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Abstract

Background Appropriate drug prescribing in the pediatric population is challenging, given this age group's unique
pharmacokinetics. This has inevitably led to a high incidence of adverse drug reactions in this population. To address
this issue, the Pediatric Pharmacy Association (PPA) compiled a list of 67 drugs that are inappropriately used in the
pediatric population called the Key Potentially Inappropriate Drugs “KIDs list”.

Aim To estimate the prevalence of potentially inappropriate medications (PIM) use in pediatric wards based on the
KIDs list criteria.

Methods A retrospective observational study was conducted and included pediatric patients who were admitted to
five pediatric wards during 3 years (2019-2021). The drugs in the KIDs list were matched to the hospital formulary and
11 matched drugs were included in the study. For each individual drug, the patient’s electronic file was reviewed to
determine the prescription appropriateness according to the KIDs list criteria.

Results Among 3,166 pediatric patients admitted to pediatric wards, a total of 415 patients received a PIM listed in
the KIDs list. The mean age was 8.6 (+4.9) years old, and 60.0% (n=251/415) were males. The overall prevalence of PIM
use was 13.0% (n=415/3166). Among the prescribed PIM, metoclopramide was the most commonly prescribed PIM
42.8% (n=178/415), followed by tramadol 37.6% (n=156/415).

Conclusion Given the high prevalence of inappropriate medication use in the pediatric wards, future research on
strategies and interventions should be recommended to limit the use of PIMs and provide safer alternatives for the
pediatric population.
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Introduction

Appropriate drug prescribing in the pediatric population
is challenging due to the distinctive pharmacokinetics
that this age group possesses [1]. Historically, children
have been under-represented in clinical trials [2-4],
making it hard for clinicians to make evidence-based
decisions regarding their care. The World Health Orga-
nization (WHO) reported that half of all medications are
inappropriately prescribed [5]. Unfortunately, the extent
of inappropriate prescribing has not been well studied
among pediatric population [6], which presents a chal-
lenge to clinicians due to lack of a clear evidence-based
guidance on the appropriate utilization of medications in
children.

The lack of this information has driven physicians to
prescribe medications in an off-label manner, with no
strong evidence of safe use. This has inevitably led to a
high incidence of adverse drug reactions (ADR) in this
vulnerable population, as reported by several studies in
the past decade [7-11]. A previous prospective observa-
tional study reported that ADRs were responsible of 4.0%
of the hospital admissions to a British children’s hospital,
and 33.0% of these ADRs were possibly avoidable [10].

The Beers Criteria for Potentially Inappropriate Medi-
cation Use in Older Adults, first published in 1991 [12],
has been used for over two decades by the health care
providers to identify Potentially Inappropriate Medica-
tion (PIM) use in elderly patients. Multiple studies have
used the Beer’s list to identify the prevalence of PIM use
in the elderly [13-16]. Accordingly, this tool has helped
health care providers in identifying the gaps in practice
and implement appropriate interventions to mitigate the
use of PIM in the elderly population [17-19]. Given the
Beer’s criteria’s great impact on the proper and safe use of
medications among elderly, a similar list for the pediatric
population was greatly needed.

In 2020, the Pediatric Pharmacist Association (PPA),
an international organization that has successfully col-
laborated with ACCP, APhA, and ASHP to create an ini-
tiative that officially establishes pediatric pharmacy as a
specialized field [20], compiled a list of drugs that should
be avoided or used in caution among pediatrics. The Key
Potentially Inappropriate Drugs in Pediatrics, commonly
known as the “KIDs List’, includes 67 drugs and 10 excip-
ients. The PPA has introduced this list to be used a tool to
evaluate and enhance the quality of care, decrease costs,
and identify gaps in research and practice the pediatric
population. Interestingly, the KIDs list includes the ratio-
nale for inclusion as well as strength of recommendation
and quality of evidence for each drug to be used among
pediatrics. Given the lack of high-quality literature
addressing the use of medications in the pediatric popu-
lation, many of the recommendations in the KIDs list are
considered weak. Hence, the KIDs list doesn’t provide
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contraindications, and clinicians are advised to consider
the whole clinical picture when making decisions regard-
ing the use of these drugs [21].

