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Background-—The contemporary role of prophylactic anticoagulation following extensive anterior wall ST-segment myocardial
infarction (STEMI) is unclear.

Methods and Results-—We evaluated anterior STEMI patients with left ventricle dysfunction (left ventricular ejection fraction
≤40%) (“high risk”), categorized by prophylactic warfarin use, within a regional STEMI. Patients with pre-existing atrial fibrillation
were excluded. The primary outcome was an adjusted (for Global Registry of Acute Coronary Events risk score) 1-year composite of
recurrent ischemia, stroke/transient ischemic attack/systemic embolism, or all-cause death. Of the 2032 STEMI admissions, 436
(21.5%) were high risk. After excluding 19 (4.4%) patients with definite left ventricle thrombus and 21 (4.8%) in-hospital deaths (2
had left ventricle thrombus), prophylactic warfarin was utilized in 236/398 (59.3%) high-risk survivors. Prescriptions were
comparable across sex, but recipients were on average younger (58.5 years versus 64.0 years, P<0.001) and lower risk (Global
Registry of Acute Coronary Events risk: 163 versus 181, P<0.001). No association on the adjusted ischemic composite (23.3%
versus 25.3%, odds ratio 0.96, 95% CI 0.60–1.55) or thromboembolic events (2.1% versus 1.2%, odds ratio 1.99, 95% CI 0.38–
10.51) was observed, but reduced 1-year all-cause mortality was noted (2.5% versus 8.6%, odds ratio 0.30, 95% CI 0.11–0.81);
numerically higher major bleeding was observed at 1 year (2.5% versus 1.2%, odds ratio 2.17, 95% CI 0.43–10.96).

Conclusions-—A high utilization of prophylactic warfarin occurs in anterior STEMI patients with left ventricle dysfunction, yet
appears to provide no additional benefit on the ischemic composite. The association with lower all-cause mortality, but higher
bleeding, calls for an improved understanding of its role in high-risk STEMI. ( J Am Heart Assoc. 2017;6:e006054. DOI: 10.
1161/JAHA.117.006054.)
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C urrent guidelines in the management of ST-segment
elevation myocardial infarction (STEMI) provide a rec-

ommendation for prophylactic oral anticoagulation (OAC) in
patients with anterior wall myocardial infarction with associ-
ated wall motion abnormalities (Class IIb, Level of Evidence:
C).1,2 The basis for this recommendation, however, stems

from evidence obtained in a relatively historical time frame
before contemporary expedited reperfusion strategies with
primary percutaneous coronary intervention or a fibrinolysis
pharmacoinvasive strategy delivered within STEMI systems of
care. Currently with more effective and rapid reperfusion
therapies, the frequency of left ventricle (LV) thrombus has
reduced,3–7 and combined with the aggressive use of
secondary prevention therapies, improved outcomes of ante-
rior STEMI with LV dysfunction (LVd) are expected in the
present day.

The recognition of the prognostic relevance of major
bleeding,8–10 particularly in patients with atrial fibrillation (AF)
on “triple therapy” (combination dual antiplatelet therapy and
OAC),11,12 has called into question the suggestion of prophy-
lactic anticoagulation in patients with apical wall motion
abnormalities following an acute anterior STEMI. In fact, the
European Society of Cardiology Working Group on Thrombosis
recognizes the absence of high-quality evidence in support of
prophylactic warfarin in this patient subgroup.13 Furthermore,
the uncertainty associated with prophylactic anticoagulation
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in day-to-day clinical practice is illustrated within The National
Survey of Canadian Practice Patterns on prophylactic antico-
agulation prescriptions following an anterior wall STEMI.14

In the absence of randomized data and given the paucity of
observational data evaluating the contemporary role of
prophylactic anticoagulation in patients with apical wall
motion abnormalities, we sought to (1) compare outcomes
of patients with anterior STEMI and LVd (left ventricular
ejection fraction [LVEF] ≤40%) (high-risk) to an “all-comer”
STEMI population (low risk) and (2) evaluate the prognostic
impact of prophylactic OAC in this high-risk group, within a
regional comprehensive STEMI reperfusion network (The Vital
Heart Response Registry).

Methods

Vital Heart Response Registry
The Vital Heart Response (VHR) is a regional reperfusion
network of care, developed in 2005, to implement timely and
evidence-based reperfusion therapies to maximize the out-
comes of STEMI patients in Central and Northern Alberta. In
brief, a 24-hour on-call VHR interventional cardiologist
coordinates care between the Emergency Medical Services
or non–percutaneous coronary intervention–capable hospital
emergency rooms, and based on the clinical scenario, an
electronically transmitted, and estimated timings of transfer,
decides on 1 of the 2 reperfusion options (pharmacoinvasive
or primary percutaneous coronary intervention).

Consecutive STEMI hospitalizations (including cardiac
arrests and cardiogenic shock) between October 2006 and
March 2011 were recorded as part of a comprehensive and

inclusive VHR registry. A standard definition of STEMI was
utilized15 and determined by adjudication of the ECG by VHR
interventional cardiologists. VHR contains detailed clinical
information obtained by chart review including patient demo-
graphics, medical history, hospitalization characteristics,
in-hospital procedures and pharmacotherapy, and in-hospital
clinical events.

