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ABSTRACT
PURPOSE: The impact of guideline-directed medical therapy for coronary heart disease in those hospitalized with acute heart failure is unknown.
METHODS: We studied guideline-directed medical therapies for coronary disease: angiotensin-converting
enzyme (ACE) inhibitors or angiotensin II receptor blockers (ARBs), beta-adrenoreceptor antagonists,
antiplatelet agents or anticoagulants, and statins. Using inverse probability of treatment weighting the propensity score, we examined associations of guideline-directed medical therapy intensity (categorized as
low [0-1], high [2-3], or very high [4] number of drugs) with mortality in 1873 patients with angina, troponin elevation, or prior myocardial infarction.
RESULTS: At discharge, 0-1, 2-3, and 4 medications were prescribed in 467 (25%), 705 (38%), and 701
(37%) patients, respectively. Relative to those prescribed 0-1 drugs (reference), all-cause mortality was
lower with 2-3 (hazard ratio [HR] 0.48, 95% confidence interval [CI] 0.28-0.84, P = 0.009) or all 4 drug
classes (HR 0.56, 95% CI 0.33-0.96, P = 0.034) over 181-365 days, with similar reductions present from
0-180 days. In those with heart failure with preserved ejection fraction, mortality trended lower with 2-3
drug classes (HR 0.43, 95% CI 0.18-1.02, P = 0.054) and was significantly reduced with 4 drugs (HR
0.32, 95%CI 0.12-0.84, P = 0.021) during 0-180 day follow-up. In heart failure with reduced ejection fraction, all-cause mortality was reduced during both 0-180 and 181-365 days when discharged on 2-3 (HR
0.30 for 181-365 days, 95%CI 0.14-0.64, P = 0.002) or all 4 drug classes (HR 0.43, 95%CI 0.19-0.95,
P = 0.038).
CONCLUSIONS: Increasing guideline-directed medical therapy intensity for coronary heart disease resulted
in lower mortality in patients with acute ischemic heart failure with both preserved and reduced ejection
fractions.
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INTRODUCTION
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emergency departments in Ontario, Canada, between April
1, 2010, and March 31, 2013, with both the Framingham
Heart failure is a leading cause of mortality with more than
heart failure criteria at presentation and a final discharge
300,000 deaths per year in North America alone.1 Although
diagnosis of heart failure (International Classification of
there are evidence-based therapies for both heart failure and
Diseases code I50) in the Canadian Institute for Health
for ischemic heart disease, which is a common etiology or
Information discharge abstract.19 We excluded patients
comorbidity in patients with heart failure, the benefits of corowith: 1) low-acuity triage score on the emergency departnary heart disease therapies on heart failure outcomes are not
ment Canadian Triage and Acuity
well understood.2,3 Elucidating this
Scale to ensure enrollment of acute
relationship is important because corCLINICAL SIGNIFICANCE
patients, 2) heart failure occurring
onary heart disease increases the risk
of mortality and morbidity in patients
 In patients with hospitalized acute after hospital admission, 3) b-type
with heart failure.4
heart failure and concomitant evidence natriuretic peptide or NT-proBNP
that were not indicative of heart failThere is a paucity of treatments
of coronary heart disease, we found
ure as per the Canadian Cardiovasproven to improve the early course
that greater use of guideline-directed cular Society guidelines (ie,
of acute heart failure syndrome. In
medical therapies for coronary disease <100 pg/mL and <300 pg/mL,
fact, the management of acute heart
was associated with lower mortality.
respectively) in the absence of Frafailure is directed toward symptom

