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Abstract

Drug-drug interactions impose several financial and medical burden on medical system and
can lead to various health problems. The aim of this study was to investigate the incidence of Potential
Drug-Drug Interactions (PDDIs) and its related factors in patients admitted to a large university hospi-
tal in southern part of Iran. A retrospective observational study was conducted in neurology, infectious
and endocrinology wards of a tertiary care teaching hospital, Shiraz, Iran. PDDIs were identified using
Lexi-Interact™ Online database. The relationship betweenpatient’s age, gender, comorbidity, number of
medications,administration of high risk drugs, physician's university rank and scientific level, type of hos-
pital wardand PDDIs has been studied using logistic regression analysis. Totally 600 patients were evalu-
ated in our study. A total number of 5051 interactions were identified. 89.5% of patients experienced at
least one interaction regardless of the severity. The most frequent interaction was reported to be class C
(84.63%) interaction. According to our results, number of medications, administration of high risk drugs,
and type of hospital ward were reported as significant risk factors for the incidence of PDDIs. This study
suggest that the prevalence of PDDIs is still high even in a large university hospital.Using modern medi-
cal systems), regular monitoring of patients' medications,and paying special attention to patients who are
elderly or have certain diseases could help to minimize drug interactions. Moreover, the role of pharmacist
should not be ignored whom are the best professionals for preventing, monitoring and managing drug in-
teractions.
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1. Introduction lions of patients each year and are responsible for

Adverse drug events (ADEs) is a global
concern and impose a great financial burden on
medical system with an estimated cost of more
than $16 000 per hospitalization. It can affect mil-
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up to 5% of hospital admissions (1). Drug inter-
actions contribute to a major part of ADEs, espe-
cially in elderly. Although only about 10% of po-
tential interactions result in clinically significant
events, but death or serious clinical consequences
are rare. However, low-grade and clinically un-
spectacular morbidity in the elderly may be much
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more common (1, 2). A review study suggests that
about 0.05% of emergency referrals, 0.6% of hos-
pitalizations and 0.1% of readmissions are due to
the drug-drug interactions (DDIs) (3). In different
studies, the rate of drug interactions in patients
leading to adverse drug events and reduction in
therapeutic effects varies from 0.63 to 56%, which
can be due to differences in study design, study
population or duration (4).

Some of the risk factors associated with
potential drug-drug interaction (PDDIs) include:
age of the patient, gender, number of drugs pre-
scribed, administration of drugs with narrow
therapeutic index, and the number of physicians
involved in the patient’s care (5). Most studies re-
ported the number of administered drugs as a well-
recognized and major risk factor for the develop-
ment of PDDIs in patients. It has been reported
that in patients with 5 drugs, the risk of developing
PDDIs is about 40% while this risk is about 80%
in patients with 7 or more drugs (6). By increasing
the number of prescribed drugs to 8 drugs, PDDIs-
can reach to 100% (7).

Although some ADEsare unpredictable,
but most of them can be anticipated and avoided
especially in the case of PDDIs. Previous reports,
clinical studies, and an understanding of pharma-
cologic principles can be effective for anticipation
of these interactions (8, 9). Pharmacodynamic
interactions include synergistic, additive or an-
tagonistic effects of drugs, while alternation in
inhibition or induction of drug metabolism, ab-
sorption, distribution and excretion of drugs result
in pharmacokinetic interactions (10). In some cir-
cumstances, PDDIs can be effective for the better
management of patients for instance in the case of
synergistic effects between drugs (4). Some of the
effective strategies in decreasing the risk of PD-
DIs include: Limiting the number of drugs pre-
scribed for each patient if possible, reviewing the
prescribed drugs in a regularly basis and educating
patients by responsible pharmacists and collabora-
tive and professional relationship between phar-
macists and physicians during patient care.

The importance of drug interactions in
hospital settings is more than outpatient settings
since hospitalized people are more often elder,
polypharmacy, suffer from more than one disease
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and have kidney or liver disorders as well as elec-
trolyte disturbances (11). The study of DDIs in
different parts of the hospital is essential because
by knowing the mechanisms and risk factors as-
sociated with drug interactions, it can be easier to
reduce or even prevent the negative effects associ-
ated with them (12). Studies in this area can help
health professionals identify and prevent these in-
teractions.

