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ORIGINAL RESEARCH

Association of Ischemic Evaluation and 
Clinical Outcomes Among Patients 
Admitted With New- Onset Heart Failure
Erin McGuinn, MD; Theodore Warsavage, MS; Mary E. Plomondon, PhD; Javier A. Valle , MD, MSc;  
P. Michael Ho, MD, PhD; Stephen W. Waldo , MD

BACKGROUND: The significant morbidity associated with systolic heart failure makes it imperative to identify patients with 
a reversible cause. We thus sought to evaluate the proportion of patients who received an ischemic evaluation after a 
hospitalization for new- onset systolic heart failure.

METHODS AND RESULTS: Patients admitted with a new diagnosis of heart failure and a reduction in left ventricular ejection 
fraction (≤40%) were identified in the VA Healthcare System from January 2006 to August 2017. Among those who survived 
90 days without a readmission, we evaluated the proportion of patients who underwent an ischemic evaluation. We identified 
9625 patients who were admitted with a new diagnosis of systolic heart failure with a concomitant reduction in ejection 
fraction. A minority of patients (3859, 40%) underwent an ischemic evaluation, with significant variation across high- performing 
(90th percentile) and low- performing (10th percentile) sites (odds ratio, 3.79; 95% CI, 2.90– 4.31). Patients who underwent an 
evaluation were more likely to be treated with angiotensin- converting enzyme inhibitors (75% versus 64%, P<0.001) or beta 
blockers (92% versus 82%, P<0.001) and subsequently undergo percutaneous (8% versus 0%, P<0.001) or surgical (2% 
versus 0%, P<0.001) revascularization. Patients with an ischemic evaluation also had a significantly lower adjusted hazard of 
all- cause mortality (hazard ratio, 0.54; 95% CI, 0.47– 0.61) compared with those without an evaluation.

CONCLUSIONS: Ischemic evaluations are underutilized in patients admitted with heart failure and a new reduction in left 
ventricular systolic function. A focused intervention to increase guideline- concordant care could lead to an improvement in 
clinical outcomes.
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Heart failure is associated with significant morbid-
ity and mortality, resulting in a large burden to 
our healthcare system. Previous research has 

demonstrated that there is a significant overall lifetime 
risk of developing systolic heart failure among adults 
in the United States.1 Concordant with this finding, the 
prevalence of heart failure has dramatically increased 
over the past 2 decades, resulting in substantially 
higher rates of hospitalization and mortality.2,3 The 
costs in caring for affected patients are also projected 
to significantly increase in the United States, from $21 
to $53 billion over the next 20 years.4 Identifying the 

underlying cause of heart failure is thus imperative to 
ensure that the most appropriate medical and proce-
dural therapies are initiated to reduce the overall bur-
den of this disease.

Coronary artery disease is among the most com-
mon causes of heart failure, affecting >50% of pa-
tients with this condition.5,6 A recent meta- analysis 
suggests that both percutaneous and surgical re-
vascularizations are associated with a reduction in 
mortality among those with significant coronary ar-
tery disease and heart failure with reduced ejection 
fraction.7,8 With this in mind, the current professional 
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society guidelines strongly recommend an ischemic 
evaluation (IE) for all patients with newly diagnosed 
systolic dysfunction.9 Despite this recommendation, 
preliminary studies have suggested a gross underuti-
lization of both noninvasive and invasive modalities 
to evaluate for coronary artery disease in these pa-
tients.10 A more granular investigation evaluating the 
site- level variation in IEs and its downstream con-
sequences in clinical management and outcomes 
has not yet been performed in a national healthcare 
system.

With this in mind, we sought to evaluate the rates 
of IE among those diagnosed with heart failure with 
reduced ejection fraction. Further investigations were 
designed to evaluate site- level variation in testing as 
well as the association between an IE and clinical out-
comes among patients with this condition. To do so, 
we leveraged data from the largest integrated health-
care system in the United States: the Veterans Affairs 
(VA) Healthcare System.11

METHODS
The data that support the findings of this study 
are available from the corresponding author upon 

reasonable request, though they will be subject to 
the stringent data privacy rules of the VA Healthcare 
System and US Government.

