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Comparison of Systematic 
Ticagrelor-Based Dual Antiplatelet 
Therapy to Selective Triple 
Antithrombotic Therapy for Left 
Ventricle Dysfunction Following 
Anterior STEMI
Alexandra Bastiany1, Alexis Matteau1,2, Fady El-Turaby1, Alexandre Angers-Goulet  3, 
Samer Mansour1,2, Benoit Daneault3 & Brian J. Potter  1,2

Antithrombotic management of STEMI patients with apical dysfunction, but without demonstrable 
thrombus, is controversial. Triple antithrombotic therapy (TATT, defined as the addition of oral 
anticoagulation to dual antiplatelet therapy, or DAPT) may be associated with increased bleeding, 
while DAPT alone may not adequately protect against cardio-embolic events. We undertook a 
dual-center study of anterior STEMI patients treated with primary PCI (pPCI) from 2013 to 2015 and 
presenting presumed new apical dysfunction. The Centre hospitalier de l’Université de Montréal (CHUM) 
uses a strategy of selective TATT, whereas the Centre hospitalier universitaire de Sherbrooke (CHUS) has 
favored ticagrelor-based DAPT for all patients since 2013. The primary composite outcome consisted of 
death, MI, stroke, revascularization, and BARC 3 to 5 bleeding up to 4-months follow-up. We identified 
177 cases (69 CHUM; 108 CHUS). Baseline characteristics were similar and procedural success was 
high (97%). There was no difference in post-procedure LVEF (39 ± 9% vs 37 ± 9%) or the extent of 
apical dysfunction. The primary composite outcome occurred in 27% with the selective TATT strategy 
compared to 19% with ticagrelor-DAPT (p = 0.342). Thus, this retrospective dual-center analysis 
does not support a strategy of conventional TATT over ticagrelor-based DAPT for patients with apical 
dysfunction following anterior STEMI treated with pPCI. A pragmatic randomized trial is needed to 
provide a definitive answer to this clinical conundrum.

The risk of cerebral ischemic events is higher after myocardial infarction (MI). Historically, this risk has been 
shown to be particularly elevated following anterior ST-elevation MI (STEMI) with regional wall motion abnor-
mality involving the left ventricular apex1–4. Such patients are at an increased risk of developing left ventricular 
thrombus (LVT), which is thought to lead to systemic embolism (SE), including stroke5–7. However, the most 
appropriate antithrombotic therapy for preventing SE in patients with apical dysfunction but no demonstrable 
thrombus remains controversial, particularly for patients treated with timely primary percutaneous coronary 
intervention (pPCI)8. The addition of oral anticoagulation to standard therapy for patients with apical dys-
function without LVT received a class IIb indication (LOE C) in the most recent STEMI guidelines (uncertain 
benefit)9–11. To date, there has been no adequately powered randomized controlled trial of prophylactic triple 
antithrombotic therapy (TATT, consisting of the addition of anticoagulation to dual antiplatelet therapy) and but 
a solitary single-center retrospective study addressing this question in an exclusively pPCI population8. Also, to 
the best of our knowledge, no study to date has specifically sought to compare TATT to dual antiplatelet therapy 
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(DAPT) with newer P2Y12-inhibitors. The objective of this retrospective study was therefore to determine the 
effectiveness and safety of modern ticagrelor-based DAPT without oral anticoagulation compared to a conven-
tional strategy of selective (physician discretion) TATT, herein defined as the addition of a vitamin-K antagonist 
to clopidogrel-based DAPT, for anterior STEMI patients treated with pPCI and presenting apical dysfunction on 
subsequent transthoracic echocardiography (TTE).

Methods
The Centre hospitalier de l’Université de Montréal (CHUM) and the Centre hospitalier universitaire de Sherbrooke 
(CHUS) are two large-volume, academic, tertiary care centers in the province of Québec, Canada. In response to 
the recent availability of ticagrelor, cardiologists at the CHUS have abandoned the practice of prophylactic anti-
coagulation of apical dysfunction in favor of systematic ticagrelor-based DAPT since 2013 with rare exception. 
In contrast, no such practice shift was noted at the CHUM, where clinicians have elected to pursue traditional 
clopidogrel-based TATT in selected cases of apical dysfunction. The decision to add anticoagulation to DAPT at 
the CHUM is typically based on a combination of the extent of apical dysfunction, the left ventricular ejection 
fraction (LVEF), and perceived bleeding risk, but it is not standardized (physician discretion). The care objectives 
for STEMI patients in these two university hospitals is otherwise identical. This study was approved by the institu-
tional review boards of each center that provided a waiver of informed consent and was conducted in accordance 
with the Good Clinical Practice (GCP) guidelines.

