29 ± 
0.46

Skin/soft 
tissue 
infections

4.39 ± 
0.629

Depression 3.79 ± 
0.568

Constipation 4.43 ± 
0.573

Prescribing medication

Mental Health Medications Physical Conditions 
Medications

Antipsychotics 1.89 ± 
0.497

Anti-
asthmatics

4.43 ± 
0.573

SNRI 2.64 ± 
0.731

Insulin 2.93 ± 
1.016

SSRI 3.75 ± 
0.701

Antimicrobials 4.39 ± 
0.629

Stimulants 3.68 ± 
0.819

Stimulant 
laxatives/stool 
softener

4.32 ± 
0.612

Mood 
stabilizers

1.89 ± 
0.685

Counseling on side effects of medication

Mental Health Medications Physical Conditions 
Medications

Antipsychotics 2.5 ± 
0.962

Anti-
asthmatics

4.18 ± 
0.723

SNRI 2.71 ± 
0.976

Insulin 3.64 ± 
0.911

SSRI 3.64 ± 
0.951

Antimicrobials 4.11 ± 
0.737

Stimulants 3.75 ± 
0.928

Stimulant 
laxatives/stool 
softener

4.11 ± 
0.832

Mood 
stabilizers

2.07 ± 
0.979

ADHD, attention-deficit/hyperactivity disorder; SNRIs, serotonin and 
norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake 
inhibitors

Likert scale confidence: 1 = none; 2 = poor; 3 = fair; 4 = good;  
5 = excellent.
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for common medical conditions surveyed. In addition, it 
is important to note that pharmacotherapy is often not 
first-line therapy for mental health conditions, which 
could lead to decreased confidence in the pharmaco-
therapy used in these conditions.10 Given the substantial 
role that pediatricians often play in addressing mental 
health needs due to lack of access and shortages in 
psychiatric specialists, closing this gap is key to increas-
ing the provision of pediatric mental healthcare.11,12

A vast majority of the residents in this study had previ-
ous exposure to mental health or psychiatric training, 
with 96% of respondents reporting the completion of 
a psychiatric rotation during medical school training, 
and 75% disclosing having a rotation during residency 
before taking this survey. Notably, there is a disconnect 
between exposure to psychiatric training and effectively 
managing mental health conditions, as resident comfort 
in managing and prescribing common psychotropic 
medications remains low. This insight illustrates that 
the current structure and content of psychiatric training 
may be insufficient in providing the necessary knowl-
edge to ensure residents feel adequately prepared 
for optimizing patient outcomes as it relates to mental 
health. While residents are exposed to mental health 
training, the duration and intensity of their training may 
be fragmented and less likely to foster the requisite 
skills needed for the effective management of pediatric 

mental health conditions. This is evident at the study 
institution, where residents’ mental health exposure is 
conducted in 2-week sections, which, according to the 
results of this study, may not be an adequate amount 
of time to instill confidence. At the study institution, 
residents are trained in various areas with access to 
robust online guidelines, resources, and simulations 
to practice different skills. At present, there are limited 
mental health guidelines available on the facility’s 
internal intranet, and physical health conditions may 
overshadow mental health conditions treated in the 
inpatient setting during bedside rounds teaching.

These findings are consistent with previously 
conducted studies that have explored the efficacy 
of different training models in enhancing residents’ 
confidence and competence in mental health care.13,14 
This study distinguishes itself by focusing on the 
pharmacological aspects of mental health conditions, 
specifically examining individual medications and drug 
classes in comparison to physical health conditions 
and their associated medications. Previous research 
has generally taken a broader approach, emphasizing 
the management of conditions, diagnosis, and overall 
medication titration, without concentrating on specific 
drugs. Other studies suggest that medical residents 
have low confidence in treating pediatric mental health 
conditions and have suggested ways to help improve 

Figure. Overall average medical resident confidence levels for developing a treatment 
plan, prescribing, and counseling on side effects of medications for common mental health 
conditions compared with medical conditions in pediatric populations.

Likert scale confidence: 1 = none; 2 = poor; 3 = fair; 4 = good; 5 = excellent.

* p < 0.05 is statistically significant.
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these confidence levels. One such study demonstrated 
that an integrated mental health training model, where 
mental health specialists either provided independent 
care in the same building or collaborated with the 
medical residents, resulted in a notable increase in 
confidence in prescribing psychotropic medications.13 
Additionally, it has been shown that introducing a cur-
riculum that includes a multidisciplinary, case-based, 
active learning approach to covering mental health 
conditions increases resident confidence and retention 
related to the pharmacologic management of mental 
health disease states.14

In previously conducted studies regarding resident 
preferences for education, bedside teaching and 
hands-on learning were preferred over other types of 
education.15,16 For this study, the goal was to explore 
additional teaching methods that could be offered to 
supplement the bedside learning that is already pro-
vided to residents. Although bedside learning was not 
offered as a preferred learning strategy in our survey, 
bedside learning should still be considered and opti-
mized alongside didactic education. Additionally, of 
the 28 responses, no residents selected “none” when 
asked about their preferred education method, indicat-
ing a strong interest in improving their education. The 
information gained from this study can be leveraged 
to develop educational programs that align with resi-
dents’ preferences by incorporating a mix of didactic 
lectures and additional resources, thereby providing a 
more comprehensive and effective training experience.

Given previous studies showing the benefit of a multi-
disciplinary approach in improving resident confidence 
levels, pharmacists can play a crucial role in address-
ing the confidence gap among medical residents by 
leveraging their expertise in pharmacotherapy. Studies 
have shown that pharmacist-led didactic educational 
sessions can significantly increase medical residents’ 
pharmacotherapy knowledge.17 Therefore, pharmacists 
are vital to educational efforts in both didactic settings 
and experiential teaching models (eg, multidisciplinary 
rounding). At the study institution, pharmacists already 
collaborate closely with residents during rounds and 
have various educational handouts for physical health 
conditions, but mental health conditions are currently 
less emphasized. To address this, pharmacists can 
develop targeted educational sessions and materials 
focused on mental health pharmacotherapy, covering 
medication management, monitoring side effects, and 
providing patient counseling. By providing practical, 
case-based learning opportunities and fostering a 
supportive learning environment, pharmacists can 
help residents gain the necessary skills to effectively 
manage pediatric mental health conditions and ensure 
they are well-prepared to address the mental health 
needs of pediatric patients.

This study highlights the gap in the confidence 
levels of pediatric medical residents regarding mental 

health pharmacotherapy, particularly in developing 
treatment plans and prescribing pharmacotherapy. 
This confidence gap may exacerbate the ongoing 
adolescent mental health crisis, as providers may 
be less equipped to address these patients or may 
unintentionally develop suboptimal treatment plans. 
It could be extrapolated that discomfort in counsel-
ing may correlate with discomfort in mental health 
pharmacotherapy prescribing, which can ultimately 
lead to reduced patient satisfaction and trust in their 
provider to plan their care. This also emphasizes the 
role of the pharmacist to provide appropriate medi-
cation counseling, as some physicians may not feel 
equipped to provide robust education on medications 
for mental health conditions. The marked improve-
ments observed in prior studies with integrated and 
scenario-based training models indicate that these 
approaches could be essential for bridging the cur-
rent confidence gap.13–16 This implies that residency 
programs may consider incorporating more hands-on, 
longitudinal training experiences to ensure residents 
gain the repeated exposure and reinforcement neces-
sary to build and sustain their confidence in managing 
pediatric mental health conditions.

Limitations
The study findings are limited by their focus on pe-

diatric medical residents from a single hospital system, 
which may not be generalizable to other settings. Be-
cause this study was conducted on PGY1 through PGY3 
residents with a relatively low response rate, there 
could be a skew in the data based on the residents’ 
varying experiences before taking this survey. Addition-
ally, the survey’s reliance on self-reported confidence 
levels may not accurately reflect competency. The use 
of a survey instrument that has not been validated also 
introduces limitations, as it may compromise the reli-
ability and accuracy of the findings. Future research 
is needed to explore the impact of enhanced training 
programs confidence and clinical outcomes in pediatric 
mental health care. As this study focused on child and 
adolescent mental health, these results may not be 
generalized to adult psychiatry education.

Conclusion
This study finds that pediatric residents have lower 

confidence levels in managing pediatric mental health 
pharmacotherapy compared with physical health con-
ditions within a single institution’s medical residency 
program. Owing to the requirements set by the Ac-
creditation Council for Graduate Medical Education, this 
may be a similar challenge among pediatric residents at 
other programs. The survey results highlight the need 
for enhanced and targeted educational interventions 
to improve residents’ skills and confidence in pediatric 
mental health pharmacotherapy. This highlights an 
area where pharmacists can make a substantial impact 
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through various initiatives, given the pharmacotherapy 
expertise they bring to a multidisciplinary approach.

Article Information
Affiliations. Pharmacy Practice Division (JS, SC), The University 
of Texas at Austin College of Pharmacy, Austin, TX (JS, EL, PB, 
NS, VB, IR, DR, SC).

Correspondence. Jenna Summerlin, PharmD, BCPPS;  
jenna.summerlin@austin.utexas.edu

Disclosure. The authors declare no conflicts or financial inter-
est in any product or service mentioned in the manuscript, 
including grants, equipment, medications, employment, gifts, 
and honoraria. The authors had full access to all the data in the 
review and take responsibility for the integrity of the data and 
the accuracy of the data analysis. All authors attest to meeting 
the four criteria recommended by the ICMJE for authorship 
of this manuscript.

Ethical Approval and Informed Consent. The authors assert 
that all procedures contributing to this work comply with the 
ethical standards of the relevant international guidelines on 
human experimentation and have been approved by the 
appropriate committees at our institution. All participants 
provided written informed consent at survey initiation.

Acknowledgment. Poster with published abstract was pre-
sented at the ASHP midyear meeting in December of 2024 
in New Orleans, LA. Melissa Reyes, PharmD, BCPP, made 
contributions to the survey design and Nalinda Charnsangavej, 
MD, provided contributions to the design and distribution of 
survey to participants. Elizabeth Longo, Philip Baily, Niraja 
Surendran, Victor Benavidez, Irene Raju, Darya Razmara were 
student researchers at UTCOP at the time of the project and 
manuscript completion.

Submitted. November 6, 2024

Accepted. March 3, 2025

Copyright. Pediatric Pharmacy Association. All rights reserved. 
For permissions, email: membership@pediatricpharmacy.org

References
1.	 Centers for Disease Control and Prevention. Youth 

risk behavior survey data summary & trends report: 
2013–2023. Accessed September 2, 2024. https://www.
cdc.gov/yrbs/dstr/index.html. 

2.	 Weiss AJ, Liang L, Martin K. Overview of Hospital Stays 
Among Children and Adolescents, 2019. Rockville, MD: 
Agency for Healthcare Research and Quality; 2022. 
HCUP Statistical Brief #299.

3.	 Data Resource Center for Child and Adolescent Health. 
2020-2021 National Survey of Children’s Health (NSCH) 
data query. Accessed September 22, 2023. http://www.
childhealthdata.org. 

4.	 Meng JF, Wiznitzer E. Factors associated with not re-
ceiving mental health services among children with a 
mental disorder in early childhood in the United States, 
2021–2022. Prev Chronic Dis. 2024;21:24106.

5.	 Chien AT, Leyenaar J, Tomaino M, et al. Difficulty ob-
taining behavioral health services for children: a na-
tional survey of multiphysician practices. Ann Fam Med. 
2022;20(1):42–50.

6.	 Accreditation Council for Graduate Medical Education 
(ACGME). ACGME Program Requirements for Gradu-
ate Medical Education in Pediatrics. Chicago, IL: 2024. 
Accessed September 2, 2024. https://www.acgme.org/
specialties/pediatrics/program-requirements-and-faqs-
and-applications/ 

7.	 Accreditation Council for Graduate Medical Education 
(ACGME). ACGME Program Requirements for Gradu-
ate Medical Education in Psychiatry. Chicago, IL: 2024. 
Accessed September 2, 2024. https://www.acgme.org/
specialties/psychiatry/overview/ 

8.	 Green C, Leyenaar JK, Turner AL, Leslie LK. Compe-
tency of future pediatricians caring for children with 
behavioral and mental health problems. Pediatrics. 
2020;146(1):e20192884.

9.	 Hess BJ, Johnston MM, Lynn LA, et al. Development 
of an instrument to evaluate residents’ confidence 
in quality improvement. J Comm J Qual Patient Saf. 
2013;39(11):502–510.

10.	 Foy JM, Green CM, Earls MF, et al. Mental health 
competencies for pediatric practice. Pediatrics. 
2019;144(5):e20192757.

11.	 Kim WJ; for the The American Academy of Child and 
Adolescent Psychiatry Task Force on Workforce Needs. 
Child and adolescent psychiatry workforce: a critical 
shortage and national challenge. Acad Psychiatry. 
2003;27(4):277–282.

12.	 Iskra W, Deane FP, Wahlin T, Davis EL. Parental percep-
tions of barriers to mental health services for young 
people. Early Interv Psychiatry. 2018;12(2):125–134.

13.	 McLaurin-Jiang S, Cohen GM, Brown CL, et al. Integrated 
mental health training relates to pediatric residents’ 
confidence with child mental health disorders. Acad 
Psychiatry. 2020;44(3):299–304.

14.	 Kiger ME, Fowler L, Eviston M, et al. A case-based, lon-
gitudinal curriculum in pediatric behavioral and mental 
health. MedEdPORTAL. 2024;20:11400.

15.	 Pan GC, Zheng W, Liao SC. Qualitative study of the learn-
ing and studying process of resident physicians in China. 
BMC Med Educ. 2022;22(1):460.

16.	 Knapp KE, Townsend NL, Hanley SP, et al. Resident 
learning styles: are we maximizing learning opportuni-
ties for today’s resident learner? Open J Anesthesiol. 
2015;5(7):177–182.

17.	 Hamilton LA, Behal ML, Metheny WP. Impact of pharma-
cist education on incoming medical residents. Hospital 
Pharmacy. 2022;57(4):442–447.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access

mailto:jenna.summerlin@austin.utexas.edu
mailto:membership@pediatricpharmacy.org
https://www.cdc.gov/yrbs/dstr/index.html
https://www.cdc.gov/yrbs/dstr/index.html
http://www.childhealthdata.org
http://www.childhealthdata.org
https://www.acgme.org/specialties/pediatrics/program-requirements-and-faqs-and-applications/
https://www.acgme.org/specialties/pediatrics/program-requirements-and-faqs-and-applications/
https://www.acgme.org/specialties/pediatrics/program-requirements-and-faqs-and-applications/
https://www.acgme.org/specialties/psychiatry/overview/
https://www.acgme.org/specialties/psychiatry/overview/


668	  J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5 www.jppt.org 

JPPT | Case Report

CLINICAL VIGNETTE

High Anion Gap Metabolic Acidosis (HAGMA) After 
Levetiracetam Administration in an 11-Year-Old Boy 
With Laminin-α2-Deficiency-Associated Muscular 
Dystrophy and Epilepsy
Piet Erik Beusker, MD; Doortje Marieke Mehrtens, MD; Eckard Hamelmann, MD; and Georg Classen, MD

Congenital muscular dystrophy type 1A (MDC1A), an autosomal recessive disorder, is one of the most 
prevalent forms of congenital muscular dystrophy, characterized by the loss of Laminin-α2 subunit (Merosin). 
Approximately one-third of affected patients experience epileptic seizures, typically manifesting around 
8 years of age, with focal onset and secondary generalization, often with tonic-clonic semiology. Most 
reported cases show limited or no response to conventional treatment, though a subset responds to valpro-
ate or lamotrigine. The efficacy of levetiracetam in these patients remains insufficiently studied. Metabolic 
acidosis is not listed as a known adverse effect of levetiracetam in the medication’s technical information. 
In this case, an 11-year-old male with MDC1A presented with nocturnal seizure equivalents and was started 
on levetiracetam therapy. Approximately 24 hours after receiving the loading dose, the patient’s condition 
deteriorated significantly, and severe metabolic acidosis with an elevated anion gap was observed. The 
patient required transfer to the pediatric intensive care unit and received intensive intravenous hydration 
and potassium supplementation. Upon discontinuation of levetiracetam, the patient stabilized, and meta-
bolic normalization was achieved within approximately 24 hours. There are very few reports in the literature 
that also point to the development of a high anion gap metabolic acidosis after levetiracetam administra-
tion. The underlying mechanism is hypothesized but not experimentally verified, and a causal relationship 
remains unproven. Nevertheless, this observation represents a potentially serious adverse event associated 
with a commonly used medication, warranting heightened clinical awareness. We therefore recommend 
actively highlighting this and considering safety monitoring based on the individual risk of the patients be-
ing treated.

ABBREVIATIONS EEG, electroencephalography; HAGMA, high anion gap metabolic acidosis; LAMA2, 
laminin-α2 

KEYWORDS levetiracetam; high anion gap metabolic acidosis; laminin α2 deficiency- associated muscular 
dystrophy; epilepsy
J Pediatr Pharmacol Ther 2025;30(5):668–672

DOI: 10.5863/JPPT-24-00127

Introduction
Laminin-α2-Deficiency-Associated Muscular Dys-

trophy.  Muscular dystrophy can be distinguished 
from other neuromuscular disorders by the following 

4 mandatory characteristics: it is a primary myopathy 
with a genetic cause, exhibits a progressive course, 
and leads to the degeneration and death of muscle 
fibers at a certain stage of the disease.1

According to the German Society for Muscle Dis-
eases, congenital muscular dystrophy type 1A is one 
of the most common forms of congenital muscular 
dystrophy. It is caused by mutations in the Laminin-α2 
(LAMA2) gene on chromosome 6 at locus 6q22-q23, 
resulting in a partial or complete absence of mero-
sin (laminin subunit-α2). Hence, this condition is also 
referred to as merosin-negative muscular dystrophy. 
A complete absence of merosin is most commonly 
observed, leading to disease onset at birth or within 
the first few months of life. The diagnosis is confirmed 

Information Box
What specific question(s) does this report address?

Could high anion gap metabolic acidosis be an 
adverse drug reaction caused by levetiracetam?
What does this report add to our current knowledge?

