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Objectives: To determine the role of warfarin (WF) prophylaxis in the prevention of left ventricular thrombus
(LVT) formation and subsequent embolic complications following an anterior ST elevation myocardial infarction
(STEMI) complicated by reduced left ventricular ejection fraction (LVEF) and wall motion abnormalities.
Background: The role of oral anticoagulation prophylaxis, in addition to dual antiplatelet therapy (DAPT), in
the current era of percutaneous coronary intervention has not been well studied, despite being a class IIb
recommendation in the AHA/ACC STEMI guidelines.
Methods: The Cochrane search strategywas used to search PubMed, Embase and the Cochrane library for relevant
results. Four studies, two retrospective, one prospective registry, and a randomized feasibility control trial met
criteria for inclusion. Data was pooled using a random effects model and reported as odds ratios (OR)
with their 95% confidence intervals (CI). Primary outcomes of interest were rate of stroke, major bleeding and

mortality.
Results: Pooled analysis included 526 patients in the NoWF group and 347 patients in theWFgroup. No statistical
difference in rate of stroke (OR: 2.72 [95% CI: 0.47–15.88; p = 0.21]) or mortality (OR: 1.50 [95% CI 0.29–7.71;
p = 0.63]) was observed. Major bleeding was significantly higher in the WF group (OR: 2.56 [95% CI: 1.34–
4.89; p = 0.004]).
Conclusions: The routine use of DAPT andWF for prophylaxis against LVT formation following an anterior STEMI
with associated decrease in LVEF and wall motion abnormalities, appears to result in no mortality benefit or
reduction in stroke rates, but may increase the frequency of major bleeding.

© 2017 Published by Elsevier Inc.
1. Introduction

The development of a left ventricular thrombus (LVT) is a well de-
scribed complication of anterior ST-elevation myocardial infarctions
(STEMI) associated with significant wall motion abnormality and re-
duced ejection fraction [1]. In the current era of primary percutaneous
coronary intervention (PCI), the incidence of LVT in anterior STEMI
has significantly declined, from 40% before the era of reperfusion thera-
py, to as low as 4% [2,3]. A recent retrospective analysis confirmed that a
reduced left ventricular ejection fraction (LVEF), and anterior STEMI are
both risk factors for development of an LVT [2]. Development of an LVT
ability and freedom frombias of
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is also associated with approximately a 5-fold increase (odds ratio (OR)
5.45) in the risk of systemic embolization, which includes stroke [4,5].
Nonetheless, these data cannot apply to our current practice as they
were based on figures obtained prior to the current era of primary PCI
and the routine use of dual-antiplatelet therapy (DAPT).

The American Heart Association currently gives a class IIa recom-
mendation for the treatment of an LVT complicating a STEMI with a vi-
tamin K antagonist (VKA) [6]. Prophylaxis with a VKA, such as warfarin
(WF) is also recommended for patients with anterior apical akinesis or
dyskinesis following a STEMI (class IIb) [6]. Both of these recommenda-
tions are based on limited evidence.

Recent studies have attempted to address the role ofWF prophylaxis
in addition to the current standard of care, DAPT, to prevent LVT forma-
tion in anterior STEMI associated with reduced LVEF and wall motion
abnormalities [7–10]. These studies are limited in size, with the larger
two studies being retrospective in nature, and the only randomized
trial being a 20-patient randomized feasibility trial. Therefore the aim
of this meta-analysis was to combine these results to compare the use
of WF and noWF for prevention of LVT in the era of PCI and concurrent
DAPT.
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2. Methods

A literature search was performed with the use of the PubMed data-
base, EMBASE and Cochrane Library. Resultswere individually reviewed
by two independent reviewers (N.M. and J.M.) for relevance. Discrepan-
cies between datasetswere resolved by consensus. Exclusion criteria for
studies were: 1) studies reporting only in abstract format or conference
presentation or without access to full data or manuscript; 2) non-
English articles; 3) studies reporting no direct comparison ofWF versus
NoWF; 4) studieswith nopossibility of separating individual outcomes;
and 5) studies that did not use DAPT.

Relevant data was extracted and entered in Review Manager soft-
ware ([Revman] version 5.3 (Nordic Cochrane Centre, Copenhagen,
Denmark)). Keywords usedwere: “warfarin,” “anteriorwallmyocardial
infarction,” “anterior STEMI,” “anterior ST elevation myocardial infarc-
tion,” “anterior ST segment elevation myocardial infarction,” “anterior
ST elevation MI,” “anterior myocardial infarction,” “ST segment eleva-
tion myocardial infarction,” and “anterior.”

