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Abstract

Aims This study aimed to assess short-term outcomes among emergency department (ED) patients with acute heart failure
(AHF) by preserved (≥50%) vs. reduced (<50%) ejection fraction (EF).
Methods and results We conducted a retrospective, multicentre study of adult ED patients with AHF from 2017 to 2018 in
an integrated healthcare system with 21 hospitals. Among patients with known EF, our primary outcome was 30 day all-cause
mortality, comparing patients with heart failure with preserved EF (HFpEF) and heart failure with reduced EF (HFrEF), adjusted
for known risk factors. We ran separate multivariate regression models to compare 30 day mortality between HFpEF and
HFrEF patients stratified by ED disposition (admit, observe, and discharge). Our secondary outcomes were adjusted 30 day
all-cause return hospital admission and rates of non-fatal serious adverse events, including new intra-aorta balloon pump, en-
dotracheal intubation, renal failure requiring dialysis, myocardial infarction, or coronary revascularization. We conducted a
sensitivity analysis among patients with EF ≤ 40% and compared our primary and secondary outcomes among patients with
EF ≤ 40% with those with EF ≥ 50%. Among the 26 050 total ED encounters for AHF, 15 275 (58.6%) had known EF and
62.4% had HFpEF. The mean age was 76, 49.6% were women, and 60.5% were white. We found that 62.4% of patients were
admitted, 18.3% were observed, and 19.3% were discharged from the ED. The 30 day all-cause mortality rate was lowest
among discharged patients (3.9%), intermediate among observed patients (5.9%), and highest among admitted patients
(13.9%). Overall, the adjusted 30 day mortality rate was significantly higher among HFpEF patients compared with HFrEF pa-
tients (10.2% vs. 8.4%, P = 0.0004). HFpEF patients had higher mortality regardless of ED disposition, although the difference
was only significant among admitted patients. The adjusted 30 day return hospital admission rates were not significantly dif-
ferent between HFpEF and HFrEF patients (17.9% vs. 17.8%, P = 0.89). The adjusted 30 day non-fatal serious adverse event
rates were significantly higher among HFrEF patients compared with HFpEF patients (13.7% vs. 11.1%, P < 0.0001), driven
by myocardial infarction and coronary revascularization. We found that 3692 patients had EF ≤ 40%. Patients with
EF ≥ 50% had significantly higher adjusted 30 day mortality rates compared with those with EF ≤ 40% (10.2% vs. 8.4%,
P < 0.05).
Conclusion In a contemporary population, almost three quarters of ED patients with AHF and known EF have HFpEF. These
patients have higher 30 day adjusted mortality compared with those with HFrEF. Further studies might evaluate the underly-
ing factors associated with this difference and target interventions to improve outcomes.
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Introduction

There are 1 million annual US emergency department (ED)
visits for acute heart failure (AHF), and 80–85% of these pa-
tients are admitted to the hospital.1 The cost of heart failure
(HF) care remains high, and age-adjusted mortality is
increasing.2,3 While a major focus of research and policy has
been on improving outcomes and readmission rates4–7

among hospitalized HF patients, the specific role of ED man-
agement on outcomes, especially in those not hospitalized,
has been less well studied.

In addition, several studies have assessed outcomes
among hospitalized and community-dwelling patients com-
paring those with HF with preserved ejection fraction
(HFpEF) with those with HF with reduced ejection fraction
(HFrEF).8–19 Several have shown better outcomes after hospi-
talization among patients with HFpEF,12,13,15 whereas others
have shown similar outcomes.11,16 The short-term outcomes
of patients with HFrEF and HFpEF patients after an ED visit
for HF, including patients discharged from the ED, managed
under observation status, and admitted to the hospital, are
less clear.

In this study of a contemporary population, we sought to
characterize clinical characteristics and key outcomes at
30 days after an ED visit for HF in patients with HFpEF com-
pared with those with HFrEF.