The use of all 4 anti-ischemic drugs clas- mingham criteria, 4) death in-hospiimprovement because many acute
ses, including angiotensin-converting tal prior to discharge, 5) missing
therapies have not yielded a mortality
enzyme [ACE] inhibitors or angiotensin demographic data, and 6) palliative
benefit.5,6 Although several pharmaII receptor blockers [ARBs], beta-block- status.20
cotherapies have been shown to
As described previously, we
improve outcomes in patients with
ers, antiplatelets or anticoagulants, and
included
those with coronary heart
chronic heart failure with reduced
statins, was associated with reduced risk
disease
defined
as any of the followejection fraction, few drug classes
of death in those with heart failure with
ing:
prior
myocardial
infarction, prehave beneficially impacted outcomes
reduced and also preserved left ventricuvious coronary revascularization,
in acutely decompensated heart faillar ejection fraction.
admission troponin elevated above
ure in general.7 In contrast, angiotenthe upper limit of normal, angiosin-converting
enzyme
(ACE)
graphic or computed tomographic evidence of >50% stenosis
inhibitors or angiotensin II receptor blockers (ARBs), betaof an epicardial vessel, or noninvasive imaging highly suggesadrenoreceptor antagonists, statins, and antiplatelets or anticotive of coronary artery disease (eg, fixed or reversible defects
agulants have been shown to significantly reduce mortality in
of medium or large size on single-photon emission computed
patients with coronary heart disease.8-12 Each of these guidetomography (SPECT) myocardial perfusion imaging, moderline-based medications for coronary disease has a class I recate or severe resting or ischemic wall motion abnormality on
ommendation for the management of stable coronary artery
stress echocardiography, or moderate or large defects on myodisease or management of acute coronary syndrome in Canacardial viability testing). To ensure that the study cohort was
dian, American, and European guidelines.13-18
eligible for all 4 drug classes, we excluded patients who: 1)
It is unknown whether the intensity of guideline-recomhad documented allergy, intolerance, or contraindications to
mended therapy for coronary heart disease is associated with
any of the 4 pharmacotherapies,21,22 2) predischarge serum
improved survival in those with concomitant heart failure. The
creatinine ≥2.5 mg/dL or serum potassium ≥5.5 mEq/L, 3)
objective of this study was to examine whether an increasing
predischarge systolic blood pressure <90 mm Hg, 4) bilateral
number of pharmacotherapeutic agents prescribed for cororenal artery stenosis, 5) active pregnancy, 6) severe aortic stenary heart disease (ie, guideline-directed medical treatment
nosis, 7) symptomatic bradycardia, 8) second- or third-degree
intensity) was associated with lower mortality risk. Because
atrioventricular block, 9) severe asthma or chronic obstructive
improved outcomes could occur by new drug initiation or conpulmonary disease, 10) platelet count <100 £ 109/L, 11) acute
tinuation of preadmission medications, we hypothesized that
clinically significant bleeding, and 12) severe liver disease or
greater provision of anti-ischemic guideline-directed medical
cirrhosis.
treatments for coronary disease at discharge would be associated with reductions in mortality and cardiovascular hospitalization in patients with acute ischemic heart failure. If true,
Data Sources
such findings could highlight the importance of not only optiWe identified patients presenting to the emergency departmizing heart failure therapies at discharge but also those of
ment using the National Ambulatory Care Reporting Sysischemic heart disease.
tem and hospitalizations using the Canadian Institute for
Health Information Discharge Abstract Database. Both
METHODS
databases use the 10th revision of the International StatistiStudy Population and Design
cal Classification of Diseases and Related Health Problems
(ICD-10-CA). The stratified cluster sampling strategy for
The study design has been published.19 Briefly, we studied
patient selection has been described previously (see
patients ages ≥18 years admitted to hospital from 70
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Supplementary Text, available online).19 Data were collected by highly trained, specialized nurse or physician
abstractors from hospital medical records using electronic
case report forms with automated range checks, doubledata entry for key variables, and preloaded medical record
numbers. Information was retrieved on demographics, clinical characteristics (including cardiac and noncardiac conditions), medications, laboratory tests, and left ventricular
function evaluation. Cardiovascular hospitalizations were
determined using ICD-10-CA codes in the Canadian Institute for Health Information Discharge Abstract Database
(see Supplementary Table 1, available online). The Registered Persons Database was used to identify deaths, and the
Ontario Registrar General Database was used to identify
causes of death. The ICES Mother-Baby Database (MOMBABY) provided birth records to identify pregnant patients,
who were deemed ineligible for ACE inhibitors or ARBs.