High anion gap metabolic acidosis must be con-
sidered as a rare but potentially severe adverse 
effect after levetiracetam administration, requiring 
intensive care monitoring and treatment.
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by detecting 2 pathological mutations in the LAMA2 
gene (autosomal recessive inheritance) when clinically 
suspected. Characteristic features include generalized 
hypotonia and muscle weakness with ophthalmoplegia, 
as well as early joint contractures or hypermobility. Se-
rum creatine kinase concentrations are typically mark-
edly elevated (>1000 U/L). As the disease progresses, 
respiratory insufficiency and difficulties in feeding may 
also occur. Magnetic resonance imaging of the brain 
typically shows diffuse changes in the white matter 
consistent with leukodystrophy. Muscle biopsy reveals 
muscular dystrophy with merosin deficiency. Cerebral 
malformations may also occasionally occur. Patients 
with complete merosin deficiency may achieve the 
ability to sit independently, although walking ability 
is rarely attained. Approximately one-third of affected 
patients, including the case described here, experience 
epileptic seizures.2

The most extensive clinical investigations to date, 
conducted by Natera-de Benito et al and Geranmayeh 
et al.4 observed epilepsy in approximately 36% of 
patients with a complete absence of the laminin 
subunit-α2

3. The data from these two studies were 
included in a review by the Department of Clinical 
and Experimental Medicine at the University of Pisa 
in Italy, which systematically examined 20 studies on 
“Epilepsy in LAMA2-Related Muscular Dystrophy.”5 A 
complete absence of merosin led to a significantly 
earlier onset of seizures compared with a partial ab-
sence. The average age at first seizure was 8 years, 
and, clinically, the seizures typically began focally with 
pronounced visual and autonomic symptoms, includ-
ing vomiting. The seizures predominantly presented 
as generalized tonic-clonic seizures, irrespective of 
the onset of the disease and merosin expression. In 
contrast, focal seizures were less common and more 
frequently associated with cortical malformations. Elec-
troencephalography (EEG) abnormalities mainly were 
observed bilaterally in the posterior cortical regions.5

Overall, there is limited information available on 
the efficacy of antiseizure drugs in these patients. In 
most cases described, most treatment approaches 
were minimally or not effective, while a small subset 
of patients responded to monotherapy with valproate 
or lamotrigine or to combination therapy with valpro-
ate and ethosuximide or carbamazepine. A correlation 
between brain structural defects and drug-resistant 
seizures is suspected, according to the authors of the 
review, as a smaller extent of cortical malformations 
was associated with a better response to antiseizure 
therapy in these patients. Overall, the data and the 
resulting recommendations for antiseizure therapy 
in epileptic seizures associated with LAMA2-related 
muscular dystrophy are considered weak due to the 
low incidence and limited reporting.5

Pharmacological Aspects of Levetiracetam.  Ac-
cording to the Union Register of Medicinal Products 

for Human Use of the European Commission and 
the prescribing information from Sun Pharmaceuti-
cals (as of June 2022), “Levetiracetam Sun 100 mg/
mL” is primarily indicated for monotherapy of partial 
seizures with or without secondary generalization in 
adults and adolescents aged 16 years and older with 
newly diagnosed epilepsy. Additionally, it is approved 
as adjunctive therapy for partial seizures in patients 
aged 4 years and older. Common side effects include 
nasopharyngitis, somnolence, headache, fatigue, and 
dizziness. In children aged 4 to 16 years, vomiting, 
agitation, mood swings, emotional instability, aggres-
sion, abnormal behavior, and lethargy occur more fre-
quently.6

The active ingredient levetiracetam belongs to the 
pharmacotherapeutic group of antiseizure drugs (ATC 
code: N03AX14) and is a pyrrolidone derivative. The 
exact mechanism of action is not fully understood. Stud-
ies indicate that levetiracetam influences intracellular 
calcium concentrations, leading to inhibition of calcium 
influx and a reduction in calcium release. It interacts 
with synaptic vesicle protein 2A, which is thought to 
contribute to its antiseizure effects.6

Levetiracetam is primarily metabolized through en-
zymatic hydrolysis, without affecting the cytochrome 
P450 isoforms in the liver. The main metabolite is 
pharmacologically inactive. Additional metabolites 
are produced through hydroxylation and opening of 
the pyrrolidone ring, while unidentified degradation 
products account for only 0.6% of the dose. Leveti-
racetam has minimal effects on certain liver enzymes 
(CYP1A2, SULT1E1, UGT1A1) but causes slight induction 
of CYP2B6 and CYP3A4.6

The plasma half-life of levetiracetam in adults is 
approximately 7 ± 1 hours and is not affected by 
dose, mode of administration, or repeated dosing. 
Approximately 95% of the administered dose is 
primarily excreted via urine, with 93% being elimi-
nated within 48 hours. Only 0.3% is excreted through 
feces. Within the first 48 hours, 66% of the dose is 
excreted as levetiracetam and 24% as its primary 
metabolite, indicating glomerular filtration and tu-
bular reabsorption. The elimination correlates with 
creatinine clearance.6

In patients with mild to moderate hepatic impairment, 
levetiracetam clearance is only slightly affected, but 
in cases of severe impairment, clearance is reduced 
by more than 50%. There are no data on intravenous 
administration in children (4–12 years), but it is assumed 
that the pharmacokinetics are comparable to oral ad-
ministration. After oral administration of 20 mg/kg/day 
in children with epilepsy (6–12 years), the half-life is 
6 hours, and total body clearance is approximately 30% 
higher than in adults. After repeated oral administration 
(20–60 mg/kg/day), levetiracetam is rapidly absorbed, 
with peak plasma concentrations occurring after 0.5 to 
1 hour. The half-life is approximately 5 hours.6
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Case Presentation
An 11-year-old male Caucasian patient weighing 

35 kg with confirmed Laminin-α2-deficiency-mediated 
muscular dystrophy was admitted with newly devel-
oped nocturnal cyanosis, oxygen desaturation, and 
gaze deviation. There were no other relevant preexist-
ing conditions, and the patient was not on any regular 
medication. No allergies were reported, and there 
was no infection. Routine laboratory tests, including 
complete blood count, electrolytes, clinical chemistry, 
and coagulation parameters, at admission showed no 
abnormalities except for a previously known elevated 
creatine kinase concentration of 1020 U/L due to the 
underlying disease. In previous hospital stays be-
tween 2013 and 2021, creatine kinase concentrations 
fluctuated between 112 and 1584 U/L for this patient. 
EEG revealed bilateral frontal spike waves, bilateral 
synchronous spikes, and intermittent generalized slow-
ing, leading us to interpret the nocturnal cyanosis and 
desaturation as seizure equivalents with hypopnea. 
Consequently, we initiated seizure-suppressing therapy 
with levetiracetam. On day 3 of hospitalization, an in-
travenous loading dose of 30 mg/kg was administered 
over 30 minutes. On day 4, approximately 12 hours after 
the loading dose, the patient received the first intrave-
nous maintenance dose of 10 mg/kg over 30 minutes 
as well. The planned ongoing treatment regimen was 
20 mg/kg/day in 2 divided doses. All doses adminis-
tered were diluted in sodium chloride 0.9%.

Approximately 12 hours after administering the first 
levetiracetam maintenance dose, the patient’s clinical 
condition deteriorated significantly, with the onset 
of tachypnea, tachycardia, increased sweating, and 
polyuria. Initial blood gas analysis revealed severe 
metabolic acidosis with a pH of 7.27 and a base excess 
of −19 mmol/L, with compensatory respiratory alkalosis 
(pCO2 19 mm Hg). A concurrent hypokalemia of K+ 3 
mmol/L was also noted. Blood gas and electrolyte 
analysis (Na+ 140 mEql/L, K+ 3.06 mEq/L, Cl− 107 mEq/L, 
HCO3

− 12.6 mEq/L) indicated a high anion gap metabolic 
acidosis (HAGMA; anion gap 23.46 mmol/L). Laboratory 
evaluations ruled out other causes of HAGMA, such as 
diabetic ketoacidosis (blood glucose 84 mg/dL, lack of 
glucosuria), lactic acidosis (lactate 0.7 mmol/L), acute 
kidney injury (serum creatinine <0.17 mg/dL, blood urea 
7 mg/dL), rhabdomyolysis (serum creatine kinase 277 
U/L), and sepsis (C-reactive protein 25.1 mg/L, interleu-

kin 6 3.5 pg/mL, procalcitonin 0.06 ng/mL). However, 
there was marked ketonuria (>80 mg/dL), which may 
have been influenced by reduced food intake in the 
preceding days.

The patient was transferred to the pediatric intensive 
care unit and received intensive intravenous hydra-
tion and potassium replacement. In total, the patient 
received isotonic electrolyte solution (Jonosteril, Fre-
senius Kabi) 360 mL, potassium chloride 7.45% 40 mL, 
Ringer’s acetate 1320 mL, and pediatric semi-osmolar 
glucose electrolyte solution (Pediatric Infusion Solu-
tion 2, B. Braun Melsungen AG) 380 mL in the first 
24 hours, resulting in a total intravenous volume of 60 
mL/kg. Additionally, the patient received 4 nasogastric 
tube feedings (1.3 kcal/mL) of 50 mL each in the first 
24 hours. Levetiracetam administration was discontin-
ued immediately after the detection of acidosis. These 
interventions within the first 24 hours led to normaliza-
tion of the patient’s metabolic state with a pH of 7.43, 
base excess of −1.5 mmol/L, and potassium 3.8 mEq/L 
achieved approximately 24 hours later. Owing to persis-
tent EEG changes, an alternative seizure-suppressing 
therapy with oral valproate 150 mg twice a day (8.5 
mg/kg/day) was initiated. This was well tolerated by 
the patient, allowing for a successive increase to the 
target dose of 300 mg twice a day (17 mg/kg/day) 
without complications. Nocturnal hypopnea as a sei-
zure component was observed for the last time 2 days 
after the start of valproate therapy. During the further 
observation period, no further seizure equivalents oc-
curred, but residual EEG changes persisted even on 
day 15 after initiation of therapy. A condensed overview 
of the relevant events during the inpatient course is 
shown in the Figure.

The Naranjo score was 7, corresponding to a prob-
able association.7 To complete the scale, definitions for 
each of the 10 criteria outlined in the National Institute 
of Diabetes and Digestive and Kidney Diseases instruc-
tions for using the adverse drug reaction probability 
scale have been used.8 The criteria and their evaluation 
in this case are shown in the Table.

Discussion
There are very few reports in the literature that point 

to the development of a high anion gap metabolic 
acidosis after levetiracetam administration. A Phase 4 
clinical study conducted by eHealthMe, which analyzes 

Figure. Extract of relevant events during the hospital stay, including the periods of levetiracetam 
administration, acidosis, and pediatric intensive care unit (PICU) treatment.
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large Food and Drug Administration data sets with the 
help of big data-capable artificial intelligence models. It 
calculates frequencies over time and found metabolic 
acidosis in 412 of 74,747 patients (0.55%) who reported 
adverse effects while taking levetiracetam between 
2001 and 2024. The majority of affected patients were 
male (51.1%), with the most common age groups being 
20–29 years (25.4%) and 10–19 years (18.9%), the latter 
including the patient in this case report. Most cases 
(66.6%) occurred within less than a month of levetirace-
tam initiation, as was the case in this report.9 However, 
caution is warranted in interpreting these data, as they 
are derived from patient self-reports rather than con-
trolled, scientifically validated studies.

In contrast to the eHealthMe study, which relies on 
patient self-reporting, the literature contains only 1 
similar physician-reported clinical case series involving 
3 patients who developed high anion gap metabolic 
acidosis after levetiracetam administration. The authors 
postulate that the accumulation of the ketone-like acidic 
metabolite 2-pyrrolidone-N-butanoic acid might be the 
underlying mechanism. They support this hypothesis 
by referencing the incomplete understanding of leveti-
racetam’s mechanism of action and the possibility that 
the accumulation of this metabolite might contribute 
to the drug’s anticonvulsant effect like the widely used 
ketogenic diet.10

Ultimately, it remains unclear whether the initial ad-
ministration of levetiracetam in our case was causative 

for the observed metabolic acidosis. Alternative causes 
that could, on their own, have caused HAGMA, such 
as diabetic ketoacidosis, lactic acidosis, acute kidney 
failure, rhabdomyolysis, and sepsis, were ruled out by 
the diagnostic report. However, the absence of other 
clinical factors that could have influenced the previously 
stable acid-base balance, as well as the more than 400 
self-reported adverse events from Food and Drug Admin-
istration data, and the similar observations described by 
Megri et al,10 suggest a likely causal relationship.9 Nev-
ertheless, this represents a potentially serious adverse 
effect of a commonly used medication, indicating a high 
degree of clinical relevance for this observation. We 
therefore recommend actively drawing attention to this 
and considering safety monitoring, including respiratory 
function and acid-base balance assessment, based on 
the individual risk of the patients being treated.

Conclusion
This case report documents a rare but potentially 

severe adverse effect requiring intensive care monitor-
ing and treatment associated with a commonly used 
medication, underscoring the clinical significance of 
this observation. Although it remains uncertain whether 
the initial administration of levetiracetam was the 
cause of the observed metabolic acidosis in this case, 
the literature suggests a possible link. The underlying 
pathophysiological mechanism also remains unclear 
and warrants further investigation through experimental 

Table. Adverse Drug Reaction Probability Scale.

Question Yes No Do Not Know Score

1. Are there previous conclusive reports on this reaction? +1 0 0 1

2. Did the adverse event appear after the suspected drug 
was administered?

+2 −1 0 2

3. Did the adverse event improve when the drug was 
discontinued or a specific antagonist was administered?

+1 0 0 1

4. Did the adverse event reappear when the drug was 
readministered?

+2 −1 0 0

5. Are there alternative causes that could on their own have 
caused the reaction?

−1 +2 0 2

6. Did the reaction reappear when a placebo was given? −1 +1 0 0

7. Was the drug detected in blood or other fluids in 
concentrations known to be toxic?

+1 0 0 0

8. Was the reaction more severe when the dose was 
increased or less severe when the dose was decreased?

+1 0 0 0

9. Did the patient have a similar reaction to the same or 
similar drugs in any previous exposure?

+1 0 0 0

10. Was the adverse event confirmed by any objective 
evidence?

+1 0 0 1

Total Score: 7
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preclinical and clinical studies. Nevertheless, it is im-
portant to repeatedly highlight the observed condition 
after levetiracetam administration and to indicate safety 
monitoring based on the individual risk of the patients 
being treated.
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JPPT | Case Report

CLINICAL VIGNETTE

Piperacillin Pharmacokinetics in a Pediatric Patient With 
Primary Hyperoxaluria Receiving High-Dose Continuous 
Dialysis Post Liver-Kidney Transplant
Mia Hagenauer; Kathryn Pavia, MD; Kelli Paice, MD; Sonya Tang Girdwood, MD, PhD; and H. Rhodes Hambrick, MD, MS

Continuous kidney replacement therapy (CKRT) can influence pharmacokinetics (PK), including clearance 
(CL) of antibiotics like piperacillin (PIP). Both CKRT intensity, or “dialysis dose,” and residual kidney function 
can alter PIP PK and pharmacodynamic (PD) target attainment (TA), defined by the percentage of time free 
PIP concentrations exceed the minimum inhibitory concentration (% fT > MIC). In existing reports, children 
receiving PIP and CKRT are usually oligoanuric, so PIP PK/PD in non-oligoanuric patients receiving high-
intensity CKRT is unknown. This report analyzes free PIP PK/PD in a child with robust kidney function who 
received 30-minute infusions of 100 mg/kg PIP-tazobactam every 6 hours while on high-intensity CKRT after 
liver-kidney transplant for primary hyperoxaluria. Model-informed PK software was used to estimate PK/PD 
parameters for periods on and off CKRT. PIP CL on CKRT was 66% higher than off CKRT (5.59 L/hr vs 3.36 
L/hr). Nearly 100% fT > 1xMIC (using 8 mg/L for Enterobacterales) was achieved whether on or off CKRT, but 
only 60% fT > 4xMIC was achieved on CKRT. CKRT CL was 40% of total CL on CKRT and 51% of the CKRT 
dialysis dose, suggesting PIP elimination was mostly renal despite high-intensity dialysis. Monitoring of free 
PIP concentrations may help ensure proper TA in non-oligoanuric patients receiving high-dose CKRT.

ABBREVIATIONS AKI, acute kidney injury; CKRT, continuous kidney replacement therapy; CL, clearance; 
CLEC, extracorporeal clearance; fT >, time free concentration exceeds; fu, fraction unbound; MIC, minimum 
inhibitory concentration; MW, molecular weight; PD, pharmacodynamic; PH1, primary hyperoxaluria type 1; 
PIP, piperacillin; PK, pharmacokinetic; PTZ, piperacillin-tazobactam; Q, intercompartmental clearance; Qef, 
total effluent flow; Quf, ultrafiltration rate; TA, target attainment; TM50, maturation half-life; UOP, urine output; 
Vd, volume of distribution; V1, central volume of distribution; V2, peripheral volume of distribution; % fT > MIC, 
percentage of time free PIP concentrations exceed the minimum inhibitory concentration 

KEYWORDS continuous kidney replacement therapy; dialysis; pharmacodynamics; pharmacokinetics; 
piperacillin; primary hyperoxaluria
J Pediatr Pharmacol Ther 2025;30(5):673–679

DOI: 10.5863/JPPT-24-00106

Introduction
Continuous kidney replacement therapy, or CKRT, 

is a type of continuous dialysis typically used to sup-
port patients with severe acute kidney injury (AKI), 
intoxications, or fluid overload.1 Patients who receive 
CKRT are often oligoanuric, but CKRT can be used 
in non-oligoanuric patients for supplemental toxin 
removal.1 Extracorporeal clearance (CLEC), or solute 
removal via CKRT, is possible when the solute is smaller 
than the pore size of the CKRT filter (molecular weight 
[MW] <35 kDa using modern CKRT filters2), has a low 
volume of distribution (Vd), and is not highly bound to 
plasma proteins. The solutes removed include toxins 
that accumulate with kidney dysfunction and some 
medications, including many antibiotics. Antibiotics are 
commonly administered to children receiving CKRT, as 
sepsis is a leading cause of AKI requiring CKRT,3 and 

Information Box
• �What specific questions does this report ad-

dress?
º �Appropriate piperacillin dosing for a pediatric 

patient receiving high-dose continuous kid-
ney replacement therapy (CKRT) alongside 
significant intrinsic kidney function is unknown.

• �What does this report add to our current knowl-
edge?
º �While the patient was on high-dose CKRT, 

clearance of piperacillin was higher than 
while the patient was off CKRT, and residual 
kidney function contributed to a substantial 
proportion of clearance; therefore, stringent 
pharmacodynamic target attainment was 
inadequate when on high-dose CKRT.
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the presence of an indwelling hemodialysis catheter 
predisposes to infection. However, there is a paucity 
of data regarding antibiotic pharmacokinetics (PK) and 
pharmacodynamics (PD) in children receiving CKRT, 
especially in patients who are non-oligoanuric.4

Piperacillin-tazobactam (PTZ) is a beta-lactam/beta 
lactamase inhibitor combination commonly used in 
critically ill children given its broad-spectrum activ-
ity, which includes anaerobic and antipseudomonal 
coverage.5 Piperacillin (PIP), the active antimicrobial 
component, has a MW of 518 Da and is approximately 
30% protein bound,6 rendering it susceptible to CLEC 
via CKRT. Optimal bactericidal activity of PIP depends 
on the percentage of time that free PIP concentrations 
are above the minimum inhibitory concentration, or 
MIC (% fT > MIC). A lack of consensus about precise PD 
targets exists due to limited data associated with clinical 
outcomes, but typically, more stringent PD targets are 
recommended for critically ill patients.7 Expert reviews 
have suggested that targets such as 100% fT > 1xMIC 
and 100% fT > 4xMIC could be necessary for maximum 
efficacy of PIP and minimum emergence of resistance.7,8

Previous studies in adults have quantified the ef-
fects of CKRT on PIP PK. A review reported a median 
additional CLEC of 1.43 L/hr, which contributed to a 66% 
increase in total clearance (CL) while on CKRT (median 
body CL = 2.76 L/hr). This review suggested that the 
use of continuous infusions could help attain stringent 
PD targets in the setting of this additional CLEC.

9

Pediatric data on PIP PK/PD in patients supported 
with CKRT are comparatively limited, with only 3 pub-
lished reports to our knowledge. In a PIP PK and dose 
optimization study of 32 critically ill children receiving 
CKRT, Thy et al10 created a population PK model to 
simulate different dosing regimens. Because only 53% 
of the patients were anuric, and 25% had urine output 
(UOP) >0.3 mL/kg/hr, they could only assess the effect 
of residual renal function on PIP PD target attainment 
(TA) to an oliguric threshold of 0.5 mL/kg/hr. Through 
simulating different levels of UOP up to 0.5 mL/kg/hr, 
they recommended using higher doses with continuous 
infusions for patients with modest residual renal func-
tion. A second population PIP PK study in critically ill 
children by Butragueño-Laiseca et al11 included 13 (41% 
of total included) patients on CKRT. Only 3 of those pa-
tients had any residual UOP. Using the model that they 
created, they recommended PIP drug monitoring and 
either intermittent or continuous infusion dosing regi-
mens for patients on CKRT. Finally, a case study on PIP 
PK in a child with liver failure who received concomitant 
molecular adsorbent recirculating system therapy and 
CKRT reported on PIP PK for 1 cycle of CKRT alone.12 
The authors found an increase in CL from baseline to 
during CKRT alone (2.0 L/hr vs 3.0 L/hr, 50% increase) 
and adequate TA on CKRT alone. Residual UOP was 
not reported. This last case report is the only one of the 
3 articles that reported using free PIP concentrations. 

Measuring free concentrations directly obviates the 
need to rely on an assumption of a fixed percentage 
of protein binding, which is known to fluctuate in the 
context of critical illness.13 Thus, there is a knowledge 
gap regarding free PIP PK in critically ill children re-
ceiving CKRT with significant residual kidney function.

Because blood flow rates are typically much faster 
than dialysis fluid flow rates in CKRT, the total effluent 
flow (Qef) is the main driver of solute removal in CKRT1 
and can affect antibiotic CLEC. Qef can be considered 
the overall dialysis dose, and the standard pediatric 
dialysis dose is around 2000 mL/hr/1.73 m2.14 High-dose 
or high-intensity dialysis involves an effluent flow rate 
significantly above that standard. The aforementioned 
studies also do not elucidate the potential effect of 
high Qef on PIP CL or TA. Therefore, there also remains 
a knowledge gap in PIP PK regarding the effects of 
high-dose dialysis in the setting of preserved intrinsic 
kidney function.

This case study describes the unique PK/PD of free 
PIP in a child receiving high- dose CKRT for oxalate 
CL after combined liver-kidney transplant for primary 
hyperoxaluria who had intrinsic kidney function from the 
new allograft. We report CL, Vd, and TA, by estimating 
the percent time free PIP concentrations remain above 
1x MIC (fT > 1xMIC) and 4x MIC (fT > 4xMIC).