Population
All patients presenting to Veterans Health 
Administration Hospitals with a new diagnosis of 
systolic heart failure from January 2006 to August 
2017 were included in the analysis. For the purpose of 
this project, hospital admission for a new heart failure 
diagnosis was determined using administrative billing 
codes. A new heart failure admission was defined as 
a primary discharge diagnosis of heart failure using 
the International Classification of Diseases, Ninth 
Revision (ICD- 9: 428.XX) or 10th Revision (ICD- 10: 
I50.1/I50.20/I50.23/I50.30– 3/I50.40– 3/I50.9) codes, 
consistent with prior studies.10,12 Subjects who met 
these criteria were then queried for documentation 
of newly reduced left ventricular systolic function 
via echocardiography that occurred 90 days before 
their admission or 10  days after their admission, 
defined as an ejection fraction ≤40% consistent 
with the recommendations in current professional 
society guidelines.9 A new decline was defined as a 
reduction in the reported ejection fraction compared 
with a prior echocardiogram within the VA Healthcare 
System. Patients without a prior echocardiogram 
and a reported ejection fraction of ≤40% were 
considered to have a new diagnosis of heart failure 
with reduced ejection fraction. Only the index report 
of an ejection fraction ≤40% was included, to ensure 
that patients with a chronic reduction in ejection 
fraction documented over multiple studies were not 
repeatedly incorporated into the cohort. Patients with 
a diagnosis of diastolic heart failure were excluded, 
as were patients who had an IE within 1 year before 
the index hospitalization. Patients who were admitted 
within the study period (2006– 2017) and who had a 
prior hospital admission for heart failure since 2002 
were also excluded, because the hospitalization 
measured in this study would not reflect the index 
admission for their condition. Finally, patients who 
were discharged with hospice or were rehospitalized 
or died within 90  days of the index hospitalization 
were excluded from the subsequent analysis to 
ensure that only patients who were healthy enough 
to benefit from an IE were ultimately included in the 
analytic cohort. This project was approved by the 
Colorado Multiple Institution Review Board, which 
includes the Rocky Mountain Regional VA Medical 
Center, with a waiver of informed consent.

Measurements
Patient characteristics were abstracted from 
the linked electronic medical record, including 

CLINICAL PERSPECTIVE

What Is New?
• Ischemic evaluations are performed in a minority 

of patients admitted for new- onset systolic 
heart failure, with significant variation across 
institutions.

• The performance of an ischemic evaluation in 
this population is associated with an increased 
use of guideline- indicated medical therapy for 
heart failure.

• The performance of an ischemic evaluation in 
this population is associated with a reduction in 
the adjusted hazard ratio for all- cause mortality.

What Are the Clinical Implications?
• There is an opportunity to standardize practices 

to improve guideline- concordant care— 
including routine ischemic evaluations— for 
patients admitted with new- onset systolic heart 
failure.

Nonstandard Abbreviations and Acronyms

IE ischemic evaluation
VA Veterans Affairs
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documentation of left ventricular ejection fraction 
by echocardiography. An IE was assessed within 
90  days of the qualifying hospital admission for 
new heart failure with reduced ejection fraction, to 
allow a reasonable period of time from diagnosis to 
evaluation. Previously validated procedural codes13 
were used to determine whether an IE was performed 
within this time frame, which included exercise 
stress tests, nuclear stress tests, echocardiographic 
stress tests, computed tomography angiography or 
coronary angiography (Table S1), and could occur on 
an inpatient or outpatient basis. A revascularization 
procedure was also considered to include an IE, 
including percutaneous coronary intervention or 
coronary artery bypass grafting (Table S2), because 
it would be unlikely that a patient would undergo 
revascularization without a concomitant IE. All 
outcomes were assessed within the VA Healthcare 
System as well as outside the VA Healthcare 
System using fee- basis data. Coronary angiography 
and percutaneous revascularization within the VA 
Healthcare System were ascertained using data from 
the VA Clinical Assessment, Reporting and Tracking 
Program as previously described.14

Outcomes
Clinical outcomes were assessed among patients 
with new heart failure with reduced ejection 
fraction, including rehospitalization for heart failure, 
rehospitalization for myocardial infarction (MI), and 
mortality (Table  S3). Mortality was ascertained from 
the VA Information Resource Center Vital Status File 
which includes data from the Beneficiary Identification 
Record Locator Subsystem Death File, VA Medicare 
Vital Status File, and the Social Security Administration 
Death Master File.15

Statistical Analysis
The temporal trends in patients admitted with heart 
failure were reported by calendar year, stratified by the 
performance of any IE. Subsequently, the demographic 
and clinical characteristics were compared among 
those with and without an IE. To assess the comparative 
effectiveness of the treatment (receiving an IE within 
90 days of diagnosis) on the outcomes (mortality and 
the composite outcome of mortality or readmission for 
heart failure or MI), inverse probability weighting was 
implemented to create a balanced cohort, followed by 
Cox proportional hazard models to assess the effect 
of the treatment. Inverse probability weighting creates 
a data set where the covariates between treated and 
controlled are balanced, thus adjusting for confounding, 
by weighting individuals according to their propensity 
score. Site variation was further assessed with the 
reference effect measure, to demonstrate the effect 