Administrative Databases
Patients in the VHR registry were linked to the administrative
Discharge Abstract Database and the National Ambulatory
Care Reporting System using unique patient identifiers. The
Discharge Abstract Database contains all acute care hospi-
talizations in Alberta and includes admission and discharge
dates, discharge disposition, and relevant diagnostic details
including a most responsible diagnosis and up to 24 other
diagnosis fields. National Ambulatory Care Reporting System
contains details pertaining to in-hospital clinic and emergency
department visits in Alberta and contains arrival and depar-
ture dates, discharge disposition, a most responsible diagno-
sis, and up to 9 other diagnosis fields. Diagnosis fields in
Discharge Abstract Database and National Ambulatory Care
Reporting System are abstracted from patient charts by
trained health record nosologists according to the Interna-
tional Statistical Classification of Diseases and Health Related
Interventions, 10th revision, Canadian Enhancement (ICD-10-
CA) and following national standards developed by the
Canadian Institute for Health Information (http://www.c
ihi.ca). Dates of death for patients in the cohort were
obtained from the Alberta Health Care Insurance Plan
Registry, which tracks the vital status of Alberta residents.
Ethics approval for the study was obtained from the Health
Research Ethics Board of the University of Alberta. Since data
were collected from a clinical registry, the need for informed
consent from participants was waived.

Study Population
Patients in the VHR registry were linked to the administrative
databases, with patients unable to be linked excluded from
the current analysis. After selecting the earliest hospitaliza-
tion for each patient, we excluded patients who had a
diagnosis of AF (ICD-10 I48.x) any time before the index
hospitalization, as coded in any diagnosis field of the
administrative inpatient (Discharge Abstract Database) or
outpatient (National Ambulatory Care Reporting System) data.
Lastly, patients with missing values for ejection fraction or
first-diagnosis ECG were excluded from analysis. All LV
imaging was performed by transthoracic echocardiography
and interpreted by cardiologists with level 3 certification
within the index hospitalization. LVEF was recorded as a

Clinical Perspective

What Is New?

• Prophylactic warfarin does not mitigate the ischemic
composite, and in particular, the intended thromboem-
bolic risk, in left ventricular dysfunction following anterior
ST-segment myocardial infarction.

• In this high-risk group, an interesting association between
the use of oral anticoagulation and reduction in 1-year all-
cause mortality is noted.

What Are the Clinical Implications?

• Revision of the guideline recommendations on prophylactic
anticoagulation in this high-risk group needs to be
considered.

• An improved understanding of the role of oral anticoagu-
lants, specifically at lower intensity, on cardiovascular
mortality in high-risk ST-segment myocardial infarction is
required.
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percentage (over a 5% category range) across the study
period, and where indicated, echo contrast was utilized to
enhance myocardial opacification and aid LV thrombus
detection. Regional LV wall scores were obtained for all
high-risk patients using the 16-segment model as recom-
mended by the American Society of Echocardiography, and
scored in a standard fashion from 1 to 5.16 LV apical scores
were then generated by summing the 4 individual apical
segments.

STEMI patients were classified as high risk if both of the
following criteria were met: (1) ejection fraction ≤40%, and (2)
anterior STEMI/left bundle branch block on the first diagnos-
tic ECG. All patients not meeting these criteria were
considered low risk. Additionally, each of the 2 groups was
subdivided according to warfarin use at discharge. The
decision to use prophylactic warfarin was at the discretion
of treating physicians, and likely based on the combination of
echocardiographic parameters and bleeding risk. Prophylactic
warfarin is prescribed for 3 to 6 months per clinical practice
guidelines. The Global Registry of Acute Coronary Events Risk
Score was calculated using clinical variables from VHR
including age, history of hypertension, diabetes mellitus or
angina, systolic blood pressure, heart rate, Killip class, weight,
anterior or left bundle branch block ECG, and time to
treatment. Mean imputation was used for missing values in
variables required for the risk score calculations.

Outcome Definitions
Our primary outcome was the composite of recurrent
myocardial ischemia, stroke/transient ischemic attack/sys-
temic embolism or all-cause death within 1 year, of patients
discharged alive from their index STEMI hospitalization. We
evaluated a secondary outcome of major bleeding requiring
hospitalization within 1 year of discharge, as well each
component of the primary outcome separately. The primary
and secondary outcomes are described according to the risk
groups, and by warfarin status at discharge. Additionally, we
provide both the ischemic and bleeding outcomes at 6
months to limit the bias on the 1-year outcomes associated
with discontinuation of prophylactic OAC at the 3- to 6-month
period. The components of the primary outcome were defined
using the administrative data by a hospitalization or emer-
gency department visit having one of the corresponding ICD-
10 codes as the most responsible diagnosis within 1 year of
discharge (recurrent ischemia [I20–I25], ischemic stroke
[I63–I64], transient ischemic attack [G45], systemic embolism
[I74]). Bleeding requiring hospitalization was defined by a
hospitalization having one of the bleeding ICD-10 codes, as
has been previously defined17 in either of the first 2 diagnosis
fields ([H43.1, I85.x1, K22.11, K22.6, K25.0, K25.2, K25.4,
K25.6, K26.0, K26.2, K26.4, K26.6, K27.0, K27.2, K27.4,

K27.6, K28.0, K28.2, K28.4, K28.6, K29.x1, K31.811, K31.82,
K55.21, K62.5, K66.1, K92.0- K92.2, N02, R31, R58, R04.x
{x=0, 1, 2, 8, 9}, H35.6, M25.0xx]).

