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SUMMARY

Surgery represents one of the most painful events that a child may experience. Advanced pharmaceutical formulations,

including salts of ibuprofen, were developed to provide faster drug absorption and rapid onset of analgesic effects. The

aim of this pilot study was to evaluate the rate of early drug absorption of ibuprofen lysinate (Algidrin® Pediatrico, FARDI

S.A., Barcelona, Spain) compared to standard ibuprofen (MomentKid®, Aziende Chimiche Riunite Angelini Francesco,

Rome, Italy) in children receiving the drug for the treatment of post-surgical pain.

Twenty-one children (4-16 years) were enrolled in a randomized, open-label, controlled, pilot study. Patients were

randomly assigned to the experimental-group (LYS-group, n = 10, treated with the lysinate formulation after surgery) or

the standard-group (STAND-group, n = 11 treated with standard ibuprofen formulation). Four blood samples (immediately

before and 5, 15 and 20 minutes after the oral administration) were collected 24-hours after starting ibuprofen; pain

(faces pain scale) and vital parameters (heart rate, blood pressure, oxygen saturation) were also considered.

Patients from the LYS-group had significantly higher ibuprofen concentrations at 5 minutes after drug intake compared

with those from the STAND-group (11.9 £ 8.6 versus 3.6 £ 3.6 mg/L, p = 0.010), with the same trend for all other
pharmacokinetic parameters. Remarkably, ibuprofen basal concentrations, were more than doubled in the LYS- versus
STAND-group (5.7 = 7.8 versus 2.1 £ 1.0 mg/L, p = 0.141). The LYS-group was also associated with a trend for reduced

inter-individual variability in the drug exposure compared with the STAND-group (coefficient of variation of the AUCO-
20 min: 52% versus 84%. Pain control was also obtained.

The use of ibuprofen lysinate was associated with an early fast absorption and reduced pharmacokinetic variability

compared to the traditional ibuprofen acid formulation, supporting fast action and an improved clinical response to

mild-moderate post-surgical pain in children.
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INTRODUCTION

According to the revised definition provided
by Williams and Craig in 2016, pain is a “dis-
tressing experience associated with actual or
potential tissue damage with sensory, emotion-
al, cognitive and social components” (1). Pain,
among all the symptoms, undermines physical
and psychological integrity of the subject who
is experiencing it, affecting, at the same time,
also family and caregivers. This applies espe-
cially to pediatric population, in which pain is
a frequent finding. In fact, up to 80% of hos-
pital admissions into pediatric departments
are due to pathologies which involve pain as
a symptom.

Despite the tremendous advantages in knowl-
edge about pain reached in the last decades,
this condition is still frequently under-recog-
nized and thus inadequately treated in chil-
dren. It is now widely known that there is no
age limit to perception of pain, as the devel-
opment of anatomic substrates required for
pain transmission occurs mainly during fetal
life (2, 3).

The lItalian Health Ministry in 1995 issued a
document about correct pediatric pain man-
agement, in which is stated that “pain should
always be assessed and treated whenever
there are signs and symptoms of its presence,
even if the child does not verbally express his
discomfort, and when possible, with a prophy-
lactic approach” (4).

In particular, in case of predictable onset of
pain, such as in the postoperative period, it
must be prevented with adequate prophylax-
is. Children who underwent surgery may not
feel pain immediately after awakening from
anesthesia, but this should not discourage cli-
nicians from starting a pharmacological pain
prophylaxis. In fact, analgesic therapy should
be administered “by the clock” and not on
demand (5).

In pediatric age, paracetamol and ibuprofen
are the first-choice drugs to treat acute mild to
moderate pain.

lbuprofen, (£)-(R,S)-2-(4-isobutylphenyl)-propi-
onic acid, is a chiral 2-arylpropionic acid de-
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rivative nonsteroidal anti-inflammatory drug
(NSAID) widely used in the management of
mild to moderate pain, fever and inflamma-
tion since early seventies acting as is a non-se-
lective inhibitor of cycloxygenase-1 and -2 de-
rived prostaglandin biosynthesis (6).