Data was pooled using a random effects model, and reported as OR
with their 95% confidence intervals (CI). Heterogeneity was based on
the I2 statistic test with I2 value of b25% considered low heterogeneity,
25% to 50% moderate, and a value of N50% substantial heterogeneity.
Funnel plots were constructed and inspected visually for evidence of
publication bias. The weight of each trial on the overall results of
meta-analysis outcome was calculated as a percentage of the number
of patients in that given trial over the total number included in each out-
come analysis.

Primary outcome measures of interest in all four studies included
stroke, death and major bleeding. Definitions of major bleeding varied
but were grouped under the outcome of major bleeding episodes for
analysis. Two of the four studies did not categorize stroke into hemor-
rhagic versus ischemic and therefore these outcomes were grouped
for analysis. All outcome measures in the studies were obtained be-
tween three and six-months post-discharge from the primary hospital
admission.
Fig. 1. Flowchart depicting study
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3. Results

One hundred and forty-five results were reviewed, with four studies
included in the final analysis (Fig. 1). Two studies were retrospective,
onewas a prospective registry and onewas a randomized control feasi-
bility trial. All were unicentric studies (Table 1). One of the four studies
did not have atrialfibrillation or other indications forWF as an exclusion
criteria (Table 1).

Pooled analysis resulted in a total of 873 patients,with 347 in theWF
group and 526 in the No WF group being analyzed. Baseline character-
istics of the pooled population are shown in Table 2. Average age of
the two groups was similar and relatively young (WF: 60.9 years old
vs. No WF 61.8 years old). Male sex predominated in both groups
(WF: 77% vs. NoWF: 72%). Baseline co-morbidities including hyperten-
sion, diabetes, smoking history, dyslipidemia, previous myocardial in-
farction and stroke were all similar between the two groups. 97% of
patients in both groups received DAPT therapy. 93% of patients in the
WF group and 94% of patients in the No WF group underwent PCI.
High rates of optimal medical therapy were achieved in both groups,
with only beta-blockers (83%) in the WF group not having a rate over
90%. Total duration of triple therapy with WF was between 3 and
6 months.

All four studies performed pre-discharge echocardiograms, and
three performed follow-up examinations (Table 3). LVEF in the WF
group was slightly lower with an average of 36% compared to 40% in
the No WF group. Follow-up echocardiographic studies revealed aver-
age LVEFs of 41% in the WF group and 46% in the No WF group.

A complete data set of baseline characteristics (Table 2), including
cardiovascular medications and follow-up echocardiograms (Table 3),
was available in 67% (584/873) of the pooled patient population.
Given the limited population size, patients with incomplete data sets
were included in the analysis.

No statistical difference between the two groups was found relating
to the rate of stroke (OR: 2.72 [95% CI: 0.47–15.88; p=0.27]) ormortal-
ity (OR: 1.50 [95% CI 0.29–7.71; p= 0.63]) (Fig. 2A & B). Heterogeneity
selection for meta-analysis.
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Table 1
Study characteristics.

Study Study design Publication
year

Years of
operation

Unicentric vs.
multicentric

Inclusion Exclusion

Le May et al. Retrospective
cohort

2015 2004–2010 Unicentre (1) Anterior STEMI
(2) Primary PCI
(3) Akinesis or dyskinesis on
Transthoracic ECHO

(i) Clinical:
(1) On warfarin at admission
(2) Atrial fibrillation
(3) Mechanical heart valve
(4) CABG same admission
(5) Bleeding before ECHO
(6) Stroke before ECHO
(7) History of intracranial hemorrhage
(8) Death within 72 h or in setting of
shock/encephalopathy

(ii) ECHO:
(1) LV thrombus
(2) Absence of akinesis or dyskinesis
(3) ECHO done N7 days after admission
(4) ECHO not performed or suboptimal

Buss et al. Prospective
registry

2013 2001–2010 Unicentre (1) Anterior STEMI
(2) Post MI LVEF b 40%

(1) Death during index hospitalization
(2) Urgent CABG performed
(3) Known LV thrombus