Lexi-Interact is one of the reliable da-
tabases containing over 25 items, including dif-
ferent parts such as: monographs on prescription
and over-the-counter drugs, herbal monographs,
patient education for adult and pediatric popula-
tions, pregnancy and lactation, toxicology, drug al-
lergies, lab and diagnostic tests, and pharmacoge-
nomics. Interactive tools include a pill identifier,
oral and topical drug interaction tool, more than
100 clinical calculators, and 2 intravenous-drug
interactions tools (13).

The Lexi-Interact Database contains a
wide range of information resources provided by
Lexicomp®. This set of information is designed to
provide a large part of the pharmaceutical informa-
tion needed by medical staff and consumers. Some
of the benefits of this database includes: Possibil-
ity to add unlimited medicines, possibility to add
plant products and foods to check for interactions,
ability to add a specific dosage form of a drug, pos-
sibility of adding alcohol and tobacco to check for
drug interactions, provide suggestions for manag-
ing and treating interference, Complete informa-
tion on plant product interactions, etc.

Little information is available about the
epidemiology of PDDIs, and most of the evidence
is derived from case reports and volunteer stud-
ies. The goal of the present study is to identify the
frequency and levels of PDDIs in three wards of a
university hospital in southern part of Iran. The de-
terminants of PDDIs were investigated as a second
endpoint.

2. Materail and Methods
2.1. Study design and study sample

A retrospective observational study was
carried out in Namazi hospital, which is the larg-
est referral and tertiary care hospital of southern
part of Iran located in Shiraz, Iran. The popula-

Jrends in Pharmaceutical Sciences 2021: 7(4): 249-258.




tion study were selected from three wards includ-
ing neurology, infectious and adult endocrinology
wards. 600 patients were recruited into the study
after applying inclusion and exclusion criteria in
a period of 6 months from July 2020 to Febru-
ary 2021. All patients who were hospitalized in
the mentioned wards for at least 48 hours during
this period and received at least 2 drugs during the
hospitalization period were included in the study.
This study was approved by the Ethics Commit-
tee of the Shiraz University of Medical Sciences
(SUMS) (ethics code: IR.SUMS.REC.1398.910).

The information required for this study
was obtained from the medical charts of patients.
Demographic and clinical data including patient’s
age, gender, length of hospital stay, reasons for
admission, comorbidity, the treatment provided,
and administration of high risk drugs were col-
lected. It should be noted that after reviewing the
history of the underlying disease, only diseases
such as diabetes, hypertension, hyperlipidemia,
chronic kidney disease, asthma, chronic obstruc-
tion pulmonary disease that could have a greater
impact on the interactions were considered as co-
morbidities.

The APINCHS (Antimicrobials, Potas-
sium and other electrolytes, Insulin, Narcotics,
Chemotherapeutic agents,Heparin and other anti-
coagulants) system was used to evaluate high risk
drugs and the presence or absence of these drugs
and its number for patients was assessed (14).

2.2. Assessment of PDDlIs

Lexi-Interact™ Online (15) was used to
evaluate the occurrence of PDDIs. The Lexi-In-
teract software categorized each identified PDDIs
according to clinical significance level into 5 cat-
egories (A, B, C, D, X). We considered potential
interactions of level C, D, and X to be clinically
significant.

As per classification of the Lexi-Interact
software, all identified PDDIs were classified on
the basis of their levels of severity, onset, reliabil-
ity, and mechanism of interactions. Moreover, the
mechanism of each interaction was divided into
three categories: Pharmacokinetic, pharmacody-
namics and unknown.
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2.3. Statistical analysis

The data was analyzed using SPSS ver-
sion 21 (SPSS, Inc., Chicago, IL, USA). Quanti-
tative variable were presented as Mean£SD and
categorical data were presented as frequencies and
percentages. Logistic regression analysis was ap-
plied to determine the association between the oc-
currences of PDDIs with relate risk factors such
as patients’ characteristics including age, number
of prescribed Medications, length of hospital stay,
and physicians’ characteristics including univer-
sity rank and scientific level.

