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GENEL PEDIYATRI SERVISI HASTALARINDA POTANSIYEL ILAC-ILAC
ETKILESIMLERININ SAPTANMASI: BIR KESITSEL CALISMA
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ABSTRACT

Objective: This study seeks to identify potential drug-drug interactions (pDDIs) in hospitalized
patients and compare two commercial drug interaction databases.

Material and Method: This prospective cross-sectional study was conducted between February
and May 2022 in a tertiary care hospital's general pediatric ward. UpToDate® and Micromedex®
Drug Interaction databases were used to determine pDDls.

Result and Discussion: In total, 267 pDDIs were found in 51 pediatric patients' medication lists
(181 via UpToDate® and 86 via Micromedex®). The use of at least five different systemic drugs
concurrently was statistically significant between groups of patients who experienced at least one
pDDI and those who did not. The binary logistic regression analysis showed that a one-drug
increase in the total number of drugs a patient received during hospitalization increased the
probability of pDDIs by 2.12-fold (Cl: 1.321-3.417, p=0.002). The concordance rate between
UpToDate® and Micromedex® databases for pDDI determination was 84.31% (kappa
coefficient=0.676, standard error=0.102, (p < 0.001)). When the UpToDate® database was
assumed as a reference database, the Micromedex® database's sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy in determining pDDIs were 79.41%,
94.12%, 96.43%, 69.56%, and 84.5%. To avoid missing pDDls, utilizing multiple drug interaction
databases may be of benefit.
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(0)/
Amag: Bu c¢alisma, hastanede yatan hastalarda potansiyel ilag-ilag etkilesimlerini (pDDI ler)
belirlemeyi ve iki ticari ilag etkilesimi veri tabanini karsilagtirmayr amaglamaktadir.
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Gerec ve Yontem: Bu prospektif kesitsel calisma, Subat ve Mayis 2022 tarihleri arasinda tigtincii
basamak bir hastanenin genel pediyatri servisinde yiritiilmiistiir. pDDI'leri belirlemek igin
UpToDate® ve Micromedex® Ila¢ Etkilesimi veritabanlart kullanilmistir.

Sonu¢ ve Tartisma: Elli bir pediatrik hastamin ilag listesinde toplam 267 pDDI bulunmustur
(UpToDate® araciligiyla 181 ve Micromedex® araciligiyla 86). En az bes farkli sistemik ilacin ayni
anda kullanimi, en az bir pDDI saptannug Ve saptanmamis hasta gruplart arasinda istatistiksel
olarak anlamlyd. Ikili lojistik regresyon analizi, bir hastanin hastanede yatisi sirasinda aldig
toplam ila¢ sayisindaki bir ilag artisinn, pDDI olasiligin 2.12 kat artirdigin gostermigtir (GA:
1.321-3.417, p=0.002). pDDI saptnmasinda UpToDate® ve Micromedex® veritabanlari arasindaki
uyum oram %84.31 olarak bulunmugstur (Kappa katsayrs1=0.676, standart hata=0.102, (p <0.001)).
UpToDate® veri tabani referans veri tabani olarak kabul edildiginde, Micromedex® veri tabaninin
pDDI’leri belirlemedeki hassasiyeti, 6zgiilliigii, pozitif prediktif degeri, negatif prediktif degeri ve
dogrulugu %79.41, %94.12, %96.43, %69.56 ve %84.5 idi. Bir pDDI’yi atlamaktan kaginmak igin
¢coklu ilag etkilesimi veritabanlarimin kullanilmas: faydal olabilir.

Anahtar Kelimeler: Cocuklar, ilag etkilesimleri, klinik eczac, pediyatrik hastalar

INTRODUCTION

In pediatric patients, treatment regimens with more than one drug may be required to treat diseases
and this may lead to potential drug-drug interactions (pDDIs). One of the most significant drug-related
problems that make therapy more challenging among pediatric patients is pDDIs. Due to the fact that
the pharmacokinetics (PK) and pharmacodynamics (PD) of drugs vary in children, it is much more
important to monitor treatment for drug interactions [1]. Even in children, the cytochrome p450 enzyme
system, which is responsible for a significant proportion of drug interactions, varies with age [2].

Drug interactions are frequently encountered, especially in patients with polypharmacy and long
hospital stay [3]. In a retrospective cohort study using the American Pediatric Health Information
System database, it was reported that 75% of the pediatric patients in intensive care unit were exposed
to at least one pDDI, and 51.1% of these interactions were major interactions [1]. In another study
involving 42 Children's Hospitals, at least one pDDI was found in approximately half of the 498,956
hospitalizations [4].

