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Inhibition of platelet activation is a cornerstone of
adjunctive medical treatment during and after
percutaneous coronary interventions with stent
implantation (PCI-S) in order to prevent acute and
long term thrombotic complications. Dual anti-
platelet therapy (DAT) with aspirin and clopido-
grel has been proven to be very effective at
preventing adverse events such as acute and
subacute stent thrombosis, myocardial infarction,
and death after coronary stenting, for both bare
metal stents (BMS) and drug eluting stents (DES).
Oral anticoagulation (OAC) is the recommended
treatment for patients at risk of thromboembolic
events due to atrial fibrillation, mechanical heart
valves, deep vein thrombosis, pulmonary embolism
and left ventricular thrombi. The number of
patients who have an indication for both DAT
and OAC is increasing, since more patients who are
already on OAC are scheduled for percutaneous
coronary interventions and some patients who are
on DAT will develop a medical condition which
requires OAC. Consequently, these patients need
triple antithrombotic therapy, consisting of
aspirin, clopidogrel and OAC. There is a concern,
however, that this ‘‘triple therapy’’ leads to
increased bleeding events and physicians are
cautious in prescribing the combination of DAT
and OAC.

In the first part of this article, we review the
studies and present the evidence that have led to
the current recommendations for either DAT or
OAC in the specific medical conditions. We will
evaluate when OAC and DAT might be inter-
changeable, and whether one or the other of these
regimens might be temporarily discontinued. We
will focus on patients requiring OAC with a recent
stent implantation or who are scheduled for a PCI-
S. The second part of this review focuses on the
currently available data on triple therapy and will
provide guidance on how to manage these patients
and how long the duration of treatment should be.

INDICATION AND DURATION OF DUAL
ANTIPLATELET THERAPY IN PATIENTS WITH PCI-S
Dual antiplatelet therapy with aspirin and clopido-
grel for a minimum of 4 weeks is the recommended
adjunctive treatment after coronary stenting in all
patients. In the early years of coronary stenting,
patients received only aspirin and OAC after stent

implantation for the prevention of thrombotic
occlusion of the stented vessel. This treatment had
some serious limitations due to both a residual high
incidence of stent thrombosis and a significant
occurrence of haemorrhagic complications.w1

Therefore, a superior adjunctive medical treatment
was sought and was found in an increased
inhibition of activated platelets by combining
aspirin and a thienopyridine (ticlopidine, and later
clopidogrel). Compared to the combination of
aspirin and OAC, DAT is superior in reducing
thrombotic events (stent thrombosis and myocar-
dial infarction) and in reducing haemorrhagic
complications.1 w2 w3 Consequently, clopidogrel
together with aspirin is the current recommenda-
tion for antithrombotic therapy after coronary
stenting, regardless of the type of stent (DES or
BMS).2 The recommended duration of this DAT,
however, depends on the type of stent.

In patients treated with a BMS, the recom-
mended minimal duration of DAT after implanta-
tion of a coronary stent is 4 weeks.3 After that time
period, it is assumed that the stent struts are
sufficiently endothelialised, and stent thrombosis
is a rare event. Consequently, DAT can be
discontinued and a single antiplatelet therapy with
aspirin or clopidogrel can be continued. The rapid
re-endothelialisation of BMS struts is often accom-
panied by a significant degree of neointimal
hyperplasia which may predispose to restenosis
and necessitate repeat coronary interventions.
With DES the neointimal hyperplasia of the
stented segment can be effectively inhibited and
the need for repeat revascularisation procedures
can be significantly reduced.w4 w5 At the same time
there is a need for a prolonged duration of DAT
following DES implantation because of a delayed
re-endothelialisation of the stented segment and
the associated risk of stent thrombosis. There is
ongoing debate regarding the optimal duration of
DAT after DES. The current guidelines recommend
at least 12 months of DAT after DES implanta-
tion.3 However, some studies suggest that discon-
tinuation of clopidogrel is a major determinant of
stent thrombosis only in the first 6 months after
stent placement.4 Whether the optimal duration of
DAT after DES placement will be 6 or 12 months
(or even longer) is currently unclear and under
investigation. One multicentre, randomised study
has been started to compare prospectively 6 and

Education

1280 Heart 2009;95:1280–1285. doi:10.1136/hrt.2008.160457

group.bmj.com on September 8, 2016 - Published by http://heart.bmj.com/Downloaded from 

http://heart.bmj.com/
http://group.bmj.com


12 months of DAT after DES in 6000 patients
(ISAR-SAFE, Intracoronary Stenting and
Antithrombotic Regimen: Safety And eFficacy of
a 6-month DAT after drug-Eluting stenting).