To best of our knowledge, no study has yet investigated
the prevalence of potentially inappropriate medication
(PIM) use among pediatrics using the KIDs list in the
Middle East. There is an urgent need for targeted inter-
ventions and improved awareness among healthcare pro-
fessionals to enhance medication safety and prescribing
practices in the pediatric population.

Method

Aim

The aim of this study is to identify and estimate the prev-
alence of PIM use among pediatric patients admitted
to the pediatric and neonatal wards at Tawam hospital,
United Arab Emirates based on the KIDs list criteria.

Study design and setting

This is a retrospective cross-sectional observational study
of the potentially inappropriate medication use in the
pediatric wards during the duration ranging from Janu-
ary 2019 to December 2021. Tawam hospital is a tertiary
509-bed hospital that offers both adult and pediatric care.
It offers specialized pediatric and neonatal care services
and has 129 pediatric beds (36 medical pediatric beds, 18
pediatric oncology, 19 pediatric surgery, and 41 neonatal
intensive care beds). Tawam hospital is the largest hospi-
tal offering pediatric services in Al Ain (with a population
of over 750,000 people), hence it experiences a significant
patient load [22].

Subject selection and sampling

Inclusion and exclusion criteria

This study included patients aged<16 years old, who
were admitted to any pediatric ward; pediatric inten-
sive care unit (PICU), pediatric medical (PMED), pedi-
atric surgical (PSURG), pediatric oncology (PONC) and
neonatal unit (NNU) at Tawam hospital during January
2019 and December2021. Only patients who received any
drug listed in the KID’s list and was inappropriately used
(prescribed and administered) according to the KIDs list
were included.

On the other hand, the study excluded the consid-
eration of excipients mentioned in the KID’s List, since
there is no comprehensive list of medications containing
excipients such benzyl alcohol, ethanol, propylene glycol,
and others at our hospital.

Ethical considerations

The study protocol was approved by the Research Ethic
Committee at Tawam hospital (Reference number:
MF2058-2021-811, 16th November 2021). Given the
nature of this retrospective observational study, the study
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was exempted from the informed consent form. Data
was collected without any personal information of the
patients and they were identified by the MRN in the hos-
pital system by the primary researcher, who was able to
access the medical records.

Study procedures

Patients’ data was extracted from the medical report and
medications mentioned in the KIDs list were matched
with hospital formulary. After that, a report was gener-
ated for each medication after reviewing the patient’s
medical record. Each report represents the appropriate-
ness of the prescribed medication whether it was appro-
priately prescribed or not based on the recommendations
provided in the KIDs list.

Study variables and outcomes measures

Collected data includes patient’s demographics (age and
gender as well as clinical information (prescribed medi-
cation, date of prescribing, and ward). The primary out-
come was the prevalence of PIM use at a Tawam hospital
during the years 2019-2021 according to the recommen-
dation in the KIDs list. The prevalence of inappropriately
prescribed medications was determined by calculating
the total number of PIM use among the total reviewed
medical records that included medications mentioned
in the KIDs list during the years 2019-2021. Adverse
drug reactions (ADRs) were identified using the ADR
reporting system at the hospital to determine the preva-
lence of ADRs from the selected prescriptions. The ADR
reporting system at Tawam hospital is a voluntary digital
reporting system that uses manual assessment through
the Naranjo score. The secondary outcome was the inci-
dence of ADRs reported from the selected prescriptions
accordingly.

