Pediatric Drugs (2023) 25:585-593
https://doi.org/10.1007/540272-023-00576-9

ORIGINAL RESEARCH ARTICLE ;')

Check for
updates

A Multi-Center Evaluation of the Pharmacokinetics and Safety
of Intravenous Ibuprofen in Infants 1-6 Months of Age

Chris D. Glover' - John W. Berkenbosch?3 - Mary B. Taylor* - Nihar V. Patel’ - Byron Kaelin’ - Breanne H. Y. Gibson® -
John Zhong®

Accepted: 14 May 2023 / Published online: 9 June 2023
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract

Background Enteral ibuprofen was first approved as a prescription drug in 1974 for the US market. An intravenous (IV)
ibuprofen formulation is approved for use in children older than 6 months of age, but there are limited studies specifically
evaluating the pharmacokinetics and safety in children 1-6 months of age.

Aims The primary purpose of this study was to evaluate the pharmacokinetics of IV ibuprofen in infants younger than 6
months of age. The secondary objective was to evaluate the safety of single and repeated doses of IV ibuprofen in infants
younger than 6 months of age.

Methods This was an industry-sponsored multi-center study. Institutional Review Board approval and informed parental
consent were obtained prior to enrollment. Hospitalized neonates and infants younger than 6 months of age with fever or
expected postoperative pain were eligible. Enrolled patients received 10 mg/kg of IV ibuprofen every 6 h, with up to four
doses per day. Patients were randomized to two sparse sampling technique pharmacokinetic sample time groups. Group
1 samples were drawn at 0, 30 min, and 2 h, while group 2 samples were drawn at O min, 1, and 4 h after administration.
Results A total of 24 children were enrolled in the study, with 15 male patients and 9 female patients. The median age of the
cohort was 4.4 months (range 1.1-5.9 months), and the median weight was 5.9 kg (range 2.3-8.8 kg). The arithmetic mean
and standard error for peak plasma ibuprofen concentration was 56.28 + 2.77 ug/mL. Plasma levels declined rapidly with
a mean elimination half-life of 1.30 h. Time to peak ibuprofen effect and concentration were similar when compared with
older pediatric patients. Clearance and volume of distribution were also similar to those reported in older pediatric patients.
No drug-related adverse events were reported.

Conclusions The pharmacokinetic and short-term safety profiles of IV ibuprofen in pediatric patients 1-6 months of age are
comparable to those in children older than 6 months of age.

Trial Registration Clinicaltrials.gov Trial Registration number and date: NCT02583399—Registered July 2017.

1 Background
Ibuprofen is a nonsteroidal anti-inflammatory drug
(NSAID) first approved for adult use in the USA in 1974.

Previous studies have shown that intravenous ibuprofen
is safe and effective in treating both pain and fever in
adults and in older children.

Oral ibuprofen has long been used for treating mild-to-
moderate pain due to multiple causes in children and
adults [1-3]. Pediatric indications have focused on the
Little is known about the pharmacokinetics or short-term  benefits of NSAIDs as adjuncts for analgesia and fever

safety of intravenous ibuprofen in children 1-6 months relief with a recent meta-analysis finding that ibuprofen
of age. exhibited superior efficacy in reducing fever and pain

when compared with acetaminophen [4, 5]. Administration
of oral analgesics and antipyretics may not be feasible in
hospitalized pediatric patients, necessitating the use of
parenteral formulations for treatment of pain and/or fever
in these settings [6]. Although a multitude of studies have
demonstrated the effectiveness and safety of oral and rectal

In this study, the pharmacokinetic profile of intravenous
ibuprofen in children 1-6 months of age was similar to
previous findings in older children.

Extended author information available on the last page of the article
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ibuprofen in the treatment of fever and pain in both adults
and children, studies on parenteral ibuprofen are only
recently becoming available, as manufacturing constraints
for parenteral forms are being overcome [7-13].