INDICATION AND DURATION OF ORAL
ANTICOAGULATION
There are different indications as to why patients
scheduled for PCI-S are on OAC. In general OAC is
the recommended regimen to prevent arterial and
venous thromboembolism. However, the intensity
and the duration of OAC differ from indication to
indication and OAC may be substituted by DAT in
some patients.

Atrial fibrillation
Atrial fibrillation is the most frequent reason for
long term OAC, accounting for 70% of the patients
on OAC scheduled for PCI-S.5 The overall pre-
valence of atrial fibrillation in patients over
60 years is 4%. The prevalence rises to 9% in
patients over 80 years. It is forecast that, due to an
increasing population age profile, the number of
patients with atrial fibrillation will have more than
doubled by 2050.w6

Multiple randomised trials have evaluated the
efficacy and safety of OAC or aspirin for stroke
prophylaxis in atrial fibrillation and have shown
that OAC is superior to aspirin in reducing stroke
in patients with atrial fibrillation.6 This reduction
of strokes was significantly higher than the
increase in major bleedings by OAC. OAC has also
been compared to DAT in a large randomised trial
and has been shown to have superior efficacy in
preventing strokes.7 However, the net benefit of
OAC in patients with atrial fibrillation strongly
depends on the individual absolute risk for stroke
and bleeding. The CHADS2 score, which includes
cardiac failure, arterial hypertension, age, diabetes
mellitus, and previous stroke, is the most com-
monly used model to risk stratify patients
(table 1).w7 Patients with a CHADS2 score (1 are
at low risk for stroke and can be treated with
aspirin (or DAT in case of PCI-S). Patients with a
CHADS2 score >2 may be expected to derive
incremental benefit from OAC (international
normalised ratio (INR) 2.0–3.0), since the indivi-
dual risk for stroke gradually outweighs the annual
risk for major bleeding, which may be assumed to
be 1–2% (table 1).8 w8 w9

Venous thromboembolism
The current treatment for prevention of venous
thromboembolism, including deep vein thrombosis
and pulmonary embolism, is OAC.w10 There are no
studies demonstrating that aspirin or DAT is
equivalent to OAC in the prevention of venous
thromboembolism. However, in contradistinction
to atrial fibrillation, the recommended duration of
OAC for venous thromboembolism is limited in
many patients. In these patients, an elective PCI-S
may be postponed to avoid the need for DAT and
OAC at the same time. Current recommendations

suggest that OAC should be maintained for 3–
6 months in patients with transient risk factors for
venous thromboembolism (for example, immobili-
sation) and for more than 12 months for recurrent
venous thromboembolism. While the appropriate
duration of OAC for idiopathic or recurrent
thromboembolism is not definitely known, there
is evidence of substantial benefit for extended
duration treatment.9 Patients with inherited
thrombophilias should receive lifelong anticoagula-
tion in the case of life threatening thromboembolic
events or recurrent thrombosis.

Mechanical heart valves
Patients with mechanical heart valves are among
those with the highest risk for thromboembolic
events without OAC. The event rates for systemic
embolism per 100 patient-years is 8.6 without
antithrombotic therapy, 7.5 with aspirin alone, and
1.8 with coumarins.10 Only one study has so far
assessed the safety and efficacy of DAT compared
to OAC and was terminated early because of a
higher rate of valve thrombosis in the DAT group.11

Therefore, the current recommended treatment to
prevent thromboembolic events in patients with
mechanical valves is OAC.

Ventricular thrombi
The presence of a left ventricular thrombus may be
an indication for OAC to prevent systemic emboli.
The risk of systemic embolisation can be reduced
with OAC.w11 To our knowledge, there are no data
on the use of DAT to prevent systemic embolisa-
tion in patients with ventricular thrombi. The
guidelines state that OAC should be prescribed for
at least 3 months, and indefinitely in patients
without an increased risk of bleeding.12 In the case
of PCI-S and the need for DAT, the benefit of OAC
should be estimated taking into account the
probable age of the ventricular thrombus and any
prior history of systemic emboli.