In pediatric patients, it is vital not only to identify drug interactions but also to manage them.
Drug-drug interaction databases, having become widespread in recent years for managing drug
interactions, are time-saving facilitator applications for healthcare professionals. However, these
databases differ in sensitivity, specificity and accuracy in detecting drug-drug interactions [5,6].
Besides, the results obtained from these databases and clinicians' evaluations show large discrepancies
in clinical importance of interactions [7]. Considering both the difference in databases and the
pharmacokinetic difference in pediatric patients, drug interaction management in pediatric patients
becomes an issue that needs attention.

This study aims to identify pDDIs in patients hospitalized in a general pediatric ward of a tertiary
care hospital and to compare the performance of two different drug interaction databases to identify
pDDls.

MATERIAL AND METHOD

This cross-sectional study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted by the ethics committee of Inonu University (25th January 2022 - No: 2022/3055).
The study conducted between February 2022 and May 2022 in the general pediatric ward of a tertiary
care hospital in eastern Tiirkiye, which has a capacity of 14 beds. Patients who were admitted to the
general pediatric ward and whose parental consent was obtained were included in the study. All drug-
drug interactions of the patients were determined by two clinical pharmacists in the ward. Information
about the sex, age and daily medication lists of the patients were obtained from the electronic database
of the hospital. Drug-drug interactions were determined using the UpToDate® Drug Interaction and
IBM Micromedex® Drug Interaction databases. In the evaluation of the data, descriptive and advanced
statistical analyses were performed using SPSS V25.0.
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Statistical Analysis

While continuous variables were indicated by median and interquartile range (IQR), categorical
variables were presented by number (n) and percentage (%). The results of statistical tests were deemed
statistically significant unless the p value of the test was greater than 0.05. The Kolmogorov-Smirnov
test was used to determine whether the quantitative data is normally distributed or not. Chi-squared and
Mann-Whitney U tests were used to compare categorical and continuous data, respectively. The
correlation between the two data was determined through Spearman’s rho test. If the correlation
coefficient falls between 0.01 and 0.29, 0.30 and 0.70, or 0.71 and 0.99, the correlation is judged to be
poor, fair, or strong, accordingly. Risk factors having potential to affect the occurrence of pDDIs were
determined by binary logistic regression analysis. Cohen's kappa value was used to determine the
concordance rate between the UpToDate® and Micromedex® databases in terms of the databases'
ability to identify pDDls, the severity of identified pDDIs, and the documentation rates of identified
pDDIs. If Cohen's kappa value was less than zero, it was concluded that the databases did not agree. If
Cohen’s kappa value was between 0-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80 or 0.81-1.0; then it was
accepted that there was slight agreement, fair agreement, moderate agreement, substantial agreement or
almost perfect agreement between the databases, respectively. The UpToDate database categorizes
pDDls into five risk rating categories. These classifications, namely A, B, C, D, and X, indicate: no
known interaction, no action needed, monitor therapy, consider therapy modification, and avoid
combination, respectively. However, the Micromedex database has no risk rating category classification
system. To determine the degree of concordance between the two databases regarding the severity of
identified pDDIs, the risk rating categories B, C, D, and X from the UpToDate® database were paired
with the minor, moderate, major, and contraindicated severity categories from the Micromedex®
database.

Performance of pDDI screening programs was assessed through calculating sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) [8] and their definitions
were given in Table 1.

Table 1. Definition of sensitivity, specificity, negative and predictive value in the setting of pDDIs.

Parameter Definition Calculation
Sensitivity The ability to detect clinically important drug- number of true-positives / (number of true-
drug interactions. positives + number of false-negatives)
Specificity The ability to ignore clinically unimportant number of true-negatives / (number of true-
drug-drug interactions. negatives + number of false-positives)
Positive predictive When a drug-drug interaction is found, the number of true-positives / (number of true-
value (PPV) probability that the drug-drug interaction is positives + number of false-positives)
clinically important.
Negative predictive When a drug-drug interaction is ignored, the number of true-negatives / (number of true-
value (NPV) probability that the drug-drug interaction is negatives + number of false-negatives)
clinically unimportant.

True-positives: at least 1 pDDI was determined by both of the databases

True-negatives: no pDDI was determined by both of the databases

False-positives: at least 1 pDDI was determined by the Micromedex® database while no pDDI was determined by the
UpToDate® database

False-negatives: no pDDI was determined by the Micromedex® database while at least 1 pDDI was determined by the
UpToDate® database

RESULT AND DISCUSSION

The study comprised a total of 51 pediatric patients, 49% of whom were male. The median (IQR)
value of the patients’ age was 18 (8-96) months. The median (IQR) length of hospitalization for patients
was 7 (5-11) days. The median (IQR) number of different systemic drugs utilized per hospitalized patient
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was 6 (3-7). Table 2 lists the admission diagnoses of patients classified by the International Statistical
Classification of Diseases and Related Health Problems, 10th Revision (ICD-10).