We conducted a retrospective analysis of all patients admitted or transferred to the CHUM or CHUS from 
April 1st, 2013, to March 31st, 2015, with a primary diagnosis of anterior STEMI treated with pPCI and presenting 
presumed new apical dysfunction by TTE (≥1 dysfunctional apical segment) regardless of LVEF. All patients were 
identified through the catheterization laboratory procedure databases at either center. Patients were excluded if 
no revascularization procedure was performed, if they were revascularized by means other than by pPCI, or if 
TTE was not performed during the index hospitalization. Additional exclusion criteria included any established 
indication for anticoagulation (e.g. atrial fibrillation or demonstrable LVT on TTE) or a contra-indication to oral 
anticoagulation or antiplatelet therapy. All anterior STEMI patients treated with pPCI without these exclusions 
were included in the primary cohort. A survivorship sub-cohort of the primary cohort was also defined a priori 
consisting of those patients surviving to hospital discharge for whom discharge treatment would be known.

The primary efficacy outcome consisted of a “net averse clinical event” (NACE) composite outcome comprised 
of major adverse cardiovascular and cerebrovascular events (MACCE; death, myocardial infarction, unplanned 
revascularization, stroke, or transient ischemic attack) and major bleeding (Bleeding Academic Research 
Consortium (BARC) class 3 or 5) at 4 months12.

Prospectively identified secondary outcomes included the individual components of the primary composite 
outcome, an “irreversible events” composite outcome (death, MI, stroke, or intracerebral hemorrhage), and LVT 
formation. Additionally, we defined an exploratory post hoc “treatment failure” composite outcome variable com-
prised of the occurrence of the MACCE, major bleeding, or LVT formation (i.e. NACE or LVT).

Descriptive statistics are presented as the number of individuals and percent proportion for categorical var-
iables, means and standard deviation for normally distributed continuous data, and medians and interquartile 
ranges for non-normally distributed continuous data. Crude rates were compared using the Fisher Exact or Chi2 
tests, as appropriate. A Student’s t-test or the Median test were used for continuous variables, as appropriate.

Our primary analysis consisted of a comparison of the two hospital-stratified treatment strategies – 
ticagrelor-DAPT for all (CHUS) vs. physician-discretion TATT or DAPT (CHUM) – using multivariable logistic 
regression with a backwards selection algorithm (p = 0.25) with a plan to use the hospital of admission as an 
instrumental variable provided that significant antithrombotic practice divergence could be confirmed.

Secondary analyses limited to the survivorship sub-cohort were also conducted. First, a similar multivariable 
instrumental variable analysis of post-discharge events limited to those patients surviving to discharge (survi-
vorship sub-cohort) was performed using the same methods described for the primary analysis. Second, we also 
sought to compare TATT to ticagrelor-DAPT irrespective of the hospital of admission in a propensity-matched 
sample using a greedy 1:1 matching algorithm for the likelihood of receiving TATT at discharge. Necessarily, this 
analysis was also limited to the survivorship sub-cohort for whom discharge therapy was known. All statistical 
analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, North Carolina) and a p < 0.05 was considered 
significant for all analyses without correction in keeping with an exploratory analysis.

Results
A total of 177 patients, aged between 22 and 91 years, met the inclusion criteria of this study. Baseline clinical 
and procedural characteristics are presented in Table 1. Patients at the CHUM had higher rates of hypertension 
and diabetes and had higher CHADS2 scores compared to patients at the CHUS. Clinical characteristics were 
otherwise overall similar. Most patients in both groups were treated with drug-eluting stents. However, treatment 
delay was longer and more patients experienced cardiac arrest at the CHUM. Despite this, there was no difference 
in post-pPCI LVEF, nor in the extent of apical dysfunction in terms of the number of affected segments between 
the two hospital populations.

In-hospital event rates are shown in Table 2. Three CHUM patients and 7 CHUS patients died prior to dis-
charge. Antithrombotic treatment at discharge for surviving patients is shown in Table 3. A premise for the 
planned analysis was a very low rate of anticoagulation at discharge among patients at the CHUS. Indeed, only 7% 
of CHUS patients received TATT (akin to cross-over). The vast majority of the remaining patients were treated 
with ticagrelor-based DAPT. In comparison, 44% of CHUM patients surviving to discharge were treated with 
TATT. The other 56% were nearly equally likely to receive clopidogrel-, ticagrelor-, or prasugrel-based DAPT. 
Antiplatelet and anticoagulant treatment patterns were statistically different between both centers. No patient in 
either group was discharged on non-vitamin K oral anticoagulant (NOAC) therapy.
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Clinical follow-up at 4 months was available in 97% of patients. The rate of the primary NACE composite 
outcome was 27% with the selective TATT strategy (CHUM) compared to 19% with the ticagrelor-DAPT strategy 
(CHUS; p = 0.342). Comparison of MACCE alone (21% vs 19%, p = 0.844) was also non-significant, but there 
was a significant excess of major bleeding with the selective TATT strategy (7% vs 0%, p = 0.019) and a trend in 
terms of an increase in the irreversible events composite outcome (15% vs 6%, p = 0.104; Table 4). The results 
of subgroup analyses based on LVEF and the extent of apical dysfunction are shown in Supplementary Material 
(Table A1). After multivariate regression with instrumental variable analysis, admission hemoglobin predicted 
NACE, major bleeding, and treatment failure, whereas the presence of cardiogenic shock was an independent 

