International Journal of Cardiology Cardiovascular Risk and Prevention 21 (2024) 200278

Contents lists available at ScienceDirect

International Journal of Cardiology
Cardiovascular Risk and Prevention

journal homepage: www.journals.elsevier.com/international-journal-of-cardiology-
cardiovascular-risk-and-prevention

CARDIOVASCULAR RisK
AND PREVENTION

\

ELSEVIER

Contemporary outpatient management of patients with worsening heart
failure with reduced ejection fraction: Clinical outcome results from the
CHART-HF study

Hanna K. Gaggin ™", Stephen J. Greene ““, Mo Zhou ¢, Dominik Lautsch’, Lori D. Bash ',
Laurence Djatche !, Yan Song ¢, James Signorovitch ¢, Andra S. Stevenson |, Robert O. Blaustein /,
Javed Butler #"

2 Harvard Medical School, Boston, MA, USA

b Cardiology Division, Massachusetts General Hospital, Boston, MA, USA

¢ Duke Clinical Research Institute, Durham, NC, USA

4 Division of Cardiology, Duke University School of Medicine, Durham, NC, USA

€ Analysis Group, Inc., Boston, MA, USA

f Merck & Co., Inc., Rahway, NJ, USA

8 Department of Medicine, University of Mississippi Medical Center, Jackson, MS, USA
h Baylor Scott and White Research Institute, Dallas, TX, USA

ARTICLE INFO ABSTRACT

Handling editor: D Levy Background: Based on available data from randomized clinical trials, patients with heart failure with reduced
ejection fraction (HFrEF) and worsening HF events (WHFE) have substantial disease burden and poor outcomes.
WHEE clinical outcome data in non-clinical trial patients, more representative of the US clinical practice, has not
been demonstrated.

Methods and results: CHART-HF collected data from two complementary, non-clinical trial cohort with HFrEF
(LVEF <45 %): 1) 1,000 patients from an integrated delivery network and 2) 458 patients from a nationwide
physician panel. CHART-HF included patients with WHFE between 2017 and 2019 followed by an index
outpatient cardiology visit <6 months, and patients without WHFE in a given year between 2017 and 2019, with
the last outpatient cardiology visit in the same year as the index visit. Compared to patients without WHFE (after
covariate adjustment, all p < 0.05), patients with WHFE had a greater risk of HF-related hospitalization (hazard
ratio [HR]: 1.53-2.40) and next WHFE event (HR: 1.67-2.41) following index visits in both cohorts.
Conclusion: HFEF patients with recent WHFE consistently had worse clinical outcomes in these non-clinical trial
cohorts. Despite advances in therapies, unmet need to improve clinical outcomes in HFrEF patients with WHFE
remains.
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1. Background

Despite significant therapeutic advances to improve survival and
reduce hospitalizations, many patients with heart failure with reduced
ejection fraction (HFrEF) face continued disease progression and expe-
rience worsening heart failure events (WHFE) requiring subsequent use
of intravenous diuretic therapy in the outpatient, inpatient, and emer-
gency department setting [1,2]. Moreover, patients with WHFE have a
high comorbidity burden, a higher risk of symptom worsening, worse
survival, and greater healthcare costs compared to patients with HFrEF

without WHFE [1-5].

The high morbidity and mortality associated with WHFE has
prompted an increased focus on including patients with recent WHFE in
contemporary clinical trials (VICTORIA [6], GALACTIC-HF [7] and
PIONEER-HF [8] for HFrEF, and SOLOIST [9] and EMPULSE [10] for
HFrEF and HF with preserved ejection fraction [HFpEF]). Although
clinical benefit has been demonstrated for some therapeutics in this trial
cohort, outcomes remain unacceptably poor for patients following
WHEFE. There is an unmet need to better understand WHFE outside of
clinical trial cohorts, starting with clinical outcomes.
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To address the gap, CHART-HF used a chart review of patient med-
ical records from an integrated delivery network and medical records
from a physician survey to characterize clinical characteristics and
outcomes among patients with HFrEF with vs. without WHFE in two
representative US clinical practice.

