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Drug-drug interactions in an era of multiple anticoagulants:
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Oral anticoagulants are commonly prescribed but high
risk to cause adverse events. Skilled drug interaction
management is essential to ensure safe and effective use
of these therapies. Clinically relevant interactions with
warfarin include drugs thatmodify cytochrome 2C9, 3A4,
or both. Drugs that modify p-glycoprotein may interact
with all direct oral anticoagulants, and modifiers of cyto-
chrome 3A4 may interact with rivaroxaban and apixaban.
Antiplatelet agents, nonsteroidal anti-inflammatory drugs,
and serotonergic agents, such as selective serotonin

reuptake inhibitors, can increase risk of bleeding when
combinedwith anyoral anticoagulant, and concomitant use
should be routinely assessed. New data on anticoagulant
drug interactions are available almost daily, and therefore,
it is vital that clinicians regularly search interaction data-
bases and the literature for updated management strat-
egies. Skilled drug interaction management will improve
outcomes and prevent adverse events in patients taking
oral anticoagulants. (Blood. 2018;132(21):2230-2239)

Introduction/background
Oral anticoagulants are some of the most commonly prescribed
drugs, particularly among the elderly,1 and they are one of the
highest-risk drug classes to cause adverse events.2 In fact, an-
ticoagulants are one of the three initial targets of the Centers for
Disease Control and PreventionNational Action Plan for Adverse
Drug Event Prevention.3 Recent trends show an increasing
prescription rate of the direct oral anticoagulants (DOACs), such
as dabigatran, rivaroxaban, apixaban, and edoxaban,4 and many
patients remain on warfarin for a variety of reasons.5,6

An essential component of high-quality anticoagulation therapy
management and ensuring safe use of these high-risk drugs is drug-
drug interaction management. All oral anticoagulants have inter-
actions with other drugs that warrant vigilance and often, in-
tervention. Although warfarin is notorious for its numerous drug
interactions, no drug is considered contraindicated with warfarin
as long as the drug interaction is considered before the initiation of
the interacting drug. The ability to adjust the warfarin dose
allows the clinician to account for the interaction via monitoring of
the international normalized ratio (INR). DOACs, while having the
advantage of fewer drug interactions, do not have a well-
recognized laboratory monitoring or management strategy for
how to deal with interactions when they do occur due to limited
experience and little data about whether dose adjustment should
be made without compromising safety and efficacy. Finally, phar-
macodynamic interactions with antiplatelet agents, nonsteroidal
anti-inflammatory drugs (NSAIDs), and serotonergic agents should
not be overlooked, and they may actually present a similar if not
greater risk for adverse effects than pharmacokinetic interactions.

For both warfarin and the DOACs, the clinician must determine
which of the potential interactions is truly clinically relevant and

then develop a patient-specific management strategy. An im-
portant starting point for managing oral anticoagulant drug
interactions and determining their clinical relevance is un-
derstanding the mechanisms of potential interactions and what
other factors may contribute to patient risk for adverse events.
The purpose of this review is to highlight the most clinically
relevant drug interactions for both warfarin and DOACs and
correspondingmanagement strategies. It is beyond the scope of
this review to provide a comprehensive analysis of all possible
oral anticoagulant drug interactions.

Warfarin
Warfarin has .200 identified drug interactions, some with lim-
ited supporting evidence,7,8 and therefore, the clinician must
determine which interactions are clinically relevant and prudent
to act on. Anecdotal experience can be helpful, but clinicians
should exercise caution in extrapolating one patient experience
to all patients. A patient’s response to warfarin is highly in-
dividualized, and drug interactions are no exception.