of site compared with the effect of the treatment. To 
calculate the reference effect measure, a random 
effect for site is added to the logistic regression model 
with the outcomes of interest as dependent variables 
and same covariates used to calculate the propensity 
score as dependent variables. Using the variance of this 
random effect, the difference in odds ratios between a 
high- performing (90th percentile) and low- performing 
(10th percentile) site is calculated as previously 
described.16 Clinical outcomes were assessed 
after 90  days from the index presentation, using 
inverse probability weighting to control for potential 
confounders. Gradient boosted machines were used 
to estimate propensity scores, with demographic 
information (age/sex/race/ethnicity/body mass index) 
and medical comorbidities (cerebrovascular disease/
chronic obstructive pulmonary disease/chronic kidney 
disease/coagulopathy/diabetes mellitus/depression/
ejection fraction/hyperlipidemia/hypertension/prior 
bypass/prior IE/prior percutaneous intervention/
peripheral artery disease/substance abuse) included 
as covariates. Additional covariates were included 
to account for the prior use of home health services 
to control for patient frailty, as well as the year of 
presentation to account for temporal trends. Data were 
trimmed to remove individuals with extreme propensity 
scores (<0.05 or >0.95) as depicted in Figure  S1. 
Differences between the 2 weighted subpopulations 
were assessed with absolute standardized differences, 
with a value <0.1 indicating balance.17 Using this data 
set, the estimated hazard ratio (HR) for the effect of 
IE on death or a composite including death and 
rehospitalization for heart failure or MI was calculated 
with a Cox proportional hazard model using robust 
standardized errors. A sensitivity analysis was 
subsequently performed to evaluate the effect of an 
unmeasured confounder as previously described.18 To 
do so, we calculated an adjusted HR and 95% CI from 
a model that assumed the presence of a hypothetical 
confounder with known prevalence and association 
with the outcome, to determine the magnitude 
of influence that would be needed to completely 
account for the observed relationship.18 All analyses 
were performed with R 3.5.1 (The R Foundation for 
Statistical Computing, Vienna, Austria). The Toolkit 
for Weighting and Analysis of Nonequivalent Groups 
(TWANG) R package was used in the calculation 
of propensity scores. A P<0.05 was considered 
statistically significant.

RESULTS
Population
During the time period under investigation, there were 
43  957 patients admitted with a primary diagnosis of 
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heart failure and a documented echocardiogram during 
the index admission. A minority (19 495, 44%) were found 
to have a new reduction in left ventricular systolic function. 
After excluding patients with a prior IE within 1 year (3432) 
and those who died or were rehospitalized within 90 days 
of the index presentation (6438), we identified 9625 
patients who constituted the analytic cohort. A minority 
of patients in the analytic cohort (3859, 40%) underwent 
an IE within 90 days of hospitalization (Figure 1).

Temporal Trends
The temporal trends in hospital admission for a new 
diagnosis of heart failure with reduced ejection fraction 
are shown in Figure 2, stratified by the performance of 
an IE. As shown, annual admissions for new systolic 
heart failure in this cohort declined 26.3 patients/y 
between 2006 and 2017 (linear trend P=0.01), though 
the proportion of patients who underwent an IE slightly 
increased from 38% at the beginning of the study to 
41% at its conclusion.

Patient Characteristics
The patient characteristics with newly diagnosed heart 
failure with reduced ejection fraction are demonstrated 

in Table 1, stratified by IE. As shown, unweighted patients 
who underwent an IE were younger (66 versus 71 years, 
P<0.001) and were less likely to have cerebrovascular 
disease (7% versus 12%, P<0.001), chronic kidney 
disease (14% versus 22%, P<0.001), diabetes mellitus 
(39 versus 42, P<0.001) or previously receive home 
health services (5% versus 6%, P=0.010) compared with 
those who did not undergo an IE. Propensity weighting 
decreased the differences in these subpopulations, with 
all characteristics exhibiting an absolute standardized 
difference <0.10 after weighting.

Ischemic Evaluation and Site Variation
A minority of patients (3859, 40%) underwent an IE, 
with the largest proportion of patients undergoing 
coronary angiography (45%) or isolated noninvasive 
stress testing (40%) as shown in Table  2. Among 
patients who underwent an IE, the majority (2197, 
63%) had the testing performed during the index 
presentation. There was significant site variation in 
the performance of an IE after adjusting for patient 
characteristics, wherein a patient treated at a site 
more likely to perform an evaluation (90th percentile) 
had 3.79 (95% CI, 2.90– 4.33) greater odds of 

Figure 1. Cohort construction.
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undergoing the evaluation compared with a similar 
patient treated at a site less likely (10th percentile) 
to undergo an evaluation. The proportion of patients 
who underwent an IE was significantly greater at a 
site with a cardiac catheterization laboratory (42%) 
than the proportion of patients who presented to a 
site without this service (34%, P<0.001).

Subsequent Management
Patients who underwent an IE were more likely to 
be treated with guideline- directed medical therapy 
for cardiomyopathy, with an increasing proportion 
of patients receiving beta blockers (92% versus 
82%, P<0.001) and angiotensin- converting enzyme 
inhibitors (75% versus 64%, P<0.001) within 90 days 
of discharge compared with those who did not 
undergo an IE. Similarly, percutaneous (8% versus 
0%, P<0.001) or surgical revascularization (2% versus 
0%, P<0.001) within 90  days was also significantly 
higher among those who underwent an IE after their 
index hospitalization (Table 2).