Heart failure
Some studies have shown that aspirin as well as
OAC reduce stroke in patients with low ejection
fraction, while others could not demonstrate

Table 1 Stroke risk in patients with non-valvular atrial
fibrillation not treated with anticoagulation according to
the CHADS2 score8

CHADS2 score
Stroke rate
(%/year)

0 1.9

1 2.8

2 4.0

3 5.9

4 8.5

5 12.5

6 18.2

The CHADS2 score is calculated by giving 1 point for cardiac failure,
arterial hypertension, age.75 or diabetes mellitus, respectively, and 2
points for prior stroke or transient ischaemic attack.w7
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a beneficial effect with either agent.w12 w13

Accordingly, the current guidelines for heart failure
do not support the general use of OAC in those
patients with heart failure and no history of atrial
fibrillation or a prior thromboembolic event.13

An overview of these recommendations in the
various medical conditions discussed above is
presented in table 2.

STUDIES ON TRIPLE THERAPY
The prevalence of patients on OAC scheduled for
a percutaneous coronary intervention strongly
depends on the population screened. In one retro-
spective analysis of more than 4000 patients, 6%
required long term OAC.5 At our institution, 5–
10% of all patients scheduled for percutaneous
coronary intervention were on OAC. Since the
mean age of patients undergoing PCI-S is likely to
become progressively older, and the prevalence of
atrial fibrillation—the principal indication for
OAC—is strongly related to the age of the patients,
we expect to encounter an increasing number of
patients scheduled for PCI-S who have an indica-
tion for OAC.

Therefore, at least for a certain time period,
these patients have an indication for both DAT
and OAC. As demonstrated in 6706 patients of the
ACTIVE W (Atrial fibrillation Clopidogrel Trial
with Irbesartan for prevention of Vascular Events)
study, DAT and OAC treatment are each asso-
ciated with nearly 15% risk of major or minor
bleeding per year.7 As each regimen impairs
haemostasis by a different mechanism, there is a
concern that adding OAC to DAT may increase
bleeding rates. On the other hand, temporary
discontinuation of either antiplatelet or anti-
coagulation therapy in this subset of patients
may increase the risk of either stent thrombosis
or thromboembolic events, as discussed above.
Therefore, the benefit and risk of triple therapy for
patients undergoing PCI-S while on OAC is an
important consideration. For some patients, con-
comitant treatment with OAC and DAT may be
avoided by delaying PCI-S to a time point when
OAC will be no longer indicated. For most patients,
however, OAC is a lifelong recommendation, and
therefore postponing PCI-S is not an option.

Several studies have so far assessed patients on
OAC who underwent PCI-S. Triple therapy was
one treatment option in these patients. Most of
the studies were retrospective studies or post hoc

analyses of prospective registries.5 14 15 16 w14–19 Some
of the studies included a control group which was
treated with DAT. However, in all of these studies
neither the patients with an indication for OAC
were uniquely treated with triple therapy nor the
control group was treated in a standard manner.
When discussing the evidence for patients on triple
therapy it is important to realise that none of the
studies prospectively evaluated the treatment
options for patients with stent implantation on
OAC in a randomised manner.

Bleeding events
Combined major and minor bleeding events in
these studies varied from 9.2–27.5% for patients on
triple therapy.14 w14 w15 w17 The rates for bleeding
events varied from study to study, as follow-up
times, bleeding definitions and baseline character-
istics of patients on triple therapy were different.
Whether these rates for bleeding events in patients
on triple therapy are significantly ‘‘increased’’
depends on the definition of the control group.
Does it comprise patients on warfarin alone,
warfarin + aspirin, warfarin + clopidogrel, or
DAT? Some of the studies included a control
group without an indication for OAC.5 w15 w16 In
only three studies, patients on triple therapy as
well as the control group had an indication for
OAC.14–16 Since only patients with an indication for
OAC are candidates for triple therapy, the results
of these latter three studies are of the greatest
relevance (table 3). One study16 reported similar in-
hospital rates for major bleeding in patients with
triple therapy (5.9%) compared to warfarin plus a
single antiplatelet drug (4.6%); in agreement with
this, another study15 reported similar rates for
major and minor bleeding after 2 years in patients
with triple therapy (9.1%) versus DAT (11.5%);
and one study14 showed a non-significant trend
towards increased major as well as minor bleedings
after a median follow-up of 595 days in patients on
OAC (27.5%) versus DAT (18.0%). A recent review
article on triple therapy has also included the
studies with matched control groups and has
found that the bleeding risk with triple therapy
was consistently higher at 1, 6 and 9 months.17

Most of the bleeding occurred in the gastrointest-
inal tract. Taken together, the risk for bleeding in
patients on triple therapy might be increased when
compared to DAT. It is not possible, however, to
calculate a ‘‘relative risk’’ for bleeding on the basis
of the published data.