Case Report
Patient Background. The 8-year-old, 23.5-kg (0.86 

m2) boy described here was enrolled in a larger PK/
PD study of beta-lactam antibiotics in critically ill chil-
dren that received institutional review board approval 
at our institution. The patient had received 1 prior kid-
ney transplant owing to presumed renal dysplasia. He 
was thereafter diagnosed with primary hyperoxaluria 
type 1 (PH1) when his initial posttransplant course was 
complicated by severe persistent AKI.15 PH1 is a rare 
genetic disorder that causes a deficiency of alanine-
glyoxylate aminotransferase, a peroxisomal liver en-
zyme. This deficiency leads to the inability to properly 
metabolize glyoxylate, which is subsequently trans-
formed into oxalate. The consequent oxalate excess 
results in toxicity to the kidneys, retina, bone, heart, 
and other organs.16 His first allograft was salvaged 
with high-intensity CKRT and intermittent hemodialy-
sis to remove excess oxalate along with lumasiran, a 
small interfering RNA that decreases hepatic oxalate 
production.15–17 Despite these interventions, he devel-
oped posttransplant chronic kidney disease stage IV 
and subsequently received a combined liver-kidney 
transplant.

To minimize nephrotoxic effects from oxalate buildup 
in the new kidney allografts, the patient received high-
dose CKRT (delivered Qef ~9000 mL/hr/1.73 m2) during 
and immediately after transplant to augment renal 
oxalate CL. He had immediate good function of both 
the liver and paired kidney allografts, based on normal 
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hepatic synthetic function and robust urine output. 
He was prescribed PTZ as peri-transplant infection 
prophylaxis in alignment with the institution’s standard 
liver transplant protocol.

Given the unique combination of high-dose CKRT 
alongside significant intrinsic renal function from the 
newly transplanted kidneys, we sought to characterize 
PIP PK in this patient.

Study Period PIP and CKRT Data. The patient was 
supported with continuous veno-venous hemodialy-
sis, a modality of CKRT that can efficiently remove 
small molecules such as oxalate.18,19 The filter used 
was the HF1000 (1.1 m2; Baxter, Deerfield, IL), and the 
prescribed blood flow, dialysate flow, and replace-
ment fluid flow rates were 150 mL/min, 4000 mL/hr, 
and 50 mL/hr, respectively. The patient had robust 
UOP, which averaged 2.26 mL/kg/hr during the study 
period. To ensure adequate perfusion of the new re-
nal allograft, the CKRT was prescribed to remove only 
the volume of the calcium and citrate infusions pro-
vided for regional anticoagulation. This practice con-
trasts with the fluid removal strategy for patients with 
fluid overload or oligoanuria in which all fluids admin-
istered to the patient are typically removed during 
CKRT. The net volume removed is known as the net 
ultrafiltration rate (net Quf), which is calculated by sub-
tracting the volume put into the circuit (priming vol-
ume) from the ultrafiltrate volume removed. The total 
dialysis dose, Qef, is the sum of dialysate flow rate, re-
placement fluid flow rate, and net Quf. The patient’s 
average delivered Qef was 4406 mL/hr, approximately 
4.5 times the typical pediatric dialysis dose when in-
dexed to body surface area (8863 mL/hr/1.73 m2 vs 
2000 mL/hr/1.73 m2).

At our institution, weight-based dosing is calculated 
for the PTZ combination, of which PIP comprises 89% of 
the total. Postoperatively, the patient was administered 
100 mg/kg PTZ every 6 hours as a 30-minute infusion 
throughout the time he was on CKRT.

Methods
PK/PD Analysis.  We analyzed free PIP concen-

trations immediately postoperatively and through 
the end of PTZ treatment, a period that spanned 
7 days. Free PIP concentrations were measured 
from residual blood samples obtained from clinical 
samples through a random scavenged opportunis-
tic sampling strategy.20 Samples were stored at 4°C 
and centrifuged within 7 days for plasma extraction. 
Plasma was stored at −80°C until free drug was iso-
lated with ultrafiltration, and free concentrations 
were measured by using a high-performance liquid 
chromatography assay previously validated by our 
group.20

PIP doses and free concentrations were entered into 
a precision dosing software, MwPharm++ (Mediware, 
Prague, Czech Republic), to estimate concentration vs 

time profiles as well as CL and central volume of distri-
bution (V1). To conduct the PK modeling for this patient, 
a previously published population PK model describ-
ing PIP in critically ill children,21 adapted for free PIP 
by assuming 30% protein binding, was used because 
there is no available published model with free PIP 
concentrations at this time. Weight and post-menstrual 
age (PMA) are included as covariates in this model, 
and allometric scaling was used to scale the median 
body weight of 14 kg to 70 kg for use in MwPharm++. 
PMA was included as a maturation sigmoidal function  

, though this was not influential on 
this patient’s CL because he was significantly older 
than the maturation half-life (TM50) of 61 weeks.21 Inter-
compartmental CL (Q) and peripheral compartment Vd 
(V2) were fixed to the population mean established by 
the model and adapted to free concentrations (Q = 13 
L/hr/70 kg0.75 and V2 = 11.37 L/70 kg).

Analysis of the observed free concentrations was 
completed by using Bayesian estimation with an assay 
error of 5%, aligning with the test-retest variability of 
our clinical laboratory. Concentration vs time profiles 
were generated and used to find the CL and V1 for 
each period on and off CKRT (Figure A). Serial fits were 
obtained by inputting all PIP doses prior to the period 
of interest, then fitting the concentration-time profile 
using only the concentrations available during the pe-
riod of interest. Time-weighted arithmetic means of PK 
parameters were then calculated as based on the time 
the patient spent in each period to determine average 
PK parameters for time on- and off-circuit. These fits 
were also used to assess PD TA as % fT > 1xMIC and % 
fT > 4xMIC. The empiric selected MIC was 8 mg/L—the 
Clinical Laboratory and Standards Institute PIP break-
point for Enterobacterales—because no bacteria were 
cultured from the patient.22

Clinical Data and Outcomes. Chart review of elec-
tronic medical record was conducted to obtain infor-
mation about clinical history, demographics, potential 
infections, urine output, and kidney-/liver-related lab-
oratory values. The initiation and cessation of CKRT 
periods were recorded in addition to blood flow, dialy-
sate flow, and replacement fluid rates. Because cre-
atinine is easily cleared by CKRT, creatinine was not 
a valid kidney function biomarker post-transplant, so 
serum creatinine data were not reported.

Results
Twenty-two free PIP concentrations were analyzed 

from scavenged plasma samples, 17 of which were 
obtained when the patient was receiving CKRT. The 
concentration-vs-time profile for the entire study period 
is displayed in Figure B. Each period on and off CKRT 
was analyzed individually, and the PK results are sum-
marized in Table 1. Average urine outputs and albumin 
levels on each study day are reported in Table 2. The 
weighted mean PIP CL for all cycles when the patient was 
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on CKRT was 5.59 L/hr (13.1 L/hr/70 kg0.75). The weighted 
mean PIP CL for all cycles off CKRT was 3.36 L/hr (7.88 
L/hr/70 kg0.75). Thus, mean CLEC was 2.23 L/hr, increasing 
total CL by 66% while on CKRT vs while off CKRT (Table 
3). This CLEC was 40% of total patient CL while on CKRT 
and 51% of the total dialysis dose of ~4.4 L/hr.

The weighted mean PIP V1 was larger while the 
patient was on CKRT vs off CKRT (18.25 L/70 kg vs 
15.89 L/70 kg). Of note, the PIP V1 for the first period 
off CKRT, immediately postoperatively, was elevated 
(18.20 L/70 kg) as compared with the estimated V1 
during other periods off CKRT (14.28 and 13.18 L/70 
kg). The patient’s net intake for the first period off 
CKRT was +4760.6 mL (366.2 mL/hr). PD results are 
summarized in Table 1. fT > 1xMIC approached or 
achieved 100% for all periods analyzed. fT > 4xMIC 
while the patient was on CKRT was 60% as compared 
with 97% when off CKRT.

Discussion
This case report of a child receiving high-dose 

CKRT after combined liver-kidney transplant dem-
onstrates that CKRT was associated with higher PIP 
CL and decreased PD TA. For a target of 100% fT > 
1xMIC, the target was achieved while off CKRT and 
nearly achieved while on CKRT. However, % fT > 
4xMIC was much lower than 100% (60.3%) while on 
CKRT. Because the patient had immediate kidney 
allograft function post transplant, he had antibiotic 
elimination from both intrinsic kidney function and 

Figure. Piperacillin concentration-time profile for 
periods on and off CKRT.

CKRT, continuous kidney replacement therapy; CL, clearance; PIP, 
piperacillin; PTZ, piperacillin-tazobactam; Vd, volume of distribution.

(A) The PTZ dosing regimen received by the patient relative to time 0, 
which represents the first dose of PTZ given. Times when the patient 
was on CKRT are indicated by light blue boxes. Each dose is repre-
sented by a blue arrow underneath the x-axis. (B) Concentration (PIP in 
mg/L) vs time (in hours) profile for the entire study period, with periods 
on and off CKRT labeled accordingly. Periods on CKRT are highlighted 
in light blue. The red circles are observed free concentrations. The 
dashed line is the population-predicted profile based on doses and 
covariates, while the solid line is the fitted individual-predicted line 
accounting for both the model and the concentrations with Bayesian 
estimation. For this figure, all the observed concentrations were fitted 
at once, but when estimating CL and Vd, the concentrations were fit 
phase by phase (e.g., post CKRT #1, CKRT #2).

Table 1. PK and Target Attainment Results From Each Period On and Off CKRT*

Periods Off CKRT Periods On CKRT

Time of each 
period, hr

13.1 4.75 8.37 24.5 42.8 45.3

Total CL, L/hr 
(L/hr/70 kg0.75)

3.35 
(7.84)

3.91 
(9.17)

3.08 
(7.21)

5.19 
(12.14)

5.65 
(13.22)

5.76 
(13.49)

Weighted Mean: 3.36 (7.88) Weighted Mean: 5.59 (13.1)

V1, L 
(L/70 kg)

6.11 
(18.20)

4.80 
(14.28)

4.42 
(13.18)

5.57 
(16.58)

6.71 
(19.99)

5.88 
(17.52)

Weighted Mean: 5.33 (15.89) Weighted Mean: 6.13 (18.25)

% fT > 1xMIC 100 100 100 98.97 97.70 98.40

Weighted Mean: 100 Weighted Mean: 98.3

% fT > 4xMIC 100 91.62 100 67.70 60.60 55.98

Weighted Mean: 98.5 Weighted Mean: 60.3

CKRT, continuous kidney replacement therapy; CL, clearance; MIC, minimum inhibitory concentration; PIP, piperacillin; PK, pharmacokinetic; 
Q, intercompartmental clearance; V1, central volume of distribution; V2, peripheral volume of distribution; % fT > 1xMIC, percentage of time free 
PIP concentrations exceed 1x the minimum inhibitory concentration; % fT > 4xMIC, percentage of time free PIP concentrations exceed 4x the 
minimum inhibitory concentration

* �CL, V1, and fT > 1x-4xMIC for periods on and off CKRT. CL was allometrically scaled to body weight as dictated by the population PIP PK model 
for critically ill children.21 V2 (11.37 L/70 kg) and Q (13 L/hr/70 kg0.75) were fixed according to the model population mean. Means are weighted 
as based on time of each period.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access



Piperacillin PK in PH1 Patient on High-Dose CKRTHagenauer, M et al

	 J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5	 677www.jppt.org 

from CKRT in the form of CLEC. This additional CLEC 
explains the lower PD TA for on-circuit periods. How-
ever, CLEC was only 40% of total patient CL while on 
CKRT, suggesting that the majority of PIP elimination 
was from the patient’s newly transplanted kidneys 
despite high-dose dialysis.

Because the dialysis dose (Qef) is the primary driver 
of solute removal in CKRT, and this patient was receiv-
ing a dose approximately 4½ times that of standard 
pediatric CKRT, it is interesting to note that PIP CLEC was 
approximately half of the dialysis dose received (2.23 L/
hr vs 4.4 L/hr). CLEC in CKRT is sometimes estimated as 
the unbound fraction (fu) multiplied by the Qef because 
only free solutes can pass through the CKRT filter. PIP 
has an fu of ~70% (~30% protein binding), suggesting 
that CLEC would be expected as ~70% of the Qef. The 
discrepancy between the observed and predicted CLEC 
may exist because of decreased PIP availability for 
extracorporeal elimination due to intrinsic renal elimi-
nation. It also could be due to the limitations of using 
a predominantly diffusive, rather than convective, form 
of solute removal for CKRT CL,1,18,23 as this patient was 
prescribed continuous veno-venous hemodialysis. This 
modality very effectively removes small molecules like 
oxalate, but less effectively clears molecules of middle 
MW (MW in the 500–50,000 Da range). With PIP’s 
MW of 518 Da, it is considered a middle MW molecule 
despite being on the “small” end of the middle-MW 
range. Thus, PIP was perhaps less susceptible to CLEC 
than would be expected from the prescribed effluent 
flow and degree of protein binding alone.

One additional change in PK/PD parameters in this 
patient over time is worth noting. PIP V1 was likely 
elevated in the immediate postoperative period while 
the patient was off CKRT owing to the volume of fluids 

given immediately after the operation and the absence 
of much output (overall net fluid balance approximately 
+4.7 L during post CKRT period #1). This increase in V1 did 
not appear to affect TA while the patient was off CKRT 
given the high percentage of fT > 1xMIC for all 3 off-CRKT 
periods. It is known that a larger Vd with a constant CL 
can increase half-life and thus time over MIC.24,25

Comparing these patient data directly to existing re-
ports of PIP PK on CKRT is challenging in part because 
of differences in data reported and patients included. 
For example, Butragueño-Laiseca et al11 reported only 
3 patients with residual kidney function and did not 
explore the impact of residual diuresis. The case report 
by Tang-Girdwood et al12 did not report UOP. While Thy 
et al10 reported the impact of residual kidney function, 
they did not include UOP values for each patient or 
evaluations of UOPs above an oliguric level. In addition, 
the reports by Thy et al10 and Butragueño-Laiseca et al11 
do not compare the CL on CKRT to the CL off CKRT for 
the patients in their studies, because their research is 
focused on PIP PK modeling.

Regardless, some comparisons regarding TA are ap-
parent. The report by Tang Girdwood et al12 found that 
CKRT provides a 50% increase in PIP CL while on CKRT 
vs off CKRT (3.0 L/hr vs 2.0 L/hr) in a 13-year-old, 42-kg 
patient with liver failure. This result is comparable to the 
66% increase in PIP CL discussed in this article. Tang 
Girdwood et al12 reported nearly 100% fT > 4xMIC for a 
MIC of 16 mg/L while on CKRT despite receiving a lower 
dose of 80 mg/kg every 8 hours while on CKRT and 
48 mg/kg every 8 hours while off, which does not align 
with the 60% fT > 4xMIC for a MIC of 8 mg/L reported 
here. This discrepancy can be attributed to our patient’s 
significant kidney function and high dialysis dose. Thy et 
al10 simulated TA for a 15-kg patient on CKRT receiving 

Table 2. Urine Output and Albumin Concentrations*

Study Day Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Mean

Urine output, mL/kg/hr 1.94 2.71 1.72 3.54 2.91 2.24 0.76 2.26

Albumin, g/dL 2.2 3.3 3.8 3.5 2.8 2.7 2.5 3.0

PTZ, piperacillin-tazobactam

* �Average urine output (mL/kg/hr) and albumin levels (g/dL) for each day PTZ was administered. Note that the urine output far exceeded the 
threshold for oliguria (<0.5 mL/kg/hr).

Table 3. Comparisons of CL Provided by CKRT*

Weighted Mean CL 
While on CKRT, L/hr

Weighted Mean 
CL While off 
CKRT, L/hr

CLEC, L/hr Increase in Total 
CL With CKRT

CLEC/Total CL 
While 

on CKRT

CLEC/ 
CKRT Dose

5.59 3.36 2.23  66% 40% 51%

CKRT, continuous kidney replacement therapy; CL, clearance; CLEC, extracorporeal clearance; PIP, piperacillin

* �CKRT-provided PIP CL, or CLEC, as calculated from the difference of PIP CL on vs off CKRT and compared with total CL while on CKRT and the 
total CKRT dose (about 4.5 L/hr).
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100 mg/kg of PTZ every 8 hours with a residual UOP of 
0.5 mL/kg/hr and found approximately 75% fT > 4xMIC 
for a MIC of 8 mg/L. Butragueño-Laiseca et al11 similarly 
reported PD TA of 78% fT > 4xMIC for a MIC of 8 mg/L in 
a simulated patient on CKRT weighing 10 to 30 kg and 
receiving 100 mg/kg of PTZ every 8 hours, though they 
could not explore the effect of residual kidney function. 
The TA for the patient in this study is lower, likely owing 
to both high-intensity CKRT and robust kidney function.

Because this was a single-patient case study, we can-
not make broad generalizations regarding appropriate 
PTZ dosing in this patient population. That said, we simu-
lated 3 dosing regimens that would achieve 100% fT > 
4xMIC for on-circuit periods, assuming no change in CKRT 
or kidney CL: 110 mg/kg PTZ (98 mg/kg PIP) every 4 hours 
as a 30-minute infusion, 160 mg/kg PTZ (142 mg/kg PIP) 
every 6 hours as a 3-hour infusion, or 220 mg/kg/day PTZ 
(196 mg/kg PIP) as a continuous infusion. Concentration-
time profiles for these simulated dosing regimens are 
available in Supplemental Figure A through C.

Limitations
This case study has limitations. Only 5 of the 22 

concentrations were obtained when the patient was 
off CKRT. This is mainly because the patient was only 
off CKRT for short periods (mean of 9 hours vs mean 
of 38 hours on CKRT), but the paucity of data could 
result in less accurate estimates of PIP CL. Because 
this is a single-patient case report, we also cannot 
perform statistical inferential testing to examine the 
impact of patient- and CKRT-specific parameters in 
predicting PIP PK. We assume a fixed percentage of 
binding in the de Cock model used here, which may 
inaccurately represent the actual protein binding of PIP 
in this patient owing to his critical illness and fluctuat-
ing albumin levels. In addition, we did not collect urine 
or effluent PIP concentrations because the case study 
was subsumed under a parent study that only involved 
collection of scavenged opportunistic blood samples. 
Because piperacillin is known to have renal, hepatic, 
and extracorporeal clearance,7,26,27 the absence of urine 
and effluent samples limited our ability to precisely 
quantify the contribution of each. Finally, because we 
do not have a validated assay for tazobactam at our 
institution, we could not perform tazobactam PK, which 
would have enriched this case report.

However, this report has strengths as well, especially 
owing to the unique nature of the patient case. To our 
knowledge, this is the first analysis of free PIP concen-
trations in a critically ill pediatric patient undergoing 
high-dose continuous dialysis. His significant intrinsic 
kidney function also adds to the novelty of the PK/PD 
results. The 17 free PIP concentrations available while 
the patient was on CKRT likely allowed for accurate 
estimates of PK parameters during those periods, as 
evidenced by the good fits of the observed concentra-
tions while on CKRT.