Oyetayo et al. Retrospective
cohort

2015 2003–2012 Unicentre (1) Anterior wall MI
(2) Primary PCI [included rescue PCI]
(3) DAPT
(4) Extensive wall motion abnormalities
[hypokinetic or akinetic] on ECHO
(5) LVEF b 35%

(1) Death prior to discharge
(2) Oral anticoagulation required
for another indication
(3) No follow-up within 16 weeks of discharge
(4) LV thrombus identified on pre-discharge ECHO

Schwalm et al. Randomized
feasibility trial

2010 2006–2008 Unicentre (1) Anterior STEMI
(2) LVEF b 40%
(3) No LV thrombus prior to randomization
(4) Able/willing to give informed consent

(1) b18 y.o. or N85 y.o.
(2) Alternate indication for oral anticoagulation
(3) Relative or absolute contraindication for OAC:
(i) History of intracranial hemorrhage
(ii) G.I. bleed within 6 months
(iii) Hb b 90
(iv) Platelets b 100
(vi) Ischemic stroke b 30 days
(vii) Intracranial tumor or aneurysm
(viii) Significant pericardial effusion
(ix) Severe chronic kidney disease [Cr N 250 μmol/L]
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wasmoderate for the outcomeof stroke (I2=36%) andhigh for the out-
comeofmortality (I2=82%).Major bleedingwas significantly higher in
the WF group (OR: 2.56 [95% CI: 1.34–4.89; p = 0.004]) with minimal
heterogeneity (I2 = 4%) observed between the groups (Fig. 2C).
Table 2
Patient characteristics.

Study Subjects Mean age (years) Male (%)

WF No WF WF No WF WF No

Le May et al. 131 329 62 61 73 75
Buss et al. 162 107 60 67 NR NR
Oyetayo et al. 44 80 58 64 93 60
Schwalm et al. 10 10 54 66 60 70
Average** 61 62 77 72

Study Dyslipidemia (%) Previous MI (%) Previous strok

WF No WF WF No WF WF N

Le May et al. 33 36 8 10 6 4
Buss et al. NR NR NR NR 9 9
Oyetayo et al. 50 43 9 15 0 3
Schwalm et al. 40 40 20 0 NR N
Average** 37 38 9 11 7 5

Study ACE inhibitor (%) ARB (%) B

WF No WF WF No WF W

Le May et al. 90 86 3 5 7
Buss et al. NR NR NR NR N
Oyetayo et al. 95 91 0 0 9
Schwalm et al. 90 90 NR NR 9
Average** 91 87 2 4 8

** Weight averages.
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4. Discussion

Our study found that the addition ofWF to DAPT appears to result in
no statistically significant difference in rates of stroke or death. It did
Hypertension (%) Diabetes (%) Smoking history (%)

WF WF No WF WF No WF WF No WF

41 39 17 13 39 42
NR NR 25 28 47 49
61 59 25 25 48 46
60 30 10 30 90 60
47 43 21 18 45 44

e (%) Previous
angioplasty (%)

ASA (%) DAPT (%)

o WF WF No WF WF No WF WF No WF

8 6 100 99 99 97
NR NR 100 95 94 93
11 15 100 100 100 100

R 10 0 100 100 100 100
9 8 100 98 97 97

eta-blocker (%) Statin (%) PCI performed (%)

F No WF WF No WF WF No WF

9 90 96 98 100 95
R NR NR NR 90 90
3 99 98 99 86 93
0 90 90 90 100 90
3 91 96 98 93 94
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Table 3
Echocardiographic characteristics.

Study Pre-discharge
ECHO

Post-discharge ECHO

LVEF (%) Follow-up (%) LVEF (%) LV thrombus

WF No WF WF No WF WF No WF WF No WF

Le May et al. 39 45 54 36 42 48 0 0
Buss et al. 34 34 NR NR NR NR NR NR
Oyetayo et al. 30 31 98 81 40 40 3 2
Schwalm et al. 38 38 100 100 42 50 1 0
Averageb 36 40 66 46 41 46 4a 2a

NR = not reported.
WF = warfarin.

a Absolute total (not average).
b Weighted averages.
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however, result in an increased rate of major bleeding in patients taking
WF in addition to DAPT for LVT prophylaxis. 97% of the patients ana-
lyzed in both groups were on DAPT and 93% or greater underwent PCI,
therefore reflecting the current medical practice and likely answer our
intended research question. It also highlights the lack of evidence on
this specific topic, as only four relevant articles were found, with no
large published randomized control trials.

