
 METHODOLOGY REPORT    METHODOLOGY REPORT   METODOLOŠKI RAD METODOLOŠKI RAD

 REVIEW PAPER    REVIEW PAPER    REVIEW PAPERREVIJALNI RAD REVIJALNI RAD

 
UDK: 000.00-000.0/.0-000; 000.000/  
Ser J Exp Clin Res 2019; 20 (1): 3-13 
DOI: 10.2478/sjecr-2019-0070 

Corresponding author:  
Ana V. Pejcic 

University of Kragujevac, Faculty of Medical Sciences, Department of Pharmacy 
69 Svetozara Markovica Street, 34000 Kragujevac, Serbia 

E-mail address: anapejcic201502@yahoo.com 

 

DRUG-DRUG INTERACTIONS IN ACUTE CORONARY SYNDROME 
PATIENTS: SYSTEMATIC REVIEW 

Ana V. Pejcic1,2, Slobodan M. Jankovic2, Goran Davidovic3 

1University of Kragujevac, Faculty of Medical Sciences, Department of Pharmacy, Kragujevac, Serbia 
2University of Kragujevac, Faculty of Medical Sciences, Department of Pharmacology and Toxicology, Kragujevac, Serbia 

3University of Kragujevac, Faculty of Medical Sciences, Department of Internal Medicine, Kragujevac, Serbia 
 

INTERAKCIJE IZMEĐU LEKOVA KOD BOLESNIKA SA AKUTNIM 
KORONARNIM SINDROMOM: SISTEMATSKI PREGLED LITERATURE 

Ana V. Pejčić1,2, Slobodan M. Janković2, Goran Davidović3 

1Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za farmaciju, Kragujevac, Srbija 
2Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za farmakologiju i toksikologiju, Kragujevac, Srbija 

3Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za internu medicinu, Kragujevac, Srbija 

Received/Primljen: 15.05.2019. Accepted/Prihvaćen: 11.06.2019.

ABSTRACT 

Drug-drug interaction (DDI) is defined as a clinically signifi-
cant change in the exposure and/or response to a drug caused by 
co-administration of another drug which may result in a precipi-
tation of an adverse event or alteration of its therapeutic effects. 
The aim of this systematic review was to provide an overview of 
DDIs that were actually observed or evaluated in acute coronary 
syndrome (ACS) patients with particular focus on DDIs with clin-
ical relevance. Electronic searches of the literature were con-
ducted in the following databases: MEDLINE, EBSCO, Scopus, 
Google Scholar and SCIndeks. A total of 117 articles were in-
cluded in the review. This review showed that ACS patients can 
be exposed to a variety of DDIs with diverse outcomes which in-
clude decreased efficacy of antiplatelet drugs, thrombolytics or 
anticoagulants, increased risk of bleeding, rhabdomyolysis, hepa-
totoxicity, adverse effects on cardiovascular system (e.g. QT in-
terval prolongation, arrhythmias, excessive bradycardia, severe 
hypotension), serotonin syndrome and drug-induced fever. Ma-
jority of the DDIs involved antiplatelet drugs (e.g. aspirin, 
clopidogrel and ticagrelor). Evidence of some of the reported 
DDIs is inconclusive as some of the studies have shown conflict-
ing results. There is a need for additional post-marketing and pop-
ulation-based studies to evaluate the true effects of disease states 
and other factors on the clinical outcomes of DDIs. Clinicians 
should be attentive to the potential for DDIs and their associated 
harm in order to minimize or, if possible, avoid medication-re-
lated adverse events in ACS patients. 
Keywords: drug-drug interactions, acute coronary syndrome, 
review 

SAŽETAK 

Interakcija između lekova predstavlja klinički značajnu pro-
menu u izloženosti i/ili odgovoru na lek koja je izazvana istovre-
menom primenom drugog leka, a koja za posledicu može imati 
pojavu neželjenih efekata ili izmenu terapijskog efekta. Cilj ovog 
sistematskog pregleda literature bio je da pruži pregled interak-
cija između lekova koje su se zaista dogodile ili koje su bile ispiti-
vane u populaciji bolesnika sa akutnim koronarnim sindromom 
(AKS) sa posebnim osvrtom na klinički značajne interakcije. E-
lektronsko pretraživanje literature je sprovedeno u sledećim ba-
zama podataka: MEDLINE, EBSCO, Scopus, Google Scholar i 
SCIndeks. U sistematski pregled literature uključeno je ukupno 
117 publikacija. Pregled literature je pokazao da bolesnici sa 
AKS mogu biti izloženi različitim interakcijama između lekova sa 
raznovrsnim ishodima koji uključuju smanjenu efikasnost antia-
gregacionih lekova, trombolitika i antikoagulanasa, povećan rizik 
za pojavu krvarenja, rabdomiolizu, hepatotoksičnost, neželjene e-
fekte na kardiovaskularni sistem (npr. produženje QT intervala, 
aritmije, teška bradikardija i hipotenzija), serotoninski sindrom i 
visoku temperaturu uzrokovanu primenom lekova. Većina inte-
rakcija je uključivala antiagregacione lekove (npr. aspirin, klopi-
dogrel i tikagrelor). Dokazi za postojanje nekih interakcija nisu 
saglasni, s obzirom na to da su neke studije pokazale kontradik-
torne rezultate. Postoji potreba za sprovođenjem dodatnih pos-
tmarketinških i populacionih studija kako bi se utvrdio stvarni u-
ticaj bolesti i drugih faktora na kliničke ishode interakcija između 
lekova. Lekari bi trebalo da obrate pažnju na mogućnost pojave 
interakcija između lekova i njihove moguće štetne posledice, kako 
bi smanjili, ili ako je moguće, sprečili neželjene događaje uzroko-
vane lekovima u populaciji bolesnika sa AKS.     
 
Ključne reči: interakcije između lekova, akutni koronarni 
sindrom, pregled literature

  



ABREVIATIONS 
 

ACE – Angiotensin-converting enzyme 
ACS – Acute coronary syndrome 

AHA – American Heart Association 
CCB(s) – Calcium channel blocker(s) 

CYP – Cytochrome P450 
DAPT – Dual antiplatelet therapy 
DDI(s) – Drug-drug interaction(s) 

ESC – European Society of Cardiology 
GP – Glycoprotein 

NNH – Number needed to harm 

NSAID(s) – Non-steroidal anti-inflammatory drug(s) 
NSTEMI – Non-ST-segment elevation myocardial  

      infarction 
PCI – Percutaneous coronary intervention 
PPI(s) – Proton pump inhibitor(s) 
rTPA – Recombinant tissue-type plasminogen activator 
SSRI(s) – Selective serotonin reuptake inhibitor(s) 
STEMI – ST-segment elevation myocardial infarction 
 
 
 
 
 
 
 
 
 

INTRODUCTION 

Acute coronary syndrome (ACS) is a high-risk manifes-
tation of coronary artery disease associated with the rupture 
of an atherosclerotic plaque and partial or complete throm-
bosis of the coronary artery (1-3). Clinical manifestations of 
ACS include ST-segment elevation myocardial infarction 
(STEMI), non-ST-segment elevation myocardial infarction 
(NSTEMI) and unstable angina pectoris (4). Initial and long-
term treatment of ACS involves multiple medications such as 
antiplatelet drugs, anticoagulants, analgesics, nitrates, beta-
blockers, angiotensin-converting enzyme (ACE) inhibitors 
and lipid-lowering therapy (5-7). Additionally, ACS patients 
often have other comorbidities requiring long-term treatment 
which put them in high risk of drug-drug interactions (DDIs) 
(5-7).  