Clinical Outcomes
The overall mortality for the analytic cohort was high 
(15%), with a significantly lower mortality rate among 
those who received an IE (9%) compared with those who 

did not (19%, P<0.001) at 1 year of follow- up (Table 2). 
The unadjusted hazard for mortality between the 2 
groups was similar (HR, 0.45; 95% CI, 0.40– 0.51) and 
persisted after propensity weighting (HR, 0.54; 95% CI, 
0.47– 0.61), as those with an IE had a significantly lower 
adjusted hazard of all- cause mortality compared with 
those without an IE (Figure 3). Similarly, the proportion 
of patients who had a composite outcome of death and 
rehospitalization for heart failure or MI was significantly 
lower among those with an IE (25%) compared with 
those without one (34%, P<0.001) at 1 year of follow- up 
(Table  2). The unadjusted hazard for the composite 
outcome between the 2 groups followed these trends 
(HR, 0.63; 95% CI, 0.58– 0.68) and persisted after 
propensity weighting (HR, 0.69; 95% CI, 0.64– 0.75), 
as those with an IE had a significantly lower hazard 
of composite of rehospitalization or death compared 
with those without an IE (Figure  4). The relationship 
between site- level IE by quartiles and clinical outcomes 
is reproduced in Figure S2, demonstrating a consistent 
benefit for patients who underwent an IE across all sites.

Sensitivity Analysis
A sensitivity analysis was performed to assess the 
impact of an unmeasured confounder for mortality. 
Using the measured HR for mortality, it would require 

Figure 2. Temporal trends in admissions for heart failure with reduced ejection fraction, showing 
the number of patients admitted with and without an ischemic evaluation as well as the proportion 
(line) stratified by time.
 



J Am Heart Assoc. 2021;10:e019452. DOI: 10.1161/JAHA.120.019452 6

McGuinn et al Ischemic Evaluation in Heart Failure

an unmeasured confounder with a HR of 3.999 and 
a prevalence of 25% in the non- IE subpopulation to 
completely negate the mortality difference between 
the 2 groups (Figure S3).

DISCUSSION
The present study evaluated the proportion of 
patients who received an IE after a hospitalization for 
new- onset systolic heart failure, and the association 
of this evaluation with clinical outcomes. As the data 
demonstrate, a minority of patients hospitalized 
for new systolic heart failure undergo an IE within 
90  days of their index presentation with significant 
variation across sites. The performance of an IE had 
important downstream consequences, because 
those who received ischemic testing had a much 
greater likelihood of being treated with guideline- 
indicated medical therapies for cardiomyopathy 
and undergoing percutaneous or surgical coronary 

revascularization. Furthermore, propensity- weighted 
patients who underwent an IE had a 46% reduction 
in the hazard for mortality and a 31% reduction in 
the hazard for death and rehospitalization for heart 
failure or MI compared with patients who were not 
assessed for underlying obstructive coronary artery 
disease. These data reinforce the current guidelines 
supporting IEs in patients with new systolic heart 
failure, and emphasize the importance of developing 
standardized practices to improve the overall quality 
of care patients with heart failure receive.

An IE is performed in a minority of patients pre-
senting with new- onset systolic heart failure. Previous 
research has demonstrated that coronary artery 
disease remains one of the most common causes 
of systolic heart failure in the developed world.5,6,19 
Because of this, professional society guidelines 
strongly recommend an IE for all patients with newly 
diagnosed systolic dysfunction.9 These recommen-
dations have not been widely embraced, however, 

