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Abstract

BACKGROUND—There is growing interest to disentangle worsening heart failure (WHF) from 

location of care and move away from hospitalization as a surrogate for acuity.

OBJECTIVES—The purpose of this study was to describe the incidence of WHF events across 

the care continuum from ambulatory encounters to hospitalizations.

METHODS—We studied calendar year cohorts of adults with diagnosed heart failure (HF) from 

2010-2019 within a large, integrated health care delivery system. Electronic health record (EHR) 
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data were accessed for outpatient encounters, emergency department (ED) visits/observation stays, 

and hospitalizations. WHF was defined as ≥1 symptom, ≥2 objective findings including ≥1 

sign, and ≥1 change in HF-related therapy. Symptoms and signs were ascertained using natural 

language processing.

RESULTS—We identified 103,138 eligible individuals with mean age 73.6 ± 13.7 years, 47.5% 

women, and mean left ventricular ejection fraction of 51.4 ± 13.7%. There were 1,136,750 

unique encounters including 743,039 (65.4%) outpatient encounters, 224,670 (19.8%) ED visits/

observation stays, and 169, 041 (14.9%) hospitalizations. A total of 126,008 WHF episodes were 

identified, including 34,758 (27.6%) outpatient encounters, 28,301 (22.5%) ED visits/observation 

stays, and 62,949 (50.0%) hospitalizations. The annual incidence (events per 100 person-years) of 

WHF increased from 25 to 33 during the study period primarily caused by outpatient encounters 

(7 to 10) and ED visits/observation stays (4 to 7). The 30-day rate of hospitalizations for WHF 

ranged from 8.2% for outpatient encounters to 12.4% for hospitalizations.

CONCLUSIONS—ED visits/observation stays and outpatient encounters accounting for 

approximately half of WHF events, are driving the underlying growth in HF morbidity, and 

portend a poor short-term prognosis.
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There are >1 million hospitalizations for worsening heart failure (WHF) annually in the 

United States, accounting for 6.5 million hospital days and the majority of the ~$40 billion 

spent each year on heart failure (HF)-related care.1,2 To incentivize health systems to reduce 

30-day readmissions, the Affordable Care Act launched the Hospital Readmission Reduction 

Program in 2012, which penalizes hospitals financially if they have higher than predicted 

risk-adjusted 30-day readmission rates for major conditions including HF.3 Although there 

has been a modest reduction in readmission rates, an unintended consequence of this 

policy may have been the shift of some HF-related care to the outpatient setting.4,5 

Many tertiary care centers have developed protocols for administering intravenous therapies 

in the emergency department (ED), short-stay observation units, and/or same-day access 

clinics.6,7 In addition, recently completed pivotal clinical trials have found that adjudicating 

episodes of WHF (ie, defined by deteriorating signs and symptoms of HF requiring 

new administration of intravenous therapies and/or an augmentation of oral therapies) in 

ambulatory patients would increase the overall event rate by ~25%-30%.8 Thus, there is a 

growing interest in the field to disentangle WHF from location of care and move away from 

using hospitalization as a surrogate for acute decompensated HF. However, little is known 

about the contemporary epidemiology of outpatient WHF.9–11

We previously reported that machine learning-based natural language processing (NLP) 

algorithms applied to state-of-the-art electronic health record (EHR) data can accurately 

identify hospitalizations for WHF and resulted in a more than 2-fold increase in the 

perceived population burden of hospitalizations for WHF compared with diagnostic coding 

alone.12 Thus, the main objective of the present analysis was to use this systematic approach 
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to further evaluate the epidemiology and temporal trends in the rate of ED visits/observation 

stays and outpatient WHF in the context of hospitalizations for WHF.

METHODS

SETTING AND SOURCE POPULATION.

Kaiser Permanente Northern California (KPNC) is a large integrated health care delivery 

system with 21 hospitals and >260 freestanding clinics where >4.5 million members receive 

comprehensive care (ie, inpatient, ED, and ambulatory encounters). Membership is highly 

representative of the local and statewide population with respect to age, sex, race/ethnicity, 

and socioeconomic status.12–14 This study was approved by the KPNC Institutional Review 

Board, and a waiver of informed consent was obtained as this is a retrospective, data-only 

study.

STUDY OVERVIEW AND COHORT ASSEMBLY.

We created 10 calendar year cohorts from 2010 through 2019 including all active KPNC 

members age ≥18 years on January 1 of each year (ie, the index date for each calendar 

year cohort) with previously diagnosed (ie, prevalent) HF. A diagnosis of HF is based 

on either having been previously hospitalized with a principal discharge diagnosis of HF 

and/or having ≥3 ambulatory visits coded for HF based on International Classification of 

Diseases-9th Edition (398.91, 402.x1, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, and 

428.x) and −10th Edition (I09.81, I11.0, I11.9, I13.0, I13.1, I13.10, I13.11, I13.2, I50, I50.1, 

I50.2, I50.20, I50.21, I50.22, I50.23, I50.3, I50.30, I50.31, I50.32, I50.33, I50.4, I50.40, 

I50.41, I50.42, I50.43, I50.9, and I97.13) codes. These codes have been validated in multiple 

health care delivery systems and have a positive predictive value ≥95%.15–17 We excluded 

patients with end-stage kidney disease (ie, defined as receipt of chronic dialysis or kidney 

transplant), patients with stage D HF (ie, defined as receipt of left-ventricular assistive 

device or heart transplant), and patients who had <6 months of health plan membership 

before the index date to ensure sufficient capture of baseline characteristics.

FOLLOW-UP AND CENSORING.

Patients in each calendar year cohort were followed until December 31 of each year and 

censored at death or health plan disenrollment. Death was ascertained using comprehensive 

information from health plan administrative and clinical databases, member proxy reporting, 

Social Security Administration vital status files, and state death certificate information.18 

Patients were included in consecutive calendar year cohorts, if eligible, until death or health 

plan disenrollment.

DEFINITION OF WHF EVENTS.