Cardiovascular events
With regard to efficacy, stent thrombosis as well as
thromboembolic events should be taken into
account when comparing triple therapy with other
treatment options for patients on OAC undergoing
PCI-S. In the two studies comparing triple therapy
with DAT for more than 30 days, thromboembolic
events and death were increased when patients
were on DAT instead of triple therapy, while
subacute or late stent thrombosis were not

Table 2 Recommendations for antithrombotic treatments for various medical conditions

Medical condition Recommended treatment

Coronary stent implantation DAT for 1 month after BMS; 6–12 months after DES

Atrial fibrillation For CHADS2 >2: OAC indefinitely

Mechanical heart valves OAC indefinitely

Venous thromboembolism OAC at least 3 months (see text)

Left ventricular thrombus OAC at least 3 months (see text)

Heart failure Routine use of anticoagulation/antithrombotic therapy not well
established (see text)

BMS, bare metal stent; DAT, dual antiplatelet therapy consisting of aspirin and clopidogrel; DES, drug eluting
stent; OAC, oral anticoagulation with a coumarin derivate.
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different.14 15 In another study in which multiple
antithrombotic treatment strategies were evalu-
ated for 12 months in patients with stent implan-
tation and an indication for OAC, the patients on
DAT had the highest incidence of stroke (8.8% vs
2.8% in patients on triple therapy) and the patients
on warfarin and aspirin had the highest incidence
of stent thrombosis (15.2% vs 1.9% in patients on
triple therapy).5 At least for longer follow-up
periods (.30 days), the efficacy of triple therapy
to prevent thromboembolic events appears to be
significantly higher compared to DAT, and the
efficacy of triple therapy to prevent subacute stent
thrombosis seems to be higher compared to
warfarin without DAT.

MANAGEMENT OF PATIENTS RECEIVING TRIPLE
THERAPY
Managing patients on triple therapy is a difficult
task and the following issues should be considered:
What kind of stent should be used? Which target
INR should be aimed for? Is there a benefit for
adding proton pump inhibitors to protect against
gastrointestinal bleeding?

We will briefly discuss the rationale for each of
these measures and provide guidance on how to
implement them in the management of an
individual patient.

Low INR levels
There is some evidence that maintaining INR at
the lowest possible level will significantly reduce
the risk for bleeding in patients on triple therapy,
without losing the efficacy to prevent thromboem-
bolic events. Our own data suggest that an INR of
2.5–3.0 in patients with mechanical valves and an
INR of 2.0–2.5 for all other indications may lead to
comparable rates of major bleeding in patients
with triple therapy compared to DAT.15 Another
study has shown that aiming for a target INR of
2.0–2.5 leads to a significant decrease in major and
minor bleeding events in patients treated with
triple therapy.18 Therefore, it is our practice and the
recommendation of the current guidelines3 to
recommend an INR at the lowest possible level
during the time period of triple therapy. An
important implication of this practice is that the
frequency of blood sampling should be increased if
the INR is to be safely maintained in this narrower
range.

Proton pump inhibitors
Since gastrointestinal bleeding accounts for about
30–40% of haemorrhagic events in patients on
triple therapy,w20 consideration of approaches to
reduce the risk of gastrointestinal bleeding is
relevant.19 For the period that triple therapy is
needed, the risk of gastrointestinal bleeding should
be reduced by a concomitant treatment with
proton pump inhibitors.19 It has been shown that
omeprazole has a negative effect on clopidogrel
mediated platelet reactivity.20 Although the impact
of this effect on clinical end points has so far not
been investigated, the use of proton pump inhibi-
tors other than omeprazole for patients on triple
therapy might be advisable.