Table 1. Demographic and Clinical Characteristics

Unweighted Weighted

No Ischemic 
Evaluation Ischemic Evaluation

P Value

No Ischemic 
Evaluation Ischemic Evaluation

Standardized 
DifferenceN=5766 N=3859 N=9155 N=8600

Age, y 71 (62– 81) 65 (59– 74) <0.001 68 (61– 79) 68 (61– 78) 0.076

Male 5696 (99) 43 796 (98) 0.102 9022 (98) 8478 (99) 0.003

Race

White 4083 (71) 2650 (69) 0.026 6346 (69) 6007 (70) 0.011

Hispanic 288 (5) 214 (6) 0.253 453 (5) 463 (5) 0.020

Medical comorbidities

Cerebrovascular disease 667 (12) 285 (7) <0.001 941 (10) 783 (9) 0.040

Chronic kidney disease 1253 (22) 527 (14) <0.001 1748 (19) 1462 (17) 0.054

Dementia 347 (6) 84 (2) <0.001 468 (5) 242 (3) 0.118

Obstructive lung disease 549 (10) 244 (6) <0.001 772 (8) 621 (7) 0.046

Coagulopathy 1509 (26) 722 (19) <0.001 2188 (24) 1883 (22) 0.048

Depression 435 (8) 290 (8) 0.989 694 (8) 647 (8) 0.002

Diabetes mellitus 2443 (42) 1522 (39) 0.005 3797 (42) 3490 (41) 0.018

Hypertension 4185 (73) 2411 (63) <0.001 6366 (70) 5797 (67) 0.046

Hyperlipidemia 3173 (55) 1833 (48) <0.001 4859 (53) 4401 (51) 0.038

Peripheral artery disease 872 (15) 401 (10) <0.001 1251 (14) 1053 (12) 0.042

Substance abuse 277 (5) 190 (5) 0.827 441 (5) 374 (4) 0.022

Prior cardiovascular studies

Prior ischemic evaluation (>1 y) 709 (12) 297 (8) <0.001 990 (11) 809 (9) 0.047

Prior ejection fraction 322 (6) 451 (12) <0.001 642 (7) 732 (9) 0.010

Prior revascularization

Prior bypass surgery 40 (1) 12 (1) 0.018 56 (1) 30 (1) 0.037

Prior percutaneous intervention 74 (1) 34 (1) 0.082 104 (1) 102 (1) 0.005

Prior home health services 338 (6) 179 (5) 0.010 508 (6) 433 (5) 0.023

Data are presented as median (interquartile range) or number (percent).
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because preliminary data utilizing administrative bill-
ing codes have demonstrated that a minority of pa-
tients with heart failure undergo ischemic testing in 
the community.10 It is important to note that these 
billing codes, however, may have identified a hetero-
geneous population with multiple medical conditions 
rather than a specific population with systolic heart 
failure. A recently published analysis utilizing echo-
cardiographic data to identify a homogeneous popu-
lation of older patients with heart failure with reduced 
ejection fraction did confirm that a minority of patients 
(39%) underwent an IE.20 The present study corrob-
orates this in a national healthcare system among all 
age groups, whereby a similar minority of patients 
(40%) hospitalized with a new diagnosis of heart 
failure and reduced ejection fraction undergo an IE 
within 90 days of their hospitalization. Furthermore, 
the performance of an IE is subject to significant 
site- level variation, whereas a similar patient could 
have greater than a 4- fold increased chance of un-
dergoing an IE simply by presenting to an alternative 
site. This is similar to the site- level variation identi-
fied in another community- based cohort of patients 
with heart failure over a decade ago, suggesting little 
progress in standardizing care for this population.21 

These data reinforce the importance of developing 
systems of care that improve guideline- concordant 
practices for patients with heart failure, especially in 
light of the downstream consequences for patients 
without ischemic testing.

An IE is associated with improved clinical out-
comes among patients admitted with a new diagnosis 
of systolic heart failure. A diagnostic test is unlikely to 
significantly improve clinical outcomes unless it is as-
sociated with downstream therapeutic interventions. 
Previous research has suggested that performance 
of an IE during the index hospitalization for acute 
heart failure is associated with an increased utiliza-
tion of guideline- directed medical therapy for cardio-
vascular disease.22,23 Furthermore, revascularization 
is unlikely to occur unless a patient with heart failure 
has been evaluated for coronary artery disease, and 
both percutaneous and surgical revascularization are 
associated with an improvement in left ventricular 
systolic function and decrease in mortality among 
those with systolic heart failure.7,8,24 Supporting this, 
the present study demonstrates that the proportion 
of patients treated with guideline- indicated medi-
cal therapies for cardiomyopathy was significantly 
greater among those who received an IE. Similarly, 
patients who underwent an IE were also significantly 
more likely to later undergo percutaneous or surgi-
cal revascularization. The increased utilization of ap-
propriate medical and procedural therapies for heart 
failure among those who received an IE may have 
contributed to an improvement in clinical outcomes, 
because the data demonstrated a 46% reduction in 
the hazard for mortality and a 31% reduction in the 
hazard for a composite that included rehospitalization 

Table 2. Ischemic Evaluation, Subsequent Management, 
and Clinical Outcomes

No Ischemic 
Evaluation 
(N=5766)

Ischemic 
Evaluation 
(N=3849) P Value

Ischemic evaluation

Ischemic evaluation 
<90 d

0 (0) 3849 (100) <0.001

Invasive evaluation 0 (0) 1742 (45)

Noninvasive evaluation 0 (0) 1545 (40)

Both 0 (0) 572 (15)

None 5766 (100) 0 (0)

Medical management

ACE inhibitors 3707 (64) 2884 (75) <0.001

Beta blockers 4727 (82) 3556 (92) <0.001

Statins 3142 (55) 2449 (64) <0.001

Revascularization (within 90 d)

Percutaneous 
intervention

0 (0) 291 (8) <0.001

Coronary artery 
bypass grafting

0 (0) 90 (2) <0.001

Mortality (1 y) 1108 (19) 355 (9) <0.001

Composite (1 y) 2014 (35) 916 (24) <0.001

Hospitalization heart 
failure

1197 (21) 640 (17) <0.001

Hospitalization 
myocardial infarction

107 (2) 63 (2) 0.462

Data are presented as number (percent). ACE indicates angiotensin- 
converting enzyme.

Figure 3. Mortality among propensity- weighted patients 
admitted with heart failure and reduced ejection fraction, 
stratified by an ischemic evaluation.
The hazard ratio (HR) for mortality was reduced 46% (HR, 0.54; 
95% CI, 0.47– 0.61) among patients with an ischemic evaluation 
compared with those without an ischemic evaluation, with the 
comparison beginning 90  days after the index presentation to 
mitigate the immortal time bias.