For the purposes of this study, qualifying clinical encounters included all hospitalizations 

(defined as admissions lasting >24 hours), ED visits including observation stays, and 

outpatient encounters (defined as an urgent care visit or a clinical appointment with a 

primary care provider or a cardiologist) with a diagnosis code for HF. Episodes of WHF 

were identified using EHR data and defined as including ≥1 qualifying clinical encounter, 

≥1 symptom (ie, dyspnea, orthopnea, paroxysmal nocturnal dyspnea, fatigue, weight gain, 

Ambrosy et al. Page 3

J Am Coll Cardiol. Author manuscript; available in PMC 2023 July 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and/or tachypnea), ≥2 objective findings (ie, tachycardia [heart rate >100 beats/min], 

elevated B-type natriuretic peptide [≥100 ng/L], and/or chest x-ray findings [pulmonary 

edema, pleural effusion, and/or cardiomegaly]) including ≥1 sign (ie, lower extremity 

edema, pulmonary rales/wheezing, jugular venous distension, third heart sound [S3 gallop], 

hepatomegaly, and/or abdominal swelling), and new administration of intravenous loop 

diuretic agents (ie, ≥2 doses if hospitalized or ≥1 dose if nonhospitalized) and/or new 

hemodialysis/continuous renal replacement therapy. For outpatient encounters, we also 

defined a change in HF-related therapy as either new initiation and/or augmentation of oral 

diuretic agents leveraging both structured (ie, pharmacy dispensing data) and unstructured 

(ie, written provider documentation) data elements. These diagnostic criteria are based 

on a standardized definition of inpatient and outpatient WHF previously developed and 

validated by a consensus panel of trialists with expertise in clinical endpoint classification 

in collaboration with the U.S. Food and Drug Administration.18 This multidimensional 

definition is specific for WHF and has been shown to be accurate and reproducible in 

multiple pivotal trials of investigational drugs and devices seeking regulatory approval.19–23

APPLYING NLP ALGORITHMS.

NLP was used to parse relevant unstructured documentation in the EHR (provider notes, 

discharge summaries, imaging reports) occurring within 72 hours of each qualifying 

encounter. For outpatient encounters only, chest x-ray imaging reports and laboratory values 

were also assessed within the preceding 30 days or since the last hospital encounter 

and up to 1 week after the encounter. The specific NLP approach has been described 

previously for hospitalizations,12 and the same approach and queries were used for ED and 

outpatient encounters. In brief, we first used regular expressions to preprocess all notes and 

exclude sections for past medical history or problem lists. We then used Linguamatics I2E 

software version 6.2.0, a rule-based NLP tool, to ascertain the presence or absence of WHF 

symptoms, signs, and augmentation of oral diuretics, accounting for clinical negations.

NLP algorithms for WHF were derived and validated against a “gold standard” consisting 

of manual chart review and validation by 2 physicians (A.N., R.M., P.Q.L., K.K., A.I., 

A.B.H., and J.F.K.) with final adjudication by a board-certified cardiologist (A.P.A.), where 

discrepancies existed. Chart review was recorded through an electronic survey tool where 

reviewers noted the presence or absence of each diagnostic criterion, as well as an overall 

assessment of WHF based on our operational definition. We initially identified a random 

sample of 75 ED visits and outpatient encounters with a code for HF to derive the queries. 

We then identified a random validation set of 300 encounters including 50 ED visits and 250 

outpatient visits and measured the query performance for overall WHF by encounter type. 

For ED visits, we observed sensitivity 96%, specificity 95%, positive predictive value 96%, 

negative predictive value 95%, and accuracy 96%; for outpatient encounters, we observed 

sensitivity 80%, specificity 95%, positive predictive value 84%, negative predictive value 

94%, and accuracy 92%. In the validation set, cases where NLP results differed from 

reviewer consensus were rereviewed, as reviewers sometimes missed positive mentions of 

criteria in encounters with extensive written documentation.
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DATA SOURCES AND COVARIATES.

The KPNC Epic-based EHR system was the primary source for hospitalization data, 

patient progress notes, and cardiac imaging reports (ie, echocardiograms and chest x-

rays). In addition, the KPNC Virtual Data Warehouse was used to ascertain concurrent 

comorbidities, outpatient medications, and outpatient laboratory values, as previously 

described and validated.24–26 Demographic information, including age, self-reported gender, 

and self-reported race/ethnicity, was obtained from the EHR. Comorbid conditions were 

ascertained within 5 years of each index date. Baseline laboratory results were defined as 

the most recent outpatient, nonemergency value within 365 days before each index date. 

Baseline medication use is based on outpatient dispensed prescriptions within 120 days 

before each index date. Data on left ventricular ejection fraction (LVEF), if available, was 

assessed using the most recent value within 2 years of each index date from structured 

results of echocardiograms, radionuclide scintigraphy, other nuclear imaging modalities, 

and left ventriculography, or extracted from echocardiogram reports using rule-based NLP 

algorithms.27 We categorized patients as heart failure with reduced ejection fraction (HFrEF) 

(defined as <40%), heart failure with midrange ejection fraction (HFmrEF) (defined as 

40%-49%), or heart failure with preserved ejection fraction (HFpEF) (defined as ≥50%) 

using criteria congruent with current U.S. and European guidelines for the management of 

HF.27,28 Data on inpatient medications, laboratory values, vital signs, and procedures were 

obtained from EHR databases.

STATISTICAL ANALYSES.

We first present descriptive characteristics among all unique patients from calendar year 

cohorts at their first eligible calendar year, overall and stratified by LVEF category. 

Separately, we describe the characteristics of eligible patients in each calendar year cohort, 

updated at each calendar year index date. We then calculate the proportion of all unique 

encounters with a diagnosis code for HF that were determined to be positive for WHF 

through NLP, stratified by encounter type.

Because clinical episodes of WHF may include several consecutive encounters in various 

locations (ie, outpatient visit leading to ED visit and hospitalization), we applied a set of 

collapsing rules to delineate discrete (ie, unique) episodes of WHF. We first prioritized 

hospitalizations for WHF and removed any ED visits/observation stays for WHF occurring 

within 3 days before hospital admission or after discharge. Next, we removed outpatient 

WHF encounters within 3 days before or after the remaining ED visits/observation stays. 

Finally, we collapsed outpatient WHF encounters occurring within 3 days of each other.

