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ABSTRACT 

Hospitalized patients with heart diseases are often administered a number of concomitant 

drugs in order to achieve maximum therapeutic benefit. However, the concomitant use of 

multiple drugs increases the risk of drug-drug interactions (DDIs) and their associated 

adverse outcomes. Additionally, drugs used for comorbidities further add to the complexity 

of pharmacotherapy and the risk of DDIs. Therefore, studies are required to explore these 

issues in patients with heart diseases in order to promote drug safety. The present study 

aimed to identify the prevalence, nature, levels, and predictors of potential drug-drug 

interactions (pDDIs) among hospitalized patients with five most frequent heart diseases 

i.e., coronary artery disease (CAD), acute coronary syndrome (ACS), myocardial 

infarction (MI), congestive cardiac failure (CCF), and left ventricular failure (LVF). This 

study was conducted in cardiology wards of three major tertiary care hospitals of Peshawar, 

Khyber Pakhtunkhwa, Pakistan. Medical records of 2000 adult patients were included (n = 

400 per disease). Micromedex Drug-Reax® was used for the identification of pDDIs. Odds 

ratios were calculated for various predictors using the binary logistic regression in order to 

quantify the risk of association. The overall prevalence of pDDIs was 95.5% in CAD, 

98.3% in ACS, 96.7% in MI, 96.3% in CCF, and 96% in LVF. The prevalence of major- 

and moderate-pDDIs were 91.5% and 90.5% in CAD, 96.7% and 94.2% in ACS, 76.3% 

and 71.5% in MI, 88.2% and 92.5% in CCF, and 90.5% and 90.7% in LVF, respectively. 

Multivariate logistic regression analysis in CAD revealed a significant association of >5 

pDDIs and >3 major-pDDIs with increasing number of prescribed drugs (p<0.001). In 

ACS, a significantly higher risk of >6 pDDIs and >4 major-pDDIs was observed with ≥9 

prescribed drugs (p<0.001). In MI patients, the risk of >6 pDDIs was significantly 
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associated with 8-10 (p<0.001), 11-13 (p=0.001) and >13 prescribed drugs (p<0.001). 

Similarly, the risk of >4 major-pDDIs was significantly higher in patients with a hospital 

stay of 3-4 days (p=0.03) and >13 prescribed drugs (p<0.001). In patients with CCF, a 

significant association between >4 pDDIs was observed in patients taking 7-10 (p=0.001), 

11-14 (p<0.001) and >14 prescribed drugs (p<0.001). Whereas, the association of >3 

major-pDDIs was significantly higher in patients prescribed 7-10 (p=0.01), 11-14 

(p=0.001) and >14 (p<0.001) drugs. The risk of >6 pDDIs was significantly higher with 

age of >70 years (p=0.009) and increasing number of prescribed medicines (p<0.001) in 

LVF. While, exposure to >4 major-pDDIs was significantly higher for male patients 

(p=0.007); and 9-12 (p=0.004) and >12 (p<0.001) prescribed drugs. Aspirin-clopidogrel, 

clopidogrel-enoxaparin, enoxaparin-streptokinase, furosemide-ramipril, atorvastatin-

clopidogrel, bisoprolol-insulin, digoxin-spironolactone and albuterol-furosemide were the 

most frequent drug interacting combinations, which were associated with signs/symptoms 

of bleeding, elevated blood pressure, deteriorated renal function, impaired clinical 

response, chest pain, orthopnea, edema, and electrolyte abnormalities. In conclusions, a 

high prevalence of pDDIs was observed in patients with CAD, ACS, MI, CCF and LVF. 

Of which, major- and moderate-severity pDDIs were most frequent. Patients with extended 

hospital stay and increased number of prescribed drugs were at higher risk of pDDIs. The 

findings of this study necessitate vigilant assessment of hospitalized patients with various 

heart diseases regarding the identification, prevention and management of pDDIs and their 

associated adverse outcomes. 
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CHAPTER 1: INTRODUCTION 

1.1  Drug-drug interactions  

1.1.1  Background 

Hospitalized patients with various heart diseases including coronary artery disease (CAD), 

acute coronary syndrome (ACS), myocardial infarction (MI), congestive cardiac failure 

(CCF), and left ventricular failure (LVF) are frequently prescribed multiple drugs in order 

to manage these diseases, their associated symptoms and various comorbidities 1-4. 

However, the concomitant use of multiple drugs considerably increase the risk of drug-

drug interactions (DDIs), which may result in unwanted adverse events or therapeutic 

failure 5-7. DDI is a meaningful therapeutic shift in the desired effect of a drug (object drug) 

owing concomitant use of another drug (precipitant drug) 8,9. In practice, the prospective 

detection and prevention of such DDIs is highly recommended and frequently employed 

in order to ensure patient safety and desired therapy outcome. The term potential drug-drug 

interaction (pDDI) describes the possible interactions, based on published reports and/or 

pharmacological plausibility, between concomitantly prescribed drugs having probability 

of an undesired adverse outcome or therapeutic failure 10,11. 

1.1.2  Categorization of drug interactions  

DDIs are broadly categorized as pharmacokinetic and pharmacodynamic interactions.  

1.1.2.1 Pharmacokinetic drug-drug interactions 

Pharmacokinetic DDIs affect the delivery of a drug by the co-prescription of another drug 

which is concomitantly administered. These interactions are attributed to the kinetic 

benchmarks (absorption, distribution, metabolism, elimination) which ultimately affect the 
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half-life, peak serum titer and area under the curve of the object drug. Drug transporters 

are vitally important in pharmacokinetic profile 12-14. 

The molecular predictors 15 of pharmacokinetic DDIs are as follows; 

• Enzymes [cytochrome-P (CYP)-450, glucuronosyl-transferases (UGT), 

glutathione-S-transferases (GST)]  

▪ CYP3A4, CYP3A5, CYP2C9, CYP2C19, CYP2C8, CYP2D6, 

CYP2B6, CYP1A2, CYP1A1, CYP1A2, UGT1A1, UGT2B7, GST  

• Drug transporters  

▪ ATP binding cassette transporters 

▪ Solute carrier transporters 

• Nuclear receptors 

▪ Pregnane X-receptors 

▪ Constitutive androstane receptors 

1.1.2.2 Pharmacodynamic drug-drug interactions 

Pharmacodynamic DDIs modify the response of the object drug by the co-prescription of 

precipitant drug upon concomitant administration. Pharmacodynamic interactions occur 

due to the agonistic or antagonistic potential of both the object and precipitant drug at the 

site of action upon coadministration 12-14. 

The levels of pharmacodynamic DDIs where the pharmacodynamic effect of precipitant 

drug can be assessed on the object drug are as follows 16: 

• Receptor (competition of binding of drugs) level  

• Signal transduction level 
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• Physiological system level 

1.2  Drug interactions in heart diseases 

1.2.1  Overview 

Among non-communicable diseases, heart diseases are the leading mortality risk to public 

health. Many individuals with severe heart diseases suffer from chronic comorbid ailments 

17. The continuum of improvement among patients with heart diseases is attributed to 

extensive drug therapy for heart diseases and its associated comorbidities/complications 18. 

Many times, drug therapy improves feeling of  wellbeing, however, inapt prescription may 

be harmful 19. Multiple drug use or polypharmacy in heart disease patients result in DDIs. 

DDIs emerge as significant threat and may impose severe harmful implications in diseased 

population. Owing the growing complexity and limitations in the drug therapy of heart 

diseases, the decision pertaining to the appropriateness of a prescription medication is 

becoming increasingly challenging 1,3,6,20,21. Hence in the context of DDIs, proper 

management of therapeutic regimen may reduce the likelihood of harmful events.  

Recently, the developing world is adopting computer-based softwares for the screening of 

pDDIs, which has become essential in the routine clinical practice for identification of drug 

interactions and appropriate management 19,22-24. 

1.2.2  Importance of drug interactions in pharmacotherapy of heart diseases 

In recent years, the effective management of heart diseases require an integrated and 

multidisciplinary approach in consideration to multiple features including diagnosis of 

functional and structural cardiac abnormalities; surgical management or implantable 

devices; medications; concomitant therapy of comorbidities; physical rehabilitation, and 

dietary considerations.  The clinical research has firmly ascertained an evidence-based 
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pharmacotherapy for the management of heart diseases. The pharmacotherapy of heart 

diseases conventionally comprises of anticoagulant agents, fibrinolytics, hydroxymethyl-

glutaryl coenzyme-A (HMGCO) reductase inhibitors, beta (β) adrenergic blockers, 

angiotensin converting enzyme inhibitors (ACEIs), mineralocorticoid receptor 

blockers/antagonists (MRAs), angiotensin receptor blockers (ARBs), hydralazine, nitrates, 

diuretics, digoxin and more recently, the angiotensin receptor neprilysin inhibitor (ARNIs).  

Table 1-1: Pharmacotherapy of heart diseases 

S. No Therapeutic group 

1 Anticoagulant agents 

2 Fibrinolytics 

3 Hydroxymethyl-glutaryl coenzyme-A reductase inhibitors 

4 Beta-adrenergic blockers 

5 Angiotensin-converting-enzyme inhibitors  

6 Mineralocorticoid receptor blockers/antagonists  

7 Angiotensin receptor blockers  

8 Calcium channel blockers 

9 Nitrates 

10 Diuretics 

11 Cardiac glycosides 

12 Angiotensin receptor neprilysin inhibitor  

13 Inotropic agents 

14 Vasodilators 

 

Generally, patients with chronic heart diseases also suffer from several comorbidities, 

therefore, a range of medications are needed to accomplish therapeutic goal and improved 

health quality in such patients 17,18. Patients with heart diseases vary in management of 

their complications on account of having a single comorbidity or multiple comorbidities 
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25,26. Patients suffering from heart diseases and associated comorbidities are notably 

susceptible to adverse implications and errors of prescribed medications owing inherent 

risk of polypharmacy and utilization of high risk medications 27. Polypharmacy, the co-

administration of multiple pharmaceutical agents, as a consequence, can increase the risk 

of pDDIs and adverse drug reactions (ADRs). The potential of DDIs in such patients 

ascends with increasing number of associated comorbidities and prescribed medications. 

The crucial step in obviating DDIs and rectifying prescription orders for improved drug 

safety and desirable clinical outcomes is the considerable hiatus between available 

literature of DDIs and prevailing clinical practice. Regardless of stringent regulatory 

mechanisms for drug discovery and marketing of pharmaceutical entities, fewer among 

them gain holistic consideration in terms of DDIs. Mostly pharmacological agents have 

substantial effects on multiple organs beyond a single desired targeted outcome, 

particularly, in complicated patients with multiple morbidities. Certain untoward effects of 

the drugs are identified and reported only during surveillance and post marketing phase 

when a number of patients have potentially been affected and harmed during clinical 

practice 28.   

https://www.sciencedirect.com/topics/nursing-and-health-professions/medication-error
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1.3  Drug-drug interactions in coronary artery disease 

Coronary artery disease (CAD) originates from atherogenesis: while atherogenesis 

embarks in the endothelial cells of the blood vessels after qualitative divergence due to 

dyslipidemia, hypertension, diabetes or smoking. This atherogenesis is the end result of the 

biochemical, hemodynamic or oxidative stressors which lead to the limitation of the blood 

as a hallmark of reversible ischemia or hypoxia. Such reversible limitation of blood flow 

is associated with transient chest pain or angina pectoris 29. 

Generally, CAD encompasses the group of heart disease patients with angina pectoris and 

patients with obstructive or non-obstructive CAD who are asymptomatic with drug therapy 

alone and/or coronary revascularization (for alternative perfusion routes), besides patients 

with chronic stable coronary conditions who report with symptoms related to CAD. These 

conditions are also termed as stable coronary artery disease (SCAD) 30,31. 

The objective of management of CAD patients is focused at mitigation of the dyspnea, 

chest pain and other throbbing symptoms with intact quality of life (QoL). A holistic 

approach in the management of CAD encounters life style modifications (such as weight, 

diabetes, hypertension and other disorders management, physical and sexual activity, 

controlling risk factors like smoking and diet, cardiac rehabilitation and vaccination), 

patient counselling and education, and pharmacological management 31. 

The pharmacotherapy of CAD is aimed at palliation of anginal symptoms and prevention 

of any cardiovascular event over a long term due to coronary occlusion. The optimal drug 

therapy encompasses the anti-ischemic drugs including short acting nitrates (sublingual or 

oral spray nitroglycerin and sublingual isosorbide dinitrate) and long acting nitrates 

(isosorbide dinitrate oral preparation), β-adrenergic blockers, calcium antagonist [i.e. 
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calcium channel blockers (CCBs)], ivabradine (for CAD patients intolerant to β-blockers 

or where β-blockers do not produce an adequate control), nicorandil, trimetazidine, 

ranolazine, allopurinol as anti-anginal agent and molsidomine. Likewise, medications 

which are used for the prophylaxis and prevention of cardiovascular event(s) in CAD 

patients comprise of the antiplatelet drugs, lipid lowering agents, ACEIs and/or analgesics 

31-34.    

Reports on multiple drug mixes and subsequent DDIs are more likely in CAD. The 

deleterious effects of DDIs are detrimental in the management of hospitalized CAD 

patients. DDIs may be the precursor of the polypharmacy in CAD and its associated 

comorbid conditions.  These DDIs are consistently evident of medical and cost implications 

35-37.   

1.3.1  Clinical implications of drug-drug interactions in coronary artery disease 

The clinical outcomes of DDIs in hospitalized CAD patients could be either very severe 

which may demand medical consideration or special prescription practices shall be 

exercised to rule out the potential drug mix. Besides, the cognizance of laboratory 

determinants, and the particular clinical features associated with DDIs in drug therapy of 

CAD, largely influence the supplementary pharmacological interventions 38. In clinical 

practice, many drugs such as antiplatelet agents, β-blockers, renin-angiotensin system 

blockers, CCBs, nitrates and antihyperlipidemic agents either alone or in various 

combinations are commonly prescribed for the management of CAD patients and its related 

comorbid diseases 39,40. However, the concomitant use of multiple drugs may interact with 

each other, which can lead to untoward effects ranging from minor bruising to 

cardiovascular mortality 10,39,41. 



    

  8 

Bleeding has been described as a frequently reported consequence of DDIs in cardiology 

setting, mostly due to the widespread use of heparin and aspirin 5. CAD patients taking 

low-dose aspirin and other NSAIDs for musculoskeletal disorders significantly increase 

the risk of gastrointestinal (GI) bleeding 42. 

Similarly, antiplatelet therapy comprising clopidogrel and low-dose aspirin either alone or 

in combination is the mainstay of therapy for the long-term prevention in hospitalized CAD 

patients. Nonetheless, its use is commonly associated with GI complications which often 

require acid suppressant therapy leading to the co-prescription of P2Y2 inhibitors 

(clopidogrel) and proton pump inhibitors (PPIs). Owing to the inhibitory effect of PPIs on 

the cytochrome enzyme system, the antiplatelet activity of clopidogrel can be significantly 

affected. Among PPIs, a notable high on-treatment platelet reactivity has been reported 

with omeprazole while the interaction of pantoprazole, esomeprazole or histamine-2 

receptor antagonists such as ranitidine or famotidine has been reported to possess no 

significant interaction and are preferred to use in patients with greater risk of GI 

complications 43-48. 

The prolongation of QT interval may lead to polymorphic ventricular tachycardia and may 

cause sudden death. DDIs associated with a number of medications prescribed to patients 

with CAD may affect QT-prolongation. Of note, the concomitant use of amiodarone and 

torsemide is one of the frequent combinations in CAD, necessitating adequate preventive 

measures 49. 

Antihyperlipidemic therapy comprising statins and fibric acid derivatives or their 

combination is widely used among CAD patients. Statins have been reported to interact 

with a number of over the counter (OTC) and prescription drugs leading to unwanted 
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adverse events and/or therapeutic failure. Statins are also reported to interact with products  

containing St. John’s Wort leading to loss of statins efficacy 50. The concomitant use of 

amlodipine, diltiazem, or verapamil with lovastatin or simvastatin may cause statin toxicity 

51. When combination of antihyperlipidemic agents are indicated, the use of gemfibrozil 

with statins except fluvastatin should be avoided or used with caution because of 

interaction. Statins can be safely used in combination with amiodarone, digoxin, 

ranolazine, warfarin or ticagrelor, but the concomitant use of conivaptan and lovastatin or 

simvastatin should be avoided 51. 

1.4  Drug-drug interactions in acute coronary syndrome 

A substantial decline in the ideal cardiovascular wellbeing of the community has strikingly 

increased the incidence of clinical manifestations associated with coronary atherosclerosis. 

Coronary atheromatous plaque is the major underlying precursor of acute coronary 

syndrome (ACS) 52.  
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Figure 1-1: Typical sequence and morphology of ECG 

In view of the diagnostic markers, therapeutic priorities and electrocardiogram (ECG) 

depictions the patients having chest pain are further divided into ACS with ST segment 

elevation (STE-ACS) and non-ST segment elevation acute coronary syndrome (NSTE-

ACS). Nevertheless, based on the cardiomyocyte infarction at myocardial level it is 

referred to as NSTE myocardial infarction (NSTE-MI). Clinically, patients with 

myocardial ischemia and chest pain or discomfort are segregated as STE-ACS, due to the 

occurrence of ST elevation in at least two adjoining leads (Fig. 1-1) due to atheromatous 

occlusion at coronary vessels. Contrary to STE-ACS, the absence of ST-elevation on the 

ECG, the myocardial ischemia and chest discomfort are assigned as NSTE-ACS 53-56. 

Unlike STE-ACS and NSTE-ACS, unstable angina has characteristics features of no cell 

loss at myocardium due to myocardial ischemia. (Fig. 1-2) 

Majority of the patients with STE-ACS having consistent myocardial necrosis and ST 

segment elevation, develop STE myocardial infarction (STE-MI) 57. Besides, one or more 

comorbidities are present in almost 60% of ACS patients. These comorbidities have an 

imperative impact on the desired therapeutic outcome in such patients. The commonly 

coexisting comorbidities with ACS include advanced age, overweight/obesity, cachexia, 

anemia, diabetes mellites, hypertension, chronic kidney diseases (CKD), heart failure (HF), 

arterial fibrillation, anxiety, major depression and metastatic tumors 58-60. 
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Figure 1-2: Types of ACS based on occurrence of ST segment elevation  

Thus, in diagnosed ACS patients, the number of comorbid diseases is directly related with 

the probability of experiencing an untoward event 58-60. The major drug classes in the 

pharmacological management of the ACS ranges from thrombolytics, dual antiplatelet 

therapeutic agents, β-blockers, nitrates, lipid lowering statins in addition with several other 

classes of medications for the associated comorbidities and symptomatic relief of the 

hospitalized ACS patients 57,61. The concurrent co-prescription of several medications: 

carry multiple odds of DDIs. These DDIs may lead to adverse outcomes, rehospitalization 

and increased fatality 62. Nonetheless, 83% of adverse effects of drugs are preventable. 

DDIs are the major predictors of unwanted effects of drugs, drug induced cognitive 

impairment, risk of emergency visits/hospitalization, and worsening therapeutic outcomes 

63.   

1.4.1  Clinical implications of drug-drug interactions in acute coronary syndrome 

Patients with ACS in hospital setting are relatively more exposed to DDIs, requiring special 

care practices in their medication therapy. The rigorous identification of biochemical and 

Acute Coronary  
Syndrome (ACS)

Non ST Segment 
Elevation ACS

ST Segment 
Elevation ACS

Unstable angina 
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chemical laboratory variables and particular clinical features associated with DDIs in drug 

therapy of ACS and comorbidities may have greater impact on the development of 

supplementary pharmacological interventions 38. In hospitalized patients with ACS, the 

intervention of choice to limit the effect of myocardial ischemia and subsequent myocardial 

necrosis, is either thrombolysis or primary percutaneous coronary intervention (PCI) to 

attain reperfusion. Nevertheless, certain adverse outcomes such as microvascular 

dysfunction, myocardial stunning (reversible impairment of myocardial contractility) and 

ventricular arrythmia may result with this reperfusion therapy 64. The rate of major bleeding 

events including intracranial bleeding or life threating bleeding do adhere to thrombolysis 

or prolonged dual antiplatelet therapy 65. The co-prescription and management of 

thrombolytics and chemotherapeutic agents is quite enigmatic. Besides, the bleeding risk 

associated with thrombolytics, chemotherapeutic agents owing thrombocytopenia, further 

exaggerate the chances of life-threatening hemorrhage. DDIs evolving of 

chemotherapeutic agents and warfarin also increase the risk of bleeding 66,67. Further, GI 

intolerance induced by the chemotherapeutic agents may warrant replacement of warfarin 

with low molecular weight heparin 67. Likely, the simultaneous administration of 

clopidogrel with vitamin-K antagonist may result in difficulty in coagulation and bleeding 

complications in hospitalized patients with ACS. As well as, clopidogrel interact with lipid 

lowering statins, in particular, atorvastatin 68. ACS patients who are concomitantly 

assigned apixaban, a selective direct Xa factor inhibitor, and antiplatelet therapy can put 

them at risk of bleeding complications 69. In hospitalized patient with ACS and comorbid 

hypertension, the co-prescription of ACEIs (enalapril) with low molecular weight heparins 

(enoxaparin) and/or potassium-sparing diuretics (spironolactone) may result in serious 
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hyperkalemia 70. In clinical practice, the co-prescription of some drugs like carbamazepine, 

haloperidol with class-Ia antiarrhythmic agents (procainamide, disopyramide) may result 

in prolongation of QTc interval 71. Though, drug therapy in patients with cardiovascular 

diseases (CVD) and comorbid psychotic disorder like depression are implicitly exposed to 

treatment failure owing to neuroendocrine dysregulation, hypercoagulation, delayed 

repolarization and DDIs. Such patients may suffer orthostatic hypotension upon co-

prescription of monoamine oxidase inhibitors and antihypertensive agents. Similarly, the 

therapeutic outcomes of tricyclic antidepressants and antiarrhythmics were also not 

clinically enticing 72. The concomitant use/co-prescription of PPIs (esomeprazole, 

pantoprazole) and clopidogrel signals a significant peril of stroke or further myocardial 

necrosis. Likewise, metformin coprescribed with PPIs may lead to rehospitalization and 

increased risk of mortality 73. Deranged renal function markers and subsequent 

nephrotoxicity arises from the co-prescription of furosemide and 1st generation 

cephalosporin (cephalondine). Worsening of muscle tones and rhabdomyolysis are 

observed with the concomitant prescription of vitamin-B and atorvastatin. The interaction 

of antidiabetic agent (gliclazide) with acetylsalicylic acid may potentiate hypoglycemia 74-

76. Usually, in hospitalized patients with ACS the desirable outcome, as optimum efficacy 

of prasugrel, is seen to be diminished by the co-prescription of  prasugrel and morphine 77. 

While, reduced clinical response of clopidogrel, has been noticed with the co-prescription 

of amlodipine and clopidogrel in such patients 78. 

1.5  Drug-drug interactions in myocardial infarction 

MI is one of the major public health issues which has immense social and financial 

implications 53-56. Acute myocardial infarction (AMI) refers to the myocardial injury on the 
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basis of cardiac marker values and subsequent necrosis due to myocardial ischemia. Based 

on involvement of ECG leads depicting ECG morphological changes, localization and 

anatomical cardiomyocyte necrosis/infarction the MI may be classified into Septal, 

Anterior, lateral, posterior and inferior MI 79.   

However, MI may be further categorized into Q-waves MI (Q-wave MI) based on the 

development of Q-waves, though, most often the MI patients do not develop Q-waves (non-

Q-wave MI). Likewise, on note of clinical, pathological and prognostic variants and 

therapeutic options MI is sub-classified into several other types. On the basis of this 

classification, STEMI patients presented with coronary thrombus are termed as MI type I, 

though, other STEMIs which present with no evidence of thrombotic coronary lesion on 

coronary angiography are termed as MI with non-obstructive coronary arteries (MINOCA) 

53-56. Generally, MI is associated with additional comorbidities ranging from hypertension, 

diabetes, heart failure and arterial fibrillation, chronic kidney failure (CKF), chronic 

pulmonary obstructive disease (COPD), peripheral vascular complications, anemia, cancer, 

depression and rheumatoid arthritis. Yet, these multiple cardiac and non-cardiac 

comorbidities have a magnitude of associated adverse effects which limit the management 

of admitted MI patients in hospital setting. Admitted patients with more worsened AMI 

complications and non-Q wave AMI were relatively more effected by multiple 

comorbidities. These comorbidities are pivotal to disease progression and treatment 

response 80-82. 
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Table 1-2: List of cardiac and non-cardiac comorbidities with myocardial infarction 

S. No Comorbidity 

1 Heart failure 

2 Arterial fibrillation  

3 Hypertension 

4 Diabetes  

5 Chronic obstructive pulmonary disease 

6 Chronic renal failure 

7 Peripheral vascular diseases 

8 Anemia 

9  Cancer 

10 Depression  

11 Rheumatoid arthritis 

 

The pharmacotherapy of MI mostly comprises of dual antiplatelet (DAPT) therapy: 

acetylsalicylate (aspirin) and P2Y12 antagonist (clopidogrel), which effectively manage the 

thrombotic complications associated with MI 83,84. In addition, ACEIs/ARBs, 

fibrinolytics/anticoagulants, lipid lowering agents, β-adrenergic blockers and other 

medications for a comorbidity or comorbidities (MI + hypertension + diabetes, MI + 

hypertension + COPD,  MI + diabetes + CKD, MI + anemia + CKD, MI + depression + 

COPD etc.) are prescribed for the effective management of MI patients in hospital settings.  

80,82. 