Methods

Study setting and population

Kaiser Permanente Northern California (KPNC) is a large inte-
grated healthcare delivery system that provides comprehen-
sive medical care for more than 4 million members with
~1.2 million ED visits per year. KPNC members include ~33%
of the population in areas served and are representative of
the demographic and socio-economic diversity of the sur-
rounding and statewide population.20,21

We conducted a retrospective cohort study among KPNC
health plan members aged ≥18 years who had an ED visit
for AHF between 1 January 2017 and 31 December 2018. Be-
cause of known limitations and inaccuracies of relying solely
on International Classification of Diseases, Tenth Revision
(ICD-10) coding22–24 to identify patients with AHF, we devel-
oped a novel process to improve case identification. We in-
cluded patients who had a documented ejection fraction
(EF) from an echocardiogram report in the prior 2 years to
their index visit (and used the most recent EF) and who had
one of the following: (i) chief complaint of shortness of
breath; (ii) B-type natriuretic peptide (BNP) value >499; or
(iii) an ICD code for HF (see Supporting Information, Appendix
S1). Patients were excluded if they had (i) a BNP < 100 and a

body mass index <30 and no qualifying ICD-10 code; (ii) left
against medical advice; (iii) left the ED without being seen by
a physician; or (iv) no active health plan membership in the
month of the ED visit or in 30 days following the ED visit be-
cause of the difficulty of capturing outcomes in these
patients.

To enrich the study cohort with patients meeting standard-
ized clinical criteria for AHF, we developed a natural language
processing algorithm to improve accurate capture of eligible
patients. We developed clinically derived lists of alternate
phraseologies for each Framingham HF criterion.25 We then
processed the ED providers’ notes to search for these identi-
fiers and examined word and phrase variation and order, in-
flexion, and negation. Two study co-authors (D. R. S. and
D. G. M.) manually reviewed 425 charts to allow for iterative
adjustment of search criteria to optimize accurate capture of
the Framingham criteria. Please see Supporting Information,
Appendix S1 for further explanation of this process. The final
algorithm was applied to eligible patient encounters to de-
velop the final study cohort.

Study protocol

We collected patient demographic information including age,
gender, race/ethnicity from electronic health record data-
bases, and neighbourhood socio-economic status at census
block group level using the 2010 US Census data. We
ascertained information on coexisting illnesses based on diag-
noses or procedures using ICD-10 and Common Procedural
Technology codes. For each patient, we obtained an
internally derived and validated co-morbidity risk score
(Comorbidity Point Score, COPS2).26 Laboratory results and
ED-level characteristics were ascertained from administrative
databases. HFrEF was defined as EF < 50%, and HFpEF was
defined as EF ≥ 50% based on an echocardiogram report
within the prior 2 years.

We described ED visit disposition, including discharge, ad-
mission to observation status, and full hospital admission.
Observed patients were defined as those officially admitted
to an observation unit, those placed under observation sta-
tus, or those managed in the ED for >16 h prior to discharge.
During the study period, 16 centres had observation units, al-
though workflows, patient inclusion/exclusion criteria, and
care providers (ED physicians vs. hospitalists) varied between
sites.

Key outcome measures

The primary outcome measure at 30 days from the index ED
visit was all-cause mortality. Secondary outcome measures
were 30 day all-cause return hospital admission and rates
of non-fatal serious adverse events (SAEs). Return hospital
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Table 1 Patient characteristics among patients visiting an emergency department for acute heart failure, stratified by ejection fraction
type: HFrEF (ejection fraction <50%) and HFpEF (ejection fraction ≥50%)

Characteristic HFrEF HFpEF P value

N 4843 10 432
Age, median (IQR) 74.0 (64.0–83.0) 77.0 (68.0–85.0) <0.001
Women (%) 36.3 55.7 <0.001
Race—white/European (%) 58.7 61.4 0.0017
Neighbourhood SES, low (%) 24.3 21.8 0.0006
Median healthcare utilization in past 365 days, median (IQR)

ED visits 1.0 (0.0–3.0) 1.0 (0.0–3.0) <0.001
Hospital admissions 0.0 (0.0–1.0) 0.0 (0.0–1.0) <0.001
Outpatient primary care visits 5.0 (2.0–10.0) 6.0 (3.0–11.0) <0.001

Cardiovascular history (%)
Coronary heart disease 47.1 33.9 <0.001
Hypertension 79.7 86.4 <0.001
Myocardial infarction 29.9 19.0 <0.001
Angina 11.7 9.6 <0.001
CABG/PCI 55.3 52.7 0.0029
Pacemaker 1.6 0.9 0.0002
Atrial fibrillation/flutter 43.7 46.9 0.0003
HFrEF < 50% 100.0 0.0 <0.001

