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Abstract
Purpose Use of oral antiplatelets (OAPs) is essential for preventing thrombotic events in patients with acute coronary syndrome
(ACS). Effects of clopidogrel, prasugrel, and ticagrelor may be enhanced due to pharmacodynamic interactions, but as CYP
substrates, they are prone to pharmacokinetic interactions too. The aim was to study polypharmacy in ACS patients following
hospital discharge.
Methods This observational drug utilization study linked patient-level data from nationwide registers. The study population
consisted of adult ACS patients discharged from Finnish hospitals in 2009–2013. Logistic regression was used to model the
probability of drug-drug interactions with odd ratios for predefined predictors such as age, gender, and ACS type.
Results In the cohort of 54,416 ACS patients, 91% of those treated with OAP received clopidogrel. Of clopidogrel-treated
patients, 12% purchased warfarin at least once while on clopidogrel treatment. Old age, male sex, ST-elevation myocardial
infarction as index event, and a history of previous ACS events were associated with an increased risk of warfarin-OAP
interaction (p < 0.001 for all). Ibuprofen, and serotonergic drugs tramadol, citalopram, and escitalopram were the next most
common drugs causing pharmacodynamic interactions. In general, concomitant use of drugs known to cause pharmacokinetic
interactions was rare, but both esomeprazole and omeprazole were prescribed in more than 6% of clopidogrel-treated patients.
Conclusions Warfarin and ibuprofen were the most commonly used concomitant medications causing pharmacodynamic inter-
actions and potentially increasing the risk of bleeding in OAP-treated patients. Esomeprazole and omeprazole were used in
clopidogrel-treated patients although there are alternatives available for gastric protection.
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Introduction

Adenosine diphosphate P2Y12 receptor is an important phar-
macological target for inhibition of platelet aggregation and
prevention of atherothrombotic events [1]. Use of oral P2Y12

inhibitors (OAPs) is an effective therapy for inhibiting platelet
activity in patients with acute coronary syndrome (ACS), and
required for prevention of thrombotic events after stent im-
plantation in percutaneous coronary intervention (PCI) [2].

Clopidogrel is a prodrug requiring metabolic activation for its
clinical effectiveness as a P2Y12 inhibitor. The activation requires
two sequential oxidative steps: formation of 2-oxo-clopidogrel
followed by conversion to the active metabolite. CYP2C19 con-
tributes substantially to both oxidative steps, and CYP3A4 to the
second oxidative step [3]. Prasugrel is also a prodrug metabolized
in a two-step process. Formation of the active metabolite is initi-
ated by plasma esterases followed by a single CYP-dependent
(primarily CYP3A4 and CYP2B6) activation step [3]. Unlike
clopidogrel, prasugrel does not have a hydrolyze inactivation path-
way that consumes themajority (85%) of the absorbed clopidogrel
dose [3]. Ticagrelor undergoes extensive CYP3A4-mediated me-
tabolism to produce the activemetabolite [4]. Both the parent drug
and the active metabolite inhibit directly but reversibly the P2Y12

receptor [4]. This rapid reversible action together with the general
pharmacokinetic profile of ticagrelor profile contributes to the need
of twice daily dosing. Thus, co-administration of notable inhibitors
or inducers of corresponding CYP enzymes results in interactions
with OAPs [1, 4]. In addition, due to their mechanism of action,
OAPs additionally or synergistically interact with other drugs af-
fecting platelet function, such as selective serotonin reuptake in-
hibitors (SSRIs) [5], increasing the risk of excess anticoagulation.
Pharmacokinetics of clopidogrel is furthermore hindered by the
SSRI drug fluoxetine [6].

Multidrug therapy itself increases the risk of drug-drug interac-
tions. For example, a proton pump inhibitor (PPI) such as omepra-
zole is often added to decrease the risk of gastrointestinal (GI)
bleeding related to dual antiplatelet therapy (DAPT) although
omeprazole is aCYP2C19 inhibitor and decreases the effectiveness
of clopidogrel therapy [7]. OAPs not only may be the victim drugs
in interactions but alsomay affect the kinetics of other drugs, as the
inhibition of simvastatinmetabolismby ticagrelor demonstrates [3].