Using the resulting unique episodes of inpatient, ED/observation, and outpatient WHF 

episodes of care, we calculated incidence rates of WHF per 100 person-years (and 

95% Poisson CIs) within each calendar year cohort by encounter type and baseline 

LVEF category. Then, using each unique WHF episode as a separate index encounter, 

we calculated the risk of subsequent encounters within 30 days, including all-cause 

hospitalizations, all-cause ED visits/observation stays, hospitalizations for WHF, ED visits/

observation stays for WHF, and death, stratified by encounter type of the index WHF event.
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All analyses were performed using SAS software version 9.4 at KPNC’s Division of 

Research. This report follows the guidelines for reporting observational studies as outlined 

in the Strengthening the Reporting of Observational Studies in Epidemiology Statement.29

RESULTS

COHORT ASSEMBLY AND CLINICAL CHARACTERISTICS.

Between January 1, 2010, and December 31, 2019, we identified 103,138 unique eligible 

patients with prevalent HF, with mean age of 73.6 ± 13.7 years at their first calendar 

year of inclusion, 47.5% women, and more than 30% from racial/ethnic minority groups 

(Table 1). The breakdown of HF patients by LVEF included 15.8% with HFrEF (<40%), 

11.6% with HFmrEF (40%-49%), 48.5% with HFpEF (≥50%), and 24.1% with unknown 

LVEF. The prevalence of cardiac and noncardiac comorbidities was high, including 

37.4% atrial fibrillation/flutter, 41.1% diabetes, and 44.7% chronic kidney disease. The 

use of angiotensin-converting enzyme inhibitors/angiotensin receptor blockers/ angiotensin 

receptor-neprilysin inhibitors was 68.6%, β-blockers was 73.8%, and mineralocorticoid 

receptor antagonists was 9.2%, with 69.4% of patients being prescribed a loop diuretic 

agent at baseline. The clinical characteristics of the cohort by calendar year are shown 

in Supplemental Tables 1 and 2. The proportion of patients with a preserved LVEF has 

increased over time.

IDENTIFICATION OF EPISODES OF WHF.

In total, there were 1,136,750 unique clinical encounters with an associated diagnosis code 

for HF including 169, 041 (14.9%) hospitalizations, 224,670 (19.8%) ED visits/observation 

stays, and 743,039 (65.4%) outpatient encounters (Central Illustration A). After applying 

NLP-based algorithms for WHF to EHR data, the proportion of clinical encounters meeting 

the diagnostic criteria for WHF ranged from a low of 4.7% for outpatient encounters to a 

high of 37.2% for hospitalizations. In aggregate, there were 126,008 encounters for WHF 

including 62,949 (50.0%) hospitalizations, 28,301 (22.5%) ED visits/observation stays, and 

34,758 (27.6%) outpatient encounters for WHF (Supplemental Figure 1). These findings 

were similar among the subgroup of patients with HFrEF, HFmrEF, HFpEF, and unknown 

LVEF (Supplemental Figure 2). Among the 34,758 outpatient WHF encounters, the criterion 

for changes in HF-related therapy was met through new administration of IV loop diuretic 

agents in 1.8% of encounters, new initiation of oral loop or combination diuretic therapy 

based on pharmacy dispensing data in 18.3% of encounters, through doubling (i.e., 100% 

increase) of oral loop diuretic agents based on pharmacy dispensing data in 4.6% of 

encounters, and through note-based provider documentation of new initiation and/or any 

augmentation of oral diuretic agents in 75.3% of encounters.

TEMPORAL TRENDS IN EPISODES OF WHF.

From 126,008 encounters for WHF, we created 116,318 unique episodes of care for WHF. 

Overall, there has been a substantial increase in the annual incidence of episodes of WHF 

from 25 to 33 events per 100 person-years (Central Illustration B). A subgroup analysis 

stratified by LVEF showed that the annual incidence of hospitalizations for WHF had 

declined among patients with HFmrEF and HFpEF (Figure 1). In contrast, the annual 
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incidence of ED visits/observation for WHF increased in the subset of patients with HFrEF 

and HFpEF. Finally, there was a steady rise in the annual incidence of outpatient WHF that 

was consistently seen across all LVEF categories. Point estimates with CIs for all rates are 

shown in Supplemental Table 3.

30-DAY READMISSIONS AFTER HOSPITALIZATIONS FOR WHF.

All-cause and HF-specific health care utilization rates and death from any cause by the 

index WHF event are shown in Figure 2. All-cause hospitalizations were highest following 

an initial hospitalization for WHF (20.8%) and lowest following an outpatient encounter 

for WHF (13.7%). Notably, there was a relatively narrow range of rates (8.2%-12.4%) 

for subsequent hospitalizations for WHF following an index episode of WHF. In contrast, 

the rate of all-cause and HF-related ED visits was highest following an initial ED visit/

observation stay for WHF and similar following a hospitalization or outpatient encounter for 

WHF. Death from any cause was substantially higher following an index hospitalization for 

WHF (14.1%) compared with ED visits/observation stays (5.0%) and outpatient encounters 

for WHF (3.0%). The distribution of time-to-first event for the outcomes of interest 

following an index clinical encounter for WHF are shown in Supplemental Table 4.

DISCUSSION

This large-scale, systematic description of WHF events by encounter type in a diverse and 

contemporary community-based HF cohort provides important and comprehensive insights 

into the population burden of HF. Although both the relative proportion and absolute 

number of WHF events were highest for hospitalizations, ED visits/observation stays and 

outpatient encounters in aggregate accounted for more than 85% of all clinical encounters 

and approximately 50% of WHF events. In addition, there has been a large increase in 

the annual incidence of WHF events over the past decade, and this phenomenon has been 

largely driven by increased rates of ED visits/observation stays and outpatient encounters 

for WHF. Finally, although the risk of HF-related morbidity was highest following an index 

hospitalization or ED visit/observation stay, more than 10% of initial outpatient encounters 

resulted in a subsequent WHF event necessitating a higher level of care.

This comprehensive analysis of WHF events by encounter type provides several novel 

insights into the patient journey.30 First, most clinical encounters and nearly half of WHF 

events occurred outside of a hospitalized setting. To ensure that WHF events were truly 

independent episodes of care, we collapsed all clinical encounters occurring within a 72-

hour timeframe into a single unique episode of care and assigned the highest level of acuity. 

