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ABSTRACT

الدوائية  الأدوية  تفاعلات  انتشار  ومقارنة  تحديد  الأهداف:  
لمستشفيين   )CCU( القلبية  الرعاية  وحدات  في   )DDIs(

الرعاية الثالثية وتحليل ارتباطها مع تنبؤات مختلفة.

عام  لمدة  الشاملة  المستعرضة  الدراسة  هذه  أجريت  الطريقة:  
ومستشفى  بيشاور،  في  الثالثية  للرعاية  مستشفيي  في  واحد 
 ،)HMC( الطبي أباد  التعليمي )KTH( ومجمع حياة  خيبر 
بيشاور، باكستان خلال الفترة ما بين يناير 2014م و يناير 2015م. 
 DDIs المعنية عن CCU قيمنا ملف الدواء للمريض من وحدات
 Micromedex تفاعل  حقائق  باستخدام   )PDDIs( المحتملة 

DrugReax والدواء.

النتائج:  كان معدل انتشار PDDIs 96.5% و %95.7 في كلا 
المستشفيين، مع أكثر من PDDIs 1200 في المجموع. كما ظهر 
كلا  في   PDDIs و  الموصوفة  الأدوية  من  عدد  بين  كبير  ارتباط 

المستشفيين.

الخاتمة:  إن معرفة PDDIs إما أنها غير موجودة لدى الأطباء أو 
لا تؤخذ بعين الاعتبار. مطلوب مراقبة PDDIs والتدخلات في 

الوقت المناسب لتقليل النتائج السلبية.

Objectives: To identify and compare the prevalence 
of drug-drug interactions (DDIs) in the intensive 
cardiac care units (CCUs) of 2 tertiary care hospitals 
and analyze their association with various predictors.

Methods: This one-year prospective cross-sectional 
study was conducted in 2 tertiary care hospitals of 
Peshawar, Khyber Teaching Hospital (KTH) and 
Hayatabad Medical Complex (HMC), Peshawar, 
Pakistan, between January 2014 to Janury 2015. The 
patient medication profiles from the respective CCUs 
were evaluated for potential DDIs (PDDIs) using 
Micromedex DrugReax and Drug interaction facts. 

Results: The prevalence of PDDIs was 96.5% and 
95.7% in the 2 hospitals, with over 1200 PDDIs in 
total. A significant association was found between 
the number of prescribed drugs and PDDIs in both  
hospitals. 

Conclusion: The knowledge of PDDIs is either 
lacking among the clinicians or is not taken into 
consideration. Monitoring PDDIs and timely 
interventions are required to minimize the adverse 
outcomes.

Saudi Med J 2018; Vol. 39 (12): 1207-1212
doi: 10.15537/smj.2018.12.23430

From the Department of Pharmacy (Shakeel, Hannan, Ullah, Aamir), 
Sarhad University of Science and IT, and the Department of Pharmacy 
(Khan, Zehra), University of Peshawar, Peshawar, Pakistan.
 
Received 19th July 2018. Accepted 16th October 2018.

Address correspondence and reprint request to: Dr. Faisal Shakeel, 
Department of Pharmacy, Sarhad University of Science and IT, 
Peshawar, Pakistan. E-mail: faisalshakeel1@gmail.com
ORCID ID: https://orcid.org/0000-0002-8468-8740

 www.smj.org.sa     Saudi Med J 2018; Vol. 39 (12)OPEN ACCESS

Management of patients in critical care units poses 
unique challenges due to the precarious nature 