Conclusions
This case report contributes valuable PIP PK data 

from a distinctive patient case to the sparse existing 
CKRT PK literature. We provide information about the 
potential effects of both the high dialysis dose and 
residual UOP above an oligoanuric level as is typically 
seen in children on CKRT. Clinical monitoring of free PIP 
concentrations may be warranted to better inform dos-
ing in patients supported with CKRT, particularly given 
the discordance between dialysis dose and antibiotic 
elimination seen here. More frequent PIP dosing or 
prolonged or continuous infusions may be necessary to 
achieve stringent PD targets in this population, though 
more research is needed. Further analysis should be 
completed by using free PIP concentration data directly 
from critically ill pediatric patients receiving CKRT, in-
cluding those with residual kidney function.
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CLINICAL VIGNETTE

Ertapenem Combined With Anti-Staphylococcal 
Beta-Lactam Therapy for the Treatment of Persistent 
Staphylococcus Aureus Bacteremia in a Child With Vertebral 
Osteomyelitis
Debbie-Ann Shirley, MD, MPH; Liliana Gutierrez, MD; Lisa Vuong, PharmD; and Shannon Moonah, MD, ScM

Staphylococcus aureus infection is one of the most common and serious infections that arises in children 
and is associated with high morbidity. S. aureus is the leading cause of acute hematogenous osteomyelitis 
in children. In the absence of concerns regarding resistance to methicillin, an anti-staphylococcal isoxazolyl 
penicillin, such as oxacillin or nafcillin, is the drug of choice for treatment of S. aureus osteomyelitis. How-
ever, first-generation cephalosporins, such as cefazolin, can also be used. There are limited antimicrobial 
options available for osteomyelitis and persistent or intermittent bacteremia when surgical intervention for 
source control is not indicated or feasible. Hence, there is a need to improve our knowledge of synergistic 
antimicrobial combinations to guide clinical practice and improve outcomes, particularly among children. 
We present the case of an 11-year-old child with persistence of acute hematogenous vertebral osteomyelitis 
with discitis and bacteremia, despite appropriate treatment with an anti-staphylococcal beta-lactam. Blood 
cultures were sterilized, and symptoms resolved after the addition of ertapenem 1 g daily for 7 days. To our 
knowledge, this is the first report of using ertapenem in combination with an anti-staphylococcal beta-
lactam to specifically treat persistent methicillin-susceptible S. aureus (MSSA) vertebral osteomyelitis with 
bacteremia. Similar success has been reported using this combination to treat adults with persistent MSSA 
bacteremia and preterm low-birth-weight infants with late-onset neonatal sepsis; hence, our report provides 
further support for the benefit of this combination in staphylococcal infections.

ABBREVIATIONS MRI, magnetic resonance imaging; MSSA, Methicillin-sensitive Staphylococcus aureus;  
PBP, penicillin binding protein 

KEYWORDS bacteremia; combination; ertapenem; pediatric; Staphylococcus
J Pediatr Pharmacol Ther 2025;30(5):680–686
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Introduction
Staphylococcus aureus is the leading cause of os-

teomyelitis in children, accounting for more than three-

fourths of infections.1–3 Pediatric bone infections most 
commonly represent acute hematogenous infection. 
They can be associated with significant morbidity in 
this age group, resulting in potential sequelae, such as 
chronic infection, growth arrest, and pathologic fracture. 
Osteomyelitis is one of the most commonly implicated 
infections associated with either persistent bacteremia 
lasting 2 or more days or intermittently positive blood 
cultures.4 Prolonged bacteremia, whether persistent 
or intermittent, requires prompt attention, as complica-
tions, such as septic emboli and metastatic infection, 
can arise if untreated. Each additional day of bactere-
mia in children, for example, is associated with 50% 
increased odds of bacteremia-related complications.5 
The mainstay of management in children with acute 
hematogenous osteomyelitis is antimicrobial therapy. 
Surgical debridement is additionally recommended 
for those with sepsis, rapidly progressive infection, or 
substantial abscess formation.3

Information Box
What specific question does this report address? 

We describe clearance of methicillin-susceptible 
Staphylococcus aureus bacteremia in a child with 
hematogenous vertebral osteomyelitis and discitis 
using ertapenem combined with an anti-staphylo-
coccal penicillin.
What does this report add to our current knowledge? 

To our knowledge, this is the first report of using 
ertapenem combination therapy to treat a musculoskel-
etal infection with bacteremia in a child, further adding 
to the growing body of evidence supporting the ben-
efits of this combination for staphylococcal infections.
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Vertebral osteomyelitis is a less common form of 
bone infection in children compared with long bone 
involvement. It is also most likely to be caused by S. 
aureus infection when it does occur.6 The mainstay of 
treatment is the administration of parenteral therapy or 
oral antibiotics that are highly bioavailable. Surgical in-
tervention is usually reserved for those with progressive 
neurologic deficits, bone deformity, spinal instability, or 
persistent bacteremia despite appropriate antimicrobial 
management.7

The frequency of methicillin resistance among S. 
aureus bone infections varies widely by geographic 
location, but overall accounts for approximately one-
third of cases by pooled reports. The first-line antibiotic 
choice for methicillin-susceptible S. aureus (MSSA) is 
an anti-staphylococcal penicillin, such as oxacillin or 
nafcillin; alternatively, a first-generation cephalosporin, 
such as cefazolin, can be used.7 There are limited data 
on combination antimicrobial treatment options for 
patients with musculoskeletal infection and persistent 
S. aureus bacteremia, particularly in those who are not 
candidates for surgery.

We report the case of a child with intermittent 
MSSA bacteremia and acute vertebral osteomyelitis 
with discitis successfully treated with a combination 
of oxacillin and ertapenem. To our knowledge, this is 
the first report of using ertapenem in combination with 
an anti-staphylococcal penicillin to clear intermittent 
bacteremia in a child with vertebral infection. Similar 
success has been reported using this combination 
in adult patients, however, to treat musculoskeletal 
infections.8 This combination has also been used in 
low-birth-weight infants with persistent bacteremia.9,10 
Our report provides further support for the benefit of 
this combination for staphylococcal infections in chil-
dren and summarizes pediatric cases reported to date.

Case
A previously healthy 11-year-old child presented to 

our hospital with a 3-day history of acute-onset back 
pain. On admission, vital signs revealed a fever of 
39.3°C, tachycardia of 108 beats/min, and elevated 
blood pressure of 136/84 mm Hg with a normal respira-
tory rate of 20 breaths/min, oxygen saturations of 100% 
on room air, and admission weight of 65.9 kg. The physi-
cal examination was significant for point tenderness 
over the lumbar spine and paraspinal muscles, without 
overlying swelling or redness, and there was no focal 
neurologic deficit. Initial labs included mild leukocytosis 
of 12 × 109/L (8% bands and 51% neutrophils) with normal 
creatinine (0.6 mg/dL) and significantly elevated inflam-
matory markers (sedimentation rate >130 mm/hr and 
C-reactive protein 229 mg/L). Rhinovirus/enterovirus 
was detected by the respiratory pathogens multiplex 
molecular panel collected from the nasopharynx. 
Magnetic resonance imaging (MRI) of the thoracic and 
lumbar spine, done with and without contrast, revealed 

evidence of early vertebral osteomyelitis of the fifth 
lumbar vertebrae with surrounding discitis and associ-
ated small prevertebral fluid collection (Figure 1). The 
pediatric neurosurgery service was consulted, but no 
indication for surgical intervention was determined, 
given the lack of extension to the spinal canal or neural 
canals in the setting of an intact neurologic examination. 
The initial blood culture grew S. aureus after 18 hours 
of inoculation, and the mecA/C gene was not detected 
by rapid molecular diagnostic testing; therefore, the 
patient was started on 2 g of oxacillin administered 
intravenously every 4 hours.

The patient clinically improved with rapid defer-
vescence and clearance of bacteremia the day after 
initiating antibiotic therapy. Oxacillin was adjusted 
to continuous intravenous infusion at 12 g/daily after 
insertion of a percutaneous intravenous central cathe-
ter, and the patient was discharged home after 6 days 
to complete a planned 6-week course of parenteral 
therapy. Therapeutic drug monitoring indicated this 
to be appropriate agent choice and dosing (Table 1 
and Table 2); however, just before discharge, a repeat 
blood culture that was collected 4 days after starting 
antibiotic therapy became positive. As the patient was 
clinically improving, discharge home was still allowed, 
but the patient was readmitted 14 days after initiation 
of antibiotic therapy with the return of fever, chills, and 

Figure 1. Initial magnetic resonance imaging of the 
lumbar and sacral spine, demonstrating early verte-
bral osteomyelitis and discitis.

Sagittal T2-weighted magnetic resonance image of the lumbar and 
sacral spine showing straightened lordotic curvature. There is preser-
vation of vertebral body heights, but disc desiccation with disc space 
height loss is seen at L4-5 and L5-S1, associated with endplate contour 
irregularities and nodular contrast enhancement at the inferior end-
plate of L5. There is fatty stranding and phlegmonous changes in the 
prevertebral space at the level of L5. No intrinsic signal abnormality 
or abnormal enhancement of the spinal cord was noted.
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bacteremia. A repeat MRI showed the resolution of 
the prevertebral fluid collection, but 2 new phlegmons 
in the right anterior prevertebral soft tissue, posterior 
to the right common iliac vessels, along with exten-
sion of the osteomyelitis to the first sacral vertebrae 
and the L5-S2 disc spaces. No surgical intervention 
was again indicated after the surgical consultation. 
Susceptibility testing again showed oxacillin to be 
an appropriate choice. Oxacillin therapeutic drug 
monitoring was repeated, yielding similar results to 
the initial set of concentrations, confirming appropri-
ate dosing (Table 2). Based on the good outcomes 
reported in published studies of combination therapy, 
intravenous ertapenem 1000 mg was administered 
every 24 hours for 7 days, followed by clinical im-
provement and clearance of bacteremia by the fol-
lowing day. The patient was subsequently allowed to 
return home (Figure 2).

In the ambulatory setting, the patient then developed 
a new rash along his waistline 3 weeks after discharge, 
with raised erythematous plaques, but no signs of an-

gioedema, trouble swallowing, or respiratory symptoms. 
With concern for drug reaction, oxacillin was switched 
to cefazolin 6 g divided daily, given the low chance of 
cross-reactivity. His rash disappeared within 48 hours 
of the change. The patient was monitored closely with 
weekly blood counts, and routine chemistries, including 
tests for liver and renal function. No other adverse events 
emerged, and he tolerated the remainder of his therapy 
well. He completed 4 weeks of cefazolin, for a total of 
8 weeks of parenteral antibiotic therapy, with resolution 
of clinical signs and normalization of inflammatory mark-
ers. A repeat MRI 3 months after completion of antibiotic 
therapy showed significant interval improvement. At  
1 year of follow-up, the patient continued to do well with 
no further recurrences of bacteremia.

Discussion
We report the use of oxacillin combined with er-

tapenem to achieve clearance of MSSA bacteremia 
in a child with acute hematogenous vertebral osteo-
myelitis. Our case was treated with first-line isoxazolyl 
penicillin therapy for MSSA infection, using oxacillin. 
Cefazolin is an alternative, though the impact of the 
inoculum effect on cefazolin in persistent bacteremia 

Table 1. Antibiotic Susceptibility of Staphylococcus 
Aureus Initially Isolated From the Patient

a) Antibiotic Susceptibilities

Antibiotic Minimal 
Inhibitory 

Concentration 
(mcg/mL)

Interpretation*

Ceftaroline 0.25 Susceptible

Ciprofloxacin ≤0.5 Susceptible

Clindamycin 0.25 Susceptible

Daptomycin 0.25 Susceptible

Erythromycin ≤0.25 Susceptible

Gentamicin ≤0.5 Susceptible

Levofloxacin ≤0.12 Susceptible

Linezolid 2 Susceptible

Minocycline ≤0.5 Susceptible

Moxifloxacin ≤0.25 Susceptible

Oxacillin 0.5 Susceptible

Penicillin ≥0.5 Resistant

Rifampin ≤0.5 Susceptible

Tetracycline ≤1 Susceptible

Trimethoprim/
sulfamethoxazole

≤10 Susceptible

Vancomycin ≤0.5 Susceptible

* Clinical and Laboratory Standards Institute Guidelines

Table 2. Therapeutic Drug Monitoring of Oxacillin 12 
g IV q24 Hours Continuous Infusion With Therapeutic 
Goal of fCmin = 1 × MIC.

a) Oxacillin concentrations obtained during the first 
admission demonstrated patient was achieving 
pharmacokinetic target with fCmin = 1.2 × MIC

Concentration 1 12.06 mcg/
mL (free 
drug 0.6 mcg/mL)

Steady-state

Concentration 2 11.79 mcg/mL (free 
drug 0.59 mcg/mL)

Steady-
state, drawn 
6 hr after 
concentration 1

b) Oxacillin concentrations obtained on readmission 
with worsening infection demonstrated patient was 
still achieving pharmacokinetic target with fCmin = 
1.3 × MIC

Concentration 3 13.48 mcg/mL 
(free drug  
0.67 mcg/mL)

Steady-state

Concentration 4 12.87 mcg/mL 
(free drug  
0.64 mcg/mL)

Steady-
state, drawn 
3.5 hr after 
concentration 3

q, every; fCmin free minimum blood plasma concentration of oxacillin; 
MIC indicates minimal inhibitor concentration in milligrams per liter

Patient-specific pharmacokinetic parameters were not provided as 
they cannot be calculated while on a continuous infusion. Total and 
free oxacillin concentrations are provided for each measurement.
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remains to be determined. Despite an appropriate ini-
tial response based on in vitro susceptibility data and 
therapeutic oxacillin levels, his course was complicated 
by intermittent bacteremia, a return of fever, and the 
development of new areas of infection. He improved 
after the addition of ertapenem for a short interval, 
ultimately leading to a cure (Figure 2). Surgical inter-
vention was not indicated, as no drainable collection 
was identified by imaging. When source control is not 
possible, medical management must rely solely on anti-
microbial therapy. Combination therapy has been used 
to clear persistent bacteremia in such cases; however, 
data to guide optimal combinations and durations are 
sparse.8,11–13 Checkerboard and time-kill assays using 
MSSA have demonstrated in vitro synergy when add-
ing the penem antibacterial, ertapenem, to cefazolin 
or oxacillin.11,14 The proposed synergistic mechanisms 
underlying dual beta-lactam combination therapy relate 
to either the saturation or complementary binding of 
penicillin-binding protein (PBP) sites, thereby inhibiting 
bacterial cell wall synthesis.11 Complementary binding 
is observed in the preference of PBP-1 for ertapenem 
and PBP-2 for cefazolin. Similar to ertapenem, oxacillin 
also prefers PBP-1 but may also bind to PBP-2 and, to 
a lesser extent, PBP-3.11,14,15 The proposed mechanisms 
for synergy in this combination could be complete satu-
ration of PBP-1 or complementary binding of multiple 
PBPs. Potent in vivo activity against MSSA beyond that 
predicted in vitro has been shown in a rat model of en-
docarditis and mouse subcutaneous-infection model.8,14 
Reduction in the concentration of cefazolin required 
to eradicate Staphylococcus within biofilms and im-
munomodulatory effects through increased expression 
of interleukin-1b are other proposed mechanisms that 
may also contribute to the beneficial therapeutic effects 
of dual therapy noted in clinical reports.16,17

Our experience and review of successful outcomes 
in neonatal and adult literature provided the basis for 
trialing combination therapy in this case.9,10,18,19 We previ-
ously reported on an encouraging observation using 
nafcillin plus ertapenem salvage combination therapy to 
clear persistent methicillin-susceptible S. lugdunesnsis 
bacteremia in a patient with infective endocarditis.20 

The decision to use dual combination beta-lactam 
therapy with an anti-staphylococcal agent and ertape-
nem was based on prior reports showing rapid clear-
ance.8,11–13 Our pediatric patient similarly experienced 
rapid clearance after the addition of ertapenem, with no 
further episodes of bacteremia, and the regimen was 
well tolerated. Similar successful outcomes have been 
noted in 3 neonatal reports.9,10,18S. aureus is a top cause 
of late-onset sepsis among infants receiving neonatal 
intensive care.21 The risk of infection in the neonatal 
population increases inversely as gestational age and 
weight decrease, such that S. aureus accounts for 
12% of episodes of late-onset sepsis episodes among 
infants born weighing less than 1000 g.22 Mortality in 
this population is high, with fatality reported in 25% of 
infants under a birthweight of 1500 g infected with S. 
aureus meningitis or bacteremia.23

The first neonatal report of dual therapy describes a 
neonate born at 29 weeks, with persistent MSSA bacte-
remia for 9 days presumed to be secondary to umbilical 
catheter infection, treated initially with cefazolin mono-
therapy and bacteremia cleared within 1 day of adding 
ertapenem (Table 3).9 In the second report, a preterm 
infant born at 27 weeks of gestation with a birthweight 
of 1105 g developed MSSA bacteremia presumed to be 
secondary to an infected umbilical catheter, followed by 
dissemination to the left finger. The infant was bactere-
mic for 6 days while being treated with oxacillin mono-
therapy and cleared within 1 day of adding ertapenem 
(Table 3).10 Finally, the third report describes a case series 
of 3 premature low-birth-weight infants with persistent 
MSSA bacteremia, including a neonate with endocardi-
tis and 2 with presumed catheter-related bloodstream 
infections, all initially being treated with cefazolin, and 
clearing within 3 days of the addition of ertapenem. Two 
infants survived, but 1 infant unfortunately experienced 
demise, though the reported cause of death was related 
to Stenotrophomonas sepsis, not MSSA infection.18

The risks of using antimicrobial combination therapy 
also bear consideration. Ertapenem has a favorable 
safety profile, particularly in comparison to other non–
beta-lactam agents, such as vancomycin and genta-
micin, which can be associated with nephrotoxicity. 

Figure 2. Timeline of initial antibiotic treatment and days of bacteremia.

BC, blood culture; +. positive blood culture; -, negative blood culture; h, hours, q, every; Rx, treatment. *Treated with intravenous (IV) oxacillin 
× 4 weeks (Days 1–3 oxacillin: 2 g every 4 hr, then Day 3 onwards: oxacillin 12 g continuous infusion every 24 hr), switched to IV cefazolin 
on week 6 of therapy for 4 weeks due to rash, to complete 8 weeks of anti-staphylococcal beta-lactam therapy; treated with IV ertapenem 
for 7 days. D
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Rifampin has traditionally been added to neonates 
with persistent Staphylococcal bacteremia, particu-
larly those with coagulase-negative Staphylococcus or 
methicillin-resistant S. aureus.24 The benefit of rifampin 
in other patient populations remains to be determined, 
and there are additional concerns related to drug-drug 
interactions and hepatotoxicity.25 Hence, ertapenem 
holds promise as both a safe and effective choice 
for synergy with an anti-staphylococcal beta-lactam 
agent. However, clinical data are restricted to case 
series and case reports.8–13,18,20 Comparator studies 

are still warranted to further inform clinical practice in 
children, including the optimal dosages and duration 
for dual therapy.

Conclusion
We report the case of a child being treated with 

oxacillin for acute MSSA vertebral osteomyelitis and 
intermittent bacteremia, experiencing clearance after 
the addition of ertapenem. This case adds to the 
pediatric experience of using this combination for 
salvage efforts.

Table 3. Patient Characteristics of Neonatal and Pediatric Patients with Persistent Methicillin-Susceptible Staphylococcus Aureus 
Bacteremia Treated With Dual Anti-Staphylococcal and Ertapenem Beta-Lactam Combination Therapy

Case 
(Ref)

Age Comorbidity Presumed 
Infection 
Source

Duration of 
Bacteremia 

Before 
Dual Beta-
Lactams 
(Days)

Combination 
Intravenous 
Antibiotics

Duration of 
Bacteremia 
Post Dual 

Beta-
Lactams 
(Days)

Duration of 
Ertapenem 

Combination 
Therapy 
(Days)

Clinical Outcome

Neonatal cases

1(18) 5 d Preterm 
33 weeks 
gestation, 1539 g 
birthweight

Endocarditis 6 Ertapenem* 
and cefazolin

2 9 Survived without 
recurrence of 
bacteremia†

2(18) 23 d Preterm 
23 weeks 
gestation, 485 g 
birthweight

Catheter-
related line 
infection

9 Ertapenem* 
and cefazolin

3 2‡ Demise on day 
26 of life from 
Stenotrophomonas 
maltophilia sepsis

3(18) 9 d Preterm 
29 weeks 
gestation, 1510 g 
birthweight

Umbilical 
catheter 
infection

9 Ertapenem* 
and cefazolin

1§ 14 Survived without 
recurrence of 
bacteremia

4(9) 9 d Preterm 
29 weeks 
gestation, 1510 g 
birthweight

Umbilical 
catheter 
infection

7 Ertapenem* 
and cefazolin¶

1 14 Survived without 
recurrence of 
bacteremia

5(10) 9 d Preterm 27 
weeks gestation, 
VLBW at 1105 g

Catheter 
related 
blood stream 
infection#

6 Ertapenem* 
and oxacillin

1 14 Survived without 
recurrence of 
bacteremia

Pediatric case

6** 11 y Previously 
healthy

Vertebral 
osteomyelitis

14†† Ertapenem‡‡ 
 and oxacillin

1 7 Survived without 
recurrence of 
bacteremia

d, days old; y, years old; ref, reference

* 15 mg/kg IV q12h.
† Mitral valve was sterile at the time of valvuloplasty.
‡ Switched to meropenem for broader coverage after 2 days of ertapenem.
§ 30 hours.
¶ Was on nafcillin monotherapy prior to switching to dual combination therapy on day 8.
# Disseminated metastatic infection to left finger.
** our case
†† Intermittent bacteremia.
‡‡ 1000 mg/day.
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Misdiagnosis of infectious diseases has an impact 
on the health of the community, as well as the patients. 
This is because many infectious disorders are conta-
gious. If they are disregarded or discovered too late, 
important steps to stop the spread of infectious agents 
may not be taken.1

A major inaccuracy in identifying an infectious illness 
occurs during the initial diagnosis, including the collec-
tion of a history and physical examination, recognizing 
urgency or complications, and testing.2 One of the most 
misdiagnosed diseases is benign viral infections.3

Viral infections, particularly those of the upper respi-
ratory tract infections, are frequently misdiagnosed as 
bacterial diseases, leading to unnecessary or ineffec-
tive antibiotic prescriptions.4,5 While most respiratory 
tract infections in pediatrics are viral and self-limiting, 
there is substantial evidence that antibiotics are over-
used in treating respiratory disorders. Inappropriate 
antibiotic usage promotes the growth of resistant germs 
and exposes patients to unwanted side effects, which 
result in excessive expenses.6

Pediatric antimicrobial resistance is a growing global 
health threat, referring to the ability of bacteria, viruses, 
fungi, and parasites to resist the effects of antimicrobial 
drugs, thereby making infections more difficult to treat 
in children. While antibacterials can be highly effective 
in killing bacteria, their overuse or misuse can lead to 
bacterial resistance to multiple antibiotics.