CHUM  
(Selective TATT)
N = 69

CHUS  
(Ticagrelor-DAPT)
N = 108

Unadjusted 
p-value

Age (yrs) 64.6 ± 13.6 62.2 ± 10.9 0.183

Men 49 (71%) 79 (73%) 0.863

Diabetes 17 (25%) 10 (9%) 0.009*

Hypertension 37 (54%) 41 (38%) 0.045*

Dyslipidemia 31 (45%) 43 (40%) 0.534

BMI (kg/m2) 27.1 ± 5.2 27.0 ± 4.2 0.898

eGFR (mL/min) 84.5 ± 35.2 100.7 ± 38.5 0.007*

Hemoglobin (g/L) 142.3 ± 27.2 141.1 ± 16.3 0.706

Stroke/TIA History 2 (3%) 2 (2%) 0.641

CHADS2 Score 1 (0–2) 0 (0–1) 0.012*

CHA2DS2-VASC Score 1 (1–3) 1 (0–2) 0.160

HASBLED Score 1 (0–2) 1 (0–1) 0.074

Prior PCI 11 (16%) 1 (1%) 0.0002*

Radial Access 57 (83%) 81 (75%) 0.268

FMC-Device Time (min) 127 (101–178) 97 (79–121) <0.001*

FMC-Device ≤ 90 min 15 (22%) 43 (40%) 0.021*

Drug-Eluting Stent Use 45 (65%) 84 (78%) 0.083

Procedural Success 64 (93%) 108 (100%) 0.008*

Cardiac Arrest 16 (23%) 11 (10%) 0.031*

LVEF 39% ± 9% 37% ± 9% 0.892

No. Dysf. Apical Segments 4 (3–4) 4 (4–4) 0.469

  1 Dysf. Segment 1 (1%) 6 (6%) 0.293†

  2 Dysf. Segments 9 (13%) 11 (10%)

  3 Dysf. Segments 10 (15%) 9 (8%)

  4 Dysf. Segments 49 (71%) 82 (76%)

Table 1. Selected Baseline Characteristics. BMI: Body mass index. eGFR: Estimate glomerular filtration rate 
(Cockcroft-Gault method). TIA: Transient ischemic attack. PCI: Percutaneous coronary intervention. FMC: 
First medical contact. LVEF: Left ventricular ejection fraction. *p < 0.05. †Result for the Chi2 analysis of the 
number of affected apical segments.

CHUM  
(Selective TATT)
N = 69

CHUS  
(Ticagrelor-DAPT)
N = 108

Unadjusted 
p-value

MACCE 7 (10%) 21 (19%) 0.139

  Death 3 (4%) 7 (6%) 0.742

  Myocardial Infarction 1 (1%) 0 (0%) 0.390

  Unplanned Revascularization 2 (3%) 15 (14%) 0.018*

   TLR 0 (0%) 5 (5%) 0.158

   Non-TLR 2 (3%) 10 (9%) 0.131

  Stroke/TIA 1 (1%) 0 (0%) 0.390

Major Bleeding 4 (6%) 0 (0%) 0.022*

  In-Hospital Transfusion 4 (6%) 1 (1%) 0.074

LVT* 0 (0%) 0 (0%) —

Table 2. In-Hospital Clinical Events. MACCE: Major adverse cardiovascular and cerebrovascular event. TLR: 
Target lesion revascularization. LVT: Left ventricular thrombus. *LVT was an exclusion criterion for this 
analysis.
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predictor of all composite outcomes driven by prediction of ischemic outcomes. The adjusted odds ratio for 
NACE with a selective TATT strategy was 1.87 (CI95 0.77–4.54), which was not statistically significant (p = 0.169).

The results of subgroup analyses in the survivorship sub-cohort are shown in the Supplementary Material 
(Table A2). There were no major bleeding or cerebral ischemic events identified in either group following dis-
charge. Given the lack of post-discharge clinical events ascertained in the CHUS group, it was impossible to 
establish univariate and multivariate predictors of post-discharge adverse events in this survivorship sub-cohort. 
The propensity-matched analysis (presented in detail in the Supplementary Material; Table A3) did not reveal any 
significant differences in terms of post-discharge clinical composite outcomes between TATT and DAPT patients.