cancer, presenting hemoglobin, sodium concentration,
potassium concentration, creatinine concentration, presence of troponin elevation, prior metolazone use, and ST
depression on 12-lead electrocardiogram. We also
weighted for the following variables: sex, prior myocardial infarction, diabetes, hypertension, peripheral artery
disease, atrial fibrillation or flutter, left ventricular function (ie, heart failure with reduced [<40%], mid-range
[40%-49%], preserved [≥50%], or unknown ejection
fraction), prior percutaneous coronary intervention or
coronary artery bypass graft surgery, and hospital volume (≤350 vs >350 annual visits to the emergency
department for heart failure) in the propensity score
model. We also tested for an interaction between number
of guideline-directed medical treatment classes and left
ventricular ejection fraction category.
Weighted cumulative incidence functions were constructed to compare primary and secondary outcomes. The
proportional hazards assumption was tested. All analyses
were performed with SAS software (SAS Institute, version
9.4, Cary, NC). Research ethics approval was obtained
from all hospitals prior to data abstraction.

Outcome Measures
The 2 coprimary outcomes were all-cause mortality and
cardiovascular death after index heart failure hospital discharge up to 1-year follow-up. Secondary outcomes
included cardiovascular hospitalizations and the composite
of cardiovascular hospitalizations or death within 1 year
after the index hospital discharge. In the event of a violation
of the proportional hazards assumption, we planned to
divide the follow-up period into 0-180 and 181-365 day
time frames.

Statistical Analysis
Baseline characteristics by treatment intensity were compared for those prescribed 0-1, 2-3, or 4 drug classes at
hospital discharge and presented using medians (interquartile range) or proportions. We conducted 2 comparisons comparing different treatment intensities: 1)
pairwise comparison of 2-3 versus 0-1 drugs and 2) pairwise comparison of 4 versus 0-1 drugs. We accounted
for baseline differences between the treatment intensity
groups using inverse probability of treatment weighting
the propensity score. Weighted standardized differences
were calculated to assess the covariate balance between
groups.23 The hazard of the outcome was compared
between groups using either a weighted Cox proportional
hazards model (for outcomes that included all-cause
mortality) or a weighted cause-specific hazard model
(for outcomes for which noncardiovascular death was a
competing risk), with a robust, sandwich variance estimator.24 In inverse probability of treatment weighting
using the propensity score, we weighted for variables in
the validated Enhanced Feedback For Effective Cardiac
Treatment (EFFECT) and Emergency Heart failure Mortality Risk Grade (EHMRG30-ST) models.25,26 These
included age, transport by emergency medical services,
systolic blood pressure, heart rate, respiratory rate, oxygen saturation, presence of comorbid cerebrovascular
disease, chronic pulmonary disease, dementia, active

RESULTS
Cohort Characteristics
Among 3723 patients with acute heart failure and coronary
heart disease, 1873 remained after exclusions (Figure 1),
comprised of 467 (25%) patients prescribed 0-1 drug, 705
(38%) prescribed 2-3 drugs, and 701 (37%) prescribed all 4
anti-ischemic medications. Those in the 2- to 3-drug group
exhibited high rates of use of antiplatelets or anticoagulants
(83.3%), beta-blockers (70.8%), and modest rates of ACE
inhibitors or ARBs (61.0%) as shown in Table 1. There was
no difference in preadmission use of other heart failure
medications (Supplementary Table 2, available online).
Increasing number of drug classes at discharge was associated with heart failure with reduced ejection fraction, lower
creatinine, and younger age (Table 1).
Unadjusted Outcomes. A total of 1646 person-years of
follow-up were examined. The cumulative 1-year incidence
of cardiovascular death was 0.165, 0.108, and 0.103, with
77, 76, and 72 cardiovascular deaths in those prescribed 01, 2-3, and 4 drugs, respectively. The cumulative 1-year
incidence of total mortality was 0.270, 0.183, and 0.160
with 126, 129, and 112 deaths, in those prescribed 0-1, 2-3,
and 4 drugs, respectively. The cumulative 1-year incidence
of cardiovascular hospitalization was 0.473, 0.441, and
0.431, corresponding to 221, 311, and 302 events, in those
with 0-1, 2-3, and 4 drugs, respectively. There were 275,
359, and 327 composite 1-year events (total death or cardiovascular hospitalization) in those taking 0-1, 2-3, and 4
drugs. The cumulative incidence of composite outcomes
was 0.589 0.509, and 0.466 in those with 0-1, 2-3, and 4
drugs, respectively.
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Figure 1
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Patient flow diagram