0.00

0.05

0.10

0.15

0.20

0 100 200 300
Time (Days after 90 day Survival)

P
ro

ba
bi

lit
y 

of
 D

ea
th

Ischemic Evaluation Status

No Ischemic Evaluation

Ischemic Evaluation



J Am Heart Assoc. 2021;10:e019452. DOI: 10.1161/JAHA.120.019452 8

McGuinn et al Ischemic Evaluation in Heart Failure

for heart failure or MI compared with those who did 
not undergo similar testing. These results are after 
excluding those who had a rehospitalization or death 
within the first 90 days of the index presentation, re-
ducing the impact of immortal time bias. A sensitiv-
ity analysis suggested that a significant unmeasured 
confounder (HR, 3.999) with a high prevalence (25%) 
would be necessary to completely negate these find-
ings. Given the substantial differences in clinical out-
comes, it is imperative to better understand the lack 
of IEs in patients with heart failure.

The reasons for avoiding ischemic testing in pa-
tients with heart failure are likely multifactorial. 
Previous data have suggested that patients with heart 
failure have a high mortality rate, with recent declines 
in cardiovascular mortality offset by increases in non-
cardiovascular mortality.25 Some patients with heart 
failure may be deemed too sick to undergo further 
diagnostic testing, including an evaluation for the 
underlying cause of their heart failure. The present 
analysis attempted to account for these patients by 
excluding anyone who died or was rehospitalized 
within 90  days of the index presentation from the 
analytic cohort. Individuals discharged to hospice 
care after the index presentation were also excluded. 
Despite this, the utilization of ischemic testing remains 
low even after excluding those patients with poor 
prognoses. A lack of ischemic testing in the remaining 
cohort may be a result of the services available, be-
cause ischemic testing was significantly less common 
for patients who presented to sites without a cardiac 
catheterization laboratory. Discoordination of care as 
a patient transits from the acute inpatient setting to 

chronic outpatient setting may also play a role, be-
cause the majority of patients who received an IE did 
so during their index hospitalization. Programs devel-
oped to enhance the transition for patients with heart 
failure may improve the rates of IE after discharge, 
and overall evidence- based medical therapy for car-
diomyopathy.26 These factors obscure the larger 
issue, though, because the data suggest that patients 
admitted with new- onset heart failure and a reduc-
tion in ejection fraction are not receiving guideline- 
concordant care. Prior studies have suggested that 
physician concordance with guidelines is diminished 
because of decreased awareness and familiarity with 
their recommendations.27 The present study should 
highlight the importance of guideline- recommended 
IEs for patients with new systolic heart failure and its 
potential to improve clinical outcomes.

Limitations
These data should be interpreted in the context of 
several limitations. Patients were initially identified 
using administrative billing codes, which may be 
subject to errors. The data for the present study were 
augmented with clinical information derived from 
echocardiogram reports, increasing the specificity 
of the patients included in the analytic cohort. It is 
important to note that we do not have access to 
data from echocardiograms that were performed 
outside the integrated healthcare system, such that 
a small proportion of patients included in the cohort 
could have had a reduced ejection fraction identified 
at another healthcare facility before their index 
presentation. Among those included in the analytic 
cohort, propensity weighting sought to balance the 
medical comorbidities among those with and without 
an IE. Covariates for hard- to- determine markers 
of frailty such as the utilization of home health 
care were also included in attempts to provide a 
balanced population for comparison. The possibility 
of residual confounding remains, particularly among 
clinical characteristics that are not easily captured 
in administrative and clinical data. We attempted 
to create a more homogeneous population for 
comparison by excluding highly morbid patients with 
heart failure, by eliminating patients who died or were 
subsequently rehospitalized within 3  months of the 
index presentation. Though a difference in death 
rates was identified between the 2 groups, the cause 
of death is not readily available. Because of this, 
we are not able to accurately ascertain whether the 
difference in mortality is because of cardiovascular-  
or noncardiovascular- related deaths. Finally, the data 
represent the clinical practice of the VA Healthcare 
System and may not reflect other clinical settings. 
Further studies in alternative data sets or prospective 

Figure 4. Composite of mortality and rehospitalization for 
heart failure or myocardial infarction among propensity- 
weighted patients admitted with heart failure and reduced 
ejection fraction, stratified by an ischemic evaluation.
The hazard ratio (HR) for the composite was reduced 31% (HR, 
0.69; 95% CI, 0.64– 0.75) among patients with an ischemic 
evaluation compared with those without an ischemic evaluation, 
with the comparison beginning 90  days after the index 
presentation to mitigate the immortal time bias.
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clinical trials would serve to confirm or refute our 
findings.

CONCLUSIONS
Ischemic evaluations are underutilized in patients 
admitted with heart failure and a new reduction in 
left ventricular systolic function despite current 
professional society guidelines. The association of an 
IE with clinical outcomes suggests an opportunity for 
a focused intervention to improve care for this patient 
population.
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Table S1.  Procedure codes used to identify an ischemic evaluation. 