lbuprofen free acid is a lipophilic compound
with limited aqueous solubility. As dissolution
is a key factor in the process of drug perme-
ation through the cellular membranes, poor
water solubility may limit drug absorption, ulti-
mately delaying systemic bioavailability and in
some cases restraining it. Therefore, one com-
mon way pursued to improve aqueous solu-
bility and dissolution rate of a drug without
changing its chemical structure and biological
properties is by the formation of salts with the
conjugate acids. This concept well applies to
ibuprofen, due to its carboxylic acid moiety.
Indeed, although the free acid formulation is
still largely used and prescribed worldwide,
different salts of ibuprofen have been intro-
duced on the market in the past few years as
gastrointestinal absorption enhancers, with the
goal to improve ibuprofen absorption in terms
either of higher peak of drug levels (C__) and
faster time to reach maximum concentration
(T_.) compared with the conventional formu-
lation (7). Testing alternative ibuprofen formu-
lations, with rapid absorption and improved
oral bioavailability may, therefore, be useful to
obtain a more efficient acute pain control.
Limited data is available on the lysinate for-
mulation of ibuprofen. In 2015 Ferrero-Cafiero
et al evaluated the bioavailability of pediatric
suspension of lysinate ibuprofen compared to
pediatric suspension of standard ibuprofen, in
healthy, adult volunteers and found that the
rate of absorption of the ibuprofen lysinate
suspension is quicker and less variable than
that of the ibuprofen base reference suspen-
sion and it exhibits a shorter T__, which is of
particular interest for achieving a rapid and
homogeneous analgesic and antipyretic effect
(8). However, to our knowledge, no compara-
tive pharmacokinetic study comparing the ear-
ly absorption of lysinate ibuprofen and stan-
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dard ibuprofen in the pediatric population has
been carried out so far.

The aim of the present pilot study was to
evaluate the rate of early drug absorption of
ibuprofen lysinate compared to standard ibu-
profen in children receiving the drug for the
treatment of post-surgery pain. The secondary
outcome was to evaluate the analgesic effica-
cy to control post-operative pain of the two
ibuprofen formulations.

MATERIALS AND METHODS

Patients

Twenty-one pediatric patients (both genders),
aged 4 to 16 years, undergoing surgical pro-
cedures at the Pediatric Surgery Unit, Vittore
Buzzi Children’s Hospital, Milan, were sequen-
tially enrolled in this study. Inclusion criteria
included: abdominal or thoracic surgery, op-
erative time < 3 hours, mild (FPS-R: 2-4) or
moderate (FPS-R: 4-6) self-reported postop-
erative pain according to Faces pain scale-re-
vised (FPS-R) (9), no complications of surgery.
Exclusion criteria included: chronic illness (in-
cluding heart failure, kidney disease, inflam-
matory bowel diseases), history of NSAIDs’
related gastrointestinal bleeding, use of any
analgesic medication before surgery, hyper-
sensitivity or allergy to ibuprofen or excipients,
language barrier.

Participants were recruited between June 1,
2021 and November 30, 2021.

This pilot study was performed in accordance
with the Helsinki Declaration of 1975, as re-
vised in 2008. The institutional Ethics Com-
mittee approved the study (2020/EM/210).
Written informed consent was obtained from
subjects’ parents or guardians; the assent was
also recorded in children and adolescents from
8 to 16 years of age.

Study protocol

This was a randomized, open-label, controlled,
pilot study. The two arms consisted of an ex-
perimental group, treated with an Ibuprofen

Lysinate (Algidrin® Pediatrico, FARDI S.A,,
Barcelona, Spain, 20 mg/ml oral suspension)
formulation (LYS-group) after a surgical pro-
cedure and a control group, treated with a
standard ibuprofen (MomentKid®, Aziende
Chimiche Riunite Angelini Francesco, Rome,
Italy, 100 mg/5ml oral suspension) formulation
(STAND-group) after surgery; doses adminis-
tered according to weight as reported in the
summary of product characteristics (or in the
patient leaflet) of the medicinal product. The
flow chart of the progress through the phases
of our pilot study is showed in figure 1.

The study variables were determined in each
patient independently of the assigned group,
before and after the experimental intervention.