Statistical Analysis
Patient characteristics were summarized using proportions,
means, and medians as appropriate and compared across the
high-risk and low-risk groups using the v2 test, t test, or
Mann–Whitney test, respectively. Within each of the risk
groups, characteristics among warfarin users compared with
non-warfarin users were similarly compared.

Logistic regression models were used to compare out-
comes between the high- and low-risk groups, and between
warfarin status within the high-risk subgroup. Adjusted odds
ratios (ORs) (for Global Registry of Acute Coronary Events risk
scores) and corresponding 95% CIs were calculated, and the
Hosmer–Lemeshow statistic was used to confirm adequate
calibration for all logistic regression models.

As a sensitivity analysis, we conducted a propensity-
matched analysis for comparing warfarin status within the
high-risk subgroup. The propensity scores were calculated
using a logistic regression model with warfarin status as the
response variable and using stepwise selection with v2 P
value entry criterion 0.3 and retention criterion 0.2 to select
statistically significant covariates from the following candi-
dates: age, sex, time to first medical contact, reperfusion
type, systolic blood pressure, heart rate, comorbidities, in-
hospital events, in-hospital medications, and postdischarge
medications. Warfarin and nonwarfarin patients were then
matched on their propensity scores with a maximum allow-
able difference between pairs of 0.10 to ensure balanced
matching. Logistic regression was then used to calculate ORs
and corresponding 95% CIs to compare outcomes among the
matched groups. SAS version 9.4 (SAS Institute, Cary, NC)
was used for all statistical analysis.

Results
The derivation of the study cohort is described in Figure 1. Of
the 2032 non-AF STEMI patients admitted, 436 (21.5%)
comprised the high-risk group, with the remainder as low-risk
group (n=1596). Both risk groups had comparable demo-
graphics and cardiovascular profiles at baseline; however,
high-risk patients presented later from symptom onset, were
more likely to be treated with primary percutaneous coronary
intervention, and had a higher predicted risk of in-hospital
mortality (Table 1). As anticipated, a substantially greater
adverse in-hospital event rate is noted within the high-risk
group, and importantly, severalfold higher incidence of heart
failure/cardiogenic shock and all-cause mortality observed
compared with low-risk patients (Table 1).
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Of the 436 high-risk patients admitted, the definite
presence of LV thrombus was detected in 19 patients
(4.4%), within a median duration of 2 days (interquartile
range 1.5, 3) from the index infarct (all 19 patients received
anticoagulation). As described within Table S1, high-risk
patients diagnosed with and without LV thrombus had
comparable baseline cardiovascular risk profiles, total
ischemic times, and proportion receiving revascularization.
While 1 patient in the LV thrombus group developed an
in-hospital ischemic stroke and 2 died, similar in-hospital and
1-year outcomes are observed in the high-risk subgroups with
and without LV thrombus (Table S1).

Prophylactic warfarin was utilized in 59.3% (n=236/398) in
the high-risk patients at hospital discharge (after excluding 21
in-hospital deaths and 19 patients with definite LV thrombus
[2 of whom died]) and in 10.2% (n=161/1565) in the low-risk
group (after excluding 31 in-hospital deaths). Table 2
describes the baseline characteristics of high-risk patients
discharged or not on prophylactic OAC (before and after
propensity-score matching). High-risk warfarin-treated
patients were significantly younger, and with lower Global
Registry of Acute Coronary Events risk scores at admission.
No difference in the median LV apical scores (available for
144 of 436 patients) was noted in patients discharged or not

on warfarin (warfarin median 12 [interquartile range 12–12],
range [4–16], and no warfarin median 12 [interquartile range
11–12], range [6–20]). Additionally, no interaction for warfarin
prescription versus not was observed across a range of LVEF
(LVEF <20%: 5.2% versus 3.8%, 20–30%: 27.4% versus 21.4%
and 30–40%: 67.3% versus 74.7%, P(interaction)=0.25).

Baseline characteristics of low-risk patients are described
within Table S2, and comparable demographics, cardiovascu-
lar risk profiles, and predicted risk of in-hospital mortality are
noted.

Clinical Outcomes for High-Risk Versus Low-Risk
STEMI
As described in Table 1, high-risk patients had significantly
increased in-hospital mortality (4.8% versus 1.9%, P<0.001),
recurrent myocardial ischemia (0.9% versus 0.3%, P=0.048),
and heart failure/cardiogenic shock (23.4% versus 7.3%,
P<0.001), while in-hospital ischemic stroke (0.2% versus 0.1%,
P=0.62) and major bleeding (6.4% versus 6.3%, P=0.94) were
comparable across both risk groups.