Procedure Codes 

Non-Invasive ICD-9:  89.41 / 89.42 / 89.43 / 89.44 

ICD-10:  4A02XM4 / 4A12XM4 / B22100Z / B2210ZZ / 

B22110Z / B2211ZZ / B221Y0Z / B221YZZ / B221ZZZ 

/ B22300Z / B2230ZZ / B22310Z / B2231ZZ / 

B223Y0Z / B223YZZ / B223ZZZ 

CPT: 93015 / 93016 / 93017 / 93018 / 93350 / 93351 / 

78451 / 78452 / 78453 / 78454 / 78460 / 78461 / 

78464 / 78465 / 78478 / 78480 / 78491 / 78492 / 

93015 / 93016 / 93017 / 93018 / 93350 / 93351 / 

C8928 / C8930 / 0146T / 0147T / 0148T / 0149T / 

75574 / S8093 

Invasive 

(Coronary 

Angiography) 

ICD-9:  8855 / 8856 / 8857 / 3E073KZ 

ICD-10:  B210010 / B2100ZZ / B210110 / B2101ZZ / 

B210Y10 / B210YZZ / B211010 / B2110ZZ / B211110 / 

B2111ZZ / B211Y10 / B211YZZ / B212010 / B2120ZZ 

/ B212110 / B2121ZZ / B212Y10 / B212YZZ / B213010 

/ B2130ZZ / B213110 / B2131ZZ / B213Y10 / 

B213YZZ / B2170ZZ / B2171ZZ / B217YZZ / B2180ZZ 

/ B2181ZZ / B218YZZ / B21F0ZZ / B21F1ZZ / 

B21FYZZ 

CPT: 93454 / 93455 / 93456 / 93457 / 93458 / 93459 / 

93460 / 93461 / 93508 / 93539 / 93540 / 93545 / 

93555 / 93556 / 93563 / 93564 / 93571 / 93572 



Table S2.  Procedure codes used to identify percutaneous or surgical 

revascularization. 