of their illnesses.1 Multiple drug therapy is often used 
to treat these patients, which unfortunately increases 
the risk of unwanted medical errors exponentially.2 
Drug-drug interactions (DDIs) are the one of the 
most easily preventable of these errors.3,4 Drug-drug 
interactions must be minimal, so as not to diminish 
the desired therapeutic effect of the drug, and prevent 
an increase in patient morbidity and mortality.5 The 
frequency of cardiovascular diseases has increased 
worldwide, and account for 30% of all deaths, of which 
80% occur in developing countries. In Pakistan, 30% 
of all the deaths are due to cardiovascular diseases 
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and the Pakistani population has the highest risk of 
coronary heart disease in the world.6,7 Patients admitted 
to the cardiac intensive care units are especially prone 
to DDIs due to the large number of drugs prescribed, 
age and pathophysiological characteristics.8 Drug-drug 
interactions are one of the most significant causes 
of hospital admissions and re-hospitalizations.9 The 
prevalence of potential DDIs is reportedly high in 
patients under treatment for cardiological conditions. 
The studies in Brazil have reported the prevalence of 
potential DDIs (PDDIs) to be 87.2%,10 USA 27.3%,11 
and Netherlands 40.3%12 in the cardiology departments. 
However, limited data are available on the prevalence of 
DDIs in the CCUs in Pakistan; hence, the study was 
designed and conducted.

Methods. This one year prospective cross-sectional 
study was performed at the cardiac intensive care units 
(CICUs) of 2 teaching hospitals in Peshawar, namely 
Khyber Teaching Hospital (KTH) and Hayatabad 
Medical Complex (HMC), Peshawar, Pakistan, 
between January 2014 and January 2015. Patients from 
the province of Khyber Pakhtunkhwa and Afghanistan 
visit these hospitals for treatment. The sample size was 
calculated to be 520 patients (260 from each hospital). 
Approvals from the ethical committees of both hospitals 
were obtained. 

Inclusion criteria was set as patients admitted 
to the CCU for at least 24 hours and prescribed a 
minimum of 2 drugs. Patients who were administered 
medications once, or who received topical preparations 
and bulk sterile preparations were excluded from the 
study. Patient demographics and medication profile 
was collected on a predesigned proforma. International 
Conference on Harmonization guidelines for good 
clinical practice were followed.13

Potential DDIs were analyzed from the medication 
charts using both Micromedex database DrugReax 
and Drug Interaction Facts. These databases provide 
detailed information on the clinical outcome of the 
DDIs along with their mechanisms. Micromedex 
DrugReax reports the severity, documentation, onset, 
and mechanism of drug interacting pairs while Drug 
Interaction Facts additionally reports their clinical 
significance. The drug interacting pairs in Micromedex 
DrugReax are classified according to severity into 5 

categories (contraindicated, major, moderate, minor 
and unknown). Onset is classified as rapid, delayed 
and unknown while the documentation available is 
classified into excellent, good, fair and unknown. The 
type of interactions was classified as pharmacodynamic, 
pharmacokinetic and unknown, while the mechanisms 
as synergism, antagonism, absorption, distribution, 
metabolism, elimination and unknown. The clinical 
significance is classified in Drug Interaction Facts on 
a level from 1 to 5, with 1 being the most clinically 
significant and 5 the least. The prevalence of PDDIs can 
be defined as the total number of patients with at least 
one PDDI divided by the total number of patients.

Statistical analysis. Descriptive statistics was used and 
results were presented as mean ± SD and as percentages. 
Logistic regression was used to identify the significance 
of the factors associated with the presence of PDDI. 
The results were considered significant if p values were 
<0.05. The analysis was conducted using IBM SPSS 
Statistics for Windows, Version 20. (Armonk, NY: IBM 
Corp.)

Results. A total of 520 patients, 260 each from the 
KTH and HMC, were evaluated. The proportion of 
males was higher in both populations (male 59.23% 
and female 55%), while the mean age of the patients 
was 56 ±13.49 years for males and 59 ±12.75 years for 
females. Mean duration of stay in the CCU was 4 days 
and an average of 6 drugs were prescribed per patient in 
KTH, and these respective variables were 3 and 6 drugs 
in HMC (Table 1). Myocardial infarction was the most 
common diagnosis in both hospitals (Figures 1 & 2).