Table 1 Demographic characteristics of patients receiving PIMs

(n=415)
Variables Mean+SD
Age, mean (£ SD) 86+49

N (%)
Gender
Male 251 (60.0)
Female 164 (39.5)

Age Distribution According to KIDs List Classification

Neonates< 1 month 21 (5.0
Neonates < 1 month (Very Low Birth Weight < 1500 g) 19 (4.6)
Infants 1-24 months 41 (9.8)
Children 2-16 years 334 (80.5)
Pre-school age (> 1 year-5 years) 72 (17.3)
School age (> 5 years-12 years) 156 (37.6)
Adolescent (>12) 153 (36.9)
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Statistical analysis

Data analysis was performed using the Statistical Pack-
age of Social Sciences (SPSS) Software (Version 26.0).
Categorical data including demographics (gender and
age category), prevalence of inappropriately prescribed
medications in each pediatric ward and overall, as well as
number of cases for each medication that was inappro-
priately use were described as frequency (percentage),
while continues data age was presented as mean (*stan-
dard deviation).

Results

In this study, total of 3166 pediatric patients (age<16
years old) admitted to any pediatric ward during a period
ranging from 2019 to 2021 were identified. Out of them,
415 patients were found to be prescribed inappropriate
medications according to the KIDs List. The mean age of
the selected patients was 8.6+4.9 years old and majority
of them were males (60.0%, n=251). Table 1 shows the
demographic characteristics of the studied patients.

Table 2 illustrates the prevalence of PIM use. Out of 67
medications mentioned in the KIDs list, 44 medications
were matched with the hospital formulary (our formu-
lary is a comprehensive medication list that we use to
prescribe medications. There are no patients who receive
any other non-formulary medications in our institution)
and upon reviewing the 3166 patients’ medical records
since 2019 to 2021, 20 medications were identified. Out
of the 20 medications identified, only 11 medications
were found to be inappropriately used in 415 patients.
Therefore, the overall prevalence of use of PIM was
13.0% (1=415/3166). Among the prescribed drugs that
have been matched with the KIDs list, metoclopramide
(98.0%, n=181/181), Tramadol (100.0%, n=156/156),
and Lamotrigine (100.0%, n=25/25) were the most com-
monly prescribed medications inappropriately. Further
details about the prevalence of PIM, recommendations,
rationale of the recommendation/ Risk, strength of the
recommendation, and quality of the evidence are pre-
sented in Table 2.

Table 3 represents the prevalence of inappropriate
prescriptions compared to the prevalence of appropri-
ate prescriptions in each pediatric ward. The pediatric
oncology ward was accounted for the highest number of
inappropriate prescriptions, where 36.0% (n=147/410)
of prescriptions in the PONC were identified to be inap-
propriately used. This was followed by the neonatal unit
(NNU) which shows 23.1% (n=21/91) of prescriptions
being inappropriate.

Figure 1 displays the distribution of cases that had
received PIM in the pediatric wards. Pediatric oncol-
ogy and surgical wards included most of cases who
were prescribed PIM ((35.0%, n=149/415), and (31.0%,
n=128/415); respectively). Figure 2 represents the
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Table 3 Distribution of paediatric patients received inappropriate medications by ward

Ward Total pediatrics’records Appropriate use of medica- Inappropriate use of medi-  Inappropriate
screened tions based on KID’s list cations based on KID’s list use of medica-
(n=3166) (n=263) (n=415) tions based on
KID’s list (%)
Neonatal Unit (NNU) 91 70 21 23.1
Pediatric Intensive Care Unit(PICU) 827 814 13 1.6
Pediatric Medical (PMED) 1321 1192 129 9.8
Pediatric Surgical (PSURG) 517 412 105 203
Pediatric Oncology (PONC) 410 263 147 359
160 36.0%, n= 147
140 31.0%, n= 129
120
2 25.0%, n= 105
= 100
=
™
b 80
>
2]
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=
g
e 40
5.0%, n=21
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S
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Pediatric Wards

Fig. 1 Distribution of Inappropriate Medication Use by Ward (n=415)

Time (Years)

27.7%,n= 115

33.5%, n=139
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Frequency of PIM use in pediatric wards

Fig. 2 Prevalence of PIM use in pediatric wards by year (1=415)

prevalence of PIM use in pediatric wards during the stud-
ied period. In addition, no adverse drug reactions were
reported from any of the inappropriate prescriptions
identified during the period from 2019 to 2021.