Comparison of Treatment Groups After
Propensity-Score Weighting
Supplementary Figures 1 and 2, available online, show
standardized differences before and after propensity score
weighting. All standardized differences after propensity
weighting were <0.10, indicating that acceptable balance
had been achieved. Cumulative incidence curves for allcause mortality after propensity weighting demonstrated
lower incidence of death in those with higher drug intensity
(Figure 2). Propensity-weighted cumulative incidence
curves demonstrated lower incidence of cardiovascular hospitalization or total mortality with 2-3 or 4 guidelinedirected medical treatments compared with 0-1 drugs
(Figure 3). A similar pattern was observed for cardiovascular death (Supplementary Figure 3, available online).
After inverse probability of treatment weighting, there
was a violation of the proportional hazards assumption.
Therefore, follow-up was divided into 2 periods: 0-180 and
181-365 days, which satisfied the proportional hazards
assumption. After propensity-weighting, from 0-180 days,
all-cause mortality was significantly reduced in those prescribed 2-3 drugs (hazard ratio [HR] 0.56, 95% confidence
interval [CI] 0.40-0.80, P = 0.001) and even further reduced

in those prescribed 4 drugs (HR 0.47, 95% CI 0.31-0.71, P
< 0.001) (Table 2). From 181-365 days, all-cause mortality
continued to be significantly reduced with 2-3 and 4 drugs
(Table 2). Similarly, cardiovascular death was significantly
reduced at both time points (Table 2). There were significant reductions in the composite outcome of death or cardiovascular hospitalization at both 0-180 and 181-365 time
points when 4 guideline-directed medical treatments were
employed (Table 2).

Mortality Outcomes Stratified by Ejection
Fraction
When the inverse probability of treatment weighting analysis was stratified by left ventricular ejection fraction
(reduced [n = 1074], mid-range [n = 114], or preserved
[n = 278]), significant reductions in all-cause mortality were
observed for 2-3 and 4 therapeutic classes compared with
0-1 drugs, particularly in those with reduced ejection fraction (Table 3). Total mortality was reduced in those with
heart failure with preserved ejection fraction if all 4 drugs
were used up to 180 days (Table 3). There were too few
deaths (<10 in each group) to precisely estimate the effect
of drug intensity in those with mid-range ejection fraction.
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Baseline Characteristics

Median (IQR) or n (%)

0-1 drugs

2-3 drugs

4 drugs

N
Demographic
Age, years
Men
Presenting features
Transport by EMS
Angina
Systolic BP, mm Hg
Heart rate, beats/min
Oxygen saturation, %
Comorbid conditions
Diabetes
Hypertension
Cerebrovascular disease
Peripheral artery disease
Chronic pulmonary disease
Dementia
Active cancer
Prior MI
Prior PCI procedure
Prior CABG surgery
Laboratory features
Hemoglobin, g/L
White blood count, x 109 cells/L
Sodium, mmol/L
Potassium, mmol/L
Creatinine, umol/L
Troponin > ULN
ECG features
Atrial fibrillation or flutter
QRS duration, msec
Echocardiography
HFrEF
HFmEF
HFpEF
LVEF unknown
Preadmission medications
Antiplatelet or anticoagulant
Beta-blocker
ACE inhibitor or ARB
Statin
Digoxin
Furosemide
Spironolactone/eplerenone
Discharge medications
Antiplatelet or anticoagulant
Beta-blocker
ACE inhibitor or ARB
Statin

467

705

701

77 (67, 84)
294 (63.0%)

76 (66, 83)
411 (58.3%)