The exploratory post hoc “treatment failure” composite outcome occurred in 17 (27%) cases at the CHUM and 
22 (20%) cases at the CHUS overall (p = 0.354), with 7(12%) and 1 (2%) post-discharge events occurring among 
CHUM and CHUS patients (p = 0.004), respectively. The lone patient to develop documented LVT had only 2 
dysfunctional segments post-pPCI and received ticagrelor-DAPT at the CHUS. Admission hemoglobin and car-
diogenic shock were again both independent predictors of “treatment failure” (NACE or LVT).

Discussion
The results of this analysis do not appear to support a strategy of physician-discretion TATT over a strategy of 
systematic ticagrelor-based DAPT in an all-comers pPCI population with anterior STEMI and apical dysfunction 
without thrombus. While there was no statistically significant difference in the NACE primary outcome, there 
was a signal for possible increased harm with a selective TATT strategy. Additionally, there was a small, but statis-
tically significant, excess of major bleeding events and a weak trend in terms of the “treatment failure” composite 
outcome with a selective TATT strategy. Multivariable analysis showed that admission hemoglobin was predictive 
of bleeding events, whereas cardiogenic shock was a strong independent predictor of ischemic risk. A propensity 
matched analysis of the survivorship sub-cohort – akin to an on-treatment analysis – also did not reveal any sig-
nificant difference between TATT and DAPT therapy.

Prophylactic anticoagulation of anterior STEMI patients with apical dysfunction is controversial9,10, particu-
larly for patients treated with pPCI and candidates for novel antiplatelet therapy8,13,14. In fact, the present study is, 
to the best of our knowledge, only the second study to address an exclusively pPCI population8 and the first to use 
a ticagrelor-based DAPT strategy as a comparator.

CHUM 
(Selective TATT) 
N = 66*

CHUS  
(Ticagrelor-DAPT) 
N = 101*

Unadjusted 
p-value

DAPT 37 (56%) 94 (93%) <0.0001

  Clopidogrel 15 (41%) 7 (7%) <0.0001

  Ticagrelor 13 (35%) 85 (90%) <0.0001

  Prasugrel 9 (24%) 2 (2%) 0.0002

TATT 29 (44%) 7 (7%) <0.0001

  Clopidogrel 24 (83%) 6 (86%) 1.0000

  Ticagrelor 1 (3%) 1 (14%) 0.3556

  Prasugrel 4 (14%) 0 (0%) 0.5658

  VKA 29 (100%) 7 (100%) —

  NOAC 0 (0%) 0 (0%)

Table 3. Antithrombotic Treatment at Discharge. *Three CHUM patients and 7 CHUS patients died prior to 
discharge. VKA: Vitamin K antagonist; NOAC: Non-vitamin K antagonist oral anticoagulant.

CHUM 
(Selective TATT)
N = 64*

CHUS  
(Ticagrelor-DAPT)
N = 108

Unadjusted 
p-value

Overall Population

  NACE 17 (27%) 21 (19%) 0.342

  MACCE 13 (21%) 21 (19%) 0.844

  Major Bleeding 4 (7%) 0 (0%) 0.019

  Irreversible Events 9 (15%) 7 (6%) 0.104

  LVT 0 (0%) 1 (2%) 1.000

   Treatment Failure** 
(NACE or LVT) 17 (27%) 22 (20%) 0.354

Table 4. Selected Primary and Secondary Outcomes (Complete Cohort). *Five CHUM patients without in-
hospital events did not have clinical follow-up within 4 ± 1month post-MI at either the CHUM or the identified 
referring center. **“Treatment Failure” was a post hoc outcome consisting of MACCE, Major Bleeding, or LVT. 
NACE: Net adverse clinical events. MACCE: Major adverse cardiovascular and cerebrovascular events. LVT: 
Left ventricular thrombus. LVEF: Left ventricular ejection fraction.
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Despite early reports of the benefits of adding anticoagulation to standard therapy for patients with anterior 
MI15–17, no study that has included PCI patients has demonstrated an advantage of TATT8,18–22. Moreover, despite 
a recent report that the incidence of LVT following pPCI is not negligible23, Le May et al.’s propensity-matched 
retrospective single-center analysis suggested a higher incidence of NACE with TATT compared with 
clopidogrel-based DAPT8,24. Recently, in a mixed pPCI and pharmacoinvasive population, Shavadia et al. showed 
no significant difference in terms of MACCE or bleeding, but a somewhat unexpected benefit in terms of mortal-
ity with TATT22. Clinicians are therefore faced with an important clinical conundrum with little direction from 
the guidelines10,25. Recently, however, it has been suggested by some that so-called “modern” DAPT consisting 
of aspirin and a novel P2Y12-inhbitor, such as ticagrelor, might be a reasonable alternative to TATT in pPCI 
patients. The practice shift at the CHUS since 2013 is an example of the attractiveness of such a simple therapeutic 
solution.

