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ABSTRACT
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Introduction: Drug-drug interactions (DDI) due to multiple drug
use are the most important cause of adverse drug reactions.
DDIs are among medication errors that can be prevented. The
integrated computerized drug interaction checker programs,
which medical professionals use in addition to their medical
and practical knowledge, can help medical staff to reduce
potential DDIs (PDDIs), although they are not sufficient alone.
The aim of this study was to investigate the role of computerized
drug interaction checker programs in the identification and
prevention of PDDIs in clarithromycin prescribed pediatric
outpatients.

Methods: Thestudywasa retrospective observational prescription
analysis held in three community pharmacies operating in the
province of Uskiidar-istanbul during 12-month period. The
prescriptions with oral clarithromycin medication were selected
and PDDIs were analyzed using the R,MediaPharma® software
on an active substance base.

Results: During the 12-month period, 100 prescriptions
containing 266 medicines were prescribed by 52 different
physicians. The mean number of medicines per prescription was
2.66+1.11. Of the 16 PDDIs detected, five were clarithromycin-
related (31.25%) and 11 were non-clarithromycin-related
(68.75%). When PDDIs were categorized by severity, 10 out of 16
(62.5%) were high-risk, two (12.5%) were moderate and four (25%)
were low-risk. Clarithromycin interactions were moderate with
lidocaine and low with both metronidazole and sultamicillin
(ampicillin/sulbactam).

Conclusion: Although evidence based computerized drug
interaction checker programs that provide rapid access is not
sufficient alone, they can help health care professionals in
preventing PDDIs. The use of this program in the community
pharmacies could minimize PDDIs during the dispensing of
medicine.

Keywords: Adverse drug reactions, computerized drug
interaction checker program, drug interactions

Amag: Coklu ila¢ kullanimina bagl olarak gelisen ilag-ilag
etkilesimleri (DDI) advers ila¢ reaksiyonlarinin en onemli
nedenidir. ila¢ hatalarindan bir tanesi olarak sayilan DDI
onlenebilir. Saghk profesyonellerinin tibbi ve pratik bilgilerinin
yaninda kullanacaklari entegre bilgisayarli ila¢ etkilesimi
kontrol sistemleri, tek baslarina yeterli olmamakla beraber
olasi etkilesimlerin azaltilmasi icin saglik personeline yardimci
olabilir. Bu calismada ayaktan pediatri hastalarina regete edilen
klaritromisin ile potansiyel DDI'larin (PDDI) belirlenmesi ve
onlenmesinde bilgisayarli ila¢ etkilesimi kontrol sistemlerinin
roltintin arastiriimasi amacglanmistir.

Yontemler: Retrospektif gozlemsel recete analizi niteliginde olan
bu calismada, 12 aylik periyotta (Ocak-Aralik 2016) pediatrik
ayaktan hastalara solunum yolu enfeksiyonu tanisi ile oral
klaritromisin yazilan receteler istanbul ili Uskiidar ilcesinde
faaliyet gosteren ve calismaya katilmayi kabul eden, ti¢ serbest
eczaneden toplanarak mistahzar isim ve sayilarl ile hasta
demografik verileri (yas, cinsiyet) kayit edildi. PDDI'lar etkin
madde bazinda RyMediaPharma® programi ile tespit analiz edildi.

Bulgular: On iki aylik periyotta 52 farkli hekim tarafindan 266
adet mistahzarin recetelendigi 100 adet recete toplanmis
olup, recete basina ortalama mistahzar sayisi 2,661,111 idi.
Tespit edilen 16 PDDI'nin 5'i klaritromisin (%31,25) ve 11 tanesi
klaritromisin disi (%68,75) idi. PDDI'lar siddet bazinda kategorize
edildiginde, toplam 16 etkilesimden 10 tanesi (%62,5) yiiksek,
2 tanesi (%12,5) orta ve 4'U (%25) dusuk idi. Klaritromisin
etkilesimleri ise: Lidokain ile orta; metronidazol ve sultamisin
(@ampisilin/sulbaktam) ile ise minor kategorisinde idi.

Sonug: Hizli erisim imkani saglayan bilgisayarli ilag etkilesimi
kontrol sistemleri tek baslarina yeterli olmamakla beraber
PDDI'larin 6nlenmesinde saglik personeline yardimci olabilir.
Bu sistemlerin serbest eczanelerde kullanimi ilacin hastaya
verilmesi esnasinda yasanacak olan DDI'larin 6nlenmesinde
oldukca 6nem tasimaktadir.

