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Abstract
Objectives Half of prescription drugs commonly given to children lack product labeling on pediatric safety, efficacy, and 
dosing. Two drugs most widely used off-label in pediatrics are azithromycin and fentanyl. We sought to determine the risk 
of serious adverse events (SAEs) when oral azithromycin or intravenous/intramuscular fentanyl are used off-label compared 
to on-label in pediatric intensive care units (ICUs).
Study Design Six pediatric hospitals participated in a retrospective chart review of patients administered oral azithromycin 
(n = 241) or intravenous/intramuscular fentanyl (n = 367) between January 5, 2013 and December 26, 2014. Outcomes were 
SAEs by drug and labeling status: off-label compared to on-label by Food and Drug Administration (FDA)-approved age 
and/or indication. Statistical analysis was performed using logistic regression to estimate odds ratios (ORs) and Cox regres-
sion to estimate hazard ratios (HRs).
Results Twenty-one (9%) children receiving azithromycin experienced SAEs. Off-label use of azithromycin was not asso-
ciated with a higher risk of SAE (OR 0.87, 95% CI 0.27–2.71, p = 0.81). Ninety-five (26%) children receiving fentanyl 
experienced SAEs. Fentanyl off-label use by both age and indication was not associated with a higher risk of overall SAEs 
compared to on-label use (OR 1.99, 95% CI 0.94–4.19, p = 0.07). However, the risk of the SAE respiratory depression was 
significantly greater when fentanyl was used off-label by both age and indication (OR 5.05, 95% CI 1.08–23.56, p = 0.044). 
Results based on HRs were similar.
Conclusions Azithromycin off-label use in pediatric ICUs does not appear to be associated with an increased risk of SAEs. 
Off-label use of fentanyl appears to be more frequently associated with respiratory depression when used off-label by both 
age and indication in pediatric ICUs. Prospective studies should be undertaken to assess the safety and efficacy of fentanyl 
in the pediatric population so that data can be added to the FDA labeling.
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Key Points 

Off-label use of azithromycin and fentanyl is common 
among children admitted to intensive care units.

Off-label use compared to on-label use of fentanyl in 
children in intensive care units may be associated with 
some serious adverse events.

Practitioners taking care of children using fentanyl off-
label in intensive care units may want to watch these 
children carefully and monitor, especially for respiratory 
events, as is recommended in the black box warning in 
the fentanyl labeling. At least until more information 
is available about the safety of off-label fentanyl use in 
children, practitioners using fentanyl in this population 
should be aware of whether the drug is being used on- or 
off-label, and be vigilant.

1 Introduction

Half of the prescription medications commonly given to 
children lack information in the product labeling regard-
ing pediatric safety, efficacy and dosing [1]. Consequently, 
many drugs are used off-label in children [2, 3]. Among the 
various drug classes often prescribed off-label for children, 
antimicrobial agents predominate, followed by analgesics 
(with or without sedation), bronchodilators, topical agents, 
sex hormones, cardiovascular drugs, and psychotropic drugs 
[4]. Studies that have explored whether off-label drug use in 
pediatrics is associated with adverse outcomes have gener-
ally used the outcome terminology of adverse drug event 
(ADE), which is defined as “any adverse event associated 
with the use of a drug in humans, whether or not consid-
ered drug related” [5]. In our study, we focus on serious 
adverse events (SAEs) resulting in death, a life-threatening 
condition, hospitalization or prolongation of hospitalization, 
persistent or significant disability or incapacity, congenital 
anomaly, or other event requiring intervention [5] as associ-
ated with off-label drug use in children.

A recent study of 694 individuals from the United King-
dom indicated that unlicensed and off-label drug use for 
pediatric inpatients were more likely than the use of author-
ized drugs to produce ADEs within a cohort of hospitalized 
children [6]. However, studies that specifically evaluate the 
incidence of SAEs among hospitalized children are lacking.

Azithromycin and fentanyl are among the most frequently 
used drugs in neonatal intensive care units (NICUs) and 
pediatric intensive care units (PICUs) in the USA [7, 8]. 
They represent two groups of drugs, antibiotics and analge-
sics, which are most commonly used off-label in pediatrics 

[2, 3]. These two drugs are Food and Drug Administration 
(FDA) - approved for use in restricted pediatric age groups 
and for specific indications. However, neither oral azithro-
mycin nor intravenous (IV)/intramuscular (IM) fentanyl has 
been studied under the Best Pharmaceuticals for Children 
Act (BPCA) or the Pediatric Research Equity Act (PREA), 
two legislative programs that the FDA utilizes for clinical 
studies to be conducted in pediatrics. Both of these drugs 
were labeled before this legislation took effect. A large study 
involving an audit of the Pediatric Health Information Sys-
tem (PHIS) database for pediatric inpatients from 36 chil-
dren’s hospitals in the USA showed that azithromycin and 
fentanyl were used off-label by 89% and 87% of the studied 
cohort, respectively [9].

Azithromycin is FDA - approved for acute bacterial sinus-
itis and community acquired pneumonia in adults and pedi-
atric patients who are ≥ 6 months old [10]. There are limited 
safety data on azithromycin use in children < 6 months old, 
and it has not been approved for use in this age group. How-
ever, it is used off-label for a variety of reasons, including 
the treatment and chemoprophylaxis of pertussis [11].