The present study was therefore designed to compare two broadly applied alternative treatment strategies; 
one of ticagrelor-based DAPT for all anterior STEMI patients with apical dysfunction treated by pPCI and the 
other representing a traditional strategy of selective-TATT at the treating physician’s discretion. The total cohort 
analysis did not reveal a significant difference between the two strategies in terms of the primary or any secondary 
composite outcomes. There was, however, a significant excess of major bleeding with a selective TATT strategy 
that is consistent with the recent findings of Le May et al. and Shavadia et al.8,22.

Whether to include in-hospital events in the primary analysis may be cause for some debate. Indeed, most of 
the retrospective registry analyses, particularly those relying on propensity matching, needed to know treatment 
at discharge to properly classify patients. However, this methodological necessity may have led to the exclusion 
(e.g. bleeding-related death prior to discharge) or misclassification (e.g. non-mortal bleeding in a TATT patient 
leading to DAPT treatment at discharge) of some individuals. As a patient’s treatment at discharge is typically 
known prior to discharge and, in the case of both DAPT and TATT, often by the second day of admission, we 
believe that any in-hospital event occurring after a diagnosis of apical dysfunction may be attributed to the treat-
ment assignment and that exclusion of these events may lead to bias. Fortunately, because we set out in our pri-
mary analysis to evaluate two treatment strategies (selective TATT vs ticagrelor-DAPT) that stratified according 
to the pPCI center of admission – and not treatment per se – patient classification was possible from the moment 
of study eligibility, allowing inclusion of in-hospital events in the outcome analyses. Analyses of post-discharge 
events in the survivorship sub-cohort, including the propensity-matched analysis, were performed in order to 
enhance comparability with prior studies.

Although it stands to reason that a clinically enriched population with high risk features (eg, lower LVEF and 
more extensive apical dysfunction) may derive more benefit from more aggressive antithrombotic therapy, we 
elected to use broad apical dysfunction criteria (≥1 segment) without specifying LVEF for study entry in order 
to evaluate the effectiveness of two treatment strategies as they are currently applied in clinical practice. In the 
CHUM patients, the presence of an LVEF less than 40% and at least 2 dysfunctional apical segments appeared 
generally sufficient to warrant anticoagulation prophylaxis in most cases, suggesting that clinicians already try 
to target higher-risk anterior STEMI patients for LVT prophylaxis. However, while not powered for subgroup 
analyses, the findings in the different LV dysfunction subgroups were generally similar to the overall results in 
this analysis.

The results of this retrospective study must be interpreted with caution, however, and should be viewed as 
hypothesis generating; potentially forming the basis for a definitive trial. First, only a minority of patients had 
a repeat TTE by 4 months and the use of contrast media was at the echocardiographer’s discretion. This issue is 
common to recent retrospective analyses8,21,22. Second, although clinical follow-up at 4 months was available for 
most patients, the occurrence of specific clinical events was not prospectively assessed or adjudicated. The low 
rates of LVT/SE4,23,26 and major bleeding, for example, raise at least the specter of ascertainment bias. Similarly, 
the “treatment failure” outcome, which was defined post hoc, is subject to the same risk of ascertainment bias as 
other outcomes. However, in contrast to other recent analyses on this subject, the risk of misclassifying treatment 
assignment is low and in-hospital events were not excluded. Additionally, the decision to include lower-risk ante-
rior STEMI patients may have favored a strategy of less aggressive antithrombotic therapy (i.e. ticagrelor-DAPT). 
Finally, the null findings of the propensity matched analysis must be interpreted with caution due to sample size 
attrition and the low rate of clinical events.

Despite these limitations, both the present dual-center analysis and the single-center analysis by Le May  
et al.8 failed to show an advantage for TATT over DAPT when prescribed solely for apical dysfunction following 
STEMI in a pPCI population. Shavadia et al.22 had similar findings in their propensity-matched analysis of a 
mixed pPCI/pharmacoinvasive population. Le May et al.’s study even suggested the possibility of increased harm 
with TATT when compared to clopidogrel-DAPT, with hemorrhagic events as the main driver8. Our analysis 
also showed an excess of bleeding with a selective TATT strategy. As the hemorrhagic risk of TATT compared 
to DAPT is well-documented1,4,27,28, this is perhaps not surprising. (A similar numerical tendency was noted 
by Shavadia et al. that was not statistically significant22). In contrast to the study by Le May et al.8, however, 
unplanned revascularization – and not bleeding –was the primary driver of the NACE composite outcome excess 
post-discharge in our cohort. It is unclear why this would be, but foregoing the demonstrated benefit of ticagrelor- 
over clopidogrel-based therapy is a possibility, as is antithrombotic therapy interruptions resulting from undocu-
mented major or non-major bleeding events.