Anahtar Kelimeler: ila¢ etkilesimi, bilgisayarli ilac etkilesimi
kontrol programi, advers ilag reaksiyonlari
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Introduction

Although there is no definite consensus on its definition, polypharmacy
is basically defined as the use of multiple drugs at the same time for
more than one indication (1). The main problem with multi-drug use is
drug-drug interactions (DDIs). DDIs can be described as a change in the
effect of a drug when used in combination with another drug. DDIs may
cause an increase or decrease both in the effectiveness and efficacy of
the drugs used together, or it may lead to the development of adverse
drug reactions (ADRs) (2). Studies show that DDIs account for 3 to 5% of
treatment errors in the hospitals. ADRs as a result of DDIs have been
reported as the main cause of hospitalizations with rates of 10-20% (3),
and between the fourth and sixth leading cause of death in hospitalized
patients (4). It is, therefore, important to prevent harmful potential DDIs
(PDDIs) to prevent drug-related morbidity and mortality and to ensure
drug safety during outpatient treatment.

Among drug medications, DDIs can easily be prevented (5).
However, each year, a large number of medications are offered to
the market, and as a result, interactions between medications are
gradually increasing. For this reason, it is no longer practical for
physicians to trust only to their knowledge in the prevention of PDDIs
(6). Additionally, especially due to large number of patients visiting the
primary health care facilities, limited examination time is allocated
to each patient and consequently, the physicians are not adequately
informed about the medication used by the patients. Thus, this leads to
duplicated prescriptions and DDlIs (7). To prevent this, there are certain
computerized drug interaction checker programs; however, these are
not sufficient alone since they can aid health professionals to reduce
potential interactions only if they are integrated into the medical and
practical knowledge of health professionals (6).

Although the importance of increased ADR risk caused by pediatric
polypharmacy induced PDDI is widely accepted as in adult patients,
research in this area is quite rare. The information obtained from such
research will help physicians develop drug use habits for pediatric
patients and will enable the design of safer systems for drug prescription
ordering or subsequent drug follow-up (8,9).

Non-steroidal anti-inflammatory drugs and antibiotics are the most
frequently prescribed drug groups in primary care practices (6).
Clarithromycin, a member of macrolide group, is a widely preferred
antibiotic in the treatment of respiratory tract infections in children
with a broad spectrum of antimicrobial activity, a relatively low rate of
adverse events, and ease of dosing twice daily (10).

The aim of this study was to investigate the role of computerized drug
interaction checker programs in the identification and prevention of
PDDIs in clarithromycin prescribed pediatric outpatients.

Methods

This study was a retrospective observational prescription analysis held in
Uskiidar-istanbul for a period of 12-month from January to December
2016. Pediatric outpatient clarithromycin prescriptions with a diagnosis
of respiratory tract infection were collected from three different
community pharmacies located around three different family medicine
clinics.
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The prescriptions were analyzed with respect to the medication (name
and number) and the patient demographic data (gender and age). The
active ingredients of the prescribed medications were determined and
PDDIs were checked via R MediaPharma’ database (GEMAS Corp., izmir,
Turkey) (11). For medications containing more than one active substance
(for example combined cold medications), the analysis was performed
for each active substance. The severity of PDDIs was classified according
to Table 1 by the software program.

The local ethical committee approval was obtained for the study
(istanbul Medipol University Ethical Committee for Non-Interventional
Clinical Investigations, dated: 18.01.2017, number: 01). Informed
consent was not obtained in this study.

Statistical Analysis

Data were analyzed descriptively and presented as frequencies and
percentages using SPSS version 21 (SPSS Inc., Chicago, IL, USA).

Results

A total of 100 prescriptions were examined and 51 of the prescriptions
were written for patients between 0-2 years of age, 48 for 2-6 years of
age and one for 6-18 years of age. The distribution of prescriptions by
age and gender is shown in Table 2.

In a total of 100 prescriptions, 266 different medications were
prescribed by 52 different physicians. The mean number of medications
per prescription was 2.66+1.11. In 44 of the prescriptions, there
were more than 3 medications prescribed (Figure 1). The number of
prescription-based medications was higher in the 0-2 age group. From
the prescriptions examined, a total of 16 PDDIs were identified, five of

Table 1. Classification of interaction by R MediaPharma®
program

Severity Explanation

The interaction between these drugs can be life
threatening or cause permanently damage. These

High drugs are not usually used together, they require
medical intervention. An alternative medicine
should be used

The clinical impact of interaction is limited, but
can be disturbing. Patient should be monitored
for the findings of interaction

Moderate

Interaction may occur depending on the
mechanism of action of co-administered drugs.