The aim of this study was to investigate polypharmacy in
patients discharged from hospitals after ACS in Finland. The
main focus was on concomitant medication with a potential to
cause clinically significant drug-drug interactions with OAPs.

Methods

Study population

This nationwide data linkage study was performed in adult
ACS patients discharged from Finnish hospitals after unstable

angina pectoris (ICD-10 code: I20.0) or myocardial infarction
(MI) (ICD-10 code: I21) in 2009–2013. The first ACS event
during the study period was considered the index event. The
data on diagnoses and hospitalization periods originated from
The Care Register for Health Care run by The National
Institute for Health and Welfare. The cohort formation is de-
scribed more in detail previously [8].

Data collection

Medication data originated from the prescription register of
The Social Insurance Institution. We received data on reim-
bursed prescriptions (such as cardiovascular drugs, gastroin-
testinal protection, antidiabetics) during the study period. In
the study database, the analyses were based on Anatomical
Therapeutic Chemical Classification System (ATC) codes.
Additional information on filled prescriptions were purchase
dates, Vnr numbers (identifying the packages), package sizes,
number of packages, and ready-calculated total amount pur-
chased in defined daily doses (DDD). OAP exposure period
definition was based on the number of purchased tablets since
the outpatient dosing is consistent for all: 1 tablet of
clopidogrel, 1 tablet of prasugrel (5 mg or 10 mg but not
varying), or 2 tablets of ticagrelor. In case of switches in
OAP use, the exposure period of the newOAPwas considered
to start immediately at the time of purchase, and the possible
remaining tablets of the old OAP were considered not used.
Baseline medication use prior to the index ACS event was
searched for 120 days prior to the ACS hospitalization. The
medication had to be ongoing (in terms of DDDs) at the time
of ACS hospitalization to be taken into account. In general,
co-medication was surveyed as purchase dates within 120
days after the discharge.

Drug-drug interaction periods

In a four-level classification of the interaction severity in
SFINX, C refers to a clinically significant interaction that
can be managed, e.g., by dose adjustments, and D to a clini-
cally significant interaction best to be avoided. Drugs causing
C level and D level drug-drug interactions with clopidogrel,
prasugrel, and ticagrelor were searched in the SFINX interac-
tion database [9] cited online on 18 June 2014. The number of
different drug-drug interactions in OAP-treated patients was
measured by purchases of the interactive drugs during the
specific OAP treatment periods. A sample case of this analysis
is presented in Fig 1. If the OAP was started or switched
during ongoing interaction medication (based on DDDs) the
interactive medication was considered to be withdrawn at the
time of new OAP initiation (Fig 1). The calculation of drug-
drug interaction periods was done for up to 12 months after
the discharge. The follow-up ended at the time of death,
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moving abroad, or on 31 December 2013, whichever occurred
first.

Statistical analysis

R language was used in all data management and statistical
analysis. The concomitant use of the drugs known to interact
with specific OAPs was studied time-dependently for 1 year
after the discharge. Logistic regression was used to model the
probability of concomitant use of warfarin, non-steroidal anti-
inflammatory drugs (NSAID), SSRIs, and PPIs (separately for
each) with any OAP during any time of the follow-up. This
model was simultaneously adjusted for a set of predefined
predictors (age, gender, type of index ACS event, invasive
treatment related to index event, major bleedings history,
and history of previous ACS events). All covariate values
were available for all patients in this analysis. Odd ratios for
predefined predictors were reported along with 95% confi-
dence intervals (CI).

Results

In the cohort of 54,416 ACS patients, the mean age at baseline
was 72 years, and 60% of the patients were male. The cohort
characteristics have been described in more details previously
[8]. Within 7 days after the hospital discharge, 49% of the
ACS patients started OAP medication, 91% of these patients
started treatment with clopidogrel.

Baseline drug usage

At baseline, 25% of the patients did not have any medications
(Supplement Table 1). The median number of ongoing

baseline drugs was 2, and 16% of the patients had more than
4 drugs in their baseline regimen. The maximum number of
ongoing drugs for a single patient was 14. Among clopidogrel
users, 30% of the patients did not have any drug treatment at
the baseline while in the non-OAP group of patients, this
proportion was 20%. On the other hand, five or more drugs
were used in 14% and 19% of patients of these groups, re-
spectively, at the time of the ACS event. Both in prasugrel and
ticagrelor users, the number of baseline drugs was smaller
(median 1) than in clopidogrel or non-OAP users (median 2).