Potential drug-drug interactions. A total of 1295 
PDDIs were identified in KTH, comprising of 48 drug 
pairs, with at least one PDDI in 96.5% of patients. 
At least one PDDI was present in 98.1% of the male 
and 94.3% of the female patients. Most of the PDDIs 
had moderate severity (52.6%), good documentation 
(47.1%), unknown onset (59.1%), and were clinically 
significance (58.8%). In addition, 66.9% of the PDDIs 
were pharmacodynamic, while 44.6% had a synergistic 
mechanism (Table 2). The most frequently interacting 
drug pair was aspirin and clopidogrel (Table 3). 

In HMC, 1253 PDDIs were identified comprising 
of 93 drug pairs, with at least one PDDI in 95.7% of  
patients. In terms of severity, most of the PDDIs were 
moderate (54%) and of good documentation (51.2%), 
while the onset and clinical significance of most 
interactions were unknown (56.2% and 54.7%). Most 
of the interactions were pharmacodynamic (71.7%), 
while synergism was the most common mechanism 
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Table 1 - General characteristics of the patients admitted to the CCU.

Variables KTH
(n=260)

HMC
(n=260)

Gender (%)
Male
Female

154 (59.2)
106 (40.8)

143 (55.0)
117 (45.0)

Age (years)
Mean ± SD
Range
≤18
19-59
≥60

 
56 ± 13.49

17 - 100
2   (0.8)

137 (52.7)
121 (46.5)

 
59 ± 12.75

18 - 90
2   (0.8)

118 (45.4)
140 (53.8)

Drugs prescribed per patient
≤4
5-6
≥7

 
60 (23.1)

117 (45.0)
83 (31.9)

 
34 (13.1)

128 (49.2)
98 (37.7)

Stay in CCU (days)
≤2
3-4
≥5

 
35 (13.5)

171 (65.8)
54 (20.8)

 
145 (55.7)
99 (38.1)
16   (6.2)

CCU - cardiac care units

Table 2 - Categories of PDDIs encountered in the CCU.

Variable  KTH HMC

Total PDDIs
Severity of PDDIs

Major 
Moderate
Minor

       n=1295 
585 (45.2)
681 (52.6)
29   (2.2)

          n=1253
72 (45.7)

676 (53.9)
5 (0.4)

Documentation of PDDIs
Excellent
Good
Fair

 
214 (16.5)
610 (47.1)
471 (36.4)

 
136 (10.9)
641 (51.1)
476 (38.0)

Onset of PDDIs
Rapid
Delayed
Unknown

n=1295
233 (18.0)
297 (22.9)
765 (59.1)

n=1253
288 (23.0)
261 (20.8)
704 (56.2)

Clinical significance of PDDIs
1
2
3
4
5
Unknown

 
43   (3.3)

266 (20.5)
56   (4.3)
19   (1.5)

150 (11.6)
761 (58.8)

 
34   (2.8)

295 (23.5)
56   (4.5)
9   (0.7)

173 (13.8)
686 (54.7)

Type of interaction
Pharmacodynamic
Pharmacokinetic
Unknown

 
867 (70.0)
415 (32.0)
13   (1.0)

 
898 (71.7)
339 (27.0)
16   (1.3)

Mechanism of interaction
Synergism
Antagonism
Absorption
Metabolism
Elimination
Absorption/metabolism
Unknown

 
577 (44.6)
291 (22.5)
32   (2.5)

180 (13.9)
197 (15.2)

5   (0.3)
13   (1.0)

 
572 (45.6)
326 (26.0)

2   (0.2)
117   (9.3)
219 (17.5)

1   (0.1)
16   (1.3)

PDDIs - potential drug-drug interactions, CCU - cardiac care units, 
KTH - Khyber Teaching Hospital, Peshawar, Pakistan, 

HMC - Hayatabad Medical Complex, Peshawar, Pakistan
 

Figure 1 - Percentages of patient diagnosis in the cardiac care 
units of Khyber Teaching Hospital, Peshawar, Pakistan. 
MI - myocardial infarction, ACS - acute coronary syndrome

Figure 2 - Percentages of Patient Diagnosis in the cardiac care units 
of Hayatabad Medical Complex, Peshawar, Pakistan. 
MI - myocardial infarction, ACS - acute coronary syndrome, 
CAD - coronary artery disease

(45.7%) (Table 2). The frequently occurring drug 
interacting pairs along with their potential outcomes 
(the possibility of adverse events due to the concomitant 
use of the drugs) are shown in Table 3. 