Medical history (%)
ESRD 8.0 10.7 <0.001
Chronic kidney disease 48.1 51.6 <0.001
COPD 15.5 19.4 <0.001
Peripheral vascular disease 42.5 50.4 <0.001
Active cancer 9.2 11.7 <0.001
Diabetes 47.7 48.9 0.19
Dementia 3.8 4.6 <0.001

Oxygen dependenta 0.8 1.6 <0.001
Medications (in past 30 days) (%)

ACEI or ARB 54.3 45.4 <0.001
Beta-blocker 69.7 65.6 <0.001
Calcium channel blocker 18.3 38.9 <0.001
Nitrate 20.0 13.0 <0.001

Arrived by EMS (%) 30.3 33.8 <0.001
ED triage vital signs, median (IQR)

Systolic blood pressure (mmHg) 134.0 (117.0–153.0) 142.0 (125.0–161.0) <0.001
Diastolic blood pressure (mmHg) 79.0 (66.0–93.0) 74.0 (63.0–88.0) <0.001
Respiratory rate (per minute) 20.0 (18.0–24.0) 20.0 (18.0–24.0) <0.001
Heart rate (per minute) 91.0 (76.0–110.0) 86.0 (72.0–104.0) <0.001
Oxygen saturation (%) 97.0 (94.0–98.0) 95.0 (92.0–98.0) <0.001

Change in weight over baselineb (%)
>5 lb above baseline 19.1 23.4 <0.001
>10 lb above baseline 10.1 13.1 <0.001

ED laboratory data, median (IQR)
BNP (pg/mL) 942 (520–1702) 480 (239–870) <0.001
Troponin (pg/mL) 0.04 (0.03–0.10) 0.03 (0.02–0.06) <0.001
Sodium (mmol/L) 138 (135–140) 138 (135–140) 0.0028
BUN (mg/dL) 25.0 (18.0–37.0) 24.0 (17.0–37.0) <0.001
Creatinine (mg/dL) 1.21 (0.94–1.73) 1.15 (0.85–1.71) <0.001
Haemoglobin (g/dL) 12.3 (10.6–13.7) 11.4 (9.9–12.9) <0.001

Chest X-ray findings (%)
Cardiomegaly 48.2 42.6 <0.001
Congestion 64.7 66.2 0.079
Pleural effusion 48.5 48.0 0.56

Acute illness severity scores, median (IQR)
COPS2c score 67 (35–106) 75 (43–113) <0.001

Non-invasive ventilation used in ED (%) 13.0 13.7 0.25
ED disposition (%)

Discharged 17.0 20.4 <0.001
Observed 17.4 18.6 0.077
Admitted 65.6 61.0 <0.001

Follow-up outpatient visit (clinic or telephone) within 7 days of ED visit (%)d 58.8 54.6 <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; BUN, blood urea nitro-
gen; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; ED, emergency department; EMS, emergency
medical services; ESRD, end-stage renal disease; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced
ejection fraction; IQR, inter-quartile range; PCI, percutaneous coronary intervention; SES, socio-economic status.
There are a small number of patients who died in the ED, so the sum of discharged, observed, and admitted patients appears smaller than
the total study population. Overall, rates of missingness of variables were <5%, except for BNP (10.8% missing) and troponin (11.6%
missing).
aOxygen dependent defined as requiring O2 to maintain saturation >92%.
bBaseline weight was calculated as the average of all weights from all visits over the previous 365 days.
cCOPS2—internally derived and validated co-morbidity risk score (Comorbidity Point Score).26
dWe did not adjust for 7 day outpatient follow-up in the analysis of outcomes.
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admissions were second episodes of acute care, regardless of
disposition after the index ED visit. Non-fatal SAEs consisted
of intra-aorta balloon pump, endotracheal intubation, renal
failure requiring dialysis, myocardial infarction (MI), or coro-
nary revascularization.27 To avoid misclassifying elevated tro-
ponin levels due to HF as an MI, patients had to have either
(i) an ICD-10 code for ST-elevation MI or (ii) ICD-10 code for
acute coronary syndrome and two troponins greater than
the upper 99th percentile reference value within 24 h, with
a 20% difference between the lowest and highest values.28,29

See Supporting Information, Appendix S1 for ICD-10 codes.