Procedure Codes 

PCI ICD-9: 66 / 1755 / 3606 / 3607 / 3609 / 9227 

ICD-10:  270346 / 027034Z / 270356 / 027035Z / 270366 / 

027036Z / 270376 / 027037Z / 02703D6 / 02703DZ / 02703EZ / 

02703F6 / 02703FZ / 02703G6 / 02703GZ / 02703T6 / 02703TZ / 

02703Z6 / 02703ZZ / 271346 / 027134Z / 271356 / 027135Z / 

271366 / 027136Z / 271376 / 027137Z / 02713D6 / 02713DZ / 

02713EZ / 02713F6 / 02713FZ / 02713G6 / 02713GZ / 02713T6 / 

02713TZ / 02713Z6 / 02713ZZ / 272346 / 027234Z / 272356 / 

027235Z / 272366 / 027236Z / 272376 / 027237Z / 02723D6 / 

02723DZ / 02723EZ / 02723F6 / 02723FZ / 02723G6 / 02723GZ / 

02723T6 / 02723TZ / 02723Z6 / 02723ZZ / 273346 / 027334Z / 

273356 / 027335Z / 273366 / 027336Z / 273376 / 027337Z / 

02733D6 / 02733DZ / 02733EZ / 02733F6 / 02733FZ / 02733G6 / 

02733GZ / 02733T6 / 02733TZ / 02733Z6 / 02733ZZ / 02C03Z6 / 

02C03ZZ / 02C13Z6 / 02C13ZZ / 02C23Z6 / 02C23ZZ / 02C33Z6 

/ 02C33ZZ 

CPT:  92920 / 92921 / 92924 / 92925 / 92928 / 92929 / 92933 / 

92934 / 92937 / 92938 / 92941 / 92943 / 92944 / 92973 / 92974 / 

92980 / 92981 / 92982 / 92984 / 92995 / 92996 / C9600 / C9601 / 

C9602 / C9603 / C9604 / C9605 / C9606 / C9607 / C9608 / 

G0290 / G0291 



CABG ICD-9:  3610 / 3611 / 3612 / 3613 / 3614 / 3615 / 3616 / 3617 / 

3619 

ICD-10:  210083 / 210088 / 210089 / 021008C / 021008F / 

021008W / 210093 / 210098 / 210099 / 021009C / 021009F / 

021009W / 02100A3 / 02100A8 / 02100A9 / 02100AC / 02100AF / 

02100AW / 02100J3 / 02100J8 / 02100J9 / 02100JC / 02100JF / 

02100JW / 02100K3 / 02100K8 / 02100K9 / 02100KC / 02100KF / 

02100KW / 02100Z3 / 02100Z8/ 02100Z9 / 02100ZC / 02100ZF / 

210344 / 02103D4 / 210444 / 210483 / 210488 / 210489 / 

021048C / 021048F / 021048W / 210493 / 210498 / 210499 / 

021049C / 021049F / 021049W / 02104A3 / 02104A8/ 02104A9 / 

02104AC / 02104AF / 02104AW / 02104D4 / 02104J3 / 02104J8 / 

02104J9 / 02104JC / 02104JF / 02104JW / 02104K3 / 02104K8 / 

02104K9 / 02104KC / 02104KF / 02104KW / 02104Z3 / 02104Z8 / 

02104Z9 / 02104ZC / 02104ZF / 211083 / 211088 / 211089 / 

021108C / 021108F / 021108W / 211093 / 211098 / 211099 / 

021109C / 021109F / 021109W / 02110A3 / 02110A8 / 02110A9 / 

02110AC / 02110AF / 02110AW / 02110J3 / 02110J8 / 02110J9 / 

02110JC / 02110JF / 02110JW / 02110K3 / 02110K8 / 02110K9 / 

02110KC / 02110KF / 02110KW / 02110Z3 / 02110Z8 / 02110Z9 / 

02110ZC / 02110ZF / 211344 / 02113D4 / 211444 / 211483 / 

211488 / 211489 / 021148C / 021148F / 021148W / 211493 / 

211498 / 211499 / 021149C / 021149F / 021149W / 02114A3 / 

02114A8 / 02114A9 / 02114AC / 02114AF / 02114AW / 02114D4 

/ 02114J3 / 02114J8 / 02114J9 / 02114JC / 02114JF / 02114JW / 



02114K3 / 02114K8 / 02114K9 / 02114KC / 02114KF / 02114KW 

/ 02114Z3 / 02114Z8 / 02114Z9 / 02114ZC / 02114ZF / 212083 / 

212088 / 212089 / 021208C / 021208F / 021208W / 212093 / 

212098 / 212099 / 021209C / 021209F / 021209W / 02120A3 / 

02120A8 / 02120A9 / 02120AC / 02120AF / 02120AW / 02120J3 / 

02120J8 / 02120J9 / 02120JC / 02120JF / 02120JW / 02120K3 / 

02120K8 / 02120K9 / 02120KC / 02120KF / 02120KW / 02120Z3 / 

02120Z8 / 02120Z9 / 02120ZC / 02120ZF / 212344 / 02123D4 / 

212444 / 212483 / 212488 / 212489 / 021248C / 021248F / 

021248W / 212493 / 212498 / 212499 / 021249C / 021249F / 

021249W / 02124A3 / 02124A8 / 02124A9 / 02124AC / 02124AF / 

02124AW / 02124D4 / 02124J3 / 02124J8 / 02124J9 / 02124JC / 

02124JF / 02124JW / 02124K3 / 02124K8 / 02124K9 / 02124KC / 

02124KF / 02124KW / 02124Z3 / 02124Z8 / 02124Z9 / 02124ZC / 

02124ZF / 213083 / 213088 / 213089 / 021308C / 021308F / 

021308W / 213093 / 213098 / 213099 / 021309C / 021309F / 

021309W / 02130A3 / 02130A8 / 02130A9 / 02130AC / 02130AF / 

02130AW / 02130J3 / 02130J8 / 02130J9 / 02130JC / 02130JF / 

02130JW / 02130K3 / 02130K8 / 02130K9 / 02130KC / 02130KF / 

02130KW / 02130Z3 / 02130Z8 / 02130Z9 / 02130ZC / 02130ZF / 

213344 / 02133D4 / 213444 / 213483 / 213488 / 213489 / 

021348C / 021348F / 021348W / 213493 / 213498 / 213499 / 

021349C / 021349F / 021349W / 02134A3 / 02134A8 / 02134A9 / 

02134AC / 02134AF / 02134AW / 02134D4 / 02134J3 / 02134J8 / 

02134J9 / 02134JC / 02134JF / 02134JW / 02134K3 / 02134K8 / 



02134K9 / 02134KC / 02134KF / 02134KW / 02134Z3 / 02134Z8 / 

02134Z9 / 02134ZC / 02134ZF 

CPT: 33510 / 33511 / 33512 / 33513 / 33514 / 33516 / 33517 / 

33518 / 33519 / 33521 / 33522 / 33523 / 33533 / 33534 / 33535 / 

33536 / 33572 / 4110F / S2205 / S2206 / S2207 / S2208 / S2209 



Table S3.  Diagnosis codes used to identify readmission. 

ICD-9 or 10 Diagnosis Codes 

Heart Failure ICD-9:  428.XX 

ICD-10:  I50.1 / I50.20 / I50.23 / I50.30-3 / I50.40-3 / I50.9 

Myocardial Infarction ICD-9:  410.XX 

ICD-10:  I21.01 / I21.02 / I21.09 / I21.11 / I21.19 / I21.21 

/ I21.29 / I21.3 / I21.4 / I22.0 / I22.1 / I22.2 / I22.8 / I22.9 



Figure S1. Distribution of propensity scores stratified by ischemic evaluation. 
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Figure S2.  Hazard ratio for mortality (A) and composite (B) of death and re-hospitalization for 

heart failure or myocardial infarction stratified by site-level quartile of ischemic evaluation.

A 
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Figure S3.  Sensitivity analysis for unmeasured confounders.  Using the measured hazard 

ratio for mortality (HR: 0.54), it would require an unmeasured confounder with a hazard ratio of 

3.999 and a prevalence of 25 % in the non-ischemic evaluation cohort (p0) regardless of 

prevalence in the ischemic evaluation cohort (p1) to completely negate the mortality difference 

observed between the two groups (red dots). 