To assess the use of antibiotics in the pediatric 
population, this study was conducted over a 6-month 
period from December 2022 to May 2023. Cases were 
collected from the pediatric inpatient departments until 
the day of discharge. Patients admitted to intensive 
care units and oncology departments were excluded 
from the study.

Data were collected using a well-structured elec-
tronic data collection form, which included patient 
demographics, infection type, prescribed antimicrobi-
als, culture test results, patient medical and medication 
history, and interventions performed.

In this investigation, we examined the relationship 
between the antibiotics used and the days of con-
sumption in pediatric inpatients. Categorical data were 
presented by number and percentage, and numerical 
data with mean ± SD. Univariate analysis of variance 
was the statistical tool used to identify the correlation 
between different factors. Type I error was determined 
as 5%, and a p value of < 0.05 was considered statisti-
cally significant.

Quantitatively assessing antibiotic consumption in 
pediatric patients based on using the recommended 
days of therapy (DoT) per 1000 Patient Days (PD), 
which will help to determine the number of antibiotics 

Table 1. General Characteristics of Admitted Patients 
Aged Older Than 28 Days to 15 Years

Variable 
Frequency

Categories Frequency

Total admissions N = 185, %
Age* Under 5 94, 50.8%

Over 5 91, 49.2%

Patients treated 
with antibiotics†

n = 100, %

Sex Male 56, 56%
Female 44, 44%

Type of clinical 
diagnosis

Infectious disease 43, 43%

Noninfectious disease 57, 57%
Age Under 5 54, 54%

Over 5 46, 46%

Length of 
hospital stay

≤5 days 41, 41%

6–10 days 45, 45%
> 10 days 14, 14%

* Age of patients categorized to under and above 5 years of age.
† Patients classified specifically based on receiving antibiotics.
‡ �Clinical diagnosis classified based on infectious or noninfectious 
diagnosis.
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used in the pediatric patients.7 Because the defined 
daily dosage (DDD) is primarily meant for adults, it 
underestimates antibiotic intake in pediatrics due to 
weight variations. Pediatric-specific DDDs are lacking, 
and age-based dosing further complicates the appli-
cability of DDDs in estimating antibiotic consumption 
accurately in the pediatric population. Therefore, we 
used DoT as an alternative for evaluating antibiotic 
usage density in pediatrics because it considers each 
drug and the number of days administered, allowing 
for independent contributions.8

A total of 185 individuals were accepted into the 
study, and 100 (54.1%) received at least 1 antibiotic 
(Table 1). Only 26% of patients receiving antibiotics 

underwent a microbiological culture test, whereas 
74% of patients did not. Of the entire patient popula-
tion, 52 (28.1%) had infectious disorders, while 133 
(71.9%) had noninfectious ailments. Patients were 
administered antibiotics in such conditions, either 
suspecting that the underlying disease might lead to 
an infectious condition or thinking that an infectious 
condition can only lead to the current state of the 
patient’s condition.

Within the group of patients on antibiotics, 43 of 100 
(43%) were diagnosed with infectious diseases. Respira-
tory infections, such as pneumonia, bronchiolitis, and 
other upper and lower respiratory tract infections, were 
the most prevalent infections that were seen.

Table 2. Antibiotics Used in Inpatients Aged Younger and Older Than 5 Years

Antibiotics ATC 
Code*

DoT DoT/1000 
PD (Total 

PD = 1064)

Proportion of 
Patients Treated 

With the Antibiotic 
(n = 185, %)

Age

<5 yrs 
(n = 94, %)

≥5 yrs 
(n = 91, %)

Trimethoprim & 
Sulfamethoxazole

J01EE01 6 5.6 4, 2.1% 2, 2.1% 2, 2.1%

Ceftriaxone J01DD04 283 265.9 55, 29.7% 32, 34.0% 23, 25.2%

Amoxicillin & Calvulanic J01CR02 129 121.2 24, 12.9% 14, 14.8% 10, 10.9%

Azithromycin J01FA10 51 47.9 10, 5.4% 8, 8.5% 2, 2.1%

Cefotaxime J01DD01 72 67.6 16, 8.6% 8, 8.5% 8, 8.7%

Faropenem J01DI03 7 6.5 2, 1.0% 1, 1.0% 1, 1.0%

Benzathine penicillin J01CE08 2 1.8 2, 1.0% 0, 0 2, 2.1%

Doxycycline J01AA02 16 15.0 2, 1.0% 1, 1.0% 1, 1.0%

Amikacin J01GB06 39 36.6 7, 3.7% 4, 4.2 3, 3.2

Metronidazole J01XD01 14 13.1 3, 1.6% 2, 2.1% 1, 1.0%

Amoxicillin J01CA04 2 1.8 1, 0.5% 0, 0 1, 1.0%

Cefoperazone & 
Sulbactum

J01DD62 7 6.5 1, 0.5% 0, 0 1, 1.0%

Oxfloxacin J01MA01 4 3.7 1, 0.5% 0, 0 1, 1.0%

Vancomycin J01XA01 26 24.4 3, 1.6% 2, 2.1% 1, 1.0%

Ciprofloxacin J01MA02 7 6.5 2, 1.0% 1, 1.0% 1, 1.0%

Piperacillin & Tazobactum J01CR05 13 12.2 3, 1.6% 3, 3.1% 0, 0

Meropenem J01BH02 19 17.8 3, 1.6% 2, 2.1% 1, 1.0%

Polymyxin B A07AA05 3 2.8 1, 0.5% 0, 0 1, 1.0%

Clindamycin J01FF01 7 6.5 1, 0.5% 1, 1.0% 0, 0

Aztreonam J01DF01 7 6.5 1, 0.5% 0, 0 1, 1.0%

Cefexime J01DD08 77 72.3 18, 9.7% 14, 14.8% 4, 4.3%

ATC, anatomical therapeutic chemical; DoT, days of therapy, PD, Patient Days

* �The active substances are divided into different groups according to the organ or system on which they act and their therapeutic, pharmaco-
logical, and chemical properties.
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Ceftriaxone, amoxicillin/clavulanic acid, cefixime, 
cefotaxime, and azithromycin were the 5 antibiotics 
that were the subject of the study (Table 2). With a 
DoT/1000 PD of 265.9, ceftriaxone had the highest 
consumption rate. Following that, the consumption 
rates for amoxicillin/clavulanic acid were 121.2 cefixime 
was 72.3, cefotaxime was 67.6, and azithromycin was 
47.9 (Figure 1).

Our research found that 54.1% of the overall pediatric 
population received antibiotics. According to our study, 
ceftriaxone was the most frequently used antibiotic, 
with a DoT/1000 PD of 265.9 of 1064 total treatment 
days (accounting for 57.4% of total treatment time and 
antibiotic therapy consisted of 42.6% of the total DoT 

(Figure 2). This accounts for 29.7% of the total patients 
involved in the study, which serves as a warning to the 
healthcare profession about the increased use of third-
generation cephalosporins, which may be a significant 
factor in the development of antimicrobial resistance in 
cephalosporins. A practice like this enables healthcare 
practitioners to optimize antibiotic therapy based on the 
precise identification of causative bacteria, supporting 
successful treatment and potentially minimizing antibi-
otic resistance problems.9
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Figure 2. Distribution based on days of antibiotic therapy per 1000 patients to the proportion of patients 
treated with each antibiotic. 

PD, Patient Days.

Figure 1. Distribution based on total days of treat-
ment and days of treatment with antibiotics. 

DoT, days of therapy.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access

mailto:midhunmkizhakethil@gmail.com


Usage of Antibiotics in Pediatric Care Using the DoT method Mathew, M et al

690	  J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5 www.jppt.org 

Ethical Approval and Informed Consent. Ethical approval 
was received from the institutional ethics committee of 
Dr. D. Y. Patil Medical College Hospital and the informed 
consent was taken from the patients before collection of 
the data from patients.

Submitted. December 2, 2024

Accepted. February 15, 2025

Copyright. Pediatric Pharmacy Association. All rights reserved. 
For permissions, email: membership@pediatricpharmacy.org

References
1.	 Haddad M, Sheybani F, Naderi H, et al. Errors in diagnos-

ing infectious diseases: a physician survey. Front Med 
(Lausanne). 2021;8:779454.

2.	 Schiff GD, Hasan O, Kim S, et al. Diagnostic error in 
medicine: analysis of 583 physician-reported errors. Arch 
Intern Med. 2009;169(20):1881–1887.

3.	 Ely JW, Kaldjian LC, D’Alessandro DM. Diagnostic errors in 
primary care: lessons learned. JABFM. 2012;25(1):87–97.

4.	 Singh H, Schiff GD, Graber ML, et al. The global burden 
of diagnostic errors in primary care. BMJ Qual Saf. 
2017;26(6):484–494.

5.	 Singh H, Thomas EJ, Wilson L, et al. Errors of diagno-
sis in pediatric practice: a multisite survey. Pediatrics. 
2010;126(1):70–79.

6.	 Dekker ARJ, Verheij TJM, van der Velden AW. Inap-
propriate antibiotic prescription for respiratory tract 
indications: most prominent in adult patients. Fam Pract. 
2015:32(4):401–407.

7.	 Kreitmeyr K, von Both U, Pecar A, et al. Pediatric anti-
biotic stewardship: successful interventions to reduce 
broadspectrum antibiotic use on general pediatric wards. 
Infection. 2017;45(4):493–504.

8.	 Broyles MR. Impact of procalcitonin-guided antibiotic 
management on antibiotic exposure and outcomes: real-
world evidence. Open Forum Infect Dis. 2017;4(4):ofx213.

9.	 Kizhakethil MM, Ranganathan JR, Gafoor TA, et al. Ad-
verse drug reactions of antibiotics and it’s management 
in a tertiary care hospital: a prospective observational 
study. J Basic Pharmacol Toxicol. 2020;4(1):10–15.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access

mailto:membership@pediatricpharmacy.org


	 J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5	 691www.jppt.org 

JPPT | Pediatric Pharmacy Association Position Paper Update

OPINION

Continuing as Partners in Immunization: Updates 
to Practice and Legislation for Pediatric Pharmacy 
Immunizations
Jennifer E. Girotto, PharmD; Selena Warminski, PharmD; Tamara Oz, PharmD, MA, MBA; J. Hunter Fly, PharmD; on Behalf of 
the Immunization Committee of the Pediatric Pharmacy Association

ABBREVIATIONS CDC, Centers for Disease Control and Prevention 
J Pediatr Pharmacol Ther 2025;30(5):691–695

DOI: 10.5863/JPPT-25-01216

Immunizations are an essential public health inter-
vention for pediatric patients. Since the publication 
of the Pediatric Pharmacy Association’s White Paper, 
Pharmacists as Partners in Pediatric Immunizations, 
in December 2024, many changes in state laws and 
federal processes have occurred.1 In this paper, the 
members of the Pediatric Pharmacy Association’s Im-
munizations Committee provide updated information 
and links to state resources to ensure that pediatric 
pharmacists and other healthcare providers understand 
some of the changes to provide the best care for their 
pediatric patients.

Pharmacists need to be familiar with state phar-
macy practice laws, as these govern pharmacist im-
munization authority outside of the Public Readiness 
and Emergency Preparedness act. This act allows 
pharmacists to provide COVID-19 and influenza vac-
cines to children as young as 3 years old through 
December 2029.2 The Table provides an update to 
the state specific pharmacist immunization regulation 
and adds information about state specific processes 
(eg, Centers for Disease Control and Prevention 
[CDC] schedule, follow state protocol, collaborative 
practice agreement) that pharmacists must follow 
to provide immunizations to children. It is important 
to note that all immunizations provided through the 
Vaccine for Children program must adhere to the 
CDC’s immunization recommendations.3 For addi-
tional evidence-based resources for the pharmacist, 
the American Academy of Pediatrics has released 
an independent 2025 immunization schedule and 
posted it as an open resource on their website.4 
Additionally, at the time of publication, it was noted 
that multiple states have announced changes to 
statewide pharmacist vaccine authority as it applies 
to COVID-19 vaccination.5 As all states now provide 
pharmacists with some degree of immunization 
authority, and this area continues to expand, phar-
macists must stay up to date on regulatory changes 
that impact their practice.
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Table. Pharmacist Pediatric Immunization Authority and Regulation Resources

State* Pharmacist 
Authorized 

to Provide at 
Least Some 

Immunizations 
to Persons 

<18 yr†

Pharmacist 
Authorized 
to Provide 

Immunizations 
Other Than 

COVID-19, Influenza, 
and/or Declared 

Emergency to Those 
as Young as 7 yr

Pharmacists 
Authorized 
to Provide 

Immunizations 
Other Than 

COVID-19 and/
or Influenza as 
Young as 12 yr

Pharmacist 
Immunization CE 

Requirements

Requirements 
for Immunizing 

Pharmacists

Alabama Yes Yes Yes 2 hr CE each cycle ACIP

Alaska Yes Yes Yes 1 hr CE annually Independent 
prescribing

Arizona Yes Yes Yes 2 hr CE each cycle Per ACIP, Rx, or CPA

Arkansas Yes Yes Yes 2 hr CE each cycle Rx or CPA. Must 
participate in VFC, 

which requires 
following ACIP

California Yes Yes Yes 1 hr CE each cycle Rx or both FDA & 
ACIP

Colorado Yes Yes Yes — Rx or CPA, needs to 
be per ACIP 2/3/2020

Connecticut Yes No Yes 1 hr annually On adult ACIP 
schedule, instructions 

on CDC website, 
or Rx. Must follow 

package insert or Rx

Delaware Yes Yes Yes 2 hr CE each cycle Rx or CPA

District of 
Columbia

Yes Yes Yes 2 hr CE each cycle Rx or CPA either per 
ACIP or physician-
patient relationship

Florida Yes No No 3 hr CE each cycle (in 
addition to vaccines, must 
also include education on 

epinephrine)

CPA

Georgia Yes No No — CPA

Hawaii Yes Yes Yes 2 hr CE each cycle ACIP

Idaho Yes Yes Yes 1 hr CE annually Independent 
prescribing

Illinois Yes Yes Yes 2 hr CE each cycle Rx or CPA

Indiana Yes No Yes — State protocol, 
currently based 

on ACIP. If not on 
protocol can have Rx 

or CPA

Iowa Yes No Yes, only final 
dose(s) HPV

1 hr CE each cycle State protocol

Kansas Yes No Yes — CPA

(Table cont. on page 693)
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https://dcregs.dc.gov/Common/DCMR/SectionList.aspx?SectionNumber=17-6512
https://floridaspharmacy.gov/licensing/immunization-administration-certification/
https://rules.sos.state.ga.us/gac/360-34
https://www.capitol.hawaii.gov/hrscurrent/Vol10_Ch0436-0474/HRS0461/HRS_0461-.htm
https://adminrules.idaho.gov/rules/current/24/243601.pdf
https://www.ilga.gov/commission/jcar/admincode/068/068013300A00500R.html
https://www.in.gov/pla/professions/pharmacy-home/pharmacy-licensing-information/#Administering_Immunizations
https://dial.iowa.gov/media/7017/download?inline=
https://www.pharmacy.ks.gov/legal/statutes-regs
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State* Pharmacist 
Authorized 

to Provide at 
Least Some 

Immunizations 
to Persons 

<18 yr†

Pharmacist 
Authorized 
to Provide 

Immunizations 
Other Than 

COVID-19, Influenza, 
and/or Declared 

Emergency to Those 
as Young as 7 yr

Pharmacists 
Authorized 
to Provide 

Immunizations 
Other Than 

COVID-19 and/
or Influenza as 
Young as 12 yr

Pharmacist 
Immunization CE 

Requirements

Requirements 
for Immunizing 

Pharmacists

Kentucky Yes Yes Yes — CPA, or in 
emergencies 

statewide protocol

Louisiana Yes No Yes, but only at 
age 17+ yr

1 hr CE each yr ACIP

Maine Yes Yes Yes 2 hr CE each year on 
drug administration

Influenza based on 
rules of board, others 

based on ACIP

Maryland Yes Yes Yes 2 hr CE per cycle CPA that follows ACIP 
or FDA

Massachusetts Yes Yes Yes 1 hr CE each yr ACIP

Michigan Yes Yes Yes — ACIP

Minnesota Yes Yes Yes — ACIP

Mississippi Yes No Yes — CPA

Missouri Yes Yes Yes 2 hs per cycle CPA

Montana Yes Yes Yes — Independent 
prescribing – 

influenza; CPA that 
follows ACIP others

Nebraska Yes Yes Yes — CPA

Nevada Yes Yes Yes 2 hr CE each year or a 
course provided by the 

CDC

CPA

New 
Hampshire

Yes No No — Independent 
prescribing

New Jersey Yes No No 2 hr CE each cycle Rx or CPA

New Mexico Yes Yes Yes 2 hr CE every cycle State protocol that 
currently follows ACIP

New York Yes No No — Rx or CPA

North Carolina Yes Yes Yes 3 hr CE every cycle ACIP for COVID & 
Influenza; others by 
Rx if follows ACIP

North Dakota Yes Yes Yes — Statewide protocol 
that currently follows 

ACIP

Ohio Yes Yes Yes — CPA

Table. Pharmacist Pediatric Immunization Authority and Regulation Resources (cont.)