The management of MI patients in hospital setting is an interplay of the prompt diagnosis, 

pharmacological or interventional treatment modalities for MI and associated 

comorbidities. Patients with MI and a single or multiple cardiac or non- cardiac 

comorbidities are susceptible to potentially harmful DDIs owing complex multiple drug 
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regimens and polypharmacy. DDIs have direct relation with the number of drugs 85-90. DDIs 

may either appear to reduce the efficacy of the coprescribed drugs or escalate the risk of a 

major adverse outcome 91.  

1.5.1  Clinical implications of drug-drug interactions in myocardial infarction  

In patients with MI, DDIs may escalate the risk of subsequent major ischemic 

complications. These DDIs could be attributed to either pharmacokinetic or 

pharmacodynamic type, ultimately resulting in impaired therapeutic response of the 

prescribed medications. Comorbidities with MI can frequently lead to complicated, critical 

and life threating conditions or events 92. In the drug therapy of MI, the therapeutic effect 

of antiplatelet drugs (clopidogrel, ticagrelor) is shown to reduce with co-prescription of 

PPIs 91. In clinical practice other platelet inhibitors (e.g. warfarin) in combination with PPIs 

are oftenly reported to derange clotting profile by various degrees 85. Additionally, warfarin 

has a potential to contribute in serious drug interactions in co-prescription with statins, 

amiodarone and allopurinol 90. The potential of glucosamine for interaction with warfarin 

is likely to manifest altered clotting profile in high risk patients as well 93. Likewise, reports 

have indicated that co-prescription  of a amlodipine a CCB with statins markedly elevate 

blood chemistry, warranting emergency room visits and hospital admissions 94. The 

combined therapy following concomitant prescription of simvastatin and pregabalin have 

high probability of spiked serum creatinine phosphokinase 95. In patients with MI, DDIs 

arising out of concomitant prescription of acetyl salicylic acid (aspirin) and clopidogrel are 

mostly reported to suffer from bleeding and more frequently reinfarction 48. Certain studies 

have also highlighted that in patients with MI and comorbid hypertension, statins and 

dihydropyridine CCBs or non-dihydropyridine CCBs are commonly coprescribed with 
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clopidogrel, which result in inhibitory interactions of these concomitant drugs 96-99. 

Similarly, morphine and clopidogrel co-prescription have been reported to alter the clinical 

outcomes in hospitalized high-risk patients with MI 100,101. PDDIs are commonly prevailing 

iatrogenic predictors of health care utilization, emergency room visits and pose a challenge 

to drug safety 102. The prevalence of concomitant administration of potentially 

inappropriate medications in such patients is quite high 103. Nevertheless, pDDIs attenuates 

and influence the pharmacological and clinical outcomes in hospitalized patients with MI, 

which may predominantly increase mortality, rehospitalization, health care cost and 

deterioration of overall QoL in such patients 104,105. 

1.6  Drug-drug interactions in congestive cardiac failure 

HF is typically characterized by clinical symptoms of breathlessness and fatigue with 

accompanying sings of pulmonary crepitations, pedal edema and raised jugular venous 

pressure (JVP). These signs and symptoms arise due to functional and/or structural cardiac 

abnormality, which consequently result in elevated intra-cardiac pressure or reduced 

cardiac output during stress or at rest. In instances of no apparent clinical signs and 

symptoms, the patients may present with asymptomatic functional and/or structural cardiac 

changes. These cardiac changes are represented in the form of diastolic or systolic left 

ventricular (LV) dysfunction, which serves as predictors of HF. Identification of such 

predictors is central to initiation of treatment at this early stage, which can markedly reduce 

mortalities associated with HF. Recognition of the underlying etiology of any myocardial 

abnormality (leading to diastolic or systolic ventricular dysfunction) and/or abnormalities 

of conduction, heart rhythm, endocardium, pericardium and valves is crucial for timely 

diagnosis and treatment of HF. HF describes a symptomatic syndrome; however effective 
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treatment can render a patient asymptomatic. The term chronic HF represent patients who 

suffer HF for quite some time.  Acute HF may occur due to complications of an AMI, while 

congestive cardiac failure (CCF) or congestive HF (CHF) is an acronym commonly 

describes acute HF and/or chronic HF which is caused due to volume overload. All the 

above terms may represent a same patient at different stages, on the basis of different levels 

of cardiac abnormalities 106,107. 

CHF is often associated with comorbidities including angina, CAD, myocardial 

revascularization, COPD, diabetes, hypertension, cancer, depression, gout, arthritis, 

hyperlipidemia and erectile dysfunction. Comorbidities are pivotal in the holistic treatment 

of HF. The drugs therapy prescribed to relieve the signs, symptoms and complications of 

comorbidities may worsen HF 108. The overall objective of therapeutic interventions in 

patients with CHF is focused to alleviate the patients’ distress, improve their QoL, 

functional capacity and clinical status, prevent hospital visits and reduce fatality. In view 

of the complex origin of HF, no single therapeutic modality can ameliorate the outcomes 

of hospitalized HF patients. The pharmacotherapy in HF is aimed at preserved LV function 

besides treatment of comorbidities such as diabetes, obesity, COPD, CAD, hypertension, 

chronic kidney diseases, depression and myocardial revascularization. Most frequently the 

therapy includes ACEIs, ivabradine, diuretics, β-blockers and several other drugs for the 

complications with associated comorbidities 109. The number of pharmacological entities 

(drugs) in the prescription order for the treatment of HF and its comorbidities are 

detrimental in long-term 110-112. Complexity of pharmacological therapies and 

comorbidities are likely to escalate the incidence of DDIs in patients with HF 113,114. Thus 

DDIs may not only increase the cost of drugs for the index disease but for the comorbidity 
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as well and implicitly influence the entire mix of patients, drugs, clinicians, hospitals and 

consequently the health care delivery 115.   

1.6.1  Clinical implications of drug-drug interactions in congestive cardiac failure 

Drugs prescribed most commonly in CCF have greater incidence of DDIs. The typical 

clinical dilemma of CCF and renal impairment is difficult to handle 116. Data illustrates that 

drug therapy for HF and/or comorbidities may worsen renal functions 117. The 

pharmacological therapy of CCF are detected to have most prevalent pDDIs among 

diuretics, ACEIs and β-blockers. The interactions occurring among diuretics and ACEIs 

have eminent clinical implications resulting in hypovolemia, worsening or impairment of 

renal function (WRF) and electrolyte imbalance 113,118. Comorbid COPD and other chronic 

respiratory diseases such as obstructive sleep apnea and chronic sleep apnea have common 

pathogenic changes like HF and similarly operative during HF. These hard to manage 

comorbidities with HF warrant specific pharmacotherapy 119,120. However, the drug 

combinations of non-selective β-blockers and β2 receptor antagonist may reduce the 

desired clinical effect of β2 receptor antagonist in patients with CCF. Similarly, the co-

prescription of rifampicin with esomeprazole and clopidogrel delay the effect of 

esomeprazole and clopidogrel, respectively 121. Patients with HF and comorbid diabetes 

are more likely to suffer from drug related problems 122. Limited studies have reported the 

potential interaction between the long acting glucagon-like-peptide 1 (GLP-1) receptor 

analogues with co-prescription of neprilysin inhibitors. The GLP-1 receptor analogues 

contribute to impaired clinical effect of neprilysin inhibition. The patients coprescribed 

with incretin-based drugs and sacubitril/valsartan may experience clinically 

significant DDIs. Particularly, the combined administration of GLP-1 receptor analogues 
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and sacubitril/valsartan probably potentiate the antihyperglycemic effect of the latter. 

These deleterious outcomes arising due to the co-prescription of neprilysin inhibitors and 

GLP-1 receptor analogues may limit its use in patients with HF and diabetes 123. Clinical 

context of coprescribed ACEIs and clopidogrel is of great importance owing its common 

use in heart diseases. Clopidogrel diminish the clinical effects of ramipril and perindopril 

(ACEIs) by limiting its conversion to active metabolites 124. HF with comorbid cancer have 

closely connected detrimental outcomes. Certain anticancer drugs like doxorubicin cause 

significant reduction in ejection fraction of LV, which may result exacerbation of HF 125. 

Likewise, the drugs used for gout and arthritis are more prone to interact with HF drug 

therapy. In clinical practice the co-prescription  of NSAIDs with antihypertensive agents 

have been described to be connected with increased risk of hospital visits in patients with 

HF due to fluid retention and blood pressure 126,127. DDIs arising from specific 

pharmacological therapy of HF and those of comorbidities are prevalent, which further 

pose a challenge to the effective management of complex patients with HF in hospital 

settings. 

1.7  Drug-drug interactions in left ventricular failure 

LVF is characteristic of the complex cardiopulmonary origin of HF. Based on the recent 

advances in clinical assessments and pathological understanding, LVF is mostly referred 

to as left ventricular (LV) HF and constitute a subtype of HF. The presence and extent of 

LV dysfunction which are conventionally estimated as LV ejection fraction (LVEF), LV 

end-systolic dimension, LV end-diastolic dimension, threshold of ejection fraction of HF 

as reduced ejection fraction and preserved ejection fraction constitute distinctive predictors 

besides clinical presentations, pathophysiology, and cardiopulmonary interrelation for 
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accurate diagnosis of LVF 128,129.  Typical clinical symptoms of LVF are shortness of 

breath, orthopnea, breathlessness, pedal edema, raised JVP, cough, lung crepitations, fever, 

fatigue and/or paroxysmal nocturnal dyspnea. Identification of signs and symptoms are 

important to determine treatment strategy, reduce disease progression, mortality and 

morbidity associated with LVF 106,107,128,129. The restoration of ventricular function is 

complicated by the associated comorbidities such as COPD, other chronic respiratory 

diseases (obstructive sleep apnea and chronic sleep apnea), pulmonary hypertension, 

anemia and CKD 109,128. Pharmacotherapy is the most common mode of therapeutic 

management of the LVF, comprising of a complex regimen: β-blockers, ACEIs, ionotropic 

drugs, diuretics, the aldosterone antagonists and more recently, the ARNIs are widely used 

130. Patients with LVF develop pDDIs more frequently owing underlying risk of advancing 

age, multiple comorbidities, polypharmacy and long-term complex pharmacological 

therapies 111-114,130-133. However, DDIs in LVF are associated with compromised 

therapeutic efficacy, excessive toxicities, hospital admissions, greater treatment cost and 

impaired QoL 23,121,134,135. 

1.7.1  Clinical implications of drug-drug interactions in left ventricular failure 

HF patients in hospital settings are accompanied by multiple cardiovascular (CV) and non-

CV complex diseases. The HF syndrome is often presented with as much as 40% chronic 

CV or non-CV comorbidities. The number of non-CV comorbidities are directly associated 

with the cost and complexity of the pharmacotherapy 136,137. LVHF being a subtype of HF 

and distinctive of the extent of LV dysfunction, clinical presentations, pathophysiology and 

cardiopulmonary interrelation 128,129. Determination of effective treatment strategy is 

substantial to reduce disease progression, mortality and morbidity associated with LVF 
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106,107,128,129. The increased number of hospital visits owing complications of HF could 

escalate the number of drugs prescribed and subsequent DDIs. In hospital settings the co-

prescription of vitamin-K antagonist (warfarin) or low molecular weight heparins 

(LMWHs) may diminish vitamin-K antagonist biotransformation and lead to an imbalance 

of thrombosis resulting in risk of bleeding 66,138. In patients with LVF different studies have 

reported pDDIs among diuretics, ACEIs and β-blockers resulting in electrolyte imbalance, 

hypovolemia and WRF 113,118. Likely, the use of non-prescription medications may infer 

ineffectiveness of HF targeted pharmacotherapy 139. In order to effectively manage the 

ailing patients with LVF and avoid deleterious effects of the pDDIs in the medication 

therapy, the medical attendants shall comprehend and monitor the complications of DDIs 

in LVF.  

1.8  Drug-drug interactions and vulnerable groups 

DDIs may lead to ADRs that could be severe enough to necessitate hospitalization. Around 

3–26% of all ADRs leading to hospitalization are caused by DDIs. The risk of drug 

interactions may significantly increase with the patient's age, multiple prescribers 

and polymedication 23,140-143  

1.8.1.1 Geriatric population 

Patients with advance age are at higher risk to DDIs owing complexity of disease and 

subsequent exposure to multiple drugs due to multiple co-morbid diseases 144,145. In 

addition, higher therapeutic drug concentration is another contributors among elderly 

because of compromised hepatic and renal functions, as aging has a well-known and 

documented effect on drug pharmacokinetic and metabolism 146. Therefore, special 

attention should be given to older multimorbid patients and medication reviews should be 

https://www.sciencedirect.com/topics/medicine-and-dentistry/polypharmacy
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undertaken while prescribing, in order to prevent pDDIs leading to deleterious outcomes 

147.   

1.8.2  Critically ill patients 

Clinically significant pDDIs are growing concern, particularly in critically ill patient 

settings. These patients are more exposed to DDIs and its deleterious effects owing 

complexity of drug therapy, polymedication, organ impairment, and associated clinical 

complications 148,149. 

Polypharmacy is an independent contributor to pDDIs in critically ill patients. Though in 

most instances, polypharmacy cannot be avoided owing demanding critical complications 

of the patients, however prescribers should keep an eye while prescribing pharmaceutical 

entities with proven interactions and subsequent clinical hazards 150,151. 

1.9  Identification and assessment of potential drug-drug interactions 

Drug combinations are often intended for synergistic effects, however several drug-

combinations interact with each other and result in undesired deleterious drug events, 

consequently increasing the rates of hospital admission, length of hospital stay, morbidity 

and even fatality 152-154.  The prevention and timely detection of DDIs is important to 

clinicians, though, no single dataset of pDDI evidence exists to help in clinical decisions 

and drug safety. Nevertheless, the existing resources have been reported to have 

inconsistencies and poor specificity 22,155. The incidence of DDIs rises with the complexity 

of drug therapy and clinical complications in heart diseases. Up to 28% of the drug-related 

adverse events are associated with heart disease medications and are mostly implicated as 

DDIs. Patients presenting with these risk factors should be timely screened and carefully 

monitored in order to prevent the deleterious events of DDIs. Though, all pDDIs may not 
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be clinically significant but their identification and timely rectification is necessary to avoid 

the risk of adverse implications, toxicity or loss of treatment efficacy 156-158  

The incidence of DDIs are widely increasing despite the knowledge of its occurrence and 

its potential detrimental effects. Therefore, careful screening and timely intervention is 

necessary in order to control them. In clinical settings the computer based DDI software in 

combination with expert clinical opinion, vigilant prescribing and on job trainings can play 

a commendable role in reducing harmful manifestations with potentially interacting 

combinations. Resultantly, patient safety with prescription quality and rationality will 

improve besides reduction in possible risks 158-161. A collaborative effort of the pharmacists 

with other health care professionals would lead to an improvement in the prevention, 

detection and management of the DDIs 23.  

1.10  Preventability of potential drug-drug interactions 

Exposure to drug combinations that are known to interact is an avoidable harm. The event 

of DDI in hospitalized patients usually results in toxicity or diminished therapeutic efficacy 

of the participating drugs in the drug combinations 162. DDIs being an essential medication 

safety issue and of avoidable nature can be prevented compared with other causes of 

adverse events. Therefore, special emphases should be given to patients at higher risk to 

DDIs 23,163.  

1.10.1  Role of health care professionals 

Health care professionals can play an important role in the prevention of DDIs owing their 

unique position to recognize drug interactions, and intervene and ascertain possible 

management strategies. Pharmacist, being an expert on drugs and member of the health 

care team, may perform the medication management review in order to suggest alternative 



    

  25 

strategies to minimize the likelihood of possible DDIs 164. Though, detection and 

identification of DDIs manually is a cumbersome job, especially during peak working 

hours, hence computer assisted drug interaction screening tools are crucial in such settings 

165. However, these tools proved sub-optimal alone in detecting clinically significant 

interactions 24,166, therefore, the use of interactions tools alongside active intervention 

during prescribing and dispensing are recommended for optimal results 23. 

1.10.2  Patient education  

Patients taking multiple drugs are highly susceptible to DDIs. Such, patients must be 

actively educated on their therapy and should be instructed to communicate with their 

healthcare provider each time stopping or starting a drug including supplements, herbal 

and OTC medications 167,168. Moreover, the information regarding the involvement of 

certain foods and beverages in serious drug interactions must be provided to patients to 

avoid any potential deleterious effect 169. Additionally, information pertaining to patient’s 

daily caffeine intake, illicit drugs or alcohol use is necessary to prevent any untoward effect 

in patients. Patients should also be properly counselled and instructed on proper dosages 

of drugs to be taken before or after meal 14,170,171.  

1.11  Computer-based drug-drug interactions screening tools  

The growing complexity of heart diseases and associated co-morbid ailments makes it 

necessary for the clinicians to update and equip their selves with modern DI screening 

softwares for to ensure interactions free prescription in such patients 19,22-24,172-175. To 

achieve optimum improvement of patients in such complex heart diseases in hospital 

settings, drugs are prescribed in combinations with several other drugs which in turn 

increase the incidence of potential interactions. Owing to the complex prescription drugs 
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combinations, it is highly likely that clinicians handling such patients may not remember 

each DDIs pair. However, software-based screening can be helpful to identify pDDIs in 

patients with complex therapies 22,155,175,176. Moreover, multiple organ impairment and 

severity of the disease in such patients predispose them to pDDIs, which demands 

prescription screening and identification of pDDIs through software based screening tool 

177.  Different kinds of online prescriptions screening tools are available to spot the potential 

interactions in drug combinations in addition to pharmacological approaches envisaged in 

the reference books, amongst which Drugs.com, Med-Scape, Rx-List and Web-MD are 

providing online screening free of cost; while Micromedex Drug Reax, Facts & 

Comparisons, and Lexi-interact are subscription-based online prescription screening tools 

for pDDIs 178,179. Nevertheless, variation exists among these online prescription screening 

resources, Micromedex Drug-Reax is considered a better option on the basis of specificity, 

sensitivity, completeness and reliability of the information regarding the interacting pair 

and relevant published literature 22,176. 

1.12  Rationale of the study 

Heart diseases are the leading mortality risk to public health globally 180-182. Generally, 

patients with chronic heart diseases also suffer from several associated comorbid diseases. 

Improved patient-oriented outcome is attributed to extensive drug therapy for heart 

diseases and its associated comorbidities/complications 17,18. However, multiple drugs and 

polypharmacy in heart disease patients result in pDDIs that have emerged as important 

types of drug-related problems in cardiology and can result in toxicity or reduced 

therapeutic-response. The issue becomes further augmented in case of hospitalized patients 

due to disease severity and therapeutic complexity 20,183-186. Hence, there is a need for 
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specific work regarding pDDIs in various heart diseases particularly highly prevalent 

diseases in hospital settings such as CAD, ACS, MI, CCF and LVF. Such studies will 

identify pDDIs in selected diseases, while their clinical relevance will be helpful to design 

and implement appropriate monitoring and management parameters for clinically 

important interactions. As a result, the study will promote the safe use of drugs by 

optimizing and monitoring pharmacotherapy for pDDIs in patients with various heart 

diseases in hospital settings. 
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1.13  Aim and objectives 

The aim and objectives of this research study were to: 

1. Evaluate pharmacotherapy of patients with selected heart diseases (CAD, ACS, MI, 

CCF and LVF) for pDDIs.  

2. Identify levels of pDDIs with respect to severity and documentation. 

3. Determine the strength of association by calculating the odds ratios for various 

predictors of pDDIs. 

4. Describe monitoring and management parameters for clinically relevant pDDIs. 
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CHAPTER 2: METHODOLOGY 

2.1  Study settings and design 

This study involved analysis of 2000 clinical profiles (n = 400 per disease) of hospitalized 

patients diagnosed with five most prevalent heart diseases (CAD, ACS, MI, CCF and LVF) 

in the cardiology wards of three major tertiary care hospitals. Five separate retrospective 

cross-sectional studies were conducted using 400 patients’ data of each disease.  

The research work was conducted in the three major tertiary care Medical Institutions of 

Khyber Pakhtunkhwa (KP) province, Pakistan as follows; 

• Lady Reading Hospital (LRH), Peshawar. 

• Khyber Teaching Hospital (KTH), Peshawar. 

• Hayatabad Medical Complex (HMC), Peshawar. 

LRH Peshawar is the largest public sector Medical Teaching Institution (MTI) and tertiary 

care hospital of the province with a bed strength of 1750. The cardiology ward of LRH 

have a bed capacity of 46. KTH is the second largest public sector tertiary care and teaching 

health institution in the province with a bed capacity of 1500. The department of cardiology 

has a 20-bed capacity. HMC is the third largest public sector tertiary and teaching health 

care facility of the province. The cardiology department of HMC is the largest and only of 

its type in the province with a bed capacity of 124. 

LRH, KTH and HMC are governed under the Medical Teaching Institution Reforms Act 

2015 of Health department, Govt. of Khyber Pakhtunkhwa. All the patients are screened 

through different specialties in out-patient clinics round the clock and those patients which 

require in-door medical care, are admitted. In addition, emergency services are provided in 

the accident and emergency departments of the respective hospitals. Most of the patients’ 
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medical records (PMRs) are maintained manually and kept at record rooms. Pharmacists 

in these hospitals are not assigned to regularly review the patients’ prescription orders and 

medication therapies. Drug information centers and software-based interactions screening 

tools are also not available in these MTIs to preemptively identify the interactions among 

the co-prescribed medicines of the patients.   

2.2  Administrative and ethical approval  

To access the patients’ data, written permissions were obtained for this study from hospital 

administration of all the respective MTIs (LRH, KTH, HMC). The ethical approval was 

obtained from the departmental ethical committee. 

2.3  Sample size and sampling 

Sample size of each selected (CAD, ACS, MI, CCF, LVF) heart disease was calculated 

using the following formula 187: 

𝑛 =
𝑍2 × 𝑃(1 − 𝑃)

𝑑2
 

Where: n is sample size, Z is Z-statistic for a level of confidence, P is anticipated prevalence 

proportion and d is margin of error. The fact that data are scarce regarding drug interactions 

in selected heart diseases, therefor the anticipated prevalence was taken from the studies 

conducted in cardiology ward that show a prevalence in the range of 58% to 82%  113,188,189. 

According to the above sample size formula, considering 58% of anticipated prevalence, 

5% margin of error, and 95% confidence interval, a minimum sample size of 374 ( 400) 

per selected heart disease was obtained. Non-probability convenient sampling technique 

was used to include 400 PMRs of each disease. 
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2.4  Inclusion and exclusion criteria  

The prescribed inclusion criteria used in this study was as follows: 

• All adult (>18 years) patients with either gender i.e. male or female.  

• All patients’ medication profiles containing two or more drugs were selected. 

• All prescribed medications (regular or PRN (pro-re-nata)/as required) during the 

entire hospitalization were included. 

All the PMRs were excluded which were lacking relevant information regarding patients’ 

demographics, hospital stay, diagnosis, medication prescribed during hospital stay, and 

monitoring notes (relevant signs/symptoms and labs). 

2.5  Data collection 

A data collection form was developed based on literature review68,135,141,190-197 and 

consultation with experts. Data regarding all the necessary information were collected that 

included: the demographic information, medical and medications history, clinical features 

including chief complaints, review of systems, hospital stay (admission and discharge 

dates), diagnosis, medications prescribed during hospital stay [regular or PRN] from 

admission till the patients discharge, and monitoring notes comprising all relevant 

signs/symptoms and labs. The following information for each medicine were collected: 

proprietary names, generic names/active pharmaceutical ingredient of prescribed 

medicines, their dosage form, strength, dose, administration route, and start- and stop-date. 

In drug combinations of fixed doses, each active ingredient was recorded separately. 

Nutritional products, vaccines, mouthwash and several locally acting or topical drugs were 

excluded from the dataset. The physicians in LRH, KTH and HMC prescribed the 

medicines in the prescription orders with their brand/proprietary names instead of generic 
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names. During collection of the data, the medicines were recorded by their 

brand/proprietary names. The generic names of these brand/proprietary names were 

confirmed using different available resources i.e., Pharmaguide, Pakistan Drug Manual, 

and Pakistan Drug Index. All the recorded medicines were entered in the datasets for 

analysis. 

2.6  Screening of potential drug-drug interactions 

To screen the patients’ prescription records and identify pDDIs, Micromedex Drug-Reax® 

was used 198. This is a comprehensive and reliable tool that provides scientific 

evidence/information regarding the potentially interacting drugs (mechanism and potential 

adverse outcome) with adequate specificity and sensitivity supported by relevant published 

literature 22,176,178,179. In consideration of the correlation with outcome and clinical 

significance of pDDI(s), and evidence from literature, the Micromedex Drug-Reax® 

categorizes the detected interaction(s) into severity (contraindicated, major, moderate and 

minor) and documentation (excellent, good and fair) levels 198.  

2.7  Prevalence of potential drug-drug interactions 

The prevalence of pDDIs was estimated as overall prevalence and severity-wise 

prevalence. Overall prevalence was determined as a combined set of frequencies of all 

severity types, while severity-wise prevalence was subclassified into frequencies of 

contraindicated, major, moderate and minor pDDIs.     

The following formulae were used to determine the prevalence: 

Overall prevalence:

=
Study subjects with atleast one potential interaction of any severity

Study sample − size
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Prevalence of contraindicated (CI) interactions:

=
Study subjects with atleast one CI interaction

Study sample − size
 

Prevalence of major interactions:

=
 Study subjects with atleast one major interaction

Study sample − size
 

Prevalence of moderate interactions:

=
Study subjects with atleast one moderate interaction

Study sample − size
 

Prevalence of minor interactions:

=
Study subjects with atleast one minor interaction

Study sample − size
 

2.8   Categorization of levels and clinical relevance 

PDDIs were categorized based on severity-levels and documentation (scientific evidence) 

levels. PDDIs with severity-levels of contraindicated, major or moderate and with scientific 

evidence of excellent, good or fair were considered clinically important. The pDDIs with 

minor severity-levels and poor scientific-evidence were considered clinically unimportant. 