Predictors of PDDIs. Multiple logistic regression 
was applied to identify the association of PDDIs with 
number of prescribed drugs, duration of stay and with 
gender. In KTH, a significant association was seen 
between the presence of PDDIs and prescription of 3 or 
more drugs (OR = 35.157; 95%CI = 1.041-1187.61; 
p≤0.05). The association of PDDIs with duration of 
stay ≥3 days (OR = 0.916; 95%CI = 0.108-7.768; 
p≥0.05), and with gender (OR = 0.325; 95%CI = 
0.076-1.384; p≥0.05) (Table 4) were insignificant. In 
HMC, there was a significant association between the 
presence of PDDIs and prescription of six or more 
drugs (OR = 12.756; 95%CI = 2.637-61.706; p≤0.05). 
As with KTH, an insignificant association was seen 
between the presence of PDDIs and duration of stay ≥3 
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days (OR=1.327; 95%CI = 0.364-4.831; p≥0.05), and 
gender (OR=0.658; 95%CI = 0.185-2.339; p≥0.05) 
(Table 4).

Discussion. This study was conducted in 2 tertiary 
care hospitals of Peshawar, the Khyber Teaching 
Hospital and Hayatabad Medical Complex, and the 
prevalence of PDDIs in the respective CCUs was 
96.5% and 95.7%. Previous studies conducted in the 
cardiology departments of hospitals in Pakistan reported 
PDDI prevalence of 91.6% and 77.5%, whereas high 
prevalences of PDDIs was also reported from India 
(74.5%)16 and Brazil (70.6%).17 However, these studies 
were conducted in the cardiology wards and not in the 
CCUs where higher prevalence would be expected. A 
study conducted in the US reported a prevalence of 
29% in cardiothoracic ICU and 27.3% in the CCU. 
The prevalence reported in the Netherlands is at least 
one PDDI in 40.3% patients.12 Studies suggest that 
anticoagulants and antiplatelets are commonly involved 
in PDDIs in CCUs,8 and cardiac patients are susceptible 

to minor alterations in drug therapy which leads to 
multiple problems.11 Consistent with the general 
predominance of heart diseases in males, most patients 
in our cohort were also men.18 In addition, the most 
prevalent cardiac disease is  myocardial infarction (MI).19  
Potential DDIs are considered significant if they display 
severity as major or moderate, and documentation as 
excellent or good. The majority of PDDIs in this study 
were with moderate severity and good documentation; 
thus, they were significant and must be avoided to 
decrease the mortality and morbidity rates. Most of 
the PDDIs were pharmacodynamic and synergistic, 
consistent with other studies.20 Polypharmacy is 
significantly related to the increased number of PDDIs, 
and a strong association was seen between the number 
of prescribed drugs and PDDIs in this study (p≤0.01). 
Previous studies have also reported a significant 
association between these 2 factors.21 In contrast, the 
association between PDDIs with either duration of stay 
or number of interactions were insignificant, possibly 
due to the brief duration in the CCU. 

Table 3 - Most common interacting drug pairs in the cardiac care units.

