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Abstract

Background: Implantable cardioverter-defibrillators (ICDs) reduce the risk of sudden cardiac
death among patients with persistently reduced (<35 %) left ventricular ejection fraction (LVEF)
at least 40 days following acute myocardial infarction (AMI). Few prior studies have used LVEF
measured after the 40-day waiting period to examine primary prevention ICD placement.

Methods: We sought to determine factors associated with ICD placement among patients who
met LVEF criteria post-MI within a large integrated health care system in the U.S by conducting
a retrospective cohort study of Veteran patients hospitalized for AMI from 2004 to 2017 who had
documented LVEF <35 % from echocardiograms performed between 40 and 455 (90 days +1
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year) days post-MI. We used multivariable logistic regression to examine factors associated with
ICD placement.

Results: Of 12,893 patients with LVEF <35 % at least 40 days post-MI, 2176 (16.9 %) received
an ICD between 91- and 455-days post-MI. Younger age, fewer comorbidities, revascularization
with PCI, and greater use of GDMT were associated with increased odds of receiving an ICD.
However, half of patients treated with a beta-blocker, ACE inhibitor or angiotensin receptor
blocker, and mineralocorticoid receptor antagonist prior to LVEF assessment did not receive an
ICD. Eligible Black patients were less likely (odds ratio 0.80, 95 % confidence interval 0.69-0.92)
to receive an ICD than White patients.

Conclusion: Many factors affect ICD placement among Veteran patients with a confirmed LVEF
<35 % at least 40 days post-MI. Greater understanding of factors influencing ICD placement
would help clinicians ensure guideline-concordant care.

Keywords
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Implantable cardioverter-defibrillators; Guideline-based care; Cardiovascular disease among
Veterans; Myocardial infarction
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Implantable cardioverter-defibrillators (ICD) reduce risk of sudden cardiac death in
appropriately selected patients with reduced left ventricular ejection fraction (LVEF) [1,2].
Accordingly, a Class 1, Level of Evidence A clinical practice guideline recommends primary
prevention ICD placement in patients with an LVEF of <35 % who are treated with optimal
medical therapy for at least 40 days following acute myocardial infarction (AMI) or at least
90 days following revascularization with either percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG) [3,4]. Previous research has shown that ICDs
are underutilized among patients who meet primary prevention criteria [5,6]. Prior studies
have relied on LVEF at the time of hospital discharge after AMI, but less is known about
patients who have persistent ventricular dysfunction after discharge [7-9]. Because LVEF
often improves within the post-MI period, using LVEF assessed only at the time of AMI
significantly overestimates the proportion of patients eligible for ICDs. The mean LVEF in
one large national study improved from 28 % to 40 % after 90 days; in fact, fewer than

half of patients with LVEF <35 % during AMI hospitalization had an LVEF <35 % 90

days post-MI [10]. Further, a minority of patients with reduced LVEF at hospital discharge
will have a repeat LVEF assessment performed, which is required to evaluate candidacy for
primary prevention ICD placement. Among patients who meet LVEF criteria for a primary
prevention ICD post-Ml, there is limited understanding about the demographic and clinical
factors associated with device placement. The Department of Veterans Affairs is a large
integrated health care delivery system in the U.S., with coordination between inpatient

and outpatient care as well as care paid for in non-VA hospitals. Studying ICD placement
in this setting enables detailed understanding of ICD placement among eligible patients.
Accordingly, we sought to examine the factors associated with ICD use among an eligible
cohort of Veteran patients hospitalized for AMI with an LVEF <35 % on echocardiography
performed at least 40-days post-Ml.
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2. Methods

2.1. Data sources

We obtained clinical data from three sources that encompass the settings in which Veterans
receive care. First, through the VA Corporate Data Warehouse (CDW), we obtained internal
VA administrative claims data and clinical records from care provided within VA facilities.
The VA CDW includes information from inpatient and outpatient care as well as pharmacy
data for care received by Veterans across any VA facility in the United States. Second,

we included fee-basis VA claims for Veterans. This data source includes care for Veteran
patients that is received outside of a VA facility, but for which VA is the payor. Third, some
Veterans (primarily those 65 years of age and older) have Medicare fee-for-service (FFS)
coverage in addition to the VA care that they receive. Therefore, in order to increase the
comprehensiveness of data, we included all three of these data sources.