The most commonly used drugs at baseline were statins,
beta blockers, angiotensin-converting-enzyme (ACE) inhibi-
tors, angiotensin II receptor blockers (ARBs), and calcium
channel blockers (Table 1). Nitrate was more commonly used
in non-OAP group (24%) than in clopidogrel (16%), prasugrel
(5%), or ticagrelor (9%) groups. PPI medication was in use in
13% of patients who became OAP users, and in 18% of them
who did not start treatment with OAP after ACS. The respec-
tive proportions for warfarin were 3% and 8%, and for antidi-
abetic drugs, 16% and 19%.

Drug initiation

Of those OAP-treated patients who did not have statin in their
regimen at baseline, 93% started treatment with statins within
120 days after the hospital discharge (Table 1). This rate in
non-OAP-treated patients was 58%. In case of beta blockers,
the initiation rates were 90% in OAP-treated patients and 76%
in non-OAP-treated patients. For nitrates, the respective
values were 75% and 57%, and for ACE inhibitors, 49%
and 28%, but for ARBs, only 10% and 8%. Warfarin was
initiated in 8% of OAP users and in 20% of the patients in
the non-OAP group. PPI was initiated as a new drug in more
than 30% of patients in all patient groups. Of the whole cohort,

Fig 1 Drug-drug interaction
period specification by time-
dependent OAP-specific expo-
sure in a sample patient
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6–7% of the patients became new users of oral antidiabetic
medication after ACS.

Drug discontinuation

Treatment with calcium channel blockers initiated prior to
index event was discontinued in 35–50% of the patients in
all groups within 120 days after discharge from hospital
(Table 1). Corresponding discontinuation rate was 19–36%
for both PPI and SSRI medication. Warfarin was withdrawn
in 36% of OAP users and in 42% of non-OAP users, respec-
tive rates for nitrates being 18% and 23%. ACE inhibitor and
ARB discontinuation was more common among non-OAP
patients than in OAP-treated patients: 27–28% vs 16–18%.

Drug-drug interaction periods

At the time of the ACS event, 32% of the patients who started
treatment with clopidogrel were using one or more concomi-
tant medications with potential for clopidogrel drug-drug in-
teractions. In the prasugrel group, the corresponding rate was
22% and in the ticagrelor group 25%. In comparison, in the
non-OAP group, the use of drugs with potential for interac-
tions with OAPs was 39%.

Warfarin was the most commonly purchased drug known
to cause pharmacodynamic interactions with OAPs (Table 2).
More than 3400 patients on clopidogrel, representing 12% of
these people, purchased warfarin at least once when
clopidogrel was ongoing in their regimen. Ibuprofen (defined
as reimbursed prescriptions) was the second most common
drug causing pharmacodynamic interactions with OAPs. The
use of serotonergic drugs tramadol, citalopram, and
escitalopram was nearly as common.Well-documented D lev-
el interactions of esomeprazole and omeprazole with
clopidogrel occurred both in more than 6% of the clopidogrel
users (Table 2). The interaction proportions of prasugrel and
ticagrelor with other drugs were less than those of clopidogrel
in general, with the exception of the concomitant use of
ticagrelor with simvastatin that occurred in 42% of the
ticagrelor users.

Predictors of drug-drug interaction periods

Old age was associated with about a two-fold increase in the
risk of warfarin-OAP interaction, the OR being the highest in
> 65- to ≤ 75-year-old patients compared with ≤ 65 years old
(p < 0.001 for all) (Supplement Table 2). ST-elevation myo-
cardial infarction (STEMI) as index event, major bleeding
history, and previous ACS events increased the risk of con-
comitant use of these drugs by 30%. Concomitant use of war-
farin was 20% more common in male patients than in female
patients (p < 0.001). NSAID use together with OAPs de-
creased gradually by age, and concomitant SSRI medicationTa
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Table 2 Number of clopidogrel, prasugrel, and ticagrelor-treated patients during the first year of follow-up who made purchases of interactive drugs
during the OAP exposure