Data analysis

We compared baseline characteristics by EF using
non-parametric tests (Kruskal–Wallis test) of continuous vari-
ables and χ2 tests for categorical variables. We performed a
Kaplan–Meier analysis to estimate 30 day survival comparing
HFrEF and HFpEF patients. To compare the outcomes be-
tween patients with HFpEF and those with HFrEF, we used
multivariate logistic regression for the one primary and two
secondary outcomes adjusted for all patient-level

characteristics in Table 1 (other than outpatient follow-up
at 7 days). For easier interpretation, we reported adjusted
rates of the primary and secondary outcome measures by
HF classification (generated from the multivariate model).
We also ran separate multivariate regression models to com-
pare 30 day mortality between patients with HFpEF and
those with HFrEF stratified by ED disposition. We conducted
sensitivity analyses to estimate the adjusted 30 day
all-cause mortality, all-cause return hospital admission, and
non-fatal SAE rates among patients with an EF ≤ 40% com-
pared with those with an EF ≥ 50% and among patients
who were alive for the entire 30 days since their index ED
visit with an EF < 50% compared with those with an
EF ≥ 50%. All analyses were conducted using Stata 14
(StataCorp, College Station, TX).

Results

Between 1 January 2017 and 31 December 2018, there were
26 050 total ED encounters for HF based on our study inclu-
sion protocol, and of these, 15 275 (58.6%) had known EF.
See Figure 1 for cohort selection. Combining structured data

Figure 1 Cohort assembly of 15 275 adult patients treated in the emergency department (ED) for acute heart failure, between 1 January 2017 and 31
December 2018. BMI, body mass index; EF, ejection fraction; ICD, International Classification of Diseases.
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(chief complaint, ICD-10 code, and BNP values) with the nat-
ural language processing algorithm to identify Framingham
diagnostic criteria resulted in sensitivity of 87%, specificity
of 90%, and positive predictive value of 89% for true AHF
when compared with physician adjudication as the gold
standard.

Of the 15 275 patients with EF data, 10 432 (68.3%) had
HFpEF. The mean age was 76, 49.6% were women, and
60.5% were White (Table 1). We found that 62.4% of patients
were admitted, 18.3% were observed, and 19.3% were
discharged from the ED. Among patients with HFpEF,
61.0%, 18.6%, and 20.4% were admitted, observed, and
discharged, and among patients with HFrEF, 65.5%, 17.4%,
and 17.0% were admitted, observed, and discharged. Among
patients discharged from the ED, including those directly
discharged and those discharged after a brief observation pe-
riod, 64.1% had an outpatient follow-up visit within 7 days.
The 30 day all-cause mortality rate among all patients
(regardless of EF) was lowest among discharged patients
(3.9%), intermediate among observed patients (5.9%), and
highest among admitted patients (13.9%). Discharged and
observed patients had comparable 30 day all-cause return
hospital admission rates (14.1% and 13.5%, respectively),
while admitted patients had higher rates (18.1%).

Patients with HFpEF were more likely female, older, white,
and less likely to come from a low socio-economic status
neighbourhood. They had higher rates of hypertension, atrial
fibrillation, kidney disease, chronic obstructive pulmonary
disease, peripheral vascular disease, cancer, and dementia
but had lower rates of coronary heart disease. They were

more likely to arrive by ambulance to the ED, were more fre-
quently above their baseline weight, and had lower BNP (481
vs. 941) and troponin (0.03 vs. 0.05) levels compared with
HFrEF patients. Compared with HFrEF patients, HFpEF pa-
tients had lower use of beta-blockers (65.6% vs. 69.7%,
P < 0.001) and angiotensin-converting enzyme inhibitors
(45.4% vs. 54.3%, P < 0.001). Data on patients with missing
EF are shown in Supporting Information, Appendix S1; in gen-
eral, these patients had fewer co-morbidities than patients
with EF data available and demographic and laboratory char-
acteristics more similar to HFpEF patients.

Figure 2 shows that the adjusted 30 day mortality rate for
HFpEF patients was significantly higher compared with HFrEF
patients, 10.2% vs. 8.4%, (P = 0.004). The Kaplan–Meier sur-
vival curve shows decreased survival of HFpEF patients com-
pared with HFrEF patients over 30 days (Figure 3, P = 0.054).