2. Methods
2.1. Study design

The design and patient eligibility criteria for the CHART-HF study
have been previously described [11]. Briefly, this study was conducted
using a retrospective chart review of electronic medical record (EMR) of
HFrEF patients with WHFE (i.e., WHFE cohort) and those without WHFE
(i.e., reference cohort) in a given calendar year between January 1,
2017, and December 31, 2019. The study design scheme is illustrated in
Fig. 1.

2.2. Patient eligibility

The patient eligibility criteria have been previously described in
detail [11]. All patients were required to have 1) an outpatient visit with
a cardiologist between January 1, 2017 and December 31, 2019 to serve
as the index date, 2) a diagnosis of HF and an LVEF <45 %, as measured
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by the most recent assessment within the prior 12 months, 3) age >18
years at index date, and 4) available and accessible medical data for >12
months following the index date or from the index date to death,
whichever occurs first.

Patients in the WHFE cohort were required to have a WHFE within a
calendar year between 2017 and 2019, and an associated outpatient
visit with a cardiologist <6 months following the WHFE (index date),
defined as receipt of intravenous diuretics in the inpatient, outpatient, or
emergency department setting. The index date was defined as the date of
the first outpatient cardiologist visit following the WHFE instead of the
date of WHFE to mimic the design of the VICTORIA clinical trial
(NCT02861534) where patients were randomized within 6 months after
WHEE. In addition, this definition of the index date is easier for chart
reviewers to operationalize and more clinically relevant as a decision
point than the date of WHFE. Patients in the reference cohort did not
have any WHFE within a given calendar year between 2017 and 2019
(the last outpatient cardiologist visit in that calendar year as the index
date) and <6 months prior to the index date.

The same patient eligibility criteria were applied to selected patients
from the two data sources as detailed below.

2.3. Data sources

This study utilized two distinct but complementary data sources.
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Fig. 1. Study design scheme.
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These two cohorts were uniquely chosen for their ability to explore
WHEE, treatment patterns and reasons for changes to medications after
WHEE in clinical practice. This paper will focus on the outcomes. In the
cohort from an integrated delivery network system, data was from
electronic medical record reviewed by research study staff. In the second
cohort, the data was from chart review by a nationwide panel of car-
diologists. In the integrated delivery network system cohort, a total of
500 patients with WHFE and 500 without WHFE with the most recent
index date in each cohort were randomly selected [12-14]. In the
physician panel cohort [15-17], cardiologists with significant HFrEF
experience were invited to conduct an anonymized chart review of their
own patients who met the eligibility criteria. To reduce selection bias,
participating cardiologists were asked to select up to 5 eligible patients
whose last name started with a randomly selected letter. If no such pa-
tients existed, a different randomly selected letter was presented.
Participating cardiologists abstracted patient charts using an electronic
case report form via a secure online portal. Screening questions were
asked to confirm patient eligibility before each chart abstraction. Data
entry was assessed for completeness and consistency. When discrep-
ancies were identified, cardiologists would be asked to double check or
correct the data entry. Cardiologists were compensated for their time
and expertise on abstracting patient charts. Locally reported lab values
including BNP or NT-proBNP were recorded.

2.4. Study outcomes

Study outcomes included all-cause death, all-cause hospitalization,
HF-related hospitalization, next WHFE, next HF-related hospitalization
or cardiovascular death, and next HF-related hospitalization or all-cause
death. The study also collected patient baseline demographic and clin-
ical characteristics on index date or most recent timepoint prior to index
date and HF treatment prior to and after index date.

2.5. Statistical analysis

Data from the integrated delivery network system and the physician
panel cohort were analyzed separately. Most analyses were descriptive
in nature. Kaplan-Meier methods were used to analyze time-to-event
outcomes. Cox proportional-hazards models were used to analyze the
differences in time-to-event outcomes between cohorts when adjusting
for patient age, gender, race, smoking status, and use of any HFrEF
medications (i.e., beta blocker, ACEL, ARB, ARNI, MRA) on or prior to
index date. Simplified parsimonious models were used to maximize
sample size while controlling for key factors that might impact out-
comes. The proportional hazards assumption was tested by including
interaction terms of covariates and a function of survival time in the
model. Hazard ratios (HRs) were calculated for specific follow-up time
points when violation of the proportional hazard assumption was
observed.