74 (65, 81)
449 (64.1%)

201 (43.0%)
123 (26.3%)
141 (121, 162)
87 (72, 106)
96 (93, 98)

355 (50.4%)
320 (45.4%)
145 (125, 165)
91 (76, 112)
96 (93, 98)

311 (44.4%)
325 (46.4%)
143 (126, 164)
89 (74, 110)
96 (92, 98)

198 (42.4%)
335 (71.7%)
77 (16.5%)
57 (12.2%)
50 (10.7%)
27 (5.8%)
65 (13.9%)
225 (48.2%)
90 (19.3%)
129 (27.6%)

297 (42.1%)
520 (73.8%)
120 (17.0%)
67 (9.5%)
84 (11.9%)
35 (5.0%)
109 (15.5%)
295 (41.8%)
127 (18.0%)
149 (21.1%)

352 (50.2%)
589 (84.0%)
105 (15.0%)
80 (11.4%)
62 (8.8%)
21 (3.0%)
90 (12.8%)
371 (52.9%)
166 (23.7%)
182 (26.0%)

124 (110, 139)
8.9 (6.9, 11.6)
139 (136, 141)
4.1 (3.8, 4.4)
106 (84, 132)
208 (44.5%)

124 (109, 141)
9.1 (7.1, 11.4)
138 (136, 141)
4.1 (3.7, 4.4)
106 (84, 138)
493 (69.9%)

128 (113, 143)
8.9 (7.2, 11.5)
138 (136, 140)
4.0 (3.7, 4.3)
99 (79, 121)
433 (61.8%)

138 (29.6%)
108 (90, 140)

178 (25.2%)
106 (91, 140)

184 (26.2%)
106 (92, 140)

204 (43.7%)
27 (5.8%)
68 (14.6%)
168 (36.0%)

427 (60.6%)
38 (5.4%)
112 (15.9%)
128 (18.2%)

443 (63.2%)
49 (7.0%)
98 (14.0%)
111 (15.8%)

165 (35.3%)
234 (50.1%)
213 (45.6%)
221 (47.3%)
45 (9.6%)
230 (49.3%)
34 (7.3%)

290 (41.1%)
340 (48.2%)
364 (51.6%)
374 (53.0%)
74 (10.5%)
310 (44.0%)
43 (6.1%)

305 (43.5%)
470 (67.0%)
517 (73.8%)
516 (73.6%)
56 (8.0%)
293 (41.8%)
39 (5.6%)

33 (7.1%)
24 (5.1%)
9 (1.9%)
7 (1.5%)

587 (83.3%)
499 (70.8%)
430 (61.0%)
407 (57.7%)

701 (100.0%)
701 (100.0%)
701 (100.0%)
701 (100.0%)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BP = blood pressure; CABG = coronary artery bypass graft;
ECG = electrocardiogram; EMS = emergency medical services; HFmEF = heart failure with middle-range ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; IQR = interquartile range; LVEF = left ventricular ejection fraction;
MI = myocardial infarction; PCI = percutaneous coronary intervention; ULN = upper limit of normal.

DISCUSSION
The coexistence of coronary heart disease and heart failure is commonly encountered in practice, but gaps exist
in the optimal treatment of multiple conditions that

disease-specific guidelines do not address. We found
that greater intensity of guideline-directed medical treatments for coronary heart disease (ACE inhibitors or
ARBs, beta-blockers, statins, antiplatelet agents or

Crosier et al

GDMT for Coronary Disease and Ischemic Heart Failure Outcomes

P

677

P

Figure 2 Cumulative incidence of all-cause mortality after propensity weighting in
those discharged on 2-3 (left panel) or 4 (right panel) compared with 0-1 guidelinedirected medical therapies.