DES versus BMS in triple therapy
While the bleeding risk of patients on triple
therapy remains the same over time, the risk of
stent thrombosis diminishes with time (fig 1). This
is supported by an observational study which
demonstrated a continuous risk for bleeding, while
the stent thrombosis events mostly occurred early
after percutaneous coronary intervention.5 Since
DES and BMS differ in terms of endothelialisation
and the recommended duration of DAT to prevent
subacute stent thrombosis, it has been proposed
that BMS should be the preferred stent type so that
the duration of triple therapy might be limited to
4 weeks.17 So far no study has primarily addressed
the outcome of patients with BMS compared to
DES and an indication for OAC. In general, target
lesion revascularisation is significantly reduced
with DES compared to BMS. While all reinterven-
tions carry an additional risk, especially in patients
on OAC, it is unclear what the net effect is when it
comes to a reduced duration of triple therapy
compared to a reduced rate of target lesion
revascularisation. As long as this question has not

Table 3 Selected studies comparing triple with dual therapy (studies including a control
group with an indication for oral anticoagulation)

Number of patients
on triple therapy Clinical end point Major bleeding

Nguyen et al, 200716 580 No difference* No difference1

Ruiz-Nodar et al, 200814 195 Triple significant better{ Dual trend better

Sarafoff et al, 200815 307 Triple trend better{ No difference

*No combined end point: no difference in death, myocardial infarction; significantly fewer strokes with triple
therapy.
{Death, myocardial infarction, target vessel revascularisation, stroke, and/or major bleeding.
{Death, myocardial infarction, stent thrombosis or stroke.
1Only in hospital bleeding monitored.

Figure 1 The bleeding risk of patients on triple therapy
is grossly time independent, while the risk for stent
thrombosis diminishes clearly over time. The asterisk
marks a theoretical time point, at which the absolute
bleeding risk exceeds the risk of stent thrombosis. At this
time point, triple therapy could be reduced to oral
anticoagulation (OAC) + single agent antiplatelet therapy
in patients with an indication for lifelong OAC. PCI,
percutaneous coronary intervention.
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been assessed in a prospective way, we advise the
use of BMS in all lesions with an expected low risk
of restenosis and the use of DES in patients with
an expected high risk of restenosis (diabetes,
complex lesions).

Duration of triple therapy after DES implanta-
tion is a difficult issue where the risk of bleeding
has to be weighed against possible thromboembolic
complications. While there is no doubt regarding
the superiority of DAT during the first 4 weeks
after coronary stent placement, there are currently
no data as to whether late stent thrombosis
(30 days to 1 year) can also be prevented by OAC
and one antiplatelet agent alone. Mainly based on
the time course of stent thrombosis, we believe
that the excess in bleeding risk does not justify in
general the extension of triple therapy beyond
3 months after DES. However, this recommended
duration of 3 months for triple therapy is not
based on evidence and, therefore, should be
individually adapted. If the consequences of a stent
thrombosis are assumed to be high because of a
large amount of myocardium at risk, the benefit of
triple therapy for even more than 6 months might

be justified. On the other hand, if the consequences
of an occluded vessel caused by a stent thrombosis
are low, since the jeopardised myocardium is small,
an even shorter duration of triple therapy of
4 weeks might be justified. Until prospective data
are available, triple therapy after DES is limited to
3 months in our institution, followed by OAC plus
aspirin or clopidogrel in patients with a strong
indication for lifelong OAC.

CONCLUSION
When and how should physicians prescribe triple
antithrombotic therapy—consisting of warfarin,
aspirin, and clopidogrel—after stent implantation?
Triple therapy is the best treatment option in
patients with an indication for OAC and an
intermediate to high risk for thromboembolic
events who undergo coronary stenting.
Indications for OAC with an intermediate to high
risk for thromboembolic events include atrial
fibrillation with a CHADS2 score .1, mechanical
heart valves, recent venous thromboembolism, or
new ventricular thrombi. When DES are used, the
duration of triple therapy might be limited to
3 months. BMS implantation with triple therapy
for 1 month is an alternative in patients who have
an excessive risk for bleeding. To reduce bleeding
complications, a low INR (2.5–3.0 for mechanical
heart valves and 2.0–2.5 for other indications)
should be targeted during triple therapy, with the
recommendation for more frequent monitoring.
Proton pump inhibitors are recommended in
patients who receive triple therapy.

These recommendations for triple therapy are
based on the limited data that are available thus far.
The current European and US guidelines for
percutaneous coronary intervention do not com-
ment in detail on patients with an indication for
OAC due to the lack of published evidence on what
the optimal management strategy is for these
patients. Therefore, further prospective clinical trials
are needed in order to evaluate the best treatment
strategy for patients on OAC who undergo percu-
taneous coronary interventions. Some of them are
already under way (AFCAS, ISAR-TRIPLE).
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