Table 2. The diagnoses made at the time of the patients’ admission

ICD-10 Code Number
(%)
J00-J99 30 (58.82)
Diseases of the respiratory system
A00-B99 8 (15.69)
Certain infectious and parasitic diseases
R00-R99 5 (9.80)
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
Q00-Q99 3 (5.88)
Congenital malformations, deformations and chromosomal abnormalities
U00-U85 1(1.96)
Codes for special purposes
L00-L99 1(1.96)
Diseases of the skin and subcutaneous tissue
K00-K93 1(1.96)
Diseases of the digestive system
HO00-H59 1(1.96)
Diseases of the eye and adnexa
D50-D89 1(1.96)
Diseases of the blood and blood-forming organs and certain disorders involving the immune
mechanism

According to the UpToDate® and Micromedex databases, the number of patients having at least
one pDDI identified was 34 (66.7%) and 28 (54.9%), respectively. The number of patients with at least
one pDDI determined using any of the two databases was 35 (68.6%).

In total, 267 pDDIs were detected on 473 daily medication lists. 181 (67.79%) of the pDDIs were
identified using the UpToDate® database, whereas 86 (32.21%) were identified using the Micromedex
database. These 267 pDDIs were identified in 129 drug pairings, 50 of which (38.76%) were detected
using the Micromedex® database and 79 (61.24%) using the UpToDate® database. Once the
overlapping drug pairings between the databases were excluded, 88 different drug pairings remained.
Again, once the overlapping pDDIs between the databases were excluded, 195 different pDDIs
remained. According to the data obtained from the UpToDate® and Micromedex® databases, the
number of pDDIs per daily medication list was found to be 0.38 and 0.18, respectively. According to
the UpToDate® database, the following pDDI mechanism-specific distribution rates were determined:
35.91% were pharmacokinetic, 51.93% were pharmacodynamic, and 12.15% were unknown. In
addition, the Micromedex® database revealed the following distribution rates for pDDIs in terms of
their mechanisms: 63.95 percent of them were pharmacokinetic, 19.77 percent were pharmacodynamic,
and 16.28 percent of them were unknown.

The distribution of the pDDIs as regards their severity and documentation rates were given in
Table 3.

The UpToDate® database indicated that 64 (35.36%) of the pDDIs did not necessitate any action,
79 (43.64%) required therapy monitoring, 35 (19.34%) required therapy modification, and 3 (1.66%)
required avoidance of combination.

According to the UpToDate® database, the top three drug pairs that probably caused at least one
pDDI (n, %) were budesonide-clarithromycin (21, 11.6), albuterol-budesonide (20, 11.05), and
albuterol-clarithromycin (19, 10.50). Moreover, according to the Micromedex® database, the first three
drug pairs that most commonly probably caused at least one pDDI (n, percent) were budesonide-
clarithromycin (21, 24.42), clarithromycin-methylprednisolone (10, 11.7), and epinephrine-linezolid (3,
3.49). When the two databases were analyzed together, the first three drug pairs that probably caused at



524 Memis et al. J. Fac. Pharm. Ankara, 47(2): 520-530, 2023

least one pDDI the most frequently (n, percent) were budesonide-clarithromycin (42, 15.73),
clarithromycin-methylprednisolone (21, 7.83), and albuterol-clarithromycin (20, 7.49).

Table 3. The distribution of pDDIs according to severity and documentation rates of two databases

Factor Rate UpToDate® n (%) | Micromedex® n (%)

Minor 35 (19.34) 3 (3.49)

Moderate 134 (74.03) 53 (61.63)

Severity Major 12 (6.63) 26 (30.23)
Contraindicated NA 4 (4.65)

Fair 99 (54.70) 55 (63.95)

Documentation Good 58 (32.04) 28 (32.56)
Excellent 24 (13.26) 3 (3.49)

NA: not applicable

Table 4 shows the ten most frequently observed pDDIs. The classification of the drug groups
associated with pDDIs frequently is given in Table 5. The Anatomical-Chemical Classification System
(ATC) was used to classify the drugs.

It was determined that there was a positive-oriented fair association between concomitant usage
of at least 5 different systemic drugs and number of pDDIs (correlation coefficient=0.644, p<0.001 for
the UpToDate® database; correlation coefficient=0.572, p<0.001 for the Micromedex® database).

It was observed that there was a positive-oriented strong association between the total number of
different systemic drugs administered during hospitalization and number of pDDIs (correlation
coefficient=0.738, p<0.001 for the UpToDate® database; correlation coefficient=0.710, p<0.001 for the
Micromedex® database).