(Table cont. on page 694)
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https://apps.legislature.ky.gov/record/24rs/hb274.html
https://www.pharmacy.la.gov/page/876
https://ldh.la.gov/page/pharmacies#:~:text=In%20Louisiana%2C%20Board%20of%20Pharmacy,Control%20and%20Prevention's%20(CDC)%20Advisory
https://ldh.la.gov/page/pharmacies#:~:text=In%20Louisiana%2C%20Board%20of%20Pharmacy,Control%20and%20Prevention's%20(CDC)%20Advisory
https://www.mainelegislature.org/legis/statutes/32/title32sec13831.html
https://health.maryland.gov/pharmacy/Pages/Expanded-Vaccination-Authority-for-Pharmacists.aspx#:~:text=Art.%2C%20Sec.,during%20a%20public%20health%20emergency.
https://www.mass.gov/lists/pharmacy-practice-resources
https://www.legislature.mi.gov/Laws/MCL?objectName=mcl-333-17724
https://www.revisor.mn.gov/statutes/cite/151.01
https://www.mbp.ms.gov/compliance/regulations
https://www.sos.mo.gov/cmsimages/adrules/csr/current/20csr/20c2220-6.pdf
https://archive.legmt.gov/bills/mca/title_0370/chapter_0070/part_0010/section_0050/0370-0070-0010-0050.html
https://www.nebraskalegislature.gov/laws/statutes.php?statute=38-2837
https://www.leg.state.nv.us/nac/NAC-639.html#NAC639Sec2971
https://www.oplc.nh.gov/board-pharmacy-laws-and-rules
https://www.oplc.nh.gov/board-pharmacy-laws-and-rules
https://lis.njleg.state.nj.us/nxt/gateway.dll/statutes/1/41618/42988?f=templates$fn=document-frameset.htm$q=%5Brank,100%3A%5Bdomain%3A%5Band%3A45%3A14-63%20Administration%20of%20prescription%20medication%20directly%20to%20patient,%20immunization.%5D%5D%20%5Bsum%3A45%3A14-63%20Administration%20of%20prescription%20medication%20directly%20to%20patient,%20immunization.%5D%20%5D%20$x=server$3.0#LPHit1
https://www.srca.nm.gov/parts/title16/16.019.0026.html#:~:text=(1)%20Prescriptive%20authority%20shall%20be%20limited%20to%20naloxone%20and%20shall,therapy%20approved%20by%20the%20board.
https://www.nmpharmacy.org/page-1722241
https://www.op.nysed.gov/professions/pharmacist/frequently-asked-questions/administration-of-immunizations#%3A~%3Atext%3DA%20pharmacist%20may%20administer%20any%2C%2C%20tetanus%2C%20diphtheria%2C%20or%20pertussis
https://www.ncleg.gov/EnactedLegislation/Statutes/PDF/BySection/Chapter_90/GS_90-85.15B.pdf
https://www.nodakpharmacy.com/authority.asp
https://codes.ohio.gov/ohio-revised-code/section-4729.41
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State* Pharmacist 
Authorized 

to Provide at 
Least Some 

Immunizations 
to Persons 

<18 yr†

Pharmacist 
Authorized 
to Provide 

Immunizations 
Other Than 

COVID-19, Influenza, 
and/or Declared 

Emergency to Those 
as Young as 7 yr

Pharmacists 
Authorized 
to Provide 

Immunizations 
Other Than 

COVID-19 and/
or Influenza as 
Young as 12 yr

Pharmacist 
Immunization CE 

Requirements

Requirements 
for Immunizing 

Pharmacists

Oklahoma Yes Yes Yes 2 hr CE per cycle Pharmacists based on 
FDA approval or RX, 
but technicians must 

follow ACIP

Oregon Yes Yes Yes — Rx, CPA, or statewide 
protocol. Statewide 
protocol currently 

references ACIP, but 
is made individually 

for each immunization

Pennsylvania Yes No No 2 hr CE per cycle CPA or Rx

Rhode Island Yes No No 1 hr CE each yr CPA or RX in line 
with manufacturers 
guidance, ACIP or 

AAP

South 
Carolina

Yes Yes Yes 1 hr CE each yr Statewide protocol 
that currently states 

to ensure dosing is in 
line with labeling and 

ACIP

South Dakota Yes Yes Yes — Rx or CPA

Tennessee Yes Yes Yes — Independent 
prescribing for COVID 

& influenza; others 
per CPA

Texas Yes Yes Yes 3 hr CE per cycle CPA

Utah Yes Yes Yes 2 hr CE per cycle Statewide protocol 
which currently 

follows ACIP

Vermont Yes No No 2 hr CE per cycle Independent 
prescribing

Virginia Yes Yes Yes — Statewide protocol 
that currently follows 

ACIP

Washington Yes Yes Yes — CPA

West Virginia Yes Yes Yes 2 hr CE each yr ACIP

Wisconsin Yes Yes Yes — Rx or ACIP

Wyoming Yes Yes Yes 1 hr CE each yr Manufacturers 
labeling

ACIP, Recommended by the Advisory Committee for Immunization Practices; CDC, Centers for Disease Control and Prevention; CE, continuing education; 
CPA, collaborative practice agreement; FDA, approved by the Food and Drug Administration; HPV, human papillomavirus vaccine; Rx, by prescription, VFC, 
Vaccines for Children

* Each state name is a hyperlink to state specific regulations. Links last updated June 27, 2025
† Includes states that only authorize pharmacists to provide 1 or 2 immunizations to this age group, such as COVID-19 or influenza.

Table. Pharmacist Pediatric Immunization Authority and Regulation Resources (cont.)
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https://oklahoma.gov/pharmacy/laws-rules.html
https://secure.sos.state.or.us/oard/displayChapterRules.action;JSESSIONID_OARD=zTRoQQk4xB6F5R43n3HI2-VDkXOMnj4hO0EV3p64yuuu8RvfX_gX!-1550591806?selectedChapter=19
https://www.pacodeandbulletin.gov/Display/pacode?file=/secure/pacode/data/049/chapter27/s27.401.html&d=reduce
https://rules.sos.ri.gov/regulations/part/216-40-15-1
https://www.scstatehouse.gov/sess125_2023-2024/bills/3988.htm#:~:text=(d)%20if%20the%20person%20receiving,time%20the%20vaccine%20is%20administered.
https://www.scstatehouse.gov/sess125_2023-2024/bills/3988.htm#:~:text=(d)%20if%20the%20person%20receiving,time%20the%20vaccine%20is%20administered.
https://sdlegislature.gov/Rules/Administrative/20:51:28
https://www.tn.gov/health/health-program-areas/health-professional-boards/pharmacy-board/pharmacy-board/statutes-and-rules.html
https://www.pharmacy.texas.gov/rules/
https://dopl.utah.gov/wp-content/uploads/2022/09/vaccine-administration-protocol.pdf
https://legislature.vermont.gov/statutes/section/26/036/02023
https://www.dhp.virginia.gov/Boards/Pharmacy/PractitionerResources/StatewideProtocols/
https://app.leg.wa.gov/wac/default.aspx?cite=246-945-350
https://apps.sos.wv.gov/adlaw/csr/ruleview.aspx?document=17957
https://docs.legis.wisconsin.gov/statutes/statutes/450/06/2/b
https://rules.wyo.gov/Search.aspx?Agency=059&Program=0001
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Accessed June 20, 2025. https://www.cdc.gov/
vaccines-for-children/media/pdfs/2024/08/vfc-ops-
guide_version-4.0_july-2024_low-res-508-rev-2.
pdf#page=10&zoom=100,46,746 

4.	 American Academy of Pediatrics, Committee on Infec-
tious Diseases. Immunization schedules. In: Kimberlin 
DW, Banerjee R, eds. Red Book: Report of the Commit-
tee on Infectious Diseases 2024–2027. Washington, 
DC: AAP; 2025. Accessed August 20, 2025 . https://
publications.aap.org/redbook/resources/15585/AAP-
Immunization-Schedule?autologincheck=redirected 

5.	 Huang P. Concerned about federal vaccine policies, 
states are crafting their own. NPR Shots Health News, 
Accessed September 6, 2025. www.npr.org/sections/
shots-health-news/2025/09/06/nx-s1-5532121/states-
vaccine-guidance-washington-oregon-new-mexico.
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A Structured Approach to Identifying and Addressing 
Drug Therapy Problems in Neonatal and Pediatric 
Critically Ill Patients: IN-DEPTH
Braydon Moore, PharmD; Peter N. Johnson, PharmD; and Jamie Miller, PharmD

Pharmacy students, residents, and new practitioners may feel overwhelmed with patients in the pediatric 
critical care setting due to the disease states, variation in acuity based on patient factors, and complex 
medication regimens. The FASTHUG MAIDENS mnemonic is a standardized and validated tool that was 
developed in 2011 for pharmacists to use when evaluating critically ill adult patients. However, there are no 
studies evaluating the use of this tool in pediatric critical care setting. This article aims to provide trainees 
and new practitioners with a new and distinct mnemonic tool, IN-DEPTH, to use when evaluating critically 
ill pediatric patients and identifying areas for treatment optimization. In addition, this article will provide 
rationale and examples to enhance the user’s understanding of the components and subcomponents of the 
mnemonic. Ultimately, the goal of the IN-DEPTH mnemonic is to help provide some structure for pharmacy 
trainees or new practitioners that are less experienced with critical or pediatric care and provide the oppor-
tunity to have a meaningful impact in the care of critically ill pediatric patients.

ABBREVIATIONS AAP, American Academy of Pediatrics; ACIP, Advisory Committee on Immunization Prac-
tices; APPE, advanced pharmacy practice experience; CICU, cardiac intensive care unit; eGFR, estimated 
glomerular filtration rate; EMR, electronic medical record; GT, gastrostomy tube; IV, intravenous; IVIG, 
intravenous immunoglobulin; IWS, iatrogenic withdrawal syndrome; NG, nasogastric; NICU, neonatal inten-
sive care unit; NPO, nil per os; PANDEM, prevention and management of pain, agitation, neuromuscular 
blockade, and delirium in critically ill pediatric patients with consideration of the ICU environment and early 
mobility; PICU, pediatric intensive care unit; PO, per os; RSV, respiratory syncytial virus; TOF, train of four; 
TPT, transpyloric tube 

KEYWORDS critical care; drug-related problems; neonate; pediatrics
J Pediatr Pharmacol Ther 2025;30(5):696–704

DOI: 10.5863/JPPT-24-00131

Introduction
Pharmacy practice in pediatric critical care is intri-

cate because of the vast range of patient ages and 
disease states, variation in acuity based on patient 
factors, and the complexity of medication regimens. 
Most students in Doctor of Pharmacy programs 
lack sufficient didactic or experiential exposure to 
pediatric pharmacy. Prescott et al1 noted that Doctor 
of Pharmacy students only receive on average 21.9 
hours of didactic content in the curriculum focused 
on pediatric patients, and that only 20% of Doctor of 
Pharmacy students took at least 1 advanced pharmacy 
practice experience (APPE) rotations. Additionally, 
Doctor of Pharmacy students also have limited ex-
posure to some of the critical care disease states 
that may be seen in children and adults.2 Pharmacy 
students, residents, and new practitioners are likely 
to feel overwhelmed when entering a rotation or new 
position in the pediatric critical care setting like the 

pediatric intensive care unit (ICU) (PICU), neonatal 
ICU (NICU), or the cardiac ICU (CICU).

Given the limited experience of pharmacy students 
and residents with both pediatrics and critical care, 
trainees and new practitioners may struggle with 
identifying a systematic way to identify and address 
drug therapy problems. There is a standardized and 
validated mnemonic tool, FASTHUG MAIDENS (Feed-
ing; Analgesia; Sedation; Thromboembolic prophylaxis; 
Head of bed elevation; stress Ulcer prophylaxis; Glu-
cose control; Medication reconciliation; Antibiotics/
anti-infectives; Indications for medications; Dosing; 
Electrolytes, hematology, and other laboratory tests; 
No drug interactions, allergies duplication, or side ef-
fects; and Stop dates), that was developed in 2011 for 
pharmacists to use when evaluating critically ill adult 
patients.3 Its purpose is to aid trainees and new prac-
titioners in identifying drug-related problems in adult 
ICUs. The FASTHUG MAIDENS mnemonic could be 
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applied to pediatric patients. However, the guidance 
provided along with this tool lacks a comprehensive 
application to critically ill neonatal and pediatric patients 
due to additional information needed to assess drug 
therapy problems (e.g., weight-based dosing, dosage 
forms, parenteral and enteral nutrition considerations). 
In addition to this, not all components of the FASTHUG 
MAIDENS tool are relevant to pediatric patients. For 
example, the use of thromboembolic prophylaxis in all 
hospitalized pediatric patients is not routinely recom-
mended whereas, this is a common practice in most 
hospitalized adult patients. To our knowledge, only one 
group adapted the FASTHUG BID (Bowel, Indwelling 
catheter, and Drug de-escalation) mnemonic for ap-
plication to pediatric critical care, but it is important 
to note that no studies have explored the application 
of this mnemonic with pediatric critical care trainees.4 
Our goal was to develop an adapted mnemonic tool, 
IN-DEPTH, to assist pharmacy trainees and new prac-
titioners in evaluating critically ill pediatric patients and 
identifying areas for treatment optimization (Table). This 
proposed tool could be applied to patients in the PICU, 
NICU, and/or CICU.

Description of IN-DEPTH components
I – Indications for Medications. There are 2 sub-

components to the “I” in IN-DEPTH. The first is match-
ing indications to medications. Trainees and new prac-
titioners should review the medication list and match 
each medication to an indication from the active prob-
lem list and/or past medical history. An assessment 
should then be made to determine if deprescribing or 
initiating new therapy is warranted.

The second subcomponent is performing a medi-
cation reconciliation upon transitions of care. Transi-
tions of care can occur upon admission (either from 
a different facility or home), moving between units in 
the same institution, and upon discharge (to another 
facility or home). During the medication reconcilia-
tion process, allergies, medications prior to arrival 
(e.g., dose, route of administration, dosage form), 
and availability of those medications on the health-
system’s formulary should be assessed. An example 
of using this section cohesively is discontinuing acid 
suppression agents that were initiated in the PICU in 
a mechanically ventilated pediatric patient for stress 
ulcer prophylaxis upon transition to a general medi-
cine floor. The acid suppression therapy would no 
longer have an indication and could be discontinued 
during a transition medication reconciliation. Another 
example would be when a clonidine extemporaneous 
oral suspension is continued from home, and the 
dose obtained upon medication reconciliation is mL/
dose rather than mcg/dose. In this case, the trainee 
or new pharmacist should obtain the concentration 
of the clonidine extemporaneous oral suspension 
received prior to admission, and if this is different 

than the health-system’s formulary extemporaneous 
oral suspension they would need to determine the 
mcg/dose that should be ordered.

N – Nutrition.  Nutrition requires a large focus in 
the pediatric critical care arena. As such, there are 3 
subcomponents to the “N” section of the mnemonic. 
The first component is review of enteral nutrition. It 
is important to determine the diet status such as nil 
per os (NPO), liquids only, or solid foods as tolerated. 
For infants, the type of enteral liquid feeds (i.e., human 
milk, formula) should be identified as this could result 
in the need for additional supplementation of vitamins 
or iron for some patients receiving human milk. An-
other consideration would be the route of administra-
tion of these enteral feeds such as per os (PO) or via a 
feeding tube [e.g., nasogastric (NG), transpyloric tube 
(TPT), or gastrostomy tube (GT)]. Trainees and new 
practitioners should assess the volume and frequency 
of enteral feeds. This information is important to de-
termine when medication therapy can be switched 
from intravenous (IV) to enteral routes if the patient 
is tolerating the enteral nutrition goals for the patient.

The second component is consideration of parenteral 
nutrition. If enteral nutrition is not an option, the thresh-
old to initiate parenteral nutrition would be dependent 
upon the age and nutritional status of the patient. If 
parenteral nutrition is initiated, it is important to identify 
fluid goals and determine if the patient has central or 
peripheral IV access, as this would determine the maxi-
mum amount of macronutrients (e.g., amino acids and 
dextrose) added as well as other micronutrients (e.g., 
potassium). In addition, trainees and new practitioners 
should assess the concentration of other continuous 
IV infusions to optimize the volume provided from 
these medications. This would allow for most of the 
total fluid goal to be provided with parenteral nutrition 
to maximize the macronutrient kilocalories for the pa-
tient. For more detailed discussion of considerations 
for enteral and parenteral nutrition in children, trainees 
may need to be referred to other references for greater 
understanding.5

The third subcomponent with nutrition management 
is consideration of nutrition monitoring parameters (e.g., 
glycemic status, electrolytes, triglycerides, alkaline 
phosphatase, or weight changes). More frequent moni-
toring of electrolytes and triglycerides may be needed 
with parenteral nutrition, specifically after adjustments 
in the formulation are made. It is also important to as-
sess if any medications on the patient’s medication list 
will alter serum electrolyte concentrations and could be 
anticipated, prevented, or corrected with adjustments 
in the parenteral nutrition formulation or addition of 
enteral electrolyte supplements. At the time of initiation 
of enteral or parenteral nutrition, risk factors for devel-
opment of re-feeding syndrome should be assessed 
(e.g., history of eating disorder, recent large weight 
loss, cachexia) and a more conservative nutrition plan 
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Table. The Components of the IN-DEPTH Tool

Letter Definition Subcomponent Description

I Indications for 
medications

Matching indications to 
medications

• �Identify problem list
• �Match medications with each problem
• �Determine appropriateness of medications
• �Assess for de-prescribing opportunities
• �Initiate medications for untreated or partially 

treated problems/conditions

Perform medication 
reconciliation upon 
transitions of care

• �Assess patient allergies
• �Identify medications and indications for use at 

each transition of care (e.g., dosage form, dosage 
regimen, concentration of oral liquids)

N Nutrition Assess enteral nutrition • �Determine diet status (NPO, clear liquids, solid 
foods)

• �Identify type of enteral feeds (formula, human milk)
• �Assess route of feeding (PO, NG/OG, TPT, GT) and 

method of delivery if applicable (continuous versus 
bolus)

• �Identify volume and frequency of enteral feeds
• �Assess for ability to change IV medications to PO if 

tolerating enteral feeds

Assess parenteral 
nutrition

• �Identify type of intravenous line access (i.e., central 
versus peripheral)

• �Identify patient’s fluid goal and amount of fluid 
available for parenteral nutrition

• �Assess concentrations of other fluids to maximize 
fluids available for parenteral nutrition

Monitor nutrition 
parameters

Enteral and parenteral nutrition:
• �Assess for hypo- and hyper-glycemia
• �Assess if medications affecting electrolytes would 

be added or discontinued
• �Assess for re-feeding syndrome when initiating 

nutrition with malnourished patients
Parenteral nutrition:
• �Assess electrolyte changes to determine 

adjustments to parenteral nutrition
• �Periodic monitoring of parenteral nutrition labs 

(phosphorus, magnesium, triglycerides, direct 
bilirubin)

D Dosing, dosage 
form, and drug 
interactions

Assess dosage regimen 
appropriateness

• �Check appropriateness of dosing based on age, 
weight, body surface area for indication

• �Ensure dosing does not exceed maximum adult 
dose or pediatric dose for patients >40 kg

• �Determine need for hepatic and/or renal 
adjustment

Evaluate the planned duration for non-anti-infectives 
if applicable

Assess for dosage form 
appropriateness

• �Assess availability/measurability of medications 
(i.e., measurable doses)

• �Determine appropriateness of dosage form

Screen for drug 
interactions

• �Assess for drug-disease interactions
• �Assess for drug-drug interactions
• �Assess for appropriateness of a medication based 

on age (KIDs list7)
• �Assess for drug-food interactions (e.g., warfarin, 

levothyroxine)

(Table cont. on page 699)
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be developed if at risk.6 Specific electrolytes to monitor 
for refeeding syndrome include potassium, magnesium, 
and phosphorus.

D – Dosing, Dosage Form, and Drug Interac-
tions.  The “D” in IN-DEPTH has 3 subcomponents. 
The first component is to assess the dosing regimen 
appropriateness. There are several factors to con-
sider with evaluating dosing regimens in pediatric pa-
tients. The main 2 factors to check when assessing 

medication regimen appropriateness in a pediatric 
patient are age and weight. A vast majority of medica-
tions are dosed by age, weight, or a combination of 
those 2 factors. For neonates and young infants who 
are growing rapidly, the dose may need to be weight 
adjusted weekly or every 2 weeks to ensure that 
weight-based dosing remains in therapeutic range. 
Another common example would be ensuring weight-
based dosing does not exceed maximum adult dosing 

Letter Definition Subcomponent Description

E Electrolytes, labs, 
vital signs, and ins 
& outs

Review laboratory 
findings

• �Review pertinent labs based on medication list
• �Determine if laboratory monitoring is necessary
• �Assess if changes to medications are needed 

based on labs

Assess vital signs • �Review vital signs based on medication list
• �Assess if changes to medications are needed 

based on vital signs

Review inputs and 
outputs

• �Determine appropriateness of intravenous 
maintenance fluids

• �Identify impact of hidden fluids (volume, type of 
fluid, need for continuation)

• �Evaluate outputs (chest tube output, ostomy output, 
urine output, and stools)

• �Assess if changes to medications are needed 
based on inputs and outputs

P Pain, sedation, 
neuromuscular 
blockage, delirium, 
withdrawal

Pain/sedation 
(analgosedation)

• �Assess pain and sedation scores
• �Determine need for adjustment in analgosedation 

based on pain/sedation scores, laboratory and vital 
sign changes, and other pertinent patient factors

Neuromuscular 
blockade

• �Determine if pain and sedation are adequately 
managed

• �Asses for train of four monitoring (TOF) for depth of 
paralysis

• �Ensure patient on appropriate scheduled eye care 
to prevent corneal abrasions

Delirium • �Assess delirium scores
• �Utilize BRAIN MAPs to determine contributing 

factors for delirium

Withdrawal • �Assess iatrogenic withdrawal or neonatal 
withdrawal scores

• �Identify use of PRN opioids/benzodiazepines to 
determine need for initiation or adjustment of 
therapy

T Time of anti-infective 
agents

Evaluate cultures and 
susceptibilities

• �Identify if cultures obtained
• �Follow-up on cultures for reporting of 

susceptibilities

Assess for escalation 
or de-escalation 
opportunities

• �Track number of anti-infective days
• �Determine if appropriate to de-escalate or initiate 

anti-infectives based on culture and susceptibilities 
or clinical response

• �Ensure stop dates for anti-infectives are added

Table. The Components of the IN-DEPTH Tool (cont.)