However, while worse adverse in-hospital outcomes are
anticipated in the high-risk group, survivors to hospital
discharge continue to have a significantly increased 1-year
risk of an adverse ischemic cardiovascular composite (recur-
rent cardiac ischemia/stroke/transient ischemic attack/
systemic embolism or death) (24.1% versus 16.8%, adjusted
OR 1.50, 95% CI 1.15–1.96), predominantly driven by all-
cause mortality and recurrent myocardial ischemia (Figure 2).
Additionally, compared with low-risk patients, a trend to
increased bleeding requiring hospitalization at 1 year is
observed within the high-risk group (2.0% versus 0.8%,
adjusted OR 2.26, 95% CI 0.92–5.53).

One-Year Outcomes for High-Risk and Low-Risk
Patients by Warfarin Status
As depicted in Figure 3, no difference in the 1-year ischemic
composite (23.3% versus 25.3%, adjusted OR 0.96, 95% CI
0.60–1.55), or the individual thromboembolic components
(including stroke/transient ischemic attack/systemic embo-
lism) of this composite is noted in high-risk STEMI patients
discharged on prophylactic warfarin. Importantly, however,
prophylactic OAC appears to be associated with a significant
reduction in all-cause death at 1-year in high-risk STEMI
patients, but (limited by the small event rate, hence the wide
confidence intervals) was associated with numerically
increased bleeding requiring hospitalization (2.5% versus
1.2%, adjusted OR 2.17, 95% CI 0.43–10.96). Similar findings
are noted within the propensity-matched sensitivity analysis
with the exception of a difference in mortality reduction with
warfarin (Table S3).

Records in VHR database
N = 3592

Administra�ve outcomes data
available
N = 3285

Earliest hospitaliza�on for each
pa�ent
N = 3236

Non-Alberta postal code (n=265)

Invalid pa�ent iden�fier (n=39)

Non-AF pa�ents
N = 2868

Final cohort
N = 2032

(1980 discharged alive)

Missing Ejec�on Frac�on (n=548)

Missing ECG (n=224)
Missing Ejec�on Frac�on and ECG (n=64)

Incomplete chart review (n=3)

Figure 1. Patient identification and selection. AF indicates atrial
fibrillation; VHR, vital heart registry.
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Comparable to the absence of benefit associated with
warfarin in the high-risk group, prophylactic warfarin in the low-
risk group was in fact associated with higher overall rates of the
1-year adverse ischemic composite, driven by higher rates of
recurrent myocardial ischemia and thromboembolic events; no
significant differences inmajor bleedingwere noted (Figure S1).

Six-Month Outcomes by Risk Groups and
Warfarin Status
Analysis of the 6-month ischemic composite demonstrates a
similar trend (albeit limited by the small event rates) with a

higher overall adverse event rate in the high-risk compared
with the low-risk group (Table S4). Furthermore, analysis of
the ischemic and bleeding 6-month outcomes categorized by
warfarin status demonstrates outcomes comparable to the
1-year observations, suggestive that the primary 1-year
outcomes are likely not biased by discontinuation of prophy-
lactic anticoagulation at 3 to 6 months (Table S4).

Discussion
In this inclusive STEMI network of care registry evaluating
1-year outcomes following anterior wall STEMI and LVd, and

Table 1. Baseline Characteristics of STEMI Patients at Index Hospitalization

High Risk (n=436) Low Risk (n=1596) P Value

Age (y), mean (SD) 60.8 (13.7) 59.6 (12.7) 0.09

Female 109 (25) 369 (23.1) 0.41

GRACE risk score median (IQR) 169 (148, 199) 163 (144, 187) <0.001

Creatinine (lmol/L), mean (SD) 95.9 (36.6) 94.2 (43.1) 0.44

Medical history

Hypertension 206 (47.2) 736 (46.1) 0.67

Diabetes mellitus 80 (18.3) 252 (15.8) 0.20

Dyslipidemia 178 (40.8) 674 (42.2) 0.60

Prior MI 74 (17.0) 249 (15.6) 0.49

Family history premature CAD 85 (19.5) 417 (26.1) 0.004

Symptom onset to first medical contact (min), median (IQR) 137 (69, 485) 117 (62, 300) 0.01

Reperfusion modality <0.001

Primary PCI 225 (51.6) 682 (42.7)

Fibrinolysis 147 (33.7) 700 (43.9)

None 64 (14.7) 214 (13.4)