Warfarin is exclusively hepatically metabolized, with S-warfarin
(the more potent enantiomer) metabolized primarily via cyto-
chrome (CYP) 2C9, with some contribution of CYP3A4. The less
potent R-warfarin enantiomer is metabolized via CYP1A2 and
CYP3A4, with a minor contribution of CYP2C19. The most
clinically significant interactions are those involving inhibition or
induction of the CYP pathways that metabolize both S-warfarin
and R-warfarin.7,8

Inhibitors
The CYP450 inhibitor interactions that should capture the
most attention in their magnitude and reliability are easily
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remembered using the “FAB-Four”mnemonic: fluconazole (and
other oral -azoles), amiodarone, Bactrim (sulfamethoxazole-
trimethoprim), and Flagyl (metronidazole).9 The reason for
highlighting these interacting drugs as most clinically significant
involves their inhibition of S-warfarin, the more potent warfarin
enantiomer. Fluconazole affects S-warfarin metabolism by
inhibiting CYP2C9 and CYP3A4 as well as R-warfarin metabolism
by CYP2C19,10 and this manifests as elevated INR and has
resulted in bleeding adverse events.8,11-13 A common indication
for fluconazole is one-dose administration for vaginal candidi-
asis, and at least one case report has cited increased INR after
single-dose fluconazole administration in warfarin patients.14

This inhibitory response is deemed to be slightly lower mag-
nitude for voriconazole,15,16 likely due to weaker inhibition of
CYP2C9.

Amiodarone is also well known to interact with warfarin and
cause prolongation of the prothrombin time due to its in-
hibition of the metabolism of both S-warfarin and R-warfarin.17

There are numerous reports of decreased warfarin dose re-
quirements and increased INR related to the warfarin-amiodarone
interaction.8,18-21 The data are mixed as to bleeding events re-
lated to this interaction,19,22 although it is possible that vigilant
warfarin management may prevent bleeding adverse events and
alter the ability to accurately interpret this data. Compounding
the difficulty in managing this interaction is amiodarone’s long
half-life and the presence or absence of a loading dose, which
can make discerning the timing of interaction onset and offset
difficult.

The sulfamethoxazole component of the combination drug
sulfamethoxazole-trimethoprim also is known to inhibit the
metabolism of S-warfarin and displace warfarin from pro-
tein binding sites, thus increasing the INR and risk for
bleeding.8,11,13,23,24

Finally, metronidazole has been shown to increase the INR and
cause bleeding adverse events when combined with warfarin
due to its inhibition of S-warfarin metabolism.8,25

Inducers
Drugs that induce the enzyme activity of CYP2C9, CYP3A4, and
to a lesser extent, CYP1A2 can actually reduce the effectiveness
of warfarin and expose patients to risk of thrombosis. Well-
known enzyme inducers, such as rifampin and carbamazepine,
can cause significant decreases in the INR and increases in
warfarin dose requirements.8,26-30 In contrast with inhibitor in-
teractions, the onset and offset of inducer interactions can be
delayed due to the time required for the liver to synthesize
additional enzyme,26-29,31 but they are also dependent on the
inducer drug’s half-life.32

Management strategies
Understanding of the timing of onset and offset as well as the
magnitude of effect of clinically significant interactions is key
to warfarin drug interaction management. Reports show that
concomitant warfarin-fluconazole and warfarin-amiodarone ad-
ministration may require a 20% to 50% and a 20% to 40%
warfarin dose reduction, respectively. The magnitude of both
interactions seems to be dose dependent (the higher the flu-
conazole or amiodarone dose, the greater the magnitude of
interaction).18,19,21,33 The magnitude of the sulfamethoxazole-

trimethoprim and metronidazole interactions seems to be sim-
ilar, requiring a 25% to 40% warfarin dose reduction.24

As is typical for CYP inhibitor-type interactions, the onset can be
relatively rapid, within 3 to 5 days.24,32 For long-acting amio-
darone, onset can be seen as early as the first week, especially
if an amiodarone loading dose is used.20 For azole antifungals,
sulfamethoxazole-trimethoprim, and metronidazole, monitoring
the INR on day 3, 4, or 5 of therapy is an appropriate timeframe
to begin to see an INR rise, with subsequent warfarin dose
adjustment and INR monitoring as necessary for the remaining
duration of the interacting drug. Offset of enzyme inhibition is
similar to onset, and patients can generally resume prior stable
warfarin dose after offset of the interacting drug. For amiodar-
one, a common strategy is to monitor the INR 1 week after
amiodarone initiation and then once weekly until the INR is
stable. Given its long half-life, timing of offset can be difficult to
discern, but a similar once-weekly strategy may be prudent.