Low Caution should be taken with regard to the
reduced or increased efficacy related to the
combined drugs

Table 2. Distribution of prescriptions by age and gender

Number of prescription (n)

Age, years

Female Male Total
0-2 23 (45%) 28 (55%) 51
3-6 17 (35%) 31 (65%) 48
7-18 0(0.0) 1 (100%) 1



which were clarithromycin-related (31.25%) and 11 of them were non-
clarithromycin-related (68.75%). Of the PDDIs identified, 72.3% were
in the same prescription and 27.7% were in different prescriptions.
The active substances that were found to interact with clarithromycin
in the R MediaPharma” program were lidocaine, metronidazole and
sultamicillin. Of the total 5 prescriptions, 3 were lidocaine and 1 was

metronidazole and sultamicillin (Table 3).

When PDDIs were examined on a severity basis, 10 out of 16 (62.5%)
were high-risk, two (12.5%) were moderate and four (25%) were low-risk.
DDIs with clarithromycin were moderate with lidocaine, and low with

metranidazole and sultamicillin (ampicillin/sulbactam) (Table 4).
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Figure 1. Distribution of medicines per prescription

Table 3. Classification of interaction with clarithromycin by
R MediaPharma®

Number of

T Possible result

Active substance Severity
Prolongation of QT
Lidocaine 3 High interval,

Myocardial depression
Risk on the

prolongation of QT
interval

Metronidazole 1 Low

Risk on reduction
in pharmacological
effect

Sultamicillin 1 Low

Table 4. Distribution of potential drug-drug interactions
according to the severity

Age, years
Severity Total
0-2 3-6 7-18
Low 2 2 0 4
Moderate 2 0 0 2
High 6 4 0 10
Total 10 6 0 16

Simsek et al. Computerized Drug Interaction Checker Programs

Discussion

Drug interactions in multidrug use are a potential concern. Although
comprehensive drug evaluations are effective, they are very labor
intensive and costly. It is possible to avoid interaction and dose-related
errors with integrated drug systems that health professionals could use
in conjunction with medical and practical knowledge.

This study investigated the efficacy of drug interaction checker programs
in the prevention of PDDIs with prescribed clarithromycin in pediatric
patients. This group of patients was chosen for several reasons. First
of all, this group of patients is more susceptible to medication errors.
Additionally, the medical management of the pediatric patients
presents unique challenges throughout the medication use process.
Furthermore, studies with this group of patients are few in number (12).
Macrolide group antibiotics is the most commonly prescribed group after
penicillin in pediatric patients, and clarithromycin, one of the group
members, is the most frequently prescribed active substance following
erythromycin (13). DDIs induced Q-T prolongation with clarithromycin is
the major concern despite the relatively low rate of adverse events (10).
Although there are several checker programs (Micromedex®, Lexicomp®,
Medscape®, R MediaPharma® etc.) for the evaluation of PDDIs, owing
to the price advantage, R MediaPharma® is the most widely preferred
program in the community pharmacies.

In this study, of the detected 16 PDDIs, five were clarithromycin-related
(31.25%) and 11 were non-clarithromycin-related (68.75%). In the
literature, the reported PDDI rate widely ranges between 19% and 90%
(14-16). This difference might be due to the difficulties in conducting
standardized prevalence studies in the area (17). The 16% rate reported
in this study can be explained by the fact that the prescriptions were
collected from a limited number of pharmacies that were relatively
close in locations.

Studies show that PDDI rates vary depending on the healthcare centers
that the patients refer to. While PDDI rate is 16% in emergency services,
it is 70% in family medicine policlinics (18). Unlike previous study,
however, the PPDI rate was found to be 16% in the present study. We
should note here that although the prescriptions were collected from
pharmacies located around the family medicine policlinics, they were
collected only from three community pharmacies.

Itisknown that DDIs are proportional to the number of medications used
concomitantly. Karas (19) reported a PPDI incidence of 5.6% in patients
using two different medications, 56% in patients using five different
medications and 100% in patients using seven different medications.
Similarly, Goldberg et al. (20) reported a PDDI prevalence of 13% for two
medications and 80% for seven and above drug use. We also found that
72.3% of the interactions in our study were of the same prescription
and that the incidence of PDDI increased with the increased number of
medications per prescription. Among the prescriptions collected, there
were more prescriptions for 0-2 age group patients, and the number of
medications per prescription was high. We believe that physicians tend
to prescribe more medications in this age group since these patients are
unable to express themselves and parents are more prone to direct the
physicians in assessing the symptoms.
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In our study, the majority of detected PDDIs (n=10, 62.5%) were in high-
risk category. It should be emphasized once again that the findings we
obtained identify only PDDIs, because the database used in our study
was insufficient to determine the clinical ADR (21). Similar previous
studies showed that PDDI prevalence that may cause clinically significant
ADRSs is low despite the high prevalence of PDDI (22). According to Peng
et al. (23), among the 2% PDDIs identified by sophisticated DDI checker
program, only 0.04% of the total prescriptions were clinically relevant
DDIs which were identified by the combination of DDI checker program
and clinical pharmacist review. On the other hand, it should be noted
that ADRs may result in significant morbidity and mortality, and that the
level of evidence for the severity of 62% of PDDIs is based on clinical
practice (24,25).