Caldolor® (Cumberland Pharmaceuticals Inc., Nash-
ville, TN, USA), is an IV formulation of ibuprofen. It
received approval from the US Food and Drug Admin-
istration (FDA) in 2009 for use in adults and in 2016 for
use in children older than 6 months of age [14, 15]. Phar-
macokinetic (PK) data of IV ibuprofen in adults reveal
that IV infusions result in maximum plasma concentra-
tions double that of oral ibuprofen without a difference in
the elimination half-life [6]. IV ibuprofen is well tolerated
in both adult and pediatric patients older than 6 months
of age, and PK data in children older than 6 months of
age are similar to those reported in adults [16, 17]. The
use of NSAIDs for analgesia has increased as the reduc-
tion of opioid administration has become a priority across
clinical settings due to the potential risks and side effects
associated with drug class [18]. Recent studies have dem-
onstrated the safety and efficacy of IV ibuprofen to treat
both pain and fever in children older than 6 months of age
and in young and preterm infants [17, 19-24], however,
there are limited studies evaluating the PK of IV ibuprofen
in children 1-6 months of age. The objectives of this study
were to evaluate both the PK profile and the short-term
safety profile of single and repeat doses of IV ibuprofen
in children aged birth to 6 months of age.

2 Methods

This protocol was approved by the Western Institutional
Review Board (WIRB) and the study was approved by site-
specific institutional review boards (IRB). This study was
conducted under an Investigational New Drug Application
and performed in accordance with the Declaration of
Helsinki, Title 21 of the CFR Parts 50, 56, and 312 and
International Conference on Harmonisation (ICH) E6.
The study was registered at ClinicalTrials.gov (Study
identifier: NCT02583399) on 20 October 2015, prior to
the enrollment of the first patient.

Eligible patients included hospitalized male or female
pediatric patients between the ages of birth [> 37 weeks
(+ 0 days) gestational age at birth] to less than 6 calendar
months of age with a clinical indication of pain or fever with
written informed consent provided by the parent or legal
guardian of the patient. The study was conducted at four
clinical centers in the USA.

Patients were excluded from the study if they had (1)
inadequate intravenous access for obtaining laboratory
samples, (2) an uncorrected ductus-dependent congenital
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heart defect, (3) history of allergy or hypersensitivity to
NSAIDs or acetylsalicylic acid (ASA), (4) current history
of uncorrected hypovolemia, or acute renal or liver disease,
(5) received NSAIDs, acetaminophen, or ASA drug therapy
within 4 h prior to study drug dosing or another investiga-
tional drug within the previous 30 days, and (6) if the patient
was considered unsuitable for the study in the opinion of the
investigator.

This in-patient study utilized a prospective, open-label
single- or multiple-dose study design that consisted of a
screening/baseline period (up to 48 h prior to the first dose
of the study drug), a treatment period [beginning with the
first dose of the study drug (study hour 0) and continuing for
up to 48 h] and a post-treatment period [beginning at the end
of the treatment period and continuing for 24 h (study hour
72)] for a maximum of 120 h from screening to end of study.

During the screening/baseline period, informed consent
was documented, and a standard physical examination,
including vital signs [temperature, heart rate (HR), blood
pressure (BP), and respiratory rate (RR)], was performed
to document each patient’s baseline vital signs and
symptoms. Demographic data, medical history, concomitant
medications, and safety laboratory data (complete blood
count, renal and hepatic function, coagulation profile) were
also obtained.

On the basis of the current FDA-approved dosing for IV
ibuprofen in pediatric patients older than 6 months of age
(10 mg/kg every 4-6 h as necessary for pain or fever) and
additional published results [24], the dose selected for this
study was 10 mg/kg of IV ibuprofen administered over 10
min. The total daily dose did not exceed 40 mg/kg or four
doses per day for a maximum of eight total doses during
the 48-h treatment period [17]. Use of other NSAIDs or
acetaminophen was restricted between 4 h prior to and
48 h following the first dose of IV ibuprofen for safety
assessments. Use of these medications was restricted for
4 h prior to the initial IV ibuprofen dose to account for
the minimum time recommended between doses of these
medications for pain and/or fever.

The treatment period began at study hour 0, when the
initial 10 mg/kg dose of IV ibuprofen was administered.
Subsequent doses of study drug were administered at the
investigator’s discretion every 6—8 h as needed during the
remainder of the treatment period. Vital signs were taken
immediately pre-dose, post-dose, and at 30, 60, 120, and 240
min following each dose of study drug as well as 24 and 48
h following initial dosing. Blood samples for safety moni-
toring were taken at study hour 24. To minimize laboratory
testing, samples obtained for routine care within the allow-
able time window (+ 6 h) could be used for study-specific
safety testing.