The use of DAPT following an ACS and/or stent placement as part of a
PCI reperfusion strategy has led to significant decreases in morbidity
Fig. 2. Forest plots for stroke (A), death (B) and m
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and mortality [11,12]. The addition of WF to DAPT for any indication is
referred to as “triple therapy” (TT). TT has been shown to have signifi-
cantly higher rates of bleeding (reported up to 2–5 times higher) com-
pared to various combinations of anti-platelets and/or WF [13–17].
Furthermore, most of this data is centered around patients
anticoagulated for indications other than LV thrombus prophylaxis
and hence outcomedata in our study population remain limited. The ef-
ficacy from a risk–benefit perspective of TT has recently been drawn
into question with results from the WOEST and ISAR-TRIPLE trials. WF
with either ASA or clopidogrel was shown to be as effective as TT in
preventing thrombotic complications, and in the case of the WOEST
trial significantly decreased bleeding complications in patients on WF
for various indications including LVT [13,18]. Our result of significantly
increased rates of major bleeding with TT (OR = 2.56) was therefore
not unexpected given this current evidence base.

In our study, TT was found to have no statistical effect on rates of
stroke or mortality. Of note, a trend towards higher rates of both was
observed. Large confidence intervals and overall small population limit
interpretation of these trends, however, given WF's presumptive role
of LVT prophylaxis and subsequent embolization prevention, this is an
area that will require close attention in future studies.

Neither Oyetayo et al. nor Buss et al. provided a breakdown of hem-
orrhagic vs. ischemic strokes [7,9]. Le May et al. (2015) interestingly
found higher rates of both ischemic and hemorrhagic stroke in the WF
group. Also of note were the exceedingly low rates of overall stroke in
ajor bleeding (C) outcomes across all studies.

ior ST-elevationmyocardial infarction: A systematic review andmeta-
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both groups (WF: 2% vs. No WF: 0.8%). The rate of stroke being 0.8% in
the NoWF group is substantially lower than rates of 10%–15% reported
in patients with a known LVT not treated with anticoagulation prior to
routine DAPT usage [4,5]. This contradictory findingmay reflect strokes
being rare events in the current era of PCI andDAPT in associationwith a
relatively small sample size. It may also reflect a high bleeding risk asso-
ciated with TT resulting in an increase in hemorrhagic strokes. This may
balance or exceed the apparent minimal protective benefit against is-
chemic strokes that TT conveys over DAPT. Alternatively, the fact that
atrial fibrillation was not an exclusion criteria for one trial (Buss et al.)
could represent a potential confounder [7]. The elevated stroke risk
may reflect unreported patients with atrial fibrillation representing a
higher risk population.

The trend towards increased mortality in the WF group appears to
be due to higher rates of major bleeding, including hemorrhagic stroke.
Additionally, patients in theWF group tended to havemarginally worse
LVEF (WF: 36% vs. No WF: 40%) and were less likely to receive beta-
blockers as a result (WF: 83% vs. NoWF: 91%). Thismay reflect larger in-
farcts, and in turn a worse prognosis. Follow-up Transthoracic Echocar-
diography (TTE) was not performed in one study aswell, representing a
possible confounder for this conclusion. The fact, the majority of the
data is retrospective, and alongwith the small population and large con-
fidence intervals, may reflect unforeseen variables accounting for this
trend and should be interpreted with caution.

The results of this meta-analysis suggest the addition ofWF to DAPT
provides no added benefit in regards to stroke and mortality and in-
creasedmajor bleeding rates. The potential role of non-vitamin K antag-
onist oral anticoagulants (NOACs); dabigatran, rivaroxaban, apixaban,
and edoxaban, as part of TT for any indication has not beenwell studied.
Given their favorable risk–benefit profile to WF, including reduction in
all-cause mortality and a 48% relative risk of intra-cranial hemorrhage
(ICH), NOACs have the potential to improve major bleeding outcomes
[19,20]. Real-world follow-up of rivaroxaban found similar low rates
of adverse outcomes, including ICH [21]. Existing evidence for NOACs
as a component of TT is derived from sub-group analysis, such Dans
et al. from the Randomized Evaluation of Long-Term Anticoagulation
Therapy (RE-LY) trial for dabigatran [22,23]. The results suggest
dabigatran in combination with DAPT has a similar increase in relative
risk for major bleeding compared to WF. Lower dose dabigatran
110 mg, which was found to be non-inferior to WF in RE-LY, and has a
lower major hemorrhage risk, again demonstrated lower rates of
major hemorrhage when combined with DAPT [22,23]. The role of
lower dose NOACs, or any specific NOAC in combination with a single
or dual antiplatelet agent is unknown for any indication, let alone for
LVT prophylaxis following an anterior STEMI with reduced LVEF, but
has the potential to reduce major bleeding. Despite this level of uncer-
tainty recent expert consensus suggests NOACs be considered first-
line therapy for patients with non-valvular atrial fibrillation receiving
coronary stents and requiring DAPT therapy [24].