Procedures and data collection

At admission, a complete clinical examination
including weight measurement and detections
of the vital signs, including heart rate (HR),
blood pressure (BP), oxygen saturation (SpO2)
was performed in all enrolled children. All sub-
jects were in good physical condition. Pre-sur-
gery, enrolled children were randomly assigned
to the experimental-group, where the lysinate
formulation was adopted (LYS-group), or the
standard-group (STAND-group) where they re-
ceived standard ibuprofen formulation as anal-
gesic medication for pain control after surgery.
A simple randomization based on a single se-
quence of random assignments was carried
out. In all children, surgery was performed
between 8.30 am and 12 am under general
anesthesia.

After surgery, all patients were transferred from
the operating theater to the recovery room.
After a complete awakening from anesthesia,
the children received the first weight-calculat-
ed dose of one of the two ibuprofen formu-
lations, as an analgesic, according to the ran-
domization list. Administration of the assigned
ibuprofen formulation was then continued
on an 8-hours interval until 48 = 6 hours af-
ter surgery.

Vital signs, including HR, BP, SpO2 and mea-
sure the child’s self-reported pain, according

s
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Figure 1. Flow chart of the phases of the randomized pilot study of two groups
(lysinate ibuprofen and standard ibuprofen after surgery).

to Faces pain scale — revised (FPS-R) (9) (figure
2), were monitored before the first administra-
tion of one of the two ibuprofen formulations
on day 1 post-surgery, 20 minutes after, and
48 hours after surgery.

Estimation of early ibuprofen
absorption

Based on early pharmacokinetic assessments in
adult healthy volunteers (8) and with the goal to
limit discomforts for the pediatric patients, we
decided to focus on the rate of ibuprofen ab-
sorption in the first 20 minutes after oral drug
intake. In particular, after 24 hours (to ensure
steady state conditions) of the three times a
day oral administration of one of the 2 ibupro-
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fen formulations, we collected 4 blood samples
at O (immediately before the administration of
the fourth dose) and 5, 15 and 20 minutes after
the oral administration for a maximum total vol-
ume collected for each individual equal to 8 mL
(2 mL for pharmacokinetic evaluation).
Ibuprofen concentrations were quantified by a
validated liquid-chromatography tandem mass
spectrometry method. The lower limit of quan-
tification was set at 0,5 mg/L. Inaccuracy and
imprecisions, tested during each analytical run
by internal quality control samples, were in ev-
ery instance less than 15%.

As the main ibuprofen pharmacokinetic param-
eters, we considered the basal (trough) drug
concentrations, drug concentrations at 5, 10
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Figure 2. Faces pain scale-revised. Adapted from: Young KD. Assessment of Acute Pain in Children. Clin Pediatr

Emerg Med. 2017;18:235-41.

and 20 min after drug intake and the AUC
estimated using the trapezoidal rule.

0-20min

Statistical analysis

Continuous variables were described as the
mean and standard deviation (SD) or medi-
an and quartiles, and categorical variables as
counts and percentages. The statistical signifi-
cance of the continuous variable comparisons
was assessed using the unpaired Student’s t-test;
the comparison of categorical variables was con-
ducted using the chi square test or Fisher’s Exact
test if there was a small (< 5) expected cell size.
A p-value below 0.05 was considered statistically
significant. No multiple test correction was ap-
plied given the exploratory nature of the pilot
study. The data analysis was performed with the
STATA statistical package (release 15.1, 2017,
Stata Corporation, College Station, Texas, USA).

RESULTS

Clinical data at the enrollment and
follow-up

21 children (12 M and 9 F; mean age 10.46
+= 3.51 years; range 6.9-16.7 years), were ran-
domly assigned to one of the two groups: the

LYS-group (n = 10) and STAND-group (n = 11).
In LYS-group, 9 patients were submitted to ab-
dominal surgery (laparoscopic appendectomy)
and one to thoracic surgery (breast abscess sur-
gery); all STAND-patients were submitted to ab-
dominal surgery (laparoscopic appendectomy).
Pre-experimental intervention clinical, demo-
graphics and vital signs in the two groups are
reported in table I; no significant differences
for age, gender and vital signs were noted (p
> 0.05 for all parameters).

Twenty minutes after ibuprofen administration,
pain control (FPS 0-2) was obtained in 19/21
(90.4%). At 48 = 6 hours after surgery, pain
control was reached in all but one patient in
the lysinate group (with FPS = 4).