The post-treatment period began 48 h after the first dose
of IV ibuprofen and continued through 72 h following the
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initial dose. During this period, vital signs and laboratory
assessments were performed 72 h following the initial dose
of ibuprofen or at the time of hospital discharge, whichever
came first.

2.1 Pharmacokinetic Analysis

Blood samples were drawn in K-2 EDTA tubes for PK
profiling. To minimize individual patient lab sampling,
a sparse sampling model was utilized. Patients were
randomized 1:1 to 2 PK sample time groups with group 1
samples drawn at 0, 30, and 120 min and group 2 samples
were drawn at 0, 60, 240 min after first dose administration.
An allowance of + 5 min was permissible for sampling
times. Collection of samples per venipuncture was preferred,;
however, if the patient had indwelling venous or arterial
catheters, collection from these devices was permitted
provided that a sufficient waste sample was extracted per
the site’s standard protocol prior to PK sample collection.
Blood samples collected for PK analysis were 2 mL each for
a total of 6 mL collected from each patient for PK. Patients
that withdrew before completion of the PK sample collection
were replaced.

Plasma samples were separated by refrigerated centri-
fuge, frozen at — 80 °C, and kept frozen until analyzed.
Ibuprofen and its internal analytical standard, ibuprofen-d3,
were extracted from 0.025 mL aliquots of plasma. Samples
were extracted utilizing a liquid—liquid extraction procedure,
then injected into a liquid chromatograph equipped with a
tandem mass spectrometry detector. Quantitation is based
on peak area ratio of the analyte versus its stable labeled
internal standard. A weighted (1/C2) linear regression was
performed to determine the concentration of the analyte.

The extracted samples were analyzed by liquid chroma-
tography mass spectrometry/mass spectrometry (LC-MS/
MS) using an AB Sciex API 4000 equipped with a Turbolon
Spray using a gradient at 25 °C at a flow rate of 1.000 mL/
min. Study samples were analyzed once using a calibra-
tion curve composed of four sets of quality control (QC)
samples [low (3.00 pg/mL), intermediate (7.50 pug/mL),
medium 50.00 (ug/mL), and high (100.00 pg/mL)] analyzed
at least in duplicate. The calibration range of the assay was
1.00-100.00 pg/mL. There were no reassays in this project.

Of the 70 samples analyzed, 50 samples were selected for
the incurred sample reproducibility test to demonstrate that
results obtained from study sample analysis are reproduc-
ible. The bioanalytical method was considered reproducible
if at least 67% of the incurred sample reanalysis data were
within 20% of the difference between the two values divided
by the average of both values [25]. All 50 reanalyzed sam-
ples met the criteria of assay reproducibility definition.

The performance of the analytical method was success-
fully demonstrated during the validation and also by the

in-study method performance. The analyte and the internal
standard were stable under all conditions tested. The long-
term stability of analyte in matrix at — 80° C (641 days) was
extended to cover the storage period of the study samples
(699 days).

2.2 Safety Monitoring

Vital signs, including temperature, heart rate, respiratory
rate, and systolic and diastolic blood pressures, were meas-
ured and recorded as described above.

Blood samples for safety monitoring were taken at
screening, then at study hour 24 (+ 6 h) and 72 (+ 6 h) or
hospital discharge, whichever occurred first. The safety labs
consisted of serum electrolytes (sodium, potassium, chlo-
ride, carbon dioxide content), glucose, renal function (blood
urea nitrogen, creatinine), liver function (total bilirubin,
albumin, total protein, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase), complete blood
count with differential, and coagulation profile (prothrombin
time and partial thromboplastin time). If any of the labora-
tory assessments were taken as part of the standard of care
testing within the allowable time window for data collec-
tion, these values were used for safety monitoring and addi-
tional research assessments were not collected. Concomitant
medications were collected through study hour 48 (end of
the treatment period) or discharge, whichever occurred first.
Adverse events (AEs) were monitored and recorded continu-
ously throughout the study. If the patient was discharged
prior to study hour 72, a post-discharge follow-up phone
call was made to assess for any AEs following discharge up
to study hour 72.