3. Results

Totally 600 patients were enrolled into the
study. Of these, 309 (51.5 %) were male and 291
(48.5%) were female. Most patients were between
50 and 75 years of age (41.3%). The median age
of patients were 54.82+19.11, 49.25+£18.01 and
58.11+18.73 for neurology, endocrine and infec-
tious wards, respectively. Most of the patients
were hospitalized less than 5 days (46.1%). 535 pa-
tients (89.1%) were finally discharged, 50 patients
(8.3%) were expired and 15 patients (2.5%) were
transferred to other wards. Out of 600 patients 477
ones (79.5 %) received 5 drugs and more, 537 ones
(89.5%) used high risk drugs and 378 ones (63%)
had comorbidities. The most frequent comorbidity
was Hypertension (132 patients) in the neurology
ward and diabetes in the endocrine (111 patients)
and infectious (63 patients) wards. The most fre-
quent diagnosis were cerebrovascular accident
(160 patients), Diabetic ketoacidosis (58 patients)
and sepsis (26 patients) for neurology, endocrine
and infectious wards, respectively. Demographic
characteristics of studied patients were showed in
table 1.

Anticoagulant agents were the most fre-
quent class of drugs administered in the neurology
(20.07%) and infectious (10.46%) wards. Insulin
was the most frequent drug (17.71%) in the endo-
crine ward.

In this study, a total of 6617 drugs were
administered to 600 patients during the study peri-
od, of which 5051 interactions were identified. 537
patients (89.5%), experienced at least one interac-
tion regardless of the severity. Table 2 showed the
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Table 1. Demographic and clinical characteristics of study patients (n=600).

Characteristics Hospital wards
""""" Infectious, n(%), ~ Endocrine, n(%),  Neurology, n(%),
______________________________________________________________________________________________________ RO = |- O 0 B
Age, years
<25 17(5.7) 16(10.7) 6(4)
25-49 110(36.7) 63(42) 45(30)
50-74 121(40.3) 60(40) 67(44.7)
>75 52(17.3) 11(7.3) 32(21.3)
Mean = SD (year) 54.82 +19.11 49.25+18.01 58.11 +18.73
range (year) 18-95 17-92 19-94
Gender
Male 156(52) 75(50) 78(52)
Female 144(48) 75(50) 72(48)
Length of hospital stay(day)
Less than 5 159(53) 73(48.7) 45(30)
5-10 85(28.3) 37(24.7) 43(28.7)
More than 10 56(18.7) 40(26.7) 62(41.3)
Mean + SD (day) 6.54 +4.80 7.85+6.50 11.12 +7.86
range (day) 2-29 2-29 2-31
Outcome of hospitalization
Discharge 284(94.7) 132(88) 119(79.3)
Expired 10(3.3) 13(8.7) 27(18)
Transfer 6(2) 5(3.3) 4(2.7)
Number of prescribed medications
2-4 73(24.3) 34(22.7) 16(10.7)
>5 227(75.7) 116(77.3) 134(89.3)
Mean = SD (number) 10.09 +4.934 10.87 +5.336 13.05 +5.203
range (number) 2-31 2-31 3-32
High risk drugs
Yes 250(83.3) 141(94) 146(97.3)
No 50(16.7) 9(6) 4(2.7)
Comorbidity
Yes 163(54.3) 122(81.3) 93(62)
No 137(45.7) 28(18.7) 57(38)

DDIs parameters including risk rating, reliability,
severity, on set and mechanism of action. The most
frequent interaction based on risk rating was class
C (84.63%). 83.19% interactions were moderate
followed by major (16.11%) and minor (0.69%)
interactions. Based on reliability, most of the inter-
actions were fair (72.38%). In addition, the onset
of most of interactions were unknown (95.88%).
Moreover, pharmacodynamic interactions were re-
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sponsible for 78.53% of interactions.

Some of the most frequent class X inter-
actions observed in this study includes:diazepam
/metronidazole (7 cases), acetazolamide/topira-
mate (6 cases), quetiapine /methadone (4 cases),
salbutamol/labetalol (4 cases), sodium polystyrene
sulfonate /magnesium hydroxide (4 cases), rivar-
oxaban/heparin (3 cases), salbutamol /carvedilol
(3 cases). Moreover, the most frequent major in-
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Table 2. Prevalence and levels of PDDIs in study patients.