For example, if a patient had an outpatient encounter meeting diagnostic criteria for WHF 

and shortly thereafter presented to the ED and was admitted to the hospital, then this entire 

sequence of events would have been reported as a single episode of care and classified as 

a hospitalization for WHF. Second, the dramatic rise in the cumulative event rate for WHF 

imply that the growing prevalence of HF has been accompanied by an increasingly greater 

HF severity. This temporal trend would not be discernible if hospitalizations were selected 

as the sole measure of HF-related morbidity. Finally, with few exceptions, these findings 

were directionally consistent across all LVEF categories.
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All-cause and HF-related ED visits are often reported in observational research leveraging 

real-world datasets, and ED encounters are now commonly collected for global 

cardiovascular outcomes trials.31,32 However, outside of the context of pivotal studies 

conducted for regulatory approval, these events are rarely formally adjudicated. Thus, it is 

notable that when we applied a standardized definition for WHF (ie, deteriorating signs and 

symptoms resulting in a change in HF-related therapy) to structured and unstructured EHR 

data that only two-thirds of patients with a primary discharge diagnosis code for HF satisfied 

the diagnostic criteria. It is also important that the subsequent 30-day rates for all-cause and 

HF-related ED visits was highest following an index ED visits/observation stay, whereas 

the rate of all-cause and cause-specific ED utilization was comparable following an index 

hospitalization or outpatient encounter. Collectively, these findings suggest that ED visits 

with an associated diagnosis code for HF are a better indicator for overall level of health 

care utilization and not necessarily a reliable surrogate for WHF. This has implications for 

formulating public policy and conducting prospective studies based on ED-related outcomes.

There has been a longstanding interest in the scientific community to disassociate WHF 

from the clinical setting where the care is delivered to better capture and characterize 

the magnitude of WHF events across the care continuum from ambulatory encounters to 

hospitalizations.8,10,33 This study found that approximately 5% of outpatient encounters 

with an associated diagnosis code for HF met the prespecified diagnostic criteria for 

an episode of WHF. Although this represents a relatively small proportion of outpatient 

encounters, given the sheer absolute number of ambulatory visits, this cumulatively 

accounted for more than one-quarter of WHF events. In addition, it is highly likely that 

this is an underestimate of the true burden of outpatient WHF given the relatively lower 

sensitivity observed with outpatient encounters. This is not entirely unexpected because the 

completeness of provider documentation and the more prolonged time course of medical 

evaluations in the ambulatory setting may have limited our ability to comprehensively 

capture episodes of outpatient WHF. In contrast, it should be noted that the specificity 

of the NLP-based algorithms was uniformly high across all encounter types. Finally, it 

should be highlighted that following an index outpatient encounter for WHF, the subsequent 

rate of ED visits/observation stays or hospitalizations for WHF was more than 10% and 

only marginally lower than the event rate following an index hospitalization for WHF. 

This strongly supports the validity of outpatient WHF as a clinical construct, and future 

patient-oriented research should incorporate this emerging endpoint.

STUDY LIMITATIONS.

First, although we incorporated a rigorous definition of WHF based on expert consensus 

and U.S. Food and Drug Administration guidance, it was not technically feasible to 

incorporate several potential therapeutic interventions for WHF including intravenous 

vasoactive medications, temporary mechanical circulatory support, and/or chronic renal 

replacement therapy, because these treatments were either inconsistently documented and/or 

lacked diagnostic specificity for WHF. Second, we allowed for augmentation of oral diuretic 

therapy in the operational definition of outpatient WHF, which may have limited the 

diagnostic specificity and accuracy. However, the rates of outpatient intravenous diuretic 

agent administration have remained low (ie, 0.5%-1.0%) over time despite interest in 
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exploring this care pathway as a potential alternative to hospitalization.34,35 In addition, 

as previously noted, following a unique episode of WHF, the rate of short-term HF-related 

morbidity is only slightly lower than the event rate following an index hospitalization for 

WHF. Third, we collapsed and prioritized clinical encounters occurring within a 72-hour 

timeframe to identify truly unique WHF events recognizing that there is no universal 

agreement as to what constitutes a discrete episode of care. Fourth, changes in outpatient 

diuretic agents may be communicated directly to patients and not necessarily lead to a 

prescription change or always include specific dose change information. We used NLP 

to review all provider documentation for newly prescribed and/or augmented oral diuretic 

agents, but this challenge may have limited the sensitivity and specificity of algorithms for 

identifying outpatient WHF. A final potential concern is that a subset of clinical encounters 

may have occurred at non-KPNC facilities with limited documentation in the KPNC EHR. 

However, at KPNC there is an exclusive relationship between the insurer, members, and 

providers, and prior studies have shown that >95% of events are captured in our EHR.

CONCLUSIONS

Applying validated NLP-based algorithms to structured and unstructured EHR data is 

technically feasible and highly accurate for detecting WHF events across the entire spectrum 

of care settings. In fact, ED visits/observation stays and outpatient encounters made up 

approximately half the episodes of WHF, and the relative proportion of WHF events 

occurring outside a hospitalized setting is increasing and driving the underlying growth 

in HF-related morbidity. The significance of ED visits/observation stays and outpatient 

encounters for WHF is underscored by the high rate of subsequent WHF events. Future 

patient-oriented research should incorporate composite outcome measures including WHF 

events across the care continuum from ambulatory encounters to hospitalizations.
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ABBREVIATIONS AND ACRONYMS

ED emergency department

EHR electronic health record
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HF heart failure

HFmrEF heart failure with a midrange ejection fraction

HFpEF heart failure with a preserved ejection fraction

HFrEF heart failure with a reduced ejection fraction

LVEF left ventricular ejection fraction

NLP natural language processing

WHF worsening heart failure
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PERSPECTIVES

COMPETENCY IN SYSTEMS-BASED PRACTICE:

Most encounters for WHF involve ED and other outpatient visits, though the short-term 

likelihood of hospitalization is high following these index encounters.