Fentanyl is approved for use in children ≥ 2 years old for 
analgesic action of short duration during the anesthetic peri-
ods, premedication, induction and maintenance, and in the 
immediate postoperative period (recovery room) as the need 
arises (PRN) [12]. Fentanyl is not approved for use outside 
the perioperative period for pain or sedation [12]. However, 
fentanyl, like other sedating drugs, is used off-label in chil-
dren outside the operating room [13]. A recent Canadian 
study classified all drugs given to children < 18 years of age 
in a single day at a tertiary care children’s hospital as on- or 
off-label. In this study, 38% of drugs were given off-label 
and fentanyl was among the twenty most frequently given 
off-label drugs [14]. All 17 prescriptions for fentanyl were 
prescribed off-label, with 88% off-label by age and 12% off-
label due to unapproved dosing frequency [14].

There are a few studies documenting the safety of drugs 
that are frequently administered to children in the ICU 
[15–17]. However, no published study has documented the 
correlation of SAEs with on- or off-label use of azithromycin 
or fentanyl in children. The primary objective of this study 
was to determine whether SAEs are more likely to occur 
with off-label use of oral azithromycin or IV/IM fentanyl as 
compared to on-label use in children admitted to the PICU, 
NICU, or other ICUs of six pediatric hospitals in the USA.

2  Methods

2.1  Study Design

The study was performed using the electronic health records 
(EHRs) from six pediatric hospitals in the USA: Inova 
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Fairfax Hospital, Fairfax, VA; Children’s National Health 
System, Washington, DC; University of Maryland Children’s 
Hospital, Baltimore, MD; Children’s Hospital of Michigan, 
Detroit, MI; Children’s Hospital Los Angeles, Los Angeles, 
CA; and Vanderbilt University Medical Center, Nashville, 
TN. The six pediatric hospitals contributed 241 patients 
that had used azithromycin and 367 patients that had used 
fentanyl (Table 1). The institutional review board for each 
participating hospital approved the study protocol.

Pharmacists at the Children’s Hospital Los Angeles iden-
tified 135 drugs that are most frequently used in their PICU, 
NICU, or other ICUs. An FDA pharmacist reviewed the 
labeling for each of the 135 drugs. Twenty-four of the 135 
drugs were eligible for further consideration because each 
of the 24 drugs met criteria 1 and 2 listed below. Drugs not 
approved for pediatric use and drugs approved for the entire 
pediatric population were not eligible for selection. Two 
drugs were selected (azithromycin and fentanyl) based on 
the following criteria: (1) the drug was on the list of drugs 
most frequently used in the PICU, NICU, or other ICUs 
(n = 135), (2) the drug was approved by the FDA for use 
for a particular indication in an age subset of the pediatric 
population (n = 24), and (3) the drug was either an antibi-
otic (n = 9) or a sedative/analgesic (n = 2), since these drugs 
are among the most frequently used off-label in children [7, 
8]. One example each of an eligible antibiotic and sedative/
analgesic were chosen for this study.

Pharmacists or medical doctors trained in data extraction 
from each hospital searched EHRs for all the data extracted 
in the study and to identify patients meeting the inclu-
sion criteria: in a NICU, PICU, or other ICU at the time 
of study drug administration, administered oral azithromy-
cin (n = 241) or IV/IM fentanyl (n = 367) between January 
5, 2013 and December 26, 2014, and ≤ 20 years of age at 
admission. Exclusion criteria included the following: insuf-
ficient data to determine exposure(s) or outcome and having 
instances of both off-label and on-label exposures for either 
drug.

2.2  Sample Size Determination

The study was composed of a convenience sample, consecu-
tively selected, who met the study inclusion criteria at the 
six children’s hospitals.

2.3  Case Definition and Identification

Azithromycin or fentanyl use during ICU admission was 
categorized as “off-label by age and/or indication” or “on-
label.” We defined on-label use of azithromycin as the oral 
administration of the drug for community acquired pneu-
monia or sinusitis in pediatric patients ≥ 6 months old. We 
defined on-label use of fentanyl as the IV or IM adminis-
tration of the drug for use in children ≥ 2 years for anal-
gesic action of short duration during the anesthetic peri-
ods, premedication, induction and maintenance, and in the 
immediate postoperative period (≤ 4 h) as the need arises. 
Off-label use of the drugs refers to any use outside the rec-
ommended age or indication. Our study cohort included 
children ≤ 20 years of age to be inclusive of those patients 
who might have pediatric phenotypes despite this cut-off not 
being consistent with the FDA definitions of “pediatrics” 
with an upper age limit of 16 years for prescription drugs 
[18].