DDI is defined as a clinically significant change in the 
exposure and/or response to a drug caused by co-administra-
tion of another drug which may result in a precipitation of an 
adverse event or alteration of its therapeutic effects (8, 9). 
Potential DDI is defined as a co-prescription or co-admin-
istration of two drugs known to interact (8). Studies have 
shown that about 99-100% of ACS patients are exposed to at 
least one potential DDI during different phases of treatment 
(10, 11). DDIs may have important implications in the setting 
of ACS, particularly because they may affect the balance of 
preventing thrombotic events versus the potential for in-
creased bleeding risk (12). Although, there are many interac-
tion checkers available, they have limited clinical utility (13), 
so it is important that prescribers are aware of the potential 
DDIs and associated harm in order to minimize or, if possi-
ble, avoid medication-related adverse events, decrease risk of 
hospitalization or longer hospital stay (14). 

Previous systematic reviews have either focused only on 
the DDIs in the setting of ACS and dual antiplatelet therapy 
(DAPT) (5) or on the DDIs that have the potential to affect 
procedural outcomes of cardiovascular catheterizations and 
interventions with only a brief discussion of other DDIs that 
are highly likely in the coronary artery disease patients (12). 

Therefore, the aim of this systematic review was to provide 
an overview of DDIs that were actually observed or evaluated 
in ACS patients with particular focus on DDIs with clinical 
relevance.  

METHODS 

Electronic searches of the literature were conducted in the 
following online databases: MEDLINE available at 
https://www.ncbi.nlm.nih.gov/pubmed/, EBSCO available at 
https://ezproxy.nb.rs:2443/kobson.82.html, Scopus available 
at https://www.scopus.com, Google Scholar available at 
https://scholar.google.com/ and Serbian Citation Index 
(SCIndeks) available at https://scindeks.ceon.rs/.  

The search and evaluation of the retrieved articles was 
performed from April 1st to April 17th, 2019. Details of the 
search strategies for each database are provided in Table 1. 
Inclusion criteria were: clinical trials or observational studies 
or case series or case reports which included patients with 
one of the manifestations of the ACS (unstable angina pec-
toris, myocardial infarction with or without ST-segment ele-
vation) and which aimed to investigate or report a clinically 
relevant DDI. Exclusion criteria were: systematic reviews, 
meta-analysis, expert opinions, guidelines, “in vitro” studies, 
studies conducted on animals. There were no restrictions on 
publication date, format or language in the search strategy. 
The references of the retrieved articles were also searched for 
further similar studies. 

A clinically relevant DDI for the purpose of this study 
was defined as a DDI that could be associated with any of the 
following: clinical or laboratory signs of toxicity causally as-
sociated with the concomitant administration of the combi-
nation of drugs (as estimated by the authors of the respective 
study); loss of efficacy of one or both drugs from the drug 
combination believed to be caused by an interaction between 
them (as estimated by the authors of the respective study); or 
change of the drug therapy because of the recognition of a 
DDI with adverse consequences. 



Table 1. Search strategy for databases 

Database Search strategy 

MEDLINE (("drug interactions"[MeSH Terms] OR ("drug"[All Fields] AND "interactions"[All Fields]) OR "drug interac-
tions"[All Fields] OR ("drug"[All Fields] AND "interaction"[All Fields]) OR "drug interaction"[All Fields]) OR 
("drug interactions"[MeSH Terms] OR ("drug"[All Fields] AND "interactions"[All Fields]) OR "drug interac-
tions"[All Fields]) OR ("drug interactions"[MeSH Terms] OR ("drug"[All Fields] AND "interactions"[All Fields]) 
OR "drug interactions"[All Fields] OR ("drug"[All Fields] AND "drug"[All Fields] AND "interaction"[All Fields]) 
OR "drug drug interaction"[All Fields]) OR (drug-drug[All Fields] AND interactions[All Fields]) OR (drug[All 
Fields] AND co-administration[All Fields])) AND (("acute coronary syndrome"[MeSH Terms] OR ("acute"[All 
Fields] AND "coronary"[All Fields] AND "syndrome"[All Fields]) OR "acute coronary syndrome"[All Fields]) OR 
("st elevation myocardial infarction"[MeSH Terms] OR ("st"[All Fields] AND "elevation"[All Fields] AND "myo-
cardial"[All Fields] AND "infarction"[All Fields]) OR "st elevation myocardial infarction"[All Fields] OR 
"stemi"[All Fields]) OR ("non-st elevated myocardial infarction"[MeSH Terms] OR ("non-st"[All Fields] AND "el-
evated"[All Fields] AND "myocardial"[All Fields] AND "infarction"[All Fields]) OR "non-st elevated myocardial 
infarction"[All Fields] OR "nstemi"[All Fields]) OR ("angina, unstable"[MeSH Terms] OR ("angina"[All Fields] 
AND "unstable"[All Fields]) OR "unstable angina"[All Fields] OR ("unstable"[All Fields] AND "angina"[All Fields] 
AND "pectoris"[All Fields]) OR "unstable angina pectoris"[All Fields]) OR "myocardial infarction"[ti]) NOT (("re-
view"[Publication Type] OR "review literature as topic"[MeSH Terms] OR "review"[All Fields]) OR ("meta-analy-
sis"[Publication Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields]) OR "in vitro"[All 
Fields] OR ("animals"[MeSH Terms:noexp] OR animal[All Fields])) 

EBSCO SU ( ((drug interaction) OR (drug interactions) OR (drug-drug interaction) OR (drug-drug interactions) OR (drug 
co-administration)) AND ((acute coronary syndrome) OR (STEMI) OR (NSTEMI) OR (unstable angina pectoris) 
OR (TI “myocardial infarction”)) NOT (review OR meta-analysis OR “in vitro” OR animal) ) OR AB ( ((drug inter-
action) OR (drug interactions) OR (drug-drug interaction) OR (drug-drug interactions) OR (drug co-administration)) 
AND ((acute coronary syndrome) OR (STEMI) OR (NSTEMI) OR (unstable angina pectoris) OR (TI “myocardial 
infarction”)) NOT (review OR meta-analysis OR “in vitro” OR animal) ) 

Scopus ( ( drug  AND interaction )  OR  ( drug  AND interactions )  OR  ( drug-drug  AND interaction )  OR  ( drug-drug  
AND interactions )  OR  ( drug  AND co-administration ) )  AND  ( ( acute  AND coronary  AND syndrome )  OR  
( stemi )  OR  ( nstemi )  OR  ( unstable  AND angina  AND pectoris )  OR  TITLE ( "myocardial infarction" ) )  
AND NOT  ( review  OR  meta-analysis  OR  "in vitro"  OR  animal )   

SCIndeks (ARTAK: ((drug interaction) OR (drug interactions) OR (drug-drug interactions) OR (drug-drug interaction) OR 
(co-administration) OR (combined therapy)) AND ((acute coronary syndrome) OR (STEMI) OR (NSTEMI) OR 
(myocardial infarction) OR (unstable angina pectoris))) 

Google 
Scholar 

drug interaction drug-drug interactions coadministration "acute coronary syndrome" OR STEMI OR NSTEMI OR 
"unstable angina" OR "myocardial infarction" -review -"meta-analysis" -animal -"in vitro" 

 

RESULTS 

Results of the literature search are shown in Figure 1. A 
total of 117 articles were included in this systematic review. 
An overview of drug combinations involved in DDIs in ACS 
patients and their possible outcomes is provided in Table 2.  

