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“OFF-LABEL” MEDICINE USE IN BURNED CHILDREN:
THREE-YEAR RETROSPECTIVE STUDY
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SUMMARY. Burn patients, especially children, experience many problems during their hospitalization.
Because of their unique physiologic and altered pharmacokinetic profile, children receive more off-label
prescribing than adults. The aim of this study was to analyze the incidence of off-label prescribing in burned
children. This was a retrospective observational study conducted in the Dr. Soetomo General Hospital from
December 2019 to March 2020. Data were collected from the medical records of burned children hospitalized
over a 3-year period, from January 2017 to December 2019. Burn patients under 18 years old who received
at least one prescribing medication were enrolled in this study. Twenty-six burned children met the inclusion
criteria. A total of 215 medications were prescribed during this study and 35% of them were classified as
off-label. The term off-label for age range was the highest among the off-label prescribing medicines, as
much as 53%, with 30% classified for an unapproved indication, 15% for an unapproved dosage, and 2%
for an unapproved dosage form. The prevalence of off-label prescribing was higher in children from 2 to 12
years old than in adolescents. Analgesics were the therapeutic classes most often prescribed as off-label in
burned children. Most burned children are administered off-label medication with uncertain evidence. Further
research is needed in this population to focus on several medications with high risk potential. 
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RÉSUMÉ. Les brûlés, particulièrement les enfants, ont une hospitalisation émaillée d’incidents. En raison
de leurs profils physiologique et pharmacocinétique spécifique, les enfants ont plus souvent des prescriptions
hors AMM que les adultes, que cette étude a pour but d’analyser. Il s’agit d’une étude rétrospective obser-
vationnelle réalisée à l’hôpital général Dr Soetomo entre décembre 2017 et mars 2020 en revoyant les dos-
siers des 26 enfants (< 18 ans) hospitalisés pour brûlure. Deux cent quinze prescriptions ont été retrouvées,
dont 35% hors AMM. C’est la non prise en compte de l’âge qui était la cause la plus fréquente de sortie de
l’AMM (53%), suivie de 30% d’utilisation hors indication, 15% de posologie inappropriée et 2% d’utilisa-
tion non adaptée à la galénique. L’utilisation hors AMM était plus fréquente entre 2 et 12 ans. Les analgé-
siques était la classe la plus fréquemment utilisée hors AMM. L’utilisation hors AMM n’est pas fondée sur
des preuves solides et doit être plus largement explorée, en particulier concernant les médicaments les plus
potentiellement dangereux.
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Introduction

Burn injury is a condition characterized by tissue
damage or loss due to fire, heat, chemicals, electrical
contact or radiation. Burn is a major health problem
all over the world because of high morbidity and
mortality, complex wound healing and long-term de-
bilitating effects. More than a half of burns in chil-
dren occur accidentally.1 Several studies have stated
that burn injuries in children are the third most
deadly injury.2 Burns are related to the risk of death
in children. Those who survive will suffer from dis-
abilities and psychological trauma as a result of pain
and prolonged treatment in hospital.3
Burn patients during treatment in the hospital re-

ceive multiple medications such as antibiotics, anal-
gesics, fluid resuscitation, inhibitor of gastric acid
secretion, and many more. The multiple medications
lead more likely to off-label use. Unfortunately,
more than half of the medicines used in burned chil-
dren do not yet have established data related to their
efficacy and safety. More than 75% of medicines ap-
proved by the Food and Medicine Administration
(FDA) lack dosing, safety and efficiency informa-
tion for use in children. As a consequence, physi-
cians often prescribe off-label medicines, guided by
clinical judgment as well as by several case reports
with low quality evidence. Information about dos-
ing, effectiveness and safety of medicines in adults
cannot be easily extrapolated to children. It is known
that physiological changes in the pediatric age affect
the pharmacokinetic and pharmacodynamic proper-
ties of several medicines and the dose needs to be
adjusted based on their age. 
‘Off-label’ is the administration of an authorized

marketing medicine that is used for a condition, at a
dose, age, indication and route of administration that
is not listed in the FDA marketing authorization or in
its product characteristics.4 Children are at risk of re-
ceiving off-label medicines because of the limitation
of clinical trials, incomplete pharmacokinetic and
pharmacodynamic data and side effects of a medicine.
The limitations of clinical trials related to the effec-
tiveness and safety of a medicine for children are due
to ethical issues.5 Therefore the administration of
medicines to children is often based on data for adults. 