Interactions, n(%), n=5051

patients with at least one inter-
action, n(%), n=600

Risk Rating C

Severity Major
Moderate
Minor
Excellent
Good

Fair

Reliability Rating

Poor
Onset Immediate
rapid
delay
unknown
Mechanism pharmacokinetic

pharmacodynamic

teractions include:Heparin / Aspirin (175 cases),
Clopidogrel / Pantoprazole (156 cases), valproic
acid & derivatives/meropenem (13 cases), diaz-
epam/phenytoin (8 cases) and atorvastatin /nico-
tinamide (8 cases).

The association between related risk fac-
tors and the incidence of PDDIs (C, D,X) and the
incidence of PDDIs (D, X) has been shown in ta-
ble 3 and 4, respectively. The possible variables af-
fecting the incidence of drug interactions were ex-
amined once with total interactions and once with
D and X category interactions, taking into account
all risk factors simultaneously.According to logis-
tic regression analysis, It has been shown that ages
75 years and older, underlying disease, number of
prescription 5 drugs and more, prescribing high-
risk drugs and type of ward (endocrine and infec-
tious) have a significant relationship with the inci-
dence of DX interactions (p-value <0.05). While
there was no correlation between gender, length
of hospitalization, physician's university rank and
scientific level of physicians (p-value> 0.05). On
the other hand, ages 75 years and older, underlying
disease, and endocrine ward only affect significant
interactions (DX), and no significant relationship
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4275(84.63) 524 (87.33)
685(13.56) 319 (53.17)
91(1.81) 67 (11.16)
814 (16.11) 346 (57.66)
4202 (83.19) 526 (87.66)
35 (0.69) 50 (8.33)
78 (1.54) 52 (8.66)
1299 (25.7) 386 (64.33)
3656 (72.38) 516 (86)
18 (0.35) 18 (3)
7(0.13) 4 (0.66)
166 (3.28) 162 (27)
35 (0.69) 29 (4.83)
4843 (95.88) 537 (89.5)
625 (12.37) 282 (47)
3967 (78.53) 521 (86.83)
459 (9.08) 576 (96)

was found between the roles of these risk factors
in the incidence of all interactions (CDX).

It has been shown that the incidence of
DX interactions in the neurology ward is less than
the infectious and endocrine wards.Regarding
the relationship between the type of ward and the
amount of CDX interactions, it was found that in
the infectious ward, the probability of interactions
is higher than in the neurology ward. No signifi-
cant relationship was observed in the endocrinol-
ogy and neurology ward. These results may be
due to the different nature of the wards and their
patients lead to administration of different medica-
tion. All of these differences may result in a differ-
ent level of interaction.

4. Discussion

In recent years, studies on ADEs have
become more prevalent and particularly more im-
portant due to the effect of these errors in increas-
ing patient mortality, hospital cost, duration of
hospitalization and decreasing medication safety
(16, 17). The American Medical Institute reports
on medication errors have increased the aware-
ness of medical care staffs about this issue (18).
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Table 3. Predictors of PDDIs (C, D, X) in study patients.

Variables PDDI CDX p-value OR (95% CI)
~ Absent,n(%)  Present, n(%)
‘Age,years
<25 11(17.5) 28(5.2) - 1.00
25-49 37(58.7) 181(33.7) 0.55 1.4(0.47-4.09)
50-74 12(19) 236(43.9) 0.18 2.33(0.67-8.10)
>75 3(4.8) 92(17.1) 0.64 1.48(0.28-7.96)
Gender (female) 34(54) 257(47.9) 0.5 0.77(0.37-1.63)
Comorbidity 17(27) 361(67.2) 0.09 1.99(0.89-4.47)
Length of hospital stay
Less than 5 32(50.8) 245(45.6) - 1.00
5-10 23(36.5) 142(26.4) 0.12 0.39(0.17-0.92)
More than 10 8(12.7) 150(27.9) 0.14 0.41(0.13-1.35)
Number of prescribed medications
2-4 28(44.4) 16(3) - 1.00
>5 35(55.6) 521(97) <0.001 29.22(10.78-79.21)
Administration of high 32(50.8) 505(94) <0.001 8.84(3.65-21.41)
risk medications
Ward
Neurology 36(57.1) 264(49.2) - 1.00
Endocrine 8(12.7) 142(26.4) 0.54 1.5(0.41-5.51)
Infectious 19(30.2) 131(24.4) 0.03 0.2(0.05-0.82)
Physician's university rank
Full Professor 4(69.8) 353(65.7) - 1.00
Associate professor 11(17.5) 103(19.2) 0.69 1.24(0.43-3.53)
Assistant professor 8(12.7) 81(15.1) 0.6 1.39(0.4-4.9)
Scientific level of Doctors
Specialist 25(39.7) 183(34.1) - 1.00
Sub-specialist 38(60.3) 354(65.9) 0.51 0.67(0.2-2.21)