DDIs leading to decreased efficacy of antiplatelet drugs 

Morphine and antiplatelet drugs. Morphine use in ACS 
patients was associated with a delayed onset of action of oral 
antiplatelet agents: clopidogrel (15), prasugrel (15-18) and ti-
cagrelor (16, 17, 19-21) probably due to a delay in drug ab-
sorption as a result of inhibition of gastrointestinal motility 
and gastric emptying. Also, STEMI patients who received 
morphine with ticagrelor had a less favorable ischemic 

outcome (22). In addition, morphine co-administration in 
STEMI patients who received DAPT (aspirin with 
clopidogrel or ticagrelor), was associated with impaired 
thrombotic status at presentation, reduced spontaneous myo-
cardial reperfusion (before primary percutaneous coronary 
intervention (PCI)) and larger infarct size (23). 

Acid-suppressive drugs and antiplatelet drugs. Clopi-
dogrel is a prodrug which requires conversion via cyto-
chrome P450 (CYP) system (dominantly by CYP3A4, 
CYP3A5 and CYP2C19) before the desired clinical effect is 
achieved (24-35). Drugs that interfere with or are co-metab-
olized via those enzymes might decrease its antiplatelet effect 
and increase the risk of thrombotic events (24-35). Proton 
pump inhibitors (PPIs) are metabolized by CYP enzymes, 
leading to a potential inhibition of CYP2C19 (24-35).  

  



Figure 1. Selection of studies 

 

 

 

Table 2. An overview of drug combinations involved in DDIs and their possible outcomes in ACS patients 

Drug combination Description 

Amiodarone + antiretroviral drugs Acquired long QT syndrome and torsades de pointes cardiac arrest 
(122). 

Amiodarone + sofosbuvir + daclatasvir Syncope, extreme bradycardia and cardiac asystole (123). 
Anticoagulants + thrombolytics Increased risk of bleeding (99). 
Antiplatelet drugs (combinations) Increased risk of bleeding (82-89). 
Antiplatelet drugs + anticoagulants Increased risk of bleeding (91-97). 
Antiplatelet drugs + anticoagulant + thrombolytic Increased risk of bleeding (100). 
Antiplatelet drugs + morphine Delayed onset of action of oral antiplatelet drugs (e.g. clopidogrel (15), 

prasugrel (15-18), ticagrelor (16, 17, 19-21)), less favorable ischemic 
outcome with ticagrelor (22), impaired thrombotic status at presenta-
tion (aspirin with clopidogrel or ticagrelor) (23). 

Antiplatelet drugs + NSAID + corticosteroid Increased risk of bleeding (101) 
Antiplatelet drugs + SSRIs Increased risk of bleeding (102) 
Antiplatelet drugs + thrombolytics Increased risk of bleeding (98, 99). 
Antithrombotic therapy + NSAIDs Increased risk of excess thrombotic events and bleeding (62). 



Drug combination Description 

Aspirin + ACE inhibitors Antagonized effects of ACE inhibitors (125) (no negative interaction in 
(126-129)). 

Aspirin + ibuprofen Increased rate of recurrent acute myocardial infarction (61) (not con-
firmed in (63)). 

Aspirin + PPIs Increased risk of an adverse cardiovascular event (59) or enhanced an-
tiplatelet effects of enteric-coated aspirin (60). 

Carvedilol + dobutamine Severe hypotension (118). 
Clonidine + duloxetine + atorvastatin Unexplained high fever (131). 
Clopidogrel + ACE inhibitors Increased risk of bleeding (107). 
Clopidogrel + aprotinin Reduced antiplatelet effect of clopidogrel (64). 
Clopidogrel + atorvastatin Hepatotoxicity (68, 116). 
Clopidogrel + calcium channel blockers Increased risk of ACS re‐hospitalization in ACS patients not compliant 

to guideline‐recommended secondary prevention drugs (65) (interac-
tion not confirmed in (66, 67)). 

Clopidogrel + cimetidine Increased risk of re-infarction (28). 
Clopidogrel + PPIs Reduced antiplatelet effects (36-42) (not confirmed for all PPIs in (39, 

43-47)) and increased risk of adverse cardiovascular events (24-35, 48, 
49) (not confirmed for all PPIs in (40, 43, 48, 50-56)). 

Escitalopram + lansoprazole QT interval prolongation and ventricular fibrillation (117). 
Escitalopram + methylene blue Serotonin syndrome (130). 
Metoprolol + cocaine Exacerbated coronary vasoconstriction, crushing substernal chest pain, 

pulseless electrical activity and death (119). 
Metoprolol + CYP2D6 inhibitors (e.g. paroxetine, 
terbinafine) 

Excessive bradycardia or severe hypotension (120, 121). 

Mexiletine + theophylline Ventricular arrhythmias (124). 
Nitroglycerin + heparin Heparin resistance and attenuated anticoagulant effect (78, 79) (not 

confirmed in (80, 81)). 
Nitroglycerin + rTPA Reduced thrombolytic efficacy of rTPA (76, 77). 
Rivaroxaban + simvastatin Bleeding (103). 
Simvastatin + diltiazem Rhabdomyolysis (115). 
Statins + fibrates  Rhabdomyolysis (113, 114). 
Ticagrelor + antiepileptic CYP3A inductors (e.g. pheny-
toin, carbamazepine, phenobarbital) 

Reduced antiplatelet effects of ticagrelor (75). 

Ticagrelor + cyclosporine Increased exposure to both drugs with increased risk of bleeding and 
increased cyclosporine trough concentration (105, 106). 

Ticagrelor + statins (e.g. atorvastatin, simvastatin, rosu-
vastatin) 

Rhabdomyolysis (108-112). 

Warfarin + ritonavir Removal of ritonavir led to the increase in warfarin effect (104). 
Abbreviations: ACE – Angiotensin-converting enzyme; NSAID(s) – Non-steroidal anti-inflammatory drug(s); PPI(s) – Proton pump 
inhibitor(s); rTPA – Recombinant tissue-type plasminogen activator; SSRI(s) – Selective serotonin reuptake inhibitor(s). 