We also used the Veterans Affairs National Cardiac Device Surveillance Program
(VANCDSP) to identify Veterans with ICDs. All Veterans with ICDs placed within VA

or with ICDs placed outside VA who are followed for remote monitoring within VA must be
registered with the VANCDSP. This study was approved by the University of California, San
Francisco Institutional Review Board.

2.2. Study population

We identified all \eterans who were enrolled in the Veterans Health Administration and
hospitalized with a discharge diagnosis of AMI between January 1, 2004 and December 31,
2017 from VA electronic health record data, VA purchased care claims data, and Medicare
Part A and B claims data.

We identified AMI using International Classification of Diseases-Clinical Modification
(ICD)-9 and 10-CM discharge codes (Supplementary Table 1) in any position. For patients
hospitalized with multiple Mls during the study period, we included only the first
hospitalization for AMI across all datasets. We excluded patients who had received an ICD
prior to AMI hospitalization and those who died during the AMI hospitalization. Finally,
we excluded patients with LVEF =35 % during follow-up echocardiographic assessment
(see next section), since these patients are generally not recommended to have primary
prevention ICD placement unless they have additional indications.

2.3. Left ventricular ejection fraction assessment

To assess LVEF, we used previously validated natural language processing (NLP) algorithms
to scan official echocardiogram reports and extract LVEF values; the note titles are provided
in Supplementary Table 2. [11] LVEF assessment also included previously curated datasets
with validated values.

LVEF was assessed between 40 and 455 days following AMI admission date. This
timeframe was chosen because clinical practice guidelines recommend waiting at least
40 days post-MI (or 90 days post-MI following revascularization) and for optimization of
guideline-directed medical therapy (GDMT) for primary prevention ICD implantation in
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patients with reduced LVEF [3]. The outer limit of 455 days was chosen as this was 1 year
after the 90-day period for ICD implantation (i.e., 90 + 365 days = 455 days) Out of range
LVEF values (<1 % or >100 %) were excluded.

2.4. Outcomes

Our primary outcome was ICD placement between 91- and 455-days post-MI admission
date. We chose 91, instead of 40 days, for our primary outcome in this target population to
have a consistent date across all patients, because patients undergoing revascularization are
recommended to wait 90 days for ICD placement and many patients with AMI undergo
revascularization [12-14]. For all patients, we provided an additional 1 year/365 day
window after 90 days (i.e., 455 days). Our secondary outcome was all ICD placement at
any time after AMI (< 90 days, between 91 and 455 days, and > 455 days); we included
this outcome to comprehensively identify all ICD placement. ICD placement was identified
using Current Procedural Terminology (CPT), ICD-9-CM procedure and 10-procedural
coding system (PCS) codes (Supplementary Table 3), and the VANCDSP.

2.5. Covariates

Patient-level demographic characteristics included age, sex, race, ethnicity, annual income,
rural vs. urban residence, visit to a homeless clinic in the year prior to AMI hospitalization,
history of tobacco use, and marital status. We also included both cardiovascular and
non-cardiovascular comorbidities: atrial fibrillation, cerebrovascular disease, valvular heart
disease, peripheral vascular disease, diabetes mellitus, hypertension, dyslipidemia, chronic
kidney disease, end-stage renal disease, chronic obstructive pulmonary disease, post-
traumatic stress disorder, dementia, depression, and cancer (excluding non-melanoma skin
cancer). Comorbidities were included if they had been recorded for at least 1 inpatient or 2
outpatient visits in the year preceding AMI hospitalization as ICD-9- and 10-CM codes in
either the CDW or CMS datasets. Diagnostic coronary angiogram, percutaneous coronary
intervention (PCI), and coronary artery bypass graft surgery (CABG) were assessed using
CPT and ICD-9-CM procedure and ICD-10-PCS codes prior to, during, and within 30 days
after AMI hospitalization (Supplementary Table 4).

GDMT prescriptions for heart failure with reduced ejection fraction (HFrEF) [15] were
assessed in the 180 days preceding LVEF assessment. These medications are evidence-
based beta blockers (BB), angiotensin converting enzyme inhibitors (ACEI) or angiotensin
receptor blockers (ARB), and mineralocorticoid receptor antagonists (MRA). Angiotensin
receptor-neprilysin inhibitor (ARNI) and sodium-glucose cotransporter-2 (SGLT2) were
not included given limited use during the study period. Wearable cardioverter defibrillator
(ZOLL LifeVest®; San Jose, California) use following LVEF determination was assessed
using CPT and Healthcare Common Procedure Coding System (HCPCS) codes.