Statistically, the number of pDDIs categorized according to the risk categories of the UpToDate®
database is not affected by sex (p>0.05). The effect of concomitant usage of at least five different
systemic drugs on the number of pDDIs is statistically significant for risk rating categories B, C, and D
(p <0.001), but not for group X (p>0.05).

It was found that sex has no statistically significant effect on the number of pDDIs detected
regarding their degree of importance in the UpToDate® database (p>0.05). The concomitant usage of
at least 5 different drugs was however found to has statistically significant effect on the distribution of
pDDIs according to risk rating categories of UpToDate® database except for X category (p values for
A, B, C, D, and X categories is NA, <0.001, <0.001, =0.001, and >0.05, respectively).

Sex of the patient has no statistically significant effect on severity of pDDIs according to both
UpToDate® and Micromedex® databases (p>0.05). The concomitant usage of at least 5 different
systemic drugs has statistically significant effect over the number of pDDIs according to severity
categories of the UpToDate® which consists of minor, moderate, and major (p values for minor,
moderate, and major severity were <0.001, <0.001, and =0.039, respectively). The effect of concomitant
usage of at least 5 different systemic drugs was statistically significant only for the number of pDDIs
whose severities were moderate according to the Micromedex® database (p<0.001).

A binary logistic regression analysis was performed to determine the factors that could potentially
affect the occurrence risk of pDDIs. In the analysis, the effects of the length of hospitalization and the
total number of drugs to which the patient was exposed were examined. Increasing the total number of
drugs a patient received during hospitalization by one could increase the odds of identifying the risk of
pDDls by 2.12-fold (95% confidence interval [C1]: 1.321-3.417, p=0.002).
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Table 4. The first 10 of the most commonly encountered pDDIs determined through the UpToDate®
and the Micromedex® databases

UpToDate® Micromedex®
Drug pair Risk Docume- Comment Drug Pair Severity | Docume- Comment
Category/ ntation ntation
Severity Rate Rate
Budesonide D/Moderate Good Clarithromycin Budesonide (inh) | Moderate Fair Clarithromycin
(inh)- can increase the -clarithromycin can increase the
clarithromycin serum level of (iv) serum level of
(iv) budesonide. budesonide.
Albuterol (inh)- | B/Moderate Fair Budesonide can Clarithromycin Moderate Good Clarithromycin
budesonide increase the (iv)- can increase the
(inh) hypokalemic methylprednisolo side effects of
effect of albuterol. ne (iv) methylprednisol
one.
Albuterol (inh)- B/Minor Fair The QT Epinephrine Contrain Fair Increased
clarithromycin prolongation risk (nasal)-linezolid dicated hypertensive
(iv) can increase with (iv) effect can be
concomitant usage seen with
concomitant
usage.
Albuterol (inh)- | C/Moderate Fair Sympathomimetic Clarithromycin Moderate Fair Increased levels
epinephrine s can increase (iv)-valproate (iv) of valproate can
(nasal) adverse/toxic be seen with
effects of the other concomitant
sympathomimetics usage.
Albuterol (inh)- | B/Moderate Fair Methylprednisolo Amikacin (iv)- Moderate Good Increase in
methylprednisol ne can increase ibuprofen (po) exposure of
one (iv) the hypokalemic amikacin can be
effect of albuterol. seen with
concomitant
usage.
Clarithromycin | C/Moderate | Excellent Clarithromycin Budesonide (inh)- Major Fair Increase in the
(iv)- can increase the ibuprofen (po) risk of
methylprednisol serum level of gastrointestinal
one (iv) methylprednisolo- system bleeding
ne. and ulcer can be
seen.
Amikacin (iv)- | C/Moderate | Excellent Cephalosporins Clarithromycin Major Fair Clarithromycin
ceftriaxone (iv) can decrease the (iv)-clonazepam increases the
serum levels of (po) toxicity of
aminoglycosides. clonazepam.
Cephalosporins
can increase
nephrotoxic
effects of
aminoglycosides.
Albuterol (inh)- D/Major Fair Linezolid can Albuterol (inh)- Moderate Good Concomitantly
linezolid (iv) increase digoxin (po) use of the two
hypertensive decreases serum
effect of albuterol. digoxin levels.
Epinephrine X/Major Fair Linezolid can Albuterol (inh)- Moderate Fair Concomitantly
(nasal) - increase furosemide (iv) use of the two
linezolid (iv) hypertensive can result in
effect of hypokalemia
epinephrine. and ECG
changes.
Albuterol (inh)- B/Minor Fair The QT Amikacin (iv)- Minor Good Decrease in the
azithromycin prolongation risk | piperacillin/tazoba efficacy of
(iv) can increase with ctam (iv) amikacin can be
concomitant usage seen with
concomitant
usage.