 

However, results of the clinical studies have shown con-
flicting results regarding PPIs influence on antiplatelet ef-
fects of clopidogrel and risk of adverse cardiovascular events 
in ACS patients. There are some studies which suggest that 
pantoprazole (36), esomeprazole (37) and omeprazole (38-
40) may reduce antiplatelet effect of clopidogrel, and that 
PPIs as a group may reduce antiplatelet effects of thieno-
pyridines (clopidogrel or ticlopidine) (41). One study showed 
that the degree of the interaction between clopidogrel and 
PPIs is not homogeneous within the class of PPIs and is less 
marked with pantoprazole than with omeprazole (42). On the 
other hand, some studies suggested that pantoprazole (39), 
lansoprazole (43), esomeprazole (44), rabeprazole (44) and 
omeprazole (45, 46) do not reduce antiplatelet effect of 
clopidogrel and that pantoprazole does not interfere with an-
tiplatelet effect of P2Y12 inhibitors (clopidogrel, ticagrelor, 
prasugrel) (47). In numerous studies concomitant use of 

clopidogrel and PPIs as a group (24-35), as well as some of 
the individual PPIs (omeprazole (48, 49), esomeprazole 
(49)), was associated with a significant increase in risk of ad-
verse cardiovascular events. In one of these studies, a similar 
association was observed between cardiovascular events and 
PPI use during ticagrelor treatment and with other non-PPI 
gastrointestinal treatment, suggesting that the association be-
tween PPI use and adverse events may be due to confound-
ing, with PPI use more of a marker for, than a cause of, higher 
rates of cardiovascular events (33). Also, in one of the studies 
use of PPIs did not significantly affect the comparative effec-
tiveness of prasugrel versus clopidogrel (34). In one study 
risk of rehospitalization among PPI users varied by 
CYP2C19 genotype, with the greatest increase in risk ob-
served among carriers of the CYP2C19*17 allele (31). How-
ever, some studies didn’t show significant influence of PPIs 
as a group (50-54) or individual PPIs (lansoprazole (43, 48), 



omeprazole (40, 55, 56), esomeprazole (48), rabeprazole 
(48), pantoprazole (48)) on risk of adverse cardiovascular 
events in patients with ACS treated with clopidogrel. Also, 
in one of the studies pantoprazole did not have significant ef-
fects on the incidence of hospital-acquired pneumonia and 
30-day mortality in ACS patients treated with clopidogrel 
(57). Prasugrel antiplatelet effect was also not significantly 
affected by concomitant administration of PPIs (58). In one 
study aspirin, was associated with increased risk of an ad-
verse cardiovascular event (recurrent myocardial infarction, 
stroke, or cardiovascular death) when used concomitantly 
with PPIs possibly due to modification of intragastric pH 
which may reduce lipophilicity and bioavailability of aspirin 
(59). However, another study showed contradictory results: 
enhanced antiplatelet effects of enteric-coated aspirin in pa-
tients with ACS undergoing PCI (60). In this study meth-
acrylic acid enteric-coated preparation of aspirin was used 
(60). Methacrylic acid is stable in acid solutions which allow 
the drug to pass intact through the upper gastrointestinal tract 
(60). However, gastric juice alkalized by the addition of pan-
toprazole may cause earlier destabilization of the methacrylic 
acid sheath allowing aspirin to reach the duodenum already 
in its soluble form, thus assuring its rapid absorption (60). 
Concomitant use of clopidogrel and cimetidine, H2-receptor 
antagonist which is a CYP2C19 inhibitor, was associated 
with increased risk of re-infarction in ACS patients in one 
study (28). 

Non-steroidal anti-inflammatory drugs (NSAIDs) and 
antiplatelet drugs. Aspirin and ibuprofen share a common 
docking site in the cyclooxygenase-1 enzyme, so ibuprofen 
may competitively inhibit aspirin’s antiplatelet effect (61). In 
one study there was a trend towards an increasing rate of re-
current acute myocardial infarction with longer duration of 
ibuprofen exposure, suggesting that regular, but not intermit-
tent, use of ibuprofen may abrogate the benefits of aspirin in 
secondary prevention of acute myocardial infarction (61). In 
another study, among patients receiving antiplatelet therapy 
after myocardial infarction, the use of NSAIDs was associ-
ated with increased risk of excess thrombotic events, even 
after short-term treatment (62). Aspirin and ibuprofen did not 
adversely interact in a cohort of elderly patients discharged 
after myocardial infarction (63). 

Clopidogrel and aprotinin. Findings of one study sug-
gested that aprotinin may reduce antiplatelet effect of 
clopidogrel in ACS patients (64). Aprotinin increased ADP 
induced platelet aggregation from 84% to 94% correspond-
ing to a median decrease in relative platelet inhibition of 
>50% (64). This effect was restricted to clopidogrel respond-
ers, suggesting that aprotinin interacts with clopidogrel-
blocked ADP-receptors, making them available to ADP stim-
ulation (64).  

Clopidogrel and calcium channel blockers (CCBs). 
Some CCBs may inhibit CYP3A4 and may theoretically in-
terfere with its metabolic conversion to active metabolite 
leading to the reduced clinical efficacy (65). However, results 
of the clinical studies have shown conflicting results. Some 

studies involving ACS patients showed that CCBs did not in-
terfere with the clopidogrel clinical efficacy (66, 67). One 
study showed that different guideline compliance of second-
ary prevention medications could modify this DDI: concom-
itant use of CCBs and clopidogrel was significantly associ-
ated with increased risk of ACS re‐hospitalization in patients 
not compliant to guideline‐recommended secondary preven-
tion drugs (65). 

Clopidogrel and statins. Both clopidogrel and some 
statins (e.g. simvastatin, atorvastatin, lovastatin) are metabo-
lized via CYP3A4 (68). Studies involving ACS patients 
didn’t show reduced clinical efficacy of clopidogrel when it 
was used concomitantly with statins (43, 66, 69-74).  

Ticagrelor and antiepileptic CYP3A inducers. One study 
showed that co-administration of antiepileptic CYP3A en-
zyme pathway inducers (including phenytoin, carbamazepine 
and phenobarbital) may adversely affect the antiplatelet effi-
cacy of ticagrelor as evident by higher P2Y12 reaction units 
(PRU) values, representing suboptimal platelet inhibition in 
ACS patients (75). Over 1/3 of these patients developed high 
on-treatment reactivity, suggesting that they may be at risk 
for ischemic complications (75).  

 

DDIs associated with decreased efficacy of thrombolytics 

Nitroglycerin and recombinant tissue-type plasminogen 
activator (rTPA). Concurrent administration of nitroglycerin 
with rTPA (alteplase) in patients with acute myocardial in-
farction was associated with significantly reduced thrombo-
lytic efficacy of rTPA: less frequent flow restoration (76, 77), 
longer time to reperfusion (76), greater incidence of in-hos-
pital adverse events (76) and a higher incidence of coronary 
artery reocclusion (76). This DDI may be related to increase 
in hepatic blood flow in response to nitroglycerin resulting in 
increased catabolism of rTPA (76). 

DDIs associated with decreased efficacy of anticoagu-
lants 

Nitroglycerin and heparin. Nitroglycerin induced quali-
tative antithrombin III abnormality may impair directly the 
ability of intravenous heparin to produce a state of systemic 
anticoagulation (78). However, evidence regarding interac-
tion of these two drugs are conflicting as there are studies 
which suggest that intravenous nitroglycerin may induce 
heparin resistance and attenuate its anticoagulant effect in 
ACS patients (78, 79), while some studies did not confirm 
this finding (80, 81).  