In Indonesia, no study has evaluated the medi-
cines to be used in children with burn injury. To the
best of our knowledge, this is the first study in In-
donesia that evaluates the off-label use of medicines
in burned children. Based on this background, the
aim of this study was to analyze the use of off-label
prescribing in burned children. 

Materials and methods

This was an observational retrospective study of
burned children who were admitted to the burn cen-
ter of Dr. Soetomo Hospital. Data of burned children
were taken from medical records over a 3-year pe-
riod, from January 2017 to December 2019. This
study took place from January to March, 2020. Data
including sex, age, cause of burns, TBSA, depth of
injuries, medicine name, dosage and route of admin-
istration were recorded for further analysis. To ana-
lyze “off-label use”, the British National Formulary
(BNF) for Children edition 2018-2019,6 Medicine
Information Handbook (DIH),7 and patient informa-
tion leaflets were used in this study. The inclusion
criteria were children and adolescents with burn in-
jury aged less than 18 years old, who received at
least one off-label prescribing medication during
hospitalization. Descriptive statistics were used for
the demography of burned children as well as the
frequency of off-label prescribing. In order to ana-
lyze the correlation between total body surface area
(TBSA) and length of stay (LoS) as well as LoS and
frequency of off-label prescribing, the Pearson cor-
relation was used. P value less than 0,05 was con-
sidered statistically significant. 

Results

Out of a total 26 cases of burned children over
the 3-year period, only 24 patients were found to
have received off-label prescribing medications. The
most common depth of burn was second-degree
burn (IIAB) more than 20% TBSA, in 50% of total
patients. The distribution of patients by demographic
characteristics is shown in Table I. Sixteen burned
patients (67%) were male, with an age range of 1 to
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17 years old. The largest group in this study con-
sisted of children aged 2 to 12 years old, accounting
for 58% of the burned child patients, followed by in-
fants (21%), and adolescents (21%), as shown in
Table II. 

As many as 215 medications were prescribed for
24 burned children during this study, with an average
of 8.9 prescriptions per patient. Of these 215 medi-
cines, 35% of them were written off-label. Eighteen
patients (75%) of the 24 burned children received at
least one off-label prescribing medication. Twenty-
four patients received a mean 2.87 ± 1.89 off-label
prescribing medicines, ranging from 1 to 6. Overall,
analgesics were the highest off-label medicines
(40%), followed by medicine classes on immune
function (27%), antibiotics (10%), and medicines

that inhibit gastric acid (10%). To analyze the cor-
relation between TBSA and LoS, as well as LoS and
off-label prescribing medicines, a Pearson correla-
tion was used. There was a significant positive cor-
relation between TBSA and length of stay (LoS).
This means the higher the TBSA, the longer the hos-
pital stay, as shown in Table III. Another finding was
that there was a significant correlation between
length of stay and off-label prescribing medications
(p value=0.008, r=0.527). This indicates that the
longer the days of hospitalization, the higher the
number of off-label prescribing medicines. 

Based on the classification of off-label, the term
off-label for an unapproved age range was highest
among the off-label prescribing medicines, with
more than 50%, followed by an unapproved indi-
cation, an unapproved dosage and an unapproved
dosage form, as shown in Fig. 1.