TRANSLATIONAL OUTLOOK:

Further efforts are needed to understand the factors that provoke WHF events and 

determine modes of presentation and clinical outcomes.
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FIGURE 1. Temporal Trends in the Rate of WHF Events
Temporal trends in the rate of worsening heart failure (WHF) events by encounter type for 

heart failure with a (A) reduced, (B) midrange, (C) preserved, and (D) unknown ejection 

fraction (EF). The rate of WHF (per 100 person-years [PY]) was calculated by calendar 

year and stratified by encounter type and left ventricular EF. There has been a steady and 

consistent rise in the annual incidence of outpatient WHF that was consistently seen across 

all left ventricular EF categories. This underscores the growing importance of outpatient 

WHF events to appreciating the patient journey. HFmrEF = heart failure with a midrange 

ejection fraction; HFpEF = heart failure with a preserved ejection fraction; HFrEF = heart 

failure with a reduced ejection fraction.
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FIGURE 2. Health Care Utilization and Death Occurring Within 30 Days
The rate (%) of all-cause and heart failure-specific emergency department (ED) visits and 

hospitalizations and death from any cause occurring within 30 days was determined. In 

general, all-cause and heart failure-related health care utilization and death were highest 

following an initial hospitalization for worsening heart failure (WHF) and lowest following 

an outpatient encounter for WHF. However, there was a relatively narrow range of rates for 

subsequent hospitalizations for WHF following an index WHF episode, suggesting that any 

clinical encounter type represents a sentinel event in the natural history of the disorder.
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CENTRAL ILLUSTRATION. Overall Number and Temporal Trends in Worsening Heart 
Failure Events
Qualifying clinical encounters included all hospitalizations, emergency department visits 

including observation stays, and outpatient encounters with a diagnosis code for heart failure 

(HF). Episodes of worsening HF were defined as including ≥1 qualifying clinical encounter, 

≥1 symptom, ≥2 objecting findings including ≥1 sign, and ≥1 change in HF-related therapy. 

In total, there were 1,223,616 unique clinical encounters with an associated diagnosis code 

for HF. After applying natural language processing-based algorithms, the proportion of 

clinical encounters meeting the diagnostic criteria for worsening HF ranged from a low 
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of 4.7% for outpatient encounters to a high of 37.2% for hospitalizations (A). There has 

been a substantial increase in the annual incidence of episodes of worsening HF from 25 

to 33 events per 100 person-years driven by emergency department visits and outpatient 

encounters (B).

Ambrosy et al. Page 17

J Am Coll Cardiol. Author manuscript; available in PMC 2023 July 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ambrosy et al. Page 18

TA
B

L
E

 1

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 C
oh

or
t O

ve
ra

ll 
an

d 
St

ra
tif

ie
d 

by
 B

as
el

in
e 

L
ef

t V
en

tr
ic

ul
ar

 E
F 

C
at

eg
or

y

O
ve

ra
ll 

(N
 =

 1
03

,1
38

)
H

F
rE

F
 (

<4
0%

) 
(n

 =
 

16
,2

93
)

H
F

m
rE

F
 (

40
%

-4
9%

) 
(n

 =
 

11
,9

31
)

H
F

pE
F

 (
≥5

0%
) 

(n
 =

 
50

,0
59

)
U

nk
no

w
n 

E
F

 (
n 

= 
24

,8
55

)

A
ge

, y
73

.6
 ±

 1
3.

7
69

.7
 ±

 1
4.

2
71

.6
 ±

 1
3.

5
75

.1
 ±

 1
2.

6
74

.0
 ±

 1
4.

9

W
om

en
48

,9
68

 (
47

.5
)

5,
38

7 
(3

3.
1)

4,
20

1 
(3

5.
2)

27
,1

46
 (

54
.2

)
12

,2
34

 (
49

.2
)

Se
lf

-r
ep

or
te

d 
ra

ce

 
W

hi
te

65
,5

04
 (

63
.5

)
9,

72
6 

(5
9.

7)
7,

65
2 

(6
4.

1)
32

,0
86

 (
64

.1
)

16
,0

40
 (

64
.5

)

 
B

la
ck

10
,1

00
 (

9.
8)

2,
05

1 
(1

2.
6)

1,
16

4 
(9

.8
)

4,
29

6 
(8

.6
)

2,
58

9 
(1

0.
4)

 
A

si
an

/P
ac

if
ic

 I
sl

an
de

r
10

,6
93

 (
10

.4
)

1,
83

6 
(1

1.
3)

1,
28

8 
(1

0.
8)

5,
44

7 
(1

0.
9)

2,
12

2 
(8

.5
)

 
M

ul
tir

ac
ia

l
8,

05
3 

(7
.8

)
1,

13
3 

(7
.0

)
80

7 
(6

.8
)

4,
00

1 
(8

.0
)

21
12

 (
8.

5)

 
A

m
er

ic
an

 I
nd

ia
n/

A
la

sk
a 

N
at

iv
e

52
4 

(0
.5

)
86

 (
0.

5)
52

 (
0.

4)
25

4 
(0

.5
)

13
2 

(0
.5

)

 
U

nk
no

w
n 

or
 H

is
pa

ni
c 

on
ly

8,
26

4 
(8

.0
)

1,
46

1 
(9

.0
)

96
8 

(8
.1

)
3,

97
5 

(7
.9

)
1,

86
0 

(7
.5

)

H
is

pa
ni

c 
et

hn
ic

ity
12

,7
91

 (
12

.4
)

2,
14

1 
(1

3.
1)

1,
45

4 
(1

2.
2)

6,
19

3 
(1

2.
4)

3,
00

3 
(1

2.
1)

L
ef

t v
en

tr
ic

ul
ar

 e
je

ct
io

n 
fr

ac
tio

n,
 %

51
.4

 ±
 1

3.
7

29
.4

 ±
 6

.0
43

.6
 ±

 2
.5

60
.4

 ±
 5

.4
N

ot
 a

pp
lic

ab
le

M
ed

ic
al

 h
is

to
ry

 
A

tr
ia

l f
ib

ri
lla

tio
n 

or
 f

lu
tte

r
38

,5
24

 (
37

.4
)

5,
44

0 
(3

3.
4)

4,
73

8 
(3

9.
7)

21
,3

39
 (

42
.6

)
7,

00
7 

(2
8.