Length of hospital stay (days), median (IQR) 6 (5, 10) 4 (3, 6) <0.001

In-hospital events

Death 21 (4.8) 31 (1.9) <0.001

Re-MI 4 (0.9) 4 (0.3) 0.048

Cardiogenic shock or heart failure 102 (23.4) 116 (7.3) <0.001

Cardiac arrest 53 (12.2) 126 (7.9) 0.005

Non-ICH major bleeding 28 (6.4) 101 (6.3) 0.94

ICH 1 (0.2) 3 (0.2) 0.86

Ischemic stroke 1 (0.2) 2 (0.1) 0.62

In-hospital medications

Dual anti-platelet therapy 417 (95.6) 1550 (97.1) 0.12

ACE-I/ARB 412 (94.5) 1506 (94.4) 0.91

b-Blocker 425 (97.5) 1532 (96.0) 0.14

Cholesterol lowering 414 (95.0) 1499 (93.9) 0.42

Numbers are n (%) unless specified otherwise; P values calculated by v2 test (proportions), t test (means) or Wilcoxon-Mann–Whitney test (medians). ACE-I indicates angiotensin-converting
enzyme-inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; GRACE, Global Registry of Acute Coronary Events; ICH, intracranial hemorrhage; IQR, interquartile
range; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment myocardial infarction.
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the prognostic utility of prophylactic warfarin in this high-risk
population, 2 key findings emerge. First, despite the high
utilization of secondary prevention therapies at discharge,
anterior STEMI patients with LVd continue to have higher
odds of adverse cardiovascular outcomes out to 1 year.
Second, despite incident LV thrombus occurring relatively
infrequently, prophylactic anticoagulation is frequently utilized
in this high-risk group, yet it appears not to mitigate the risk
associated with systemic emboli/recurrent ischemia; though
associated with a reduction in all-cause mortality, a trend to
increased bleeding necessitating hospitalization at 1 year is
noted in this high-risk group.

The integration of rapid prehospital STEMI diagnosis,
expedited reperfusion strategies, and potent post-acute
coronary syndrome (ACS) pharmacotherapies has translated
into substantial reductions in both in-hospital and long-term
STEMI mortality.18 However, the presence of symptomatic
heart failure or systolic dysfunction (LVEF <40%) following an

anterior wall myocardial infarction has been independently
associated with adverse outcomes.19–22 The results of this
study continue to demonstrate that despite the substantial
advances made in integrating STEMI care, the presence of
LVd following anterior STEMI continues to be associated with
substantially higher in-hospital mortality. Worse still, survivors
of this high-risk STEMI subgroup continue to demonstrate a
trend to recurrent myocardial ischemia and increased all-
cause mortality over the first year in spite of >95% utilization
of dual antiplatelet and other key evidence-based secondary
prevention therapies. Similar observations have been
described in anterior STEMI patients with a mean LVEF of
40% in a substudy of the Intracoronary Abciximab Infusion and
Aspiration Thrombectomy in patients Undergoing Percuta-
neous Coronary Intervention for Anterior ST Segment
Elevation Myocardial Infarction trial (INFUSE-AMI) trial, where
doubling of the 30-day mortality is seen at 1 year, despite the
high utilization of secondary prevention ACS therapies.23

Table 2. Baseline Characteristics of High-Risk Group by Warfarin Status (Before and After Matching)

Before Matching

P Value

After Matching

P Value
Standardized
Difference

Warfarin
(n=252)

No Warfarin
(n=184)

Warfarin
(n=126)

No Warfarin
(n=126)

Age (y), mean (SD) 58.5 (12.4) 64.0 (14.8) <0.001 61.9 (12.4) 61.5 (14.3) 0.81 0.03

Female 57 (22.6) 52 (28.3) 0.18 34 (27.0) 29 (23.0) 0.47 0.09

GRACE risk score, median (IQR) 163 (142, 189) 181 (152, 213) <0.001 167 (148, 197) 169 (144, 199) 0.56 0.06

Creatinine (lmol/L), mean (SD) 91.3 (24.4) 102.2 (47.9) 0.002 90.5 (25.6) 95.1 (39.8) 0.28 �0.14

Medical history

Hypertension 111 (44.0) 95 (51.6) 0.12 61 (48.4) 61 (48.4) 0.99 0.00

Diabetes mellitus 47 (18.7) 33 (17.9) 0.85 25 (19.8) 19 (15.1) 0.32 0.13

Dyslipidemia 101 (40.1) 77 (41.8) 0.71 54 (42.9) 51 (40.5) 0.70 0.05

Prior MI 37 (14.7) 37 (20.1) 0.14 24 (19.0) 22 (17.5) 0.74 0.04

Family history premature CAD 46 (18.3) 39 (21.2) 0.44 22 (17.5) 30 (23.8) 0.21 �0.16

Symptom onset to first medical
contact (min), median (IQR)

120 (66, 400) 169 (71, 593) 0.25 140 (65, 567) 157 (70, 398) 0.87 0.10

Reperfusion modality

Primary PCI 138 (54.8) 87 (47.3) <0.001 63 (50.0) 61 (48.4) 0.96 0.03

Fibrinolysis 92 (36.5) 55 (29.9) 47 (37.3) 48 (38.1) . . . . . .

None 22 (8.7) 42 (22.8) 16 (12.7) 17 (13.5) . . . . . .