Inducer interactions may need to be handled differently given
the possibility of delayed onset and offset. The rifampin
interaction can manifest as early as a few days after rifampin
initiation given its relatively short half-life,32 and reports have
shown that it can take weeks to stabilize the INR given the
magnitude of the interaction. Offset is similar, with concerns
for significantly elevated INR after the interacting drug is
discontinued.26,27,30 Some patients have required over 50%
warfarin dose increase after rifampin initiation and a similar
subsequent decrease after rifampin discontinuation.26,27,30,31 It is not
unusual to see warfarin dose requirements of 20 to 25 mg/d when
rifampin is coprescribed. A prudent management strategy with
rifampin initiation should include frequent INR monitoring (eg,
2 times per week) with aggressive warfarin dose increases, with
a similar strategy for frequent monitoring and dose decreases
with rifampin discontinuation. Carbamazepine induction can
take weeks to onset and offset due to its longer half-life. Patients
have required as much as a 49% dose increase with concomitant
carbamazepine.28,29 Management of the carbamazepine-warfarin
interaction should include weekly INR monitoring with aggres-
sive warfarin dose increases after initiation and decreases after
discontinuation.

Given the reputation of these drugs for causing significant
changes in the INR, some clinicians may advocate for empiric
warfarin dose adjustments24,32,34-36 to avoid risk of supra-
therapeutic or subtherapeutic INR and potentially reduce the
number of INR monitoring visits surrounding the drug in-
teraction. Although these drug interactions are fairly common
and this may be an effective strategy in some patients, not all
patients will respond uniformly, and an empiric dose adjustment
in a nonresponder could result in an out-of-range INR. Appro-
priate timing of INR monitoring and warfarin dose adjustment
should be the cornerstone of warfarin drug interaction man-
agement (Table 1). Developing a guideline for drug interaction
management that includes identifying warfarin drug interactions
and provides recommendations for timing of INR monitoring
and warfarin dose adjustments has been successful in improving
time in therapeutic range.37 It is important to remember that
other factors should be considered in the setting of warfarin-
antimicrobial interactions. For example, acute infection on its
own can increase the INR in warfarin patients, independent of
potential interacting antimicrobial drug therapy.38 This could be
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a result of the body’s stress response to acute infection or de-
creased dietary Vitamin K intake due to illness, malaise, or ap-
petite alteration.

Finally, for patients with INR lability due to frequent initiation/
discontinuation of an interacting drug, an alternative strategy may
be to seek a different noninteracting drug to treat the condition if
appropriate. A clinician could consider switching warfarin to a
DOAC if the interacting drug does not also interact with the DOAC.

DOACs
Each of the DOACs is a substrate for p-glycoprotein (p-gp), an
efflux transporter located in the gut mucosa, and therefore, all
DOACs are susceptible to drugs that induce or inhibit p-gp.
Additionally, rivaroxaban and apixaban undergo minor metabo-
lism by CYP enzymes in the liver.39 Alterations in other modes of
elimination (eg, renal) should be considered as possibly additive
to the effects of the absorption and metabolic changes caused by
drug-drug interactions. These relevant mechanisms are summa-
rized in Table 2. Assessing the clinical relevance of DOAC drug
interactions is challenging given that the available data are fre-
quently limited to pharmacokinetic studies in small numbers of
healthy volunteers or subanalyses of clinical trial patients. Real-
world experience is limited to published case reports of inter-
actions and adverse events, which are subject to publication bias.

Inhibitors
p-gp and CYP3A4 inhibitor interactions can be difficult to assess.
Product labeling for rivaroxaban and apixaban states that only
drugs that inhibit p-gp and strongly inhibit CYP3A4 are relevant

due to the relatively minor metabolic contribution of CYP3A4
(Table 3).40-45 For dabigatran, edoxaban, and betrixaban, la-
beling is drug specific as to how to handle some p-gp inhibitor
interactions (Tables 3 and 4).46-52 What can be difficult to discern
in the real world is the magnitude of CYP3A4 inhibition of one or
more potential interacting drugs as well as the additive impact of
other relevant factors to increase DOAC drug levels and thus,
increase bleeding risk. For example, older age, low body weight,
and renal or hepatic impairment have all been shown to increase
DOAC exposure independent of drug interactions, and they can
be additive in the presence of drug interactions.53-55