2.3 Statistical Analysis

A sample size of 24 patients was chosen for adequate
PK and safety evaluation. No power calculations were
performed. Patients who were enrolled into the study but
did not receive any study drug were replaced. Patients who
were withdrawn from the study after receiving study drug
but did not complete the PK portion of the study within
the first 4 h were also replaced. Patients who received
the initial dose of study drug and had the primary PK
assessments in the 48-h study period were included in
the PK-evaluable population. All concentration values
Below the Lower Limit of Quantitation (BLQ) were set
to zero. Samples with no reportable value occurring prior
to dosing were replaced by “0.00”, otherwise, they were
set to missing for tabulation, graphical representation, and
calculation purposes; all samples with no reportable value
observed after dosing were set to missing. For the PK
calculation, only observed data were used in the analysis
except for concentration values BLQ and samples with no
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reportable value occurring prior to dosing as described
above. There was no extrapolation or imputation of
missing data.

Descriptive statistics including number of observations
(N), mean, median, standard deviation (SD), standard error
of the mean (SEM), minimum, and maximum were calcu-
lated from plasma concentrations for each patient at the
collected time points. Continuous data were summarized
as the mean, median, SD or SE, minimum (Min), maxi-
mum, and number of patients.

The following PK parameters were calculated from
the mean ibuprofen plasma drug concentration—time data
using standard non-compartmental methods consistent
with the IV infusion route of administration:

AUC,,_,: area under the concentration—time curve from
time zero until the last measurable concentration calcu-
lated using the trapezoidal method.

AUC,_;,+ area under the concentration-time curve from
time zero to infinity (extrapolated), calculated as
AUC,_, + (CK'—‘I'), where C), is the last measurable con-

centration and K, is the terminal elimination rate constant
(the negative of the estimated slope of the linear regression
of log-transformed concentration versus time profile in the
terminal elimination phase).

C,.x: maximal measured plasma concentration, taken
from the plasma concentration—time profile.

T,..x: time when the maximal serum concentration
was observed, taken from the serum concentration—time
profile.

T\, o terminal elimination half-life, calculated as
In(2)/ K.

Cl: apparent clearance, calculated as Al?gzemf.

Cl/WT: apparent clearance, calculated as

(A[Ij)% > /weight. The mean body weight was used.

0—inf

V,: apparent volume of distribution, calculated as
Dose

V,/WT: apparent volume of distribution, calculated as
Dose

KgXxAUCy_jr
Standard error (SE) was calculated for observed parameters
measured (AUC,_, and C,;,.). The nominal time of infusion
(10 min) and nominal dose were used for the derivation of
PK parameters calculated using Phoenix WinNonlin soft-
ware. The non-compartmental analysis sparse sampling
methodology employed by Phoenix WinNonlin software cal-
culates PK parameters on the basis of the mean profile for all
the subjects in the dataset. Therefore, Cl, V,, and T, | are
derived data from this modeling rather than calculated for
each individual patient, so individual weights were not used
as the denominator for the CI/WT and V,/WT parameters. All
statistical computations were performed using the SAS®

Software version 9.4 (SAS Institute Inc., Cary, NC, USA).

)/weight. The mean body weight was used.
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3 Results

A total of 30 hospitalized patients were enrolled between 8
August 2017 and 21 February 2019, and 24 patients received
at least one dose of IV ibuprofen at 10 mg/kg. Enrollment by
center is summarized in Table S1. Consent was obtained for
six patients who did not receive IV ibuprofen for the follow-
ing reasons: attending physician decision (n = 3), research
team not available for study procedures following consent
(n =2), and an inability to obtain adequate vascular access
for PK sampling (n = 1). Of the 24 patients enrolled, 22 were
hospitalized for a surgical procedure, 1 was hospitalized for
peritoneal dialysis, and 1 was hospitalized for myocarditis
secondary to influenza A/B infection. A total of 23 patients
were treated with IV ibuprofen for the indication of post-
procedural pain and 1 patient was treated for both pain and
fever. Primary diagnoses and intervention for treated patients
are presented in Table 1.