inh: per inhalation, iv: intravenous, po: per oral
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Table 5. The ATC groups of the drugs the most commonly caused pDDIs

UpToDate® Micromedex®
Drug Group (ATC) n (%) Drug Group (ATC) n (%)
Drugs for Obstructive 112 (30.94) Antibacterials for systemic 68 (39.53)
Airway Diseases use
Antibacterials for 101 (27.90) Antiepileptics 25 (14.53)
Systemic Use
Antiepileptics 49 (13.54) Drugs for obstructive 25 (14.53)
airway diseases
Corticosteroids 25 (6.91) Corticosteroids 13 (7.56)
Nasal Preparations 17 (4.70) Cardiac glycosides 6 (3.49)
Psycholeptics 10 (2.76) Anti-inflammatory and 5(2.91)
antirheumatic products
Analgesics 9 (2.49) Nasal preparations 4 (2.33)
Drugs for Functional 7(1.93) Psycholeptics 4 (2.33)
Gastrointestinal Disorders

Table 6 lists factors that may be related with the presence of pDDlIs.

Table 6. The relationship between various factors and the determination of pDDIs

Factors The roup that at least one The group that no pDDI p value
pDDI was encountered was encountered (n=16)
(n=35)

Age (months) [median (min-max)] 18.00 (8.00 — 43.50) 72.00 (9.50 — 99.00) 0.3242
Sex n (%) 0.485°

Male 16 (45.71) 9 (56.25)

Female 19 (54.29) 7 (43.75)

The duration of hospitalization (days)
[median (min-max)] 7.00 (5.50 — 11.50) 6.50 (5.00 — 8.00) 0.1942
Concomitant usage of at least 5
different systemic drugs

n (%) 28 (80.00) 3 (18.75) <0.001°

aMann-Whitney U test °Chi-squared test

The concordance rate between the UpToDate® and Micromedex® databases was 84.31% in
terms of their ability to identify pDDIs (kappa coefficient=0.676, standard error=0.102, (p<0.001).

The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of
the Micromedex® database in determining pDDIs were calculated to be 79.41%, 94.12%, 96.43%,
69.56%, and 84.31% when the UpToDate® database was assumed as the reference database. The main
reason we assume the UpToDate® database as a reference is that it categorizes drug interactions into
risk rating categories and gives a higher number of drug interactions compared to the Micromedex®
database.

The concordance rates between the drug interactions databases were given in Table 7.

Drug-drug interactions are major issues that require attention, as they result in prolonged
hospitalizations, increased health care expenses, severe drug responses, and treatment failure.
Inappropriate drug use is an important risk factor for the development of adverse reactions [9]. For this
reason, pDDls are issues that should be considered by healthcare professionals for the well-being of the
patient.

In a previously conducted study, Hassanzad et al. [10] found 845 pDDIs via the Lexi-Interact®
database among 176 prescriptions obtained from 176 pediatric patients. In our study, the number of
pDDIs was 181 out of 473 daily medication lists obtained from 51 pediatric patients via the UpToDate®
database, which was quite different from those of Hassanzad et al. The explanation of this could be our
relatively small sample size. In addition, while Hassanzad et al. evaluated the prescriptions of the
patients only on the second day of hospitalization, we evaluated the daily medication lists of the patients
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on each day of their hospitalization. Maybe in our case, interday drug variability was lower than those
of Hassanzad et al.

Table 7. The concordance rates between the UpToDate® and the Micromedex® databases in terms of
the severities and documentation rates of the determined pDDIs

Parameter Degree Concordance Kappa Standard Error p value
Rate (%) Coefficient

Minor 54.90 -0.026 0.072 0.724

The Severity of Moderate 84.31 0.689 0.098 <0.001

the Interaction Major 74.51 0.485 0.106 <0.001

Contraindicated 96.08 0.646 0.233 <0.001

_ Fair 88.24 0.765 0.090 <0.001

D““gg{‘e‘at'on Good 78.43 0.571 0.107 <0.001

Excellent 60.78 0.071 0.082 0.355

A study which was conducted among 384 pediatric patients in a university hospital, the frequency
rate of pDDIs was found as 45.8% according to the Micromedex® database [11]. In another study that
employed the Micromedex® database and included all patients younger than 21 years of age
hospitalized between January 2011 and December 2011 in U.S. children's hospitals, the rate of pDDIs
was 49%. [4]. In our study, the frequency of pDDIs in our analysis of 51 pediatric patients was 54.9%
(n=86) according to the Micromedex® database.

Getachew et al. [11] categorized pDDIs based on their mechanisms and found that the biggest
proportion (50%) belonged to the pharmacokinetic group, as did our study (63.95%) according to the
Micromedex® database. Tavousi et al. [12] categorised pDDIs based on their mechanisms and found
that the biggest proportion belonged to the pharmacodynamic category (56.1%), as did our analysis
(51.93%) according to the UpToDate® database.