The most common off-label prescribing med-
icines in this study were metamizole 23 (32%),
followed by probiotics preparations 11 (15%),
and zinc sulfate 9 (12%). Metamizole was the
most written off-label medicine for an unap-
proved age range in burned children, as shown in
Table IV. 

Fig. 1 - Classification of off-label in burned children

Table I - Demographic characteristics of the 24 burned children who
received off-label prescribing medications

Table III - Correlation between TBSA and LoS (n=24)

Table II - Off-label prescribing by age group (n=24)
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Meropenem was the most common medicine
(44.44%), followed by amikacin (22.22%) in off-
label for an unapproved dose, as shown in Table V.
This means that the antibiotic class was the highest
among the off-labels for an unapproved dose in
burned children.

Probiotic preparations were most commonly used
in off-label for an unapproved indication, followed
by zinc sulfate, as shown in Table VI. 

In children, the oral liquid preparation is the most
suitable to be administered due to it being easy to
swallow, and with a better taste than solid dosage
forms such as tablets or capsules. In the classifica-
tion of off-label for an unapproved dosage form,
only potassium chloride was included, as shown in
Table VII. 

Discussion
Pediatric is an age group that needs special con-

sideration in medicine administration. A child is not
a “mini adult”, therefore the dosage should be given
carefully based on body weight or body surface area.
Small errors in the dosage and duration of treatment
can lead to harmful effects. Interestingly, we found
a significant positive correlation between the per-
centage of TBSA and LoS. Our study was similar to
a study by Romero et al., that reported there was a
strong and significant positive correlation between
%TBSA and LoS (r=0.76). It showed that LoS in-
creased as burn severity worsened.8 The greater the
percentage of TBSA, the more frequent debridement
surgery will be performed. A study by Bourgi et al.
reported that in pediatric burn patients, LoS was sig-
nificantly increased with age, TBSA, sepsis, es-
charotomy and cause of burn. The number of
surgeries, burn excisions, as well as skin grafting and
blood transfusion were significantly associated with
LoS in burned children.9 We also found a significant
correlation between LoS and off-label prescribing
medicines. It showed that the longer the days of hos-
pitalization, the higher the incidence of off-label pre-
scribing medicines. In hospitalized patients, many
medicines were administered based on the patient’s
condition. However, many of these medicines do not
yet have effectiveness data for use in children, so the
use of off-label medicines increased.
Accordingly, the overall off-label prescribing med-

icines in our study was 35% in 24 burned children

Table IV - Off-label for unapproved age range in burned children

Table V - Off-label for unapproved dose in burned children

Table VI - Off-label for unapproved indication in burned children

Table VII - Off-label for unapproved dosage form in burned children
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who met the inclusion criteria. Our findings were sim-
ilar to the study by Hiltraud et al., which reported that
the percentage of off-label use was 30%.10 A higher
finding of off-label use was reported by Tefera et al.,
who showed that the prevalence of off-label use was
75.8%.11 It might lack pediatric product labelling,
which is the most common reason to use off-label
medicines in pediatric patients in most studies.12
The rate of off-label prescribing medicines in our

study was higher in males than females. This was
because, based on demographic data, there was a
higher percentage of males than females. Metami-
zole, or dipyrone, was the highest percentage of off-
label prescribing medicines in our study. In several
countries, such as the USA, Sweden, the UK, and
other countries in Europe, metamizole, or dipyrone,
was banned because harmful for agranulocytosis.
However it is still available in Indonesia as a pre-
scription medicine both in oral and parenteral prepa-
rations. The risk of agranulocytosis is higher with
increasing duration of administration, and disap-
pears after 10 days from the last dose. In our study,
burned children were administered metamizole as an
analgesic to control pain due to burns and after sur-
gery (debridement). It is supposed that metamizole
has minimal side effects in the gastrointestinal tract
and does not affect renal function like the other
NSAIDs. Metamizole is contraindicated in children
less than 7 years old.13 Information about metami-
zole relating to age, dose, dosage form, and routes
of administration to be used in children both as an
analgesic and antipyretic was unclear.14
It is recommended to manage burn pain in chil-