3. Results
3.1. Baseline patient characteristics

3.1.1. Integrated delivery network system cohort

The study included 500 patients with WHFE and 500 without WHFE.
The mean age at the index date was 68.6 (+13.3) years for patients with
WHEFE and 68.0 (+13.0) years for patients without WHFE. In both co-
horts, 95.2 % of patients were white. More than 70 % of patients had
Medicare. Approximately two thirds of the patients were either current
or past smokers (Table 1).

The mean time from initial HFrEF diagnosis to index date was 1.5
(£2.4) and 2.7 (£2.5) years among patients with and without WHFE,
respectively. The median follow-up time for medication use and clinical
outcomes from index date was 1.92 years in the WHFE cohort and 2.01
years in the reference cohort. Among patients with WHFE, the average
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Table 1
Patient characteristics on index date.

Integrated delivery
network system Health
System Sample

physician Nationwide
Panel Sample

Patients Patients Patients Patients
with without with without
WHEFE (n WHEFE (n = WHEE (n WHEE (n =
= 500) 500) = 226) 232)

Demographics’

Age, years, mean + SD 68.6 + 68.0 + 61.9 + 63.0 +
[median] 13.3[69.5] 13.0 [70] 11.4[64.2] 10.7 [64]
Female, n (%) 144 (28.8 122 (24.4 72 (31.9 88 (37.9 %)

%) %) %)

Race, n (%)

White or 476 (95.2 476 (95.2 141 (62.4 154 (66.4
Caucasian %) %) %) %)

Black or African 19 (3.8 %) 22 (4.4 %) 71 (31.4 55 (23.7 %)
American %)

Asian 3 (0.6 %) 1 (0.2 %) 9 (4.0 %) 12 (5.2 %)

Other/unknown 2 (0.4 %) 1 (0.2 %) 5 (2.2 %) 11 (4.7 %)
Hispanic, n (%) 7 (1.4 %) 7 (1.4 %) 22 (9.7 %) 20 (8.6 %)

Insurance, n (%)

Commercial 49 (9.8 %) 69 (13.8%) 96 (42.5 94 (40.5 %)
%)
Medicare 354 (70.8 366 (73.2 106 (46.9 102 (44.0
%) %) %) %)
Medicaid 50 (10.0 32 (6.4 %) 21 (9.3 %) 27 (11.6 %)
%)
Other/unknown 47 (9.4 %) 33 (6.6 %) 3(1.3%) 9 (3.9 %)

Smoking status, n
(%)

Current 72 (14.4 58 (11.6%) 14 (6.2 %) 13 (5.6 %)
%)

Past 251 (50.2 260 (52.0 98 (43.4 102 (44.0
%) %) %) %)

Time from initial
HFrEF diagnosis to
index date (years)’

Mean + SD 1.5+ 2.4 2.7 +£25 1.8+25 2.4+ 3.9

[median] [0.2] [2.0] [1.0] [1.3]
Year of index WHFE,

n (%)>

2017 - - 2 (0.9 %) -

2018 182 (36 %) - 10 (4.4 %) -

2019 318 (64 %) - 214 (94.7 -

%)

Time from index
WHEE to index
date (months)

Mean + SD 1.5+1.3 - 1.6 +1.5 -
[median] [1.0] [1.0]

Vital signs®, mean +
SD [median]

Heart rate 77.0 + 72.6 £ 79.9 + 73.7 +
14.6 [76] 12.4 [72] 14.1 [80] 11.7 [72]

Systolic blood 117.8 + 119.8 + 122.6 + 121.6 +

pressure 15.6 [118] 16.2 [118] 17.5 [120] 17.8 [120]