2.4  Primary Outcome and Potential Confounders

The primary outcome in our study was the presence of any 
SAE following exposure to azithromycin or fentanyl, which 
included clinically diagnosed SAEs (those reported by the 
patient or their parent/guardian or those discovered by clini-
cians after physical examination) and those detected from 
laboratory or diagnostic investigations. Investigators manu-
ally reviewed the EHR of each case. SAEs were defined 
as any adverse drug experience occurring at any dose that 
results in death, a life-threatening condition, hospitalization 
or prolongation of hospitalization, persistent or significant 

Table 1  Pediatric hospital beds and contributions of patients to study

NICU neonatal intensive care unit, PICU pediatric intensive care unit

Hospital Number beds pediatric 
hospital

Number beds 
NICU

Number beds 
PICU

Number beds other 
ICU

Azithromycin patients 
contributed

Fentanyl 
patients con-
tributed

1 145 52 19 0 57 11
2 254 39 48 24 43 50
3 223 108 26 22 55 45
4 267 96 42 0 4 62
5 316 54 46 25 42 50
6 361 58 24 0 40 149
Total 1566 407 205 71 241 367
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disability or incapacity, congenital anomaly, or other event 
requiring intervention [5]. Specific SAEs from the drug label 
were included on the report form, and free text fields were 
also included for the chart abstractor to write in additional 
details. The abstractors were instructed to include all those 
events resulting in the regulatory definition of SAE as pro-
vided above. For this study, investigators determined the 
incidence of these outcomes following an administration of 
oral azithromycin or IV/IM fentanyl. For our study, SAEs 
were eligible events for analysis if they took place while the 
patient was taking the study drug or during metabolic clear-
ance of the study drug after it was discontinued, which was 
calculated as a lag of 24 days for azithromycin and 2 days 
for fentanyl [19].

Causality between drug and SAE was not assessed. Each 
investigator worked independently on SAE assessment. 
There was no formal adjudication process.

Potential confounders for the primary outcome (any SAE) 
were determined a priori and collected through manual 
review of the EHR. These variables included demographic 
data (age, sex, race, ethnicity), drug exposure data (dosing 
data described below, concurrent analgesic or antiemetic 
exposure for azithromycin, concurrent central nervous sys-
tem depressant or vasopressor exposure for fentanyl, total 
concomitant medications), and location (PICU vs. NICU 
vs. other). In addition, the comorbid conditions at the time 
of drug exposure for everyone were collected. Dichotomous 
variables for comorbidity within each of 17 potential diag-
nostic classes (infectious and parasitic disease, respiratory 
disease, perinatal disease, etc.) were defined for everyone, 
as well as a total comorbidities variable representing the 
number of diagnostic classes affected for everyone.

2.5  Dosing Definitions

Dosing variables for azithromycin and fentanyl were col-
lected from the medication administration record section of 
the EHR. For both drugs of interest, dosing regimens often 
changed throughout hospitalization. Specific start dates and 
end dates for each unique regimen were noted. If not already 
done so in the EHR, dosing was adjusted to weight-based 
dosing in all patients (mg/kg for azithromycin and mcg/kg 
for fentanyl). For azithromycin and fentanyl, two dosing 
variables were defined post-analysis: maximum daily dose 
and cumulative dose. Maximum daily dose was calculated 
by taking the maximum value from a series of values of total 
drug administered to a patient in a 24-h period. For cumu-
lative dose, a sum was calculated accounting for all drug 
regimens given during the patient’s entire hospitalization. 
For fentanyl, dosing regimens were noted to include continu-
ous IV infusions and intermittent doses with many noting 
PRN administration. As the exact dosing was not known 
for those administered the drug PRN, we did not include 

fentanyl dosing variables in our primary analysis. However, 
a sensitivity analysis was performed to examine the impact 
of dose on the outcome of SAE in the subset of fentanyl 
patients who had no PRN doses.

2.6  Statistical Analysis

Regression analysis was used to determine whether off-label 
use influenced the probability of any SAE reported while 
the patient was taking the study drug or during metabolic 
clearance of the study drug after it was discontinued, with 
azithromycin and fentanyl datasets analyzed separately. The 
primary dependent variable for our regression models was 
the Boolean of whether the patient experienced any SAE 
during drug administration, with a lag period for metabolic 
clearance, which was estimated to be 24 days for azithromy-
cin and 2 days for fentanyl. We analyzed the risk of respira-
tory depression as its own dependent variable in a separate 
analysis in the fentanyl cohort, as this was the most common 
SAE reported. Since the most common SAE for azithromy-
cin (diarrhea) was experienced only by patients with on-
label use, a similar analysis was not done for azithromycin. 
We used logistical, or logit, binary regression models with 
odds ratios (ORs) reported and robust standard errors. In 
addition, we used Cox proportional hazard models to deter-
mine if the length of drug administration affected the risk of 
any SAE. Analyses and graphics were performed with Stata 
13.1 (College Station, TX) including Pearson’s correlation 
matrices, summary statistics, and logistical and Cox regres-
sion models. Any association was statistically significant at 
p < 0.05.

The primary independent variable was whether the 
patient was administered the drug off-label. Off-label use 
was subdivided when the sample size was sufficiently large 
into three different, non-overlapping categories: (1) off-label 
by age only, (2) off-label by indication only, and (3) off-label 
by both age and indication, i.e., the drug was administered 
to a patient who is simultaneously outside the age group 
in the drug labeling and for an indication not in the drug 
labeling. Other right hand side variables, or confounders, 
were deemed eligible for individual regressions if they were 
correlated at an absolute value of ≥ 0.1 (Pearson’s correla-
tion coefficient, r) with both the primary dependent variable, 
risk of having any SAE, and off-label administration. Eligi-
ble confounders are included in the regression models with 
their p values reported. Confounders were omitted if they 
were deemed endogenous to the model or were collinear 
with other confounders at an absolute value of ≥ 0.9 (Pear-
son’s correlation coefficient, r). For each regression analysis, 
individuals were excluded if they had missing data for any 
of the included confounders.