Lists of widespread interacting drug pairs were developed for each selected heart disease 

along with description of the adverse outcomes.  Additionally, the adverse clinical findings 

associated with ten most frequent drug interacting pairs and their monitoring and 

management strategies and parameters were also described. Drug interaction probability 

scale (DIPS) was applied to widespread interactions in order to identify interactions with a 

score of 5 or above 199.  
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2.9  Statistical analyses 

In this study, categorical parameters i.e. patients’ gender, age, hospitalization, prescribed 

medicines were depicted as frequencies and percentages. Median and interquartile ranges 

were reported for quantitative form of these variables, where appropriate. Likewise, pDDIs 

as a whole and stratified with respect to severity and documentation levels have also been 

reported as frequencies of occurrence with respective percentages. Logistic regression 

analysis was performed to quantify the intercorrelation of risk between various parameters 

and pDDIs. Odds ratios (OR) with 95% confidence interval (CI) was estimated for various 

parameters with all pDDIs as well as specifically with major-pDDIs. Primarily, univariate 

logistic regression analyses were performed for all variables, afterward the variables with 

p≤0.1 were assessed in multivariate logistic regression. Statistical package for social 

sciences (SPSS) software (version-23) was used for all statistical analyses and a p-value of 

<0.05 was considered statistically significant. 
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CHAPTER 3: RESULTS AND DISCUSSION 

 

3.1  Potential drug-drug interactions in coronary artery disease 

3.1.1  Results 

3.1.1.1 Demographics and general characteristics of CAD patients 

General characteristics of the study subjects are presented in Table 3-1. Of total 400 

patients, 221 (55.3%) were males and 179 (44.7%) were females. Around 134 (33.5%) 

patients were 56-65 years of age; half of the patients (n=200, 50%,) were admitted for ≤2 

days; while, 114 (28.5%) patients were prescribed <7 drugs during their hospital stay. The 

median age, hospitalization (days) and number of prescribed medicines were 60 years 

(IQR= 51-70), 3 days (2-4) and 10 drugs (7-13), respectively. 
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Table 3-1: Demographics and general characteristics of CAD patients 

Characteristics Patients: n (%) 

Gender  

Male 221 (55.3) 

Female 179 (44.7) 

Age (Years)  

≤45 50 (12.5) 

46-55 111 (27.8) 

56-65 134 (33.5) 

>65 105 (26.3) 

Median 60 

IQR 51.2-69.5 

Hospital stay (Days)  

<2 200 (50) 

3-4 108 (27) 

>4 92 (23) 

Median 2.5 

IQR 2-4 

Prescribed medications  

<7 114 (28.5) 

8-10 95 (23.8) 

11-13 95 (23.8) 

>13 96 (24) 

Median 10 

IQR 7-13 

IQR = Interquartile range 
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3.1.1.2 Frequencies of all detected potential drug-drug interactions in CAD 

The frequencies of all detected pDDIs are illustrated in Fig. 3-1. Overall 382 (95.5%) 

patients were exposed to at least one pDDI. At least one moderate- and major-pDDI was 

identified in 366 (91.5%) and 362 (90.5%) patients, respectively. While, 9 (2.2%) patients 

had at least one contraindicated-pDDI and 49 (12.2%) patients had at least one minor-

pDDI. Four or less pDDIs were identified in 151 (37.7%) patients, 5-8 pDDIs in 129 (32%) 

patients and >8 pDDIs in 120 (30%) patients.
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Figure 3-1: Frequencies of all detected pDDIs in CAD 

PDDIs= Potential drug-drug interactions 

Overall frequency = All types of pDDIs (regardless of severity type). Of total 400 CAD patients, the overall-frequency was 382 

(95.5%) patients. 
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3.1.1.3 Levels of all detected potential drug-drug interactions in CAD 

Overall 2757 pDDIs were identified in 400 patients. Of which 1373 (49.8%) and 1306 

(47.4%) were of moderate- and major-severity, respectively. Approximately 1245 (45.2%) 

pDDIs had fair and 1220 (44.3%) pDDIs had good scientific evidence. Among 2757 

pDDIs, 368 distinct interacting combinations (DICs) were identified. Of which 183 

(49.7%) and 162 (44%) were of major- and moderate-severity, respectively. Whereas, 202 

(55.9%) had fair and 124 (33.7%) had good scientific evidence as illustrated in Fig. 3-2. 
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Figure 3-2: Levels of all detected pDDIs in CAD 

PDDIs= Potential drug-drug interactions 
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3.1.1.4 Stratification of potential drug-drug interactions with respect to CAD 

patients’ parameters 

Stratification of all-type of pDDIs and major-severity pDDIs with respect to patients’ 

parameters is presented in Table 3-2. The prevalence of all-type pDDIs (n=211, 55.2%) 

and major-severity pDDIs (202; 55.8%) were higher in male patients. A considerable 

number of patients with all-type pDDIs (n=128, 33.5%) and major-severity pDDIs (122, 

33.7%) were in the age range 56-65 years. The prevalence of all-type pDDIs (n=103, 27%) 

and major-severity pDDIs (96, 26.5%) was higher in patients prescribed <7 medicines. 
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Table 3-2: Stratification of potential drug-drug interactions with respect to CAD 

patients’ parameters 

Parameters All-types pDDIs: n (%) Major-severity pDDIs: n (%) 

Gender   

Male 211 (55.2) 202 (55.8) 

Female 171 (44.8) 160 (44.2) 

Age (Years)   

≤45 48 (12.6) 46 (12.7) 

46-55 108 (28.3) 100 (27.6) 

56-65 128 (33.5) 122 (33.7) 

>65 98 (25.7) 94 (26) 

Hospital stay (Days)   

< 2 188 (49.2) 178 (49.2) 

3-4 105 (27.5) 99 (27.3) 

> 4 89 (23.3) 85 (23.5) 

Prescribed medications 

<7 103 (27) 96 (26.5) 

8-10 90 (23.6) 86 (23.8) 

11-13 94 (24.6) 87 (24) 

>13 95 (24.9) 93 (25.7) 

pDDIs = potential drug-drug interactions 
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3.1.1.5 Risk factors of potential drug-drug interactions in coronary artery disease 

Univariate logistic regression analysis estimated a significant association of >5 all-types 

pDDIs and >3 major-severity pDDIs with gender, hospitalization (days) and prescribed 

medicines as presented in Table 3-3. The risk of >5 all-types pDDIs (p=0.013) and >3 

major-severity pDDIs (p=0.001) were nearly twice in female patients than males. The risk 

of >5 all-types pDDIs and >3 major-severity pDDIs increased significantly with increasing 

hospital stay (p<0.001). Likewise, a significant increase in the risk of >5 all-types pDDIs 

and >3 major-severity pDDIs was observed with increasing number of prescribed 

medications (p<0.001). 

Following multivariate logistic regression analysis, the risk of >5 all-types pDDIs and >3 

major-severity pDDIs increased significantly with increasing prescribed medications 

(p<0.001) as shown in Table 3-4. In contrast, no significant association was estimated for 

gender and hospital stay in any range. 
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Table 3-3: Univariate logistic regression analysis based on exposure to >5 all-types pDDIs and >3 major- severity pDDIs in CAD 

patients 

Parameters >5 All-types pDDIs >3 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female 1.7 1.1-2.5 0.013 2 1.3-3 0.001 

Age (Years)       

< 45 Reference   Reference   

46-55 1.1 0.6-2.1 0.791 1 0.5-1.9 0.897 

56-65 1.1 0.6-2.2 0.718 1.1 0.6-2.2 0.777 

>65 1 0.5-2 0.956 1 0.5-2 0.991 

Hospital stay (Days)       

< 2 Reference   Reference   

3-4 2.5 1.6-4.1 <0.001 2.5 1.5-4.1 <0.001 

> 4 3.7 2.2-6.2 <0.001 4 2.4-6.7 <0.001 

Prescribed medications 

<7 Reference   Reference   

8-10 8.2 3.8-17.7 <0.001 11.8 3.4-40.8 <0.001 

11-13 29.1 13.2-64.4 <0.001 46.7 13.8-157.5 <0.001 

>13 80.4 32.6-198.3 <0.001 132.1 38.1-458.8 <0.001 

pDDIs = potential drug-drug interactions; OR = odds ratio; CI= confidence interval 
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Table 3-4: Multivariate logistic regression analysis based on exposure to >5 all-types pDDIs and >3 major-severity pDDIs in 

CAD patients 

Parameters >5 All-types pDDIs >3 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female 1.2 0.7-2 0.441 1.6 1-2.7 0.071 

Hospital stay (Days)       

< 2 Reference   Reference   

3-4 0.9 0.5-1.6 0.596 0.9 0.5-1.6 0.671 

> 4 0.6 0.3-1.3 0.216 0.8 0.4-1.5 0.440 

Prescribed medications 

<7 Reference   Reference   

8-10 8.9 4.1-19.4 <0.001 12.3 3.5-43.1 <0.001 

11-13 31.9 13.9-73.3 <0.001 48.4 14-167.1 <0.001 

>13 103.2 37-288 <0.001 149.3 39.6-563.2 <0.001 

pDDIs = potential drug-drug interactions; OR = odds ratio; CI= confidence interval 
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3.1.1.6 Wide spread potentially interacting drug combinations 

Of total 378 distinct interacting drug pairs, the widely prevalent combinations (among top 

30) were aspirin plus clopidogrel (n = 250), aspirin plus nitroglycerin (223), aspirin plus 

bisoprolol (148), aspirin plus furosemide (146), aspirin plus ramipril (126), clopidogrel 

plus enoxaparin (120), furosemide plus ramipril (92), aspirin plus spironolactone (90), 

atorvastatin plus clopidogrel (88), and ramipril plus spironolactone (67) as shown in Table 

3-5. The potentially adverse manifestations of the most frequent interacting combinations 

were increased risk of bleeding, reduced therapeutic effectiveness, increased blood 

pressure, hyperkalemia, ECG changes, nephrotoxicity, digoxin toxicity, hypoglycemia, 

electrolyte disturbances, higher risk of myopathy, and elevated blood pressure.
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Table 3-5: Top 30 most frequent interactions in CAD, their severity, documentation and potential clinical manifestations 

Interacting Pair (n)* Severity Evidence Description 

Aspirin – Clopidogrel (250) Major  Fair  Increased risk of bleeding 

Aspirin – Nitroglycerin (223) Moderate  Good  Nitroglycerin blood concentration may increase with depression 

in platelet function 

Aspirin – Bisoprolol (148) Moderate  Good  Elevated blood pressure 

Aspirin – Furosemide (146) Major  Good  Reduced clinical efficacy of diuretic effectiveness and worsening 

renal function 

Aspirin – Ramipril (126) Moderate  Fair  Decreased Ramipril effectiveness 

Clopidogrel – Enoxaparin (120) Major  Fair  Increased risk of bleeding 

Furosemide – Ramipril (92) Moderate  Good  Postural hypotension (first dose) 

Aspirin – Spironolactone (90) Major  Good  Reduced diuretic effectiveness, hyperkalemia, or possible 

nephrotoxicity 

Atorvastatin – Clopidogrel (88) Moderate  Excellent  Decreased Clopidogrel biotransformation resulting in risk of 

platelet reactivity 

Ramipril – Spironolactone (67) Major  Good  Hyperkalemia 

Digoxin – Furosemide (50) Moderate  Fair  Cardiac arrythmias, nausea and vomiting suggestive of high risk 

digoxin toxicity  

Aspirin – Insulin (48) Moderate  Fair  High risk of hypoglycemia 

Digoxin – Spironolactone (42) Major  Good  Increased digoxin exposure 

Clopidogrel – Omeprazole (40) Major  Excellent  Reduced Clopidogrel biotransformation with thrombosis risk 

Aspirin – Digoxin (36) Major  Fair  Prolonged half-life of digoxin resulting in high serum 

concentration. 

Clopidogrel – Esomeprazole (36) Major  Excellent  Reduced Clopidogrel biotransformation 

Albuterol – Furosemide (34) Moderate  Fair  ECG changes or hypokalemia 

Aspirin – Carvedilol (34) Moderate  Good  Increased blood pressure. 

Aspirin – Calcium (30) Moderate  Fair  Decreased salicylate effectiveness 
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Aspirin – Streptokinase (30) Moderate  Excellent  High risk of hemorrhagic complications 

Enoxaparin – Streptokinase (28) Major  Fair  High risk of bleeding 

Insulin – Ramipril (26) Moderate  Fair  Increased risk of hypoglycemia 

Bisoprolol – Insulin (22) Moderate  Good  Hypoglycemia or hyperglycemia; decreased symptoms of 

hypoglycemia 

Multivitamin – Rosuvastatin (19) Major  Good  Increased risk of myopathy or rhabdomyolysis 

Aspirin – Glimepiride (17) Major  Fair  Increased risk of hypoglycemia 

Aspirin – Metoprolol (17) Moderate  Good  Increased blood pressure 

Cyanocobalamin – Omeprazole (16) Minor  Good  Decreased cyanocobalamin absorption 

Digoxin – Omeprazole (15) Moderate  Good  Cardiac arrhythmias, nausea and vomiting suggestive of high risk 

digoxin toxicity 

Domperidone – Moxifloxacin (15) Major  Fair  Increased risk of QT interval prolongation 

Bisoprolol – Glimepiride (15) Moderate  Good  Hypoglycemia or hyperglycemia; masked symptoms of 

hypoglycemia 

ECG= Electrocardiogram 

*Frequencies represent the number of patients presented with respective drug interacting pair out of the total 400 hospitalized CAD 

patients.
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3.1.1.7 Clinical relevance 

The clinical implications (sign, symptoms and laboratory test results) associated with ten 

most frequent drug interacting pairs and their monitoring and management strategies 

152,198,200 are presented in Table 3-6. Patients taking aspirin plus clopidogrel and aspirin 

plus nitroglycerin were presented with sign/symptoms of bleeding i.e. anemia, orthopnea, 

melena, bleeding per rectum, hemoptysis, hypotension, vomiting, headache, dizziness and 

vertigo. The laboratory findings of these patients were noticed with altered blood 

composition and deranged hemostatic profile. Elevated blood pressure was observed in 

patients taking the following interacting drug pairs: aspirin plus bisoprolol, aspirin plus 

ramipril, aspirin plus furosemide and ramipril plus spironolactone. Co-prescription of these 

drugs resulted in chest pain, shortness of breath (SOB) and edema; WRF and impaired 

serum electrolyte. Patients with clopidogrel plus enoxaparin complained of chest pain, 

anemia, nausea & vomiting, edema, melena and bleeding per rectum; low hemoglobin level 

and deranged hemostatic parameters. The patients exposed to interacting pair furosemide 

plus ramipril depicted sign/symptoms of hypotension, orthopnea, edema, dizziness, nausea, 

vomiting, and cough; raised blood urea and creatinine. CAD patients with co-prescription 

of aspirin and spironolactone found with cough, orthopnea, edema, chest pain and raised 

JVP; reduced platelets, deranged renal function and hyperkalemia. Patient prescribed with 

atorvastatin plus clopidogrel drug combination suffered chest pain, SOB, cough, headache; 

deranged renal functions and hyperkalemia. According to DIPS, the frequencies of 

interaction with a score of 5 and above were as follow, aspirin – clopidogrel: 32 (12.8%), 

aspirin – nitroglycerin: 35 (15.69%), aspirin – bisoprolol: 20 (27.02%), aspirin – 

furosemide: 61 (41.78%), aspirin – ramipril: 43 (34.13%), clopidogrel – enoxaparin: 40 
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(33.33%), furosemide – ramipril: 36 (39.13), aspirin – spironolactone: 45 (50%) 

atorvastatin – clopidogrel: 21 (23.86%) and ramipril – spironolactone: 20 (29.85%).  
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Table 3-6: Top ten interactions in CAD, their clinical relevance and monitoring and management parameters 

Interacting pair (n) Signs and symptoms (n) Laboratory investigations (n) Monitoring and management 

parameters  

Aspirin -- 

Clopidogrel (250) 

Raised JVP (10) 

Anemia (08) 

Orthopnea (08) 

Melena (03) 

Bleeding per rectum (02) 

Hemoptysis (01) 

Hemoglobin: Low (08), Normal 

(07) 

Platelets Count: Low (05), 

Normal (05) 

INR: High (07) 

PT: High (07) 

APTT: High (03) 

Patient monitoring for bleeding related 

manifestations and close assessment of 

blood counts. Caution is advised while 

using this combination, owing its high 

risk of thrombosis, therefore 

coprescription may be considered 

carefully. 

Aspirin -- 

Nitroglycerin (223) 

Hypotension (14) 

Vomiting (10) 

Headache (07) 

Dizziness (03) 

Vertigo (01) 

Hemoglobin: Low (07), Normal 

(03) 

Platelets: Low (03), Normal (03) 

BUN: Normal (03), High (10) 

Serum Creatinine: Normal (04), 

High (09) 

The combination may benefit acute 

myocardial infarction patients. 

Nevertheless, monitoring for increased 

concentration of nitroglycerin (headache, 

syncope) and platelet function is advised. 

Aspirin -- 

Bisoprolol 

(148) 

Chest Pain (14) 

SOB (12) 

Increased Blood Pressure 

(04) 

Headache (04) 

Raised JVP (03) 

Edema (03) 

BUN: Normal (04), High (06) 

Serum Creatinine: Normal (04), 

High (06) 

INR: High (02) 

PT: High (02) 

APTT: High (01) 

Monitoring of blood pressure is advised. 

In heart failure, the β-blockers are 

considered to be narrow therapeutic 

index. Concomitant use of NSAIDs 

should generally be avoided in patients 

with heart failure. 

Aspirin --Furosemide 

(146) 

SOB (25) 

Chest Pain (13) 

Raised JVP (10) 

Edema (07) 

Increased Blood Pressure 

(06) 

BUN: Normal (03), High (13) 

Serum Creatinine: Normal (04), 

High (12) 

Serum Sodium: High (02) 

Serum Potassium: High (05) 

Patients should be monitored for signs of 

WRF, diuretic efficacy, blood pressure 

(BP) control and high-dose aspirin 

should be avoided. 

Aspirin -- 

Ramipril (126) 

Chest Pain (15) 

SOB (14) 

BUN: Normal (03), High (08) Aspirin may result in reduced ramipril 

effectiveness. Patient’s BP and 
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Raised JVP (06) 

Edema (04) 

Dizziness (02) 

Irritability (02) 

Serum Creatinine: Normal (04), 

High (07) 

Serum Sodium: High (04) 

Serum Potassium: High (02) 

 

 

 

hemodynamic parameters should be 

watched. Consider the following option 

in case of any adverse effect; (a) Low 

dose aspirin (b) alternative antiplatelets 

(c) replace ACEIs with ARBs. 

Clopidogrel -- 

Enoxaparin (120) 

Chest Pain (15) 

Nausea & Vomiting (10) 

Anemia (08) 

Edema (04) 

Melena (01) 

Bleeding per rectum (01) 

Hemoglobin: Low (03), Normal 

(03) 

INR: High (03) 

PT: High (03) 

APTT: High (01) 

Prompt evaluation for signs or symptoms 

of bleeding is advised. 

Additionally, if possible, discontinue the 

antiplatelet agent prior to initiating a low 

molecular weight heparin. 

Furosemide -- 

Ramipril (92) 

Hypotension (10) 

Orthopnea (04) 

Edema (04) 

Dizziness (02) 

Nausea (01) 

Vomiting (06) 

Cough (09) 

 

BUN: Normal (01), High (08) 

Serum Creatinine: Normal (02), 

High (08) 

Serum Sodium: Low (03), Normal 

(03) 

 

The patients with sodium depletion and 

hypovolemia are at high risk. Closely 

monitor blood pressure for four hours 

after first dose to manage severe 

hypotensive response, if any. 

Temporarily discontinue furosemide 

and/or the patient should be started at 

very low dose ACEIs, particularly in 

evening; monitor for hypotension, fluid 

status, and body weight regularly for up 

to two weeks after dose adjustments. 

Aspirin -- 

Spironolactone (90) 

Cough (16) 

Orthopnea (08) 

Edema (04) 

Chest Pain (09) 

Raised JVP (08) 

Platelets Count: Low (02), 

Normal (01) 

BUN: Normal (01), High (06) 

Serum Potassium: Normal (03), 

High (03) 

Serum Creatinine: Normal (03), 

High (05) 

Patients monitoring for WRF, diuretic 

efficacy and blood pressure in patients 

chronically receiving spironolactone and 

salicylates. The effects of interaction can 

be reversed by increasing the 

spironolactone dose. 
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Atorvastatin -- 

Clopidogrel (88) 

Chest Pain (08) 

SOB (05) 

Cough (04) 

Headache (04) 

Platelets Count: Low (04), 

Normal (04) 

BUN: Normal (03), High (06) 

Serum Creatinine: Normal (03), 

High (06) 

Serum Potassium: High (02) 

The effects of interaction between these 

agents appears to be dose related. 

Caution should be exercised while giving 

higher doses of clopidogrel as 300mg 

and atorvastatin as 80mg in 

coprescription. 

Ramipril -- 

Spironolactone (67) 

Chest Pain (07) 

Increased Blood Pressure 

(04) 

Cough (06) 

Hyperkalemia (03) 

BUN: Normal (01), High (03) 

Serum Potassium: High (02) 

Serum Creatinine: High (03) 

 

Patients should be monitored for 

persistent elevations of serum potassium, 

especially in patients with renal 

dysfunction or diabetes and the elderly; 

which can cause arrhythmias and death. 

In patients receiving co-prescription 

(ramipril & spironolactone); 

spironolactone may be given as 25 mg 

every day or alternate day.   

JVP=jugular venous pressure, SOB= shortness of breath, BUN= blood urea nitrogen, INR= international normalized ratio, 

PT=prothrombin time, APTT=activated partial thromboplastin time, NSAIDs=nonsteroidal anti-inflammatory drugs, WRF= worsening 

renal functions, BP=blood pressure, ACEIs=angiotensin converting enzyme inhibitors, ARBs=angiotensin receptors blockers
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3.1.1.8 Drug prescribing pattern in coronary artery disease 

In this study (400 patients) a total of 4244 medicines were prescribed for CAD and 

associated comorbidities, if any. Table 3-7 shows that aspirin and clopidogrel were the 

highly prescribed medications with a prescription frequency of 314 and 291, respectively, 

followed by nitroglycerin (285), enoxaparin (207), rosuvastatin (174) and bisoprolol (166). 

The most frequently prescribed national /multinational brands in coronary artery disease 

patients were Tab. Cardnit, Inj. Clexane , Tab Rosuwa and Tab . Concor, respectively.
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Table 3-7: Top 30 prescribed medications in CAD their pharmacological 

classification and frequencies 

Prescribed medications Pharmacological class Frequency 

Aspirin (low dose) Antiplatelet 314 

Clopidogrel Antiplatelet 291 

Nitroglycerin Antianginal agent 285 

Furosemide Antihypertensive/Diuretic 207 

Rosuvastatin Lipid lowering agent 174 

Bisoprolol Antihypertensive/ β-blocker 166 

Ramipril Antihypertensive 156 

Spironolactone Antihypertensive/ Diuretic 140 

Enoxaparin Anticoagulant 138 

Atorvastatin Lipid lowering agent 111 

Ceftriaxone Antibiotic 88 

Omeprazole Gastrointestinal agent 78 

Trimetazidine Antihypertensive 69 

Insulin Antidiabetic 66 

Beclomethasone Bronchodilator/Corticosteroid 61 

Carvedilol Antihypertensive/ β-blocker 58 

Digoxin Cardiac glycoside 56 

Dimenhydrinate Gastrointestinal agent 56 

Moxifloxacin Antibiotic 54 

Domperidone Gastrointestinal agent 53 

B-Complex Multivitamin 48 

Albuterol Bronchodilator 46 

Esomeprazole Gastrointestinal agent 44 

Acetaminophen Analgesic 43 

Isosorbide Dinitrate Antianginal 41 

Nicorandil Antihypertensive 39 

Ipratropium Bronchodilator 38 

Nalbuphine Analgesic 37 

Valsartan Antihypertensive 35 

Pantoprazole Gastrointestinal agent 34 
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3.1.2  Discussion 

3.1.2.1 Outline of the study results and findings 

The frequencies and nature of potential-DDIs among 400 CAD patients in hospital settings 

at cardiology wards of two major tertiary care medical institutions of a provincial capital 

are reported in this study. Overall 382 (90.5%) patients suffered with at least one pDDI, 

while 366 (91.5%) and 362 (90.5%) patients with at least one moderate-severity and major-

severity pDDI, respectively. Overall pDDIs identified in this study were 2757 pDDIs, 

comprising of 1373 (49.8%) and 1306 (47.4%) moderate- and major-severity pDDIs, 

respectively. Among 2757 pDDIs, 368 DICs were identified. Of these DICs the 

contribution of major- and moderate-severity was 183 (49.7%) and 162 (44%), 

respectively. The documentation-levels augmenting these DICs were 202 (55.9%) as fair 

and 124 (33.7%) as good scientific evidence. The prevalence of all-type pDDIs and major-

severity pDDIs (55.2% and 55.8%) were higher in male patients and in patients range of 

prescribed <7 medicines (27% and 26.5%), respectively. 