The main findings of our study were as follows: 1.
about 89.5% of patients have experienced at least
one PDDI regardless of its type while 55.33% of
patients have encountered at least one significant
PDDI (D or X) 2. Most of PDDIs were class C and
moderate in severity 3. Factors such as number
of prescribed medications, administration of high
risk drugs, and types of hospital wards had signifi-
cant relationship with the incidence of CDX inter-
actions, while ages 75 years and older, number of
prescribed mediation, administration of high risk
drugs, patient comorbidity, and types of hospital
wards were considered as risk factors for the inci-
dence of DX interactions.

Most of our patients were categorized at
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the age of above 50 years old. These patients are
more sensitized to DDIs due to age-related chang-
es in pharmacokinetics and pharmacodynamics In
addition, elder individuals have higher number of
medications in their drug list that may make them
more vulnerable to DDIs (19). The lack of rela-
tionship between gender and the incidence of in-
teractions has been shown in previous studies (20,
21). Our results also showed similar finding.

According to our study, administration of
5 drugs and more could significantly increase the
incidence and the amount of interactions. The pos-
sibility of PDDIs will be increased with the incre-
ment in the number of drugs used by the patients
based on several other studies (19, 22).
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Table 4. Predictors of PDDIs (C, D, X) in study patients.

Variables PDDI CDX p-value OR (95% CI)
 Absent,n(%)  Present,n(%)
Age,years
<25 28(10.4) 11(3.3) - 1.00
25-49 113(42.2) 105(31.6) 0.23 1.73(0.71-4.2)
50-74 99(36.9) 149(44.9) 0.11 2.1(0.85-5.18)
>75 28(10.4) 67(20.2) 0.04 2.78(1.03-7.51)
Gender (female) 137(51.1) 154(46.4) 0.6 0.9(0.62 -1.32)
Comorbidity 167(62.3) 211(63.6) 0.03 0.6(0.38-0.95)
Length of hospital stay
Less than 5 139(51.9) 138(41.6) - 1.00
5-10 75(28) 90(27.1) 0.92 1.02(0.64-1.62)
More than 10 54(20.1) 104(31.3) 0.24 1.33(0.83-2.13)
Number of prescribed medications
2-4 42(15.6) 2(0.6) - 1.00
>5 228(84.4) 328(99.4) <0.001 10.22(5.52-18.91)
Administration of high 218(81.3) 319(96.1) <0.001 3.47(1.64-7.36)
risk drugs
Ward
Neurology 111(41.4) 189(56.9) - 1.00
Endocrine 86(32.1) 64(19.3) <0.001 0.41(0.22-0.76)
Infectious 71(26.5) 79(23.8) 0.01 0.39(0.19-0.82)
Physician's university rank
Full Professor 181(67.5) 216(65.1) - 1.00
Associate professor 46(17.2) 68(20.5) 0.73 1.11(0.63-1.94)
Assistant professor 41(15.3) 48(14.5) 0.97 1.01(0.51-1.99)
Scientific level of Doctors
Specialist 78(29.1) 130(39.2) - 1.00
Sub-specialist 190(70.9) 202(60.8) 0.58 0.84(0.44-1.59)

High risk medications, also mentioned
as high-alert medication classes in studies, were
identified as a major risk factor for medication
errors and can cause serious health problems
or even death to patients if use inappropriately.
These medications have a greater risk of causing
adverse events compared to ordinary drugs (23)
and sometimes were administered improperly (24)
Therefore, in this study, the relationship between
the administration of these drugs and PDDIs was
investigated. Insulin and anticoagulant agents
were the most frequent medications used in stud-
ied wards in our study, both of which categorized
as high-alert medication classes. According to our
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analysis, there was a direct association between
administration of high risk medications and the
incidence of PDDIs which was incongruent with
the report of other studies (25). In addition, there
was a significant association between admission in
infectious ward and the incidence of PDDIs in our
study. This observation can be illustrated by the
higher number of medications prescribed in pa-
tients admitted to infectious ward and also higher
rate of administration of high risk drugs in these
patients.