Weight 193.6 + 201.8 + 195.4 + 189.5 +
53.1 [186] 49.9 [200] 34.6 [192] 33.0 [190]

BMI 30.0 7.4 31.1+6.7 299 £5.1 28.9 £5.2
[29] [31] [29] [29]

LVEF, n (%)

<20 70 (14.0 24 (4.8 %) 5 (2.2 %) 3 (1.3 %)
%)

20-29 183 (36.6 132 (26.4 38 (16.8 28 (12.1 %)
%) %) %)

30-39 167 (33.4 210 (42.0 140 (61.9 126 (54.3
%) %) %) %)

40-44 67 (13.4 116 (23.2 43 (19.0 75 (32.3 %)
%) %) %)

NYHA Class®, n (%)

Class I - - 2 (0.9 %) 9 (3.9 %)

Class IT - - 76 (33.6 144 (62.1
%) %)

Class III - - 135 (59.7 78 (33.6 %)

%)

(continued on next page)
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Table 1 (continued) Table 1 (continued)

Integrated delivery
network system Health

physician Nationwide
Panel Sample

Integrated delivery
network system Health

physician Nationwide
Panel Sample

System Sample

System Sample

Patients Patients Patients Patients Patients Patients Patients Patients
with without with without with without with without
WHEFE (n WHFE (n = WHEE (n WHEFE (n = WHEFE (n WHEFE (n = WHEE (n WHEE (n =
= 500) 500) = 226) 232) = 500) 500) = 226) 232)

Class IV - - 13 (5.8 %) 1 (0.4 %) Chronic kidney disease 163 (32.6 129 (25.8 43 (19.0 42 (18.1 %)

Lab values®, mean + %) %) %)

SD [median] Medications used'’,

Potassium, mmol/L 43+ 0.4 4.4+ 0.4 4.3+0.7 4.3 +0.4 n (%)

[4] [4] [4.2] [4.2] Beta blocker 393 (78.6 371 (74.2 183 (81.0 198 (85.3

Sodium®, mEq/L 139.1 + 140.6 + 135.6 + 137.3 + %) %) %) %)

3.4 [139] 3.1 [141] 8.8[136.0] 5.7 [138.0] ACEI 191 (38.2 182 (36.4 99 (43.8 131 (56.5

BNP°, pg/mL 728.0 + 181.7 + 876.9 + 428.2 + %) %) %) %)

826.2 175.2 1064.9 514.4 MRA 74 (14.8 106 (21.2 91 (40.3 101 (43.5
[388] [126] [455.0] [242.0] %) %) %) %)
NT-proBNP®, pg/mL 7,014.8 + 3,305.5 + 2064.4 + 1081.6 + ARNI 21 (4.2 %) 78 (15.6 %) 70 (31.0 56 (24.1 %)
9,758.5 6,574.5 3372.9 1171.2 %)
[3,503] [1,607] [960.0] [600.0] ARB 52 (10.4 65 (13.0 %) 43 (19.0 50 (21.6 %)
By category %) %)
<2,500 pg/mL 150 (38.1 87 (66.9 %) 39 (70.9 45 (90.0 %) Hydralazine - - 12 (5.3 %) 10 (4.3 %)
%) %) Digoxin/digitoxin - - 11 (4.9 %) 9 (3.9 %)
2,500-5,000 pg/mL 82 (20.8 23(17.7 %) 12 (21.8 4 (8.0 %) Loop diuretics - - 12 (5.3 %) 5 (2.2 %)
%) %) Thiazide diuretics - - 6 (2.7 %) 9 (3.9 %)
>5,000 pg/mL 162 (41.1 20 (15.4 %) 4 (7.3 %) 1 (2.0 %) Ivabradine - - 2 (0.9 %) 2 (0.9 %)
%) Surgical and
Hemoglobin’, g/dL 125+ 23 17.3 £ 10.1 £5.1 10.9 + 3.9 procedural history,
[12] 76.2 [14] [12.0] [12.0] n (%)