2.6. Statistical analysis

After creation of the study cohort, we identified patients who received ICDs and stratified
these patients into multiple categories of timing (during hospitalization for AMI to 90

days later, between 91- and 455-days after AMI, > 455 days after AMI, and ICD never
placed). We then compared demographics, comorbidities, procedural characteristics, GDMT
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prescriptions, and assigned VA facility characteristics among patients who received ICDs
between 91- and 455-days after AMI hospitalization to those who never received an ICD,
using chi-square tests for categorical variables and #tests for continuous variables; similarly,
we compared characteristics across all strata of timing. We also examined ICD placement
rates among patients on GDMT. We then conducted univariate analyses for all of these
variables with ICD placement between 91- and 455-days compared to no ICD placement.
Variables with p < 0.10 were then retained and included in a multivariable logistic regression
model to identify patient characteristics independently associated with ICD placement.
Statistical analyses were conducted using SAS Enterprise Guide 8.2 (Cary, NC).

3. Results

3.1. Study population

Between January 1, 2004 and December 31, 2017, 520,089 Veteran patients were
hospitalized for AMI and had a follow-up echocardiogram within VA (Fig. 1). After
exclusion of 444,298 patients whose LVEF assessment was outside the specified timeframe
of 40 to 455 days post-Ml, outside of interpretable range in value, or derived from notes
outside of official echocardiographic assessments; 6213 patients with multiple LVEFs on
a single echocardiogram report with at least one <35 % and at least one >35 % (likely
because of inability in distinguishing between prior LVEF(s) and the LVEF in the current
echocardiogram); 57,143 patients with LVEF =35 %; and 262 with ICD placement prior to
AMI, the final study cohort consisted of 12,893 patients. Of these, 5645 (43.8 %) of whom
had been initially hospitalized at a VA facility, 3324 (25.8 %) at a non-VA facility with VA
as the payor, and 3924 (30.4 %) using Medicare fee-for-service insurance.

3.2. Timing of implantable cardioverter-defibrillator placement

Of the 12,893 patients who met LVVEF criteria for a primary prevention ICD on
echocardiography at least 40 days post-MI and up to a total 455 days later, 4470 (34.7

%) received an ICD. Of these 12,893 patients, 923 (7.2 %) had an ICD implanted within 90
days after AMI admission, 2176 (16.9 %) between 91- and 455-days after AMI admission,
and 1371 (10.6 %) =455 days after AMI admission. Among patients who received ICD
placement within 455 days of index AMI hospitalization, the largest number received the
device within 90 days (Fig. 2). With each increasing 90-day interval, a smaller number of
patients received ICDs.

An additional 1371 (10.6 %) patients had an ICD placed >455 days after AMI admission
over a mean 3.5 (£ 2.4) years follow-up. Overall, 8423 (65.3 %) never received an ICD.
Among patients who received an ICD, 112 (5.1 %) died within one year after AMI discharge
whereas 2272 (27.0 %) patients who did not receive an ICD died during that period.

3.3. Characteristics associated with ICD implantation

Comparing ICD placement among patients with an LVEF <35 % who received an ICD
between 91 and 455 days post-MI to those never receiving an 1CD, those who underwent
ICD implantation were younger at first AMI hospitalization (65.7 vs. 70.4 years old, Table
1), more often White (72.3 % vs. 66.6 %), identified as not Hispanic or Latino (89.8 % vs.

Am Heart J Plus. Author manuscript; available in PMC 2023 October 26.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Judson et al.

Page 6

84.8 %), more likely to live in rural areas (38.1 % vs. 32.0 %), and more likely to be married
(47.4 % vs. 41.7 %). Patients who underwent ICD placement also had fewer medical
comorbidities, including diabetes mellitus, hypertension, chronic kidney disease, end-stage
renal disease requiring hemodialysis, cerebrovascular disease, peripheral vascular disease,
cancer, dementia, valvular heart disease, and atrial fibrillation. Patients who received an

ICD were more likely to have received a diagnostic angiogram or CABG during AMI
hospitalization and PCI before, during, or within 30 days after AMI hospitalization. Patients
who received an ICD were also more likely to receive a LifeVest® wearable cardioverter
defibrillator after LVEF determination. The mortality rate at one year among patients who
did not receive an ICD was 27.0 %, compared to 5.1 % among patients who received an

ICD between 91 and 455 days post-MI. Characteristics of all 12,893 patients in the cohort,
including those who received an ICD <90 days post-MI or > 455 days post-MI are presented
in Table 2.