Univariate logistic regression analysis estimated a significant association between >5 all-

types pDDIs and >3 major-severity pDDIs with gender, hospitalization (days) and 

prescribed medicines. The risk of >5 all-types pDDIs (p=0.013) and >3 major-severity 

pDDIs (p<0.001) were significantly high in female patients, with increasing hospital stay 

(p<0.001) and number of prescribed medicines (p<0.001). Following multivariate logistic 

regression analysis, the risk of >5 all-types pDDIs and >3 major-severity pDDIs increased 

significantly with increasing number of prescribed medicines (p<0.001). 

The widespread interacting drug combinations and clinical relevance of most frequent drug 

interacting pairs presented the potential adverse outcomes such as increased risk of 
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bleeding, reduced therapeutic effectiveness, increased blood pressure, hyperkalemia, ECG 

changes, nephrotoxicity, digoxin toxicity, hypoglycemia, electrolyte disturbances, 

increased risk of myopathy and increased blood pressure. The clinical relevance further 

pinpointed sign and symptoms of the frequent drug interacting pairs besides their 

monitoring and management guidelines to underline the mitigation strategies for the 

frequent interacting drug combinations in admitted CAD patients. 

The drug prescribing pattern in the existing study highlighted the whole number and 

pharmacological classification of drugs prescribed for CAD and related comorbidities. The 

highly prescribed medications were cardiovascular drugs such as aspirin, clopidogrel, 

nitroglycerin, enoxaparin, rosuvastatin and bisoprolol. Co-prescription of all these are 

likely to encounter a pDDI resulting in clinical implications.  

3.1.2.2 Discussion and interpretation 

Overall higher prevalence of pDDIs (95.5%) has been identified in the present study as 

compared with studies for other cardiovascular disease such as heart failure (88%) 201, and 

general cardiology ward (77.5%) 202. These differences may be attributed to variable study 

design, nature of study subjects, drug prescribing patterns and drug interaction tools. 

Moreover, the incidence of potential-DDIs in the CAD study is remarkably higher in 

comparison to studies undertaken in other medical illnesses and hospital wards 188,190,195,203-

206, mainly because of higher propensity for interactions associated with cardiovascular 

drugs 41,189,207. 

Unlike the developed world, drug related problems including DDIs and its associated 

adverse outcome remains a major health care concern because of unavailability of clinical 

services attributed to pharmacy and DDIs screening applications in majority of hospital 190. 
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Moreover, prescriptions irrationality, poorly-managed health amenities and overcrowded 

health care experts are the predominant factors for drug related problems 188,190. 

The findings of this study require thoughtful consideration regarding pDDIs particularly in 

hospitalized patients with CAD. Screening of patients’ medication profiles using 

computerized screening tools 23,41, clinical pharmacist participation in evaluation of 

patients prescriptions for pDDIs 41,134,208, vigilant monitoring of pDDIs related adverse 

outcomes 194, continuous medical education regarding pDDIs to health care experts 41,189 

and establishment of hospital-based drug information center are some of the strategies to 

promote the judicious use of multiple drugs and prevent drug related adverse outcomes 189. 

Severity of pDDIs is an important factor for assessing and managing their associated 

adverse outcome. This research showed that majority of the pDDIs were of moderate- and 

major-severity, which are congruent with the findings of other research among sufferers 

with cardiovascular ailments including HF 121,201,202. Moreover, similar results have also 

been reported for patients admitted in other wards 188,190,205. It is important for healthcare 

professionals to identify pDDIs, particularly those having moderate- and major-severity 

levels in order to prevent and manage their associated adverse outcome. 

The use of multiple medicines are inevitable in CAD patients, mainly because of old age 

and related co-morbid ailments that extensively trumps pDDIs’ risk and adverse effects 

amongst these patients 195,203,206. We determined a significant risk of all-type of pDDIs and 

major-pDDIs with increasing range of drugs, which are congruent with the results of other 

similar research studies 133,188,190,205. Therefore, such patients have to be screened for 

pDDIs, ideally through a computer-based DDIs screening tool. Such screening is crucial 



     

  59 

prior to prescriptions and administration in order to mitigate untoward events in advance 

with improved patients’ safety. 

List of most frequent pDDIs and clinical relevance of ten most frequent drug interacting 

pairs their potential adverse effects, sign and symptoms and laboratory tests results will 

guide the overburdened healthcare professionals in selecting safer therapies and screening 

of pDDIs 209. Moreover, such information shall aid the clinicians practicing software 

screening of prescriptions encountering complex combinations will avert drug related 

effects, preserve patient safety, diminish the occurrence of pDDIs and ultimately result in 

more appropriate clinical decisions in CAD patients in hospital settings. 

The drug prescribing pattern in CAD shall attract more attention of the clinicians for 

ensuring rational medications use in CAD patients. This will further enhance the patient 

compliance and reduce the health expenditure.  
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3.2  Potential drug-drug interactions in acute coronary syndrome 

3.2.1  Results  

3.2.1.1 Demographics and general characteristics of ACS patients    

Of total ACS patients (n=400), around half (202) were males. 36.3% (n=145) patients were 

aged > 60 years, whereas most of them (43%) stayed in hospital for 3 to 4 days. Average 

number of hospital medications were <8 drugs in 36.8% patients. Other general features 

are given in Figure 3-3. 
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Figure 3-3: Demographics and general characteristics of ACS patients  

IQR=Interquartile range
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3.2.1.2 Frequencies of all detected potential drug-drug interactions in ACS 

Table 3-8 presents the frequencies of pDDIs (overall-prevalence = 98.3%). The prevalence 

of major and moderate interactions were 96.7% and 94.2%, respectively. Lowest 

frequencies were detected for contraindicated interactions (1.7%) and minor interactions 

(4.5%). In majority of patients (n=193, 48.2%), 5-8 interactions were identified; followed 

by >8 (108, 27%), and ≤4 (99, 24.7%). 

 

Table 3-8: Frequencies of all detected pDDIs in ACS 

Frequencies of pDDIs PDDIs/Severity Patients: n (%) 

Overall frequency PDDIs 393 (98.2) 

Severity wise frequency Contraindicated 7 (1.7) 

 Major 387 (96.7) 

 Moderate 377 (94.2) 

 Minor 18 (4.5) 

Number of pDDIs per 

patient ≤4 99 (24.7) 

 5-8 193 (48.2) 

 >8 108 (27) 

 

PDDIs= Potential drug-drug interactions 

Overall frequency = All types pDDIs (regardless of severity type). Of total 400 ACS 

patients, the overall-frequency was 393 (98.2%). 
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3.2.1.3 Levels of all detected potential drug-drug interactions in ACS 

Levels of pDDIs (Fig. 3-4) illustrated an overall 278 potential DICs, which came up from 

a total of 2775 pDDIs. All detected pDDIs were categorized primarily based on severity 

type and scientific evidence. Of 2775 pDDIs, 1432 (47.5%) were of moderate-severity and 

1308 (43.4%) of major severity; whereas, 1360 (45.1%) were of fair and 1122 (37.3%) of 

good documentation. Of 278 DICs, 136 (43.2%) were of major-severity while 124 (39.4%) 

of moderate-severity, whereas, 152 (48.2%) and 98 (31.1%) were of fair and good 

documented-evidence, respectively.
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Figure 3-4: Levels of all detected pDDIs in ACS 

PDDIs= Potential drug-drug interactions 
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3.2.1.4 Stratification of potential drug-drug interactions with respect to ACS 

patients’ parameters 

Table 3-9 demonstrates stratification of major and all-type interactions based on the 

patients’ characteristics. Frequency of all-type interactions were similar in males and 

females (50.6% vs 49.4%, respectively). Likewise, major interactions were also almost 

similar in both gender (males = 50.9% & females = 49.1%). Patients aged >60 years were 

more exposed to all-types as well as major interactions.  
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Table 3-9: Stratification of potential drug-drug interactions with respect to ACS 

patients’ parameters 

Parameters All-types pDDIs: n (%) Major-severity pDDIs: n (%) 

Gender   

Male 199 (50.6) 197 (50.9) 

Female 194 (49.4) 190 (49.1) 

Age (Years)   

< 40 32 (8.1) 32 (8.3) 

41-50 82 (20.9) 81 (20.9) 

51-60 137 (34.9) 136 (35.1) 

>60 142 (36.1) 138 (35.7) 

Hospital stay (Days) 

< 2 138 (35.1) 137 (35.4) 

3-4 170 (43.3) 168 (43.4) 

>4 85 (21.6) 82 (21.2) 

Prescribed medications* 

< 8 141 (50.5) 138 (49.5) 

9-10 91 (50.5) 89 (49.4) 

11-12 54 (50.0) 54 (50.0) 

>12 107 (50.2) 106 (49.7) 

 

PDDIs= Potential drug-drug interactions 

*Row-wise percentages are given 
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3.2.1.5 Risk factors of potential drug-drug interactions in acute coronary 

syndrome  

Univariate logistic regression analysis for vulnerability to >6 all-types pDDIs are depicted 

at Table 3-10. The risk of occurrence of >6 all-types pDDIs was significantly higher among 

female patients (OR =1.6; 95% CI =1.2-2.7; p<0.04). Moreover, risk for the presence of 

>6 all-types pDDIs was significant with hospitalization of 3-4 days (p<0.001) and >4 days 

(p=0.01); and ≥9 prescribed drugs (p<0.001). 

Results of univariate logistic regression analysis for vulnerability to >4 major-severity 

pDDIs are additionally illustrated in Table 3-10. Significant association of the vulnerability 

to >4 major-severity pDDIs were observed with males (p=0.05), hospital stay of 3-4 days 

(p=0.02) and >4 days (p<0.001); and ≥9 number of prescribed medicines (p<0.001). No 

significant association was found for the presence of >4 major-severity pDDIs with 

patients’ age range of 41-55 years (p=0.6), 51-70 years (p=0.9), and >70 years (p=0.7). 

Multivariate logistic regression analysis results are shown in Table 3-11. The occurrence 

of >6 all-types pDDIs (regardless of severity) and >4 major-severity pDDIs were 

significantly associated with the number of prescribed medicines of ≥9 (p<0.001). 

However, results were not significant for the risk of vulnerability to > 6 all-types pDDIs 

and >4 major-severity pDDIs with patients’ gender, different categories of age and all 

ranges of length of hospitalization.  
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Table 3-10; Univariate logistic regression analysis based on exposure to >6 all-types pDDIs and >4 major-severity pDDIs in ACS 

Parameters 
>6 All-types pDDIs >4 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female 1.8 1.2-2.7 0.04 1.6 1-2.6 0.05 

Age (Years)       

< 40 Reference   Reference   

41-50 1.6 0.7-3.7 0.3 1.3 0.5-3.5 0.5 

51-60 2.1 1-4.8 0.06 1.2 0.5-3 0.8 

>60 1.6 0.7-3.6 0.2 1 0.4-2.4 0.9 

Hospital stay (Days)       

<2 Reference   Reference   

3-4 2.4 1.5-3.8 <0.001  2.1 1.2-3.7 0.02 

>4 2.02 1.2-3.5 0.01 3.2 1.7-6.1 <0.001 

Prescribed medications       

<8 Reference   Reference   

9-10 17 5.9-48.6 <0.001 13.5 3.9-47 <0.001 

11-12 26.1 8.8-77.8 <0.001 18.5 5.1-67 <0.001 

>12 129.8 39.6-426 <0.001 48 14.4-160 <0.001 

pDDIs = potential drug-drug interaction; OR = odds ratio; CI= confidence interval 
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Table 3-11: Multivariate logistic regression analysis based on vulnerability to >6 all-types pDDIs and >4 major-severity pDDIs 

in ACS 

Parameters 
>6 All-types pDDIs >4 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female 1.2 0.7-2 0.6 1.2 0.7-2.2 0.4 

Age (Years)       

< 40 Reference   Reference   

41-50 1.2 0.4-4 0.7 - - - 

51-60 0.6 0.2-1.8 0.4 - - - 

>60 0.6 0.2-1.9 0.4 - - - 

Hospital stay (Days)       

<2 Reference   Reference   

3-4 1.2 0.6-2.4 0.5 1.2 0.6-2.3 0.6 

>4 1.1 0.5-2.4 0.8 1.2 0.5-2.5 0.7 

Prescribed medications       

<8 Reference   Reference   

9-10 13.3 3.8-46.4 <0.001 13.2 3.8-45.9 <0.001 

11-12 20.5 5.5-75.8 <0.001 19 5.2-69.8 <0.001 

>12 51.7 14.8-180.4 <0.001 46.5 13.5-160.1 <0.001 

pDDIs = potential drug-drug interaction; OR = odds ratio; CI= confidence interval 
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3.2.1.6 Widespread potentially interacting drug combinations in ACS 

Of 278 distinct interacting drug pairs the widely prevalent potential combinations were 

aspirin plus clopidogrel (n = 340), clopidogrel plus enoxaparin (309), aspirin plus 

nitroglycerin (299), aspirin plus bisoprolol (253), aspirin plus ramipril (147), atorvastatin 

plus clopidogrel (110), aspirin plus furosemide (95), aspirin plus insulin (79), bisoprolol 

plus insulin (67) and furosemide plus ramipril (54) as stated in Table 3-12 along with their 

severity and documentation levels and potential adverse outcomes. The drugs involved in 

frequent drug combinations were aspirin, clopidogrel, enoxaparin, nitroglycerin, ramipril, 

bisoprolol, furosemide and insulin. The potential adverse outcomes observed with most 

frequent pDDI pairs were increased risk of bleeding, alteration in blood composition, 

elevated blood pressure, reduction in clinical efficacy of co-prescribed medications, 

deteriorated renal function, and alteration in glycemic levels. 
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Table 3-12: Top 25 most frequent interactions in ACS, their severity, documentation and potential clinical manifestations 

Interacting pair (n)* Severity Evidence Description  

Aspirin with Clopidogrel (340)  Major Fair Risk of bleeding complications 

Clopidogrel with Enoxaparin (309) Major Fair Risk of bleeding complications 

Aspirin with Nitroglycerin (299) Moderate Good Nitroglycerin blood concentration may increase with depression 

in platelet function 

Aspirin with Bisoprolol (253) Moderate Good Elevated blood pressure 

Aspirin with Ramipril (147) Moderate Fair Decreased Ramipril effectiveness 

Atorvastatin with Clopidogrel (110) Moderate Excellent Decreased Clopidogrel biotransformation resulting in risk 

of platelet reactivity 

Aspirin with Furosemide (95) Major Good Reduced diuretic effectiveness and possible nephrotoxicity 

Aspirin with Insulin (79) Moderate Fair Increased risk of hypoglycemia 

Bisoprolol with Insulin (67) Moderate Good Hypo or hyperglycemia; decreased symptoms of 

hypoglycemia 

Furosemide with Ramipril (54) Moderate Good Postural hypotension (first dose) 

Clopidogrel with Omeprazole (44) Major Excellent Reduced Clopidogrel biotransformation with thrombosis 

risk 

Clopidogrel with Esomeprazole (41) Major Excellent Reduced plasma concentrations of clopidogrel  

Aspirin with Glimepiride (34) Major Fair Increased risk of hypoglycemia 

Aspirin with Spironolactone (33) Major Good Impaired efficacy of diuretic effectiveness, increase in 

serum potassium, or possible WRF 

Insulin with Ramipril (31)  Moderate Fair Increased risk of hypoglycemia 

Clopidogrel with Fondaparinux (27) Major Fair Risk of bleeding complications 

Bisoprolol with Glimepiride (25) Moderate Good Alteration in glycemic level 

Ramipril with Spironolactone (25) Major Good Hyperkalemia 
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Aspirin with Fondaparinux (24) Major Fair Risk of bleeding complication 

Aspirin with Carvedilol (20) Moderate Good Increased blood pressure 

Aspirin with Metoprolol (20) Moderate Good Increased blood pressure 

Aspirin with Metformin (16) Major Fair Increased risk of hypoglycemia 

Aspirin with Hydrochlorothiazide (15) Major Good Reduced diuretic effectiveness and possible nephrotoxicity 

Aspirin with Sertraline (15) Major Excellent Increased risk of bleeding 

Bisoprolol with Metformin (15) Moderate Good Alteration in glycemic level 

WRF=worsening of renal function 

*Frequencies represent the number of patients presented with respective drug interacting pair out of the total 400 hospitalized ACS 

patients. 
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3.2.1.7 Clinical relevance 

Clinical manifestations such as signs/symptoms, lab test results and monitoring and 

management parameters 152,198,200 for the most frequent (top-ten) interacting drug pairs are 

represented in Table 3-13. The interacting pairs aspirin plus clopidogrel and clopidogrel 

plus enoxaparin, were presented with signs (anemia and pallor) and symptoms 

(hemoptysis, melena, hematuria and epistaxis) of bleeding; altered blood tests, INR and 

PT. Patients with co-therapy of aspirin plus nitroglycerin presented with symptoms of 

hypotension, headache, dizziness, nausea & vomiting, restlessness and palpitation; reduced 

hemoglobin and worsened renal function. The interactions arising from the co-therapy of 

aspirin and antihypertensives such as aspirin plus bisoprolol, aspirin plus ramipril, aspirin 

plus furosemide and furosemide plus ramipril were observed with chest pain (on or without 

exertion), raised JVP, elevated blood pressure, palpitation, headache and confusion; 

deranged renal functions, cardiac markers and electrolytes. Patients co-prescribed with 

drug-pair: atorvastatin plus clopidogrel revealed chest pain, SOB, headache, raised JVP, 

palpitations and cough; deviated blood composition, raised blood urea, nitrogen and 

creatinine. The patients taking drug combinations of aspirin plus insulin and bisoprolol 

plus insulin depicted SOB, headache, sweating, dizziness and restlessness; varied renal 

functions and leukocytes count. According to DIPS, the following interacting combinations 

with patients frequencies showed a score of 5 or above: aspirin+nitroglycerin 51 (17.05%), 

aspirin+bisoprolol 60 (23.71%), aspirin+ramipril 53 (36.05%),  atorvastatin+clopidogrel 

50 (45.45%), aspirin+furosemide 52 (54.73), aspirin+insulin 15 (18.98%), 

bisoprolol+insulin 18 (26.86%) and furosemide+ramipril 16 (29.62%). 
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Table 3-13: Top ten interactions in ACS, their clinical relevance and monitoring and management parameters 
Interacting pair (n) Signs and symptoms (n) Laboratory investigations (n) Monitoring and management parameters 

Aspirin with Clopidogrel (340) 

 

 

Signs of bleeding (22) 

Anemia (18) 

Pallor (04) 

Symptoms of bleeding 

(09) 

Hemoptysis (03) 

Melena (03) 

Hematuria (02)  

Epistaxis (01) 

Hemoglobin: Low (16), 

Normal (06) 

Total Leukocytes Count: 

Normal (17), High (05) 

 

 

Patients need to be vigilantly assessed for 

sign/symptoms of bleeding and close 

assessment of blood counts. Caution is 

advised while using this combination, owing 

to its increased risk of thrombotic events, 

therefore coprescription may be considered 

carefully. 

Clopidogrel with Enoxaparin 

(309) 

 

 

Signs of bleeding (20) 

Anemia (17) 

Pallor (03) 

Symptoms of bleeding 

(09) 

Melena (03) 

Hematuria (02) 

Hemoptysis (02) 

Bleeding per rectum (02) 

Hemoglobin: Low (09), 

Normal (09) 

Total Leukocytes Count: 

Normal (13), High (05) 

INR:  Normal (02) 

PT:  Normal (04) 

 

Prompt evaluation for signs or symptoms of 

bleeding is advised 

Additionally, if possible, discontinue the 

antiplatelet agent prior to initiating a low 

molecular weight heparin. 

Aspirin with Nitroglycerin 

(299) 

Hypotension (12) 

Headache (17) 

Dizziness (04) 

Nausea & vomiting (07) 

Restlessness (02) 

Palpitation (09) 

 

Hemoglobin: Low (08), 

Normal (10) 

BUN: Normal (12), High (16) 

Serum Creatinine:  Low (01), 

Normal (17), High (12) 

Serum Sodium: Low (12), 

Normal (12), High (02) 

The combination may benefit the patients 

with acute myocardial infarction. 

Nevertheless, monitoring for an exaggerated 

response to nitroglycerin (headache, syncope) 

and platelet function is advised. 

Aspirin with Bisoprolol 

(253) 

Chest Pain on exertion 

(04) 

Shortness of breath (13) 

Elevated B.P (19) 

Raised JVP (09) 

Orthopnea (03) 

BUN: Normal (09), High (13) 

Serum Creatinine: Normal 

(09), High (11) 

CKMB: Normal (08), High 

(02) 

 

Monitoring of blood pressure is advised. 

Concomitant use of NSAIDs should generally 

be avoided in patients with other CAD i.e. 

heart failure. 
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Headache (11) 

Tachycardia (01) 

Aspirin with Ramipril (147) Elevated B.P (10) 

Anemia (10) 

Shortness of breath (08) 

Raised JVP (07) 

Chest Pain (06) 

Palpitation (05) 

Headache (05) 

Confusion (02) 

 

BUN: Normal (06), High (11) 

Serum Creatinine: Normal 

(09), High (09) 

Serum Sodium: Low (03) 

Serum Potassium: High (02) 

 

 

 

Aspirin may result in reduced ramipril 

effectiveness. B.P and hemodynamics need to 

be closely assessed. Consider the following 

option in case of any adverse effect; (a) low-

dose aspirin (b) non-aspirin alternative 

antiplatelet (c) replacing ACEIs with ARBs. 

Atorvastatin with Clopidogrel 

(110) 

Chest Pain (15) 

Shortness of breath (11) 

Headache (09) 

Raised JVP (04) 

Palpitations (04) 

Cough (03) 

Confusion (02) 

Anorexia (02) 

 

Total Leukocytes Count:  Low 

(01), Normal (04), High (02)  

Neutrophils: Normal (02), 

High (03) 

BUN: Normal (03), High (08) 

Serum Creatinine: Normal 

(06), High (06) 

The effects of this combination appear to be 

dose related. Caution should be exercised 

while giving higher doses of clopidogrel as 

300mg and atorvastatin as 80mg in 

coprescription. 

Aspirin with Furosemide (95) Cough (13) 

Shortness of breath (10) 

Raised JVP (09) 

Headache (06) 

Elevated B.P (06) 

Palpitation (05) 

Edema (03) 

BUN: Normal (06), High (08) 

Serum Creatinine: Normal 

(05), High (09) 

Serum Sodium: Low (02), 

High (01) 

Patients should be monitored for signs of 

WRF, diuretic efficacy, desired effect on B.P 

and high dose aspirin should be avoided. 

Aspirin with Insulin (79) 

 

 

 

Shortness of breath (05) 

Headache (04) 

Sweating (03) 

Dizziness (03) 

BUN: Normal (04), High (07) 

Serum Creatinine: Normal 

(06), High (05) 

Patients with co-prescription of insulin and 

aspirin their glucose levels should be 

monitored more frequently and adjust the 

dose of insulin, where necessary. 

Bisoprolol with Insulin (67) 

 

 

Cough (06) 

Shortness of breath (04) 

Headache (04) 

Total Leukocytes Count: High 

(03) 

BUN: Normal (03), High (06) 

Patients need to be vigilantly assessed for 

effects of hypoglycemia, with focus on 
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 Sweating (03) 

Restlessness (01) 

Serum Creatinine: Normal 

(04), High (05) 

glucose monitoring or dose adjustment of the 

antidiabetic agent may be required. 

Furosemide with  

Ramipril (54) 

Hypotension (07) 

Palpitation (04) 

Headache (04) 

Pedal Edema (01) 

 

BUN: Normal (03), High (05) 

Serum Creatinine: Normal 

(04), High (04) 

Serum Sodium: Low (02) 

The patients with sodium depletion and 

hypovolemia are at high risk. Closely monitor 

patient’s B.P for four hours after the initial 

dose for hypotensive effects. Temporarily 

discontinue furosemide and/or the patient 

should be started at very low dose ACEIs, 

particularly in evening; monitor for low B.P, 

serum electrolytes, and body weight regularly 

for up to two weeks after dose adjustments. 

BUN= blood urea nitrogen, INR= international normalized ratio, PT=prothrombin time, APTT=activated partial thromboplastin time, 

JVP= jugular venous pressure, NSAIDs= nonsteroidal anti-inflammatory drugs, WRF=worsening renal function, CAD=coronary 

artery disease, ACEIs=angiotensin converting enzyme inhibitors, ARBs= angiotensin receptor blockers, B.P= Blood pressure        
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3.2.1.8 Drug prescribing pattern in acute coronary syndrome 

In this study, a total of 4133 medicines were prescribed both for the major disease and 

associated comorbidities, if any. Table 3-14 shows that clopidogrel and aspirin were the 

highly prescribed medications with prescription frequency of 374 and 362, respectively, 

followed by nitroglycerin (332), enoxaparin (328), bisoprolol (278) and rosuvastatin (228). 