Prevention of Bleeding in Patients with Atrial Fibrillation Undergo-
ing PCI (PIONEER AF-PCI), Evaluation of Dual Therapy with Dabigatran
vs. Triple Therapy with Warfarin in Patient's with AF that Undergo a
PCI with Stenting (REDUAL-PCI), A Study of Apixaban in Patients with
Atrial Fibrillation, not caused by a Heart Valve Problem, Who are at
Risk for Thrombosis (Blood Clots) Due to Having had a Recent Coronary
Event, such as a Heart Attack or a Procedure to Open the Vessels of the
Heart (AUGUSTUS), and Edoxaban Treatment Versus Vitamin K Antag-
onist in Patients with Atrial Fibrillation Undergoing Percutaneous Coro-
nary Intervention (ENTRUST AF-PCI) are four large randomized
multicenter trials currently completed, enrolling or planned. These
studies are looking at the role of rivaroxaban, dabigatran, apixaban
and edoxaban respectively, in low and regular doses and in combination
with both single and dual antiplatelet agents compared to TT for
patients with non-valvular atrial fibrillation following PCI with stent
placement [25–28]. While these results will not answer our specific
research question, extrapolating them to further indications for
Please cite this article as: Moulson N, et al, Prophylactic warfarin post anter
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combination anti-platelets and oral-anticoagulants, including LVT pro-
phylaxis following an anterior STEMI with reduced LVEF, may suffice
until further research can be done on this topic.

With the ongoing development and increasing access to cardiac
magnetic resonance imaging (CMRI), specifically the use of delayed en-
hancement (DE) with gadolinium, the sensitivity of TTE for detection of
LVT has beenmore thoroughly scrutinized. The sensitivity for detection
of a LVT by TTE has been reported to be anywhere from 33% to 95%
[29,30]. Weinsaft et al. performed four imaging modalities on patients
presenting with a STEMI; noncontrast TTE, contrast TTE, Cine-CMRI,
and DE-CMRI, and found an 8% rate of LVT using DE-CMRI as the gold-
standard,with a sensitivity of 35% for non-contrast TTE and 64% for con-
trast TTE [31]. 94% of the infarcts occurred in the left anterior descend-
ing artery territory, and those who developed an LVT had a
significantly reduced LVEF (39%) compared to those who did not
(52%) [31]. This suggests LVT complicating STEMIs may be currently
underdiagnosed. Despite this likely ongoing under-diagnosis, our re-
sults again did not showan increase in embolic complications ormortal-
ity, suggesting that the addition of WF to routine DAPT from both a
prophylaxis and potentially a treatment perspective of LVT may cause
more harm than benefit.
4.1. Limitations

Our meta-analysis was limited by the fact no large randomized con-
trol trials exist, and the analyzed trials were largely retrospective. Addi-
tionally, given the small patient pool and wide confidence intervals,
there are significant limitations in interpretation of our results. For
only 67% of patients could a complete baseline characteristic dataset
be obtained, leading to the potential for unappreciated variables con-
founding these results. The analyzed studies all used varying definitions
of bleeding and major or clinically significant bleeding. This may have
either over or underestimated our results. Given the fact stroke events
were significantly lower than previously appreciated, thepooled patient
population may have not been large enough to detect a difference in
regards to mortality and stroke rates.
5. Conclusion

The routine use of TT, with warfarin, for prophylaxis against LVT for-
mation following an anterior STEMI associated with a decreased LVEF,
appears to result in significant increase in the rate of major bleeding,
with no mortality benefit or stroke reduction. Careful interpretation of
these observational data is essential, with additional research needed
to clarify the most appropriate approach in this group of patients.
References

[1] Chiarella F, Santoro E, Domenicucci S, Maggioni A, Vecchio C. Predischarge two-
dimensional echocardiographic evaluation of left ventricular thrombosis after
acute myocardial infarction in the GISSI-3 study. Am J Cardiol 1998;81:822–7.