Inducers
All DOACs are subject to drug interactions with inducers of
p-gp, and rivaroxaban and apixaban are subject to interactions
with inducers of CYP3A4.39 Published case reports of these interac-
tions include subtherapeutic dabigatran levels without thrombosis
due to intervention in patients on concomitant carbamazepine56

and thrombotic adverse events as a consequence of inducer
interactions.57-65 Based on pharmacokinetic data showing signif-
icant decreases in DOAC drug concentrations and increased risk
of treatment failure and thrombotic adverse effects, guidance
statements66-68and the manufacturers of each of the DOACs have
recommended against concomitant use of p-gp and CYP3A4
inducers.40-50 Emerging data may allow for more nuanced in-
ducer interaction dosing decisions. One case report cites normal
apixaban concentrations in a patient taking relatively low-dose car-
bamazepine, supporting a dose-dependent inducer effect.69 A
pharmacokinetic study using dabigatran as a p-gp probe drug
showed ability to predict themagnitude of p-gp induction relative
to CYP3A induction: specifically, rifampin showed one level lower

Table 1. Suggested management strategies for warfarin pharmacokinetic drug interactions: S-warfarin (CYP2C9/
CYP3A4) and R-warfarin (CYP1A2/CYP3A4/CYP2C19)7

Inducers26-32 Inhibitors18-21,24,32,33

Monitor the INR within at least 5 d of inducer initiation and then at least
once to twice weekly

Monitor the INR 3-5 d after inhibitor initiation (after 1 wk with
amiodarone) and adjust warfarin dose accordingly

Consider aggressive warfarin dose increases until therapeutic INR is
reached

Expect that patients may need a 20%-50% decrease in warfarin dose
from baseline

Expect that patients may need at least a 50%-100% increase in warfarin
dose from baseline

Consider other factors that may independently contribute to elevated
INR, such as acute infection and dietary Vitamin K changes

Consider seeking an alternative noninteracting drug Consider seeking an alternative noninteracting drug

Monitor the INR within at least 5 d of inducer discontinuation and then at
least once to twice weekly

Allow 3-5 d for inhibitor offset (longer for amiodarone)

Expect to decrease warfarin dose to approximately preinducer levels Expect to decrease warfarin dose to approximately preinhibitor levels

Table 2. Pharmacokinetic characteristics of the DOACs

Characteristic Dabigatran, % Rivaroxaban, % Apixaban, % Edoxaban, % Betrixaban, %

Hepatic metabolism39,52 None 18 (CYP3A4/CYP3A5) 25 (CYP3A4/CYP3A5) ,4 ,1

p-gp substrate39,52 Yes Yes Yes Yes Yes

Oral bioavailability39,52 6-7 66 50 62 34

Renal elimination39,52 80 36 27 50 5-7
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p-gp induction than its CYP3A induction.70 The clinical relevance
of these findings requires further investigation.

Management strategies
Product labeling does provide some specific guidance for
management of inhibitor interactions. The recommendations
among the US, Canadian, and European labeling differ in some
aspects, despite all regulatory agencies relying on the same
data to derive their recommendations (Tables 3 and 4). For
clarithromycin, a p-gp inhibitor and strong CYP3A4 inhibitor,
updated labeling reflects recent studies that suggest that a
clinically relevant interaction is absent with dabigatran, rivar-
oxaban, and apixaban,40,42-47,71 despite a previous recommen-
dation to avoid this combination. An edoxaban dose reduction is
recommendedwith concomitant clarithromycin use according to
the US product labeling49 but not in Canada or Europe.50,51 The
potential interactions with DOACs that cause the most angst
involve drugs that are p-gp and weak or moderate CYP3A4
inhibitors, because the magnitude of interaction is often unclear.
The US, Canadian, and European product labels are all con-
sistent in recommending that no dose adjustment is required