IA, interaction; OAP, oral antiplatelet

Interaction categories as stated by Böttiger et al. 2009 [9]: C, Clinically relevant interaction that can be handled, e.g., by dose adjustments; D, Clinically
relevant interaction. The combination is best avoided; 0, Data derived from extrapolation on the basis of studies with similar drugs; 1, Data derived from
incomplete case reports and/or in vitro studies; 2, Data derived from well-documented case reports; 3, Data derived from studies among healthy
volunteers and/or pilot studies among patients; 4, Data derived from controlled studies in relevant patient populations
†Drugs listed to have dynamic interaction in co-use with the OAPs, but with no concomitant treatment periods in the study population: aceclofenac,
acemetacin, acetylsalicylic acid, dexibuprofen, dexketoprofen, flurbiprofen (even topical), kebuzone, ketorolac, lepirudin, lornoxicam, lumiracoxib,
meclofenamic acid, metamizole, nifluminic acid, nimesulide, parecoxib, phenylbutazone, piroxicam, proglumetacin, rofecoxib, sulindac, tenoxicam,
tiaprofenic acid, valdecoxib, and ipilimumab (interaction mechanism unknown)
‡Drugs listed to have kinetic interaction with potential to increase coagulation risk, but with no concomitant treatment periods in the study population:
cimetidine (with clopidogrel), voriconazole (with clopidogrel), and ritonavir (with prasugrel), as well as the following drugs in co-use with ticagrelor:
enzalutamide, mitotane, phenobarbital, primidone, rifampicin, and rifamycin
§Drugs listed to have kinetic interaction in co-use with ticagrelor with potential to increase bleeding risk, but with no concomitant treatment periods in
the study population: atazanavir, crizonib, darunavir, erythromycin, fosamprenavir, indinavir. itraconazole, ketoconazole, lopinavir, nelfinavir,
posaconazole, quinidine, quinine, ritonavir, saquinavir, telithromycin, tipranavir, troleandomycin, and voriconazole
¶ Drugs listed to have kinetic interaction with OAPs, but with no concomitant treatment periods in the study population: cyclophosphamide (clopidogrel),
sibutramine (clopidogrel), and midazolam (ticagrelor)
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was prescribed to approximately 40% fewer OAP patients of
> 65 years than < 65 years (p < 0.001 for all). NSAIDs were
more often used in OAP-treated patients with unstable angina
pectoris than in OAP-treated patients with MI as the index
event, and in patients with history of previous ACS events.
SSRI used together with OAPs was twice more common
among female patients than in male patients (p < 0.001) and
35% less common in patients undergoing invasive treatment
than in patients treated conservatively (p < 0.001). Patients
with previous bleeding or ACS event history were in in-
creased risk of SSRI interactions. Concomitant PPI use in-
creased gradually by age and was more common in women
(OR 1.37) as well as patients with previous bleeding or ACS
event history (ORs 1.53 and 1.51) (p < 0.001 for all).

Discussion

This real-life registry study of more than 54,000 ACS patients
describes the occurrence and predictors of drug-drug interac-
tions with oral antiplatelet therapy defined as concomitant
treatment periods. After the ACS event, 71% of patients in
this cohort were treated with a beta blocker, 65% with a statin,
55% with either an ACE inhibitor or an ARB, and 49% with
an OAP [8]. In a Swedish setting with almost 100,000 MI
patients, 89% of the patients were treated with a beta blocker,
79% with a statin, and 69% with clopidogrel after discharge
[10]. After the ACS hospitalization and OAP initiation, a stat-
in and a beta blocker were initiated to more than 90% of the
patients not having these drugs in their regimen at baseline.
This is well in line with the current guidelines [11, 12]. Both in
the present study and the recent Swedish study [10], ACE
inhibitor was clearly the more common choice to block the
renin–angiotensin–aldosterone system than ARB.