2)

 
V

en
tr

ic
ul

ar
 f

ib
ri

lla
tio

n 
or

 ta
ch

yc
ar

di
a

1,
72

5 
(1

.7
)

54
4 

(3
.3

)
32

3 
(2

.7
)

62
7 

(1
.3

)
23

1 
(0

.9
)

 
Is

ch
em

ic
 s

tr
ok

e 
or

 tr
an

si
en

t i
sc

he
m

ic
 a

tta
ck

5,
62

2 
(5

.5
)

79
5 

(4
.9

)
67

5 
(5

.7
)

3,
14

2 
(6

.3
)

1,
01

0 
(4

.1
)

 
A

cu
te

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n
8,

27
7 

(8
.0

)
1,

81
0 

(1
1.

1)
1,

47
0 

(1
2.

3)
3,

58
2 

(7
.2

)
1,

41
5 

(5
.7

)

 
M

itr
al

 o
r 

ao
rt

ic
 v

al
vu

la
r 

di
se

as
e

20
,7

05
 (

20
.1

)
3,

06
9 

(1
8.

8)
2,

55
8 

(2
1.

4)
12

,1
56

 (
24

.3
)

2,
92

2 
(1

1.
8)

 
V

en
ou

s 
th

ro
m

bo
em

bo
lis

m
3,

93
3 

(3
.8

)
63

2 
(3

.9
)

46
9 

(3
.9

)
2,

37
0 

(4
.7

)
46

2 
(1

.9
)

 
H

os
pi

ta
liz

ed
 b

le
ed

4,
03

9 
(3

.9
)

52
3 

(3
.2

)
46

4 
(3

.9
)

2,
12

2 
(4

.2
)

93
0 

(3
.7

)

 
D

ia
be

te
s 

m
el

lit
us

42
,4

03
 (

41
.1

)
6,

16
0 

(3
7.

8)
4,

54
5 

(3
8.

1)
21

,2
91

 (
42

.5
)

10
,4

07
 (

41
.9

)

 
H

yp
er

te
ns

io
n

84
,0

24
 (

81
.5

)
11

,7
11

 (
71

.9
)

9,
25

8 
(7

7.
6)

42
,9

60
 (

85
.8

)
20

,0
95

 (
80

.8
)

 
D

ys
lip

id
em

ia
86

,7
67

 (
84

.1
)

13
,8

66
 (

85
.1

)
10

,3
17

 (
86

.5
)

42
,4

11
 (

84
.7

)
20

,1
73

 (
81

.2
)

 
H

yp
er

th
yr

oi
di

sm
4,

81
3 

(4
.7

)
62

1 
(3

.8
)

50
8 

(4
.3

)
2,

50
6 

(5
.0

)
1,

17
8 

(4
.7

)

 
H

yp
ot

hy
ro

id
is

m
20

,8
77

 (
20

.2
)

2,
53

5 
(1

5.
6)

2,
09

9 
(1

7.
6)

11
,1

25
 (

22
.2

)
5,

11
8 

(2
0.

6)

 
C

hr
on

ic
 li

ve
r 

di
se

as
e

4,
57

5 
(4

.4
)

63
9 

(3
.9

)
50

3 
(4

.2
)

2,
72

9 
(5

.5
)

70
4 

(2
.8

)

J Am Coll Cardiol. Author manuscript; available in PMC 2023 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ambrosy et al. Page 19

O
ve

ra
ll 

(N
 =

 1
03

,1
38

)
H

F
rE

F
 (

<4
0%

) 
(n

 =
 

16
,2

93
)

H
F

m
rE

F
 (

40
%

-4
9%

) 
(n

 =
 

11
,9

31
)

H
F

pE
F

 (
≥5

0%
) 

(n
 =

 
50

,0
59

)
U

nk
no

w
n 

E
F

 (
n 

= 
24

,8
55

)

 
C

hr
on

ic
 k

id
ne

y 
di

se
as

e
46

,0
88

 (
44

.7
)

6,
71

1 
(4

1.
2)

4,
87

6 
(4

0.
9)

24
,1

74
 (

48
.3

)
10

,3
27

 (
41

.5
)

 
C

hr
on

ic
 lu

ng
 d

is
ea

se
42

,5
60

 (
41

.3
)

5,
52

2 
(3

3.
9)

4,
28

9 
(3

5.
9)

22
,6

92
 (

45
.3

)
10

,0
57

 (
40

.5
)

 
D

ia
gn

os
ed

 d
ep

re
ss

io
n

18
,4

68
 (

17
.9

)
2,

36
7 

(1
4.

5)
1,

88
3 

(1
5.

8)
9,

72
5 

(1
9.

4)
44

93
 (

18
.1

)

 
D

ia
gn

os
ed

 d
em

en
tia

5,
94

4 
(5

.8
)

75
6 

(4
.6

)
52

0 
(4

.4
)

2,
88

1 
(5

.8
)

1,
78

7 
(7

.2
)

C
ar

di
ac

 p
ro

ce
du

re
s

 
C

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t

4,
79

0 
(4

.6
)

84
5 

(5
.2

)
81

3 
(6

.8
)

2,
35

7 
(4

.7
)

77
5 

(3
.1

)

 
Pe

rc
ut

an
eo

us
 c

or
on

ar
y 

in
te

rv
en

tio
n

5,
66

8 
(5

.5
)

1,
34

9 
(8

.3
)

1,
11

4 
(9

.3
)

2,
31

7 
(4

.6
)

88
8 

(3
.6

)

 
Im

pl
an

ta
bl

e 
ca

rd
io

ve
rt

er
 d

ef
ib

ri
lla

to
r

3,
10

9 
(3

.0
)

1,
54

1 
(9

.5
)

36
1 

(3
.0

)
54

9 
(1

.1
)

65
8 

(2
.6

)

 
R

ig
ht

 h
ea

rt
 c

at
he

te
ri

za
tio

n
8,

81
9 

(8
.6

)
2,

27
0 

(1
3.

9)
1,

23
1 

(1
0.

3)
4,

05
3 

(8
.1

)
1,

26
5 

(5
.1

)

 
C

or
on

ar
y 

an
gi

og
ra

ph
y

25
,8

61
 (

25
.1

)
6,

18
7 

(3
8.

0)
4,

40
6 

(3
6.

9)
11

,5
23

 (
23

.0
)

3,
74

5 
(1

5.
1)

 
C

at
he

te
r 

ab
la

tio
n

26
8 

(0
.3

)
32

 (
0.

2)
34

 (
0.