In a study done by Bebitoglu et al. [12], a total of 634 pDDIs were identified in hospitalized
pediatric patients over the course of one year by using Lexi-Interact database. The following were the
rates of interactions based on risk rating categories: 42.7% of the interactions were in category A, 44.8%
were in category B, 8.4% were in category C, and 4.1% were in category D. We found 181 pDDIs using
UpToDate®. None were A, 35.36% B, 43.65% C, 19.34% D, and 1.66% X risk rating category. We
observed fewer interactions than Bebitoglu et al. [13] since duration of our study was shorter.

Getachew et al. [11] found that the proportion of pDDIs with minor, moderate, and severe severity
was 39%, 51%, and 10%, respectively, out of a total of 393 pDDIs according to the Micromedex®
database. Ismail et al. [12] was found the minor, moderate, major and contraindicated severity rates of
pDDlIs as 35.4%, 41.5%, 21.9%, and 1.2%, respectively according to Micromedex® database among
260 pDDls in pediatric patients. However, in our study the minor, moderate, major, and contraindicated
severity rates were found as 3.49%, 61.63%, 30.23%, and 4.65% respectively in total 86 pDDIs
according to the Micromedex® database. We think that this observed difference in the distribution of
interaction severity may be due to the difference in the drugs used in the treatment of the patients and
the patient profile.

Choi et al. [14] have conducted a study in 115 pediatric patients and obtained 592 pDDls
according to the Micromedex® database in 258 drug pairs. However, in our study, we found 86 pDDIs
in 50 different drug pairs in 51 pediatric patients according to the Micromedex® database. The
difference in the number of drug pairs can be explained by the inclusion of different drug pairs in our
study.

In a study including 88 pediatric patients, the Micromedex® database identified ampicillin-
amikacin as the most common drug pair causing pDDIs [15]. In another study consisting of 115 pediatric
oncology patients, according to the Lexi-interact database, aminoglycosides and cephalosporines were
found to be the most common drug pair causing pDDIs [16]. In our study, the most common drug pair
causing pDDIs was determined as budesonide-clarithromycin according to both databases. When the
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two studies are compared, it is seen that antibiotics are the drug pairs that cause the most of the
interactions.

In a study including 510 pediatric patients, antimicrobials were identified as the class of drugs
that caused the most severe pDDIs [13]. In another study including 124 pediatric patients, the drug
groups that the most frequently associated with pDDIs have been found as nervous system drugs and
antiinfectives for systemic use [3]. In our study, however, antibacterials for systemic use, antiepileptics,
and drugs for obstructive airway diseases were most frequently associated with pDDIs.

The number of pDDIs increases with age and the number of prescribed drugs, especially as the
number of antiepileptic and immunosuppressant drugs increases [17]. As being parallel with our study,
Getachew et al. [11] found that there was a positive association between total number of drugs and the
likelihood of pDDls [11]. Although the study suggested that age had a substantial effect on the incidence
of pDDls, particularly in the 2—6 year age group [11], this was not the case in our research. Maybe this
is because we have not categorized the age further. In another study, the association between the number
of drugs and the number of pDDIs was analyzed, and it was shown that an increase in the total daily
number of drugs was associated with an increase in the number of pDDIs in both adult and pediatric
populations [17]. Also in the same study, the frequency of pDDIs which belongs to risk rating category
C and D was highest among prescriptions containing 3-4 drugs [13]. In a prior study done in a pediatric
intensive care unit, compared to those with <5 distinct drugs daily, those with 5-9 distinct drugs daily
had 5 times higher likelihood of any pDDIs exposure, and those with >10 distinct drugs daily had 37
times higher likelihood of any pDDIs exposure [1]. In our study, concomitantly usage of at least 5
different systemic drugs was associated with higher occurrence of pDDIs.

Ismail et al. [12] performed logistic regression analysis to define various factors associated with
the occurrence of pDDls; the relationship between the occurrence of pDDIs and hospitalization lasting
longer than five days, female sex, and use of at least five drugs were found to be statistically significant.
In the present study, we observed that a one-drug increase in the overall number of drugs a patient
received during hospitalization increased the likelihood of identifying pDDIs by 2.12-fold.

While the concomitant usage of at least 5 different systemic drugs was significantly affected the
number of pDDIs according to the risk rating category of B, C and D of UpToDate® database; it was
observed that concomitant usage of at least 5 different systemic drugs was not significantly associated
with risk rating category X. This maybe a consequence of our relatively small sample size.