3.4. Guideline-directed medical therapy associated with ICD implantation

Patients implanted with an ICD were significantly more likely to be taking any of

three primary guideline-directed medication classes for HFrEF within 180 days of LVEF
assessment (92.8 % vs. 87.1 % for BB, 88.6 % vs. 77.1 % for ACEI/ARB, 32.5 % vs. 18.3
% for MRA). Patients implanted with an ICD were also more likely to be on a combination
of BB and ACEI/ARB (83.4 % vs. 68.4 %), and combination of BB, ACEI/ARB, and MRA
(29.8 % vs. 15.2 %).

Of the 12,893 patients in the cohort, 9382 (72.8 %) were on a combination of BB and
ACEI/ARB within 180 days of LVEF assessment (Table 2). Among these 9382 patients
taking a BB and ACEI/ARB, 3624 (38.6 %) received an ICD at any time; 1814 (50.1 %)

of these were placed between 91- and 455-days post-MI. Among the 2527 patients taking a
BB, ACEI/ARB, and MRA, 1249 (49.4 %) received an ICD at any time; 648 (51.9 %) of
these were placed between 91- and 455-days post-Ml.

3.5. Factors associated with ICD implantation

In multivariable regression, multiple demographic variables were associated with ICD
implantation, including age (OR 0.97, 95 % CI 0.97-0.98 for each year increase, Table

3). Compared to White patients, Black patients were less likely to receive ICDs (OR 0.80,
95 % CI 0.69-0.93). Married patients were more likely to receive an ICD compared to those
who were never married or divorced/widowed (OR 1.40, 95 % CI 1.26-1.55).

Multiple comorbidities were associated with lower odds of ICD implantation, including
dementia (OR 0.50, 95 % CI 0.33-0.77), diabetes mellitus (OR 0.81, 95 % CI1 0.73-
0.90), and chronic obstructive pulmonary disease (OR 0.83, 95 % CI 0.74-0.93). PTSD,
hypertension, chronic kidney disease, end-stage renal disease, cerebrovascular disease,
peripheral vascular disease, cancer, valvular heart disease, atrial fibrillation, and tobacco
use disorder were not significantly associated with ICD implantation. PCI before (OR
1.23, 95 % CI 1.05-1.46), during (OR 1.39, 95 % CI 1.22-1.57), and within 30 days

of AMI admission (OR 1.35, 95 % CI 1.05-1.73) was significantly associated with ICD
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placement. MRA prescription within 180 days of LVEF assessment was associated with ICD
implantation (OR 1.59, 95 % CI 1.15-2.20).

4. Discussion

Among 12,893 Veteran patients with an AMI and documented LVEF <35 % on
echocardiography at least 40 days later, 2176 (16.5 %) received an ICD between 91-

and 455-days after AMI, in addition to 923 (7.2 %) who received an ICD prior to 90

days. Advanced age and multiple comorbidities were associated with lower odds of ICD
placement. Black Veterans were less likely to receive ICDs. Previous studies have reported
low rates of ICD use in eligible populations, but these have been limited by lack of data

on LVEF assessments =40 days post-MlI [6,8]. Using a validated NLP algorithm applied to
echocardiography reports, we identified patients who definitively had a persistently reduced
LVEF, thereby increasing the accuracy and specificity of this key criterion for eligibility of
primary prevention ICD placement.

There are many possible reasons for non-implantation of ICDs. Physicians may miss the
opportunity to refer patients for ICD placement, even though discussion regarding ICD
placement is a performance measure [16]. Clinical reminders and screening tools augment
referral rates for ICD [17,18]. Another common reason is patient preference, which may
be related to concerns about an implanted device, complications, and inappropriate device
therapies [19,20].

However, we identified significant disparities by a variety of important factors, even though
all patients had the same insurance coverage. Black race was associated with reduced

odds of ICD placement. Racial disparities have been identified in many cardiovascular
procedures [21-23], including ICD placement in non-VA populations [24,25]. Although
prior research has demonstrated the potential of more equal access to care within VA than
outside VA is associated with improved outcomes in Black compared to White patients
[26,27], including reduced cardiovascular events, we identified a disparity in care among
patients who definitively met objective LVEF criteria. Reasons for this disparity are likely
multifactorial and complex and may include clinician bias, structural inequities in care, and
other barriers [28]. Future qualitative work may help elucidate the differences in observed
rates of ICD use by race to facilitate the delivery of more equitable, evidence-based care.