The adjusted rate of 30 day all-cause return hospital ad-
mission was not significantly different between HFpEF and
HFrEF patients, 17.9% vs. 17.8%, respectively, P = 0.89. The
adjusted rates of 30 day non-fatal SAEs were significantly
lower among HFpEF patients compared with HFrEF patients,
11.1% vs. 13.7%, P < 0.001 (Figure 2). Table 2 displays the
unadjusted individual rates of each outcome in the composite
non-fatal SAE outcome among HFrEF and HFpEF patients and
suggests that MI and coronary revascularization contributed
to higher SAE rates among patients with HFrEF.

There were 3692 patients with EF ≤ 40% (76% of all pa-
tients with an EF < 50%). The results from the sensitivity
analysis comparing outcomes between patients with
EF ≤ 40% and those with EF ≥ 50% were comparable with

Figure 2 Adjusted 30 day outcome rates comparing patients with heart failure with preserved ejection fraction (HFpEF) and heart failure with reduced
ejection fraction (HFrEF): all-cause mortality, non-fatal serious adverse events (SAEs), and all-cause return hospital admission. Non-fatal SAEs include
intra-aorta balloon pump, endotracheal intubation, renal failure requiring dialysis, myocardial infarction, or coronary revascularization. HFrEF was de-
fined as ejection fraction <50%, and HFpEF was defined as ejection fraction ≥50%. The figure displays outcome rates with 95% confidence intervals. P
values represent probability of null hypothesis (no difference in adjusted event rates) comparing patients with EF ≥ 50% with those with EF < 50% for
each outcome.
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the findings in the main analysis (see Supporting Information,
Appendix S1). The 30 day all-cause adjusted mortality rate
among patients with EF ≤ 40% was 8.4%, compared with
10.2% among patients with EF ≥ 50%.

The results on the adjusted 30 day mortality between pa-
tients with HFrEF and HFpEF stratified by ED disposition are
shown in Figure 4. HFpEF patients had higher mortality re-
gardless of ED disposition, although the difference was only
significant among admitted patients.

The sensitivity analysis on 30 day return hospital admission
and 30 day non-fatal SAEs among patients alive within 30 days

of their index ED visit were comparable with our findings in
the main analysis (n = 13 804 patients, 90.4% of full study co-
hort). The adjusted rates of 30 day all-cause return hospital
admission among those alive at 30 days were not significantly
different between HFpEF and HFrEF patients, 16.6% vs.
16.3%, P = 0.92, and the adjusted rates of 30 day non-fatal
SAEs were significantly lower among HFpEF patients com-
pared with HFrEF patients, 9.2% vs. 11.1%, respectively,
P < 0.0001.

Discussion

We describe a large, diverse ED population with AHF in a
multicentre integrated delivery system. Nearly 40% of pa-
tients were discharged, either directly from the ED or after
a brief observation stay, a rate substantially higher than na-
tional averages.1 By focusing on outcomes of all ED patients
with AHF, we provide a unique perspective on the clinical tra-
jectory of patients with HF symptoms triggering emergent
evaluation. Nearly 70% of patients with known EF had HFpEF
in our study, highlighting the increasing prevalence of HFpEF
patients compared with HFrEF patients. After adjusting for
multiple patient-level characteristics, the 30 day mortality
rates were significantly higher among patients with HFpEF
compared with those with HFrEF. In contrast, adjusted

Figure 3 Kaplan–Meier survival curve comparing 30 day all-cause mortality among patients with an ejection fraction ≥50% [heart failure with pre-
served ejection fraction (HFpEF)] and those with an ejection fraction <50% [heart failure with reduced ejection fraction (HFrEF)]. P = 0.054 from
the log-rank test for equality of survival distributions.

Table 2 Unadjusted rates of each individual outcome of the
non-fatal serious adverse outcome composite among patients
with HFrEF (ejection fraction <50%) and HFpEF (ejection fraction
≥50%)

Clinical outcome
EF

phenotype
30 day

outcome rate

Intra-arterial balloon pump HFpEF 0.05%
HFrEF 0.02%

Endotracheal intubation HFpEF 1.11%
HFrEF 1.24%

Renal failure requiring dialysis HFpEF 1.60%
HFrEF 1.59%

Myocardial infarction (MI) or coronary
revascularization

HFpEF 7.35%
HFrEF 15.28%

EF, ejection fraction; HFpEF, heart failure with preserved ejection
fraction; HFrEF, heart failure with reduced ejection fraction.
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30 day return hospital admission rates were not significantly
different, and adjusted rates of SAEs were significantly lower
among HFpEF patients compared with HFrEF patients. Mor-
tality rates were consistently higher among HFpEF patients
regardless of ED disposition but only reached statistical signif-
icance among admitted patients.