In addition to the newer antiplatelet agents, such as ticagrelor, novel non-vitamin K antagonist oral anti-
coagulants (NOACs) are now available to clinicians, have been studied in patients requiring PCI29–31, and may 
ultimately result in alternative practical solutions for apical dysfunction without thrombus, as well. The PIONEER 
AF-PCI trial, for example, showed a reduced risk of bleeding without an increased risk of ischemic events using 
either of two rivaroxaban regimens in atrial fibrillation patients requiring PCI compared to conventional TATT32, 
making these interesting strategies for study in high-risk anterior STEMI populations.
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Conclusion
The present study adds significantly to the literature on anticoagulation for apical dysfunction in the pPCI era, 
including predictors of hemorrhagic and ischemic events, and is the first to compare a strategy of systematic 
ticagrelor-DAPT to a traditional one of selective (physician discretion) TATT. When applied to a broad anterior 
STEMI population (≥1 dysfuncitonal apical segment regardless of LVEF), selective TATT was not shown to be 
superior to ticagrelor-DAPT and may be associated with excess harm. However, the occurrence of LVT in the 
ticagrelor-DAPT group deserves consideration and close echocardiographic follow-up of patients not treated 
with TATT may well be prudent. Given the methodological limitations of retrospective analyses published to 
date in pPCI populations and the expanded antithrombotic armamentarium currently available, an appropriately 
powered prospective trial is warranted.

References
 1. Delewi, R., Zijlstra, F. & Piek, J. J. Left ventricular thrombus formation after acute myocardial infarction. Heart 98, 1743–1749, 

https://doi.org/10.1136/heartjnl-2012-301962 (2012).
 2. Witt, B. J. et al. The incidence of stroke after myocardial infarction: a meta-analysis. Am J Med 119, 354 e351–359, https://doi.

org/10.1016/j.amjmed.2005.10.058 (2006).
 3. Vaitkus, P. T. & Barnathan, E. S. Embolic potential, prevention and management of mural thrombus complicating anterior 

myocardial infarction: a meta-analysis. J Am Coll Cardiol 22, 1004–1009 (1993).
 4. Driesman, A. et al. Incidence and Predictors of Left Ventricular Thrombus After Primary Percutaneous Coronary Intervention for 

Anterior ST-Segment Elevation Myocardial Infarction. Clin Cardiol 38, 590–597, https://doi.org/10.1002/clc.22450 (2015).
 5. Asinger, R. W., Mikell, F. L., Elsperger, J. & Hodges, M. Incidence of left-ventricular thrombosis after acute transmural myocardial 

infarction. Serial evaluation by two-dimensional echocardiography. N Engl J Med 305, 297–302, https://doi.org/10.1056/
nejm198108063050601 (1981).

 6. Weinreich, D. J., Burke, J. F. & Pauletto, F. J. Left ventricular mural thrombi complicating acute myocardial infarction. Long-term 
follow-up with serial echocardiography. Ann Intern Med 100, 789–794 (1984).

 7. Keren, A. et al. Natural history of left ventricular thrombi: their appearance and resolution in the posthospitalization period of acute 
myocardial infarction. J Am Coll Cardiol 15, 790–800 (1990).

 8. Le May, M. R. et al. Prophylactic warfarin therapy after primary percutaneous coronary intervention for anterior ST-segment 
elevation myocardial infarction. JACC Cardiovasc Interv 8, 155–162, https://doi.org/10.1016/j.jcin.2014.07.018 (2015).

 9. American College of Emergency, P. 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 Association Task Force on Practice Guidelines. J Am Coll 
Cardiol 61, e78–140, doi:10.1016/j.jacc.2012.11.019 (2013).

 10. Task Force Members, Steg, G. et al. ESC Guidelines for the management of acute myocardial infarction in patients presenting with 
ST-segment elevation: The Task Force on the management of ST-segment elevation acute myocardial infarction of the European 
Society of Cardiology (ESC). Eur Heart J 33, 2569–2619, https://doi.org/10.1093/eurheartj/ehs215 (2012).

 11. Vandvik, P. O. et al. Primary and secondary prevention of cardiovascular disease: Antithrombotic Therapy and Prevention of 
Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 141, e637S–668S, 
https://doi.org/10.1378/chest.11-2306 (2012).

 12. Mehran, R. et al. Standardized bleeding definitions for cardiovascular clinical trials: a consensus report from the Bleeding Academic 
Research Consortium. Circulation 123, 2736–2747, https://doi.org/10.1161/CIRCULATIONAHA.110.009449 (2011).