[2] Gianstefani S, Douiri A, Delithanasis I, Rogers T, Sen A, Kalra S, et al. Incidence and
predictors of early left ventricular thrombus after ST-elevation myocardial infarction
in the contemporary era of primary percutaneous coronary intervention. Am J
Cardiol 2014;113:1111–6. http://dx.doi.org/10.1016/j.amjcard.2013.12.015.

[3] Nihoyannopoulos P, Smith GC, Maseri A, Foale RA. The natural history of left ventric-
ular thrombus in myocardial infarction: a rationale in support of masterly inactivity.
J Am Coll Cardiol 1989;14:903–11. http://dx.doi.org/10.1016/0735-1097(89)90463-
4.

[4] Vatikus P, Barnathan E. Embolic potential, prevention and management of mural
thrombus complicating anterior myocardial infraction: a meta-analysis. J Am Coll
Cardiol 1993;22:1004–9.

[5] Stratton JR, Resnick AD. Increased embolic risk in patients with ventricular thrombi.
Circulation 1987;75:1004–11.

[6] O'Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, De Lemos JA, et al. 2013
ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a
report of the American College of Cardiology Foundation/American Heart Associa-
tion Task Force on practice guidelines. J Am Coll Cardiol 2013;61:78–140. http://
dx.doi.org/10.1016/j.jacc.2012.11.019.
ior ST-elevationmyocardial infarction: A systematic review andmeta-
.2017.05.002

http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0005
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0005
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0005
http://dx.doi.org/10.1016/j.amjcard.2013.12.015
http://dx.doi.org/10.1016/0735-1097(89)90463-4
http://dx.doi.org/10.1016/0735-1097(89)90463-4
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0020
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0020
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0020
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0025
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0025
http://dx.doi.org/10.1016/j.jacc.2012.11.019
http://dx.doi.org/10.1016/j.jacc.2012.11.019
http://dx.doi.org/10.1016/j.carrev.2017.05.002


6 N. Moulson et al. / Cardiovascular Revascularization Medicine xxx (2017) xxx–xxx
[7] Buss NI, Friedman SE, Andrus BW, DeVries JT. Warfarin for stroke prevention follow-
ing anterior ST-elevation myocardial infarction. Coron Artery Dis 2013;24:636–41.
http://dx.doi.org/10.1097/MCA.0000000000000032.

[8] Le May MR, Acharya S, Wells GA, Burwash I, Chong AY, So DY, et al. Prophylactic
warfarin therapy after primary percutaneous coronary intervention for anterior
ST-segment elevation myocardial infarction. JACC Cardiovasc Interv 2015;8:
155–62. http://dx.doi.org/10.1016/j.jcin.2014.07.018.

[9] Oyetayo OO, Slicker K, De La Rosa L, Lane W, Langsjoen D, Patel C, et al. Dual anti-
platelet compared to triple antithrombotic therapy in anterior wall acutemyocardial
infarction complicated by depressed left ventricular ejection fraction. Proc (Bayl
Univ Med Cent) 2015;28:445–9.

[10] Schwalm J-DR, Ahmad M, Salehian O, Eikelboom JW, Natarajan MK. Warfarin after
anterior myocardial infarction in current era of dual antiplatelet therapy: a random-
ized feasibility trial. J Thromb Thrombolysis 2010;30:127–32. http://dx.doi.org/10.
1007/s11239-010-0448-6.

[11] Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al. Ticagrelor
versus clopidogrel in patients with acute coronary syndrome. N Engl J Med 2009;
261:1045–57. http://dx.doi.org/10.1056/NEJMoa0810625.

[12] Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK, et al. Effects of
clopidogrel in addition to aspirin in patients with acute coronary syndromes with-
out ST-segment elevation. N Engl J Med 2001;345:494–502. http://dx.doi.org/10.
1056/NEJMoa010746.

[13] Dewilde WJM, Oirbans T, Verheugt FWA, Kelder JC, De Smet BJGL, Herrman JP, et al.
Use of clopidogrel with or without aspirin in patients taking oral anticoagulant ther-
apy and undergoing percutaneous coronary intervention: an open-label,
randomised, controlled trial. Lancet 2013;381:1107–15. http://dx.doi.org/10.1016/
S0140-6736(12)62177-1.