CKD Stage8 Implantable 123 (24.6 205 (41.0 38 (16.8 49 (21.1 %)

Stage 1 (eGFR >90) 0 (0.0 %) 1 (0.2 %) 8 (6.7 %) 11 (8.7 %) cardioverter- %) %) %)

Stage 2 (eGFR 254 (50.8 255 (58.8 41 (34.5 48 (38.1 %) defibrillator

60-89) %) %) %) Biventricular 22 (4.4 %) 26 (5.2 %) 20 (8.8 %) 18 (7.8 %)

Stage 3 (eGFR 203 (40.6 159 (31.8 69 (58.0 64 (50.8 %) pacemaker

30-59) %) %) %) Prior percutaneous 8 (1.6 %) 11 (2.2 %) 36 (15.9 45 (19.4 %)

Stage 4 (eGFR 36 (7.2 %) 17 (3.9 %) 0 (0.0 %) 3 (2.4 %) coronary %)

15-29) intervention

Stage 5 (eGFR <15) 7 (1.4 %) 2 (0.5 %) 1 (0.8 %) 0 (0.0 %) Coronary artery 72 (14.4 80 (16.0 %) 8 (3.5 %) 19 (8.2 %)
BUN’, mg/dL 26.1 + 21.8 + 37.2 + 36.6 + bypass grafting %)

15.1 [22] 11.9 [19] 68.2[25.0] 83.5 [24.0] Valve replacement 27 (5.4 %) 27 (5.4 %)

Serum creatinine, mg/ 1.3+ 0.6 1.2+ 0.5 1.6 £2.8 1.3+1.0 Aortic valve - - 2 (0.9 %) 0 (0.0 %)

dL [1] [1] [1.2] [1.2] Mitral valve - - 0 (0.0 %) 1 (0.4 %)

HbAlc'"’ Transcatheter mitral 0 (0.0 %) 0 (0.0 %) 2 (0.9 %) 0 (0.0 %)
Normal (<5.7 %) 93 (27.3 37 (17.9 %) 10 (14.5 20 (20.6 %) valve repair

%) %) Implantable 0 (0.0 %) 0 (0.0 %) 1 (0.4 %) 3(1.3%)
Pre-diabetes (5.7 %- 87 (25.5 66 (31.9 %) 28 (40.6 35 (36.1 %) cardiovascular
6.4 %) %) %) hemodynamic
Diabetes (>6.4 %) 161 (47.2 104 (50.2 31 (44.9 42 (43.3 %) monitoring device

%) %) %) . R R R s

Comorbidities®, n Abbreviations: ACEI: angiotensin-converting enzyme inhibitors; ARBs:
(%) angiotensin-receptor blockers; ARNI: angiotensin receptor-neprilysin inhibitor;

Hypertension 332 (66.4 292 (58.4 145 (64.2 145 (62.5 BNP: brain natriuretic peptide; BUN: blood urea nitrogen; CKD: Chronic kidney

%) %) %) %) disease; eGFR: estimated glomerular filtration rate; HbAlc: Hemoglobin A1C;

Coronary artery 280 (56.0 287 (57.4 79 (35.0 83 (35.8 %) HF: heart failure; HfrEF: heart failure with reduced ejection fraction; LVEF: left
disease %) %) %) ventricular ejection fraction; MRA: mineralocorticoid receptor antagonist; NT-

Atrial fibrillation 3/9)5 (39.0 3/6)4 (32.8 3/6) (29.2 70 (30.2 %) proBNP: N-terminal-pro hormone BNP; NYHA: New York Heart Association;

0 0 0. . . . .

Peripheral artery 114 (22.8 113 (22,6 25 (11.1 17 (7.3 %) SD: stfindard deviation; WHFE: worsening heart failure event.
disease %) %) %) N([)lt]e s . . . L.

Stroke 62 (12.4 48 (9.6 %) 13 (5.8 %) 7 (3.0 %) Date of initial HfrEF diagnosis was based on clinical syndrome of HF..

%) [2] Date of index WHFE was the most recent WHFE prior to the index date..