 13. Wiviott, S. D. et al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 357, 2001–2015, https://
doi.org/10.1056/NEJMoa0706482 (2007).

 14. Wallentin, L. et al. Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 361, 1045–1057, https://
doi.org/10.1056/NEJMoa0904327 (2009).

 15. Nordrehaug, J. E., Johannessen, K. A. & von der Lippe, G. Usefulness of high-dose anticoagulants in preventing left ventricular 
thrombus in acute myocardial infarction. Am J Cardiol 55, 1491–1493 (1985).

 16. Turpie, A. G. et al. Comparison of high-dose with low-dose subcutaneous heparin to prevent left ventricular mural thrombosis in 
patients with acute transmural anterior myocardial infarction. N Engl J Med 320, 352–357, https://doi.org/10.1056/NEJM198902093 
200604 (1989).

 17. Randomised controlled trial of subcutaneous calcium-heparin in acute myocardial infarction. The SCATI (Studio sulla Calciparina 
nell’Angina e nella Trombosi Ventricolare nell’Infarto) Group. Lancet 2, 182–186 (1989).

 18. Schwalm, J. D. R., Ahmad, M., Salehian, O., Eikelboom, J. W. & Natarajan, M. K. Warfarin after anterior myocardial infarction in 
current era of dual antiplatelet therapy: A randomized feasibility trial. Journal of Thrombosis and Thrombolysis 30, 127–132, https://
doi.org/10.1007/s11239-010-0448-6 (2010).

 19. Buss, N. I., Friedman, S. E., Andrus, B. W. & DeVries, J. T. Warfarin for stroke prevention following anterior ST-elevation myocardial 
infarction. Coron Artery Dis 24, 636–641, https://doi.org/10.1097/mca.0000000000000032 (2013).

 20. White, D. C. et al. Comparison of the usefulness of enoxaparin versus warfarin for prevention of left ventricular mural thrombus 
after anterior wall acute myocardial infarction. American Journal of Cardiology 115, 1200–1203, https://doi.org/10.1016/j.amjcard. 
2015.02.007 (2015).

 21. Oyetayo, O. O. et al. Dual antiplatelet compared to triple antithrombotic therapy in anterior wall acute myocardial infarction 
complicated by depressed left ventricular ejection fraction. Proc (Bayl Univ Med Cent) 28, 445–449 (2015).

 22. Shavadia, J. S., Youngson, E., Bainey, K. R., Bakal, J. & Welsh, R. C. Outcomes and Prognostic Impact of Prophylactic Oral 
Anticoagulation in Anterior ST-Segment Elevation Myocardial Infarction Patients With Left Ventricular Dysfunction. J Am Heart 
Assoc 6, https://doi.org/10.1161/JAHA.117.006054 (2017).

 23. Robinson, A. A., Jain, A., Gentry, M. & McNamara, R. L. Left ventricular thrombi after STEMI in the primary PCI era: A systematic 
review and meta-analysis. Int J Cardiol 221, 554–559, https://doi.org/10.1016/j.ijcard.2016.07.069 (2016).

 24. Potter, B. J. & Bastiany, A. Triple Antithrombotic Therapy Following Anterior ST-Segment Elevation Myocardial Infarction. JACC 
Cardiovasc Interv 8, 1002–1003, https://doi.org/10.1016/j.jcin.2015.03.013 (2015).

 25. O’Gara, P. T. et al. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: executive summary: a 
report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines: 
developed in collaboration with the American College of Emergency Physicians and Society for Cardiovascular Angiography and 
Interventions. Catheter Cardiovasc Interv 82, E1–27, https://doi.org/10.1002/ccd.24776 (2013).

 26. Solheim, S. et al. Frequency of left ventricular thrombus in patients with anterior wall acute myocardial infarction treated with 
percutaneous coronary intervention and dual antiplatelet therapy. Am J Cardiol 106, 1197–1200, https://doi.org/10.1016/j.
amjcard.2010.06.043 (2010).

 27. Dewilde, W. J. et al. Use of clopidogrel with or without aspirin in patients taking oral anticoagulant therapy and undergoing 
percutaneous coronary intervention: an open-label, randomised, controlled trial. Lancet 381, 1107–1115, https://doi.org/10.1016/
S0140-6736(12)62177-1 (2013).