Discussion

The present study is the first in the world to estimate
the prevalence of potentially inappropriate medica-
tion (PIM) use among pediatric patients admitted to the
Hospital based on the 2020 KIDs list criteria [21]. The
prevalence of PIMs in Tawam hospital between 2019 and
2021 was 13.0%, with the highest prevalence observed
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among pediatric oncology patients. The most com-
monly prescribed PIM was metoclopramide, which was
used in infants and children for the treatment of nausea
and vomiting, increasing the risk of acute dystonia and
respiratory depression [23]. The second most commonly
prescribed PIM was tramadol, commonly used for post-
operative pain management, which carries an increased
risk of respiratory depression in children [24]. Both of
these medications are commonly used in the oncology
ward, since they are indicated for managing adverse drug
reactions of the anticancer medications.

In addition, the pediatric units that were commonly
prescribing inappropriate medications were pediatric
oncology and NNU. These results are expected due to the
complexity of the cases encountered in both settings and
the lack of available alternatives.

There were no adverse drug reaction reports from
the years 2019-2021 for any of the identified inappro-
priately used medications. It is important to note that
adverse drug reactions tend to occur more frequently
than documented. Although healthcare professionals are
continuously encouraged to report ADRs, a number of
challenges exist that prevent this from happening. Some
of these challenges include complexity of reporting pro-
cedures, lack of time and fear of blame [25].

When interpreting the results of this study, the authors
looked into the strength of recommendation and qual-
ity of evidence behind the inclusion of each medication
in the KIDs list. Out of the 11 drugs identified as PIM in
our study, 7 had a strong recommendation against use,
given a moderate to high strength of evidence found
by researchers. However, the two most common PIMs
prescribed at our hospital, metoclopramide and trama-
dol, had a weak strength of recommendation, and sub-
sequently a low quality of evidence. This explains the
decision of the prescribers to use these medications effi-
ciently as there is no strong evidence to prove the risk of
using them for pediatric population.

Previous studies used the Beer’s criterion to assess the
PIM use in geriatrics. In comparison with our findings, a
study conducted at Tawam Hospital in the UAE reported
an incidence of PIM use in similar medications to ours;
such as metoclopramide, promethazine, and olanzapine
[15]. However, it is important to recognize that compar-
ing the KID’s list with the Beer’s criteria poses significant
challenges owing to their different target age groups.
Moreover, the disparities in the number of recommen-
dations between the two lists stem from variations in the
research that substantiates such suggestions.

The first and only other study to date estimating the
rate inappropriate prescribing per the KIDs list recom-
mendations was conducted by Victoria et al. Unlike our
study, their study evaluated the use of safety measures in
place for medications on the KIDs. Their results showed
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low rates of inappropriate prescribing (prevalence was
not calculated) of medications in the KIDs list. Similar to
our study, no ADRs were identified through their patient
safety reports. They also reported low use of safety mea-
sures to mitigate the use of these drugs. Their findings
will be used as a base in phase 2 of our study, where we
aim to implement appropriate safety measures to limit
the use of the identified PIM in our hospital [26].

It is important to acknowledge the fact that the KIDs
list includes only drugs approved for use in the United
States, but some of these drugs listed have been also
approved in other countries. Hence, the results should
be applied with caution and limitations and formulary
alternatives should be considered. For instance, meto-
clopramide should be avoided in infants and used with
caution in children according to KID’s list [21]. Like-
wise, in 2013, the European Medicine Agency (EMA)
recommended against the use of medications containing
metoclopramide in the European Union (EU) as part of
the global effort to tackle the issue of pediatric medica-
tion errors. It is recommended to refrain from using
metoclopramide in children under the age of 1 year old.
Metoclopramide should only be administered to children
over the age of 1 year old as a secondary option at dose
not exceeding 0.5 mg/kg/day for a maximum of 5 days.
It is used after other therapies have been attempted, for
the purpose of preventing delayed nausea and vomiting
after chemotherapy, as well as for treating post-operative
nausea and vomiting. The EMA has also withdrawn high
concentration liquid metoclopramide (>1 mg/ml) from
the market since it has been linked to cases of overdose
in children [27].