dren with acetaminophen with a dose of 10-15
mg/kg every 6 hours unless contraindicated. Besides
that, NSAIDs such as ibuprofen 10 mg/kg every 8
hours over 6 months of age, or diclofenac 1-2 mg/kg
twice daily over 5 years old should be added if pain
control is not successful.15 In order to manage acute
pain in burns, a multidisciplinary approach should
be taken. Pain management, especially in burns, not
only focuses on controlling the somatic component
that triggers pain, but also involves comprehensive
areas physically, emotionally and psychologically as
well as pathophysiologically of pain.16 The second
analgesic that was often used as an off-label pre-
scribing medicine in our study was ketorolac. Ke-

torolac has a potent analgesic effect due to strong in-
hibition of cyclooxygenase-1 (COX-1) to reduce
pain due to burns and pain after surgery as well. Ke-
torolac must be used carefully in children because
of harmful side effects such as GI bleeding. A sys-
tematic review reported that the use of ketorolac in
children was not supported by good evidence or very
low-quality evidence and its safety was not estab-
lished.17 A pharmaco-vigilance study reported the
adverse events of ketorolac in children under 16
years old: the most prevalent adverse event was gas-
trointestinal disorders (25%), followed by allergic
and anaphylactic reaction (14.6%). The duration of
parenteral ketorolac was limited to two days and oral
administration of ketorolac should be continued up
to seven days. The recommended dose of intra-
venous ketorolac in children was 0.5mg/kg as an ini-
tial dose, followed by 1.0mg/kg every 6 hours as the
subsequent dose with a maximum daily dose of 90
mg.18 In terms of using ketorolac in children as an
analgesic, the physician must consider the duration
and the dose to avoid undesirable effects. 
In our study, sucralfate and omeprazole were used

to prevent GI ulcers due to burns. A study by Choi et
al. reported that in burn patients, total body surface
area more than 20% and presence of epigastric pain
were significantly associated with GI ulcers.19 Patients
with severe burns with TBSA more than 20% were
susceptible to burn shock, leading to hypoperfusion to
GIT, which causes mucosal disruption and atrophy.20
It has been argued that the use of proton pump in-
hibitors, especially for a long period, was associated
with the risk of respiratory tract infection as well as
pneumonia. Gastric acid serves as a protective barrier
to pathogenic bacteria that are ingested by mouth. Pro-
ton pump inhibitors increase the pH of gastric acid and
therefore increase the colonization of gastric bacteria.
The pathogens move from the GIT into the lungs and
cause pneumonia.21 Several studies reported commu-
nity-acquired pneumonia (CAP) or respiratory infec-
tion as adverse effects of PPI in children.22,23
Meropenem was the antibiotic most prescribed as

an off-label medicine in our study. Meropenem was
used to treat systemic infection related to burns.
Meropenem has one of the broadest spectra of an-
tibiotic activity because of its stability against the
most extended spectrum beta- lactamase. Further-
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more, its stability increases the potency of
meropenem against many antibiotic-resistant bacte-
ria commonly responsible for life-threatening sys-
temic infections among young children.24
Meropenem is currently approved by the Food and
Drug Administration (FDA) to be used in children over
3 months of age to treat infections such as bacterial
meningitis and/or complicated intra-abdominal infec-
tions; however, the use of meropenem in infants under
three months is considered as off-label due to inade-
quate data of dosing regimentation, efficacy and safety.
There is a substantial off-label use of meropenem in in-
fants under three months of age.25 Meropenem is well
tolerated in children. A study by Linden et al. reported
that in children who received meropenem in a dose 10-
40 mg/kg three times daily, the incidence of seizures
was 0.37%, lower than imipenem/cilastatin at 0.43%.26
This is because meropenem has less affinity to recep-
tors of gamma-aminobutyric acid than imipenem. We
know that gamma-aminobutyric acid is responsible for
adverse neurotoxicity effects.27,28
Another category of off-label prescribing medi-