Figure 3 Cumulative incidence of death or cardiovascular hospitalization after propensity weighting in those discharged on 2-3 (left panel) or 4 (right panel) compared with 0-1
guideline-directed medical therapies.

anticoagulants) at hospital discharge was associated with
reduced risk of all-cause and cardiovascular mortality in
patients hospitalized with acute ischemic heart failure.
There were similar beneficial trends or significant reductions in the composite of death or cardiovascular hospitalization. Additionally, total mortality was significantly
reduced when 4 guideline-directed medical treatments
were used in heart failure with preserved ejection fraction and was reduced in all time periods in those with
reduced ejection fraction.
There is a paucity of evidence regarding optimization of
medical therapy in patients with acute decompensated heart
failure resulting from an ischemic etiology. Several studies

have indicated that evidence-based therapies are not implemented optimally in patients with heart failure overall.27-29
We examined those with ischemic heart failure, a high-risk
group who have an increased rate of mortality and
hospitalizations.3,26,30 Despite narrowing the cohort to
those without any contraindications to all 4 drugs, 63%
were not prescribed optimal medical therapy, and 25%
were treated with only 1 or no guideline-directed medical
treatments for coronary heart disease. Similar to our study,
the rates of 1-year use of coronary heart disease therapies in
patients postrevascularization for acute coronary syndrome
or stable coronary disease was low.31 This highlights the
challenges of implementing and maintaining guideline-
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Table 2
Cohort

Effect of Number of Medications on Mortality, Hospitalization, or Composite Events After Propensity Weighting in the Entire

Outcome

Time Period

No. of Drugs

Hazard Ratio (95% CI)

CV mortality

0-180 days

0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4

1.0 (Referent)
0.66 (0.43, 1.01)
0.47 (0.27, 0.82)
1.0 (Referent)
0.34 (0.16, 0.72)
0.49 (0.25, 0.95)
1.0 (Referent)
0.56 (0.40, 0.80)
0.47 (0.31, 0.71)
1.0 (Referent)
0.48 (0.28, 0.84)
0.56 (0.33, 0.96)
1.0 (Referent)
0.84 (0.67, 1.05)
0.86 (0.68, 1.10)
1.0 (Referent)
1.12 (0.73, 1.71)
0.68 (0.43, 1.09)
1.0 (Referent)
0.73 (0.60, 0.89)
0.68 (0.55, 0.85)
1.0 (Referent)
0.96 (0.65, 1.44)
0.65 (0.42, 0.99)

181-365 days

Total death

0-180 days

181-365 days

CV hospitalization

0-180 days

181-365 days

Total death or CV hospitalization

0-180 days

181-365 days

P Value
0.056
0.008
0.005
0.035
0.001
<0.001
0.009
0.034
0.126
0.229
0.611
0.109
0.002
<0.001
0.856
0.045

CI = confidence interval; CV = cardiovascular.

directed medical treatments across multiple areas of cardiovascular medicine.
In our analysis of guideline-directed medical therapies,
we included antiplatelet agents and HMG-coA reductase
inhibitors, which had neutral effects in randomized trials.
Table 3

The Effect of Rosuvastatin in Patients With Chronic Heart
Failure (GISSI-HF) and Controlled Rosuvastatin Multinational Trial Trial in Heart Failure (CORONA) trials did not
demonstrate a beneficial effect of statins in those with heart
failure with reduced ejection fraction, possibly because of

Total Mortality Stratified by Left Ventricular Ejection Fraction Category in Propensity-Weighted Analysis

Subgroup

Time Period

No. of Drugs

Hazard Ratio (95%CI)

HFrEF

0-180 days

0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4
0-1
2-3
4

1.0 (Referent)
0.54 (0.34, 0.88)
0.48 (0.28, 0.83)
1.0 (Referent)
0.30 (0.14, 0.64)
0.43 (0.19, 0.95)
1.0 (Referent)
0.37 (0.07, 1.88)
1.02 (0.25, 4.18)
1.0 (Referent)
1.16 (0.24, 5.53)
1.08 (0.21, 5.57)
1.0 (Referent)
0.43 (0.18, 1.02)
0.32 (0.12, 0.84)
1.0 (Referent)
0.49 (0.13, 1.80)
0.57 (0.17, 1.87)