Oral antiplatelet treatment was used less commonly in war-
farin treated ACS patients in our cohort [8]. Regardless, war-
farin was the most commonly used drug with the potential to
cause pharmacodynamic interactions in OAP patients. The
risk of this interaction increased not only in the elderly but
also in the patients with history of major bleedings and previ-
ous ACS events. Definition of warfarin exposure periods
based on prescription data is difficult since the dosing is var-
iable. On the other hand, the dosing of OAPs is uniform. Thus,
we recognized the possibility for warfarin-OAP interactions if
a warfarin purchase occurred during ongoing OAP medica-
tion. There is, however, the option of OAP cessation prior to
the end of the purchased package due to warfarin initiation.
This occurrence cannot be determined with certainty in a ret-
rospective registry setting. At the time of the study planning,
we noticed that warfarin was not listed as an interactive drug
for prasugrel and ticagrelor in SFINX but we included these
drug pairs in our study (gray cells in Table 2). By personal
communication with the company producing this database,

we were told that the creation of the database did not start with
the most obvious drug pairs, but as the drug-drug interactions
most difficult to remember do not exhibit a class effect, the
work was started with pharmacokinetic interactions. Later we
found SFINX to include warfarin-prasugrel (C3) and
warfarin-ticagrelor (C0) interactions (cited online 07
September 2016).

The second most common drug with potential to cause
pharmacodynamic interaction with OAPs, and thus increasing
the risk of bleeding, was ibuprofen. Ibuprofen use is possibly
underestimated in our study setting, as it is also available as
over the counter (OTC) products, and the present data is based
on reimbursed prescriptions. ORs for the concomitant use of
NSAIDs during OAP treatment showed increased risk in
young (≤ 65 years old) patients as well as in patients with
unstable angina pectoris as index event and patients with his-
tory of previous ACS events. In a nationwide study from
Denmark, it was concluded that the use of NSAIDs together
with antithrombotic medication increased the risk of bleeding
and excess thrombotic events even in short-term concomitant
use inMI patients [13]. Effects of drug-drug interactions in the
current cohort remain to be studied.

In our cohort, a PPI was initiated in the regimen as a new
drug after ACS event in more than 30% of patients in all
patient groups. In the OAP-treated patients, PPI use increased
by age was higher in female than in male patients, and was
especially highlighted in patients with history of major bleed-
ings or previous ACS events. Of all PPIs, omeprazole and
esomeprazole are potent inhibitors of CYP2C19.
Omeprazole and esomeprazole have been shown to reduce
clopidogrel (75 mg/day) efficacy and increase the prevalence
of low responders to clopidogrel [14, 15]. Ferreiro et al. re-
ported that even a 12-h separation of dosing could not prevent
drug interactions between omeprazole and clopidogrel [14].
Moceri et al. found that doubling the dose of clopidogrel could
restore the loss of antiplatelet effect by esomeprazole [15]. In
SFINX [9], omeprazole and esomeprazole interactions are
classified as D type interactions (not manageable with dosing
but best avoided). These two interactions were the most com-
mon pharmacokinetic interactions among clopidogrel users
with more than 6% of clopidogrel users for the two PPIs in
our data. Also in an Italian cohort study, clopidogrel-
omeprazole pair was the most probable drug-drug interaction
[16]. It might be potentially beneficial if omeprazole and
esomeprazole would not be concomitantly used with
clopidogrel [17]. The US Food and Drug Administration is-
sued safety warnings against this combination in 2009 and
2010 [18]. For clinicians, it should not be difficult to avoid
these situations as there are alternatives such as pantoprazole,
lansoprazole or rabeprazole [3], or the use of high-dose H2
receptor blocker other than cimetidine, a known inhibitor of
CYP2C19, available [5]. Furthermore, counseling of OAP
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patients to avoid omeprazole and esomeprazole is also impor-
tant as both are also available OTC.

Aging and a high number of drugs increase the risk of drug-
drug interactions. In a cross-sectional assessment in elderly
nursing homes in Finland, 4.8% of the residents were exposed
to D class interactions [19]. Themean number of drugs used in
this study was 7.9 and 43% of the patients had more than eight
medications. In our cohort, the mean age was 72 years and
16% of the patients had five or more drugs in their baseline
regimen. Polypharmacy of five or more drugs was more com-
mon in the non-OAP group (19%) than in the OAP group
(13%) possibly reflecting underuse of OAP therapy in patients
with multiple co-morbidities. Higher age, dementia, and atrial
fibrillation were identified as independent factors decreasing
the probability to OAP initiation [8].