As reported in figure 3, vital signs remained
stable during monitoring, without significant
differences between groups (p > 0.05). No ad-
verse effects were recorded.

Ibuprofen absorption

Data on ibuprofen pharmacokinetics during
the absorption phase were available in 11 pa-
tients in the STAND-group and 8 patients in
the LYS-group (blood samples collection was
not performed in 2 LYS-children due to techni-
cal problems).

s
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Features LYS-group STAND-group p-value
(n =10) (n=11)
Age (years) 11.61 = 3.3 10.18 = 1.7 0.223
Gender (M/F) 5/5 7/4 0.397
Weight (kg) 43.6 £ 16.5 389 £ 17.6 0.545
Heart rate (bpm) 67.8 + 7.1 66.7 £ 12.7 0.828
Systolic blood pressure (mmHg) 107.7 £ 12.0 107.0 = 11.1 0.882
Diastolic blood pressure (mmHg) 60.5 + 16.6 59.8 + 12.2 0.910
Oxygen saturation (%) 99.8 + 0.4 99.5 + 0.5 0.304
Face pain scale
<4 7 9 0.403
->4 3 2

Table I. Clinical and demographic features pre-experimental intervention in Lysinate Ibuprofen group (LYS-group)
and Standard Ibuprofen acid (STAND-group).

Heart rate (bpm)
80 -
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Figure 3. Average values of the vital signs during monitoring in Lysinate Ibuprofen group (LYS-group) and
Standard Ibuprofen acid (STAND-group).

As shown in table Il, pediatric patients from the
LYS-group had significantly higher ibuprofen
concentrations at 5 minutes after drug intake
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compared with those from the STAND-group
(11.9 + 8.6 versus 3.6 + 3.6 mg/L, p = 0.010).
Although not reaching statistical significance,

184



Faster absorption of ibuprofen lysinate in pediatric post-surgical pain

Main pharmacokinetic parameters Ibuprofen lysinate Ibuprofen P-value
acid

Patients, n 8 I
lbuprofen basal, mg/L 57 +7.38 21 +£1.0 0.141
Ibuprofen 5 min after intake, mg/L 11.9 £ 86 3.6 £ 3.6 0.010
lbuprofen 10 min after intake, mg/L 17.3 £ 9.0 10.6 = 10.2 0.153
lbuprofen 20 min after intake, mg/L 23.0 £ 12.4 20.7 £ 18.0 0.762
Ibuprofen AUC_,, ., mg/L*min 318 + 168 206 + 173 0.176
Min: minutes; AUC: area under the curve

Table Il. Main ibuprofen pharmacokinetic parameters in pediatric patients treated with ibuprofen lysine versus

standard ibuprofen base.

the same trend was confirmed also for all the
other pharmacokinetic parameters. Remarkably,
ibuprofen basal concentrations, that represent
the minimum measurable drug concentrations
between two consecutive drug doses, were
more than doubled in the LYS- versus STAND-
group (5.7 = 7.8 versus 2.1 = 1.0 mg/L, p =
0.141). The LYS-group was also associated with
a trend for reduced inter-individual variability in
the drug exposure compared with the STAND-
group (coefficient of variation of the AUC
52% versus 84%).

0-20min”

DISCUSSION

Surgery represents one of the most painful
events that a child may experience (10). Inad-
equate pain treatment may lead to short-term
consequences, such as prolongation of hos-
pitalization and clinical worsening, but also to
long term-consequences, as impairment of pain
threshold and increased risk of chronic pain (11).
Post-surgical pain is usually managed with
multiple analgesics. The appropriate type, de-
livery and dose of medications depend on the
type of surgery and the age of patients. In pe-
diatrics, paracetamol and ibuprofen have been
thoroughly described and are widely used in
children to treat mild-moderate pain (12, 13).
To obtain a correct management of pain, ad-
vanced pharmaceutical formulations, including
salts of ibuprofen, were developed to provide
faster-acting analgesics (14).