181-365 days

HFmEF

0-180 days

181-365 days

HFpEF

0-180 days

181-365 days

P Value
0.014
0.008
0.002
0.038
0.232
0.978
0.855
0.923
0.054
0.021
0.284
0.355

CI = confidence interval; HFmEF = heart failure with middle-range ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart
failure with reduced ejection fraction.
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the inclusion of patients with nonischemic and varying
spectrum of ischemic etiologies.32,33 In A Study to Assess
the Effectiveness and Safety of Rivaroxaban in Reducing
the Risk of Death, Myocardial Infarction or Stroke in Participants with Heart Failure and Coronary Artery Disease
Following an Episode of Decompensated Heart Failure
(COMMANDER HF), low-dose rivaroxaban did not impact
mortality, stroke, or myocardial infarction in those with
heart failure with reduced ejection fraction and coronary
artery disease.34 However, patients with prior heart failure
enrolled in the Anti-Xa Therapy to Lower Cardiovascular
Events in Addition to Standard Therapy in Subjects with
Acute Coronary Syndrome - Thrombolysis in Myocardial
Infarction 51 trial (ATLAS ACS 2-TIMI 51), who were
treated with rivaroxaban in addition to dual-antiplatelet
therapy experienced a reduction in cardiovascular death,
myocardial infarction, or stroke.35 Guideline-directed medical therapies may also vary in their effectiveness depending
on the context and severity of the patient. For example, the
benefits of beta-blockers in coronary heart disease may be
time dependent, with greater benefits after recent acute
ischemic events.36
The mechanism for the benefits of guideline-directed
medical therapies was not due to inability to safely take
these medications because of potential contraindications.
The benefits were also not driven solely by ACE inhibitors
or ARBs and beta-blockers, which have been shown to
improve survival in heart failure with reduced ejection fraction because patients prescribed all 4 drugs tended to have
better and more consistently improved outcomes. Patients
who present with decompensated heart failure and concomitant evidence of an ischemic etiology are at high risk for
adverse outcomes. For example, patients with heart failure
and prior myocardial infarction or even mild elevation of
troponin at presentation have the poorest outcomes.37,38
Provision of guideline-directed medical therapies for the
underlying pathophysiological condition may allow for quiescence of adverse consequences relating to coronary heart
disease, thus, benefitting such patients in the near term.
Traditionally, the management of heart failure emphasizes treatment based on left ventricular ejection fraction
and underemphasizes the underlying cause of the heart failure. There are also few ways to impact survival in patients
with acute decompensated heart failure in general and, the
subgroup of preserved ejection fraction, specifically. Consequently, the management plan in heart failure with preserved ejection fraction is typically focused on symptom
reduction; however, our findings suggest that survival in
these patients may be improved by optimization of therapies in those with concomitant coronary heart disease.39
Optimizing targeted therapy for coronary disease is a
widely applicable and noninvasive approach to narrowing
treatment gaps in the care of heart failure.
Our study has several important limitations. Although
we used propensity weighting to balance key baseline characteristics between comparison groups, unmeasured confounding may persist. Among our cohort, 25% were
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prescribed 0-1 drugs at discharge, and while the reasons for
this were beyond the scope of our study, both patient and
physician factors may have contributed. For example, the
patient’s goals of care may have changed at discharge, or a
physician may have perceived the patient to be too high or
low risk to institute therapy. However, altered goals of care
should not lead to drug discontinuation, which could reduce
morbidity and improve quality of life. We were also unable
to assess whether patients attained target doses of guideline-directed medical therapies. Beta-blockers might not be
tolerated in patients with chronic obstructive lung disease
or asthma, and consequently, we excluded such patients
from the analysis. We only examined medications prescribed at discharge, and we were unable to limit the study
to naı̈ve users because too few patients were on none of
these drugs at the time of hospital presentation. Some medications were not available during the time period of the
study, such as sodium-glucose linked cotransporter inhibitors, and could not be evaluated. However, this presents an
advantage because it allows for a separate evaluation of the
impacts of guideline-directed medical therapies for coronary heart disease without cointervention from these agents.
Finally, the number of patients in the middle-range ejection
fraction stratum was small; therefore, we were unable to
precisely estimate benefits in this subgroup.