In the present study, concomitant use of SSRIs potentially
increasing the bleeding risk in co-use with OAPs was most
common in the youngest patient group. Most likely, this inter-
action, in which serotonergic activity is increased by SSRIs
(or tramadol), was not recognized by treating physicians as
patients receiving these drugs included even those with a his-
tory of major bleeding. Notably, female patients received
SSRIs together with OAPs twice as often as male patients.

In our data, clopidogrel was the most commonly prescribed
OAP. Clopidogrel is a cornerstone in DAPT treatment, but
treatment with clopidogrel has, however, disadvantages:
two-step activation process, genetic polymorphism of
CYP2C19, large inter-individual variability in platelet re-
sponse, delayed onset of action, and drug-drug interaction
potential [1, 20]. Prasugrel and ticagrelor have been intro-
duced to the market more lately and are being increasingly
used. Prasugrel is a prodrug that requires metabolic activation
for irreversible platelet inhibition. Ticagrelor, a reversible
platelet inhibitor, is a CYP3A4 substrate and inhibitor thus
involved in CYP-mediated drug-drug interactions [1].

In the present study, 4% of prasugrel users bought pre-
scribed esomeprazole during their OAP treatment.
Concomitant use of prasugrel and esomeprazole is suspected
to cause a potential interaction by reducing prasugrel bioavail-
ability due to decreased gastrointestinal pH. At the time of
study planning, this interaction was listed as C class interac-
tion in SFINX, but afterwards, the classification has been
downgraded to class A—a negligible interaction with no clin-
ical significance (cited online 10 September 2016). Thus it can
be concluded that prasugrel was not involved in significant
pharmacokinetic interactions in our study.

Ticagrelor significantly increases the plasma levels of
CYP3A4 substrates such as simvastatin [1]. Our results show
that 42% of ticagrelor users purchased simvastatin during their
OAP treatment suggesting that ticagrelor-simvastatin interac-
tion may not be well known among physicians. We cannot,
however, exclude the possibility that interaction was managed
with dose adjustments, as our data did not include dosing

information. Ticagrelor purchases have been collected to the
prescription register since 2012 when the reimbursement sta-
tus was given for ticagrelor. Prasugrel purchases started from
2010 while clopidogrel data covered the whole study period.
We found incidence of SFINX class D interactions to decrease
in clopidogrel users after 2009 settling down to less than ten
percent in 2010–2013. Ticagrelor C class interactions were the
most common; almost half of the patients had a C type inter-
active concomitant drug treatment in 2012–2013. In most of
these cases, ticagrelor was not the victim drug but influenced
the metabolism of simvastatin.

All the included pharmacodynamic interactions in this
study were manageable by dose adjustments. In the
clopidogrel group, the most common pharmacokinetic inter-
actions were the most serious ones (Table 2). At the time of
study planning, there were 25 D level interactions listed for
ticagrelor in SFINX [9] (cited online 18 June 2014). In the
study data we found, however, only five drug pairs causing D
class interactions with ticagrelor (Table 2).

In the present type of study, we cannot assure that the
patients finally were exposed to the interactive combinations
but defined the potential for such interactions as judged from
purchases during ongoing OAP treatment. The interactive
drugs do not usually represent certain therapeutic areas espe-
cially in case of drug pairs in pharmacokinetic interactions.
Thus, it is difficult to take enormous amount detailed infor-
mation into account when prescribing OAPs by a physician in
everyday practice. Further, a growing number of prescribers
are a factor leading to increased risk of drug-drug interactions.
It is, however, very common that different physicians pre-
scribe different drugs to one patient. Therefore, electronic
tools are valuable in daily practice. Electronic prescriptions
are currently in mandatory use in Finland. The prescriptions
are visible nationwide for the practitioners, which will even-
tually help in the evaluation of polypharmacy.

In conclusion, warfarin and ibuprofen were the most com-
monly used concomitant medications known to cause phar-
macodynamic interactions and potentially increasing the
bleeding risk in OAP-treated patients. The history of major
bleeding was not associated with decreased use of warfarin,
NSAIDs, or SSRIs, and thus their risk of interactions with
OAP after discharge. Esomeprazole and omeprazole were
used in clopidogrel-treated patients potentially increasing the
patients’ coagulation risk despite the available alternatives for
gastric protection. Interactions of OAPs with serotonergic
SSRIs and tramadol, or of ticagrelor with simvastatin, did
not seem to be well recognized.
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