http://dx.doi.org/10.1136/heartjnl-2012-301962
http://dx.doi.org/10.1016/j.amjmed.2005.10.058
http://dx.doi.org/10.1016/j.amjmed.2005.10.058
http://dx.doi.org/10.1002/clc.22450
http://dx.doi.org/10.1056/nejm198108063050601
http://dx.doi.org/10.1056/nejm198108063050601
http://dx.doi.org/10.1016/j.jcin.2014.07.018
http://dx.doi.org/10.1093/eurheartj/ehs215
http://dx.doi.org/10.1378/chest.11-2306
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.009449
http://dx.doi.org/10.1056/NEJMoa0706482
http://dx.doi.org/10.1056/NEJMoa0706482
http://dx.doi.org/10.1056/NEJMoa0904327
http://dx.doi.org/10.1056/NEJMoa0904327
http://dx.doi.org/10.1056/NEJM198902093200604
http://dx.doi.org/10.1056/NEJM198902093200604
http://dx.doi.org/10.1007/s11239-010-0448-6
http://dx.doi.org/10.1007/s11239-010-0448-6
http://dx.doi.org/10.1097/mca.0000000000000032
http://dx.doi.org/10.1016/j.amjcard.2015.02.007
http://dx.doi.org/10.1016/j.amjcard.2015.02.007
http://dx.doi.org/10.1161/JAHA.117.006054
http://dx.doi.org/10.1016/j.ijcard.2016.07.069
http://dx.doi.org/10.1016/j.jcin.2015.03.013
http://dx.doi.org/10.1002/ccd.24776
http://dx.doi.org/10.1016/j.amjcard.2010.06.043
http://dx.doi.org/10.1016/j.amjcard.2010.06.043
http://dx.doi.org/10.1016/S0140-6736(12)62177-1
http://dx.doi.org/10.1016/S0140-6736(12)62177-1


www.nature.com/scientificreports/

7SCientifiC REPORTS |  (2018) 8:10326  | DOI:10.1038/s41598-018-28676-4

 28. Asencio, L. A., Huang, J. J. & Alpert, J. S. Combining antiplatelet and antithrombotic therapy (triple therapy): what are the risks and 
benefits? Am J Med 127, 579–585, https://doi.org/10.1016/j.amjmed.2014.02.030 (2014).

 29. Augustus, V. Waller (1816–1870). Wallerian degeneration. JAMA 208, 2469–2470 (1969).
 30. Povsic T. J. et al. A Study to Compare the Safety of Rivaroxaban Versus Acetylsalicylic Acid in Addition to Either Clopidogrel or 

Ticagrelor Therapy in Participants With Acute Coronary Syndrome (GEMINI ACS 1). NCT02293395. https://clinicaltrials.gov/ct2/
show/NCT02293395. Accessed May 30th (2018).

 31. Darley, W. & Augustus, J. Carroll, 1907–1968. J Med Educ 43, 745–746 (1968).
 32. Gibson, C. M. et al. Prevention of Bleeding in Patients with Atrial Fibrillation Undergoing PCI. N Engl J Med 375, 2423–2434, 

https://doi.org/10.1056/NEJMoa1611594 (2016).

Acknowledgements
The authors would like to thank Dr. Maria Fadous for her contribution to data collection on this project. This 
work was supported by a research grant from AstraZeneca Canada Inc. (ESR-15-11471).

Author Contributions
Drs Potter, Daneault, Mansour, and Matteau conceived the study design and the case report form. Drs Potter and 
Matteau planned the statistical analysis. Drs Bastiany, El-Turaby, and Angers-Goulet performed data collection 
under supervision by Drs Potter and Daneault. Drs Potter and Matteau performed the statistical analyses. Drs 
Bastiany and Potter were primarily responsible for drafting the manuscript with critical insights and editing from 
Drs Matteau, Daneault, and Mansour.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-28676-4.
Competing Interests: Drs. Bastiany, Matteau, El Touraby, and Angers-Goulet have no conflicts to disclose.  
Dr. Mansour has received consulting and/or speaking honoraria from AstraZeneca Canada Inc. and Bayer Inc. 
and research funding from AstraZeneca Canada Inc. Dr. Daneault has received consulting and/or speaking 
honoraria from AstraZeneca Canada Inc., Bayer Inc., and Bristol-Myers Squibb Canada Co. Dr. Potter has 
received consulting and/or speaking honoraria from AstraZeneca Canada Inc., Bayer Inc., and Servier Canada 
Inc and research funding from AstraZeneca Canada Inc.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1016/j.amjmed.2014.02.030
http://dx.doi.org/10.1056/NEJMoa1611594
http://dx.doi.org/10.1038/s41598-018-28676-4
http://creativecommons.org/licenses/by/4.0/

	Comparison of Systematic Ticagrelor-Based Dual Antiplatelet Therapy to Selective Triple Antithrombotic Therapy for Left Ven ...
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Table 1 Selected Baseline Characteristics.
	Table 2 In-Hospital Clinical Events.
	Table 3 Antithrombotic Treatment at Discharge.
	Table 4 Selected Primary and Secondary Outcomes (Complete Cohort).