with the DOACs and amiodarone, and this is supported by
pharmacokinetic studies as well as subanalyses of clinical trial
populations.72-75 Dronedarone has either dose reduction rec-
ommendations or is contraindicated with dabigatran, and it
has edoxaban dose reduction recommendations in Canada
and Europe. Finally, verapamil presents an interesting dilemma,
because a clinical trial subanalysis reported no difference in
safety or efficacy in patients taking verapamil76; however, la-
beling recommendations vary from dose separation to dose
reduction to no dose modification at all.46-48 What makes these
moderate inhibitor interactions more confusing in addition to
the varied labeling recommendations is how the magnitude of
the interaction is affected by other factors. For example, phar-
macokinetic modeling data show a significant increase in
rivaroxaban exposure when given with verapamil and particu-
larly, as renal function declines,77,78 but product labeling is either
vague or varies.40-42 Until data become available to the contrary,
it seems prudent to abide by the product labeling if specific
recommendations exist. Use clinical judgment if a moderate
interaction becomes additive with other factors, such as addi-
tional moderate interacting drugs, advanced age, low body

Table 3. Product labeling drug interaction recommendations for direct factor Xa inhibitors40-45,49-52

Regulatory agency Rivaroxaban Apixaban Edoxaban Betrixaban

Pharmacokinetic
inducer interactions

United States Avoid p-gp and strong
CYP3A4 inducers

Avoid p-gp and strong
CYP3A4 inducers

Avoid rifampin Not addressed

Canada Generally avoid p-gp and
strong CYP3A4 inducers

Generally avoid p-gp and
strong CYP3A4 inducers

Generally avoid p-gp inducers Not approved for use

Europe Avoid CYP3A4 inducers
unless the patient is
closely observed for signs
and symptoms of
thrombosis

Use p-gp/CYP3A4 inducers
with caution in AF and
VTE orthopedic surgery
prophylaxis indications

Use p-gp inducers with caution Not approved for use

Do not use p-gp/CYP3A4
inducers in acute VTE
treatment indication

Pharmacokinetic inhibitor
interactions

United States Avoid use of combined
p-gp/strong CYP3A4
inhibitors

If taking apixaban 5 or
10 mg twice daily, reduce
apixaban dose by 50%
when used with p-gp and
strong CYP3A4 inhibitors;
avoid use of combined
p-gp/strong CYP3A4
inhibitors if taking
apixaban 2.5 mg twice
daily

AF: no dose adjustment for
concomitant p-gp inhibitors

Reduce initial and
maintenance betrixaban
dose by 50% when used
with p-gp inhibitorsDo not use rivaroxaban in

patients with CrCl 15 to
,80 mL/min who are
receiving concomitant
combined p-gp and
moderate CYP3A4
inhibitors unless the
potential benefit justifies
the potential risk

VTE: reduce edoxaban dose
to 30 mg once daily with
verapamil, quinidine,
azithromycin, clarithromycin,
erythromycin, oral
itraconazole, or oral
ketoconazole

Canada Systemic ketoconazole
and ritonavir are
contraindicated with
rivaroxaban

Combined p-gp/strong
CYP3A4 inhibitors
systemic are
contraindicated

Reduce edoxaban dose to
30 mg once daily with
cyclosporine, dronedarone,
erythromycin, ketoconazole,
or quinidine

Not approved for use

Europe Azole antifungals and HIV
protease inhibitors are
not recommended with
rivaroxaban

p-gp/strong CYP3A4
inhibitors are not
recommended

Reduce edoxaban dose to
30 mg daily with
cyclosporine, dronedarone,
erythromycin, or
ketoconazole

Not approved for use

Avoid use of dronedarone
with rivaroxaban

AF, atrial fibrillation; CrCl, creatinine clearance; VTE, venous thromboembolism.
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weight, renal impairment, or concomitant antiplatelet medica-
tions. Carefully weigh the risks of bleeding due to the additive
risk factors vs the risks of thrombosis as a result of perhaps in-
appropriately reducing the DOAC dose, and discuss with the
patient the balance of risk and his or her values and preferences.
It is prudent to avoid empiric dose adjustments, because the
interaction may not manifest the same way in all patients.69,79

If concern exists about a DOAC drug combination, consider the
following.

n Can the interacting drug be changed to a noninteracting
alternative?

n Is the patient willing and able to switch to warfarin?

n Is separating dabigatran and p-gp inhibitor drug by 2 hours
feasible? This may be a strategy to circumvent the p-gp
interaction.47,80,81 This is based on the premise that dabigatran
etexilate (the prodrug of dabigatran) is a p-gp substrate but
not dabigatran itself. By separating dabigatran etexilate ad-
ministration from the p-gp inhibitor administration, it allows
time for dabigatran etexilate absorption at expected levels as
opposed to increased levels of absorption in the presence of a
p-gp inhibitor. This strategy will likely not be effective for any
of the other DOACs, because they are not prodrugs.