We also found that increasing patient age and greater comorbidity burden, such as diabetes
and chronic obstructive pulmonary disease, were associated with lower odds of ICD
placement among eligible patients. Patients with CKD and ESRD were not significantly
less likely to receive ICDs. Although prior studies have indicated reduced benefit in
subpopulations with renal disease [29,30], clinical practice guidelines do not specifically
comment on these clinical factors and, thus, decision-making may not have been affected.

Patients with frailty and dementia have high mortality, with approximately one-fourth of
these patients dying within 1 year of ICD placement [31]. We found that more than
one-fourth of patients who did not receive an ICD within 1 year of discharge had died
during that timeframe. While some deaths may have been arrhythmic in origin and could
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have been reduced by ICD therapy, it is also likely that many patients were appropriately
not selected for ICD placement given their prognosis of a high near-term mortality risk
because guidelines state ICD placement in patients without reasonable expectation of 1-year
survival with good functional status is contraindicated [3]. We also found that approximately
7 % of patients had an ICD placed within 90 days of hospitalization for AMI; there may
have been a variety of reasons for these ICD placements, including 40 days having passed
among patients who did not receive revascularization or patients meeting an indication for
secondary prevention.

We found an opportunity to improve the use of GDMT prior to LVEF assessment and
ICD placement. While rates of BB and ACE/ARB were higher than 80 %, MRAS were
only prescribed in approximately one-fourth of patients, consistent with prior research in
non-VA populations showing that fewer than one-third of eligible patients receive all of
these medication classes [32]. Even though patients treated with GDMT were more likely
to receive an ICD than those not receiving GDMT, only half of patients treated with BB,
ACE/ARB, and MRA received an ICD. As both ARNI and SGLT2 inhibitors are now
recommended for patients with HFrEF by professional society consensus [33], it will be
important to ensure that patients are prescribed these medications and at optimal doses
prior to LVEF assessment and ICD placement. Although there are concerns about the out-
of-pocket expenses for these medications [34], patients receiving care in VA are generally
insulated from these high costs.

4.1. Study limitations

The present analysis should be interpreted in the context of several limitations. First,

data on myocardial infarction and comorbidities were obtained from administrative claims
codes, which may not adequately capture all relevant clinical information. However, these
databases are widely used and enabled the large-scale study that we conducted. Second,

we did not have available data on New York Heart Association class and life expectancy,
which are important criteria for ICD eligibility. The fact that nearly one-fourth of patients
who did not receive ICDs died within the first year suggests that they likely had significant
comorbid disease that would have led them to not qualify for ICD placement. Third, we did
not examine doses of GDMT to ensure that patients were optimized to the extent tolerated.
Optimization of medications takes time, and likely explains why patients continued to
receive ICDs one year or later after their AMI. Fourth, we only examined patients who
qualified for primary prevention ICD placement and not secondary prevention indications.
However, only one-fourth of ICDs are placed for secondary prevention [35], which means
that we captured the majority of ICD placement. Fifth, some Veterans over age 65 are
enrolled in Medicare Part C (Medicare Advantage), and we only had access to data from
Medicare Parts A and B, so we may not have captured ICDs implanted through Medicare
Part C. Approximately one-third of Veterans over age 65 have Medicare Part C; although
this number has been growing, it was much smaller during the years of our study. Finally,
we did not determine reasons for why individual Veterans did or did not receive an ICD. As
mentioned, many factors influence ICD placement, and the decreased life expectancy and
comorbidities such as dementia may have appropriately led to lower rates of placement; this

Am Heart J Plus. Author manuscript; available in PMC 2023 October 26.
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is an important area for future investigation, which could inform targeted interventions that
improve care.