There remains an urgent need for data on patient out-
comes with HFpEF as compared with HFrEF in contemporary
populations including the ED population. In comparison with
prior studies that found similar10,15 or lower11,12,14 mortality
among patients with HFpEF compared with those with HFrEF,
we found higher adjusted mortality among HFpEF patients.
Prior studies assessing outcomes comparing HFrEF patients
with HFpEF patients have included study cohorts from the
1990s to 2011.7–16 To the best of our knowledge, our study
cohort from 2017 to 2018 represents the most contemporary
assessment of outcomes by EF across the continuum of ED
dispositions. Given that HFpEF patients have more
non-cardiovascular deaths compared with HFrEF patients,
we suspect that this novel finding of higher all-cause mortal-
ity among HFpEF patients is due to inclusion of a contempo-
rary and aging population with high rates of co-morbid
illness.30 A recent study found that, due to the ageing popu-
lation, there has been an 8.5% increase in the number of
deaths from heart disease and a 38% rise in deaths specifi-
cally from HF.3 Our study findings confirm this concerning
trend and suggest that the higher mortality and growing bur-
den of HFpEF patients are likely driving this trend.

The observed mortality differences between HFrEF and
HFpEF patients may also be due to more comprehensive

adjustment than earlier studies.10–16 We adjusted for multi-
ple patient characteristics, including demographic informa-
tion, co-morbidities, recent healthcare utilization, outpatient
medications, ED arrival mode, and acute physiology (ED vital
signs, laboratory and chest X-ray findings, and non-invasive
ventilation use), to give a more direct assessment of outcome
differences.

Our findings of higher mortality among HFpEF patients
compared with HFrEF patients highlight a pressing need for
innovation to develop effective strategies to manage the
growing population of patients with HFpEF. While effective,
guideline-directed therapies exist for treating HFrEF
patients,31 no therapies thus far show measurable benefit
in HFpEF patients. Current treatment for HFpEF targets symp-
tom relief, quality of life, and reduction of cardiac decompen-
sations by managing co-morbidities and fluid status. A
systematic review of HF disease-modifying programmes
among community-dwelling adults with HFpEF found that
some programmes may improve mortality, hospitalization
rates, self-care, and quality of life in patients.32 A recent
study of patients with AHF discharged from the ED found sig-
nificant differences in 30 day global rank and health status
among patients who received a self-care intervention, re-
gardless of EF.33 This is a novel and encouraging finding of im-
proved short-term outcomes among discharged patients;
further analysis of strategies to improve outcomes and qual-
ity of life should consider EF phenotype to optimize post-ED
transitions of care in this population.

While international guidelines define HFrEF as an EF ≤ 40%
and HFpEF as an EF ≥ 50%,34,35 patients with mid-range EF

Figure 4 Adjusted 30 day all-cause mortality (with 95% confidence intervals) by emergency department disposition (direct discharge, observation then
discharge, and hospital admission) after the index emergency department visit comparing patients with heart failure with preserved ejection fraction
(HFpEF) and heart failure with reduced ejection fraction (HFrEF). HFrEF was defined as ejection fraction <50%, and HFpEF was defined as ejection
fraction ≥50%. Observed patients were defined as those officially admitted to an observation unit, those placed under observation status, or those
managed in the emergency department for >16 h prior to discharge.
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(41–49%) share some characteristics with those with
EF > 50% and with those 40% or less, and these mid-range
EF patients have intermediate clinical outcomes.36 In addi-
tion, there is less clarity on the management of patients with
a borderline or mid-range EF (41–49%), and whether and
how the treatments that have been shown to be effective
for HFrEF patients should be applied to these mid-range EF
patients.37–39 Indeed, Pitt et al. used a cut-off of ≥45% (rather
than ≤40% or ≥50%) for a clinical trial of patients with
HFpEF.38 Because we were primarily interested in comparing
outcomes between patients with HFpEF with those without
HFpEF, we chose an EF cut-off of 50% for our primary analy-
sis. Regardless, we observed the similar difference in ad-
justed 30 day mortality rates (8.4%) whether comparing
HFpEF patients with those with an EF < 50% or only patients
with an EF ≤ 40%. Rates of 30 day return hospital admissions
and non-fatal SAEs were also consistent in the primary and
sensitivity analyses. These findings further highlight the
emerging challenge of increasing prevalence and significant
mortality risk of patients with HFpEF.