Severe uncorrected 34 (6.8 %) 17 (3.4 %) 1 (0.4 %) 1 (0.4 %) 131 Assessed at the index date or at the most recent prior assessment within 12
valve disease months before index date..

COPD/emphysema 107 (21.4 77(15.4%) 39(17.3 36 (15.5 %) 4] For the WHFE cohort and without WHFE cohort, there were 154 and 154

) %) %) patients with data available for the physician panel, respectively..

Obstructive sleep 050 (10.0 63 (12.6 %) ?6 11.5 32(13.8 %) 151 For the WHFE cohort and without WHFE cohort, there were 76 and 68

D:;I;:ion fs) ©6%)  38(7.6%) 2/01) ©3%)  27(1.6%) pat%ents with data available fc.)r the physician panel, respec.tively, and 6 and 4

Anxiety disorder 42(84%) 49 (9.8 %) 17(75%)  21(9.1%) pa[g]ents for the Integrated delivery network system, respectively..

Diabetes mellitus For the WHFE cohort and without WHFE cohort, there were 55 and 50
Type 1 _ _ 0 (0.0 %) 1 (0.4 %) patients with data available for the physician panel, respectively, and 384 and
Type 2 195 (39.0 157 (31.4 51 (22.6 53 (22.9 %) 130 patients for the the integrated delivery network system, respectively..

%) %) %) 7] For the WHFE cohort and without WHFE cohort, there were 154 and 158

Obesity - - 49) (21.7 47 (20.3 %) patients with data available for the physician panel, respectively..

%.

18] For the WHFE cohort and without WHFE cohort, there were 119 and 126
patients with data available for the physician panel, respectively..
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1 For the WHFE cohort and without WHFE cohort, there were 146 and 162
patients with data available for the physician panel, respectively..

101 Eor the WHFE cohort and without WHFE cohort, there were 69 and 97
patients with data available for the physician panel, respectively, and 341 and
207 patients for the the integrated delivery network system, respectively.

a Hydralazine, digoxin/digitoxin, loop diuretics, thiazide diuretics, and
ivabradine were only assessed for the physician panel.

time from index WHEFE to index date was 1.5 (£1.3) months. Patients
with WHFE had higher natriuretic peptide levels (BNP) (mean 728 vs.
182 pg/mL) and NT-proBNP (7,015 vs. 3,306 pg/mL), higher rates of
chronic comorbidities, and less often had an implantable cardioverter-
defibrillator (24.6 % vs. 41.0 %) than patients without WHFE (Table 1).

At the end of the index visit, 80.6 %, 39.8 %, 10.6 %, 4.6 %%, and
18.4 % of patients with WHFE and 74.6 %, 36.4 %, 14.2 %, 15.8 %, and
22.4 % of patients without WHFE used beta blocker, ACEI, ARB, ARNI,
and MRA, respectively. Triple therapy was used by 13.6 % of patients
with WHFE and 16.8 % of those without WHFE, with 14.2 % of patients
with WHFE and 13.8 % of patients without WHFE not receiving any
HFrEF medications.

3.1.2. Physician panel cohort

A total of 238 cardiologists from the nationwide panel participated
and reviewed medical charts of 458 patients with HFrEF, including 226
with WHFE and 232 without WHFE. About 42.4 % of the cardiologists
were HF specialists, 7.1 % were electrophysiologists, and the remaining
half were neither. Most cardiologists were from the Northeast (32.4 %)
or the South (32.8 %), and practice in an academic institution (39.5 %)
or private setting (37.8 %). These cardiologists had experience treating
HF (17.1 + 8.2 years).

The mean (+ standard deviation) age at the index date was 61.9
(£11.4) years for patients with WHFE and 63.0 (£+10.7) years for pa-
tients without WHFE. Over 60 % of patients were White, and 31.4 % of
the WHFE cohort and 23.7 % of the cohort without WHFE were Black.
About 40 % of patients had commercial insurance, while slightly over
40 % had Medicare. About half of the patients were either current or past
smokers (Table 1).