Tecen-Yucel et al. [18] evaluated Lexicomp, Micromedex® and Medscape databases in adult
renal transplant recipients and compared the 3 databases in terms of compatibility of the severity of the
interactions detected and found that minor and moderate interactions showed poor agreement, while
major interactions showed mild and severe interactions showed moderate agreement. In our study, it
was found that the interactions of minor severity showed poor agreement, the interactions of moderate
severity showed substantial agreement, the interactions of major severity showed moderate and
contraindicated interactions showed substantial agreement between Micromedex® and Lexicomp
databases.

Reis et al. [6] have analyzed the accuracy of the Micromedex® and Lexi-Interact (Lexicomp)
databases by assuming Stockley's Drug Interactions 8th edition as the standard for identifying drug
interactions. They found sensitivity, specificity, positive predictive value and negative predictive value
for Drug-reax system as 88%, 91%, 88%, 91% and for Lexi-Interact as 87%, 88%, 88%, 87%;
respectively. We used the UpToDate® (Lexicomp) database as the reference standard in our study, and
we discovered that the sensitivity, specificity, positive predictive value, negative predictive value, and
accuracy of the Micromedex® database in terms of determining pDDIs were 79.41%, 94.12%, 96.43 %,
69.56%, and 84.51%, respectively.

Our research has some limitations. Because the study is only interested in pDDIs, more research
is needed to illuminate these interactions from a clinical aspect. The study was limited to one center and
a small patient population; a larger sample size is required to draw more generalizable conclusions about
pDDls.

There are numerous studies in the literature regarding assessment of pediatric pDDIs. Although
patient population remains the same across these literatures, the treatment protocols may be different
from each other. Hence, the pDDIs encountered are differed as well. As a result, the ability of drug
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interaction databases to detect pDDIs may vary. Here in this study, we aimed to put an emphasis on this
diversity seen among various drug interaction databases through a university experience. We expect that
when more studies similar to the current study is published, awareness of pDDIs in vulnerable patient
populations such as pediatrics will grow.

In conclusion, the active participation of clinical pharmacists in the healthcare team could aid in
the determination of pDDIs. In addition, the utilization of multiple drug interaction databases may be
effective in preventing the omission of a pDDI.

ACKNOWLEDGEMENTS

We like to convey our deepest appreciation to the healthcare team of the general pediatric ward
for their assistance throughout the study's conduction.

AUTHOR CONTRIBUTIONS

Concept: Z.U.G.; Design: N.O.; Control: N.O., Z.U.G.; Sources: - ; Materials: - ; Data Collection
and/or Processing: H.M., A.C.; Analysis e_x_nd/or Interpretation: H.M., AC.; Literature Review: H.M.,
A.C.; Manuscript Writing: H.M., A.C., N.O.; Critical Review: N.O., Z.U.G.; Other: -

CONFLICT OF INTEREST

The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL

This cross-sectional study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted by the ethics committee of Inonu University (25th January 2022 - No: 2022/3055).

REFERENCES

1. Dai, D., Feinstein, J.A., Morrison, W., Zuppa, A.F., Feudtner, C. (2016). Epidemiology of polypharmacy
and potential drug-drug interactions among pediatric patients in intensive care units of us children’s
hospitals. Pediatric critical care medicine: a journal of the Society of Critical Care Medicine and the World
Federation of Pediatric Intensive and Critical Care Societies, 17(5), €218. [CrossRef]

2. van den Anker, J., Reed, M.D., Allegaert, K., Kearns, G.L. (2018). Developmental changes in
pharmacokinetics and pharmacodynamics. Journal of Clinical Pharmacology, 58(10), S10-S25. [CrossRef]

3. Lima, E.D.C., Camarinha, B.D., Ferreira Bezerra, N.C., Panisset, A.G., Belmino de Souza, R., Silva, M.T.,
Lopes, L.C. (2020). Severe potential drug-drug interactions and the increased length of stay of children in
intensive care unit. Frontiers in Pharmacology, 11, 555407. [CrossRef]

4, Feinstein, J., Dai, D., Zhong, W., Freedman, J., Feudtner, C. (2015). Potential drug-drug interactions in
infant, child, and adolescent patients in children's hospitals. Pediatrics, 135(1), €99-108. [CrossRef]

5. Kheshti, R., Aalipour, M., Namazi, S. (2016). A comparison of five common drug-drug interaction software
programs regarding accuracy and comprehensiveness. Journal of Research in Pharmacy Practice, 5(4), 257-
263. [CrossRef]

6. Reis, A.M., Cassiani, S.H. (2010). Evaluation of three brands of drug interaction software for use in
intensive care units. Pharmacy World & Science, 32(6), 822-828. [CrossRef]

7. Roblek, T., Vaupotic, T., Mrhar, A., Lainscak, M. (2015). Drug-drug interaction software in clinical
practice: A systematic review. European Journal of Clinical Pharmacology, 71(2), 131-142. [CrossRef]