Interacting pair Frequency 
KTH (%)

Frequency 
HMC (%)

Potential outcome

Aspirin-Clopidogrel 204 (15.8) 183 (14.6) Increased risk of bleeding
Aspirin-Enoxaparin 131 (10.1) 138 (11.0) Increased risk of bleeding
Clopidogrel-Enoxaparin 126   (9.7) 143 (11.4) Increased risk of bleeding
Atorvastatin-Clopidogrel 97   (7.5) 56   (4.5) Decreased formation of active metabolite of clopidogrel
Aspirin-Nitroglycerin 87   (6.7) 115   (9.2) Increased nitroglycerin concentrations and depression of additive 

platelet function
Aspirin-Metoprolol 84   (6.4) 46   (3.7) Decreased antihypertensive effect of metoprolol
Aspirin-Ramipril 84   (6.4) 103   (8.2) Decreased ramipril effectiveness
Aspirin-Furosemide 57   (4.4) 54   (4.3) Decreased diuretic and antihypertensive efficacy
Clopidogrel-Esomeprazole 40   (3.1) - Reduced plasma concentrations of clopidogrel active metabolite
Ramipril-Furosemide 33   (2.5) 31   (2.5) Postural hypotension (first dose)
Aspirin-bisoprolol - 80   (6.4) Decreased antihypertensive effect of bisoprolol

KTH - Khyber Teaching Hospital, Peshawar, Pakistan, HMC - Hayatabad Medical Complex, Peshawar, Pakistan

Table 4 - Logistic regression analysis.

Variable                KTH                 HMC
OR (95%CI) P-value OR (95%CI) P-value

Prescribed drugs
<3
≥3

Duration of stay
<3
≥3

Gender
Male 
Female

35.157 (1.041 - 1187.61)

0.916 (0.108 - 7.768)

0.076 (0.076 - 1.384)

<0.05

>0.05

>0.05

12.756 (2.637 - 61.706)

1.327 (0.364 - 4.831)

0.658 (0.185 - 2.339)

<0.05

>0.05

>0.05

KTH - Khyber Teaching Hospital, Peshawar, Pakistan,  HMC - Hayatabad Medical Complex, Peshawar, 
Pakistan, OR - odds ratio, 95%CI - 95% confidence interval
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Anticoagulants, antiplatelets, and antihypertensive 
medications are commonly used in CCUs and are also 
involved in the majority of the PDDIs. However, if 
the potential benefits outweigh the risks, the physician 
may prescribe them together. Various electronic 
databases have been useful in the identification of 
DDIs along with their severity, documentation, 
onset, mechanism and clinical significance, based on 
which the clinician makes the decision to continue, 
discontinue or modify the drug pairs. However, simply 
changing or discontinuing the interacting drug pairs 
identified by the electronic databases without analyzing 
the underlying mechanisms may lead to unreliable 
clinical decisions, thereby complicating the patient’s 
condition. For example, aspirin and clopidogrel were 
the most frequently interacting pair in this study and 
associated with an increased risk of bleeding; however, 
they may be given together in some patients to prevent 
thromboembolism. Therefore, the final decision 
should be made according to the patients’ specific 
requirements. Unfortunately, PDDIs are not properly 
monitored in CCUs, and many physicians are either 
not aware of the potential harm of PDDIs or are too 
burdened to consider them. Moreover, both KTH and 
HMC presented statistically similar results in terms of 
prevalence of PDDIs and their severity, documentation, 
onset, type, mechanism and clinical significance, which 
confirms the similarities in the clinical practices in both 
hospitals. Therefore, we recommend using electronic 
databases to help clinicians make patient-specific 
decisions after evaluating the complete details of 
PDDIs. However, if financial constraints limit the use 
of such databases, the data provided in ours and similar 
studies can help optimize patient therapy.

Study limitations. This study was limited to the 
KP region in Pakistan and neighboring Afghanistan. 
Adverse outcomes could also not be monitored due to 
the study design. 

In conclusion, high risk of developing PDDI in 
patients receiving polypharmacy and lengthier stay 
in the CCU settings as when compared with studies 
conducted in cardiology wards. Regular monitoring 
of PDDIs and timely interventions to minimize the 
adverse outcomes, and the mortality and morbidity 
rates is recommended.
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