DDIs associated with increased risk of bleeding 

Antiplatelet drugs, anticoagulants and thrombolytics 
and their combinations. Most DDIs associated with in-
creased risk of bleeding involving anticoagulants, antiplatelet 
drugs and thrombolytics are pharmacodynamic. Dual an-
tiplatelet therapy (e.g. aspirin + clopidogrel, aspirin + ticagre-
lor, aspirin + prasugrel) was associated with increased risk of 



bleeding in ACS patients, including increased risk of major 
bleeding (82-87). Combination of an emerging antiplatelet 
drug vorapaxar (platelet thrombin receptor antagonist), and 
glycoprotein (GP) IIb/IIIa receptor inhibitors (88) was asso-
ciated with increased bleeding risk in ACS patients. On the 
other hand, its combination with thienopyridines in some 
cases may lead to increased risk of clinically significant 
bleeding (89), while one study didn’t observe significant in-
teraction between clopidogrel and vorapaxar (90). Combin-
ing anticoagulants and antiplatelet drugs may also increase 
risk of bleeding in ACS patients (e.g. oral anticoagulants and 
aspirin or DAPT (91-95), thienopyridines and low molecular 
weight heparin (96), tirofiban and heparin (97)), as well as 
combinations of thrombolytics and antiplatelet drugs (partic-
ularly GP IIb/IIIa receptor inhibitors (98, 99)) or parenteral 
anticoagulants (99). Combination of thrombolytic (tenectep-
lase), parenteral anticoagulant (heparin) and DAPT (aspirin 
and clopidogrel) may also be associated with increased 
bleeding risk: orbital subperiosteal hematoma occurred in 
acute myocardial infarction patient on combination of these 
drugs (100). 

Non-steroidal anti-inflammatory drugs (NSAIDs) and 
antithrombotic therapy. Among patients receiving an-
tithrombotic therapy after myocardial infarction, the use of 
NSAIDs was associated with increased risk of bleeding (62). 
The association was observed for all antithrombotic treat-
ment regimens (monotherapy with aspirin, clopidogrel, or a 
vitamin K antagonist; DAPT with aspirin plus clopidogrel, 
aspirin plus a vitamin K antagonist, or clopidogrel plus a vit-
amin K antagonist; or triple therapy including all three drugs) 
(62). There was no safe therapeutic window for concomitant 
NSAID use, because even short-term (0-3 days) treatment 
was associated with increased risk of bleeding (62). Also, one 
study reported occurrence of melena in a 68-year-old male 
patient with a history of chronic gastritis and myocardial in-
farction receiving clopidogrel and aspirin, who had also re-
ceived a 4-day NSAID treatment for radiculitis and a 2-day 
parenteral methylprednisolone for drug-induced urticaria 
prior to hospitalization (101). 

Selective serotonin reuptake inhibitors (SSRIs) and an-
tiplatelet drugs. SSRIs use alone has been associated with an 
increased risk of bleeding (102). Platelets release serotonin at 
sites of bleeding and vascular damage, but they do not syn-
thesize it and instead acquire it from the blood and store it, so 
SSRIs inhibition of serotonin transporters is thought to be the 
cause of increased bleeding risk (102). One study conducted 
in a large cohort of patients following acute myocardial in-
farction showed that patients taking a SSRI with aspirin or 
DAPT were at increased risk of bleeding (102).  

Oral anticoagulants and drugs interfering with their 
metabolism. One case report described a 79-year-old patient 
on rivaroxaban for cardioembolic strokes and atrial fibrilla-
tion who was hospitalized for NSTEMI in the context of se-
vere anemia related to gastrointestinal bleeding (103). It was 
hypothesized that both genetic and environmental factors 
contributed to increased susceptibility to rivaroxaban: the 

homozygous presence of ABCB1 variant alleles (which en-
code P-glycoprotein) and reduced CYP3A4/5 activity due to 
DDI with simvastatin which could contributed to decreased 
rivaroxaban elimination (103). Another study reported in-
crease in international normalized ratio after switching from 
atazanavir/ritonavir to darunavir/cobicistat in a HIV-infected 
72-year-old patient on stable warfarin therapy with history of 
myocardial infarction (104). Removal of ritonavir in this pa-
tient led to the loss of CYP2C9 induction and subsequent in-
crease in warfarin effect manifested by recurrent nosebleeds, 
which required a 60% reduction in warfarin dose (104). 

Ticagrelor and cyclosporine. Co-administration of ti-
cagrelor and cyclosporine may lead to increased exposure to 
both drugs, because both drugs are substrates and inhibitors 
of CYP3A4 and P-glycoprotein, as evidenced by two case 
reports (105, 106). In one case report a 49-year-old patient 
with a stable renal graft managed with cyclosporine with sta-
ble trough blood concentrations for several years was treated 
with ticagrelor for unstable angina pectoris (105). He com-
plained of several minor bleeding events and his cyclosporine 
trough concentration increased 7 days after ticagrelor was 
started (105). The cyclosporine trough concentration in blood 
decreased within 13 days after ticagrelor was stopped and cy-
closporine dose reduced (105). Patient did not have any 
bleeding events after ticagrelor was stopped, and switched to 
clopidogrel (105). In another case report a 58-year-old male 
patient who received cyclosporine for 5 years after renal 
transplantation developed gum bleeding and life-threatening 
bloody stool accompanied with the sudden drop of blood 
pressure 8 days after ticagrelor was added for treating ACS 
(106). This patient had decline in the hemoglobin level of 5.3 
g/dL and received transfusion of 10 units of packed red blood 
cells (106).  

Clopidogrel and ACE inhibitors. One study reported that 
in vitro coincubation of clopidogrel with ACE inhibitors in-
creased clopidogrel bioactivation, as well as that concomitant 
treatment with these drugs in patients with first-time myocar-
dial infarction was associated with increased risk of clinically 
important bleeding (107). 

DDIs leading to rhabdomyolysis  

Ticagrelor and statins. There are several case reports of 
rhabdomyolysis (108-112) associated with the concomitant 
use of ticagrelor and statins in patients who had ACS (three 
men (108, 111, 112) and two women (109, 110)). Age of the 
patients varied from 62 years (109) to 78 years (111). Statins 
involved in the interaction were: simvastatin (20 mg/day) 
(108), atorvastatin (80 mg/day in two cases (109, 110) and 40 
mg/day in one case (112)) and rosuvastatin (40 mg/day) 
(111). Ticagrelor is metabolized through the enzymes 
CYP3A4/3A5 and is also a weak inhibitor of CYP3A, so it 
may increase the serum concentration of statins which are 
metabolized via CYP3A4 (e.g. simvastatin, atorvastatin) 
(108). Rosuvastatin is not metabolized by CYP3A4, however 
a deterioration of the renal function after introduction of ti-
cagrelor led to the accumulation of rosuvastatin which 



resulted in rhabdomyolysis (111). In one case amlodipine, a 
weak inhibitor of CYP3A4 (110), and in another clarithro-
mycin, a potent CYP3A4 inhibitor (112), were also used con-
comitantly with atorvastatin and ticagrelor, so they may con-
tributed to the increased exposure to these drugs (110, 112). 
One patient had normal kidney function at all times (108), 
acute kidney injury developed in three patients (109-111) and 
one patient had slightly increased urea and creatinine above 
reference values (112). Duration of concomitant therapy of 
statins and ticagrelor varied from one (111) to five months 
(108). All patients recovered from the rhabdomyolysis (108-
112).  