[14] Sørensen R, HansenML, Abildstrom SZ, Hvelplund A, Andersson C, Jørgensen C, et al.
Risk of bleeding in patients with acute myocardial infarction treated with different
combinations of aspirin, clopidogrel, and vitamin K antagonists in Denmark: a retro-
spective analysis of nationwide registry data. Lancet 2009;374:1967–74. http://dx.
doi.org/10.1016/S0140-6736(09)61751-7.

[15] Khurram Z, Chou E, Minutello R, Bergman G, Parikh M, Naidu S, et al. Combination
therapy with aspirin, clopidogrel and warfarin following coronary stenting is associ-
ated with a significant risk of bleeding. J Invasive Cardiol 2006;18:162–4.

[16] Mattichak SJ, Reed PS, Gallagher MJ, Boura JA, O'Neill WW, Kahn JK. Evaluation of
safety of warfarin in combination with antiplatelet therapy for patients treated
with coronary stents for acute myocardial infarction. J Interv Cardiol 2005;18:
163–6. http://dx.doi.org/10.1111/j.1540-8183.2005.04065.x.

[17] Rossini R, Musumeci G, Lettieri C, Molfese M, Mihalcsik L, Mantovani P, et al. Long-
term outcomes in patients undergoing coronary stenting on dual oral antiplatelet
treatment requiring oral anticoagulant therapy. Am J Cardiol 2008;102:1618–23.
http://dx.doi.org/10.1016/j.amjcard.2008.08.021.

[18] Fiedler KA, Maeng M, Mehilli J, Schulz-Schupke S, Byrne RA, Sibbing D, et al. Dura-
tion of triple therapy in patients requiring oral anticoagulation after drug-eluting
stent implantation: the ISAR-TRIPLE trial. J Am Coll Cardiol 2015;65:1619–29.
http://dx.doi.org/10.1016/j.jacc.2015.02.050.

[19] Chai-Adisaksopha C, Hillis C, Isayama T, Lim W, Iorio A, Crowther M. Mortality out-
comes in patients receiving direct oral anticoagulants: a systematic review and
Please cite this article as: Moulson N, et al, Prophylactic warfarin post anter
analysis, Cardiovasc Revasc Med (2017), http://dx.doi.org/10.1016/j.carrev
meta-analysis of randomized controlled trials. J Thromb Haemost 2015;13:
2012–20. http://dx.doi.org/10.1111/jth.13139.

[20] Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD,
et al. Comparison of the efficacy and safety of new oral anticoagulants with warfarin
in patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet 2014;
383:955–62. http://dx.doi.org/10.1016/S0140-6736(13)62343-0.

[21] Camm AJ, Amarenco P, Haas S, Hess S, Kirchhof P, Kuhls S, et al. XANTUS: a real-
world, prospective, observational study of patients treated with rivaroxaban for
stroke prevention in atrial fibrillation. Eur Heart J 2015:ehv466. http://dx.doi.org/
10.1093/eurheartj/ehv466.

[22] Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J Med 2009;
361:1139–51. http://dx.doi.org/10.1056/NEJMoa0905561.

[23] Dans AL, Connolly SJ, Wallentin L, Yang S, Nakamya J, BrueckmannM, et al. Concom-
itant use of antiplatelet therapy with dabigatran or warfarin in the Randomized
Evaluation of Long-term Anticoagulation Therapy (RE-LY) trial. Circulation 2013;
127:634–40. http://dx.doi.org/10.1161/CIRCULATIONAHA.112.115386.

[24] Angiolillo DJ, Goodman SG, Bhatt DL, Eikelboom JW, Price MJ, Moliterno DJ, et al. An-
tithrombotic therapy in patients with atrial fibrillation undergoing percutaneous
coronary intervention: a North American perspective – 2016 update. Circ Cardiovasc
Interv 2016;9:e004395. http://dx.doi.org/10.1161/CIRCINTERVENTIONS.116.
004395.

[25] ClinicalTrials.gov. Evaluation of dual therapy with dabigatran vs. triple therapy with
warfarin in patients with AF that undergo a PCI with stenting (REDUAL-PCI). n.d.
https://clinicaltrials.gov/ct2/show/NCT02164864?term=REDUAL&rank=1.
[accessed June 28, 2016].