Laboratory monitoring for the purpose of drug interaction as-
sessment and potential dose adjustment has several limitations.
The laboratory assay is not widely available, and even if it were,
there is no evidence-based approach to guide monitoring, in-
cluding appropriate timing of when to draw the laboratory, an
established therapeutic range for all DOAC indications, or dose
adjustment protocols.

For the DOAC inducer interactions, the labeling recommen-
dations are generally consistent to avoid the combination given
the data showing reducedDOACplasma concentrations and the
risk of loss of efficacy.40-51

Pharmacodynamic interactions
In discussing oral anticoagulant drug interactions, much of the
focus is on pharmacokinetic interactions involving transporters
and metabolizing enzymes. Although these are important,
perhaps the single most impactful intervention that clinicians
can make when it comes to preventing harm from anticoagulant

drug interactions could be consideration of the additive bleeding
effect of antiplatelet therapy (APT). The presence of this drug
interaction is quite prevalent, with a meta-analysis of the four
warfarin/DOAC atrial fibrillation (AF) trials citing that 33.4% of
.42 000 studied patients were on an antiplatelet drug in ad-
dition to the anticoagulant.82 This is consistent with findings
from the Outcomes Registry for Better Informed Treatment of
Atrial Fibrillation registry, with 35% of patients on anticoagulant-
aspirin therapy.83 It is well established that the combination of
warfarin and either single or dual APT significantly increases
the risk of major bleeding by 2- to 4-fold, respectively.84 What
distinguishes the warfarin-APT interaction from others is that
the INR frequently remains unaffected in the presence of APT,
and therefore, no warfarin dose adjustment or increased labo-
ratorymonitoring can circumvent the interaction. Although fewer
data are available for the DOACs, it seems that the increased risk
of bleeding with concomitant APT persists compared with in
patients with no APT, although it is still difficult to quantify how
this compares with warfarin APT-related bleeding. In the AF clini-
cal trials meta-analysis, patients on a DOAC plus APT had a 33%
higher rate of bleeding compared with those on DOAC alone
without deriving additional thromboembolic event prevention.82

In two recent clinical trials comparing DOAC plus P2Y12 therapy
with warfarin-based triple therapy (warfarin plus aspirin plus P2Y12
inhibitor) in patients with AF undergoing percutaneous coronary
intervention with coronary stenting, the risk of major or clinically
relevant nonmajor bleeding was significantly lower in the DOAC-
based dual-therapy group than the warfarin-based triple-therapy
group.85,86 Aspirin use was found to be an independent predictor
of intracranial hemorrhage in AF patients taking either warfarin or
apixaban, and mortality after intracranial hemorrhage approaches
50%, regardless of anticoagulant used.87

There are certain specific scenarios that warrant the addition of
APT to oral anticoagulant therapy, such as in the first year after
coronary stent placement in a patient with another indication for
anticoagulation and in patients with prosthetic heart valves.88,89

However, clinicians should regularly assess the continued need for
both the APT and the anticoagulant as well as other bleeding risk
factors and discontinue one of the therapies as soon as clinically
feasible. This will likely require communication and consultation
among different provider specialties as well as the patient in a shared
decision-makingprocess. The routine implementation of this simple
approach will help to achieve safer anticoagulation therapy.

It is well established that the combination of anticoagulants
and NSAIDs increases the risk of bleeding, particularly upper

Table 5. Suggested management strategies for oral anticoagulant pharmacodynamic drug interactions

APT84

Use combination anticoagulant-APT for shortest duration possible; if continuing combination therapy, regularly reassess appropriateness of both
anticoagulant and antiplatelet

NSAIDs90,91

Routinely assess and document both prescription and nonprescription NSAID use; educate patients about the risks of bleeding, and if no
other alternative exists, use NSAIDs for the shortest duration possible; if long-term combined anticoagulant-NSAID use is required, consider a
COX-2–specific agent or adding a gastroprotective agent