Three sensitivity analyses were performed. The first 
two are similar to the primary regression models for 
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azithromycin and fentanyl, but change the cut-off for eligible 
confounders to an absolute value of ≥ 0.05 (Pearson’s corre-
lation coefficient, r). The third sensitivity analysis retains the 
broader inclusion criteria for confounders, but also includes 
dosing variables for fentanyl. This analysis includes fewer 
patients as it omits those with any PRN dosing.

3  Results

The six participating pediatric hospitals contributed 241 
eligible patients administered oral azithromycin and 367 
patients administered IV/IM fentanyl (Tables 1, 2, 4).

3.1  Exposure to Oral Azithromycin and Serious 
Adverse Events

Of the 241 children exposed to oral azithromycin, 106 (44%) 
were female, while the median patient age was 6 years (range 
0–20) and the most commonly reported race was black (100, 
42%). The most common comorbidities were those affecting 
the respiratory system (121, 50%), congenital/chromosomal 
disorders (63, 26%), and diseases of blood and immune dis-
orders (47, 20%). There were 17 patients in the azithromycin 
cohort who were 16–20 years of age. Only three of these 17 
adolescents had an SAE.

The median maximum daily dose for azithromycin was 
10 mg/kg (range 2.2–21.8), with the median cumulative dose 
at 25 mg/kg (range 4–170.5) (Table 2).

Ninety-three patients (39%) in the azithromycin cohort 
were administered the drug off-label, with most off-label use 
being by indication only (65, 27% of all patients), but the 
specific indications for off-label use were not determined. A 
total of 21 patients (9%) experienced at least one of the iden-
tified 32 SAEs. Thirteen patients that were on-label experi-
enced an SAE and eight that were off-label. Prolonged diar-
rhea/loose stool, noted in six individuals (2% of the cohort) 
was the most common SAE (Table 2). All of the patients 
with diarrhea on azithromycin were taking the drug on-label.

For the azithromycin regression analysis, five confound-
ers were deemed eligible: sex, Asian race/ethnicity, total 
comorbidities, having a blood or immune system related 
comorbidity, and total concomitant medications. The logis-
tical regression model included 235 individuals with com-
plete data once the confounders were included. Off-label use 
was not a significant predictor of SAEs (p = 0.81), though 
females, Asian patients, and the number of concomitant 
medications administered to the patient were associated 
significantly with SAE risk (Table 3).

The sensitivity analysis showed that when the cor-
relation coefficient cut-off was reduced from |r| ≥ 0.1 to 
|r| ≥ 0.05 for eligible confounders, the azithromycin regres-
sion model included six additional confounders: black and 

Hispanic race/ethnicity, maximum daily dose, cumulative 
dose, specific comorbidities (infectious and parasitic dis-
ease, congenital malformations and chromosomal mutations) 
(ESM Table 1). However, off-label use of oral azithromycin 
was still not significantly associated with risk of any SAE 
(p = 0.83).

A Kaplan–Meier plot was generated to characterize how 
the risk of any SAE changed over the course of therapy with 
azithromycin (ESM Fig. 1). In addition, a Cox proportional 
hazards regression was used to compare time to event (first 
SAE reported) in on-label compared with off-label groups. 
The Cox proportional hazards assumption was fulfilled for 
the analysis (p = 0.90). In this regression, the off-label group 
was associated with reduced risk of any SAE, but this was 
not statistically significant [hazard ratio (HR) 0.83, 95% CI 
0.31–2.23; p = 0.71]. Female and Asian patients as well as 
the number of concomitant medications administered to the 
patient were still associated significantly with SAE risk.

3.2  Exposure to IV/IM Fentanyl and Serious Adverse 
Events

Of the 367 children exposed to fentanyl, 149 were female 
(41%), while median patient age was 2 months (range 
0–18 years) and the most commonly reported race/ethnic-
ity was white (134, 37%). The most common comorbidities 
were congenital/chromosomal disorders (142, 39%), fol-
lowed by those affecting the circulatory system (120, 33%) 
and respiratory system (101, 28%). There were 16 patients 
in the fentanyl cohort who were 16–20 years of age. Only 
two of 16 16- to 20-year-olds had an SAE. The median 
maximum daily dose for fentanyl excluding patients with 
PRN dosing was 2.1 mcg/kg (n = 211, range 0.1–156), and 
the median cumulative dose over the entire hospitaliza-
tion was 2.0 mcg/kg (n = 180, range 0.1–1884) (Table 4). 
Patients in this study had a variety of dosing regimens, 
including continuous infusion, single-dose bolus, and 
doses given at different times. These were standardized 
into a cumulative dose given for the day and then expanded 
to a cumulative dose per hospital stay. The sample size 
in this metric is lower because it excludes patients with 
dosing recorded as PRN at some point during hospitali-
zation, with the exact amount administered not recorded. 
There were also four patients where fentanyl dosing was 
not adequately reported, so we were unable to calculate a 
weight-based dose.