Our study reaffirms co-morbidity and demographic find-
ings among patients with HFpEF compared with those with
HFrEF reported in earlier studies.7–11,17 Epidemiological stud-
ies have indicated that the proportion of HFpEF patients is in-
creasing, with the proportion in the community estimated at
40–84%11,18,40 and, among hospitalized patients, 31–55%.10

In our sample of ED HF patients, nearly 70% had HFpEF,
highlighting an emerging challenge for ED providers. The
growing prevalence of HFpEF patients observed in our study
likely highlights the increasing prevalence of risk factors for
HFpEF, in particular older age, hypertension, metabolic syn-
drome, renal dysfunction, and obesity.

Most prior studies have assessed longitudinal outcomes in
a community population,7–9,15 or short-term or long-term
outcomes after an AHF hospital admission.10–14,16 Evaluating
the ED population and including those discharged is unique
and provides a more inclusive perspective on all patients
who seek emergent care for AHF symptoms, including pa-
tients discharged from the ED directly or after a brief obser-
vation period. The ED discharge rate, either directly from
the ED or after a brief observation period, in our population
was significantly higher than in other settings.1 While the ex-
act reasons for this are not clear, it likely relates to the higher
access to follow-up outpatient care in our setting. We found
that 30 day all-cause mortality rates were 1–2% higher
among HFpEF patients compared with HFrEF patients regard-
less of ED disposition, although the difference was only signif-
icant among admitted patients, possibly due to smaller
sample sizes among discharged and observed patients.

We found similar rates of 30 day all-cause return hospital
admission comparing HFpEF and HFrEF patients among all
ED patients. Earlier studies found similar or higher hospital
readmission rates comparing HFpEF patients with HFrEF pa-
tients after a hospital admission.13,14 While 30 day mortality

rates were higher among HFpEF patients, rates of adjusted
30 day non-fatal SAEs were significantly lower compared with
HFrEF patients. This paradox was due to the higher rates of
MI and coronary revascularization among HFrEF patients
and highlights the existence of interventions, which likely
have a greater potential benefit to patients with HFrEF.

Limitations

Despite our novel findings, our study has several limitations.
The retrospective nature of the study design might lead to a
higher degree of missing data. Approximately 40% of patients
were excluded because they did not have EF data available.
However, the shared electronic medical record system among
KPNCmembers across care settings supports availability of pa-
tient echocardiogram history for most ED visits. Patients miss-
ing these data may not have received a recent (within 2 years)
echocardiogram, be new health plan members (prior echocar-
diograms may be from an outside system), or have a new diag-
nosis of HF and have not yet had an echocardiogram. This
study may not generalize well to these groups. Characteristics
of patients without EF data available are found in Supporting
Information, Appendix S1, and overall, these patients more
closely resemble patients with HFpEF (more frequently
women and older, less frequently having a history of coronary
heart disease, and with median troponin and BNP values sim-
ilar to patients with HFpEF). In addition, we were not able to
collect hospital length of stay or cause of death of patients
in our study, although others have found that non-cardiac
death is significantly more common among HFpEF patients.41

Lastly, because this study was conducted within an insured
population with readily available access to early follow-up
and lower admission rates than nationwide reports,1 our find-
ings may not generalize to the uninsured or to other types of
practice settings. We previously found that close outpatient
follow-up decreased patients’ odds of a short-term adverse
event,42 suggesting that our results may not generalize to set-
tings with less reliable outpatient follow-up.

Conclusions

In a large and contemporary cohort of AHF patients present-
ing to an ED, we found that nearly 70% with known EF had
HFpEF. In contrast to earlier studies, after adjusting for multi-
ple patient-level characteristics, we found higher rates of
30 day all-cause mortality among patients with HFpEF com-
pared with those with HFrEF. Further studies might evaluate
the underlying factors associated with this difference and tar-
get interventions to improve outcomes.
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