It is noteworthy that three of the five-clarithromycin-related interactions
detected in our study were with lidocaine prescribed by different
physicians. Both pharmacokinetics and pharmacodynamics interaction
are seen with lidocaine. When given in combination with lidocaine,
clarithromycin causes an increase the risk of ventricular arrhythmia by
QT prolongation, on the other hand enhances the lidocaine effect/level
by inhibiting the CYP3A4 enzyme (26). For this reason, patients should be
monitored with electrocardiogram during treatment and motorization
of serum lidocaine levels is suggested.

In our study, although the clarithromycin-to-metronidazole interaction
was indicated as a low risk by the checker program, there are a few
studies suggesting the prolongation of QT interval by metronidazole
(27). Theoretically, co-administration of medications that can prolong
QT interval may lead to an increased risk of ventricular arrhythmia,
including torsade de pointes and sudden death. Although QT
prolongation and ventricular arrhythmia were reported in patients
treated with metronidazole in isolated studies, a causal relationship
has not been established due to underlying conditions involved and
concomitant medications in these studies (27).

The interaction with clarithromycin and sultamicillin (@ampicillin/
sulbactam) was also classified as “low” in our study. Although some in
vitro data indicate synergism between macrolides and penicillin, there
are also some in vitro studies showing antagonism. Although data is
available for erythromycin, this interaction may theoretically occur
with other macrolides. According to the literature, there is no need to
take any special precaution other than monitoring the effectiveness of
treatment for this interaction (28-30).

Surveys show that 39% of medical errors occur during the prescribing
process and 11% during the dispensing process (31). Tightening the
control steps cansignificantly reduce DDIsand ARDs, which areimportant
part of drug errors experienced during the prescribing procedure. Two
important tools developed for this purpose are hospital information
system and e-order system (32). With these systems, the physician can
observe PDDIs and ADRs during prescribing procedure (33,34). Still, the
main problem with these systems is that patients do not always take
their medical care from the same healthcare providers (35). Especially,
in the Eastern cultures, it is common for patients to visit multiple
hospitals with the same or similar conditions, and to change their
doctors and/or hospitals (36,37). There are studies showing that patients
who receive medical care from different healthcare providers are more
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likely to suffer ADRs (36,38). These systems are often designed for use in
a single hospital or one managed care organization settings, and they do
not have a common infrastructure for sharing the patient’s medication
history (34). For this reason, PDDI controls with these systems cannot go
beyond hospital boundaries (39). Even though the computerized drug
support and drug interaction checker programs have been developed to
close this gap, the main issue with these programs is that they are stand-
alone programs, which cannot be integrated into patient management
systems. Therefore, for each check, physician should transfer data from
the patient management system into DDI database and repeat this
process for each prescribed medication (34). Especially in healthcare
facilities with large number of outpatients, limited examination times of
physicians is the biggest obstacle for the effective use of these programs.
Consequently, prior to the initiation of treatment, the pharmacist, as the
last ring of the healthcare chain in contact with the patient, is the final
line of defense against harmful PDDIs (7).

Routine use of drug interaction checker programs in community
pharmacies, which provide fast access, can help pharmacist for the
prevention of vital malfunctions such as PDDIs. The use of these
programs in combination with the medical and practical knowledge of
health professionals could increase the quality and ensure the safety of
the healthcare services offered.

Study Limitations

The basic limitation we should note here is that the prescriptions were
collected from a limited number of community pharmacies. Despite
the fact that 12 pharmacies were invited to take part in the study, six
pharmacies did not agree to participate due to workload. What is more,
during data collection process, three pharmacies that did not regularly
provide prescriptions were excluded from the study. Therefore, a
generalizability of the findings may be a limiting factor.

Conclusion

Computerized drug interaction checker programs with rapid access are
not sufficient alone, but can help health professionals to prevent of
PDDIs. The use of these programs, especially in community pharmacies,
can serve for the identification of DDIs during delivery of the medicine
to the patient. To ensure the effective use of the programs by health
professionals, they need to be standardized to provide clinically
relevant ADRs in line with evidence-based information, along with
their integration into e-order systems. Hence, DDIs and ADRs caused
by DDI during both prescribing and dispensing will be prevented more
effectively.
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