It is important to note that fentanyl dosing regimens 
included a mix of continuous infusions, boluses, and single 
injections. One patient may have received all three types of 
administration during their hospitalization. Patients in our 
fentanyl cohort had up to eight different regimens during 
hospitalization, though it should be noted only three patients 
had four or more different regimens. There are also some 
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Table 2  Summary data for azithromycin cohort

PICU pediatric intensive care unit, NICU neonatal intensive care unit, SAE serious adverse event
a Data are shown as median (range) for continuous variables and N (%) for categorical variables
b Patients may have more than one
c 9 patients accounted for one instance each of desaturations, finger discoloration, hepatomegaly, hepatotoxicity, hyperglycemia, lip swelling, 
nephrotic syndrome, neutropenia, and seizure

Variable N with non-missing Azithromy-
cin exposed 
(N = 243)a

Age (years) 241 6.25 (0–20)
Weight (kg) 237 23.5 (2.3–142)
Sex (female) 240 106 (44%)
Race 236
 Black 100 (42%)
 White 57 (24%)
 Hispanic 45 (19%)
 Asian 9 (4%)
 Other 25 (11%)

Site of  admittanceb 241
 PICU 210 (87%)
 NICU 8 (3%)
 Other site 26 (11%)

Hospital length of stay (days) 231 5 (1–224)
Comorbiditiesb 241 1 (0–14)
 Respiratory system 121 (50%)
 Congenital/chromosomal 63 (26%)
 Diseases of blood and immune disorders 47 (20%)
 Circulatory system 34 (14%)
 Digestive system 26 (11%)
 Nervous system 25 (10%)
 Infectious/parasitic diseases 23 (10%)

Total concomitant medications 241 5 (0–20)
Median maximum daily azithromycin dose (mg/kg) 240 10 (2.2–21.8)
Median cumulative azithromycin dose (mg/kg) 240 25 (4–170.5)
Off-label use 241
 Off-label use by either age or indication 93 (39%)
 Off-label use by age only (< 6 months) 6 (2%)
 Off-label use by indication only 65 (27%)
 Off-label use by both age and indication 22 (9%)

SAE reported 241 0 (0–5)
 Patients with any  SAEb 21 (9%)
 Diarrhea/Loose Stool 6 (2%)
 Hypersensitivity 5 (2%)
 Vomiting 4 (2%)
 Rash 3 (1%)
 Nausea 3 (1%)
 Death 2 (1%)
 Otherc 9 (4%)
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outlier cumulative doses for fentanyl. For instance, nine 
patients had a cumulative dose of over 100 mcg/kg per stay, 
with three of these patients administered over 500 mcg/kg. 
The highest recorded was a cumulative dose of 1884 mcg/kg 
over the course of a 52-day hospital stay (24 days of fenta-
nyl administered). This patient was administered a changing 
regimen of fentanyl continuous infusion with 108 mcg/kg/
day at the highest level. This patient had no SAEs reported.

Off-label use of fentanyl (287, 78%) was predominant 
and involved mostly off-label use by both age and indica-
tion (129, 35% of all patients) and off-label use by age only 
(131, 36% of all patients). Of the 367 children exposed to 
fentanyl, a total of 95 patients (26%) (15 on-label and 80 
off-label) experienced at least one SAE. The most common 
SAEs were respiratory depression (37, 10%) (ventilator use 
not captured in this study), death (30, 8%), and circulatory 
depression (29, 8%) (Table 4). Only two patients who had 
respiratory depression were on-label, while 35 patients who 
had respiratory depression were off-label.

For the logistic regression, five variables were identi-
fied as eligible confounders for the outcome of any SAE 
reported with exposure to fentanyl: total comorbidities, 
specific comorbidities (nervous system disease, respiratory 
disease, and perinatal disease), and total concomitant medi-
cations. Off-label use of fentanyl by both age and indica-
tion was associated with increased risk for any SAE, but 
was not significant (OR 1.99; 95% CI 0.94–4.19; p = 0.07) 
(Table 5). A sub-analysis for the association of respiratory 
depression with off-label use of fentanyl included two eligi-
ble confounders: respiratory disease and perinatal disease. 

Adjusting for these confounders, off-label use of fentanyl by 
both age and indication was associated with a higher risk of 
respiratory depression (n = 24; OR 5.05; 95% CI 1.08–23.56, 
p = 0.04) (Table 5).

For our first sensitivity analysis, the criterion for eligible 
confounders was broadened from |r| ≥ 0.1 to |r| ≥ 0.05. The 
association of off-label use of fentanyl by both age and indi-
cation with any SAE increased significantly (OR 2.53; 95% 
CI 1.13–5.65; p = 0.02). When the eligible confounders were 
broadened for the outcome of respiratory depression only, off-
label use of fentanyl by both age and indication (OR 5.05; 95% 
CI 1.05–24.27; p = 0.04) remained significant (ESM Table 2).

When the dosing variables were included in the fenta-
nyl regression model, the sample size decreased to 178 as 
patients with any PRN dosing were excluded from the analy-
sis. Only 180 patients had complete drug regimen informa-
tion that did not include any PRN dosing and an additional 
six patients were missing race/ethnicity, with an overlap of 
four with the group above. In this analysis, off-label use of 
fentanyl by both age and indication (n = 41) was not signifi-
cantly associated with the risk of any SAE (OR 3.38; 95% CI 
0.93–12.28; p = 0.06). In addition, cumulative dose was not 
associated with the risk of any SAE (ESM Table 3).