[26] Gibson CM, Mehran R, Bode C, Halperin J, Verheugt FW, Wildgoose P, et al. Preven-
tion of bleeding in patients with atrial fibrillation undergoing PCI. N Engl J Med
2016;375:2423–34. http://dx.doi.org/10.1056/NEJMoa1611594.

[27] ClinicalTrials.gov. A study of apixaban in patients with atrial fibrillation, not caused
by a heart valve problem, who are at risk for thrombosis (blood clots) due to having
had a recent coronary event, such as a heart attack or a procedure to open the ves-
sels of the heart. n.d. https://clinicaltrials.gov/ct2/show/NCT02415400. [accessed
December 4, 2016].

[28] ClinicalTrials.gov. Edoxaban treatment versus vitamin K antagonist in patients with
atrial fibrillation undergoing percutaneous coronary intervention. n.d. https://
clinicaltrials.gov/ct2/show/NCT02866175. [accessed December 4, 2016].

[29] Roifman I, Connelly KA, Wright GA, Wijeysundera HC. Echocardiography vs. cardiac
magnetic resonance imaging for the diagnosis of left ventricular thrombus: a sys-
tematic review. Can J Cardiol 2015;31:785–91. http://dx.doi.org/10.1016/j.cjca.
2015.01.011.

[30] Saric M, Armour AC, Arnaout MS, Chaudhry FA, Grimm RA, Kronzon I, et al. Guide-
lines for the use of echocardiography in the evaluation of a cardiac source of embo-
lism. J Am Soc Echocardiogr 2016;29:1–42. http://dx.doi.org/10.1016/j.echo.2015.
09.011.

[31] Weinsaft JW, Kim J, Medicherla CB, Ma CL, Codella NCF, Kukar N, et al. Echocardio-
graphic algorithm for post-myocardial infarction LV thrombus: a gatekeeper for
thrombus evaluation by delayed enhancement CMR. JACC Cardiovasc Imaging
2015;9. http://dx.doi.org/10.1016/j.jcmg.2015.06.017.
ior ST-elevationmyocardial infarction: A systematic review andmeta-
.2017.05.002

http://dx.doi.org/10.1097/MCA.0000000000000032
http://dx.doi.org/10.1016/j.jcin.2014.07.018
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0045
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0045
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0045
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0045
http://dx.doi.org/10.1007/s11239-010-0448-6
http://dx.doi.org/10.1007/s11239-010-0448-6
http://dx.doi.org/10.1056/NEJMoa0810625
http://dx.doi.org/10.1056/NEJMoa010746
http://dx.doi.org/10.1056/NEJMoa010746
http://dx.doi.org/10.1016/S0140-6736(12)62177-1
http://dx.doi.org/10.1016/S0140-6736(12)62177-1
http://dx.doi.org/10.1016/S0140-6736(09)61751-7
http://dx.doi.org/10.1016/S0140-6736(09)61751-7
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0075
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0075
http://refhub.elsevier.com/S1553-8389(17)30165-3/rf0075
http://dx.doi.org/10.1111/j.1540-8183.2005.04065.x
http://dx.doi.org/10.1016/j.amjcard.2008.08.021
http://dx.doi.org/10.1016/j.jacc.2015.02.050
http://dx.doi.org/10.1111/jth.13139
http://dx.doi.org/10.1016/S0140-6736(13)62343-0
http://dx.doi.org/10.1093/eurheartj/ehv466
http://dx.doi.org/10.1093/eurheartj/ehv466
http://dx.doi.org/10.1056/NEJMoa0905561
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.115386
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.116.004395
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.116.004395
https://clinicaltrials.gov/ct2/show/NCT02164864?term=REDUAL&rank=1
http://dx.doi.org/10.1056/NEJMoa1611594
https://clinicaltrials.gov/ct2/show/NCT02415400
https://clinicaltrials.gov/ct2/show/NCT02866175
https://clinicaltrials.gov/ct2/show/NCT02866175
http://dx.doi.org/10.1016/j.cjca.2015.01.011
http://dx.doi.org/10.1016/j.cjca.2015.01.011
http://dx.doi.org/10.1016/j.echo.2015.09.011
http://dx.doi.org/10.1016/j.echo.2015.09.011
http://dx.doi.org/10.1016/j.jcmg.2015.06.017
http://dx.doi.org/10.1016/j.carrev.2017.05.002

	Prophylactic warfarin post anterior ST-�elevation myocardial infarction: A systematic review and meta-�analysis
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	4.1. Limitations

	5. Conclusion
	References