Fibrates and statins. Combined statin and fibrate therapy 
may also lead to rhabdomyolysis in patients with ACS (113, 
114). Both statins and fibrates have been independently asso-
ciated with a risk of muscle-related toxicity as monotherapy, 
and statin-fibrate combination therapy increases this risk fur-
ther (113, 114). An 81-year-old male patient developed rhab-
domyolysis without significant deterioration of renal func-
tion after seven days of concomitant use of pravastatin (20 
mg/day) and fenofibrate (160 mg/day) (113). Treatment of 
rhabdomyolysis resulted in resolution of the skeletomuscular 
symptoms and clinical recovery (113). In another case report 
63-year-old male patient developed rhabdomyolysis and 
acute renal failure after two weeks of combined use of lovas-
tatin (20 mg twice daily) and gemfibrozil (600 mg twice 
daily) (114). Patient had to be on hemodialysis for 3 months 
until partial return of renal function occurred (creatinine 
clearance 22 mL/min) (114). 

Statins metabolized via CYP3A4 and CYP3A4 inhibi-
tors. Three-month combined use of simvastatin (80 mg/day) 
and diltiazem (240 mg/day), a CYP3A4 inhibitor, also re-
sulted in rhabdomyolysis and renal failure in a 75-year-old 
man who had a history of previous myocardial infarction 
(115). Patient underwent hemodialysis and received inten-
sive physiotherapy (115). Within three weeks, muscle pain 
disappeared, and he regained the functional ability of his legs, 
but he remained hemodialysis dependent (115).  

DDIs associated with hepatotoxicity 

Clopidogrel and atorvastatin. As previously mentioned, 
both clopidogrel and atorvastatin are metabolized via 
CYP3A4 (68). Two case reports described occurrence of 
hepatotoxicity when clopidogrel was used concomitantly 
with atorvastatin in ACS patients (68,116). Both patients 
were male, one was 58 years old (116) and other 61 years old 
(68). Dose of atorvastatin in the first patient was 20 mg/day 
(116) and in the second 10 mg/day (68) when hepatotoxicity 
occurred. One of the patients was also taking diltiazem and 
prednisone which both may affect CYP3A4 metabolism 
(116). After withdrawal of atorvastatin, ALT recovered to 
baseline level in 10 days, and then pravastatin was prescribed 
(116). Pravastatin, which does not undergo CYP metabolism, 
did not cause notable elevation of ALT during 2-month fol-
low-up (116).  

DDIs associated with adverse effects on cardiovascular 
system 

Escitalopram and lansoprazole. QT interval prolonga-
tion and ventricular fibrillation developed in a 46-year-old 
patient with acute myocardial infarction probably due to en-
hanced QT interval prolonging effect of escitalopram caused 
by lansoprazole’s inhibition of its metabolism via CYP2C19 
(117).  

Carvedilol and dobutamine. In a 68-year-old ACS pa-
tient 85-90 minutes after carvedilol administration (plasma 
peak time for carvedilol), blood pressure decreased up to 
70/40 mmHg leading to severe hypotension when dobuta-
mine was started and dobutamine dose increased (118). 
When dobutamine dose was decreased and dopamine started 
the patient's blood pressure increased (118). 

Metoprolol and cocaine. One case report described a 54-
year-old patient with a cocaine associated myocardial infarc-
tion who received metoprolol nearly two hours after presen-
tation for persistent tachycardia (119). Shortly after, patient 
complained of crushing substernal chest pain, developed 
pulseless electrical activity, and could not be resuscitated 
(119). Beta blockers may exacerbate coronary vasocon-
striction in patients on cocaine probably due to unopposed 
alpha adrenergic agonism which may lead to vasospasm fol-
lowed by tissue ischemia and infarction (119). 

Metoprolol and CYP2D6 inhibitors. Metoprolol is me-
tabolized via CYP2D6 enzyme (120). A pronounced inhibi-
tion of metoprolol metabolism by paroxetine (CYP2D6 in-
hibitor) was observed in one study which included acute my-
ocardial infarction patients, but without serious adverse ef-
fects (120). A reduction of metoprolol dose was required in 
two of 17 patients: one due to excessive bradycardia (<45 
beats/min) and another due to severe orthostatic hypotension 
(120). Also, excessive hypotension (<100 mm Hg) was ob-
served in four patients with initially low systolic blood pres-
sure, but this could not be exclusively assigned to metoprolol 
action, but rather to combined medications (beta-blockers, 
mononitrates, ACE inhibitors) (120). Since this condition 
was well tolerated, a reduction of medication dosages was not 
required (120). Combination of oral terbinafine, another 
CYP2D6 inhibitor, and metoprolol also resulted in a clini-
cally significant sinus bradycardia (37 beats/min) in a 63-
year-old patient with a history of ACS (121). The heart rate 
ameliorated first with a decrease in the dose of metoprolol, 
which was subsequently changed to bisoprolol and the heart 
rate remained normal (121). 

Amiodarone and antiviral drugs. A 53-year-old HIV 
positive patient with NSTEMI developed acquired long QT 
syndrome and torsades de pointes cardiac arrest in the con-
text of combined use of amiodarone with antiretroviral agents 
(abacavir, lamivudine, darunavir and raltegravir) (122). Indi-
vidually, amiodarone and antiretrovirals may increase QTc 
interval (122). Also, darunavir is CYP3A4 inhibitor so it may 
promote amiodarone toxicity via inhibition of its metabolism 
via CYP3A4 (122). In this patient QTc interval began to 



normalize 5 days after discontinuation of amiodarone and an-
tiretroviral agents. In another case report a 61-year-old pa-
tient with a history of ACS and hepatitis C virus infection on 
therapy with amiodarone and atenolol experienced multiple 
episodes of syncope, extreme bradycardia and cardiac asys-
tole 30 minutes after first sofosbuvir and daclatasvir admin-
istration (123). Cardiopulmonary resuscitation and adrenalin 
restored sinus bradycardia (123). Subsequently, after discon-
tinuation of amiodarone, sofosbuvir and daclatasvir cardiac 
evaluation was normal (123). Sofosbuvir, daclatasvir and 
amiodarone interact with P-glycoprotein and CYP3A4, but 
mechanism of these interactions is unknown (123). Factors 
that might had contributed to the observed events include 
concomitant therapy with a beta-blocker (123). 

Mexiletine and theophylline. In a 55-year-old patient 
with a history of two acute myocardial infarctions a DDI be-
tween mexiletine and theophylline leading to ventricular ar-
rhythmias on two occasions was reported (124). On the first 
occasion, mexiletine was added to a steady state theophylline 
regimen and resulted in a doubling of the theophylline level 
and an estimated half-life in excess of 12 hours suggesting 
that theophylline clearance was reduced by 30% to 50 % 
(124). Since arrhythmia was also noted at therapeutic theo-
phylline concentrations, a pharmacodynamic drug interaction 
with additive effects, in addition to the pharmacokinetic in-
teraction, may be postulated as both mexiletine and theophyl-
line alone may induce arrhythmia (124). 