As described in the Table 3-12 (top 25 most frequent interactions), the co-prescription of 

all the afore-mentioned drugs have a potential for DDIs with major or moderate severity 

augmented by a scientific evidence.  The most frequently prescribed national /multinational 

brands in acute coronary syndrome were Tab. Cardnit, Inj. Clexane, Tab . Concor. and Tab 

Rosuwa, respectively.  
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Table 3-14: Top 30 prescribed medications in ACS their pharmacological 

classifications and frequencies 

Prescribed medications Pharmacological class Frequency 

Clopidogrel Antiplatelet  374 

Aspirin (low dose) Antiplatelet  362 

Nitroglycerin Antianginal agent 332 

Enoxaparin Anticoagulant  328 

Bisoprolol Antihypertensive/ β-blocker 278 

Rosuvastatin Lipid lowering agent 228 

Ramipril Antihypertensive 166 

Atorvastatin Lipid lowering agent 120 

Furosemide Antihypertensive/ Diuretic 115 

Dimenhydrinate Gastrointestinal agent 98 

Nalbuphine Analgesic 89 

Insulin Antidiabetic 78 

Isosorbide Dinitrate Antianginal agent 77 

Omeprazole Gastrointestinal agent 49 

Spironolactone Antihypertensive  48 

Pantoprazole Gastrointestinal agent 46 

Ceftriaxone Antibiotic  45 

Nicorandil Antihypertensive 45 

Esomeprazole Gastrointestinal agent 44 

Beclomethasone Bronchodilator/Corticosteroid 38 

Acetaminophen Analgesic 36 

Trimetazidine Antihypertensive 34 

Ipratropium  Bronchodilator 31 

Metoclopramide Gastrointestinal agent 31 

Valsartan Antihypertensive 26 

Carvedilol Antihypertensive/ β-blocker 24 

Telmisartan Antihypertensive 24 

Amoxicillin Antibiotic 22 

Metformin Antidiabetic 22 

Domperidone Gastrointestinal agent 21 
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3.2.2  Discussion 

3.2.2.1 Outline of the results and findings  

This research work revealed the frequency and nature of pDDIs in a total of four hundred 

ACS patients in cardiology units of two medical institutions (tertiary care) of a provincial 

capital. The overall vulnerability to at least one pDDI was estimated at 393 (98.3%) 

patients. However, 387 (96.7%) and 377 (94.2%) patients were vulnerable to at least one 

major-severity and moderate-severity pDDI, respectively. An overall sum of 2775 all 

types-pDDIs were estimated, which comprised of 1432 (51.6%) and 1308 (47.1%) 

moderate- and major-severity pDDIs, respectively. A total of 278 DICs were revealed 

among 2775 all-types pDDIs. Of 278 DICs, the major-severity pDDIs were 136 (48.92%) 

and moderate-severity were 124 (44.6%), respectively. The documentation-levels 

augmenting these distinct combinations were 152 (54.7%) as fair and 98 (35.2%) as good 

scientific-evidence. 

The prevalence of all-types pDDIs (n=199, 50.6%) and major-severity pDDIs (197, 50.9%) 

were higher in male patients. Additionally, all-types pDDIs (n=141, 35.1%) and major-

severity pDDIs  (138, 35.7%) demonstrated high prevalence in patients prescribed <8 

medicines. 

Significant risk of likelihood was noticed for >6 all-types pDDIs in female ACS patients 

(p<0.04), longer hospitalization (p<0.001) and ≥9 prescribed drugs (p<0.001); and for >4 

major-pDDIs in males (p=0.05), longer hospital-stay (p<0.001), ≥9 prescribed drugs 

(p<0.001). 
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Estimating the likelihood on multivariate logistic regression, >6 all-types pDDIs and >4 

major-severity pDDIs showed significant association with ≥9 prescribed medicines 

(p<0.001). 

The widespread interacting drug combinations and clinical relevance of most frequent drug 

interacting pairs presented the potential adverse outcomes such as increased risk of 

bleeding, alteration in blood composition, elevated blood pressure, impairment in clinical 

efficacy of co-prescribed medication, worsened renal functions and risk of hypoglycemia 

or hyperglycemia. The clinical relevance further compiled the sign and symptoms of the 

frequent drug interacting pairs besides their monitoring and management guidelines to 

underline the mitigation strategies for the frequent interacting drug combinations in 

admitted ACS patients. 

Drug prescribing illustration in this study highlighted the total number and 

pharmacological classification of medications prescribed during the entire course of 

treatment. The highly prescribed medications were cardiovascular drugs namely: 

clopidogrel, aspirin, nitroglycerin, enoxaparin, bisoprolol, rosuvastatin and ramipril. Co-

prescription of all these are likely to encounter a pDDI warranting clinical attention. 

3.2.2.2 Discussion and interpretation 

Overall prevalence (98.3%) of pDDIs in our study is considerably higher in comparison to 

other research undertaken in related heart diseases (89.3%) 70,210. This variability in 

findings may be attributed to either of given reasons: research method, nature of study 

subjects, drug prescribing pattern and DDIs screening tools. Furthermore, prevalence 

(98.3%)  in our study is higher than studies conducted in patients with other diseases such 

as acquired immune deficiency syndrome (overall prevalence of pDDIs=40%) 203, bone 
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marrow transplant (60%) 211 and in different hospital wards like internal medicine (53%) 

212, because cardiovascular drugs are believed to have highest probability of interactions. 

Therefore, present findings require thoughtful consideration of pDDIs particularly in 

patients with ACS. Particular, evidence-based parameters are advocated to manage this 

problem such as screening of PMRs for pDDIs with screening application (software), 

clinical pharmacist participation in prescription order evaluation for pDDIs, laboratory 

tests assessment for pDDIs related ADRs and health professional education on pDDIs. 

Severity of pDDIs need to be primarily viewed for vigilant assessment of potential-DDIs 

70. In this study moderate  (n=1432, 47.5%) and major-pDDIs  (1308, 43.4%) were most 

frequent, with scientific-evidence of fair  (1360, 45.1%) as most common; followed by 

good-type  (1122, 37.2%). These findings are inconsistent with other studies conducted in 

different conditions and specialties or wards. According to a study conducted in Brazil 

most frequent interactions were of moderate severity (64%) 70. Studies conducted in 

cardiology ward on all patients also shows inconsistency in relation to findings of this study 

20. In the view of our study results, the ACS patients in hospital settings are more 

susceptible to suffer from clinically significant interactions.  

ACS being a complex of multiple disorders and comorbidities require combined drug 

applications for relieving the complications associated with this syndrome. The likely 

relation between various ranges of prescribed medications and risk of pDDIs are notable. 

Significant association of exposure to pDDIs with length of hospitalization and number of 

prescribed medicines are in agreement with other research 70,212,213. In our study the OR of 

vulnerability to >6 all- types pDDIs (regardless of severity) and >4 major-severity pDDIs 

were separately determined. The significant relation of >6 all-types pDDIs and >4 major-
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pDDIs with gender, hospital stay and prescribed medicines are consistent with other studies 

20,213. In the light of these results, patients with ACS are at considerable risk to pDDIs due 

to polypharmacy and longer hospital stay. 

Therefore, it is necessary for health care team to become aware of and classify pDDIs based 

on their severity and documented research for their proper clinical management, DDI-risk 

reduction, prophylaxis and prevention. 

The table of top-25 most frequent DICs, in particular, contraindicated, major and moderate 

pDDIs are of prime significance for the clinicians that can be appropriately utilized for 

screening of selected DDIs by overburdened health care professionals. Patients 

encountering the selected DICs may be vigilantly monitored for any potential adverse 

manifestation. 

The clinical relevance and management or monitoring strategies will assist the attending 

physician and practicing pharmacist to identify and manage these pDDIs in complex 

therapy of ACS patients.  
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3.3  Potential drug-drug interactions in myocardial infarction 

3.3.1  Results 

3.3.1.1 Demographics and general characteristics of MI patients    

Out of total 400 studied patients, 245 (61.3%) were males and 155 (38.8%) females. 

Majority of patients were of age in the range of 51-60 years (n=140, 35%) followed by >60 

years (124, 31%); and with hospital stay of 3-4 days  (176, 44%) followed by ≤2 days  (147, 

36.8%). The majority of patients were prescribed 8-10 drugs (n=158, 39.5%) followed by 

11-13 drugs (92, 23%). Median age was 60 years (IQR = 51-69), median hospitalization 

was 2.5 days (IQR = 2-4), and median prescribed medicines were 10 (IQR = 7-13) as shown 

in Table 3-15.  
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Table 3-15: Demographics and general characteristics of MI patients  

Characteristics Patients: n (%) 

Gender  

Male 245 (61.3) 

Female 155 (38.8) 

Age (Years)  

< 40 37 (9.3) 

41-50 99 (24.8) 

51-60 140 (35) 

>60 124 (31) 

Median 60 

IQR 51-69 

Hospital stay (Days)  

< 2 147 (36.8) 

3-4 176 (44) 

>4 77 (19.3) 

Median 2.5 

IQR 2-4 

Prescribed medications  

≤7 76 (19) 

8-10 158 (39.5) 

11-13 92 (23) 

>13 74 (18.5) 

Median 10 

IQR 7-13 

IQR = Interquartile range   
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3.3.1.2 Frequencies of all detected potential drug-drug interactions in MI  

Frequencies of detected pDDIs are graphically presented in Fig. 3-5 which illustrates the 

overall frequency of pDDIs as 387 (96.7%). Frequencies based on severity-wise showed 

that, a higher number of patients were presented with major-pDDIs (n=305; 76.3%). 

Lowest number of patients were observed with contraindicated-pDDIs (n=18; 4.5%), 

followed by minor-pDDIs (43; 10.8%). In majority of study subjects 5-8 pDDIs were 

observed  (n=208; 52%), followed by 8 or more pDDIs in 29.3% patients and 4 or less 

pDDIs in 10.8% patients.
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Figure 3-5: Frequencies of all detected pDDIs in MI 

PDDIs = Potential drug-drug interactions. 

Overall frequency = All-types of PDDIs (regardless of severity type). Of total 400 MI patients, the overall-frequency was 387 (96.75%) 

patients. 
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3.3.1.3 Levels of all detected potential drug-drug interactions in MI 

Levels of pDDIs are graphically presented in Fig. 3-6. Overall 315 DICs were found that 

came up from a total of 3012 pDDIs. All detected pDDIs were categorized primarily based 

on severity type and corresponding research evidence. Of 3012 pDDIs, the moderate-

severity pDDIs were 1487 (49.7%), afterward followed by 1472 (48.9%) of major-severity; 

whereas, 1558 (52%) were of fair and 1019 (34%) of good documented evidence. Of the 

315 DICs, 160 (50.8%) were of major- and 134 (42.5%) moderate-severity; whereas 166 

(52.7%) were of fair and 113 (35.8%) of good documented evidence.
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Figure 3-6: Levels of all detected pDDIs in MI 

pDDIs = Potential drug-drug interaction 
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3.3.1.4 Stratification of potential drug-drug interactions with respect to MI 

patients’ parameters  

In Table 3-16, pDDIs (major- and all-severity pDDIs) are stratified against patients’ 

demographic and clinical characteristics, i.e., gender, different ranges of age, 

hospitalization and prescribed medicines. All-types pDDIs were most frequent among male 

(61.8%) as compared to female (38.2%). Likewise, the incidence of major-severity pDDIs 

were frequent in male (63.9%) as compared to female (36.1%). The patients with age range 

of 51-60 years had a higher incidence of all-type pDDIs (35.1%) as well as major-severity 

pDDIs (35.4). Patients having 3-4 days of hospitalization were reported to have the highest 

incidence of both i.e., all-type pDDIs (45%) and major-severity pDDIs (47.5%). Moreover, 

patients with prescribed medicines in the range of 8-10 had the highest incidence of both 

i.e., all-type pDDIs (42.9%) and major- severity pDDIs (39.7%). 
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Table 3-16: Stratification of potential drug-drug interactions with respect to MI 

patients’ parameters  

Parameters All-types pDDIs: n (%) Major-severity pDDIs: n (%) 

Gender   

Male 239 (61.8) 196 (63.9) 

Female 148 (38.2) 110 (36.1) 

Age (Years)   

< 40 35 (9) 24 (7.9) 

41-50 97 (25.1) 80 (26.2) 

51-60 136 (35.1) 108 (35.4) 

>60 119 (30.7) 93 (30.5) 

Hospital stay (Days) 

< 2 138 (35.7) 99 (32.5) 

3-4 174 (45) 145 (47.5) 

>4 75 (19.4) 61 (20) 

Prescribed medications 

< 7 42 (15.5) 41 (13.4) 

8-10 116 (42.9) 121 (39.7) 

11-13 60 (22.2) 76 (24.9) 

>13 52 (19.2) 67 (22) 
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3.3.1.5 Risk factors of drug-drug interactions in myocardial infarction 

Table 3-17 shows the result of univariate logistic regression analysis for vulnerability to 

>6 all-types pDDIs and >4 major-severity pDDIs. The association was insignificant for the 

presence of >6 all-types pDDIs with patients’ gender, age and hospital stay. However 

highly significant risk was determined for >6 all-types pDDIs with 8-10 prescribed 

medicines (p<0.001), 11-13 range of prescribed medicines (p<0.001) and >13 range of 

prescribed medicines (p<0.001).  

Further, the risk of occurrence was also significant for >4 major-severity pDDIs with 

female (p=0.03). The association for >4 major-major pDDIs was also significant with 8-

10 prescribed drugs (p=0.03) and >13 prescribed drugs (p<0.001). Insignificant association 

was observed for >4 major-severity pDDIs with patients’ age, hospital stay and prescribed 

medicines in the range of 11-13.  

Multivariate logistic regression analysis results for vulnerability to >6 pDDIs and >4 

major-pDDIs with patients’ gender, age, hospital stay and prescribed medicines are 

presented in Table 3-18. Significant association was determined based on vulnerability to 

>6 all-types pDDIs with prescribed medicines in the range of 8-10 drugs (p<0.001), 11-13 

drugs (p=0.001) and >13 drugs (p<0.001). The association was also significant based on 

exposure to >4 major-severity pDDIs with hospital stay of 3-4 days (p=0.03) and >13 

prescribed medicines (p<0.001). Whereas, insignificant association was observed based on 

exposure to >4 major-severity pDDIs with hospital stay of >4 days (p=0.7), prescribed 

medicines in the range of 8-10 (p=0.07) and 11-13 (p=0.06). 
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Table 3-17: Univariate logistic regression analysis based on exposure to >6 all-types 

pDDIs and >4 major-severity pDDIs in MI  

Parameters 

>6 All-types pDDIs >4 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female 1.1 0.8-1.7 0.4 1.54 1.02-2.3 0.03 

Age (Years)       

<40 Reference   Reference   

41-50 1.8 0.8-4 0.1 0.6 0.3-1.4 0.2 

51-60 1.5 0.7-3.1 0.2 0.9 0.4-1.8 0.7 

>60 1.3 0.6-2.7 0.4 1.1 0.5-2.3 0.7 

Hospital stay (Days) 

<2 Reference   Reference   

3-4 1.5 1-2.3 0.06 0.7 0.5-1.1 0.1 

>4 1.7 2-2.9 0.07 1.6 0.9-2.8 0.1 

Prescribed medications 

<7 Reference   Reference   

8-10 19 6.6-54.3 <0.001 0.5 0.3-0.9 0.03 

11-13 69 22.4-213 <0.001 1.7 0.9-3.2 0.07 

>13 103 31.2-400 <0.001 4.1 2-8.4 <0.001 

pDDIs = potential drug-drug interaction; OR = odds ratio; CI= confidence interval 
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Table 3-18: Multivariate logistic regression analysis based on exposure to >6 all-types pDDIs and >4 major-severity pDDIs in 

MI  

Parameters 
>6 All-types pDDIs >4 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female 0.8 0.5-1.4 0.4 1.4 0.9-1.2 0.1 

Age (Years)       

<40 Reference   Reference   

41-50 1.7 0.6-4.3 0.2 0.6 0.3-1.4 0.2 

51-60 1.1 0.4-2.6 0.9 0.6 0.4-1.8 0.2 

>60 0.7 0.3-1.8 0.4 0.8 0.5-2.3 0.6 

Hospital stay (Days)       

<2 Reference   Reference   

3-4 0.9 0.5-1.5 0.6 0.6 0.4-1 0.03 

>4 0.5 0.2-1.1 0.08 0.9 0.5-1.7 0.7 

Prescribed medications       

<7 Reference   Reference   

8-10 20 7-59.6 <0.001 0.6 0.3-1.1 0.07 

11-13 91 28.3-293.5 <0.001 1 0.9-3.5 0.06 

>13 164 45.2-585.5 <0.001 2.1 2.1-844 <0.001 

pDDIs = potential drug-drug interaction; OR = odds ratio; CI= confidence interval
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3.3.1.6 Widespread potentially interacting drug combinations in MI 

Table 3-19 presents most frequently detected drug interacting pairs such as aspirin plus 

clopidogrel (n = 361), clopidogrel plus enoxaparin (296), aspirin plus nitroglycerin (269), 

aspirin plus streptokinase (191), enoxaparin plus streptokinase (157), aspirin plus ramipril 

(157), aspirin plus bisoprolol (154), aspirin plus furosemide (98), aspirin plus metoprolol 

(87) and atorvastatin plus clopidogrel (69), along with their frequency, severity-levels, 

documentation-levels and potential adverse outcomes. The potential adverse outcomes of 

these interactions include: bleeding complications, disturbance in blood composition, 

deteriorated renal function, therapeutic failure, hypoglycemia, increased blood pressure, 

hypotension and deranged electrolytes. 
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Table 3-19: Top 25 most frequent interactions in MI, their severity, documentation and potential clinical manifestations 

Interacting pair (n)* Severity Evidence Description 

Aspirin – Clopidogrel (361) Major Fair Risk of bleeding complications 

Clopidogrel – Enoxaparin (296) Major Fair Risk of bleeding complications 

Aspirin – Nitroglycerin (269) Moderate Good Rise in nitroglycerin blood concentrations and depression of platelet 

function 

Aspirin – Streptokinase (191) Moderate Excellent Increased risk of hemorrhagic complications 

Enoxaparin – Streptokinase (157) Major Fair Risk of bleeding complications 

Aspirin – Ramipril (157) Moderate Fair Decreased Ramipril effectiveness 

Aspirin – Bisoprolol (154) Moderate Good Elevated blood pressure 

Aspirin – Furosemide (98) Major Good Impaired clinical efficacy of diuretic and possible WRF 

Aspirin – Metoprolol (87)  Moderate Good Elevated blood pressure 

Atorvastatin – Clopidogrel (69) Moderate Excellent Decreased Clopidogrel biotransformation resulting in risk of 

platelet reactivity 

Aspirin – Insulin (62) Moderate Fair Increased risk of hypoglycemia 

Aspirin – Spironolactone (49) Major Good Impaired clinical efficacy of diuretic, raised serum potassium 

level and possible WRF 

Clopidogrel – Omeprazole (47) Major Excellent Reduced Clopidogrel biotransformation with thrombosis risk 

Furosemide – Ramipril (33) Moderate Good Postural hypotension (first dose) 

Aspirin – Carvedilol (28) Moderate Good Increased blood pressure 

Insulin – Ramipril (25) Moderate Fair Increased risk of hypoglycemia 

Ramipril – Spironolactone (25) Major Good Hyperkalemia 
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Aspirin – Captopril (24) Moderate Excellent Decreased captopril effectiveness 

Aspirin – Ranitidine (23) Minor Excellent Decreased aspirin serum concentration and effectiveness of 

aspirin 

Bisoprolol – Insulin (22) Moderate Good Hyper or hyperglycemia; masked manifestations of 

hypoglycemia 

Furosemide – Morphine (21) Moderate Fair Reduced clinical efficacy of diuretics 

Aspirin – Glimepiride (21) Major Fair Risk of hypoglycemia 

Clopidogrel – Esomeprazole (20)  Major Excellent Reduced Clopidogrel biotransformation and efficacy  

Aspirin – Metformin (16) Major Fair Risk of hypoglycemia 

Clopidogrel – Fondaparinux (15) Major Fair Risk of bleeding complications 

WRF=worsening of renal function 

*Frequencies represent the number of patients presented with respective drug interacting pair out of the total 400 hospitalized MI 

patients. 
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3.3.1.7 Clinical relevance 

Table 3-20 represents DDIs associated clinical manifestations comprising of 

sign/symptoms and laboratory test result besides monitoring and management parameters 

152,198,200 for the top ten most frequent DICs. Patients with the interaction aspirin plus 

clopidogrel, clopidogrel plus enoxaparin, aspirin plus streptokinase and enoxaparin plus 

streptokinase showed signs and symptoms of bleeding i.e., anemia, pallor, hemoptysis, oral 

bleeding, epistaxis, bleeding per rectum, hematuria and melena; low hemoglobin, raised 

INR, PT and APTT were detected. The patients with interacting drug pairs aspirin plus 

ramipril, aspirin plus bisoprolol, aspirin plus furosemide and aspirin plus metoprolol 

suffered the symptoms of chest pain, elevated blood pressure, dyspnea, headache, 

tachycardia, orthopnea, edema and restlessness; deranged renal functions, serum 

electrolytes and cardiac markers. However, in patients with interactions aspirin plus 

nitroglycerin following signs and symptoms were observed nausea, vomiting head ache, 

dizziness and vertigo. Renal functions impairment, changes in the blood composition and 

serum electrolytes with symptoms of chest pain, confusion and tachycardia were assessed 

in patients with interacting pair atorvastatin plus clopidogrel. According to DIPS, the 

following interacting combinations with patients’ frequencies showed a score of 5 or 

above: aspirin – clopidogrel (n = 25; 6.92%), clopidogrel – enoxaparin (22; 7.43%), aspirin 

– nitroglycerin (28; 10.40%), aspirin – streptokinase (12; 6.28%), enoxaparin – 

streptokinase (14; 8.91%), aspirin – ramipril (52; 33.12%), aspirin – bisoprolol (52; 

33.76%), aspirin – furosemide (53; 54.08%), aspirin – metoprolol (26; 29.88%) and 

atorvastatin – clopidogrel (18; 26.08%). 
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Table 3-20: Top ten interactions in MI, their clinical relevance and monitoring and management parameters  

Interactions (n) Signs and symptoms (n) Laboratory investigations (n) Monitoring and 

management parameters 

Aspirin-Clopidogrel (361) 

 

 

Signs of bleeding (14) 

Anemia (11) 

Pallor (03) 

 

Symptoms of Bleeding (11) 

Hemoptysis (04) 

Oral Bleeding (03) 

Bleeding per rectum (01) 

Hematuria (01)  

Epistaxis (01) 

Melena (01) 

 

Hemoglobin: Low (08), 

Normal (04) 

Total Leukocytes Count: 

Normal (06), High (07) 

INR: High (03) 

PT: High (03) 

 

 

Patients should be monitored 

for signs and symptoms of 

bleeding and close assessment 

of blood counts. Caution is 

advised while using this 

combination, owing its 

increased risk of thrombotic 

events, therefore 

coprescription may be 

considered carefully 

Clopidogrel-Enoxaparin (296) 

 

 

Signs of bleeding (13) 

Anemia (10) 

Pallor (03) 

Symptoms of Bleeding (09) 

Oral Bleeding (04) 

Hemoptysis (02) 

Bleeding per rectum (01) 

Epistaxis (01)  

Melena (01) 

Hemoglobin: Low (05), 

Normal (02) 

Total Leukocytes Count: 

Normal (03), High (03) 

INR:  Normal (02), High (02) 

PT:  Normal (02), High (02) 

 

Prompt evaluation for signs or 

symptoms of bleeding is 

advised. 

Additionally, if possible, 

discontinue the antiplatelet 

agent prior to initiating a low 

molecular weight heparin. 

Aspirin-Nitroglycerin (269) Headache (13) 

Dizziness (10) 

Nausea & vomiting (09) 

Vertigo (03) 

Tachycardia (03) 

 

Hemoglobin: Low (06), 

Normal (03) 

BUN: Normal (03), High (14) 

Serum Creatinine: Normal 

(04), High (13) 

Serum Sodium: Low (01) 

 

The combination may benefit 

the patients with AMI. 

Nevertheless, monitoring for 

an overdose of nitroglycerin 

and platelet function is 

advised 
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Aspirin-Streptokinase (191) 

 

 

 

Signs of bleeding (05) 

Anemia (04) 

Pallor (01) 

 

Symptoms of Bleeding (07) 

Oral Bleeding (03)  

Hemoptysis (02) 

Bleeding per rectum (01) 

Melena (01) 

Hemoglobin: Low (03), 

Normal (01) 

Total Leukocytes Count: 

Normal (02), High (03) 

BUN: Normal (03), High (07) 

Serum Creatinine: Normal 

(04), High (05) 

In cases where concurrent 

therapy of aspirin and 

thrombolytic is unavoidable 

appropriate monitoring of 

coagulation tests (PT, INR) 

with dose adjustment of 

anticoagulant agent(s) is 

required. Patients should be 

advised to report any unusual 

sign of bleeding 

Enoxaparin-Streptokinase (157) 

 

 

Signs of bleeding (07) 

Anemia (04) 

Pallor (03) 

 

Symptoms of Bleeding (07) 

Oral Bleeding (03) 

Hemoptysis (02) 

Bleeding per rectum (01) 

Melena (01) 

 

Hemoglobin: Low (02) 

Total Leukocytes Count: 

Normal (01), High (02) 

CKMB:  Normal (01), High 

(02) 

BUN: Normal (02), High (03) 

Serum Creatinine: Normal 

(03), High (03) 

Besides close monitoring, 

whenever possible, drugs that 

enhance the risk of 

hemorrhage should be 

discontinued prior to initiation 

of enoxaparin. If administered 

concomitantly with a 

thrombolytic for the treatment 

of acute STEMI, enoxaparin 

should be given 15 minutes 

prior and 30 minutes post 

fibrinolytic therapy 

Aspirin-Ramipril (157) Chest Pain (20) 

Elevated B.P (11) 

Dyspnea (06) 

Headache (05) 

Edema (04) 

Orthopnea (03) 

Dizziness (03) 

 

BUN: Normal (01), High (07) 

Serum Creatinine: Normal 

(03), High (04) 

Serum Sodium: Low (01) 

Serum Potassium: Low (01), 

Normal (03), High (01)  

 

 

 

Aspirin may result in reduced 

ramipril effectiveness. 

Patient’s blood pressure and 

hemodynamic parameters 

should be monitored. 