CONCLUSIONS
In conclusion, patients with ischemic heart failure who
were discharged on a greater number of guideline-directed
medical therapies for coronary heart disease, including
ACE inhibitors or ARBs, beta-blockers, anticoagulants or
antiplatelet agents, and statins, demonstrated improved survival, reduced cardiovascular mortality and reduction in the
composite of death or cardiovascular readmission events.
Although the results were consistent across left ventricular
function categories, total mortality was predominantly
reduced in those with reduced ejection fraction and those
with preserved ejection fraction when prescribed all 4 medications. Greater use of guideline-directed medical therapies
for coronary heart disease in those with acute heart failure
may represent an immediate and broadly applicable
approach to improve patient outcomes.
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pitals, from April 1, 2010, to March 31, 2013, were eligible.
If a patient had multiple visits during this period, only the
first visit was included. Highly trained, specialized nurse or
physician abstractors collected data on approximately 140
patients from each of 13 teaching and 30 large hospitals
and approximately 50 patients from each of 27 mediumsized hospitals.

We used stratified cluster sampling to select patients admitted to hospitals in Ontario that had an emergency department on site and a yearly volume of greater than 50 patients
with acute heart failure per year. Patients who presented to
teaching, medium-sized (51-150 annual visits to emergency
department for heart failure) and large (>150 annual visits
to emergency department for heart failure) community hos-

Supplementary Table 1 Cardiovascular Disease Diagnosis
Codes
Diagnosis

International Classification
of Diseases, Tenth Revision
(ICD-10) codes

Heart failure
Ischemic heart disease
Other cardiovascular disease
codes
Arrhythmia
Atrial fibrillation
Ventricular arrhythmia
Myo-/peri-/endocardial
disease
Cerebrovascular disease
Hypertensive disease
Pulmonary vascular disease
Peripheral vascular disease
Rheumatic heart disease
Shock
Syncope, Sudden death
Valvular heart disease
Other cardiac

I50
I20-I25

I44-I49
I48
I49.0, I47.2
I30-I33, I40-I43, I51.4
I60-I69
I10-I13, I15
I26-I28
I70-I74, I77-I82, R02
I00-I02, I05-I09
R57
R55, R96.0
I34-I39
I51, I52, I95, I97

Supplementary Table 2 Other Preadmission Medications, n (%)
Preadmission medications
Digoxin
Furosemide
Metolazone
Aldosterone antagonist
SC = small cells.

0-1 drugs

2-3 drugs

4 drugs

P value

45 (9.6%)
209 (44.8%)
8 (1.7%)
34 (7.3%)

74 (10.5%)
309 (43.8%)
14 (2.0%)
43 (6.1%)

56 (8.0%)
293 (41.8%)
SC
39 (5.6%)

0.263
0.569
0.06
0.487
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Supplementary Figure 1 Standardized differences in 2-3 versus 0-1 drug class groups before and after propensity score
weighting. BP = blood pressure; CABG = coronary artery bypass graft; COPD = chronic obstructive pulmonary disease;
EMS = emergency medical services; HFmEF = heart failure with middle-range ejection fraction; HFpEF = heart failure
with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; HF, ED = heart failure, emergency
department; LVEF = left ventricular ejection fraction; MI = myocardial infarction; PCI = percutaneous coronary intervention; PS = propensity scrore; ULN = upper limit of normal.
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Supplementary Figure 2 Standardized differences in 4 versus 0-1 drug class groups before and after propensity score
weighting. BP = blood pressure; CABG = coronary artery bypass graft; COPD = chronic obstructive pulmonary disease;
EMS = emergency medical services; HFmEF = heart failure with middle-range ejection fraction; HFpEF = heart failure
with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; HF, ED = heart failure, emergency
department; LVEF = left ventricular ejection fraction; MI = myocardial infarction; PCI = percutaneous coronary intervention; ULN = upper limit of normal.
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Supplementary Figure 3 Cumulative incidence of cardiovascular death after propensity weighting in those discharged on 2-3 (left panel) or 4 (right panel) compared to 0-1 guideline-directed medical therapies.
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