Of the 24 patients who received IV ibuprofen, 15 (62.5%)
were male and 9 (37.5%) were female. The majority of
treated patients were white (17/24, 70.8%) and non-Hispanic
or non-Latino (19/24, 79.2%). The median age of the cohort
was 4.4 months (range 1.1-5.9 months), and the median
weight was 5.9 kg (range 2.3-8.8 kg). Baseline demograph-
ics are presented in Table 2.

Patients were administered I'V ibuprofen as a single dose
or every 68 h as needed for the treatment of pain or fever.
Of the 24 patients who received treatment, 20 received a
single dose, and 4 received multiple doses. One patient had
undetectable plasma drug concentrations at all time points
and was excluded from the PK analysis. Therefore, the PK
population was composed of 23 total patients. Plots of mean

Table 1 Primary diagnoses and intervention for treated patients (N =
24)

Primary diagnosis Intervention Num-
ber of
patients

Atrioventricular canal defect Surgical repair 1

Cleft lip/palate Surgical repair 7

Colostomy open Surgical closure 1

Craniosynostosis Surgical repair 4

Hydrocephalus Shunt placement 1

Myocarditis secondary to Influ- Pharmacotherapy 1

enza A/B infection

Patent ductus arteriosus Surgical repair 1

Hypertension Peritoneal dialysis 1

Tethered spinal cord Surgical repair 1

Tetralogy of fallot Surgical repair 2

Vascular ring Vascular ring repair 2

Ventricular septal defect Surgical closure 2
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plasma ibuprofen concentrations versus time profile are pre-
sented using linear scales in Fig. 1. IV ibuprofen in pediatric
patients under the age of 6 months displayed a similar PK
profile to its PK profile in both adults and in older pediatric
populations [17].

Consistent with findings in older children, peak ibuprofen
concentration (7,,,,,) was observed at the end of the 10-min
infusion period (Table 3). Following a single 10 mg/kg IV
dose, the mean peak ibuprofen concentration C,,,, was 56.28
pg/mL. This is similar to levels reported for all pediatric
age groups: 59.2 ug/mL for patients aged 6 months to less
than 2 years; 64.2 pg /mL for 2 years to less than 6 years,
and 61.9 ug/mL for those 616 years of age (Table 3). The
AUC,_, and AUC,, ;s were 75.74 h-ug/mL and 85.87 h-ug/
mL, respectively. Ibuprofen plasma levels declined rapidly

Table 2 Demographic characteristics of all treated subjects (N = 24)

with an elimination half-life (T, .)) of 1.30 h. The apparent
volume of distribution (V,) in children was 0.22 L/kg.

Absolute clearance and volume of distribution were lower
in the current cohort compared with pediatric patients > 6
months of age, however, when normalized by body weight,
clearance and volume of distribution were similar between
the age groups (Table 3).

3.1 Safety

Of the 30 enrolled patients, 6 were not dosed, 20 received
a single dose of ibuprofen, 1 received four doses, and 3
received eight doses. Of the 24 patients who received the
drug, 17 completed all three study periods (i.e., screening,
treatment, post-treatment). There were seven patients who
were prematurely withdrawn prior to the end of the 48-h
treatment period, one of whom was withdrawn prior to
24 h at 6 h following the initial dose of IV ibuprofen.
Of those prematurely withdrawn, four were discharged
home prior to completion of the 72-h study dosing and
observation periods, and three were withdrawn due to
the primary team’s desire to introduce study-restricted
medications (acetaminophen and acetaminophen-
hydrocodone). Of the 17 patients who completed all study
procedures, 14 were discharged prior to study hour 72,
and 3 remained hospitalized at 72 h. No patients withdrew
due to study-related adverse events (AE).