As it has been reported in previous stud-
ies, lack of sufficient information and poor train-
ing of medical staffs is the main reason for the
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high prevalence of drug interactions (26, 27).
Therefore, it is necessary for healthcare provider
to have adequate information toward drug interac-
tions and ways to prevent and control them (28).
Many studies have highlighted the role of clinical
pharmacists in reducing medicinal errors (29, 30).
Leape et al. showed that the presence of a clinical
pharmacist in medical rounds prevents the occur-
rence of adverse drug events by 66% and plays an
important role in preventing adverse drug conse-
quences due to medication errors (31). Therefore
it should be noted that Clinical pharmacists along
with other health care professionals can play an
essential role in the prevention or management of
PDDIs and improvement of medicinal therapy in
hospitalized patients.

5. Study limitation

In this study the patients were examined
only for the presence of drug interactions and
the clinical consequences associated with PDDIs
were not investigated. On the other hand, among
all resources and softwares available for identify-
ing drug interactions, Lexi-Interact was selected in
this study. Although selecting a specific software
prevents bias in results, it can also causes limita-
tion as some interactions might be missed or some
clinically unimportant interactions might be high-
lighted.

6. Conclusion

Drug interactions are still very prevalent
in hospitalized patients even in large university
hospitals. Minimizing the number of drugs pre-
scribed for each patient,Using modern medical
systems such as CPOE (Computerized physician
order entry), regular and accurate monitoring of
patients' medications,paying special attention to
patients who are elderly or have certain diseases
such as liver and kidney failure and performing
medication review by pharmacist are some of the
suggested strategies to reduce drug interactions.

Funding

This research, was extracted from a the-
sis written by Mohsen Bordbar and was finan-
cially supported by Shiraz University of Medical
Sciences, Shiraz, Iran (Grant number:19316).

Ethics approval and consent to participate

All procedures performed in this study
were in accordance with the ethical standards of
the institutional research Committee of Shiraz
University of Medical Sciences and with the 1964
Helsinki declaration and its later amendments. All
participants signed the written informed consent.

Conflict of Interest
All authors declared that they have no
conflict of interest

References

1. Juurlink DN, Mamdani M, Kopp A, Lau-
pacis A, Redelmeier DA. Drug-drug interactions
among elderly patients hospitalized for drug tox-
icity. JAMA. 2003 Apr 2;289(13):1652-8. doi:
10.1001/jama.289.13.1652. PMID: 12672733.

2. Seymour RM, Routledge PA. Important
drug-drug interactions in the elderly. Drugs Aging.
1998 Jun;12(6):485-94. doi: 10.2165/00002512-
199812060-00006. PMID: 9638396

3. Vonbach P, Dubied A, Krahenbiihl S, Beer
JH. Prevalence of drug-drug interactions at hospital
entry and during hospital stay of patients in internal
medicine. Eur J Intern Med. 2008 Oct;19(6):413-
20. doi: 10.1016/j.€jim.2007.12.002. Epub 2008
Feb 7. PMID: 18848174.

4. Kovacevic M, Vezmar Kovacevic S,

256

Miljkovi¢ B, Radovanovi¢ S, Stevanovi¢ P. The
prevalence and preventability of potentially rele-
vant drug-drug interactions in patients admitted for
cardiovascular diseases: A cross-sectional study.
Int J Clin Pract. 2017 Oct;71(10). doi: 10.1111/
ijcp.13005. Epub 2017 Sep 4. PMID: 28869702.
5. Kohler GI, Bode-Boger SM, Busse R, et
al. Drug-drug interactions in medical patients: ef-
fects of in-hospital treatment and relation to mul-
tiple drug use. Int J Clin Pharmacol Ther. 2000
Nov;38(11):504-513. DOI: 10.5414/cpp38504.
PMID: 11097142.