Length of hospital stay (days), median (IQR) 7 (5, 9) 6 (4, 10) 0.003 7 (5, 10) 5 (4, 9) 0.004 �0.05

In-hospital medications

Dual anti-platelet therapy 245 (97.2) 172 (93.5) 0.059 119 (94.4) 119 (94.4) 0.99 0.00

ACE-I/ARB 247 (98.0) 165 (89.7) <0.001 123 (97.6) 124 (98.4) 0.65 �0.06

b-Blocker 251 (99.6) 174 (94.6) <0.001 126 (100.0) 125 (99.2) 0.32 0.13

Cholesterol lowering 242 (96.0) 172 (93.5) 0.23 121 (96.0) 122 (96.8) 0.73 �0.04

Numbers are n (%) unless specified otherwise; P values calculated by v2 test (proportions), t test (means), or Wilcoxon-Mann–Whitney test (medians). Matched groups exclude patients who
died during index hospitalization and those with left ventricular thrombus. ACE-I indicates angiotensin-converting enzyme-inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery
disease; GRACE, Global Registry of Acute Coronary Events; IQR, interquartile range; MI, myocardial infarction; PCI, percutaneous coronary intervention.
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These sobering results continue to highlight the fact that
anterior STEMI patients with LVd remain a very high-risk
subgroup—one in which the in-hospital mortality has
remained persistently elevated, and in hospital survivors,
the risk of adverse outcomes continues to increase in the long
term.

Not surprisingly, LVd following an anterior wall infarct also
forms the subgroup at highest risk of development of LV
thrombus.24 While there has been a certain decrease in
incident LV thrombus formation compared with the prethrom-
bolytic reperfusion era,4,7,25,26 contemporary data are highly
variable in regard to the accurate incidence of LV thrombus
formation following anterior wall infarction. This variability is
predominantly attributable to the heterogeneity in the defini-
tion of LV thrombus (definite versus probable/possible), the
timing of LV imaging relative to the infarct, and the utilization
of superior imaging (cardiac magnetic resonance imaging)
modalities in LV thrombus detection. Aligned with the results
of this study, existing literature is consistent in reporting rates
of definite LV thrombus between 3% and 9%,4,7,27–29 with a
time-dependent relationship in the development and less
likelihood of detection if imaging is performed within 5 days
of the infarct.30 With echocardiograms in the current study
performed within a median duration of 2 days of the infarct,
the possibility that LV thrombi occurring later were missed, or

that high-risk patients not discharged on prophylactic OAC
could have developed LV thrombi during follow-up exists;
nevertheless, the low clinical event rates during follow-up
suggest that this possibility is low. The results of the current
study also highlight that LV thrombus formation occurs
independently of the baseline cardiac risk profile or total
ischemic time and that regardless of the presence of LV
thrombus, the 1-year ischemic composite in high-risk patients
remains substantially elevated.

Despite the weak support (Class IIb, Level of Evidence: C)
and evidence base, prophylactic anticoagulation still appears
to be frequently utilized in clinical practice, with nearly two
thirds of high-risk patients in this study being discharged on
prophylactic warfarin. The decision on using prophylactic
warfarin in high-risk patients with apical infarcts appears to be
independent of the ejection fraction and the apical wall
motion, as suggested by the significant overlap in the apical
wall motion scores between the groups receiving prophylactic
warfarin versus not. It is likely that both measured (younger
age) and unmeasured variables supportive of a lower bleeding
risk patient profile contribute in large part to prophylactic oral
anticoagulant prescriptions in this high-risk patient group.
Regardless, as seen in this study and the study by Le May
et al, prophylactic OAC consistently appears to show no
benefit on the ischemic composite and a trend to major

Figure 2. One-year outcomes (adjusted for GRACE risk) in high-risk vs low-risk STEMI. GRACE indicates Global Registry of Acute Coronary
Events; SE, systemic embolism; STEMI, ST-segment myocardial infarction; TIA, transient ischemic attack.
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bleeding continues to persist with this strategy.5,6 Interest-
ingly, however, our results suggest an association between
warfarin use and reduced all-cause mortality in high-risk
patients after adjusting for the Global Registry of Acute
Coronary Events Risk score (a finding not noted in the
propensity sensitivity analysis). While provocative, these
results are not entirely surprising, as a heightened pro-
thrombotic state is known to persist following the index ACS
event, and clinical trials evaluating a dual-pathway strategy
(secondary prevention with a single antiplatelet and antico-
agulant) have since reported significant reductions in major
adverse events but with an increase in major bleeding.31–33

Patients at highest risk stand to derive the most benefit with
an intervention that has common efficacy across both groups,
potentially explaining the observed mortality benefit associ-
ated with prophylactic warfarin limited to the high-risk group
only in this study. It must also be acknowledged in this
observational study that these findings could be related to
unmeasured confounders.

We observe a much lower bleeding rate in patients
discharged on prophylactic OAC than would be anticipated
in comparison to clinical trials evaluating the use of “triple
therapy.”11,12,14 This is likely because of a combination of
factors including the definition of major bleeding, nonadju-
dication of bleeding events, lack of information regarding
the duration of prophylactic anticoagulation, and the
intensity of anticoagulation in our study. Knowledge of

anticoagulation intensity in our study would have been
particularly relevant in light of the reduced mortality
associated with warfarin use in the high-risk subgroup; this
is particularly important, given that it has also been
reported that lower doses of non-vitamin K antagonists
have resulted in a reduction in cardiovascular deaths, yet
increased major bleeding. 32,33

Other limitations within this study include the nonrandom-
ized nature of the data, and although an attempt to mitigate
this using a propensity-matched analysis was made, the
possibility of unidentified confounders cannot be excluded.
While we excluded all patients with pre-existing AF, we were
unable to exclude STEMI patients developing new-onset
in-hospital AF as an indication for OAC. Also, although all
patients were treated per best practice guidelines, detailed
information regarding the utilization and impact of resynchro-
nization and implantable defibrillator therapies is not available
for this study.