A total of eight patients experienced 14 AEs during
the study period; of these, 8 were considered mild and
6 moderate. There were three serious AEs in a single
patient in the study: two events of chylothorax and one
event of pericardial effusion. One patient experienced an
event of chylothorax that was not deemed serious. No
events were considered related to study drug administra-
tion, and all resolved without apparent sequelae. There

Characteristic Overall® Mean (SD) Median (range)
Sex
Male 15 (62.5%)
Female 9 (37.5%)
Age (months) 43+ 1.1 4.4 (1.1-5.9)
Race
White 17 (70.8%)
Black/African American 3 (12.5%)
Other 4 (16.7%)
Ethnicity
Hispanic or Latino 5 (20.8%)
Non-Hispanic or non- 19 (79.2%)
Latino
Weight (kg) 6.0x+15 5.9 (2.3-8.8)
SD standard deviation
*Values represented as number of subjects (%)
Fig. 1 Mean plasma concen- 80
trations over time following
a single dose of IV ibuprofen __ 704
in pediatric patients aged 1-6 =
months. Error bars represent the 2 60 |
standard deviation. s
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Table 3 Pharmacokinetic parameters of 10 mg/kg intravenous ibuprofen in pediatric patients.

Parameter 1-6 months 6 months to < 2 years' 2to < 6 years 6-16 years'
Mean (SE)? Mean (CV%)° Mean (CV%)® Mean (CV%)°

Number of patients 23 5 12 25
AUC,, (h-pg/mL) 75.74 (4.09) 71.1 (37.1) 79.2 (37.0) 80.7 (36.9)
AUC ;¢ (h-pg/mL) 85.87°
Chax (pg/mL) 56.28 (2.77) 59.2 (34.8) 64.2 (34.3) 61.9 (26.6)
T, (min)° 10° 10 (10-30) 12 (10-46) 10 (10-40)
T, (h) 1.30° 1.8 (29.9) 1.5 (41.8) 1.55 (26.4)
CI (mL/h) 696.39° 1172.5 (38.9) 1967.3 (56.0) 4878.5 (71.0)
V, (mL) 1309.71°¢ 2805.7 (20.1) 3695.8 (30.0) 10314.2 (67.4)
CI/WT? (mL/h/kg) 116.45¢ 133.7 (58.6) 130.1 (82.4) 109.2 (41.6)
VZ/WTd (mL/kg) 219.02¢ 311.2(35.4) 2272 (41.7) 226.8 (30.4)
Standard error
bCV, coefficient of variation
‘Median (minimum-maximum)
dWT, body weight (kg)
¢Standard error or ranges not available for these parameters derived from sparse PK sampling in subjects 1-6 months of age
fCaldolor [package insert]. Cumberland Pharmaceuticals Inc, Nashville, TN; 2021.
were no severe AEs or deaths in the study. A summary of
the events reported is included in Table 4. Table 4 Summary of adverse events

A listing of concomitant medications recorded from  Event Number of Number
screening through study hour 48 (or discharge, whichever events of sub-
occurred first) is presented in Table S2. No significant Jects
safety concerns or trends arose from the safety laboratory ~ Mild
measurements collected at screening, 24, and 72 h or Eye discharge

time of discharge, which included complete blood count,
coagulation, hepatic function, and renal function. A
summary of laboratory values is presented in Tables
S3-S5.

4 Discussion

Oral ibuprofen and acetaminophen have a long history of
use for the treatment of fever and mild pain in pediatric
patients. While evaluation of pain in infants and older chil-
dren has advanced in recent years, adequate pain control
remains an elusive goal; however, as up to 40% of hospi-
talized children still experience moderate-to-severe pain
following surgery [2, 26, 27]. Oral analgesic administra-
tion has limitations, as a significant number of hospital-
ized patients may have difficulty ingesting and/or tolerat-
ing enteral medications. Children under 6 months of age
pose additional practice concerns given their reduced abil-
ity to communicate pain, concerns regarding physiologic
immaturity, and longstanding dogma about gastrointesti-
nal and renal safety with ibuprofen use in this cohort [28,
29]. Adding these concerns to the current opioid epidemic
compels physicians to actively search for adjuncts that can
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be safely administered via multiple routes for pediatric
patients.