(Table cont. on page 700)
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with children weighing ≥40 kg.7 An additional consid-
eration is that some medications like antiarrhythmics 
(e.g., flecainide, sotalol), hydrocortisone, and chemo-
therapy (e.g., vincristine) are dosed based on body sur-
face area. Finally for this subcomponent, medications 
that have need for hepatic and/or renal dosing adjust-
ments should be identified and assessed. Assessing 
renal function in pediatric patients differs from adults 
due to rapid changes in glomerular function and mus-
cle composition. Thus, specific equations are needed 
when calculating estimated glomerular filtration rate 
(eGFR) in pediatric patients.8 There are 2 equations, 
Schwartz and Bedside Schwartz, which should be uti-
lized based on the age of the patient. The Bedside 
Schwartz can be used in patients between the ages of 
1 to 18 years old. However, it is important to note that 
it has not been validated in children <1 year of age. 
Despite this, some institutions may utilize the Bedside 
Schwartz equation in infants <1 year of age to maintain 
consistent applications for providers and pharmacists 
across the continuum of care. Trainees and new prac-
titioners should refer to the preference of their facil-
ity as to the preferred method of renal assessment 
in infants <1 year of age. The final consideration for 
evaluating the appropriateness of a dosage regimen 
is to ensure the planned duration of therapy is appro-
priate for non-maintenance medications. For example, 
trainees and new practitioners would want to ensure 

that patients with asthma exacerbations who require 
systemic corticosteroids have an appropriate stop 
date for the medication order based on their clinical 
condition. Another class that duration of therapy is im-
portant is anti-infective therapy; this will be discussed 
in more detail in the “T” section below.

A second subcomponent would be the consideration 
of dosage forms. Trainees and new practitioners should 
ensure that all infants and children who are prescribed 
an oral suspension/solution should have a measurable 
dose. Though different definitions of measurable doses 
have been utilized, a measurable dose would be 0.01 
mL/dose for <1 mL oral syringe, 0.1 mL/dose for a 1- to 
3-mL oral syringe, and 0.2 mL/dose for >3- to 10-mL 
oral syringe.9 There are also age and weights that can 
trigger additional dosing regimen considerations. Al-
though variable and patient-specific, it has been shown 
that 91% of children between the ages of 6 to 11 years 
of age can be trained to swallow a tablet or capsule.10 
Therefore, in patients ≥6 years of age, an assessment 
should be made to determine if an oral tablet or capsule 
could be utilized in place of oral suspension/solution. 
This could specifically be beneficial when the medica-
tion taste is undesirable, or a significant volume of oral 
liquid is required for the dose.

The third subcomponent to the “D” in IN-DEPTH 
is to screen for drug interactions, and these include 
drug-dug, drug-disease, and drug-food interactions. 

Letter Definition Subcomponent Description

H Hospital prophylaxis Assess immunization 
status

• �Review CDC recommendations and determine if 
immunizations are up to date or needed during 
admission

• �Determine if adjustment in CDC recommended 
immunization schedule is needed based on 
medications received and/or disease states

• �Assess need for RSV prophylaxis

Ensure appropriate 
stress ulcer prophylaxis

• �Determine appropriateness of stress ulcer 
prophylaxis

• �Ensure de-prescribing occurs upon transitions of 
care (if needed)

Venous 
thromboembolism 
prophylaxis

• �Assess need for VTE prophylaxis
• �Ensure de-prescribing occurs upon transitions of 

care (if needed)

Anti-infective 
prophylaxis

• �Determine need for antibiotic prophylaxis
• �Ensure anti-infective prophylaxis is discontinued 

if broad spectrum anti-infectives are initiated for 
treatment of infection

Bowel regimen • �Determine need for bowel regimen
• �Screen for medications that could be associated 

with constipation or diarrhea

CDC, Centers for Disease Control and Prevention; GT, gastrostomy tube; IV, intravenous; NG, nasogastric; OG, orogastric, RSV, respiratory 
syncytial virus; TPT, transpyloric tube; VTE, venous thromboembolism

Table. The Components of the IN-DEPTH Tool (cont.)
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Drug-drug interactions are perhaps the most straight-
forward of the 3. Drugs on the medication list should 
be screened against each other for known interactions 
or contraindications. If needed, a drug interaction 
screening tool can be utilized. Drug-disease interac-
tions should be reviewed to identify medications that 
should be avoided because they could affect response 
to therapy (e.g., beta blockers in a patient with asthma) 
or could exacerbate signs or symptoms of a disease 
(e.g., acetaminophen in a patient with elevated hepatic 
enzymes). Although not specifically a drug-disease 
interaction, an additional factor to consider in this sec-
tion for pediatric patients is the appropriateness of use 
of an agent based on age of the patient (e.g., valproic 
acid in children <2 years). The most concise and com-
prehensive reference of medications to avoid or use 
with caution in neonates, infants and children is the 
Key Potentially Inappropriate Drugs in Pediatrics (KIDs) 
list.11 Drug-food interactions could include medications 
whose efficacy is affected by consistency in the foods 
consumed (e.g., warfarin and vitamin K) or medications 
that bind to multivalent cations (e.g., tetracyclines or 
fluoroquinolones). The consideration for agents that 
interact with multivalent cations may be most important 
to screen in pediatric patients that are on a human milk 
or formula-based diet due to high calcium content of 
milk-based products. Another example of a type of 
drug-food interaction would be agents that are admin-
istered on an empty stomach (e.g., levothyroxine). This 
may be more difficult to achieve in neonates due to their 
frequent feeding schedule (i.e., every 3–4 hours), but 
the suggestion can be made to administer between 
feedings and at the same time daily.

E – Electrolytes, Labs, Vital Signs, and Ins & 
Outs.  There are 3 subcomponents to the “E” in IN-
DEPTH. The first component is to review electrolytes 
and other laboratory findings. Pertinent laboratory 
findings should be identified and reviewed based on 
the medication list. For example, if a patient is receiv-
ing diuretics, it would be prudent to monitor serum 
sodium, potassium, and chloride concentrations. It is 
helpful to develop a list of medications that are associ-
ated with significant alterations in serum electrolytes 
(e.g., amphotericin can cause hypomagnesemia and 
hypokalemia, and oxcarbazepine and vasopressin can 
cause hyponatremia). Other laboratory values may 
need to be trended over time based on the medica-
tions being administered. For example, if the patient is 
receiving antimicrobials, then periodic monitoring of 
white blood cell count, C-reactive protein, or procal-
citonin may be needed. In addition, therapeutic drug 
monitoring may be required for some medications in-
cluding vancomycin, aminoglycosides, voriconazole, 
or phenobarbital. Laboratory values may be different 
based on patient age. For example, the normal range 
for serum bicarbonate in infants is lower than older 
pediatric patients due to inability for infants to reab-

sorb bicarbonate in the proximal tubule in the kidney.12 
In addition, the serum phosphorus range for neonates 
and infants is generally higher than older pediatric pa-
tients as neonates and infants need higher phospho-
rus concentrations for bone development.9 The labo-
ratory values outside the normal ranges based on age 
may or may not be flagged in the electronic medical 
record. Some health-system’s electronic medical re-
cords (EMR) have age-specific normal ranges reported 
for certain labs. However, some health-system’s EMRs 
do not provide these age-specific normal ranges, re-
quiring health care professionals to interpret results 
based on the age of the patient. In addition to this, 
trainees and new practitioners should also evaluate 
trends in laboratory values over time.

The second subcomponent is consideration of vital 
signs. However, the vital signs in pediatric patients differ 
compared to adolescents or adults; as a result, other 
references should be utilized when making therapy 
management decisions based on vital signs.8 Some 
vital signs that may be important to consider in relation 
to medication therapy could include avoiding enteral 
administration of medications or nutrition if tachypneic, 
review of as needed ibuprofen or acetaminophen 
use when monitoring temperature, or consideration 
of agents that could increase (e.g., corticosteroids) or 
decrease (e.g., opioids) blood pressure or increase 
(e.g., albuterol) or decrease (e.g., opioids) heart rate.

The last subcomponent of the “E” is to review input 
and output of fluid. The inputs to consider include 
maintenance or bolus fluids, fluid from IV medication 
administration, and nutrition. At this step the appropri-
ateness of IV maintenance fluids should be determined 
using any validated method such as the Holiday-Segar 
method.12 The impact of hidden fluids such as volume 
needed to administer intermittent medications, flushes 
of lines, or carrier fluids should also be identified to 
determine if adjustment in maintenance fluid rate is 
needed. The outputs to consider include urine, stool, 
chest tube, and ostomy output. If these outputs are 
substantial, then a decision may be made to initiate 
replacement fluids for continued losses. The type of 
replacement fluid is dependent upon the source of 
output. For example, chest tube output is rich in protein, 
so replacement with albumin may be considered. Or, 
if the patient has severe emesis, a chloride-rich fluid 
may be selected versus if they have severe diarrhea, 
a bicarbonate rich fluid may be selected. In addition to 
assessing if replacement fluids are needed, it is also 
important to evaluate if any medication is contributing 
to increased inputs or decreased outputs.

P – Pain, Sedation, Neuromuscular Blockage, De-
lirium, Withdrawal. There are 4 subcomponents to the 
“P” in IN-DEPTH, the first of which is analgosedation. 
The first subcomponent is pain and sedation. They go 
hand in hand and should be assessed in tandem us-
ing their respective scoring tools. The 2022 Society 
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of Critical Care Medicine’s Clinical Practice Guidelines 
on the prevention and management of pain, agitation, 
neuromuscular blockade, and delirium in critically ill 
pediatric patients with consideration of the ICU en-
vironment and early mobility (PANDEM) provide rec-
ommendations for the assessment and management 
of pain, sedation, neuromuscular blockade, delirium, 
and iatrogenic withdrawal syndrome (IWS). They sug-
gested validated assessment tools for assessment of 
pain that vary based on the age of the patient and 
the ability to communicate.13 In addition, the PANDEM 
guidelines provide recommendations on validated se-
dation scores for nursing assessment. Trainees and 
new practitioners should work with their preceptors 
or mentors to identify the scoring tools utilized and 
familiarize themselves with the scoring range, as there 
is variation on the sedation scoring tools. To assess 
if a patient is receiving adequate analgesia and se-
dation, the pain and sedation scores, the number of 
as needed administrations of analgesic and sedative 
agents, and vital signs should be reviewed for the pre-
vious 24-hour period.13 Based on this assessment, an 
increase or decrease in dose of sedative and analge-
sic medications can be recommended to optimize this 
area of therapy for the patient.

The second subcomponent is neuromuscular 
blockade. Once pain and sedation are optimized, the 
PANDEM guidelines recommend that train of four (TOF) 
monitoring can be assessed for patients on neuromus-
cular blockade therapy to ensure the most appropriate 
level of paralysis.13 It is also recommended to consider 
drug holidays to determine when neuromuscular block-
ade agents might be able to be discontinued.12 Finally, 
it is imperative to ensure the patient is on appropriately 
scheduled eye care to prevent corneal abrasions.13

The third subcomponent is delirium. The PANDEM 
guidelines also provide recommendations on vali-
dated assessment tools for delirium. Several tools ex-
ist, and again it is recommended that learners clarify 
which type of tool is utilized at the institution. The 
PANDEM guidelines recommend use of the BRAIN 
MAPs tool to identify contributing factors that can 
cause or exacerbate delirium.13 Items included on 
the BRAIN MAPs analysis are drugs that could affect 
mentation (such as anticholinergics), sleep-wake 
cycle disturbances (especially in patients that have 
established sleep patterns at home), and under or 
over treated analgosedation.13

The final subcomponent for this section is IWS. The 
PANDEM guidelines provide recommendations for 
validated tools for assessment of IWS.13 Several tools 
exist, and again it is recommended that learners clarify 
which type of tool is utilized at the institution. Most 
patients with IWS are often initiated on enteral opioids, 
benzodiazepines, and/or clonidine to prevent manifes-
tations of withdrawal from opioids, benzodiazepines, 
and dexmedetomidine, respectively. The doses of the 

enteral agents can be gradually decreased using a 
protocolized approach. The IWS scoring can be used 
to determine if the doses of the enteral agents should 
be increased, decreased, or remain the same.

T – Time of Anti-infective Agents. The “T” in the 
acronym has 2 subcomponents, which includes ap-
propriateness of antimicrobial therapy and duration of 
treatment. The first subcomponent of this section is 
to evaluate appropriateness of empiric antimicrobial 
selection and determination if narrowing of therapy 
is needed based on cultures and susceptibilities. The 
initial empiric antimicrobial selection can be assessed 
based on knowledge of the most common organisms 
associated with a specific infection. Recommenda-
tions for narrowing empiric therapy to tailored therapy 
can be made by monitoring cultures and suscepti-
bilities, and identifying an antibiotic choice based 
on pathogen identified, location of infection, and ap-
propriateness of agent based on age of patient. An 
example of selection of an agent based on location 
of infection would be a first-generation cephalosporin 
would be appropriate for a susceptible urinary tract 
infection but would not be appropriate for meningitis 
due to issues with adequate penetration in the menin-
ges. In addition, an example of selection of an agent 
based on age of the patient might be avoidance of 
ceftriaxone for a neonate because of the risk of hyper-
bilirubinemia and kernicterus.

The second subcomponent is assessment of duration 
of antimicrobials. This necessitates the need to track 
the number of days an antimicrobial has been received 
and determine the planned duration of treatment based 
on the infection and organism. Ensuring stop dates are 
included on the medication order, when possible, is also 
a critical step to ensure that antimicrobials are discon-
tinued in a timely manner and to prevent unnecessary 
continuation and risk of adverse effects.

H – Hospital Prophylaxis. The last section, “H”, of 
the IN-DEPTH acronym is for hospital prophylaxis. 
This section contains 5 subcomponents including as-
sessment of need for immunizations, stress ulcer pro-
phylaxis, venous thromboembolism prophylaxis, anti-
infective prophylaxis, and need for implementation of 
a bowel regimen. The first subcomponent is to assess 
the immunization status of the patient to identify any 
missed immunizations and assess for contraindica-
tions or precautions to immunization administering. 
The 2025 American Academy of Pediatrics (AAP) Im-
munization Schedule includes recommendations for 
immunizations based on age of the child.14 In addi-
tion, catch-up immunization schedules are provided. 
Reviewing the AAP recommendations for each pa-
tient would be appropriate to determine if immuniza-
tions are needed during the admission. Adjustments 
might be suggested based on medications received 
or disease states at the time of a due immuniza-
tion. For example, if a patient received intravenous 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-17 via free access



Identifying Drug Therapy Problems in Critically Ill ChildrenMoore, B et al

	 J Pediatr Pharmacol Ther 2025 Vol. 30 No. 5	 703www.jppt.org 

immunoglobulin (IVIG) during the hospitalization then 
some live vaccines will need to be deferred for up to  
11 months after the IVIG.15 Although not a vaccine, re-
spiratory syncytial virus (RSV) prophylaxis is included 
in the 2025 AAP Immunization Schedule.14 Assess-
ment of need of RSV prophylaxis should be performed 
near the time of discharge for patients <8 months of 
age in their first RSV season or <20 months of age if 
they have risk factors.14

The remaining subcomponents of this section will 
not apply to every pediatric patient, as some are age, 
therapy, or disease state dependent. For example, 
assessing the need for venous thromboembolism 
prophylaxis may be needed for patients with mod-
erate to high risk of venous thromboembolism. For 
these patients it is important to ensure de-prescribing 
on transitions of care if able. An example of a therapy 
dependent prophylaxis would be the need for initiation 
of a bowel regimen. If agents associated with constipa-
tion (e.g., opioids) are initiated, then a scheduled bowel 
regimen should be considered, and reporting of stools 
should be assessed daily. An example of prophylaxis 
that would be dependent on therapy and/or disease 
state would be stress ulcer prophylaxis. For example, 
if the patient is initiated on high-dose steroids and/or 
requires intubation, stress ulcer prophylaxis may be 
needed. It is important to regularly assess if continu-
ation of stress ulcer prophylaxis is needed based on 
discontinuation of risk factors, initiation of enteral feeds, 
or upon transitions of care. Last, determining the need 
for anti-infective prophylaxis is strictly dependent on 
disease state. For example, if a patient is chronically 
immunosuppressed, then antibiotic, antifungal, and/or 
antiviral prophylaxis may be appropriate and utilized 
depending on patient-specific factors and their under-
lying disease state.

Discussion
The IN-DEPTH mnemonic is a novel structured tool 

for pharmacy trainees and new practitioners to help 
identify areas in treatment that can be optimized in 
critically ill pediatric patient populations such as the 
PICU, NICU, and pediatric CICU. The mnemonic can 
help alleviate some stress and anxiety from trainees 
or new practitioners that are not as familiar with criti-
cal or pediatric care. We believe this tool will be useful 
for Doctor of Pharmacy students, pharmacy residents 
and practitioners who are new to the pediatric critical 
care arena. It is a structured guide to point out crucial 
areas of pediatric critical care that should be addressed 
with every patient encounter. It is also a great resource 
for preceptors to provide learners when starting on 
rotation. It will help the learners be able to analyze the 
patient and develop recommendations that align with 
the goals of pediatric critical care patient management. 
We believe studies aiming to validate the IN-DEPTH 
mnemonic would be beneficial for future use in practice. 

If validated and demonstrated to be beneficial for learn-
ers and practitioners new to pediatric critical care in 
their ability to identify areas for treatment optimization, 
more widespread use of the tool could be encouraged 
in training settings.
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In addressing overdose morbidity and mortality in the 
United States, one population seems to be left out of 
the spotlight: adolescents. Overlooking this group is of 
great detriment from a public health standpoint, given 
that the increase in overall overdose mortality seen in 
adolescents has been greater than the population at 
large: between 2019 and 2020, adolescent overdose 
mortality increased by 94%, as opposed to 29.5% in the 
overall population.1 Between 2020 and 2021, overdose 
mortality in adolescents increased by 20%, and in the 
overall population by 11.5%.1 Following trends of the 
greater population, adolescents also saw an increase 
in overdose mortality due to fentanyl beginning in 
2019 and continuing through to 2021, when 77.1% of 
adolescent overdose deaths were positively identi-
fied as involving opioids.1,2 Between 2019 and 2021, 
median monthly overdose deaths among adolescents 
increased by 109%, and deaths involving fentanyl al-
most doubled in jurisdictions with available data, from 
22 to 62 (182%).2 In 2021, 73% of overdose deaths in 
the general population involved illicitly manufactured 
fentanyl, while 84% of deaths in adolescents involved 
illicitly manufactured fentanyls, indicating that not only 
has the overdose mortality due to fentanyl been rising 
in adolescents, but also it has done so at a higher rate 
than in the general population.2

Naloxone is an opioid antagonist that is effective 
for rapid reversal of an opioid overdose. Programs 
dedicated to overdose education and naloxone distri-
bution have been associated with decreased rates of 
fatal opioid-related overdoses.3 Prompt administration 
of naloxone is critical in preventing overdose morbid-
ity and mortality, but data suggest that naloxone is 
administered in less than a third of fatal adolescent 
drug overdoses.2 While fatal and nonfatal overdoses 
among adolescents have risen in recent years, the 
circumstances in which these overdoses are occurring 
present a specific set of challenges for clinicians and 
public health officials to address, particularly as it re-
lates to the access to and use of naloxone. To increase 
the prescription, distribution, and administration of 

naloxone, individual states and the District of Columbia 
have passed a variety of Naloxone Access Laws (NALs), 
which have seen some success: 14% lower incidence 
of opioid-overdose deaths among men, 23% lower in-
cidence among the black non-Hispanic population, and 
16% lower incidence among individuals 35 to 44 years 
of age.4 However, in individuals aged 15 to 24 years, 
implementation of NALs did not result in a statistically 
significant decrease in the incidence of opioid overdose 
deaths.4,5 This suggests that additional efforts outside 
of NALs are needed to promote adolescent naloxone 
access and use.