8. Vonbach, P., Dubied, A., Krahenbuhl, S., Beer, J.H. (2008). Evaluation of frequently used drug interaction
screening programs. Pharmacy World & Science, 30(4), 367-374. [CrossRef]

9. Ofori-Asenso, R., Agyeman, A.A. (2016). Irrational use of medicines-a summary of key concepts.
Pharmacy, 4(4), 35. [CrossRef]

10.  Hassanzad, M., Tashayoie Nejad, S., Mahboobipour, A.A., Salem, F., Baniasadi, S. (2020). Potential drug-
drug interactions in hospitalized pediatric patients with respiratory disorders: A retrospective review of
clinically important interactions. Drug Metabolism and Personalized Therapy, 35(1). [CrossRef]

11.  Getachew, H., Assen, M., Dula, F., Bhagavathula, A.S. (2016). Potential drug-drug interactions in pediatric
wards of gondar university hospital, Ethiopia: A cross sectional study. Asian Pacific Journal of Tropical
Biomedicine, 6(6), 534-538. [CrossRef]


https://doi.org/10.1097/pcc.0000000000000684
https://doi.org/10.1002/jcph.1284
https://doi.org/10.3389/fphar.2020.555407
https://doi.org/10.1542/peds.2014-2015
https://doi.org/10.4103/2279-042x.192461
https://doi.org/10.1007/s11096-010-9445-2
https://doi.org/10.1007/s00228-014-1786-7
https://doi.org/10.1007/s11096-008-9191-x
https://doi.org/10.3390/pharmacy4040035
https://doi.org/10.1515/dmpt-2019-0012
https://doi.org/10.1016/j.apjtb.2016.04.002

530 Memis et al. J. Fac. Pharm. Ankara, 47(2): 520-530, 2023

12.

13.

14.

15.

16.

17.

18.

Ismail, M., Igbal, Z., Khan, M.1., Javaid, A., Arsalan, H., Farhadullah, H., Khan, F., Khan, A.Z., Nasir, F.,
Khan, J.A. (2013). Frequency, levels and predictors of potential drug-drug interactions in a pediatrics ward
of a teaching hospital in pakistan. Tropical Journal of Pharmaceutical Research, 12(3), 401-406. [CrossRef]
Bebitoglu, B.T., Oguz, E., Nuhoglu, C., Dalkilic, A.E.K., Cirtlik, P., Temel, F., Hodzic, A. (2020).
Evaluation of potential drug-drug interactions in a pediatric population. Turk Pediatri Arsivi, 55(1), 30-38.
[CrossRef]

Choi, Y.H., Lee, I.H.,, Yang, M., Cho, Y.S., Jo, Y.H., Bae, H.J., Kim, Y.S., Park, J.D. (2021). Clinical
significance of potential drug-drug interactions in a pediatric intensive care unit: A single-center
retrospective study. PL0oS One, 16(2), e0246754. [CrossRef]

Medina-Barajas, F., Vazquez-Mendez, E., Perez-Guerrero, E.E., Sanchez-Lopez, V.A., Hernandez, C., II,
Gabriel, A.R., Huerta-Olvera, S.G. (2020). Pilot study: Evaluation of potential drug-drug interactions in
hospitalized pediatric patients. Pediatrics and Neonatology, 61(3), 279-289. [CrossRef]

Tavousi, F., Sadeghi, A., Darakhshandeh, A., Moghaddas, A. (2019). Potential drug-drug interactions at a
referral pediatric oncology ward in Iran: A cross-sectional study. Journal of Pediatric
Hematology/Oncology, 41(3), e146-e151. [CrossRef]

Langerova, P., Prokes, M., Konvalinka, M., Furstova, J., Urbanek, K. (2013). Incidence of potential drug
interactions in medication prescriptions for children and adolescents in the university hospital olomouc,
Czech Republic. European Journal of Pediatrics, 172(5), 631-638. [CrossRef]

Tecen-Yucel, K., Bayraktar-Ekincioglu, A., Yildirim, T., Yilmaz, S.R., Demirkan, K., Erdem, Y. (2020).
Assessment of clinically relevant drug interactions by online programs in renal transplant recipients. Journal
of Managed Care & Specialty Pharmacy, 26(10), 1291-1296. [CrossRef]


https://doi.org/10.4314/tjpr.v12i3.19
https://doi.org/10.14744/TurkPediatriArs.2019.60938
https://doi.org/10.1371/journal.pone.0246754
https://doi.org/10.1016/j.pedneo.2019.11.006
https://doi.org/10.1097/mph.0000000000001346
https://doi.org/10.1007/s00431-013-1933-7
https://doi.org/10.18553/jmcp.2020.26.10.1291