Caldolor® (ibuprofen) injection was approved by the US
Food and Drug Administration in 2016 for pediatric patients
older than 6 months of age. This phase 4 study’s primary
objective was to determine the PK profile of single and/or
multiple doses of IV ibuprofen in children who were aged
birth (> 37 weeks gestational age at birth) and less than 6
months of age. The PK profiles of single-dose IV ibuprofen
in children 1-6 months of age were similar to those previ-
ously observed in older children [17] (Fig. 2) and consistent
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with previous findings examining both oral ibuprofen PK in
patients 3 months to 10.4 years of age [30] and IV ibupro-
fen in a single 1-month-old patient [17]. The elimination
half-life (7,, el) of IV ibuprofen in patients 1-6 months of
age was 1.30 h, which is slightly lower than that observed
for older pediatric patients (1.5-1.8 h) [17]. It is unclear if
this difference in elimination half-life is due to variability
observed in this age cohort, difference in overall condition,
or other factors. The study examining IV ibuprofen PK in
older children was conducted in febrile hospitalized patients
[17], while the cohort in this study was primarily composed
of hospitalized pediatric patients with an indication of pain,
except for one patient treated for both pain and fever. Stud-
ies in adult patients have demonstrated that the PK of IV
ibuprofen differs between critically ill and non-critically ill
patients [31], and therefore it is possible that PK variability
observed in this study and others is related to the individual
patient condition. The volume of distribution and clearance
were also slightly lower in this cohort compared with older
children, although this difference disappears when adjusted
for body weight. Oral and IV ibuprofen are commonly used
in the treatment of premature neonates with patent ductus
arteriosus (PDA). Previous studies evaluating the PK of the
same dose of IV ibuprofen in preterm neonates with PDA
have reported significantly slower elimination (7, el of 30.5
h to 43.1 h) and reduced clearance (2.1 to 9.5 ml/kg/h) with
consequent increased exposure to IV ibuprofen compared
with infants older than 1 month and older children [17, 32,
33]. Exposure to ibuprofen appears similar between oral and
IV formulations in preterm neonates, infants, and older chil-
dren [30, 34, 35].

The secondary objective for this study was to assess the
short-term safety of IV dosing of ibuprofen in patients 1-6
months of age. No deaths or severe organ injuries occurred

during this study. While we noted several serious AEs that
were moderate in severity during the study period, including
chylothorax and pericardial effusion, none of these events
were deemed related to ibuprofen administration.

There are several limitations to these findings. The study
was designed to assess the PK profile and safety of ibu-
profen in pediatric patients under 6 months of age. While
the mean age of the patients enrolled was 4.2 months, only
four patients were under the age of 4 months and none were
under the age of 1 month. Consequently, the current data
provided limited information of the PK profile in pediat-
ric patients under the age of 3 months and no safety or PK
information in pediatric patients under the age of 1 month.
Previous findings in preterm neonates treated with IV ibu-
profen for PDA highlight a significantly different PK profile
in patients under 1 month of age compared with older infants
and children [17, 23]. This is consistent with the develop-
mental changes that occur in hepatic oxidative mechanisms
and glomerular filtration rate during early postnatal life [36,
37]. Furthermore, patients with renal or hepatic disease were
also excluded from this study, and these data may also not
be reflective of ibuprofen PK in patients with these organ
dysfunctions. While we report no AEs that were deemed to
be related to ibuprofen administration, the sample size of the
current study is inadequate to be confident regarding safety
profile, and larger safety-based studies are warranted in this
age group. Related to this, the duration of drug exposure in
this study was short, as only four patients received more than
one dose. Therefore, we cannot comment on safety following
longer-term exposure. The study was not designed to assess
pain efficacy.

Fig.2 Mean plasma concen- 90 -
trations over time following
a single dose of TV ibuprofen ~ 801
in pediatric patients aged 1-6 E
months compared with pediatric E 70 1
patients aged 6 months to 16 5 60 -
years of age [14, 17]. Error bars ©
represent standard deviation. & 50 4
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5 Conclusion

This study demonstrates that a single 10 mg/kg dose of IV
ibuprofen has a similar PK profile in pediatric patients aged
1-6 months when compared with older pediatric age groups.
The volume of distribution and clearance are also similar
when adjusted for body weight. While adverse events were
noted in this study, none were attributed or related to the
administration of ibuprofen. IV ibuprofen is well tolerated
in pediatric patients older than 1 month and younger than 6
months of age administered the standard recommendation of
10 mg/kg. The PK profiles in this age group reflect similar
available data for older pediatric patients, thus no adjustment
in dosing is warranted when children 1-6 months of age
require I'V ibuprofen for the control of fever or pain.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40272-023-00576-9.
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