In conclusion, within a contemporary STEMI network of
care, we continue to demonstrate that patients with LVd
following an anterior STEMI remain a very high-risk subgroup.
Prophylactic anticoagulation, while frequently utilized, does
not appear to mitigate the intended thromboembolic risk and
calls this therapeutic indication into question. Further valida-
tion of the dual pathway strategy is required to accurately
determine its relationship with secondary prevention of
recurrent ischemia and all-cause mortality.

Figure 3. One-year outcomes (adjusted for GRACE risk) in high-risk STEMI on prophylactic warfarin vs not. GRACE indicates Global Registry of
Acute Coronary Events; SE, systemic embolism; STEMI, ST-segment myocardial infarction; TIA transient ischemic attack.
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Table S1. Characteristics and outcomes of high-risk patients by presence of left ventricular 

thrombus 

 All high-risk STEMI P-value 

With LV thrombus 

(n=19) 

Without LV 

thrombus (n=417) 

Age (years), mean (SD) 61.4 (12.7) 60.8 (13.8) 0.85 

Female, % 4 (21.1) 105 (25.2) 0.68 

GRACE risk score median (IQR) 172 (157, 194) 167 (148, 199) 0.42 

Medical History, % 

  Hypertension 

  Diabetes mellitus 

  Dyslipidemia 

  Prior MI 

  Family history premature CAD 

 

7 (36.8) 

2 (10.5) 

8 (42.1) 

2 (10.5) 

3 (15.8) 

 

199 (47.7) 

78 (18.7) 

170 (40.8) 

72 (17.3) 

82 (19.7) 

 

0.35 

0.37 

0.91 

0.44 

0.68 

Symptom onset to first medical contact (mins), 

median (IQR) 

132 (79, 1526) 137 (68, 478) 0.47 

Reperfusion modality, % 

  Primary PCI 

  Fibrinolysis  

  None 

 

13 (68.4) 

4 (21.1) 

2 (10.5) 

 

212 (50.8) 

143 (34.3) 

62 (14.9) 

0.32 

 

Length of hospital stay (days), median (IQR) 7 (6, 9) 6 (5, 10) 0.52 

In-hospital events, % 

  Death 

  Re-MI 

  Cardiogenic shock or heart failure 

  Non-ICH major bleeding 

  ICH 

 

2 (10.5) 

0 (0.0) 

5 (26.3) 

0 (0.0) 

0 (0.0) 

 

19 (4.6) 

4 (1.0) 

97 (23.3) 

28 (6.7) 

1 (0.2) 

 

0.23 

0.67 

0.76 

0.24 

0.83 



 

ACE- I indicates angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, CAD coronary artery 

disease, GRACE Global Registry of Acute Coronary Events, ICH intracranial hemorrhage, LV left ventricle, MI 

myocardial infarction, PCI, percutaneous coronary intervention, SE systemic embolism, TIA transient ischemic 

attack 

 

 

 

 

 

 

 

 

 

 

 

  Ischemic stroke 1 (5.3) 0 (0.0) <0.001 

In-hospital medications, % 

  Dual anti-platelet therapy 

  ACE-I / ARB 

  Beta-blocker 

  Cholesterol lowering 

 

19 (100.0) 

17 (89.5) 

17 (89.5) 

18 (94.7) 

 

398 (95.4) 

395 (94.7) 

408 (97.8) 

396 (95.0) 

 

0.34 

0.33 

0.023 

0.96 

One year outcomes among discharged alive, % 

  Ischemic event or stroke/TIA/SE or death 

    Ischemic event 

    Stroke/TIA/SE 

    Death 

Bleeding requiring hospitalization 

 

          1 (5.9) 

1 (5.9) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

 

         96 (24.1) 

77 (19.3) 

7 (1.8) 

20 (5.0) 

8 (2.0) 

 

     0.082 

0.16 

0.58 

0.34 

0.56 



Table S2. Baseline characteristics of low-risk group by warfarin status at discharge  

 Low-risk group p 

 Warfarin 

(n=162) 

No warfarin 

(n=1434) 

 

Age (years), mean (SD) 58.8 (13.3) 59.7 (12.6) 0.36 

Female 42 (25.9) 327 (22.8) 0.37 

GRACE risk score median (IQR) 160 (129, 190) 163 (144, 185) 0.56 

Creatinine (umol/L), mean (SD) 97.1 (58.7) 93.8 (41.0) 0.36 

Medical History 

  Hypertension 

  Diabetes mellitus 

  Dyslipidemia 

  Prior MI 

  Family history premature CAD 

 

80 (49.4) 

31 (19.1) 

72 (44.4) 

27 (16.7) 

44 (27.2) 

 

 

656 (45.7) 

221 (15.4) 

602 (42.0) 

222 (15.5) 

373 (26.0) 

 