ACE inhibitors and aspirin. Studies showed conflicting 
results regarding DDI involving these drugs. Aspirin blocks 
prostaglandin synthesis and ACE inhibitors tend to increase 
it, so there is a possibility for their antagonistic interaction 
(125). One study showed that aspirin antagonized the effect 
of enalapril on mortality after acute myocardial infarction 
suggesting that adding enalapril to patients on aspirin may be 
counteractive to survival (125). Several studies didn’t show 
negative DDI between aspirin and lisinopril (126), captopril 
(127, 128) or ACE inhibitors in general when used in patients 
after myocardial infarction (129). 

DDIs leading to serotonin syndrome 

Escitalopram and methylene blue. One case report de-
scribed a 62-year-old NSTEMI patient receiving chronic 
SSRI escitalopram who developed postcardiopulmonary by-
pass refractory vasoplegia (130). The vasoplegia was suc-
cessfully treated with methylene blue, but the patient subse-
quently developed serotonin syndrome with abrupt onset of 
hyperthermia, upper extremity rigidity, encephalopathy, and 
cardiovascular instability (130). After discontinuation of all 
serotonergic medications, the patient slowly recovered with 
no apparent permanent complications (130). Methylene blue 
inhibits monoamine oxidase-A (the enzyme responsible for 
degrading serotonin, dopamine, and norepinephrine) and 
when given in combination with serotonergic medications it 
may lead to excess serotonin levels (130). 

DDIs leading to drug-induced fever 

Clonidine, duloxetine and atorvastatin. One report de-
scribed a case of drug-induced fever probably associated with 
clonidine administration in which the higher dose of 
clonidine alone or in interaction with duloxetine and atorvas-
tatin may have contributed to its development (131). A 66-
year-old NSTEMI patient developed fever on the third day 
after the cardiac catheterization which ranged from 37.2°C to 
38.9°C after dose of clonidine was increased to 0.2 mg per os 
three times a day to optimize blood pressure control (131). 
Diagnostic examinations did not reveal any source of infec-
tion (131). On the sixth day after admission, clonidine was 
reduced to the baseline dose of 0.1 mg per os three times a 
day and on the ninth day it was stopped (131). The patient 
was afebrile on the twelfth day (131). The mechanism by 
which clonidine might disrupt thermoregulation is still un-
clear, but both central and peripheral mechanisms may be im-
plicated (131). Serotonergic, noradrenergic and dopaminer-
gic neurotransmitter systems have been implicated in the me-
diation of drug-induced hyperthermia, so increase in these 
neurotransmitters may influence thermoregulatory system 
(131). It is possible that the interaction between the higher 
dose of clonidine and duloxetine (a serotonin-norepinephrine 
reuptake inhibitor), might have led to increased core temper-
ature and drug-induced fever (131). Another contributing 
factor may have been concomitant administration of atorvas-
tatin, CYP inhibitor, which might have inhibited metabolism 
of duloxetine (131).  

DISCUSSION 

This review has shown that ACS patients can be exposed 
to a variety of DDIs with diverse outcomes which include 
decreased efficacy of antiplatelet drugs, thrombolytics or an-
ticoagulants, increased risk of bleeding, rhabdomyolysis, 
hepatotoxicity, adverse effects on cardiovascular system (e.g. 
QT interval prolongation, arrhythmias, excessive bradycar-
dia, severe hypotension), serotonin syndrome and drug-in-
duced fever. Majority of the DDIs involved antiplatelet drugs 
(e.g. aspirin, clopidogrel and ticagrelor). In addition, evi-
dence of some of the reported DDIs is inconclusive as some 
of the studies have shown conflicting results (e.g. DDIs of 
clopidogrel and PPIs or CCBs; aspirin and ibuprofen, ACE 
inhibitors or PPIs; nitroglycerin and heparin).  

DDIs leading to decreased efficacy of antiplatelet drugs 
have raised concern because of the possibility of increased 
risk of thrombotic events, but some of the studies evaluating 
these DDIs did not have consistent results (132). A prime ex-
ample of such DDI is an interaction of clopidogrel and PPIs 
for which even several meta-analyses have shown conflicting 
results (133-135). Meta-analyses of randomized controlled 
trials endorsed the use of PPI with DAPT for reducing gas-
trointestinal bleeding without worsening cardiovascular out-
comes, while meta-analyses of observational studies showed 
that PPI significantly increased the risk of all-cause mortal-
ity, cardiovascular mortality, myocardial infarction and 
stroke without reducing gastrointestinal bleeding and this dif-
ference was attributed to differences in design and limitations 
of each study type (133-135). The European Society of 



Cardiology (ESC) currently recommends PPI use in combi-
nation with DAPT in all coronary artery disease patients as a 
measure to minimize bleeding risk, but with a note that 
omeprazole and esomeprazole would appear to have the 
highest propensity for clinically relevant DDIs, while panto-
prazole and rabeprazole have the lowest (136). On the other 
hand, 2016 American College of Cardiology/American Heart 
Association (AHA) focused update recommends the con-
comitant use of PPI with DAPT in patients with a prior his-
tory or with a higher risk of gastrointestinal bleeding, but its 
routine use is not recommended in patients at low risk of gas-
trointestinal bleeding (137). H2-receptor antagonists are of-
ten used as an alternative to PPIs, but this does not appear to 
be an adequate solution in all cases because they do not have 
the same efficacy as PPIs in reducing gastrointestinal events 
and may also act as competitive inhibitors of CYP2C19 
(138). Also, there are no particular recommendations regard-
ing clopidogrel and CCBs interaction (12). Regarding inter-
action of aspirin and ibuprofen, Food and Drug Administra-
tion issued a notice that the clinical implication of the inter-
ference by ibuprofen on the antiplatelet effect of aspirin is 
unclear, but that it is potentially important (139). It is stated 
that it is likely that risk is minimal with occasional use of 
ibuprofen and that patients who use immediate release aspirin 
(not enteric coated) and take a single dose of ibuprofen 400 
mg should take it at least 30 minutes or longer after aspirin, 
or more than 8 hours before aspirin to avoid attenuation of 
aspirin’s effect (139). Antiepileptic CYP3A inducers may ad-
versely affect the antiplatelet efficacy of ticagrelor, so risks 
for DDI and mitigation of P2Y12 inhibition must be weighed 
against discontinuation of the CYP3A inducer or switching 
to a thienopyridine (75). 

A variety of studies reported that morphine may delay and 
attenuate exposure and action of oral P2Y12 receptor inhibi-
tors (clopidogrel, ticagrelor, prasugrel) in ACS patients (15-
23). However, current guidelines still continue to recommend 
morphine as the drug of choice for pain relief in this setting, 
but with a warning that this DDI may lead to early treatment 
failure in susceptible individuals (6, 7). Recently published 
meta-analysis reported that the use of morphine for pain con-
trol in the setting of ACS was associated with an increased 
risk of in-hospital recurrent myocardial infarction and num-
ber needed to harm (NNH) was 125 (140). Although the 
value of NNH might be relatively high, it certainly raises im-
portant safety concerns considering high incidence of ACS 
and widespread use of morphine which translate into a con-
siderable absolute number of events (140). This suggests a 
need for a cautious use of morphine in the ACS setting until 
further results of the adequately powered trials are available 
keeping in mind that the current guidelines recommendations 
regarding the use of morphine in ACS are mainly based on 
expert opinion rather than randomized clinical trials (140, 
141). 