6. Bucsa C, Farcas A, Cazacu I, Leucuta D,
Achimas-Cadariu A, Mogosan C, Bojita M. How
many potential drug-drug interactions cause ad-
verse drug reactions in hospitalized patients? Eur J
Intern Med. 2013 Jan;24(1):27-33. doi: 10.1016/j.

Jrends in Pharmaceutical Sciences 2021: 7(4): 249-258.




¢jim.2012.09.011. Epub 2012 Oct 5. PMID:
23041466.

7. De Almeida SM, Gama CS, Akamine N.
Prevalence and classification of drug-drug in-
teractions in intensive care patients. FEinstein.
2008;5(4):347-51.

8. Koch L, Krinke B, Aberer W. Potential
drug-drug interactions and adverse drug reactions
in dermatological inpatients. J Dtsch Dermatol
Ges. 2016 Nov;14(11):1122-1129. doi: 10.1111/
ddg.12915. PMID: 27879085.

9. Ismail M, Igbal Z, Khattak MB, Khan MI,
Arsalan H, Javaid A, Gul Q, Khan F. Potential
drug-drug interactions in internal medicine wards
in hospital setting in Pakistan. Int J Clin Pharm.
2013 Jun;35(3):455-62. doi: 10.1007/s11096-013-
9764-1. Epub 2013 Mar 13. PMID: 23483444.

10. de Palencia Espinosa MAF, Carrasco
MSD, Soler JLF, Merino GR, De la Rubia Nieto
MA, Mir6 AE. Pharmacoepidemiological study of
drug—drug interactions in onco-hematological pe-
diatric patients. Int J Clin Pharm.2014;36(6):1160-
9.

11. Ismail M, Igbal Z, Khattak MB, Khan MI,
Javaid A, Khan TM. Potential drug-drug interac-
tions in cardiology ward of a teaching hospital.
Health Med. 2012;6:1618-24.

12. Shakeel, F., Aamir, M., Khan, A.F. et al.
Epidemiology of potential drug-drug interactions
in elderly population admitted to critical care units
of Peshawar, Pakistan. BMC Pharmacol Toxicol
2018;19:85. https://doi.org/10.1186/s40360-018-
0276-4.

13. Chatfield AJ. Lexicomp online and Micro-
medex 2.0. Journal of the Medical Library Asso-
ciation: JMLA. 2015;103(2):112.

14. APINCHS classification of high risk
medicines. available from : https://www.safetyan-
dquality.gov.au/our-work/medication-safety/high-
risk-medicines/apinchs-classification-high-risk-
medicines. Accessed in 4 Apr 2021.

15. Lexi-InteractTM  Online. Lexi-Comp's
Comperhensive drug-to-drug interaction, drug-
to-herb and herb-to-herb interaction analysis pro-
gram. available from: https://www.uptodate.com/
drug-interactions Accessed 21 feb 2021.

16. Guchelaar HJ, Colen HB, Kalmeijer
MD, Hudson PT, Teepe-Twiss IM. Medication
errors: hospital pharmacist perspective. Drugs.
2005;65(13):1735-46. doi: 10.2165/00003495-

Trends in Pharmaceutical Sciences 2021: 7(4): 249-258.

Potential drug-drug interactions in medical wards

200565130-00001. PMID: 16114974.

17. Vessal G. Detection of prescription errors
by aunit-based clinical pharmacist in a nephrology
ward. Pharm World Sci. 2010 Feb;32(1):59-65.
doi: 10.1007/s11096-009-9341-9. Epub 2009 Oct
17. PMID: 19838816.

18. Lassetter JH, Warnick ML. Medical errors,
drug-related problems, and medication errors: a
literature review on quality of care and cost issues.
J Nurs Care Qual. 2003 Jul-Sep;18(3):175-81;
quiz 182-3. doi: 10.1097/00001786-200307000-
00003. PMID: 12856901.

19. Teka, F., Teklay, G., Ayalew, E. et al. Po-
tential drug—drug interactions among elderly pa-
tients admitted to medical ward of Ayder Refer-
ral Hospital, Northern Ethiopia: a cross sectional
study. BMC Res Notes 2016;9:431. https://doi.
org/10.1186/s13104-016-2238-5.