Kaplan–Meier plots were generated to characterize how 
the risk of any SAE or the risk of respiratory depression by 
itself changed over the course of therapy with fentanyl, with 
a focus on off-label use by both age and indication (Fig. 1, 
ESM Fig. 2). Cox proportional hazards regression was used 
to compare time to event (first SAE reported or respiratory 
depression reported) in on-label compared with off-label 

Table 3  The effect of off-label use of oral azithromycin on the risk of patient SAE (N = 235)

Logistical regression (logit) with Odds Ratios reported and Robust Standard Errors. Denominator is not N = 241 as one patient had a missing 
value for sex and five additional patients did not have race or ethnic data
SAE serious adverse event
*Significant at the 95% confidence level; **Significant at the 99% confidence level

Variable Odds ratio p > |z| 95% conf. interval

Dependent variable: any SAE reported during azithromycin administration with 24-day lag for metabolic clearance, [0,1] binary
Primary independent variables
 Off-label use by either age group or indication n = 93 in this group, 8 had any 

SAE
0.87 0.808 0.27–2.71

Confounders
 Female – 0.045* –
 Asian – 0.009** –
 ln(total comorbidities) – 0.472 –
 Specific comorbidity –
  Diseases of the blood and blood-forming organs, immune disorders – 0.084

 ln(total concomitant medications) – 0.000** –
Wald χ2 23.78 0.000**
Pseudo R2 0.22
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Table 4  Summary data for fentanyl cohort

PICU pediatric intensive care unit, NICU neonatal intensive care unit, SAE serious adverse event (Aexcludes patients that received any PRN dos-
ing)
a Data are shown as median (range) for continuous variables and N (%) for categorical variables
b Patients may have more than one
c One patient had a second episode of bradycardia within 24 h, but is not double counted here
d 20 patients accounted for 22 other SAEs including hypotension (2), seizure (2), sepsis (2), and one instance each of carbon dioxide retention 
after placing peripherally inserted central catheter, chest tightness, constipation, extracorporeal membrane oxygenation requirement, hyperten-
sion, intestinal perforation, large hemorrhagic bleed, myoclonic jerks in extremities, naloxone requirement likely due to morphine, necrotizing 
enterocolitis, neutropenia, pneumothorax, pulmonary edema, reflux with aspiration, respiratory alkalosis, and tachycardia

Variable N with non-missing Fentanyl exposed (N = 374)a

Age 367 2 months (0–18 years)
Weight (kg) 365 3.8 (0.4–100)
Sex (female) 361 149 (41%)
Race 361
 Black 70 (19%)
 White 130 (36%)
 Hispanic 97 (27%)
 Asian 21 (6%)
 Other race 43 (12%)

Site of  Admittanceb 367
 PICU 144 (40%)
 NICU 189 (52%)
 Other site 33 (9%)

Hospital length of stay (days) 336 17 (1–213)
Comorbiditiesb 367 2 (0–11)
 Congenital/chromosomal 142 (39%)
 Circulatory system 120 (32%)
 Respiratory system 101 (28%)
 Perinatal period 88 (24%)
 Digestive system 83 (23%)
 Nervous system 75 (20%)

Total concomitant medications 367 5 (0–20)
Median maximum daily fentanyl dose (mcg/kg)c 211 2.1 (0.1–156)
Median cumulative fentanyl dose (mcg/kg)A 180 2.0 (0.1–1884)
Off-label use 367
 Off-label use by either age or indication 287 (78%)
 Off-label use by age only (< 2 years) 131 (36%)
 Off-label use by indication only 27 (7%)
 Off-label use by both age and indication 129 (35%)

SAE reported 367 0 (0–5)
 Patients with any  SAEb 95 (26%)
 Respiratory depression 37 (10%)
 Death 30 (8%)
 Circulatory depression 29 (8%)
 Apnea 14 (4%)
 Bradycardiac 16 (4%)
 Respiratory arrest 4 (1%)
 Acidosis 4 (1%)
 Cardiac arrest 3 (1%)
 Desaturation 3 (1%)
 Otherd 20 (5%)
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groups. The Cox proportional hazards assumption was ful-
filled for the analysis of any SAE (p = 0.31) and respiratory 
depression alone (p = 0.35). For the risk of any SAE over 
time, off-label use by age only (HR 1.10; 95% CI 0.56–2.14; 
p = 0.78), indication only (HR 0.54; 95% CI 0.18–1.66; 
p = 0.29), and off-label by both age and indication (HR 1.28; 
95% CI 0.67–2.45; p = 0.46) were all not significant. For 
the risk of respiratory depression over time, off-label use by 
age only (HR 1.85; 95% CI 0.39–8.79; p = 0.44), indication 
only (HR 1.13; 95% CI 0.10–12.65; p = 0.92), and off-label 
by both age and indication (HR 3.64; 95% CI 0.81–16.42; 
p = 0.09) were also not significant.