Consider the following option 

in case of any adverse effect; 

(a) low-dose aspirin (b) 

alternative antiplatelet agent 
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other than aspirin (c) 

substitute ACEIs with ARBs 

Aspirin-Bisoprolol 

(154) 

Chest Pain (27) 

Shortness of breath (8) 

Elevated B.P (04) 

Edema (04) 

Orthopnea (03) 

Headache (03) 

Tachycardia (03) 

BUN: Normal (01), High (06) 

Serum Creatinine: Normal 

(04), High (04) 

CKMB: Normal (02), High 

(03) 

 

Monitoring of blood pressure 

is advised. Concomitant use 

of NSAIDs should generally 

be avoided in patients with 

other CAD i.e. heart failure 

Aspirin-Furosemide (98) Shortness of breath (18) 

Chest Pain (10) 

Dyspnea (10) 

Edema (07) 

Elevated B.P (04) 

Headache (04) 

 

BUN: Normal (02), High (10) 

Serum Creatinine: Normal 

(04), High (08) 

Serum Sodium: Low (02) 

Patients should be monitored 

for signs of WRF, clinical 

efficacy of diuretic, blood 

pressure control and high 

dose aspirin should be 

avoided 

Aspirin-Metoprolol (87) Chest Pain (08) 

Elevated B.P (07) 

Headache (05) 

Dyspnea (04) 

Restlessness (02) 

BUN: Normal (01), High (06) 

Serum Creatinine: Normal 

(04), High (04) 

CKMB: Normal (02), High 

(03) 

 

Caution is warranted in 

coprescription of aspirin and 

metoprolol in those patients 

having AMI along with heart 

failure, where the β-blockers 

are considered to be narrow 

therapeutic index.  

Evidence suggests that 

NSAIDs may be taken in a 

minimum dose in patients 

concurrently taking β-

blockers 

Atorvastatin-Clopidogrel (69) Chest Pain (06) 

Shortness of breath (05) 

Cough (04) 

Total Leukocytes Count: 

Normal (02), High (01) 

The effects of interaction 

between these agents appears 

to be dose related. Caution 
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Confusion (02) 

Tachypnea (01) 

 

Neutrophils: Normal (01), High 

(02) 

BUN: Normal (01), High (05) 

Serum Creatinine: Normal 

(02), High (04) 

Serum Potassium: High (01) 

should be exercised while 

giving higher doses of 

clopidogrel as 300mg and 

atorvastatin as 80mg in 

coprescription 

BUN= blood urea nitrogen, INR= international normalized ratio, PT=prothrombin time, APTT=activated partial thromboplastin time, 

STEMI=ST segment elevation myocardial infarction, NSAIDs= nonsteroidal anti-inflammatory drugs, WRF=worsening renal 

function, AMI=acute myocardial infarction, CAD=coronary artery disease, ACEIs=angiotensin converting enzyme inhibitors, ARBs= 

angiotensin receptor blockers, B.P= Blood pressure        
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3.3.1.8 Drug prescribing pattern in myocardial infarction 

In this study a total of 3876 medicines of different pharmacological classes were prescribed 

for MI and associated comorbidities. Table 3-21 shows that clopidogrel and aspirin were 

the highly prescribed medications with prescription frequency of 314 and 312, respectively, 

followed by enoxaparin (n=253), rosuvastatin (247), nitroglycerin (196) and streptokinase 

(181). Co-therapy of these medications are likely to induce pDDIs. The most frequently 

prescribed national /multinational brands in myocardial infraction were Inj. Clexane, Tab 

Rosuwa, Tab. Cardnit and Inj Eskinase respectively.    
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Table 3-21: Top 30 prescribed drugs in MI their pharmacological classification and 

frequencies  

Prescribed medications Pharmacological Class Frequency 

Clopidogrel Antiplatelet  314 

Aspirin (low dose) Antiplatelet 312 

Enoxaparin Anticoagulant 253 

Rosuvastatin Lipid lowering agent 247 

Nitroglycerin Antianginal agent  224 

Streptokinase Fibrinolytic  181 

Bisoprolol Antihypertensive/ β-blocker  144 

Ramipril Antihypertensive 144 

Furosemide Antihypertensive/ Diuretic 113 

Morphine Analgesic 98 

Metoprolol Antihypertensive/ β-blocker 90 

Dimenhydrinate Gastrointestinal agent 87 

Glyceryl Trinitrate Antianginal agent 65 

Normal Saline Electrolyte 58 

Spironolactone Antihypertensive/ Diuretic 58 

Atorvastatin Lipid lowering agent 57 

Insulin Antidiabetic 57 

Nalbuphine Analgesic 54 

Omeprazole Gastrointestinal agent 54 

Isosorbide Dinitrate Antianginal agent 50 

Pantoprazole Gastrointestinal agent 44 

Ceftriaxone Antibiotic 41 

Ipratropium  Bronchodilator 33 

Beclomethasone Bronchodilator/ Corticosteroid 31 

Acetaminophen Analgesic 28 

Domperidone Gastrointestinal agent 25 

Captopril Antihypertensive 24 

Gliclazide Antidiabetic  22 

Carvedilol Antihypertensive/ β-blocker 21 

Esomeprazole Gastrointestinal agent 21 
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3.3.2  Discussion 

3.3.2.1 Outline of the results and findings 

This study demonstrates the incidence and nature of potential-DDIs in a total of four 

hundred MI patients in cardiology wards of three major tertiary care medical institutions 

of a provincial capital. The overall exposure to at least one pDDI was estimated at 387 

(96.7%) patients. However, 305 (76.3%) and 286 (71.5%) patients were prone to at least 

one major-severity and one moderate-severity pDDI, respectively. An overall sum of 3012 

all types-pDDIs were estimated, which comprised of moderate-  (n=1487, 49.7%) and 

major-severity (1472, 48.9%) pDDIs. A total of 315 DICs were recorded among 3012 all-

types pDDIs. Of 315 DICs, the major-severity pDDIs were 160 (50.8%) and moderate-

severity pDDIs were 132 (42.5%), respectively. The documentation-levels augmenting 

these distinct combinations were 166 (52.7%) as fair and 113 (35.8%) as good scientific 

research evidence. 

The prevalence of all-type pDDIs (61.8%) and major-severity pDDIs (63.9%) were higher 

in male patients. Additionally, all-type pDDIs and major-severity pDDIs demonstrated 

higher incidence in patients with age range 51-60 years, 3-4 days of hospitalization and 8-

10 prescribed medicines. 

Logistic regression (univariate) analysis showed a significant risk of likelihood with >6 all-

types pDDIs in MI patients with all categories of prescribed drugs (p<0.001); while >4 

major-pDDIs with female (p=0.03), 8-10 prescribed drugs (p<0.03) and >13 prescribed 

drugs (p<0.001). 

Risk association on multivariate logistic analysis was also significant for >6 all-types 

pDDIs with prescribed medicines (p<0.001), however, for >4 major-severity pDDIs 
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showed significant association with hospitalization of 3-4 days (p<0.03) and prescribed 

medicines in the range of >13 drugs (p<0.001). 

The widespread interacting drug combinations and clinical relevance of most frequent drug 

interacting pairs depicted that the potential adverse outcomes include; bleeding 

complications, disturbance in blood composition, distressed renal function, therapeutic 

ineffectiveness of the co-prescribed medication, hypoglycemia, uncontrolled blood 

pressure and deranged electrolytes. The clinical relevance further summarized the sign and 

symptoms of the frequent drug interacting pairs besides their monitoring and management 

guidelines to underline the mitigation strategies for the culprit interacting therapies. 

Drug prescribing illustration in this study compiled the total number and pharmacological 

classification of drug therapy of hospitalized MI patients. Of the total 3876 prescribed 

medications, the leading pharmacological class was cardiovascular drugs (clopidogrel, 

aspirin, enoxaparin, rosuvastatin, nitroglycerin and streptokinase). This study reinforces 

that coprescription of these drugs have a greater risk of pDDI resulting in complication 

warranting clinical advice.  

3.3.2.2 Discussion and interpretation 

The current study investigated pDDIs specifically in MI. To the best of our knowledge, 

studies are scarce that address the issue of pDDIs in MI patients in published literature. 

The current study is a good addition in the knowledge regarding pDDIs in this specific 

disease. This study highlights the high exposure of pDDIs in MI patients and suggests that 

a proper screening and monitoring system is necessary for timely identification of pDDIs 

and their management. 
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The exposure to pDDIs in patients with MI (96.8%) is substantially higher as compared 

with a prevalence of 30.7% to 91.6% reported by other studies conducted in cardiology 

ward 85,191,214. The prevalence of pDDIs in MI patients was also very higher than that 

reported in other clinical specialties such as internal medicine (51%-52.8%) 190,215, 

psychiatry (64.8%) 206, pediatrics (25.8%) 206 and medical intensive care unit (74.5 %) 197. 

Moreover, the prevalence of major-pDDIs (76.3%) were also higher than all of the studies. 

The main reason of this higher prevalence is the frequent use of drugs having a high 

potential of interactions with many other drugs, such as, aspirin, clopidogrel, enoxaparin, 

nitroglycerin, streptokinase, ramipril, bisoprolol, metoprolol, furosemide, atorvastatin, 

insulin, omeprazole, spironolactone, carvedilol, morphine, ranitidine, captopril, 

fondaparinux, glimepiride and esomeprazole. The majority of these drugs interact with 

other drugs and alteration in pharmacodynamic effects or pharmacokinetic parameters 

occurs which lead to drug-interactions 198, other reasons include lack of clinical pharmacy 

department, lack of DDIs screening programs, access constraints health care clinics, 

burdened health practitioners and irrational use of medicines 190. Therefore, the results of 

this study require proper consideration of pDDIs particularly in patients with MI. A number 

of evidence-based strategies are recommended to manage this problem such as, screening 

of PMRs for pDDIs with the help of online DDI screening application 23, clinical 

pharmacist participation in patients’ evaluation of pDDIs 113, laboratory tests assessment 

for pDDIs related ADRs 194, and health professional education about pDDIs 216. 

Severity of pDDIs is an important factor for proper evaluation and management of pDDIs. 

This study reported moderate-pDDIs (1487) and major-pDDIs (1472) as most frequent 

pDDIs having related scientific evidence of fair (1558) and good (1019) as most common. 
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These findings are consistent with studies conducted in general cardiology setting 85,191 and 

other specialties such as internal medicine 190, psychiatry 206 and pediatrics 217. Our findings 

suggest that patients with MI are at high risk of clinically significant interactions. 

Therefore, it is necessary for health care team to become aware of and classify pDDIs based 

on their severity and documented research for their proper clinical management, 

prophylaxis and prevention of DDIs. 

Patients with MI are usually receiving multiple medicines for their proper management 191. 

A significant relation has been established between polypharmacy and pDDIs 195,203,206. A 

significant association of exposure to >6 all-types pDDIs and >4 major-severity pDDIs 

with increasing range of prescribed medications are in accordance with other studies 

188,190,217. On the basis of these findings, patients of MI are at significant risk to major-

pDDIs due to polypharmacy. Therefore, patients’ prescription with poly-medications must 

be screened through a DDIs screening software tool. Such screening is vital prior to 

prescribing and administering drugs to prophylactically safeguard the patient and manage 

them accordingly. 

List of most frequent especially contraindicated, major and moderate pDDIs are of top 

significance for clinicians and practicing pharmacists. Which provide an abridged 

information for screening of selected DICs. Patients with these interactions warrant vigilant 

watch for their therapy to anticipate any potential clinical manifestation. 

Clinical relevance of the most frequent pDDIs pairs in this study described the clinical 

management of these interactions on the basis of patients’ clinical manifestations including 

sign/symptoms and laboratory test results. The monitoring parameters and 
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recommendations shall serve the clinical pharmacist and the attending clinicians in 

reducing the disease progression, rehospitalization while improving quality of life.  
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3.4  Potential drug-drug interactions in congestive cardiac failure 

3.4.1  Results 

3.4.1.1 Demographics and general characteristics of CCF patients    

Among 400 studied patients, 214 (53.5%) were males and 186 (46.5) females. Majority of 

patients were aged >60 years (34.3%), while maximum patients (46.8%) had 3-4 days of 

hospital stay. Majority of patients (40.3%) were prescribed with 7-10 drugs. Median age 

was 60 years (IQR = 50-65), median length of hospitalization was 4 days (IQR = 3-6) and 

median number of prescribed medicines were 11 (IQR = 9-14) as presented in Table 3-22. 
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Table 3-22: Demographics and general characteristics of CCF patients    

Characteristics Patients: n (%) 

Gender  

Male 214 (53.5) 

Female 186 (46.5) 

Age (Years)  

< 40 64 (16) 

41-50 80 (20) 

51-60 119 (29.8) 

>60 137 (34.3) 

Median 60 

IQR 50-65 

Hospital stay (Days)  

< 2 54 (13.5) 

3-4 187 (46.8) 

5-6 96 (24) 

>6 63 (15.8) 

Median 4 

IQR 3-6 

Prescribed medications  

< 6 33 (8.3) 

7-10 161 (40.3) 

11-14 125 (31.3) 

>14 78 (19.5) 

Median 11 

IQR 9-14 

IQR = Interquartile range 
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3.4.1.2 Frequencies of all detected potential drug-drug interactions in CCF 

Fig. 3-7 presents results of frequencies of pDDIs that indicates that among total 400 

patients, 385 were prone to pDDIs (overall prevalence =96.3%). Based on severity, 

majority of the patients were having moderate-pDDIs (92.5%) followed by major-pDDIs 

(88.25%). Lowest prevalence was observed for contraindicated- (5%) and minor-pDDIs 

(8.25%). In most of the patients (26%), 4-6 pDDIs were identified followed by 7-9 pDDIs 

in 102 (25.5%) patients and <3 pDDIs in 100 (25%) patients.
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Figure 3-7: Frequencies of all detected pDDIs in CCF 

PDDIs = Potential drug-drug interaction 

Overall frequency = All-types of pDDIs (regardless of severity type). Of total 400 CCF patients, the overall-frequency was 385 (96.3%). 
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3.4.1.3 Levels of all detected potential drug-drug interactions in CCF 

Levels of detected pDDIs are illustrated in Fig. 3-8. Overall 370 DICs were detected, which 

came up form a total of 2892 pDDIs. All the detected pDDIs were categorized based on 

severity-type and documented evidence. Of 2892 pDDIs, 1413 (48.8%) were of moderate- 

and 1406 (48.6%) major-severity; whereas, 1382 (47.7%) were of fair and 1333 (46%) 

good documented research. Amongst 370 unique DICs, 193 (53.2%) were of major- while, 

151 (40.8%) moderate-severity, whereas, 210 (56.7%) and 115 (31%) were of fair and 

good documented evidence, respectively.
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Figure 3-8: Levels of all detected pDDIs in CCF 

PDDIs = Potential drug-drug interactions 
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3.4.1.4 Stratification of potential drug-drug interactions with respect to CCF 

patients’ parameters 

Table 3-23 shows the stratification of pDDIs (major-severity and all-types pDDIs) against 

patients’ parameters i.e., gender, age, hospitalization (days) and different ranges of 

prescribed medications. Male subjects (53.2%) estimated higher occurrence of all-type 

pDDIs as compared with female subjects (46.8%). Similarly, the incidence of major-

severity pDDIs is greater in males (53.5%) as compared to females (46.5%). This table 

shows that patients with age of >60 years have higher incidence (34.5%) of all-types pDDIs 

as well as (34.6%) major-severity pDDIs. Furthermore, incidence of all-types pDDIs and 

major-severity pDDIs was higher in patients prescribed with 7-10 and 11-14 drugs. 
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Table 3-23: Stratification of potential drug-drug interactions with respect to CCF 

patients’ parameters 

Parameters All types pDDIs: n (%) Major-severity pDDIs: n (%) 

Gender   

Male 205 (53.2) 189 (53.5) 

Female 180 (46.8) 164 (46.5) 

Age (Years)   

< 40 63 (16.4) 56 (15.9) 

41-50 78 (20.3) 72 (20.4) 

51-60 111 (28.8) 103 (29.2) 

>60 133 (34.5) 122 (34.6) 

Hospital stay (Days) 

< 2 50 (13) 46 (13) 

3-4 183 (47.5) 166 (47) 

5-6 91 (23.6) 82 (23.2) 

>6 61 (15.8) 59 (16.7) 

Prescribed medications 

< 6 27 (7.1) 18 (5.1) 

7-10 155 (40.6) 141 (40.3) 

11-14 123 (32.2) 117 (33.4) 

>14 77 (20.2) 74 (21.1) 
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3.4.1.5 Risk factors of potential drug-drug interactions in congestive cardiac 

failure 

Table 3-24 showed results of univariate logistic regression analysis for vulnerability to >4 

all-types pDDIs. Association was insignificant for presence of >4 all-types pDDIs with 

male gender (p=0.8) and age range of 41-50 (p = 0.3), 51-60 (p=0.4) and >60 years (p=0.2). 

However, the risk of occurrence for >4 all-types pDDIs with hospital stay of 5-6 days 

(p=0.03) and >6 days (p=0.05) was significant. The association was highly significant with 

all categories of prescribed medicines for >4 all-types pDDIs i.e., 7-10 prescribed 

medications (p=0.001), >11-14 medications (p<0.001) and >14 prescribed medications 

(p<0.001). 

Results of univariate logistic regression analysis for exposure to >3 major- severity pDDIs 

are shown in Table 3-24. The presence of vulnerability to >3 major-severity pDDIs with 

patients’ gender and all age ranges of 41-50 (p = 0.9), >51-60 (p = 0.5), >60 (p=0.6), 

hospital stay in the range of 3-4 days (p=0.3), 5-6 days (p=0.2) were insignificant. 

However, patients’ hospital-stay of >6 days (p=0.02), prescribed medicines in the range of 

7-10 (p=0.02), 11-14 (p=0.001) and >14 medicines (p<0.001) showed significant 

associations.  
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Table 3-24: Univariate logistic regression analysis based on exposure to >4 all-types 

pDDIs and >3 major-severity pDDIs in CCF 

Parameters 

>4 All-types pDDIs >3 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Female Reference   Reference   

Male 1 0.7-1.6 0.8 
0.8 0.5-1.1 0.2 

Age (Years)       

<40 Reference   Reference   

41-50 
1.4 0.7-2.8 0.3 1 0.5-1.9 0.9 

51-60 
1.3 0.7-2.4 0.4 0.8 0.4-1.5 0.5 

>60 
1.5 0.8-2.9 0.2 0.8 0.5-1.5 0.6 

Hospital stay (Days) 

<2 Reference   Reference   

3-4 
1.4 0.8-2.6 0.3 1 0.5-1.9 1 

5-6 
2.1 1.1-4.3 0.03 1.5 0.7-3 0.3 

>6 
2.2 1-4.7 0.05 2.5 1.2-5.3 0.02 

Prescribed medications 

<6 Reference   Reference   

7-10 
5 2-12.8 0.001 11 1.4-82.6 0.02 

11-14 

17.1 6.4-45.9 <0.001 31.5 

4.2-

237.6 0.001 

>14 

54 16-182 <0.001 64 

8.3-

494.8 <0.001 

PDDIs = potential drug-drug interaction; OR = odds ratio; CI= confidence interval 
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Multivariate logistic regression analysis results are shown in Table 3-25. Significant 

association was found based on >4 all-types pDDIs with prescribed medicines in the range 

of 7-10 (p=0.001), 11-14 (p<0.001) and >14 prescribed medications (p<0.001), while no 

significant relation was observed for patient’s gender and hospital stay of 3-4 (p=0.6), 5-6 

(p=1) and >6 days (p=0.6). 

In multivariate logistic regression analysis, association of exposure to >3 major-severity 

pDDIs was significant for prescribed medicines such as 7-10 (p=0.01), 11-14 (p=0.001) 

and >14 (p<0.001), whereas no signification relationship was observed for hospital stay of 

any category.  
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Table 3-25: Multivariate logistic regression analysis based on exposure to >4 all-types pDDIs and >3 major-severity pDDIs in 

CCF 

Variables 
>4 All-types pDDIs >3 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Male Reference   Reference   

Female - - - - - - 

Age (Years)       

<40 Reference   Reference   

41-50 - - - - - - 

51-60 - - - - - - 

>60 - - - - - - 

Hospital stay (Days)       

<2 Reference   Reference   

3-4 0.8 0.4-1.7 0.6 0.6 0.3-1.3 0.2 

5-6 1 0.5-2.3 1 0.7 0.3-1.6 0.4 

>6 0.6 0.2-1.5 0.3 1 0.4-2.3 0.9 

Prescribed medications       

<6 Reference   Reference   

7-10 5.2 2-13.4 0.001 12.3 1.6-93.6 0.01 

11-14 18.5 6.7-50.5 <0.001 35.5 4.6-271.8 0.001 

>14 63.2 17.9-223.6 <0.001 66.8 8.5-527.2 <0.001 

PDDIs = potential drug-drug interaction; OR = odds ratio; CI= confidence interval 
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3.4.1.6 Widespread potentially interacting drug combinations  

Of total (370) distinct drug interacting pairs, the widely prevalent combinations were 

aspirin plus furosemide (n=188), furosemide plus ramipril (151), aspirin plus clopidogrel 

(132), aspirin plus nitroglycerin (127), aspirin plus spironolactone (127), digoxin plus 

furosemide (126), ramipril plus spironolactone (107), aspirin plus ramipril (100), digoxin 

plus spironolactone (96) and albuterol plus furosemide (59) as shown in Table 3-26 along 

with their severity and documentation levels. Potential adverse outcomes of these 

interactions include decreased therapeutic efficacy of diuretic, ramipril and clopidogrel, 

increased digoxin effect, nitroglycerin toxicity and altered theophylline concentration, 

probable nephrotoxicity, hypotension, complications of bleeding, platelet function 

depression, ECG changes due to hyperkalemia or hypokalemia, uncontrolled blood 

pressure, fluid disturbances, thrombotic events and risk of complete heart block, 

cardiogenic shock and gastrointestinal ulceration (Table 3-26). 
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Table 3-26: Top 30 most frequent interactions in CCF, their severity, documentation and potential clinical manifestations 

Interacting Pair (n) Severity Evidence Description 

Aspirin with Furosemide (188) Major Good Reduced clinical efficacy of diuretic and worsening 

renal function. 

Furosemide with Ramipril (151) Moderate Good Postural hypotension with first dose of this DIC is 

possible. 

Aspirin with Clopidogrel (132) Major Fair Risk of bleeding complications. 

Aspirin with Nitroglycerin (127) Moderate Good Rise in nitroglycerin blood concentrations and 

depression of platelet function 
Aspirin with Spironolactone (127) Major Good Reduced clinical efficacy of diuretic, raised serum 

potassium and worsening renal function. 

Digoxin with Furosemide (126) Moderate Fair Risk of digoxin overdose causing nausea, 

vomiting, and cardiac arrhythmias. 

Ramipril with Spironolactone (107) Major Good Hyperkalemia. 

Aspirin with Ramipril (100) Moderate Fair Decreased ramipril effectiveness. 

Digoxin with Spironolactone (96) Major Good Increased digoxin exposure. 

Albuterol with Furosemide (59) Moderate Fair ECG changes or hypokalemia. 

Aspirin with Carvedilol (58) Moderate Good Elevated blood pressure. 

Aspirin with Digoxin (57) Major Fair Increased digoxin dose and or prolonged half-life 

of digoxin. 

Aspirin with Bisoprolol (53) Moderate Good Elevated blood pressure. 

Aspirin with Insulin (52) Moderate Fair Risk of hypoglycemia. 

Carvedilol with Digoxin (49) Major Fair Risk of complete of heart block due to increased 

digoxin concentrations. 

Clopidogrel with Enoxaparin (40) Major Fair Risk of bleeding complications 

Digoxin with Omeprazole (39) Moderate Good Risk of digoxin overdose causing nausea, 

vomiting, and cardiac arrhythmias. 

Candesartan with Spironolactone (35) Moderate Fair Increased risk of hyperkalemia. 

Furosemide with Metolazone (28) Major Good Risk of serum electrolyte imbalance. 

Atorvastatin with Clopidogrel (26) Moderate Excellent Decreased Clopidogrel biotransformation resulting in 

risk of platelet reactivity 
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Insulin with Ramipril (25) Moderate Fair Risk of hypoglycemia. 

Clopidogrel with Esomeprazole (21) Major Excellent Reduced plasma concentrations of  

clopidogrel active metabolite. 

Clopidogrel with Omeprazole (21) Major Excellent Reduced Clopidogrel biotransformation with 

thrombosis risk 

Spironolactone with Warfarin (20) Moderate Fair Reduced anticoagulant clinical efficacy. 

Aspirin with Glimepiride (19) Major Fair Increased risk of hypoglycemia. 

Bisoprolol with Digoxin (19) Moderate Good Increased risk of bradycardia and  

possible digoxin toxicity. 

Aspirin with Dexamethasone (18) Moderate Good Risk of GI ulceration and reduced aspirin serum 

concentration. 

Carvedilol with Insulin (18) Moderate Good Hypo or hyperglycemia;  

Decreased clinical manifestations of 

hypoglycemia. 

Aminophylline with Furosemide (17) Minor Fair Altered theophylline concentrations. 

Albuterol with Digoxin (16) Moderate Good Reduced serum digoxin levels. 