Modern management of ACS includes a mix of an-
tithrombotic therapy and invasive procedures which carry a 
risk of bleeding with a varying degree (142). DAPT reduces 
the risk of stent thrombosis, but its duration beyond one year 

after PCI or myocardial infarction exerts majority of its ben-
efits (136). Bleeding risk with DAPT is proportionally re-
lated to its duration, so the decision regarding DAPT duration 
should be dynamic and reassessed during the course of the 
initially selected DAPT regimen (136). In ACS patients re-
gardless of the revascularization strategy, the default DAPT 
duration is 12 months, but 6-month therapy should be con-
sidered in high bleeding risk patients, while >12-month du-
ration may be considered in patients who have tolerated 
DAPT without bleeding complications (136). Patients requir-
ing oral anticoagulant in addition to DAPT should be consid-
ered at high risk of bleeding and the indication for oral anti-
coagulant should be reassessed and treatment continued only 
if there is a compelling indication (136). The duration of tri-
ple therapy should be limited to a maximum of 6 months or 
omitted after hospital discharge considering the ischemic and 
bleeding risk (136). In addition, patients may be at increased 
risk of bleeding due to DDIs with drugs used to treat other 
comorbidities (e.g. SSRIs, NSAIDs, corticosteroids and 
drugs which may interfere with metabolism of antithrom-
botic drugs), so clinicians should be cautions when prescrib-
ing new drugs to ACS patients. When bleeding occurs clini-
cians should weigh the risk related to ongoing bleeding, dose 
reduction, or temporary discontinuation of antithrombotic 
drugs, whenever possible, with rapid resumption of the initial 
antithrombotic therapy, depending on the possibility to treat 
bleeding and the half-life and reversibility of the effect of that 
drug (142). Discontinuation of antithrombotic therapy to 
minimize bleeding place the patient at increased risk of re-
current ischemia and infarction (142). 

Concomitant use of statins and fibrates, ticagrelor or 
drugs which may inhibit metabolism of statins (e.g. dilti-
azem) may lead to the development of rhabdomyolysis in 
ACS patients as demonstrated by the several case reports in-
cluded in this review (108-115). AHA published recommen-
dations for management of clinically significant DDIs of 
statins (143). Regarding statin-fibrate interaction it is stated 
that fenofibrate (or fenofibric acid) is the preferred fibrate to 
use in combination with statins because of a reduced inci-
dence of DDIs compared with statin-gemfibrozil combina-
tion therapy (143). However, even combination with feno-
fibrate was associated with the occurrence of rhabdomyolysis 
in ACS patients so caution is certainly needed even when fen-
ofibrate is prescribed (113). Regarding ticagrelor-statin inter-
action some reviews point out that although a theoretical 
mechanism of this interaction exists, its clinical significance 
might be limited as ticagrelor is frequently used in ACS pa-
tients who simultaneously receive intensive, high-dose statin 
treatment which may itself lead to rhabdomyolysis (144). Re-
garding statin-ticagrelor DDIs, AHA stated that co-admin-
istration of ticagrelor and atorvastatin results in only a minor 
increase in statin systemic exposure and the combination is 
reasonable for appropriate patients (143). Also, combination 
therapy with ticagrelor and lovastatin or simvastatin may be 
considered and in this case dose of simvastatin and lovastatin 
should not exceed 40 mg daily (143). However, as demon-
strated by one of the reported cases the combination of ti-
cagrelor with simvastatin may pose a risk for rhabdomyolysis 



even with low-dose simvastatin (20 mg/day), so caution is 
certainly necessary, especially in older populations (108). As 
ticagrelor-statin interaction might be amplified by co-admin-
istration of drugs that are strong or moderate inhibitors of 
CYP3A close monitoring and dose alteration are also recom-
mended when multiple CYP3A inhibitors are administered 
with statins metabolized via this pathway (110). In general, 
close clinical monitoring, particularly in old patients with im-
paired renal function or when high doses of statins are pre-
scribed with interacting drugs is certainly needed (115). 

Patients with ACS may be at particular risk to experience 
adverse effects on cardiovascular system due to DDIs with 
possible outcomes including QT interval prolongation, ar-
rhythmias, excessive bradycardia and severe hypotension. 
So, there is a need for close monitoring of electrocardiogram, 
QT interval, serum electrolytes and blood pressure in patients 
receiving a combination of drugs which may expose patients 
to these adverse effects (122). Negative interaction of ACE 
inhibitors and aspirin is highly debatable, despite some meta-
analyses suggesting an antagonistic interaction between 
them, but with results not strong enough to contraindicate the 
aspirin-ACE inhibitor association or to prove clinical rele-
vance of this interaction (145-147). Current ESC guidelines 
recommend ACE inhibitor use in ACS patients, particularly 
in those with systolic left ventricular dysfunction or heart 
failure, hypertension or diabetes (6, 7). Consequences of 
some of the DDIs may include hepatotoxicity, particularly 
associated with statin treatment, so it is important to carefully 
monitor liver function tests in ACS patients, especially if 
drugs which may inhibit their metabolism are used concomi-
tantly (116). Also, some unexpected consequences may oc-
cur as a result of DDIs, such as high fever, so clinicians 
should be vigilant and keep in mind that some of the adverse 
outcomes observed in patients may be due to DDIs. In the 
end, it should be noted that this review summarized DDIs 
evaluated or reported in ACS patients, so some of the clini-
cally relevant DDIs of drugs that may be used for treatment 
of ACS or other patient’s comorbidities evaluated in other 
populations could have been omitted. Clinicians who pre-
scribe drugs to ACS patients should always check their pre-
scriptions for potential DDIs and explore their clinical rele-
vance. 

CONCLUSION 

ACS patients may be exposed to a variety of DDIs with 
diverse outcomes which include decreased efficacy of an-
tiplatelet drugs, thrombolytics or anticoagulants, increased 
risk of bleeding, rhabdomyolysis, hepatotoxicity, adverse ef-
fects on cardiovascular system (e.g. QT interval prolonga-
tion, arrhythmias, excessive bradycardia, severe hypoten-
sion), serotonin syndrome and drug-induced fever. Majority 
of the DDIs involved antiplatelet drugs (e.g. aspirin, 
clopidogrel and ticagrelor). Evidence of some of the reported 
DDIs is inconclusive as some of the studies have shown con-
flicting results. It is essential to evaluate DDIs in the popula-
tion of patients in which drug is intended to be used, empha-
sizing the need for additional post-marketing and population-

based studies to evaluate the true effects of disease states and 
other factors on the clinical outcomes of DDIs. Clinicians 
should be attentive to the potential for DDIs and their associ-
ated harm in order to minimize or, if possible, avoid medica-
tion-related adverse events in ACS patients. 
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