Additionally, the list may lack other potentially inap-
propriate medications used in the pediatric population
available in different countries as part of their formular-
ies. For example, domperidone, a dopamine antagonist
drug is commonly used in our hospital for managing
nausea and vomiting as well as treatment of gastropa-
resis in neonatal and pediatric population, which is not
included in the KIDs list and carries similar risk as meto-
clopramide (QT prolongation) in the same population
[28]. However, it would be interesting for the KIDs list
to propose alternatives that could be used in children.
For example, ondansetron with a favorable safety profile
instead of metoclopramide for nausea and vomiting in
pediatric oncology or surgical patients, which has minor
and self-limiting side effects such as diarrhea [29]. A dis-
cussion with all relevant stakeholders including pediatric
sub-specialists and pharmacists is necessary to increase
their awareness of the KIDs list, and to ensure study
results and knowledge are disseminated to better impact
patients’ outcomes.

Clinical pharmacists play a significant role in man-
aging inappropriate medication use by identifying and
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resolving drug therapy problems that can lead to adverse
drug reactions [30, 31]. Through services such as medica-
tion therapy management, medication reconciliation and
chart reviews, clinical pharmacist can identify any poten-
tial drug interactions or side effects that may be harm-
ful to the patient. This can prevent medication-related
problems, and improve patient outcomes. Collaboration
between clinical pharmacists and pediatricians is essen-
tial for improving patient care and limiting the use of
potentially inappropriate medications [32]. Clinical phar-
macists can help in many ways, these include medication
therapy management where they review and adjust medi-
cation regimens prescribed by pediatricians to optimize
drug therapy outcomes. Another way is through medi-
cation education by providing information on proper
medication use, potential side effects, and drug interac-
tions through workshops and seminars to the medical
team. Overall, collaboration between clinical pharmacists
and pediatricians is critical for improving patient out-
comes and delivering high-quality healthcare in pediatric
settings.

Nevertheless, this study is the first study that inves-
tigated the prevalence of inappropriate medication
use according to the KIDs list criteria. In the next few
months, the authors aim to use the results to identify fac-
tors associated with PIMs use. Furthermore, collabora-
tion between clinical pharmacists and multidisciplinary
pediatric teams is needed to implement appropriate
interventions to limit the use of PIMs and to provide
guidance on their safe use.

Strengths and limitations

This study is the first study in the world studying the
prevalence of potentially inappropriate medication use
using the recommendations in the KIDs list. It included
a wide variety of patients with multiple comorbidities,
ages, and under different levels of care from general med-
ical up to critical care. This study was done over a period
of 3 years, looking at prescribing trends before the KIDs
list was published (2019) as well as after (2020-2021).
This helped us understand prescribing trends and will-
ingness of the healthcare team to adapt and implement
new information available.

This research has some limitations. Firstly, it was a ret-
rospective observational study, relying largely on infor-
mation documented in the medical records, which are
subjected to recall bias and may have some missing clini-
cal information. Secondly, due to time limitations, the
authors were not able to study factors associated with
PIMs use, which are important in identifying the popu-
lation who are at greater risk of being prescribed PIMs.
Lastly, this study did not evaluate the use of excipients
mentioned in the KIDs list. The decision to exclude
excipients was made due to lack of complete data on
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them and the difficulty to identify them in each medica-
tion on the formulary. However, we will consider excipi-
ents in future research.

Conclusion

The present study reflects the high prevalence of inap-
propriate drug prescribing in the pediatric population in
our hospital. The study aimed to estimate the prevalence
of potentially inappropriate medication use in pediatric
wards at a tertiary hospital using the recommendations
in the KIDs list. The results showed a prevalence of PIMs
of 13.0% between 2019 and 2021, with the highest preva-
lence observed among pediatric oncology patients. The
role of clinical pharmacists in managing inappropriate
medication use, identifying and resolving drug therapy
problems, and preventing medication-related problems
to improve patient outcomes was also highlighted. These
findings shall set as a triggering point to commence a
comprehensive process to identify and improve appro-
priate use of medications and safety in the pediatric
population.
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