One factor that may limit naloxone’s effectiveness 
in curbing overdose deaths in adolescents may be 
related to how adolescents misuse substances. Fifty 
percent of adolescents being assessed for substance 
use disorder treatment reported using substances 
alone, with prescription drug misuse occurring most 
frequently alone (51%), and alcohol use occurring alone 
least frequently (26%).6 This would render the very 
presence of naloxone ineffective because there would 
be no one to administer the medication. Additionally, 
even if bystanders are present, there is evidence that 
many are unaware that an overdose is taking place, 
highlighting a need for bystander education, particularly 
in adolescents.2,7

Interestingly, despite the rising numbers of adoles-
cent overdoses, only a small percentage of that group 
has a history of opioid use disorder (35%) or previous 
overdose (14.1%).2 This lack of experience may lead to 
adolescents underestimating the risk of using opioids, 
in addition to lacking the physical tolerance seen in 
regular users.2,8 The lack of history of opioid use and 
overdose could also prevent traditional harm reduction 
initiatives that typically target high-risk individuals from 
engaging with this population effectively. Adolescents 
may also engage with harm reduction initiatives at a 
lower rate out of fear of parental discovery. Addition-
ally, the prevalence of mental health conditions among 
adolescents who die from a drug-related overdose 
is high (41%), potentially reflecting an unmet need 
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for mental health services that is contributing to the 
overdose mortality rate in this population.2

Another concerning trend is that counterfeit pills 
containing fentanyl are increasingly being found at the 
scene of overdoses for both adolescents and adults,2,7 
suggesting that these individuals were not seeking to 
use fentanyl but were unintentionally exposed. This 
may hamper naloxone administration because there 
may not be a clear history of exposure to opioids. 
Another aspect of naloxone access initiatives is co-
prescribing of naloxone with opioid prescriptions; how-
ever, most adolescents do not obtain opioids via their 
own prescription (55.7% obtained them from friends or 
relatives),8 making this of limited utility.

In March 2023, the US Food and Drug Administration 
approved Narcan (naloxone HCl) for over-the-counter 
sales, with the hope of reducing barriers to access. 
Unfortunately, adolescents may not fully realize these 
benefits owing to continued stigma regarding adoles-
cent drug use. One study found that approximately 
half of pharmacy employees incorrectly stated that 
there was a minimum age requirement for dispensing 
naloxone,9 possibly preventing adolescents from taking 
advantage of measures intended to make naloxone 
more accessible. In addition to being misinformed 
about age requirements, some of the pharmacies in 
the study did not have naloxone in stock.9 There may 
also be financial barriers in accessing naloxone via 
purchase, because over-the-counter formulations may 
not be covered by insurance (in which case, costs can 
average at $62.94).10 If it is covered by insurance, con-
cerns may also exist that parents could be alerted if the 
product is billed to insurance or if there is a prescription 
record. Even if they can obtain it, adolescents may be 
hesitant to keep naloxone on hand owing to fears of 
parental discovery. These barriers can be overcome by 
programs that provide naloxone in hand to adolescents 
at little to no cost, without electronic health record 
documentation or insurance billing.

Most adolescents see a pediatrician for their primary 
care, but one study found that pediatricians prescribed 
only around 5% of the total naloxone dispensed, and 
that naloxone-dispensing rates to youth remain far 
below dispensing rates to adults.11 Even following an 
emergency department visit for an overdose, naloxone-
prescribing rates for all ages are low.12,13 This represents 
a critical missed opportunity for physicians to intervene 
and help prevent future overdose mortality.

Additionally, perhaps owing to stigma or reluctance 
to disclose usage, there is still a lack of screening and 
education for adolescents on opioid use. Possible mea-
sures to reduce mortality must include the education 
of adolescents on topics such as recognizing signs of 
substance use, the high prevalence of counterfeit pills, 
how to effectively respond to an overdose, and educa-
tion on safer use practices if they chose to continue 
to use substances. Emphasis needs to be placed on 

education around naloxone use, as well as how to gain 
access to it, with the educational content being spe-
cifically catered toward adolescents and their parents 
to facilitate communication. Such education can be 
incorporated into pediatrician visits, following an acute 
overdose, and into school curriculums, as well as other 
outreach programs.

The number of fatal and nonfatal adolescent opioid 
overdoses have increased over time. Despite an ef-
fective antidote in the form of naloxone, increasing 
access to the vital drug has lagged in the adolescent 
population. Increased attention needs to be directed 
toward this disparity, but additional interventions are 
needed because expanded access to naloxone may 
not be enough. Educational efforts grounded in ado-
lescent-specific circumstances should aim to increase 
awareness of the risks of opioid overdose and promote 
naloxone use. Finally, attention to the worsening mental 
health crisis is needed given the high prevalence of 
mental health disorders among individuals who die 
from drug overdoses and limited access to treatment for 
adolescents with opioid use disorder. Unless concerted 
efforts are made not only to educate adolescents on 
the dangers of drug misuse, but also to put naloxone 
directly in their hands, the upward trend in adolescent 
mortality will likely continue unchecked.
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Introduction
Topical and local anesthetic agents remain key 

components of providing analgesia in infants and 
children for minor surgical and needle-related proce-
dures including intravenous cannulation of procedural 
sedation. As the science of pediatric pain medicine has 
advanced, the immediate deleterious physiologic ef-
fects, as well as the potential for the long-term impact 
of inadequately treated painful invasive procedures, 
have been demonstrated.1,2 Although frequently used 
in the awake child for topical analgesia prior to pe-
ripheral venous cannulation, these agents may also be 
used to provide superficial analgesia for more invasive 
needle-related procedures such as lumbar puncture or 
bone marrow aspiration. In these latter settings, topical 
analgesia may limit the requirements for procedural 
sedation and potentially decrease the incidence of 
adverse hemodynamic and respiratory effects.

History of Local Anesthetic Agents
The history of the use of local anesthetic agents for 

medicinal and other purposes dates back thousands 
of years to the first local anesthetic, cocaine, derived 
from the plant Erythroxylon coca, which is indigenous 
to the valleys of South America. Although its first 
use in Western medicine for eye surgery in 1884 is 
attributed to Dr Carl Koller, a Viennese ophthalmolo-
gist, its first documented use as a local anesthetic in 
surgery actually occurred in approximately 800 AD 
when cocaine-filled saliva formed by the chewing of 
coca leaves was dripped onto the skull to provide 
topical anesthesia for trephination.3 In Western society, 
cocaine was originally isolated by Albert Niemann in 
1859, who reported its local anesthetic effect (numb-
ing) on the tongue. The work of Dr Koller revolution-
ized surgery in the field of ophthalmology by allowing 

for painless eye surgery without the need for general 
anesthesia. Although the use of cocaine as a local 
anesthetic spread rapidly, its limited safety margin 
with significant risk of toxicity and addictive potential 
led to the search for safer alternatives and its eventual 
abandonment as a topical anesthetic agent. In 1905, 
a German chemist, Alfred Einhorn, synthesized a new 
local anesthetic agent, procaine. He subsequently 
trademarked the name Novocain, which is derived 
from the Latin words “nov” meaning new and “caine,” 
a common chemical nomenclature for alkaloids used 
as anesthetics. Novocain’s relative safety and ef-
fectiveness made it a widely used local anesthetic 
for several decades in the medical and dental fields. 
It became the standard of care for local anesthetic 
agents until the development of lidocaine in 1948. In 
the last 20 years, a number of new topical creams and 
devices have become commercially available that can 
provide reliable cutaneous analgesia without the use 
of a needle and with increasingly shorter onset times.

The first topical anesthetic cream to gain significant 
use in clinical practice was EMLA (eutectic mixture of 
local anesthetics) originally introduced into the clinical 
market by Astra Pharmaceutical Production AB, Söder-
tälje, Sweden, which received approval by the US Food 
and Drug Administration (FDA) in December 1992. The 
term eutectic is a chemical descriptor that signifies a 
combination of 2 or more substances that has a lower 
melting point than each individual substance. In the 
case of EMLA, the mixture of the 2 local anesthetic 
agents, lidocaine and prilocaine, has a lower melting 
point than either anesthetic alone. Because of this 
property, the EMLA compound remains in liquid form 
at room temperature, which enhances penetration 
of the skin, thereby facilitating the onset of its local 
anesthetic properties. Following its introduction into 
clinical practice, the potential applications of topical 
anesthetic creams like EMLA expanded to most minor 
procedures that involved cutting the skin or piercing 
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it with a needle, including intravenous cannulation, 
phlebotomy, removal of superficial skin lesions, lumbar 
puncture, and vaccinations. Over the years, the options 
for topical anesthesia have expanded with the intent of 
improving efficacy, shortening onset times, and increas-
ing the depth of penetration into the layers of the skin.

Local Anesthetic Agents: General 
Chemical and Physical Properties

A brief review of the pharmacology of local anesthetic 
agents may be helpful to provide insight into their use 
topically and the potential, albeit rare, adverse effects 
of these agents. The 2 chemically distinct classes of 
local anesthetic agents include amino esters and amino 
amides. When considering current clinical practice, the 
amino esters include procaine, chloroprocaine, and 
tetracaine while the amides include lidocaine, mepi-
vacaine, prilocaine, bupivacaine, levobupivacaine, and 
ropivacaine. These 2 classes of local anesthetic agents 
differ in their site of metabolism, plasma half-lives, 
adverse effect profile, and potential for allergic reac-
tions. Amino esters are metabolized in the plasma by 
cholinesterases, while amino amides are metabolized 
in the liver. Given their metabolism, the half-life of the 
amino esters is relatively constant across all age ranges 
because the plasma cholinesterases are distributed in 
body water with less variation, based on gestational and 
chronologic age. Their metabolism is generally rapid 
and hence even with excessive dosing, local anesthetic 
system toxicity is rare. Because the amides are depen-
dent on hepatic metabolism, there are significant age 
and developmental differences in their metabolism.4,5 
Additionally, the potential for allergic reactions may vary 
between the esters and the amides. Para-aminobenzoic 
acid is a metabolite of amino ester breakdown and may 
result in allergic reactions, whereas amino amides have 
a diminished allergic potential.

Local anesthetic agents differ in intrinsic potency, 
onset of action, duration of action, and their ability 
to produce differential sensory and motor blockade. 
Both classes of local anesthetic agents block sodium 
channels in the nerve membrane, thereby interfering 
with depolarization and propagation of nociceptive 
input. The non-ionized portion of the local anesthetic 
agent penetrates the lipid membrane, while the ion-
ized portion reversibly blocks the inner aspect of the 
sodium channel. Penetration of the lipid membrane of 
the nerve and therefore lipid solubility is the primary 
determinant of potency. Agents with a higher potency 
(bupivacaine, tetracaine, and ropivacaine) are more lipid 
soluble.6 The onset of action of a local anesthetic agent 
is determined primarily by the pKa, which is generally a 
reflection of the strength of an acid.7,8 The pKa of local 
anesthetic agents is generally close to the physiologic 
range, varying from 7.6 to 9.1. The closer the pKa is to 
the physiologic pH of 7.4, the more rapid the onset of 
action because there will be a greater percentage of 

local anesthetic agent in the non-ionized form at physi-
ologic pH, thereby promoting penetration of the nerve 
membrane. Lidocaine has a pKa of 7.7, which means that 
35% of the drug is non-ionized at a pH of 7.4, result-
ing in a relatively rapid onset of blockade. In contrast, 
tetracaine has a pKa of 8.6 and therefore only 5% is in 
the non-ionized form at a tissue pH of 7.4, resulting in 
a slower onset of blockade.

Duration of action is determined primarily by the 
degree of protein binding.9 Local anesthetic agents 
bind to protein receptors in the sodium channels. A 
higher degree or avidity of protein binding produces a 
longer-lasting blockade of sodium channels and a longer 
duration of action. Bupivacaine, tetracaine, and ropiva-
caine are all extensively protein-bound and hence are 
long-acting local anesthetic agents. Local vasodilation 
can also affect duration of action by removing the local 
anesthetic agent more quickly from the site of action.10 
The local vasodilatory effects noted with lidocaine result 
in a shorter duration of action and also lay the clinical 
groundwork for the common practice of adding epineph-
rine, usually in a concentration of 5 µg/mL or 1:200,000, 
to commercial preparations of lidocaine to prolong its 
duration of action. The strength or extent of the block 
provided by any local anesthetic can be increased by 
increasing the concentration or the volume of the local 
anesthetic.11 However, higher plasma concentrations of 
the local anesthetic agent will also be achieved, thereby 
increasing the risks of local anesthetic system toxicity.

Topical Anesthetic Agents for  
Needle-Related Procedures

The stratum corneum of the skin provides an effec-
tive barrier to aqueous local anesthetic agents and until 
the early 1990s, cutaneous analgesia for intravenous 
catheter placement could only be achieved by inject-
ing the local anesthetic agent directly into the skin or 
subcutaneous space. In 1980, emergency department 
physicians began using topical anesthesia for lacera-
tion repair with the placement of an anesthetic solution 
containing tetracaine, epinephrine, and cocaine into a 
wound.12 Subsequently, investigators began actively 
investigating ways to facilitate the penetration of local 
anesthetic agents across the skin.12

Novel delivery forms for topical anesthesia have 
been developed in the last 30 to 40 years to allow for 
the provision of cutaneous analgesia without injection 
into the skin. These have included either changing the 
physical properties of the local anesthetic preparations 
to make them more lipophilic (e.g., eutectic mixtures or 
liposomal preparations) or the development of relatively 
noninvasive and non-painful techniques to disrupt the 
epidermis to make it easier for the local anesthetic 
to penetrate the stratum corneum (e.g., iontophore-
sis and jet-propulsion injectors). Although the initial 
topical preparations included a mixture of lidocaine 
and prilocaine, subsequent preparations have in-
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cluded tetracaine, lidocaine, or the two in combination.  
In general the lidocaine-prilocaine cream provides 
effective topical analgesia in 60 minutes, while prepa-
rations with tetracaine have a shorter onset time of 
approximately 30 minutes. The reduction in onset time 
may make the use of these agents more practical in 
busy clinical settings.

Eutectic Mixture of Lidocaine and Prilocaine. EMLA 
cream, the first topical anesthetic commercially avail-
able for use on intact skin, was introduced into clinical 
practice in the United States by AstraZeneca in 1992. 
EMLA is a mixture of the local anesthetic agents prilo-
caine and lidocaine, which when combined in equal 
amounts form a liquid at room temperature. During the 
1990s EMLA became the most extensively used and 
studied topical anesthetic cream, with several clinical 
trials demonstrating its efficacy in reducing the pain 
of superficial cutaneous procedures including veni-
puncture and placement of an intravenous cannula. 
A meta-analysis of 7 controlled trials in children and 
adults demonstrated that EMLA cream reduced the 
pain of venipuncture and venous cannulation in most 
patients (85%).13 Additional clinical trials demonstrated 
its efficacy in reducing pain for other needle-stick pro-
cedures such as lumbar puncture, heel stick, immuni-
zation, and circumcision. Potential drawbacks that may 
hamper its widespread acceptance and use include 
the longer onset time (at least 60 minutes); limitation 
of its depth of penetration; the potential to cause cu-
taneous vasoconstriction, which can make venous 
cannulation more difficult; and the recognized side ef-
fect, which is specific to prilocaine; the development 
of methemoglobinemia (see below). Although 60 min-
utes is the minimum recommended application time 
by the manufacturer, longer application times (more 
than 90 minutes) may be associated with better quality 
of analgesia. Even with longer application times (3−4 
hours), depth of penetration is no more than 6 mm, 
thereby limiting its utility of more invasive procedures 
without additional subcutaneous infiltration.14

A rare yet dangerous adverse effect of one of the 
local anesthetic agents in EMLA is the formation of met-
hemoglobinemia from a metabolite of prilocaine. The 
metabolite oxidizes the iron moiety of the hemoglobin 
molecule from the normal reduced (2+) or ferrous state 
to the 3+ or ferric state, known as methemoglobinemia. 
Methemoglobin is unable to carry oxygen effectively 
and depending on the native hemoglobin concentra-
tion, methemoglobin concentrations in excess of 10% 
to 20% can cause systemic symptoms related to tissue 
hypoxia. Normally, the body can covert small amounts 
of methemoglobin back to hemoglobin through the 
NADH-methemoglobin reductase enzyme system. De-
velopment of methemoglobin is generally more rapid 
and problematic in neonates and infants because fetal 
hemoglobin is more sensitive to oxidative stresses, 
facilitating the conversion of ferrous to ferric iron, and 

there is reduced enzyme function given hepatic imma-
turity. In clinical practice, reports of methemoglobinemia 
related to the prilocaine in EMLA cream have been 
exceedingly rare, occurring primarily in neonates or in 
susceptible individuals with application on large sur-
face areas, on denuded skin, on mucous membranes, 
for a prolonged period of time, and covering with an 
occlusive dressing.

Amethocaine (Tetracaine) Gel.  Amethocaine gel 
(Ametop, initial manufacturer was Smith & Nephew, 
Andover, Massachusetts, USA) is a topical aqueous 
gel preparation of 4% amethocaine (tetracaine) that 
is widely available in Europe and Canada. Because 
the company has not sought approval by the FDA, it 
is not available for clinical use in the United States. 
Tetracaine gel preparations may offer potential ad-
vantages over EMLA cream, including a more rapid 
onset of analgesia within 30 to 45 minutes; vasodila-
tion at the application site, which has been proposed 
to facilitate vascular access, although outcome stud-
ies are not available; a longer duration of anesthesia 
(approximately 4−6 hours) due to a depot effect in 
the stratum corneum; and a decreased risk of met-
hemoglobinemia.15 Although amethocaine gel is not 
available in the United States, other topical prepara-
tions with tetracaine in a gel form are available either 
alone or with other local anesthetic agents such as 
lidocaine. Additionally, a tetracaine-lidocaine mixture 
is commercially available as the Synera patch (ini-
tial manufacturer was ZARS, Pharma, Salt Lake City, 
Utah, USA - see below).

Liposomal Lidocaine.  Liposomes are microscopic 
multilamellar vesicles containing several lipid (phos-
pholipids and cholesterol) bilayers dispersed in an 
aqueous medium. The liposomal structure enhances 
penetration of the epidermis and protects against 
rapid degradation of the local anesthetic agent, pro-
longing the duration of analgesia. Although tetracaine 
was the first local anesthetic to be encapsulated into 
a liposome to facilitate penetration through the stra-
tum corneum, a commercial preparation of liposomal 
tetracaine has not yet been marketed. However, a li-
posomal preparation of 4% lidocaine was developed 
and subsequently marketed as an over-the-counter 
topical anesthetic agent (ELA-Max 4%, initially manu-
factured by Ferndale Laboratories, Ferndale, Michi-
gan, USA). Incorporation of lidocaine into a liposomal 
vehicle speeds analgesic onset to approximately 30 
to 45 minutes and negates the need for an occlusive 
dressing, although most health care providers gen-
erally cover the cream with a dressing to keep it in 
place. Because of the excellent safety profile of the 
product, it has received approval for over-the-counter 
use by the FAD. Several prospective randomized trials 
in children and adults have demonstrated no clinical 
difference in efficacy between liposomal lidocaine 4% 
applied for 30 minutes and EMLA 5% after a 60-minute 
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application.16−18 Adverse events have generally been 
limited to local cutaneous reactions such as pallor, 
redness, and mild pruritus at the application site. Even 
when applied in neonates (application amount of 1 g), 
measured plasma lidocaine levels have remained low 
at <300 ng/mL.19

Heated Lidocaine-Tetracaine Patch.  The Synera 
patch or S-Caine Patch was a unique delivery system 
that used a patented controlled heat-assisted drug 
delivery system (CHADD) to accelerate the onset of 
cutaneous analgesia to 20 minutes. The device con-
sisted of a 2.5" × 3.0" patch containing a eutectic 
mixture of 70-mg lidocaine and 70-mg tetracaine in 
a ratio of 1:1 by weight, a bio-adhesive layer, and a 
heating element that was activated by oxidation on 
exposure to ambient air, generating heat at 39°C to 
41°C.20−22 Cutaneous heating accelerated the solubil-
ity, diffusion, and analgesic onset time of the 2 local 
anesthetic agents. Despite its apparent efficacy in 
clinical trials, production of the Synera patch, was 
been discontinued and it is no longer available in the 
United States.

Summary
The placement of an intravenous cannula remains a 

source of considerable anxiety and pain, especially for 
young children. The search for the optimal technique 
and agents to provide topical dermal anesthesia has 
been ongoing for the last 40 to 50 years. The current 
FDA-approved agents can be used to provide effective 
topical dermal analgesia for various superficial needle 
procedures, including intravenous catheter placement 
and venipuncture, with only minor clinical differences in 
onset time, and with tetracaine gels generally provid-
ing a more rapid onset than combinations of lidocaine 
and prilocaine (EMLA cream or patch). When used 
properly, these agents have a wide margin of safety 
with a limited adverse effect profile. Regardless of 
the agents used and the route of administration, the 
practitioner must have a thorough understanding of the 
local anesthetics in the preparation, appropriate dos-
ing recommendations, and potential toxicity of these 
agents’ dosing ranges.
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