4  Discussion

For those children exposed to azithromycin during ICU 
admission, off-label use was less common than on-label use. 
Off-label use of azithromycin was not associated with higher 
rates of SAEs compared to on-label use. In contrast, off-label 

Table 5  The effect of off-label use of IV/IM fentanyl on the risk of any patient SAE and the risk of respiratory depression (N = 367)

Logistical regressions (logit) with odds ratios reported and robust standard errors
RD respiratory depression, SAE serious adverse event
*Significant at the 95% confidence level; **Significant at the 99% confidence level

Variable Odds ratio p > |z| 95% conf. interval

Dependent variable: any SAE reported during fentanyl administration with 2-day lag for metabolic clearance, [0,1] binary
Primary independent variables
 Off-label use by age group only, < 2 years n = 131 in this group, 28 had any SAE 1.36 0.429 0.63–2.95
 Off-label use by indication only n = 27 in this group, 4 had any SAE 0.52 0.295 0.15–1.77
 Off-label use by both age and indication n = 129 in this group, 48 had any SAE 1.99 0.070 0.94–4.19

Confounders
 ln(total comorbidities) – 0.412 –
 Specific comorbidity
  Diseases of the nervous system – 0.042* –
  Diseases of the respiratory system – 0.472 –
  Diseases of the perinatal period – 0.064 –

 ln(total concomitant medications) – 0.002** –
Wald χ2 30.21 0.000**
Pseudo R2 0.09
Dependent variable: respiratory depression reported during fentanyl administration with 2-day lag for metabolic clearance, [0,1] binary
Primary independent variables
 Off-label use by age group only, < 2 years n = 131 in this group, 9 had RD 1.97 0.402 0.40–9.64
 Off-label use by indication only n = 27 in this group, 2 had RD 2.52 0.386 0.31–20.44
 Off-label use by both age and indication n = 129 in this group, 24 had RD 5.05 0.040* 1.08–23.56

Confounders
 Specific comorbidity
  Diseases of the respiratory system – 0.023* –
  Diseases of the perinatal period – 0.057 –

Wald χ2 30.20 0.000**
Pseudo R2 0.12

Fig. 1  Kaplan–Meier failure rate (risk of respiratory depression over 
time) for IV/IM fentanyl
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use of fentanyl was more common than on-label use in our 
cohort. Off-label use of fentanyl by both age and indication 
was associated with the SAE respiratory depression. The 
sensitivity analysis when more confounders were included 
in the regression equation showed the OR for the association 
between any SAE and off-label use of fentanyl was greater 
(OR 2.53, p = 0.02) than that in the primary analysis (OR 
1.99, p = 0.07). The statistical association was, however, not 
found for off-label use of fentanyl by indication only or by 
age only. The total number of concomitant medications and 
nervous system disease were significant confounders for the 
risk of SAEs with off-label use of fentanyl in our cohort. 
The confounding effect of total concomitant medications is a 
similar finding to that of earlier studies where polypharmacy 
was associated with an increased risk for ADEs in children 
[20–22]. To summarize, our analysis of fentanyl and azithro-
mycin shows that off-label use may be more frequently asso-
ciated with at least some SAEs in fentanyl-exposed patients, 
but not in azithromycin-exposed patients. Thus, the nature of 
these outcomes was drug dependent in this study.

Czaja et al. [23] found azithromycin as the most fre-
quently used antimicrobial agent among PICU admissions 
in 39 children’s hospitals across the USA. In the Czaja study, 
of the 4683 children who received azithromycin, 92% were 
given the drug off-label. In comparison, 39% of patients in 
our study were administered oral azithromycin off-label. 
The difference in off-label rates may be due to differences 
in study design, as the prior study used the PHIS database, 
which is a database that includes encounter and diagnosis 
codes, whereas we performed manual review of each record. 
The Czaja study did not report individual SAEs associated 
with azithromycin, so event rates across studies cannot be 
compared.

It is also worth noting that azithromycin is not on the 
Institute for Safe Medication Practices (ISMP) [24] list of 
high-alert medications and was not categorized as a high-
risk medicine in a previous study evaluating its off-label 
use in PICUs [23]. Furthermore, the sensitivity analysis for 
azithromycin indicated that, in the presence of 11 confound-
ers, off-label by age or indication was not significantly asso-
ciated with an increased risk of SAEs.

These prior results taken together with our study findings 
suggest that off-label use of azithromycin does not appear to 
pose a clinically significant elevated risk to children com-
pared to on-label use. However, the FDA (including the 
BPCA program) has since included azithromycin on high-
priority lists because of the lack of pediatric safety data [23, 
25]. This high-priority status was based on drugs with a 
written request from the FDA to the manufacturer for pediat-
ric studies or those drugs that exist on the BPCA therapeutic 
priority list for further studies of their safety in children. It 
is hoped that our finding of a lack of a consistent association 

between off-label azithromycin use and SAEs would add to 
the evidence of azithromycin safety in children.

In our study, off-label use of fentanyl was predominant, 
which is consistent with previous publications. Other sur-
veys have shown that fentanyl is one of the most commonly 
used sedative and analgesic agents for children admitted to 
the ICU in the USA [23, 26]. We identified off-label use 
of fentanyl by age with or without indication in 260 fenta-
nyl-exposed children (71%), a combination of the mutually 
exclusive groups of off-label by age only (131, 36%) and off-
label by both age and indication (129, 35%). This is similar 
to the rate of off-label use by age of 88% in a Canadian study 
[17]. A previous multicenter study in the USA documented 
44% off-label use by age or indication for fentanyl among 
PICU admissions [23] versus our study’s 78% off-label use 
by age or indication. This variation in the rate of off-label 
fentanyl use could be attributed to the differences in setting, 
sample size, group of patients studied, the duration of fenta-
nyl exposure, or the specification of route of administration. 
In addition, we evaluated SAEs associated with off-label 
IV/IM fentanyl use only, while other studies focused on off-
label use of fentanyl and other drugs.