20. Mousavi S, Ghanbari G. Potential drug-
drug interactions among hospitalized patients in a
developing country. Caspian J Intern Med. 2017
Fall;8(4):282-288. doi: 10.22088/cjim.8.4.282.
PMID: 29201319; PMCID: PMC5686307.

21. Namazi S, Pourhatami S, Borhani-
Haghighi A, Roosta S. Incidence of Potential Drug-
Drug Interaction and Related Factors in Hospital-
ized Neurological Patients in two Iranian Teaching
Hospitals. Iran J Med Sci. 2014 Nov;39(6):515-
21. PMID: 25429173; PMCID: PM(C4242985.

22. Saleem A, Masood I, Khan TM. Clinical
relevancy and determinants of potential drug-drug
interactions in chronic kidney disease patients: re-
sults from a retrospective analysis. Integr Pharm
Res Pract. 2017 Feb 17;6:71-77. doi: 10.2147/
IPRP.S128816. PMID: 29354553; PMCID:
PMC5774325.

23. Labib JR, Labib-Youssef MR, Fatah S.
High alert medications administration errors in neo-
natal intensive care unit: A pediatric tertiary hos-
pital experience. Turk J Pediatr. 2018;60(3):277-
285. doi: 10.24953/turkjped.2018.03.007. PMID:
30511540.

24. Foroughinia F, Mazraie S. Investigat-
ing the Use of Human Albumin in a Non-Teach-
ing Hospital in Iran. Iran J Pharm Res. 2017
Spring;16(2):817-822. PMID: 28979337; PMCID:
PMC5603893.

25. Aseeri M, Banasser G, Baduhduh O,
Baksh S, Ghalibi N. Evaluation of Medication
Error Incident Reports at a Tertiary Care Hospi-

257




Farzaneh Foroughinia et al.

tal. Pharmacy (Basel). 2020 Apr 19;8(2):69. doi:
10.3390/pharmacy8020069. PMID: 32325852;
PMCID: PMC7356747.

26. Pirmohamed M, James S, Meakin S,
Green C, Scott A K, Walley T J et al. Adverse drug
reactions as cause of admission to hospital: pro-
spective analysis of 18 820 patients. BM.J. 2004;
329 :15 doi:10.1136/bm;j.329.7456.15.

27. Vonbach P, Dubied A, Beer JH, Krihen-
biihl S. Recognition and management of poten-
tial drug-drug interactions in patients on internal
medicine wards. Eur J Clin Pharmacol. 2007
Nov;63(11):1075-83. doi: 10.1007/s00228-007-
0359-4. Epub 2007 Sep 6. PMID: 17805522.

28. S. Shah, B. S. Naqvi, Ale-Zehra Ale-Zeh-
ra, D. Ali, R. Saeed, G. Naqvi. Quantitative Analy-
sis of Drug, Drug Interactions of OTC Drugs with
other Prescribed Drugs Collected from Different
Hospitals and Clinics of Karachi, Pakistan. Jordan
J Pharm Sci. 2011;108(398):1-24.

258

29. Hanlon JT, Weinberger M, Samsa GP,
Schmader KE, Uttech KM, Lewis IK, et al. A ran-
domized, controlled trial of a clinical pharmacist
intervention to improve inappropriate prescribing
in elderly outpatients with polypharmacy. Am J
Med. 1996;100(4):428-37.

30. Leape LL, Cullen DJ, Clapp MD, Burdick
E, Demonaco HJ, Erickson JI, Bates DW. Phar-
macist participation on physician rounds and
adverse drug events in the intensive care unit.
JAMA. 1999 Jul 21;282(3):267-70. doi: 10.1001/
jama.282.3.267. Erratum in: JAMA 2000 Mar
8;283(10):1293. PMID: 10422996.

31. Bates DW, Leape LL, Cullen DJ, Laird
N, Petersen LA, Teich JM, Burdick E, Hickey M,
Kleefield S, Shea B, Vander Vliet M, Seger DL.
Effect of computerized physician order entry and
a team intervention on prevention of serious medi-
cation errors. JAMA. 1998 Oct 21;280(15):1311-6.
doi: 10.1001/jama.280.15.1311. PMID: 9794308.

Jrends in Pharmaceutical Sciences 2021: 7(4): 249-258.