In the present observational, pilot study we
have evaluated the rate of early drug ab-
sorption of two formulations of ibuprofen in
pediatric patients requiring analgesic treat-
ment for post-surgery pain and we have doc-
umented that the use of the lysinate salt of
ibuprofen was associated with a fast absorp-
tion in the first 20 minutes after drug intake
compared with the traditional ibuprofen acid
formulation, confirming previous results in
adult healthy volunteers (8). Moreover, our
study extends previous findings by showing
that the rate of absorption of the ibuprofen
lysinate suspension is quicker and less vari-
able than that of the ibuprofen acid reference
in a population of pediatric patients at steady
state conditions (that is 24-hours after start-
ing ibuprofen treatment). More specifically,
we have documented that, once given at the
same molar drug doses, patients in the LYS-
group at 5 minutes post-dosing had ibupro-
fen concentrations nearly 3-fold higher that
those measured in the STAND-group. Re-
markably, this trend was confirmed up to 20
minutes after drug intake.

The main issue with pain management is of-
ten the difficulty in evaluating it, especially
in younger children. Many different tools and
pain scales have been developed to help cli-
nicians to identify pain in pediatric population,
either based on observation of the child or on
self-assessment, depending on the child’s age.
Faces pain scale has firstly been developed in
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1990 and then revised in 2001 and it is widely
used. As used in our study, FPS-R is made up
of 6 faces resembling different severity of pain,
starting from the first face on the left, corre-
sponding to “absence of pain” and finishing
with the last face on the right, corresponding
to “the worst pain ever”. The scale has been
validated in children and has some advantag-
es respect to other self-reported pain scales,
as the absence of smiles and tears, that may
be associated with misinterpretation of severi-
ty of pain with the related emotions. Moreover,
the use of this scale has been recommended
in clinical trials involving pediatric patients re-
porting their pain (15). With the aid of these
tools, together with clinical information such
as vitals and physical examination, pain can be
classified as mild, moderate, or severe, and,
for each category, appropriate treatment can
be started (5).

Even though in our patients a pain control and
vital signs stability were obtained, the study
was not powered to test potential differenc-
es between the two formulations in terms of
clinical efficacy. However, consistent evidence
is available showing that a clear relationship
exists between the maximum ibuprofen con-
centrations and the peak of analgesic effect or
duration of analgesia (16, 17). Consequently,
it can be assumed that the use of ibuprofen
lysinate — due to the improved absorption —
may result in a fast drug action and improved
clinical response, especially when ibuprofen is
given with the goal to treat acute pain, such
as migraine attacks, dental or ears pain. In the
only clinical trial published so far, Kyselovic
et al. have documented that a single dose
of ibuprofen lysinate was non-inferior to ibu-
profen acid in terms of analgesic efficacy, on-
set of action, and tolerability in patients who
have recently undergone dental surgery (18).
However, as indirect support of this hypothe-
sis, several investigations are available in liter-
ature showing that ibuprofen associated with
arginine, which also provides fast absorption
was significantly more effective than standard
ibuprofen at the same dose in patients with
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osteoarticular pain, postoperative dental pain,
periodontitis and primary dysmenorrhea (7).
We acknowledge some study limitations, in-
cluding the small sample size; thus, further
studies with a larger number of patients are
mandatory to confirm the results. Secondly,
to limit discomforts for the pediatric patients,
we decided to focus on the rate of early drug
absorption; additional data are useful to de-
fine a detailed pharmacokinetic profile of the
drug. Finally, in addition to pain scale, endo-
crinological response on the hypothalamic—pi-
tuitary—adrenal axis could be useful to a better
evaluation of the adaptive behavioral response
to pain and to define the clinical efficacy of
the formulation. The safety profile and the tol-
erability of ibuprofen lysinate have been thor-
oughly described by previous studies (19, 20).
As of today, there is no evidence of increased
rate of ADRs in lysinate ibuprofen compared
to standard formulations, as both pharmaco-
kinetic studies and efficacy ones, have shown
a comparable incidence of ADRs between the
two formulations (18, 21, 22). Although we did
not include safety profile evaluation as an aim
of our study, we did not record any ADRs in
both LYS and STAND-groups.

CONCLUSIONS

Despite the acknowledged limitations, this
study may be considered a first step suggest-
ing the necessity to test new drug formula-
tions for treating pain in pediatrics.

In conclusion, the use of ibuprofen lysinate
in the form of oral suspension was associat-
ed with an early fast absorption after drug in-
take, compared to the traditional ibuprofen
acid formulation, supporting fast action and
an improved clinical response to mild-moder-
ate postsurgical pain in children.
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