When fentanyl was administered off-label by both age and 
indication, this combination was more likely to be associ-
ated with SAEs than off-label use by age only. We found 
no literature on the association between off-label drug use 
for children and the risk of SAEs, as defined above. How-
ever, Horen et al. reported that usage which did not have the 
FDA-approved pediatric indication was associated with an 
increased risk of adverse drug reactions—defined differently 
from SAE—among pediatric outpatients, particularly infants 
[27]. In our study, fentanyl patients needed to be treated both 
off-label by age and indication to show an elevated risk of 
at least one SAE. It may be that each risk factor alone is 
insufficient to increase risk, but that together there may be 
an additive risk of off-label use. Our data suggest that at least 
some SAEs associated with fentanyl use in the pediatric ICU 
setting may be influenced by the manner of its off-label use.

Off-label use of fentanyl by both age and indication in 
our cohort is associated with a 5.05 times greater likeli-
hood of respiratory depression. Respiratory depression is a 
major adverse event associated with opioid use, including 
fentanyl [28]. Two life-threatening AEs (hypoventilation and 
hypotension) were reported among hospitalized children on 
opioids in a multicenter cohort study involving five coun-
tries across Australia, Europe and Asia [29]. One possibil-
ity regarding the apparent association of off-label use with 
respiratory depression is that fentanyl has a narrow thera-
peutic index. A retrospective study evaluating the AEs of a 
continuous infusion of fentanyl for postoperative pain relief 
in 1166 children aged 0–14 years in Japan reported respira-
tory depression as a common SAE in 0.8% of the cohort 



57Off-label Use of Azithromycin and Fentanyl and Adverse Events

[30]. This low rate, compared to the 16% of patients with 
respiratory depression observed in our study, may be attrib-
uted to several factors including differences in the age of the 
patients and the outcomes measured. In addition, included 
in our population were those who experienced a range of 
severe respiratory depression (breathing devices were not 
specified in this study), while the Japanese study focused 
on children ≤ 14 years with severe respiratory depression for 
which mask ventilation or tracheal intubation was required. 
However, the determinants of the risk for this important SAE 
were not evaluated in the Japanese study. Since serious, life-
threatening, or fatal respiratory depression may occur with 
the use of fentanyl injection, the FDA has included a boxed 
warning to monitor for respiratory depression with fentanyl 
use, especially during initiation of the medicine or following 
a dose increase [12].

Our study had a number of limitations. First, it was a 
retrospective study with a convenience sample. It is rather 
complex to accurately determine the occurrence of SAEs in 
an ICU setting since the symptoms of the event may over-
lap with an underlying disease, comorbidity, and adverse 
events from concomitant medication or may be caused by 
several unrelated factors, including the pharmacokinetic 
profile of the drug. There is also the potential for mis-
classification of on- versus off-label use, specifically if 
the appropriate indication for azithromycin use was pre-
sent but not clearly documented in the EHR. These fac-
tors could more easily be captured in a prospective study 
with comparator groups. In addition, a prospective design 
would enable complete ascertainment of consecutive drug-
exposed patients, which would reduce the risk of selection 
bias due to exclusion of individuals without sufficient data 
to determine SAE outcomes.

In addition, the two drugs chosen differed in many 
ways such as therapeutic class, route of administration, 
and therapeutic margin for safety. Furthermore, the off- 
and on-label groups of patients may have differed in 
many ways, including the extent of illness (proxies were 
included in our regressions), the presence and number of 
concomitant medications (included in our regressions), 
and the proximity in time to surgical procedures (included 
in our case definition). Since the indications for off-label 
use were not systematically collected, this variable was 
not assessed. Some markers of severe illness could not 
be detected, such as respiratory depression in ventilated 
patients. Although our regression models accounted for 
the important confounders that we identified, they clearly 
did not include all.

This study was also limited by incomplete data col-
lection. Although dose was included as a possible 
confounder in the case of azithromycin, in the case of 
fentanyl, only a sensitivity analysis based on approxi-
mately half of the population could be conducted due to 

missing data from regimens that included PRN dosing. 
For patients without PRN dosing, there were assumptions 
made in the calculation of continuous infusion data that in 
some cases could have over- or under-estimated the exact 
dose administered. However, the dosing information we 
did capture in a subset of fentanyl-exposed patients did 
not suggest that dose was a confounder. Potential covari-
ates that were not analyzed as part of this study but are 
potential subjects of future research include the impact 
of disease severity scores, mechanical ventilation, and 
indication for ICU admission. Inclusion of doses outside 
the recommended range in the definition of “off-label” 
would be an area of further research. Another potential 
area of future research is the incidence and risk factors 
for SAEs with longer latency.

5  Conclusion

In the setting of pediatric ICUs, off-label use of fentanyl 
appears to be associated with an increased risk of respira-
tory depression compared to on-label use when the drug is 
administered to a patient simultaneously for an unlabeled 
age group and unlabeled indication. Off-label use of azithro-
mycin in this setting appears not to be associated with an 
increased risk of SAEs compared to on-label use. Prospec-
tive studies should be undertaken to assess the safety and 
efficacy of fentanyl in the pediatric population so that data 
can be added to the FDA labeling.
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