DIC=drug interacting combination, ECG=electrocardiogram, GI=gastrointestinal
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3.4.1.7 Clinical relevance 

The clinical relevance including signs, symptoms and laboratory test results of the most 

frequent (top ten) potentially interacting drug pairs, in addition to their monitoring and 

management guidelines 152,198,200 are illustrated in Table 3-27. Hospitalized CCF patients 

exposed to the following interacting drug pairs: aspirin plus furosemide, furosemide plus 

ramipril and ramipril plus spironolactone; were observed with difficulty in breathing, chest 

pain, elevated B.P, dizziness, vertigo and headache. These patients were noticed to have 

deranged renal functions and serum electrolytes. Patients with co-prescription of aspirin 

and clopidogrel; were presented with signs and symptoms of bleeding such as anemia, 

pallor, hemoptysis, hematuria, epistaxis and melena; altered blood counts and hemostatic 

functions/clotting profile. Patients prescribed with aspirin plus nitroglycerin or aspirin plus 

spironolactone; complained of nausea, vomiting, cardiac arrythmias, disorientation, 

confusion, dizziness, vertigo and headache. The laboratory reports of these patients 

revealed WRF and varied blood counts. The patients encountering interacting drug pairs 

digoxin plus furosemide and digoxin plus spironolactone; depicted dyspnea, orthopnea, 

nausea, vomiting, headache and palpitation; deranged renal functions. In patients with 

aspirin plus ramipril, raised JVP, pedal edema, elevated B.P and headache; WRFs and 

deranged blood counts were noticed. Patients encountering the interacting pair albuterol 

plus furosemide; presented with ECG (electrocardiogram) changes such as highly 

prolonged and prolonged corrected QT intervals, nausea, vomiting, palpitation and 

hypokalemia; impaired renal functions and raised serum electrolytes. According to DIPS, 

the following interacting combinations with patients frequencies showed a score of 5 or 

above: aspirin – furosemide 84 (44.68%), furosemide – ramipril 39 (25.82%), aspirin – 

clopidogrel 13 (9.84%), aspirin – nitroglycerin 13 (10.23%), aspirin – spironolactone 26 
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(20.47%), digoxin – furosemide 24 (19.04%), ramipril – spironolactone 43 (40.18%), 

aspirin – ramipril 29 (29%), digoxin – spironolactone 17 (17.70%) and albuterol – 

furosemide 31 (52.54%).
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Table 3-27: Top ten interactions in CCF, their clinical relevance and monitoring and management parameters 

Interacting pair (n) Signs and symptoms 

(n) 

Laboratory investigations 

(n) 

Monitoring and management 

parameters  

Aspirin-Furosemide (188) Orthopnea (18) 

Pedal edema (17) 

SOB (15) 

Chest pain (11) 

Elevated B.P (08) 

Epigastric pain (07) 

Nausea (04) 

Edema (04) 

 

BUN: Normal (08), High 

(23) 

Serum Creatinine: Normal 

(09), High (14) 

Serum potassium: High 

(05) 

 

 

 

Patients should be monitored for signs 

of WRF, diuretic efficacy, appropriate 

effects on blood pressure and high 

dose aspirin should be avoided. 

Furosemide-Ramipril (151) Pedal edema (19) 

Vomiting (06) 

Nausea (04)  

Headache (04) 

Dizziness & Vertigo 

(03) Confusion (02) 

Syncope (01) 

BUN: Normal (02), High 

(15) 

Serum Creatinine: Normal 

(04), High (16) 

Serum sodium: High (03) 

Serum potassium: High 

(01) 

 

The patients with sodium depletion 

and hypovolemia are at high risk. 

Vigilantly watch patients B.P for four 

hours after initial dose to overrule 

severe hypotensive response. 

Temporarily discontinue furosemide 

and/or the patient should be started at 

very low ACEIs, particularly in 

evening; regularly check for low B.P, 

electrolytes status, and body weight 

for up to two weeks after dose 

adjustments. 

Aspirin-Clopidogrel (132) Signs of bleeding (07) 

Anemia (06) 

Pallor (01) 

 

Symptoms of bleeding 

(06) 

Hemoptysis (02) 

Hemoglobin: Low (02), 

Normal (08) 

Total Leukocytes Count: 

Normal (05), High (04) 

INR:  Normal (02), High 

(02) 

 

Patients should be monitored for signs 

and symptoms of bleeding and close 

assessment of blood counts. Caution is 

advised while using this combination, 

owing to its increased risk of 

thrombotic events, therefore 
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Hematuria (02)  

Epistaxis (01) 

Melena (01) 

coprescription may be considered 

carefully. 

Aspirin-Nitroglycerin (127) Nausea & vomiting (04) 

Disorientation & 

confusion (02) 

Heart sinking (02) 

Tachycardia (02) 

Headache (02) 

Vertigo (01) 

 

Hemoglobin: Low (03), 

Normal (02) 

Total leukocytes count: 

High (02) 

BUN: Normal (03), High 

(13) 

Serum Creatinine: Normal 

(07), High (11) 

 

The combination may benefit the 

patients with AMI. However, 

nitroglycerin exaggerated response 

and platelet function need to be 

monitored. 

Aspirin --Spironolactone (127) Nausea & Vomiting 

(05) 

Pedal edema (11) 

Cardiac arrythmias (04) 

Dizziness (03) 

Vertigo (02) 

Headache (01) 

 

BUN: High (23) 

Serum Creatinine: Normal 

(07), High (15) 

Serum Potassium: Normal 

(06), High (04)  

Patients should be monitored for signs 

of WRF, diuretic efficacy and blood 

pressure in patients chronically 

receiving spironolactone and 

salicylates. The effects of interaction 

can be reversed by increasing the 

spironolactone dose. 

Digoxin-Furosemide (126) Dyspnea (08) 

Vomiting (06 

Nausea (04) 

Headache (04) 

Palpitations (02) 

 

 

BUN: High (08), Normal 

(02) 

Serum Creatinine: Normal 

(03), High (08) 

 

Frequent monitoring of serum 

potassium and serum magnesium 

levels. 

Educate patients to limit consumption 

of potassium in diet and/or 

supplements. 

Ramipril-Spironolactone (107) Raised JVP (16) 

Orthopnea (12) 

Pedal edema (10) 

Chest Pain (07) 

BUN: Normal (02), High 

(16) 

Serum creatinine: Normal 

(06,) High (13)  

Patients should be monitored for 

persistent elevations of serum 

potassium, particularly in diabetic, 

elderly and renally impaired patients; 
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Dyspnea (05) 
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Serum Potassium: Normal 

(08), High (03) 

 

to safeguard against arrhythmias and 

death. In patients receiving co-

prescription (ramipril & 

spironolactone); spironolactone (25 

daily or alternate day) may be used.    

Aspirin-Ramipril (100) Raised JVP (11) 

Pedal edema (11) 

Elevated B.P (05) 

Headache (02) 

 

Total leukocytes count: 

High (01) 

BUN: Normal (01), High 

(09) 

Serum Creatinine: Normal 

(02), High (10) 

Serum potassium: Normal 

(03), High (01) 

 

 

Aspirin may result in reduced ramipril 

effectiveness. Patient’s blood pressure 

and hemodynamic parameters should 

be monitored. Consider the following 

option in case of any adverse effect; 

(a) low-dose aspirin (b) non-aspirin 

alternative antiplatelet (c) replacing 

ACEIs with ARBs. 

Digoxin-Spironolactone (96) Orthopnea (06) 

Nausea & vomiting (04) 

Dyspnea (03) 

Confusion (03) 

Headache (01) 

 

 

BUN: High (13) 

Serum Creatinine: Normal 

(05), High (08) 

 

Coprescription of spironolactone and 

oral/I.V. digoxin may result increased 

in digoxin serum concentrations. Dose 

modification or measurement of 

digoxin concentrations may be 

observed prior to initiation of 

concurrent use.  

Albuterol-Furosemide (59) ECG changes (09) 

Highly prolonged QTc 

(08) 

Prolonged QTc (01) 

 

 

Nausea & vomiting (04) 

Epigastric pain (04) 

Palpitations (03) 

BUN: High (11) 

Serum Creatinine: Normal 

(03), High (08) 

Serum sodium: High (02) 

Serum potassium: High 

(04) 

 

Precaution shall be observed while co-

prescribing albuterol in combination 

with a potassium-depleting diuretic. 

The risk of ECG changes or 

hypokalemia increases with the 

coadministration, especially high 

doses of a β-adrenergic agonist and/or 

potassium-depleting diuretic (thiazide 

or loop diuretic) with albuterol. 
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Hypokalemia (02) Monitor potassium levels during 

albuterol therapy. 

BUN= blood urea nitrogen, INR= international normalized ratio, PT=prothrombin time, APTT=activated partial thromboplastin time, 

B.P= blood pressure, I.V= intra-venous, ECG= electrocardiogram, QTc= corrected QT interval, WRF=worsening renal function, 

AMI=acute myocardial infarction, ACEIs=angiotensin converting enzyme inhibitors, ARBs= angiotensin receptor blockers        
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3.4.1.8 Drug prescribing pattern in congestive cardiac failure 

In this study among a total of 4771 medications were prescribed for CCF and associated 

comorbidities. Furosemide (n=367), spironolactone (266), nitroglycerin (223), aspirin 

(217) and ramipril (169) were the most prescribed drugs encountered in the medical 

prescription records of the patients admitted with CCF (Table 3-28). The most frequently 

prescribed national /multinational brands in congestive cardiac failure were Inj/Tab. Lasix, 

Tab. Spiromide, Tab. Cardnit, Tab. Loprin and Tab. Ramipace respectively.    
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Table 3-28: Top 30 prescribed medications in CCF their pharmacological 

classification and frequencies 

Prescribed medications Pharmacological class Frequency 

Furosemide Antihypertensive/ Diuretic 367 

Spironolactone Antihypertensive/ Diuretic 266 

Nitroglycerin Antianginal agent 223 

Aspirin (low dose) Antiplatelet 217 

Ramipril Antihypertensive 169 

Clopidogrel Antiplatelet 154 

Ceftriaxone Antibiotic 143 

Digoxin Cardiac glycoside 131 

Carvedilol Antihypertensive/ β-blocker 124 

Beclomethasone Bronchodilator 108 

Omeprazole Gastrointestinal agent 106 

Bisoprolol Antihypertensive/ β-blocker 81 

B-complex Multivitamin  79 

Rosuvastatin Lipid lowering agent  79 

Domperidone Gastrointestinal agent 78 

Dobutamine Inotropic agent  70 

Ipratropium  Bronchodilator 70 

Moxifloxacin Antibiotic 66 

Albuterol Bronchodilator  65 

Insulin Antidiabetic 54 

Enoxaparin Anticoagulant  51 

Trimetazidine Antihypertensive 48 

Candesartan Antihypertensive  46 

Acetaminophen Analgesic  45 

Esomeprazole Gastrointestinal agent 44 

Normal Saline Electrolyte 44 

Amoxicillin Antibiotic 42 

Dimenhydrinate Gastrointestinal agent 42 

Clavulanic Acid Antibiotic 41 

Atorvastatin Lipid lowering agent 38 
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3.4.2  Discussion 

3.4.2.1 Outline of the results and findings 

This study demonstrates the frequency and nature of pDDIs in a total of four hundred CCF 

patients in cardiology units of two main MTIs of a provincial capital. Overall vulnerability 

to at least one pDDI was estimated as 385 (96.3%) patients. However, 370 (92.5%) and 

353 (88.5%) patients were prone to at least one moderate-severity pDDI and one major-

severity, respectively. An overall sum of 2892 all-types pDDIs were estimated, which 

comprised of 1413 (48.8%) and 1406 (48.6%) moderate-severity and major-severity 

pDDIs, respectively. Of 2892 all-types of pDDIs, 370 distinct interacting pairs were 

revealed. Among 315 DICs, the major-severity pDDIs were 193 (53.2%) and moderate-

severity pDDIs were 151 (40.8%). Scientific evidence supporting these DICs were 210 

(56.7%) as fair and 115 (31%) as good. 

The prevalence of all-type pDDIs in patients with CCF (n=205; 53.2%) and major-severity 

pDDIs (189; 53.5%) were higher in male patients. Whereas, the incidence of all-type 

pDDIs and major-severity pDDIs were higher in patients with age >60 years, 3-4 days of 

hospitalization and 7-10 prescribed medicines. 

Logistic regression (univariate) analysis revealed a significant risk of presence of >4 all-

types pDDIs with hospital stay of 5-6 (p=0.03) and >6 days (p=0.05) and with increasing 

number of prescribed medications (p<0.001). The risk of occurrence on univariate logistic 

analysis was also significant for >3 major-severity pDDIs with hospitalization of >6 days 

(p=0.02), 11-14 prescribed medications (p=0.001) and >14 prescribed medications 

(p<0.001). Significant risk on multivariate logistic analysis was noticed for occurrence of 
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>4 all-types pDDIs and >3 major-severity pDDIs with increased number of prescribed 

medications.  

The widespread interacting drug combinations and clinical relevance of most frequent drug 

interacting pairs revealed the potential adverse outcomes which include; decreased 

therapeutic efficacy, renal impairment, bleeding & platelet function complications, ECG 

changes, risk of complete heart block, cardiogenic shock and gastrointestinal ulceration. 

Clinical relevance in this study emphasized the frequent DICs on the basis of clinical 

manifestations and reports of the laboratory tests along with their monitoring and 

management. 

Drug prescribing practices in this study illustrated the total number and pharmacological 

classification of medication therapy of CCF inpatients. Of total 4771 prescribed 

medications, the most prescribed drugs were diuretics (furosemide, spironolactone) 

followed by nitroglycerin, aspirin, and ramipril. This study suggests that co-prescription of 

these drugs have a proven risk of interaction which can result in untoward effects, frequent 

hospital visits and greater expenditure on health care. 

3.4.2.2 Discussion and interpretation 

Overall prevalence (96.3%) of pDDIs in our study is higher than other studies in patients 

with HF (88%) 121,201. This variability in findings may be attributed to either of the given 

reasons: research method, nature of study subjects, drug prescribing pattern and DDIs 

screening tools. Furthermore, prevalence (96.3%) in our study is higher than studies 

conducted in patients with other diseases such as acquired immune deficiency syndrome 

(overall prevalence of pDDIs = 40%) 203, bone marrow transplant (60%) 195, prostate cancer 

(52%) 204 and in different hospital wards like internal medicine (53%) 190, oncology (46%) 
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216, pediatrics (26%) 188 and psychiatry (65%) 206 because cardiovascular drugs are believed 

to have highest probability of interactions 115,190,207. Therefore, the findings of this study 

demand considerate attention of pDDIs, especially in patients with CCF. Particular, 

evidence-based parameters are advocated to manage this problem such as screening of 

PMRs for pDDIs with screening application (software) 23,115,208, clinical 

pharmacist/pharmacotherapy specialist assessment of prescription orders for pDDIs 

113,115,208, laboratory reports evaluation for pDDIs related ADRs 194, and health professional 

education on pDDIs 115,216. 

Severity of pDDIs is an essential aspect to be viewed for appraisal and management of 

pDDIs. In this study moderate  (n=1413, 48.8%) and major-pDDIs  (1406, 48.6%) were 

most frequent and concerning scientific evidence, fair  (n=1382, 47.7%) were most 

common followed by good  (1333, 46%). These findings are inconsistent with other studies 

conducted in different conditions and specialties or wards. According to a Swiss study most 

frequent interactions were of moderate severity (65%) 201. Likewise, in another Slovenian 

study most frequent pDDIs were of moderate severity (92%) 121. Studies conducted in other 

settings or wards also shows inconsistency in relation to findings of this study. In oncology, 

moderate-pDDIs (83%) 205 are more prevalent, while in pediatrics, moderate-pDDIs and 

good type of documented evidence was reported for majority of pDDIs 188,218. Likewise, in 

internal medicine, moderate-pDDIs (63%) and good (61%) type of documented evidence 

pDDIs were mostly observed 190. Our findings endorse the high risk of clinically relevant 

DICs in patients with CCF. Therefore, it is of utmost importance for clinicians to become 

aware of and classify pDDIs based on their severity and documented research for their 

proper clinical management, DDI-risk reduction, prophylaxis and prevention. 
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CCF patients usually receive polypharmacy for their proper management. A significant 

relation has been established between polypharmacy and pDDIs in our study. Significant 

association of exposure to pDDIs with length of hospitalization and different ranges of 

number of prescribed medicines are in agreement with other studies 70,212,213. The OR of 

vulnerability to >4 all types-pDDIs and >3 major-severity pDDIs are estimated separately 

in our study. The significant relation of all types- and major-pDDIs with hospital stay and 

ranges of prescribed medicines are endorsing the results of other studies 188,190,205,217. On 

the basis of these findings, CCF inpatients are at significant risk to major- and all-type 

pDDIs due to polypharmacy and extended hospitalization. Therefore, patients’ prescription 

with poly-medications must be screened through a DDIs screening software application. 

Such screening is vital prior to prescribing and administering drugs to prophylactically 

safeguard the patient and manage them accordingly. 

List of most frequent pDDIs particularly contraindicated, major and moderate pDDIs are 

of prime importance for health care team. It can be used for selective screening of DDIs by 

overburdened health care professionals. Patients encountering such DICs need vigilant 

watch and attention of their prescription drugs to avoid any plausible unfavorable 

manifestations. Clinically relevant top ten frequent DICs, their monitoring and 

management parameters in CCF will assist the clinicians in prompt identification of the 

sign, symptoms and laboratory test results with the respective drug combination, whereas 

their monitoring and management strategies shall aid in treatment of such complications. 

Further, the drug prescribing illustrations may highlight the selective medication therapy 

of in-hospital CCF patients. 
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3.5  Potential drug-drug interactions in left ventricular failure 

3.5.1  Results 

3.5.1.1 Demographics and general characteristics of LVF patients   

Of total 400 patients, females were 209 (52.3%) and males 191 (47.8%). Majority of 

patients were in the age range of 56-70 years (50.3%) and with a hospital stay of 4-6 days 

(43.3%). Most of patients were prescribed with 11-15 drugs (41.8%). Median age was 60 

years (IQR = 50-70), median hospital stay was 4 days (IQR = 3-6) and the median number 

of prescribed medicines were 11 (IQR = 9-14) as presented in Table 3-29.  
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Table 3-29: Demographics and general characteristics of LVF patients   

Characteristics Patients: n (%) 

Gender  

Male 191 (47.8) 

Female 209 (52.3) 

Age (Years)  

< 40 25 (6.3) 

41-55 115 (28.8) 

56-70 201 (50.3) 

>70 59 (14.8) 

Median 60 

IQR 50-70 

Hospital stay (Days)  

< 3 161 (40.3) 

4-6 173 (43.3) 

7-9 40 (10) 

>9 26 (6.5) 

Median 4 

IQR 3-6 

Prescribed medications  

< 5 12 (3) 

6-10 156 (39) 

11-15 167 (41.8) 

>15 65 (16.3) 

Median 11 

IQR 9-14 

IQR = Interquartile range. 
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3.5.1.2 Frequencies of all detected potential drug-drug interactions in LVF  

The findings of frequencies of all detected pDDIs are graphically presented in Fig. 3-9, 

which indicates that among 400 study subjects, 384 were vulnerable to pDDIs (overall 

prevalence =96%). Overall frequency represents all-types pDDIs (regardless of severity 

type). Majority of the patients were presented with moderate- (90.7%) or major-pDDIs 

(90.5%). The contraindicated- (3.5%) and minor-pDDIs (13.2%) were observed least 

frequently. In majority of patients (n=204, 51 %), >6 pDDIs were identified followed by 

4-6 pDDIs in 116 (29%) patients and <3 pDDIs in 80 (20 %) patients.



     

  139 

 

Figure 3-9: Frequencies of all detected pDDIs in LVF 

PDDIS = Potential drug-drug interactions 

Overall frequency = All-types pDDIs (regardless of severity type). Of total 400 LVF study subjects, the overall-frequency was 384 

(96%) patients. 
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3.5.1.3 Levels of all detected potential drug-drug interactions in LVF 

Figure 3-10 illustrates levels of all detected pDDIs. Overall 362 DICs were determined, 

which came up from a total of 2964 pDDIs. All detected pDDIs were ranked on the basis 

of severity-type and documented scientific evidence. Of 2964 pDDIs, 1465 (49.4%) were 

of major- and 1410 (47.5%) moderate-severity; whereas, 1396 (47%) and 1339 (45%) were 

of good and fair documented evidence, respectively. Of the 362 drug interacting pairs, 190 

(52.5%) were of major-, while 147 (40.6%) moderate-severity, whereas 204 (56.3%) and 

117 (32.3%) were of fair and good documented evidence, respectively.
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Figure 3-10: Levels of all identified pDDIs in LVF 

PDDIS = Potential drug-drug interactions  
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3.5.1.4 Stratification of potential drug-drug interactions with respect to LVF 

patients’ parameters 

In Table 3-30 reflected the stratification of pDDIs (all-types and major-pDDIs) with respect 

to patients’ demographic and clinical characteristics, i.e., gender, age, hospital stay and 

number of prescribed medications. Females (52.2%) had a higher frequency of all types of 

pDDIs as compared to males (47.7%). Similarly, the incidence of the major-pDDIs was 

greater in females (51.2%) than males (48.8%). This table shows that patients with age 

range of 56 to 70 years had a greater incidence of all-types and major-pDDIs. Additionally, 

both all-types (43.1%) and major-pDDIs (43.7%) were highly reported in patients 

prescribed with 11-15 medicines. 
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Table 3-30: Stratification of potential drug-drug interactions with respect to LVF 

patients’ parameters 

Parameters All-types pDDIs: n (%) Major- severity pDDIs: n 

(%) 

Gender   

Male 183 (47.7) 177 (48.9) 

Female 201 (52.2) 186 (51.2) 

Age (Years)   

< 40 25 (6.5) 22 (6) 

41-55 111 (28.8) 108 (29.7) 

56-70 191 (49.7) 178 (49) 

>70 57 (14.8) 55 (15.1) 

Hospital stay (Days)   

< 3 152 (39.5) 146 (40.1) 

4-6 168 (43.6) 157 (43.1) 

7-9 39 (10.1) 32 (9.6) 

>9 25 (6.5) 25 (6.9) 

Prescribed medicines   

< 5 8 (2.1) 7 (1.9) 

6-10 145 (37.8) 133 (36.6) 

11-15 166 (43.1) 159 (43.7) 

>15 65 (16.9) 64 (17.6) 

PDDIs = potential drug-drug interactions 
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3.5.1.5 Risk factors of potential drug-drug interactions in left ventricular failure  

Table 3-31 shows the results of the univariate logistic regression analysis for exposure to 

>6 all-types pDDIs and >4 major-severity pDDIs. The risk of vulnerability to >6 all-types 

pDDIs was significant with age >70 years (p=0.01), hospitalization of >9 days (p= 0.03) 

and prescribed medicines of 9-12 (p< 0.001) and >12 (p<0.001). 

Univariate logistic regression analysis for vulnerability to >4 major-severity pDDIs are 

also shown in Table 3-31. The association was significant for male gender (p=0.01) and 

the number of prescribed medicines such as 9-12 (p=0.004) and >12 (p<0.001).   
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Table 3-31: Univariate logistic regression analysis based on exposure to >6 all-types 

pDDIs and >4 major-severity pDDIs in LVF  

Parameters >6 All-types pDDIs >4 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Female Reference   Reference   

Male 1 0.7-1.5 0.9 1.7 1.1-2.6 0.01 

Age (Years)       

<50 Reference   Reference   

51-60 0.8 0.5-1.4 0.4 1.1 0.6-1.9 0.8 

61-70 0.9 0.5-1.6 0.7 1.1 0.6-1.9 0.8 

>70 0.4 0.2-0.8 0.01 1.1 0.5-2 0.8 

Hospital stay (Days) 

<3 Reference   Reference   

4-6 1.3 0.8-2 0.3 1.3 0.8-2.1 0.3 

7-9 1.4 0.7-2.9 0.3 1.4 o.6-2.9 0.4 

>9 2.6 1.1-6.4 0.03 1.8 0.7-4.2 0.2 

Prescribed medications 

<8 Reference   Reference   

9-12 4.5 2.1-8.1 <0.001 3.8 1.5-9.4 0.004 

>12 15.2 7.1-28.7 <0.001 11.6 4.8-28.1 <0.001 

pDDIs = potential drug-drug interactions; OR = odds ratio; CI= confidence interval. 



     

  146 

Multivariate logistic regression analysis results are shown in Table 3-32. A Significant 

association was found based on exposure to >6 all-types pDDIs with age >70 years 

(p=0.009) and prescribed medicines (p<0.001), while no significant relation was observed 

for hospital stay. 

Results of multivariate logistic regression analysis are also shown in Table 3-32. 