0.38 

0.22 

0.55 

0.69 

0.75 

Symptom onset to first medical 

contact (mins), median (IQR) 

129 (71, 342) 115 (62, 299) 0.31 

Reperfusion modality 

  Primary PCI 

  Fibrinolysis  

  None 

 

89 (54.9) 

54 (33.3) 

19 (11.7) 

 

593 (41.4) 

646 (45.0) 

195 (13.6) 

0.004 

Length of hospital stay (days), 

median (IQR) 

6 (4, 9) 4 (3, 6) <0.001 

In-hospital medications 

  Dual anti-platelet therapy 

  ACE-I / ARB 

 

156 (96.3) 

155 (97.6) 

 

1394 (97.2) 

1351 (94.2) 

 

0.51 

0.44 



 

Numbers are n (%) unless specified otherwise; P-values calculated by chi-square test (proportions), t-test (means) or 

Wilcoxon-Mann-Whitney test (medians). 

ACE –I indicates angiotension converting enzyme-inhibitor, ARB angiotension receptor blocker, CAD coronary 

artery disease, GRACE Global Registry of Acute Coronary Events, MI myocardial infarction, PCI percutaneous 

coronary intervention, TIMI Thrombolysis In Myocardial Infarction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Beta-blocker 

  Cholesterol lowering 

159 (98.1) 

155 (95.7) 

1373 (95.7) 

1344 (93.7) 

0.14 

0.32 



Table S3. Propensity score matched one year outcomes among high-risk patients who survived 

index hospitalization stratified by warfarin status 

 

(SE indicates systemic embolism, TIA transient ischemic attack) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outcomes at one year Warfarin 

N = 126 

No Warfarin 

N = 126 

OR (95% CI) P-value 

Recurrent ischemia or stroke/TIA/SE or 

death 

32 (25.4) 28 (22.2) 1.21 (0.66 - 2.12) 0.54 

Recurrent ischemia 27 (21.4) 20 (15.9) 1.47 (0.76 - 2.83) 0.25 

Stroke/TIA/SE 3 (2.4) 2 (1.6)    1.50 (0.25 - 8.98) 0.66 

Death 5 (4.0) 6 (4.8) 0.83 (0.25 - 2.73) 0.76 

Bleeding requiring hospitalization 4 (3.2) 1 (0.8) 4.00 (0.45 - 35.79) 0.21 



Table S4. Six month outcomes by risk group and categorized by warfarin status 

 

A) High-risk vs Low-risk groups         

 

High-Risk Low-Risk 

P-value 

Adjusted OR 

(95%CI) 

  (n=398) (n=1565)     

180 day outcomes:         

Recurrent ischemia/Stroke/TIA/SE/Death 80 (20.1) 204 (13.0) 0.0003 1.60 (1.20 - 2.14) 

Recurrent ischemia 66 (16.6) 185 (11.8) 0.0111 1.45 (1.07 - 1.97) 

Stroke/TIA/SE 5 (1.3) 6 (0.4) 0.0373 2.97 (0.90 - 9.89) 

Death 14 (3.5) 18 (1.2) 0.0009 2.62 (1.27 - 5.42) 

Bleeding requiring hospitalization 8 (2.0) 9 (0.6) 0.0058 3.38 (1.29 - 8.87) 

B) High-risk group: Warfarin vs No Warfarin       

  
Warfarin 

No 

Warfarin P-value 

Adjusted OR 

(95%CI) 

  (n=236) (n=162)     

180 day outcomes:         

Recurrent ischemia/Stroke/TIA/SE/Death 48 (20.3) 32 (19.8) 0.8861 1.10 (0.66 - 1.83) 

Recurrent ischemia 41 (17.4) 25 (15.4) 0.609 1.20 (0.69 - 2.07) 

Stroke/TIA/SE 4 (1.7) 1 (0.6) 0.343 3.20 (0.35 - 29.24) 

Death 5 (2.1) 9 (5.6) 0.0675 0.40 (0.13 - 1.22) 

Bleeding requiring hospitalization 6 (2.5) 2 (1.2) 0.3611 2.17 (0.43 - 10.96) 

C) Low-risk group: Warfarin vs No Warfarin       

  
Warfarin 

No 

warfarin P-value 

Adjusted OR 

  (n=161) (n=1404)   (95%CI) 

180 day outcomes:         



Recurrent ischemia/Stroke/TIA/SE/Death 33 (20.5) 171 (12.2) 0.003 1.86 (1.23 - 2.83) 

Recurrent ischemia 28 (17.4) 157 (11.2) 0.0208 1.67 (1.08 - 2.60) 

Stroke/TIA/SE 3 (1.9) 3 (0.2) 0.0013 8.85 (1.77 - 44.25) 

Death 3 (1.9) 15 (1.1) 0.3702 1.82 (0.49 - 6.74) 

Bleeding requiring hospitalization 1 (0.6) 8 (0.6) 0.935 1.08 (0.13 - 8.74) 

 

(SE indicates systemic embolism, TIA transient ischemic attack) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1. One year outcomes in low-risk STEMI by prophylactic warfarin use 

 

 

(SE indicates systemic embolism, TIA transient ischemic attack) 