Serotonin-modifying agents92

Magnitude of bleeding risk remains unclear; weigh risk and benefit of anticoagulant-serotonergic use, especially when other risk factors for
bleeding are present (e.g., advanced age, renal impairment, other interacting drugs, history of bleeding)
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gastrointestinal bleeding.90,91 Selective cyclooxygenase-2 (COX-2)
enzyme inhibitors cause less bleeding than nonspecific COX-1
inhibitors; nevertheless, the risk of bleeding is still elevated above
that of NSAID nonusers. Proton pump inhibitors may reduce the
risk of gastrointestinal bleeding in patients on either type of
NSAID.91 It is vital to educate patients taking anticoagulants about
the potential bleeding risk and routinely evaluate NSAID use in
this patient population, because many NSAIDs are available
without prescription, and their use may otherwise go unreported.
If an NSAID is absolutely necessary for pain control and no ac-
ceptable alternatives are available, consider if a COX-2 selective
agent would be appropriate, and/or consider addition of a gas-
troprotective agent, such as a proton pump inhibitor.

Finally, serotonergic agents, such as selective serotonin reup-
take inhibitors (SSRIs), may increase the risk of bleeding when
combined with oral anticoagulants, particularly gastrointestinal
bleeding and intracranial hemorrhage. In response to vascular
injury, platelets release serotonin, which stimulates platelet
aggregation. When drugs, like the SSRIs, exert their inhibitory
effect, platelets release less serotonin, potentially impairing
platelet aggregation and increasing risk for bleeding. Specific
to gastrointestinal bleeding, SSRIs may also increase gastric
acidity.92 Studies evaluating bleeding outcomes in patients
taking anticoagulants and SSRIs are, however, inconclusive.
Data are limited mostly to retrospective case-control or cohort
studies, with some reporting increased major bleeding in pa-
tients on anticoagulants and SSRIs and others reporting no
difference.93-97 Until additional data are available to guide
clinical decision making, clinicians should consider bleeding risk
factors that could be additive in patients taking oral anticoag-
ulants and serotonin-modifying agents.

With the increased risk of gastrointestinal bleeding with dabi-
gatran and rivaroxaban compared with warfarin,40-42,46-48 evalu-
ating appropriateness of APT, NSAIDs, and serotonergics
becomes an increasingly important discussion point in patients
taking these particular agents. Table 5 has a summary of rec-
ommendations for management of anticoagulant pharmaco-
dynamic interactions.

Drug interaction resources
Judicious oral anticoagulant drug interaction management in-
cludes regular consultation of drug interaction references. These
should be used and interpreted within their limits. For example,
subscription-based tertiary electronic drug interaction databases
accessible to medical providers, such as Micromedex and
LexicompOnline, are user friendly and usually updated relatively
frequently; however, they may lack necessary detail that a nu-
anced clinical decision requires. For a more in-depth description
of an interaction, searching the primary literature for case series
or reports may be helpful but limited in scope and generaliz-
ability. For information on how drugs are classified as p-gp or

CYP modifiers, the US Food and Drug Administration defines
this in their Drug Development and Drug Interactions: Table of
Substrates, Inhibitors and Inducers.98 An inclusive list of po-
tentially interacting drugs has intentionally not been included in
this review. Many such lists exist, but they may contradict each
other, may omit relevant interactions, may contain inaccuracies,
or are inadequately referenced. In light of these limitations, a
suggested approach is to consult multiple resources in search
of agreement among resources and appropriate detail needed
for clinical decision making. Finally, because the drug interac-
tion field is dynamic, particularly for the DOACs, it is essential
to repeat interaction database and literature searches, be-
cause new evidence is added to the body of literature almost
daily.

Conclusion
Oral anticoagulant drug interaction management is complex. It
requires knowledge of which interactions are clinically relevant
and metabolic and elimination pathways of substrate and
modifier drugs as well as mechanisms of interaction to ensure
continued safety and efficacy in the presence of interacting
drugs. Engaging in a shared decision-making process with the
patient and other specialty providers may be required in the
more complex scenarios. Vigilant monitoring by knowledgeable
clinicians in addition to emerging data on drug interactions
can help health care systems move toward achieving the shared
goal of preventing adverse events in patients taking oral
anticoagulants.
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