Association of exposure to >4 major-severity pDDIs was significant for male gender 

(p=0.007) and prescribed medicines such as 9-12 medicines (p=0.004) and >12 medicines 

(p<0.001). 
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Table 3-32: Multivariate logistic regression analysis based on exposure to >6 all-types pDDIs and >4 major-severity pDDIs in 

LVF  

Variables >6 All-types pDDIs >4 Major-severity pDDIs 

OR 95% CI p-value OR 95% CI p-value 

Gender       

Female Reference   Reference   

Male - - - 1.9 1.2-3 0.007 

Age (Years)       

<50 Reference   Reference   

51-60 0.7 0.4-1.3 0.3 - - - 

61-70 0.8 0.4-1.4 0.5 - - - 

>70 0.4 0.2-0.8 0.009 - - - 

Hospital stay (Days)       

<3 Reference   Reference   

4-6 0.9 0.5-1.4 0.3 - - - 

7-9 0.5 0.2-1.2 0.3 - - - 

>9 0.9 0.3-2.4 0.9    

Prescribed medications       

<8 Reference   Reference   

9-12 5 2.2-9.9 <0.001 3.7 1.5-9.3 0.004 

>12 18 8.5-37.9 <0.001 12 5-29.4 <0.001 

pDDIs = potential drug-drug interactions; OR = odds ratio; CI= confidence interval 
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3.5.1.6 Widespread potentially interacting drug combinations 

Of total 362 distinct interacting combinations, the most prevalent were aspirin plus 

furosemide (247), aspirin plus clopidogrel (197), aspirin plus nitroglycerin (177), aspirin 

plus spironolactone (142), furosemide plus ramipril (138), digoxin plus furosemide (115), 

aspirin plus ramipril (105), clopidogrel plus enoxaparin (92), ramipril plus spironolactone 

(85), aspirin plus bisoprolol (79) are listed in Table 3-33, along with their severity and 

documentation levels. Potential adverse outcomes of these interactions include reduced 

therapeutic effectiveness, risk of bleeding, nephrotoxicity, hypotension, digoxin toxicity, 

electrolytes disturbance, increased blood pressure and hypoglycemia. 
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Table 3-33: Top 30 most frequent interactions in LVF, their severity, documentation and potential clinical manifestations 
Interacting pair (n) Severity Evidence Description 

Aspirin – Furosemide (247) Major Good Reduced clinical efficacy of diuretic and worsening renal function 

Aspirin – Clopidogrel (197) Major Fair Risk of bleeding complications 

Aspirin – Nitroglycerin (177) Moderate Good Rise in nitroglycerin blood concentrations and depression of 

platelet function 

Aspirin – Spironolactone (142) Major Good Reduced clinical efficacy of diuretic, raised serum potassium and 

worsening renal function 

Furosemide – Ramipril (138) Moderate Good Postural hypotension with first dose of this DIC is possible. 
Digoxin – Furosemide (115) Moderate Fair Risk of digoxin overdose causing nausea, vomiting, and 

cardiac arrhythmias 

Aspirin – Ramipril (105) Moderate Fair Decreased Ramipril effectiveness 

Clopidogrel – Enoxaparin (92) Major Fair Increased risk of bleeding 

Ramipril – Spironolactone (85) Major Good Hyperkalemia 

Aspirin – Bisoprolol (79) Moderate Good Increased blood pressure 

Aspirin – Insulin (70) Moderate Fair Risk of hypoglycemia 

Aspirin – Digoxin (65) Major Fair Increased serum concentration of digoxin; prolonged half-life of 

digoxin 

Digoxin – Spironolactone (62) Major Good Increased digoxin exposure 

Aspirin – Carvedilol (49) Moderate Good Elevated blood pressure 

Atorvastatin – Clopidogrel (46) Moderate Excellent Reduced Clopidogrel biotransformation with thrombosis risk 

Albuterol – Furosemide (40) Moderate Fair ECG changes or hypokalemia 

Insulin – Ramipril (39) Moderate Fair Increased risk of hypoglycemia 

Clopidogrel – Omeprazole (35) Major Excellent Reduced Clopidogrel biotransformation with thrombosis risk 

Furosemide – Morphine (31) Moderate Fair Decreased efficacy of diuretics 

Clopidogrel – Esomeprazole (29) Major Excellent Reduced plasma concentrations of  

Clopidogrel active metabolite 

Bisoprolol – Insulin (27) Moderate Good Hypoglycemia or hyperglycemia; Decreased clinical 

manifestations of hypoglycemia 

Digoxin – Omeprazole (24) Moderate Good Risk of digoxin overdose causing nausea, vomiting, and 

cardiac arrhythmias 

Bisoprolol – Digoxin (23) Moderate Good Increased risk of bradycardia and possible digitalis toxicity 

Aminophylline – Furosemide (23) Minor Fair Altered theophylline concentrations 
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Carvedilol – Digoxin (22) Major Fair Increased digoxin concentrations; increased risk of complete heart 

block 

Aspirin – Glimepiride (21) Major Fair Increased risk of hypoglycemia 

Aspirin – Calcium (20) Moderate Fair Decreased salicylate effectiveness 

Aspirin – Ranitidine (18) Minor Excellent Decreased aspirin serum concentration and antiplatelet effect. 

Carvedilol – Insulin (18) Moderate Good Hypo or hyperglycemia; decreased symptoms of hypoglycemia 

Insulin – Moxifloxacin (17) Major Fair Changes in blood sugar with the risk of hypo or hyperglycemia 

DIC=drug interacting combination, ECG=electrocardiogram
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3.5.1.7 Clinical relevance 

Table 3-34 represents adverse clinical manifestations comprising of sign/symptoms and 

laboratory test result besides monitoring and management parameters 152,198,219 for the top 

ten most frequent DICs. Patients with the interaction aspirin plus furosemide, presented 

with SOB, pedal edema, increased BP, orthopnea, chest pain & generalized edema; raised 

levels of BUN and serum creatinine. In patients with the interacting drug pair aspirin plus 

clopidogrel; SOB, orthopnea, nausea, anemia, epistaxis and melena; reduced hemoglobin, 

raised INR, PT and APTT were observed. In patients presenting with interaction, i.e., 

aspirin plus nitroglycerin the following clinical manifestations such as hypotension, fever, 

dizziness, nausea/vomiting, headache, dyspnea and vertigo; raised BUN, bilirubin and 

reduced hemoglobin were observed. Impaired renal function was noticed in patients with 

interactions such as aspirin plus spironolactone and aspirin plus furosemide. Moreover, an 

increase in BP was detected in patients encountered with interactions such as aspirin plus 

ramipril, aspirin plus bisoprolol and ramipril plus spironolactone. Whereas, in patients 

presenting with interactions, i.e., aspirin plus nitroglycerin and furosemide plus ramipril; a 

decrease in BP was seen. Bleeding was observed in patients with interaction clopidogrel 

plus enoxaparin. Hyperkalemia was observed in patients with drug interacting pairs such 

as digoxin plus furosemide and ramipril plus spironolactone. According to DIPS the 

frequencies of interaction with a score of 5 and above were as follow: aspirin – furosemide 

74 (29.95%), aspirin – clopidogrel 42 (21.31%), aspirin – nitroglycerin 58 (32.76%), 

aspirin – spironolactone 72 (50.70%), furosemide – ramipril 59 (42.75%), digoxin 

– furosemide 14 (12.17%), aspirin – ramipril 47 (44.76%), clopidogrel – enoxaparin 40 

(43.475), ramipril – spironolactone 16 (18.82%) and aspirin – bisoprolol 29 (36.70%), 

respectively. 
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Table 3-34: Top ten interactions in LVF, their clinical relevance and monitoring and management parameters 

Interactions (n) Signs and symptoms 

(n) 

Laboratory investigations (n) Monitoring and management 

parameters 

Aspirin – Furosemide 

(247) 

SOB (30) 

Pedal Edema (17) 

Increased Blood 

Pressure (16) 

Orthopnea (11) 

Chest Pain (10) 

Generalized Edema (10) 

BUN: Normal (03), High (22) 

Serum Creatinine: Normal (13), 

High (11) 

Serum Sodium: High (02) 

Serum Potassium: High (03) 

Patients need to be vigilantly 

watched for complications of 

WRF, diuretic efficacy, desired 

effects on B.P and high dose 

aspirin should be avoided. 

Aspirin – 

Clopidogrel (197) 

SOB (21) 

Orthopnea (10) 

Nausea (05) 

Anemia (04) 

Epistaxis (01) 

Melena (01) 

Hemoglobin: Low (07), Normal 

(35) 

Platelets Count: Low (04), High 

(04) 

INR: High (03) 

PT: High (02) 

APTT: High (02) 

Patients should be monitored 

for signs and symptoms of 

bleeding and close assessment 

of blood counts. Caution is 

advised while using this 

combination, owing its 

thrombosis risk, therefore 

coprescription may be 

considered carefully. 

Aspirin – 

Nitroglycerin (177) 

Hypotension (32) 

Dizziness (09) 

Nausea & Vomiting 

(06) 

Headache (05) 

Dyspnea (05) 

Vertigo (02) 

Hemoglobin: Low (05), High 

(01) 

Platelets: Low (02), Normal (04), 

High (01) 

BUN: Normal (03), High (15) 

Bilirubin: Normal (02), High 

(04) 

The combination may benefit 

the patients with AMI. 

However, nitroglycerin 

exaggerated response and 

platelet function need to be 

monitored. 

Aspirin – 

Spironolactone (142) 

Basal Crepitations (26) 

SOB (18) 

Orthopnea (09) 

Generalized Edema (08) 

Chest Pain (06) 

BUN: Normal (02), High (07) 

Serum Sodium: Low (02), 

Normal (02), High (01) 

Serum Potassium: Normal (05), 

High (01) 

Patients chronically receiving 

spironolactone and salicylates 

need to be vigilantly watched 

for complications of WRF, 

diuretic efficacy and B.P. The 
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Headache (05) INR: High (02) 

PT: High (01) 

effects of interaction can be 

reversed by increasing the 

spironolactone dose. 

Furosemide – 

Ramipril (138) 

Hypotension (26) 

Pedal Edema (10) 

Dizziness (09) 

Generalized Edema (05) 

Nausea (04) 

Vomiting (03) 

Vertigo (02) 

BUN: High (10) 

Serum Creatinine: Normal (05), 

High (06) 

Serum Sodium: Low (01), 

Normal (03), High (01) 

The patients with sodium 

depletion and hypovolemia are 

at high risk. Closely monitor 

blood pressure of the patients 

for a severe hypotensive 

response for four hours after the 

initial dose. Temporarily 

discontinue furosemide and/or 

the patient should be started at 

very low dose ACEIs, 

particularly in evening; monitor 

for hypotension, fluid status, 

and body weight regularly for 

up to two weeks after dose 

adjustments. 

Digoxin – 

Furosemide (115) 

Dizziness (05) 

Nausea (04) 

Vomiting (03) 

Headache (02) 

 

BUN: Normal (01), High (07) 

Serum Creatinine: Normal (03), 

High (04) 

Serum Potassium: Normal (05), 

High (03)  

Frequent monitoring of serum 

potassium and serum 

magnesium levels. 

Educate patients to limit 

consumption of potassium in 

diet and/or supplements. 

Aspirin – 

Ramipril (105) 

Basal Crepitations (19) 

SOB (12) 

Cough (06) 

Pedal Edema (05) 

Chest Pain (03) 

Headache (02) 

BUN: Normal (01), High (08) 

Serum Creatinine: Normal (06), 

High (03) 

Serum Sodium: Low (01), 

Normal (04), High (01) 

 

 

Aspirin may result in reduced 

ramipril effectiveness. Patient’s 

B.P and electrolytes need to be 

watched. Consider the 

following option in case of any 

adverse effect; (a) low-dose 

aspirin (b) non-aspirin alternative 
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antiplatelet (c) replacing ACEIs 

with ARBs. 

Clopidogrel – 

Enoxaparin (92) 

Pallor (14) 

SOB (13) 

Chest Pain (07) 

Pedal Edema (04) 

Nausea (04) 

Melena (01) 

Epistaxis (01) 

Serum Bilirubin: High (05) 

Hemoglobin: Low (02), Normal 

(01) 

INR: High (02) 

PT: High (01) 

APTT: High (01) 

Prompt evaluation for signs or 

symptoms of bleeding is 

advised. 

Additionally, if possible, 

discontinue the antiplatelet 

agent prior to initiating a 

LMWHs. 

Ramipril – 

Spironolactone (85) 

Increased Blood 

Pressure (06) 

Cough (05) 

Hyperkalemia (05) 

BUN: High (05) 

Serum Potassium: High (05) 

Serum Creatinine: Normal (03), 

High (01) 

 

Patients should be monitored 

for persistent elevations of 

serum potassium, particularly in 

diabetic, elderly and renally 

impaired patients; to safeguard 

against arrhythmias and death. 

In patients receiving co-

prescription (ramipril & 

spironolactone); spironolactone 

(25 daily or alternate day) may 

be used.    

Aspirin – 

Bisoprolol 

(79) 

SOB (10) 

Increased Blood 

Pressure (07) 

Chest Pain (05) 

Pedal Edema (04) 

Headache (03) 

 

BUN: Normal (01), High (08) 

Serum Creatinine: Normal (06), 

High (03) 

INR: High (01) 

PT: High (01) 

APTT: High (01) 

Monitoring of blood pressure is 

advised. In heart failure, the β-

blockers are considered to be 

narrow therapeutic index. 

Concomitant use of NSAIDs 

should generally be avoided in 

patients with heart failure. 

SOB = shortness of breath; BUN = blood urea nitrogen; INR = international normalized ratio; PT = prothrombin time; APTT = activated 

partial thromboplastin time; AMI=acute myocardial infarction, WRF=worsening renal function, B.P=blood pressure, ACE = 

Angiotensin converting enzyme; LMWHs = low molecular weight heparins; NSAIDs = Nonsteroidal anti-inflammatory drugs 
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3.5.1.8 Drug prescribing pattern in left ventricular failure 

Drug prescribing pattern in this study showed that a total of 4691 medications were 

prescribed for the treatment of LVF and associated complications. Of which furosemide 

(n=379), aspirin (262), nitroglycerin (249), clopidogrel (231), spironolactone (230), 

ramipril (149) were ranked the most prevalent prescribed drugs (Table 3-35). The most 

frequently prescribed national /multinational brands in left ventricular failure were Inj/Tab. 

Lasix, Tab. Loprin, Tab. Cardnit, Tab. Lowplate, Tab. Spiromide and Tab. Ramipace 

respectively.    
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Table 3-35:Top 30 prescribed medications in LVF their pharmacological 

classification and frequencies  

Prescribed medications Pharmacological class Frequency 

Furosemide Antihypertensive/ Diuretic 379 

Aspirin (low dose) Antiplatelet  262 

Nitroglycerin Antianginal agent 249 

Clopidogrel Antiplatelet 231 

Spironolactone Antihypertensive/ Diuretic 230 

Ramipril Antihypertensive 149 

Rosuvastatin Lipid lowering agent 141 

Beclomethasone Bronchodilator/ Corticosteroid 136 

Ceftriaxone Antibiotic 122 

Ipratropium  Bronchodilator 120 

Digoxin Antianginal agent 118 

Bisoprolol Antihypertensive/ β-blocker 108 

Insulin Antidiabetic 97 

Isosorbide Dinitrate Antianginal agent 93 

Enoxaparin Anticoagulant 87 

Carvedilol Antihypertensive/ β-blocker 78 

Omeprazole Gastrointestinal agent 70 

Moxifloxacin Antibiotic 63 

Atorvastatin Lipid lowering agent 60 

Dimenhydrinate Gastrointestinal agent 58 

Trimetazidine Antihypertensive 57 

Clavulanic Acid Antibiotic 54 

Amoxicillin Antibiotic 53 

Dobutamine Inotropic agent 51 

Domperidone Gastrointestinal agent 49 

Candesartan Antihypertensive  46 

Esomeprazole Gastrointestinal agent 44 

Albuterol Bronchodilator 43 

B-Complex Multivitamin 38 

Nalbuphine Analgesic 38 
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3.5.2  Discussion 

3.5.2.1 Outline of results and findings 

This study on LVF included 400 patients in cardiology units of two major MTIs and the 

frequencies and nature of pDDIs were estimated. Overall prevalence of exposure to at least 

one pDDI was found in 384 (96%) patients. However, the exposure to at least one 

moderate- and major-severity pDDIs were in 363 (90.7%) and 362 (90.5%) patients, 

respectively. An overall sum of 2892 all-types pDDIs were noticed, which comprised of 

1465 (49.4%) and 1410 (47.5%) major- and moderate-severity pDDIs, respectively. Of 

2892 all-types of pDDIs, 362 DICs were detected. Among 362 DICs, the major-severity 

pDDIs were 190 (52.5%) and moderate-severity pDDIs were 147 (40.6%), with 204 

(56.3%) and 117 (32.3%) of fair and as good documentation/evidence, respectively. 

Exposure to all-type pDDIs (n=201, 52.2%) and major-were  (186, 51.2%) were more 

prevalent in female patients. Whereas, in 56-70 years of age, the incidence of all-type 

pDDIs (n=191, 49.7%) and major-severity pDDIs (178, 49%) were higher. Likewise, a 

similar pattern was found with 4-6 days of hospitalization: 168 (43.6%) and 157 (43.1%); 

and 11-15 prescribed drugs: 166 (43.1%) and 159 (43.7%) patients, respectively. 

Significant risk of the presence was observed with univariate logistic analysis for >6 all-

types pDDIs in LVF patients with age >70 years (p=0.01), hospital stay of >9 days (p=0.03) 

and the number of prescribed medicines of 9-12 (p<0.001) and >12 (p<0.001), and male 

gender (p=0.01. For >4 major-severity pDDIs, results were significant with the number of 

prescribed medicines such as 9-12 medicines (p=0.004) and >12 medicines (p<0.001). 

Multivariate logistic regression analysis also found significant risk for exposure to >6 

pDDIs with age >70 years (p=0.009) and increased prescribed medicines (p<0.001), while 
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exposure to >4 major-pDDIs was significant for male gender (p=0.007) and prescribed 

medicines such as 9-12 medicines (p=0.004) and >12 medicines (p< 0.001). 

The frequent detected DICs and their clinical relevance illustrated the potential adverse 

outcomes such as drug therapy ineffectiveness resulting from reduced salicylate plasma 

level (reduced antiplatelet effect), diminished ramipril effect, prolonged serum half-life of 

digoxin, bound clopidogrel metabolite, altered theophylline concentration and drug 

toxicities (nitroglycerin or digoxin), nephrotoxicity, bleeding and thrombosis 

complications, hyperkalemia or hyperglycemia, undesired blood pressure variations, 

masking of certain symptoms, bradycardia and ECG changes and altered drug 

concentrations. Clinical relevance underlined the clinical manifestations and laboratory 

reports along with their monitoring and management parameters for the most frequent drug 

combination. 

Drug prescribing practices in this study illustrated the total number and pharmacological 

classification of medication therapy of LVF. Of total 4691 prescribed medications, the 

most prescribed drugs for LVF and associated complications were furosemide, aspirin, 

nitroglycerin, spironolactone and ramipril. This study suggests that co-prescription of these 

drugs have a proven risk of interaction that can result in untoward effects, rehospitalization 

and higher health care cost.  

3.5.2.2 Discussion and interpretation 

The findings of this research present the frequency, levels and severity of pDDIs and 

associated clinical outcomes in LVF patients. The overall prevalence (96%) of all detected 

pDDIs in our study is higher compared with other studies conducted on patients with HF 

(88%) 121,201. This variability in findings may be attributed to either of the given reasons: 
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research method, nature of study subjects, drug prescribing pattern and DDIs screening 

tools. Furthermore, 96% overall frequency reported in our study is higher than other studies 

conducted in patients with other diseases such as acquired immune deficiency syndrome 

(overall prevalence of pDDIs = 40%) 203, bone marrow transplant (60%) 195, prostate cancer 

(52%) 204 and in different hospital wards like internal medicine (53%) 190, oncology (46%) 

205, pediatrics (26%) 188 and psychiatry (65%) 206. As in the majority of hospitals in 

developing world, the lack of clinical services attributed to pharmacy and DDIs screening 

software applications, which render the patients prone to prescription irrationality. Health 

facilities access constraints and burdened clinicians also contribute to the underprivileged 

health management and treatment. In this context, problems of drug origin including pDDIs 

continued to be a predominant issue 190. Therefore, present results require proper 

consideration of pDDIs particularly in patients with LVF. In this connection, evidence-

based parameters are advocated to manage this problem such as screening of PMRs for 

pDDIs with screening application (software) 23, clinical pharmacist/pharmacotherapy 

specialist assessment of prescription orders for pDDIs 113, laboratory reports interpretation 

for pDDIs related ADRs 194 and health professional education about pDDIs 216. 

Severity of pDDIs remains a mainstay to be considered for proper evaluation and 

management of pDDIs. In this study, major (n=1465) and moderate-pDDIs (1410) were 

most frequent; with good (n=1396) scientific evidence were most common followed by 

fair evidence (1339). These findings are inconsistent with other studies conducted in 

different conditions and specialties or wards. A Swiss study reported moderate-pDDIs 

(65%) as most frequent 201. Likely, another study conducted in Slovenia reported moderate-

pDDIs (92%) to be most prevalent 121. In oncology, moderate-pDDIs (83%) 205 were more 
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prevalent, while in pediatrics (26%), moderate-pDDIs and good type of documented 

evidence was reported for majority of pDDIs 188. However, in internal medicine, moderate-

pDDIs (63%) and good (61%) type of documentary evidence pDDIs were mostly observed 

190. Our findings suggest that patients with LVF are at higher risk of clinically significant 

interactions.  

LVF patients usually receive polypharmacy for their proper management and significant 

relation has been established between polypharmacy and pDDIs in our study 195,203,206. 

Significant association of exposure to >6 all-types pDDIs with hospitalization and different 

ranges of prescribed medicines are in accordance with other studies 188,190,217. The OR of 

vulnerability to >4 major-severity pDDIs is estimated separately. The relationship of 

major-pDDIs with gender and different ranges of prescribed medications are in agreement 

with research in similar settings 188,190,205,217. Therefore, it is of utmost importance for 

clinicians to become aware of and classify pDDIs based on their severity and documented 

scientific research for their proper clinical management, risk reduction, prophylaxis and 

prevention. 

Epitomized most frequently occurring pDDIs especially contraindicated, major and 

moderate pDDIs are of prime significance for clinicians and practicing pharmacist. It can 

be used for selective screening of DDIs. Patients with these DICs need to be taken in 

particular account during their prescription orders and shall be vigilantly watched for all 

plausible clinical adverse manifestations.  

Clinical relevance specifies the potential adverse outcomes associated with pDDIs on the 

basis of patients’ clinical characteristics and various laboratory test results. This study 

strengthens the fact that the screening of medication profiles for the presence of pDDIs 
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should be done. Other studies have highlighted the same issue 192,220. Such studies will 

guide the clinicians and other health care professionals regarding the assessment and 

management of these DDIs in LVF patients. 
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3.6  Overall discussion and conclusions 

This study is being the first to evaluate hospitalized patients’ profiles (n = 2000) diagnosed 

with five most prevalent heart diseases (CAD, ACS, MI, CCF and LVF) and examined 

multiple aspects of pDDIs in the selected diseases in cardiology units of three major MTIs 

of KP province. This study explored the overall-prevalence and severity-wise prevalence 

of pDDIs. Nature of pDDIs based on severity- (contraindicated, major, moderate and 

minor) and documentation-levels (excellent, good and fair) were identified. PDDIs with 

severity-levels contraindicated, major and moderate with scientific evidence of excellent, 

good or fair were described as clinically important. Predictors increasing the risk of pDDIs 

were explored. Lists of most frequent pDDIs and their clinical adverse outcomes were 

summarized for each selected heart disease. 

Overall prevalence of pDDIs was high in all selected heart diseases. Patients with ACS and 

MI were most frequently presented with major-pDDIs, while patients with CAD, CCF and 

LVF were commonly exposed to pDDIs of moderate severity. The total number of 

identified pDDIs were 2757 in patients with CAD, 2775 in ACS, 3012 in MI, 2892 in CCF, 

and 2964 in LVF. Polypharmacy was the most common risk factor for pDDIs in patients 

with heart diseases. Male gender, longer hospitalization, and old age were the other factors 

increasing the risk of pDDIs in patients with MI and LVF. 

The overall high frequencies of pDDIs and its untoward clinical effects could be 

detrimental in such complex heart diseases. The frequent use of P2Y12 receptor inhibitors 

(clopidogrel) in multiple drug combinations in the pharmacotherapy of heart diseases and 

its multiple potential interactions may have substantial effects in the crucial phases of 

management of heart diseases 221,222. Polypharmacy is more frequent in heart diseases 
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owing recommendations for the reduction of CV risks and alleviation of patients’ suffering. 

However, polypharmacy exposes these vulnerable patients to a high degree of DDIs 223. 

Additionally, the association of occurrence of pDDIs was high in old age and 

hospitalization for longer period of time. These predictors in patients with heart diseases 

need special attention which will positively influence the treatment decisions and patient 

drug safety. This study reinforces the screening of prescription in the treatment of heart 

diseases being complex and often associated with comorbidities requiring a couple of 

medications for relieving the associated complications. Our findings suggest that patients 

with selected heart diseases are at high risk to suffer with clinically significant effects of 

pDDIs, specifically major-pDDIs, which are necessary to be regarded for proper 

assessment and management of the interaction and appropriate clinical decision. Prior 

screening of prescription orders will be helpful in preventing and reducing the risk of 

pDDIs. The list of most frequent drug pairs in the selected heart diseases may be 

incorporated for the targeted screening of combination therapy. Though, in most instances, 

these DDIs are not class effects, thus clinicians have the choice of an alternate treatment 

regimens with less likelihood of DDIs 224-227. The present study strengthens the fact that 

assessment of patients’ clinical features and laboratory investigations is crucial for the 

monitoring of adverse consequences associated with pDDIs. Furthermore, the findings of 

this study will help managing the hospitalized heart disease patients to achieve the ultimate 

clinical objective of the medication therapy and avoid over reacting to pDDIs, nevertheless, 

the clinical correlation of findings must be considered.  

The following limitations need to be considered while applying and interpreting the study 

results. The work was carried out in a single city, however large multicenter studies are 
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preferred to get more generalizable results. Micromedex Drug-Reax software was used for 

screening; however, some other tools/software can also be used 176. The study included 

inpatients, whereas the pattern in outpatients may be different.  

In conclusions, the prevalence of pDDIs was considerably high in CAD, ACS, MI, CCF 

and LVF patients. Substantial number of major- as well as moderate-pDDIs were found. 

Patients with extended hospitalization and increased number of prescribed medications 

were at higher risk of pDDIs. Based on the patients’ clinical profiles, strict monitoring is 

necessary in hospitalized patients with heart disease in order to prevent and manage 

negative clinical outcomes associated with these interactions. 
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