cines in our study was off-label for an unapproved
indication: the probiotic preparation and zinc sulfate
were the highest percentage in this classification.
Probiotics are microorganisms that live in the host
body in an adequate amount that will provide health
benefits to the host. Probiotics have an impact on in-
testinal microbiota or enhance immune function.
Probiotic bacteria (Lactobacillus and Bifidobac-
terium) produce lactic acid resulting in a decrease in
pH of the GIT that inhibits pathogenic bacteria. Sev-
eral studies have reported the beneficial effects of
probiotics in burn patients. The administration of
systemic antibiotics to treat infection or sepsis in
burn patients for a long time leads to an imbalance
of gut bacteria, and the use of probiotics seems ben-
eficial to reduce and shorten the incidence of diar-
rhea. A study by El-Ghazali et al. showed that the
use of probiotics in children with burns significantly
reduced diarrhea frequency compared to the control
group (without probiotics).29 The use of probiotics
was considered safe with minimal adverse effects.
The study by Mayes et al. showed that in the admin-
istration of probiotics in acutely burned pediatric pa-
tients, the incidence of flatulence was significantly
higher than in the control group.30 In our previous

study on adult burn patients, we found that the ad-
ministration of both mono and multi strain probiotics
significantly increased IgA level and reduced IL-6
circulation level without any side effects.31
Several studies have shown that the plasma level

of zinc is significantly decreased after burns due to
excessive excretion of zinc in the urine. Deficiency
of zinc is associated with prolonging of wound
healing. A study by Voruganti et al. reported that in
burn patients, zinc concentration was higher in
wound exudates than in plasma. This means a
lower plasma zinc concentration because of high
loss through wound exudates.32 A study by Coutris
et al. showed that in the administration of zinc sul-
fate 50 mg daily, in 83% of 23 patients the serum
level of zinc increased to normal level. Unfortu-
nately, in our study the serum level of zinc was not
measured, whether the serum concentration of zinc
was low or not.  Another consideration to use zinc
supplementation is the side effects of GIT, includ-
ing nausea, vomiting and gastrointestinal discom-
fort. Although zinc sulfate is relatively safe, the
side effects were gastrointestinal disturbances.
Nausea and vomiting occurred in 4 out of 26 pa-
tients, but zinc supplementation was still contin-
ued.33 The administration of dispersible zinc in
children in a dose of 20 mg had a 14% increased
risk of vomiting at the first dose. This vomiting is
light, transient, and occurred 10 minutes after the
administration of zinc.34
In our study, KCl was administered in an oral

solution to correct hypokalemia. This was because
KCl oral solution is not available in our country.
KCl oral solution was prepared by dissolving KCl
into distilled water. The adverse effects of KCl are
related to the route of administration. Oral formu-
lations of KCl were most commonly correlated
with GI discomforts, such as vomiting and diar-
rhea. Tablet and capsule dosage forms of KCl may
cause GI disturbances with prolonged exposure to
GI surfaces.35 The limitations of our study were its
small sample size and we did not evaluate the pos-
sible adverse effects due to the use of off-label
medicines in burned children. Further study is
needed with a large number of patients to clarify
the possible undesirable effects of off-label pre-
scribing medicines in burned children. 
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Conclusion

It can be concluded that the term off-label for an
unapproved age was the highest among the off-label
prescribing medicines, as much as 53%, with 30%
classified as for an unapproved indication, 15% for an

unapproved dosage, and 2% for an unapproved dosage
form. Most burned children are administered off-label
medication with uncertain evidence. Clinicians and
pharmacists should collaborate with each other to con-
sider the use of off-label medicine in burned children
by weighing the risks and benefits of these medicines.
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