5. Conclusions

In conclusion, increasing age, Black race, and patient comorbidity burden were associated
with lower odds of receiving an ICD between 91- and 455-days post-MI among patients who
met LVEF criteria. Future qualitative research could provide a more detailed understanding
of the impact of patient, clinician, and system factors on decisions about ICD placement
among patients with a reduced LVEF post-MI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients with first hospitalization for AMI 1/1/2004-12/31/2017 and follow-up
echocardiogram within VA
N=520,809

444,298 ejection fraction outside of 40 to 455 days
post-MI timeframe, uninterpretable value, or not in
echocardiographic notes

Patients with hospitalization for AMI and echocardiogram 40 to 455 days post-Mi
with interpretable values in echocardiogram notes
N=76,511

6,213 with ejection fraction £35% and >35% on the
same echocardiogram report
57,143 with ejection fraction 235%

Patients with hospitalization for AMI who met ejection fraction criteria for primary
prevention implantable cardioverter-defibrillator 40 to 455 days post-Mi
N=13,155

262 with prior implantable cardioverter-defibrillator

Final patient cohort eligible for primary prevention implantable cardioverter-
defibrillator 40 to 455 days post-Mi
N=12,893

Fig. 1.
Flow diagram of study cohort.
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Time from Acute Myocardial Infarction to
Implantable Cardioverter-Defibrillator Placement

0-90

91-180 181-270 271-365 366-455 >455
Days

Distribution of time from admission for acute myocardial infarction to implantable
cardioverter-defibrillator placement.
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Table 3

Multivariable logistic regression analysis of demographic, clinical, procedural, and facility-level factors
associated with implantable cardioverter-defibrillator placement between 91 and 455 days compared to no
implantable cardioverter-defibrillator placement.

Oddsratio (95% Cl) p-Value
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Demographics

Age (years) at time of AMI hospitalization, per year 0.97 (0.97-0.98) <0.0001
Race

White Ref

Black 0.80 (0.69-0.93) 0.003

Other race/unknown 0.92 (0.75-1.12) 0.39
Ethnicity

Not Hispanic or Latino Ref

Hispanic or Latino 0.96 (0.76-1.21) 0.72

Declined to answer 0.87 (0.58-1.31) 0.50

Unknown/Missing 0.68 (0.50-0.92) 0.01
Rural Residence 1.16 (1.04-1.30) 0.007
Married 1.40 (1.26-1.55) <0.0001
Death within one year after first AMI discharge 0.19 (0.16-0.23) <0.0001

Comorbidities
Diabetes mellitus 0.81 (0.73-0.90) 0.0002
Hypertension 0.89 (0.77-1.03) 0.12
Dyslipidemia 1.27 (1.13-1.43) <0.0001
Chronic kidney disease 0.91 (0.80-1.03) 0.13
End-stage renal disease 0.70 (0.37-1.36) 0.29
Cerebrovascular disease 0.98 (0.85-1.13) 0.81
Valvular heart disease 0.91 (0.80-1.03) 0.14
Peripheral vascular disease 0.94 (0.82-1.07) 0.32
Atrial fibrillation 1.04 (0.92-1.18) 0.51
Cancer 0.90 (0.76-1.07) 0.25
Chronic pulmonary disease 0.83 (0.74-0.93) 0.0009
Dementia 0.50 (0.33-0.77) 0.002
Post-traumatic stress disorder 1.06 (0.89-1.27) 0.49
Tobacco use disorder 1.13 (0.96-1.33) 0.16
Coronary procedures

PCI before 1st AMI hospitalization 1.23 (1.05-1.46) 0.01
PCI during 1st AMI hospitalization 1.39 (1.22-1.57) <0.0001
PCI after 1st AMI hospitalization 1.35(1.05-1.73) 0.02
CABG during 1st AMI hospitalization 1.21 (1.00-1.48) 0.05
Diagnostic angiogram before 1st AMI hospitalization 1.17 (1.00-1.37) 0.05
Diagnostic angiogram during 1st AMI hospitalization 1.04 (0.90-1.19) 0.60

Guideline-directed medical therapy < 180 days before LVEF assessment
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Oddsratio (95% CI) p-Value
Beta blocker 1.11 (0.81-1.51) 0.51
ACE inhibitor or ARB 1.30(0.93-1.81) 0.13
Mineralocorticoid receptor antagonist 1.59 (1.15-2.20) 0.005
Combination beta blocker / ACE inhibitor or ARB 1.25(0.85-1.84) 0.25
Combination beta blocker / ACE inhibitor or ARB / mineralocorticoid receptor antagonist ~ 1.18 (0.83-1.66) 0.36
Facility characteristic
Academic affiliation 0.84 (0.62-1.14) 0.26

Abbreviations: AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery; LVEF,

left ventricular ejection fraction; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker.
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