3)
17

0 
(0

.3
)

32
 (

0.
1)

 
C

ar
di

ac
 r

es
yn

ch
ro

ni
za

tio
n 

th
er

ap
y 

pa
ce

m
ak

er
15

9 
(0

.2
)

37
 (

0.
2)

29
 (

0.
2)

46
 (

0.
1)

47
 (

0.
2)

 
C

ar
di

ac
 r

es
yn

ch
ro

ni
za

tio
n 

th
er

ap
y 

de
fi

br
ill

at
or

1,
10

8 
(1

.1
)

44
3 

(2
.7

)
12

9 
(1

.1
)

26
6 

(0
.5

)
27

0 
(1

.1
)

 
Pa

ce
m

ak
er

7,
49

9 
(7

.3
)

1,
33

2 
(8

.2
)

1,
01

2 
(8

.5
)

3,
70

1 
(7

.4
)

1,
45

4 
(5

.8
)

V
ita

l s
ig

ns

 
B

od
y 

m
as

s 
in

de
x,

 k
g/

m
2

29
.7

 ±
 7

.8
28

.3
 ±

 6
.7

28
.9

 ±
 6

.9
30

.2
 ±

 8
.2

30
.2

 ±
 8

.0

 
 

M
is

si
ng

4,
14

1 
(4

.0
)

35
4 

(2
.2

)
20

8 
(1

.7
)

1,
04

0 
(2

.1
)

2,
53

9 
(1

0.
2)

 
Sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 m

m
 H

g
12

5.
6 

±
 1

8.
4

11
9.

4 
±

 1
8.

3
12

3.
4 

±
 1

8.
3

12
7.

4 
±

 1
8.

2
12

7.
0 

±
 1

8.
0

 
 

M
is

si
ng

2,
55

6 
(2

.5
)

25
3 

(1
.6

)
12

5 
(1

.0
)

60
0 

(1
.2

)
1,

57
8 

(6
.3

)

M
ed

ic
at

io
ns

 
A

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e 
in

hi
bi

to
r/

an
gi

ot
en

si
n 

re
ce

pt
or

 b
lo

ck
er

/a
ng

io
te

ns
in

-
ne

pr
ily

si
n 

in
hi

bi
to

r

68
,6

76
 (

66
.6

)
13

,0
43

 (
80

.1
)

8,
87

2 
(7

4.
4)

31
,0

54
 (

62
.0

)
15

,7
07

 (
63

.2
)

 
A

ld
os

te
ro

ne
 r

ec
ep

to
r 

an
ta

go
ni

st
9,

44
4 

(9
.2

)
3,

37
2 

(2
0.

7)
1,

29
5 

(1
0.

9)
2,

99
1 

(6
.0

)
1,

78
6 

(7
.2

)

 
D

iu
re

tic
 a

ge
nt

71
,6

18
 (

69
.4

)
12

,1
95

 (
74

.8
)

7,
93

4 
(6

6.
5)

36
,5

04
 (

72
.9

)
14

,9
85

 (
60

.3
)

 
A

lp
ha

 b
lo

ck
er

9,
15

7 
(8

.9
)

1,
02

8 
(6

.3
)

1,
02

1 
(8

.6
)

4,
79

7 
(9

.6
)

2,
31

1 
(9

.3
)

 
C

en
tr

al
 a

lp
ha

-a
dr

en
er

gi
c 

re
ce

pt
or

 a
go

ni
st

3,
70

2 
(3

.6
)

19
7 

(1
.2

)
22

2 
(1

.9
)

2,
33

2 
(4

.7
)

95
1 

(3
.8

)

 
B

et
a-

bl
oc

ke
r

76
,1

45
 (

73
.8

)
14

,2
79

 (
87

.6
)

9,
92

7 
(8

3.
2)

36
,0

18
 (

72
.0

)
15

,9
21

 (
64

.1
)

 
C

al
ci

um
-c

ha
nn

el
 b

lo
ck

er
29

,4
18

 (
28

.5
)

2,
27

8 
(1

4.
0)

2,
55

3 
(2

1.
4)

17
,7

14
 (

35
.4

)
6,

87
3 

(2
7.

7)

 
A

nt
ia

rr
hy

th
m

ic
 d

ru
g

8,
78

8 
(8

.5
)

1,
79

2 
(1

1.
0)

1,
19

0 
(1

0.
0)

4,
59

3 
(9

.2
)

1,
21

3 
(4

.9
)

J Am Coll Cardiol. Author manuscript; available in PMC 2023 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ambrosy et al. Page 20

O
ve

ra
ll 

(N
 =

 1
03

,1
38

)
H

F
rE

F
 (

<4
0%

) 
(n

 =
 

16
,2

93
)

H
F

m
rE

F
 (

40
%

-4
9%

) 
(n

 =
 

11
,9

31
)

H
F

pE
F

 (
≥5

0%
) 

(n
 =

 
50

,0
59

)
U

nk
no

w
n 

E
F

 (
n 

= 
24

,8
55

)

 
O

ra
l a

nt
ic

oa
gu

la
nt

29
,9

54
 (

29
.0

)
4,

88
7 

(3
0.

0)
3,

89
0 

(3
2.

6)
16

,2
13

 (
32

.4
)

4,
96

4 
(2

0.
0)

 
A

nt
ip

la
te

le
t d

ru
g

12
,5

12
 (

12
.1

)
2,

68
6 

(1
6.

5)
2,

21
0 

(1
8.

5)
5,

66
3 

(1
1.

3)
1,

95
3 

(7
.9

)

 
A

ny
 a

nt
ih

yp
er

te
ns

iv
e 

dr
ug

s
93

,5
36

 (
90

.7
)

15
,4

48
 (

94
.8

)
11

,1
93

 (
93

.8
)

45
,5

69
 (

91
.0

)
21

,3
26

 (
85

.8
)

 
St

at
in

s
69

,3
27

 (
67

.2
)

11
,3

79
 (

69
.8

)
8,

52
8 

(7
1.

5)
33

,9
28

 (
67

.8
)

15
,4

92
 (

62
.3

)

 
O

th
er

 li
pi

d-
lo

w
er

in
g 

dr
ug

s
4,

78
9 

(4
.6

)
68

6 
(4

.2
)

47
2 

(4
.0

)
2,

15
4 

(4
.3

)
1,

47
7 

(5
.9

)

 
N

itr
at

es
17

,7
92

 (
17

.3
)

3,
68

0 
(2

2.
6)

2,
49

1 
(2

0.
9)

8,
03

4 
(1

6.
0)

3,
58

7 
(1

4.
4)

 
V

as
od

ila
to

rs
23

,2
16

 (
22

.5
)

4,
18

6 
(2

5.
7)

2,
91

5 
(2

4.
4)

11
,5

20
 (

23
.0

)
4,

59
5 

(1
8.

5)

 
N

on
st

er
oi

da
l a

nt
i-

in
fl

am
m

at
or

y 
dr

ug
s

7,
34

1 
(7

.1
)

87
1 

(5
.3

)
73

0 
(6

.1
)

3,
68

2 
(7

.4
)

2,
05

8 
(8

.3
)

 
D

ia
be

tic
 th

er
ap

y
30

,5
35

 (
29

.6
)

4,
45

7 
(2

7.
4)

3,
33

4 
(2

7.
9)

15
,4

10
 (

30
.8

)
7,

33
4 

(2
9.

5)

 
So

di
um

-g
lu

co
se

 c
ot

ra
ns

po
rt

er
-2

 in
hi

bi
to

rs
6 

(0
.0

)
1 

(0
.0

)
0 

(0
.0

)
3 

(0
.0

)
2 

(0
.0

)

B
as

el
in

e 
la

bo
ra

to
ry

 v
al

ue
s

 
H

em
og

lo
bi

n,
 g

/d
L

12
.8

 ±
 1

.8
13

.0
 ±

 1
.9

12
.9

 ±
 1

.9
12

.5
 ±

 1
.8

13
.1

 ±
 1

.7

 
 

M
is

si
ng

21
,8

30
 (

21
.2

)
3,

21
6 

(1
9.

7)
2,

24
0 

(1
8.

8)
8,

45
9 

(1
6.

9)
7,

91
5 

(3
1.

8)

 
H

em
og

lo
bi

n 
A

1C
, %

6.
7 

±
 1

.4
6.

8 
±

 1
.5

6.
7 

±
 1

.4
6.

7 
±

 1
.3

6.
8 

±
 1

.4

 
 

M
is

si
ng

49
,0

61
 (

47
.6

)
7,

95
4 

(4
8.

8)
5,

54
0 

(4
6.

4)
22

,2
37

 (
44

.4
)

13
,3

30
 (

53
.6

)

 
Se

ru
m

 c
re

at
in

in
e,

 m
g/

dL
1.

2 
±

 0
.5

1.
2 

±
 0

.5
1.

2 
±

 0
.5

1.
2 

±
 0

.6
1.

2 
±

 0
.5

 
 

M
is

si
ng

8,
56

5 
(8

.3
)

1,
02

7 
(6

.3
)

71
9 

(6
.0

)
2,

92
1 

(5
.8

)
3,

89
8 

(1
5.

7)

 
E

st
im

at
ed

 g
lo

m
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
, m

L
/m

in
/

1.
73

 m
2

61
.7

 ±
 2

2.
8

64
.3

 ±
 2

2.
7

64
.2

 ±
 2

2.
5

60
.2

 ±
 2

2.
4

61
.9

 ±
 2

3.
6

 
 

M
is

si
ng

8,
56

5 
(8

.3
)

1,
02

7 
(6

.3
)

71
9 

(6
.0

)
2,

92
1 

(5
.8

)
3,

89
8 

(1
5.

7)

 
Pr

ot
ei

nu
ri

a 
ca

te
go

ri
es

 
 

M
ild

 (
<

30
 m

g/
g)

47
,2

09
 (

45
.8

)
6,

79
3 

(4
1.

7)
5,

22
8 

(4
3.

8)
23

,2
12

 (
46

.4
)

11
,9

76
 (

48
.2

)

 
 

M
od

er
at

e 
(3

0-
29

9 
m

g/
g)

18
,4

06
 (

17
.8

)
2,

69
7 

(1
6.

6)
1,

95
1 

(1
6.

4)
9,

38
9 

(1
8.

8)
4,

36
9 

(1
7.

6)

 
 

Se
ve

re
 (

≥3
00

 m
g/

g)
11

,2
13

 (
10

.9
)

1,
65

3 
(1

0.
1)

1,
33

9 
(1

1.
2)

6,
61

6 
(1

3.
2)

1,
60

5 
(6

.5
)

 
 

U
nk

no
w

n
26

,3
10

 (
25

.5
)

5,
15

0 
(3

1.
6)

3,
41

3 
(2

8.
6)

10
,8

42
 (

21
.7

)
6,

90
5 

(2
7.

8)

V
al

ue
s 

ar
e 

m
ea

n 
±

 S
D

 o
r 

n 
(%

).

H
Fm

rE
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 a
 m

id
ra

ng
e 

ej
ec

tio
n 

fr
ac

tio
n;

 H
Fp

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 a
 p

re
se

rv
ed

 e
je

ct
io

n 
fr

ac
tio

n;
 H

Fr
E

F 
=

 h
ea

rt
 f

ai
lu

re
 w

ith
 a

 r
ed

uc
ed

 e
je

ct
io

n 
fr

ac
tio

n.

J Am Coll Cardiol. Author manuscript; available in PMC 2023 July 09.


	Abstract
	METHODS
	SETTING AND SOURCE POPULATION.
	STUDY OVERVIEW AND COHORT ASSEMBLY.
	FOLLOW-UP AND CENSORING.
	DEFINITION OF WHF EVENTS.
	APPLYING NLP ALGORITHMS.
	DATA SOURCES AND COVARIATES.
	STATISTICAL ANALYSES.

	RESULTS
	COHORT ASSEMBLY AND CLINICAL CHARACTERISTICS.
	IDENTIFICATION OF EPISODES OF WHF.
	TEMPORAL TRENDS IN EPISODES OF WHF.
	30-DAY READMISSIONS AFTER HOSPITALIZATIONS FOR WHF.

	DISCUSSION
	STUDY LIMITATIONS.

	CONCLUSIONS
	References
	FIGURE 1
	FIGURE 2
	CENTRAL ILLUSTRATION
	TABLE 1