The mean time from initial HFrEF diagnosis to index date was 1.8
(£2.5) years in the WHFE cohort and 2.4 (+3.9) years in the cohort
without WHFE. Treatment use and clinical outcomes in the 12-month
follow-up period after index date were collected. Among patients with
WHEFE, the mean time from index WHFE to index date was 1.6 (+1.5)
months. Compared to patients without WHFE, patients with WHFE were
more likely to be NYHA class III or IV (65.5 % vs. 34.0 %), tended to
have higher BNP (877 vs. 428 pg/mL) and NT-proBNP (2,064 vs. 1,082
pg/mL). The prevalence of comorbidities was similar between cohorts
(Table 1).

At the end of the index visit, 84.5 %, 42.5 %, 15.0 %, 42.9 %, and
50.0 % of patients in the WHFE cohort and 87.9 %, 54.3 %, 20.7 %, 33.2
%, and 50.9 % of patients without WHFE used beta blocker, ACEI, ARB,
ARNI, and MRA, respectively. Triple therapy was used by 42.0 % of
patients with WHFE and 43.5 % of those without WHFE, with 6.1 % of
patients with WHFE and 5.6 % of patients without WHFE not receiving
any HFrEF medications.

Compared to patients from the integrated delivery network system
cohort, patients from the physician panel were younger, more racially
diverse, had lower rates of current or past smoking, lower rates of
chronic comorbidities, higher LVEF, lower NT-proBNP, and more likely
to receive HFrEF guideline-directed medical treatments.

3.2. Clinical outcomes

3.2.1. All-cause death and all-cause hospitalizations

The incidence rate of all-cause death was 28.2 and 13.4 per 100
patient years in the WHFE and reference cohort, respectively, in the
integrated delivery network system cohort and 1.5 and 1.2 per 100
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patient years, respectively, in the physician panel. Patients with WHFE
had a greater risk of all-cause death than patients without WHFE in the
integrated delivery network system cohort during the follow-up period
after adjustment (HR 2.08, 95 % CI [1.58, 2,74], p < 0.001). There was
no statistically significant difference in all-cause mortality between
those with and without WHFE in the physician panel (HR 1.32, p = 0.61)
(Table 2; Fig. 2).

The incidence rate of all-cause hospitalization was 126.1 and 52.3
per 100 patient years in the WHFE and reference cohort, respectively, in
the integrated delivery network system cohort. Patients with WHFE had
a greater risk of all-cause hospitalization than those without WHFE
during the follow-up period (HR 2.21, 95 % CI [1.86, 2.62], p < 0.001).
The HR varied over time and was 4.65, 4.14, 3.68 and 3.55 at 3 months,
6 months, 12 months, and 15 months follow-up, respectively. The me-
dian time to all-cause hospitalization was shorter in patients with WHFE
than those without WHFE (4.7 months vs 17.6 months) (Table 2; Fig. 2).
All-cause hospitalization was not collected from the physician panel.

3.2.2. HF-related hospitalization and next WHFE

The incidence rate of HF-related hospitalization was 82.7 and 32.3
per 100 patient years in the WHFE and reference cohort, respectively, in
the integrated delivery network system cohort and 45.9 and 29.6 per
100 patient years, respectively, in the physician panel. The incidence
rate of subsequent WHFE was 101.1 and 38.4 per 100 patient years in
the WHFE and reference cohort, respectively, in the GHS and 51.5 and
30.0 per 100 patient years, respectively, in the physician panel.

In both integrated delivery network system cohort and physician
panel, patients with WHFE had a greater risk of HF-related hospitali-
zation (integrated delivery network system cohort: HR 2.40, 95 % CI
[1.97, 2.92], p < 0.001; physician panel: HR 1.53, 95 % CI [1.10, 2.15],
p < 0.05) and next WHFE (integrated delivery network system cohort:
HR 2.41, 95 % CI [2.00, 2.90], p < 0.001; physician panel: HR 1.67, 95
% CI [1.20, 2.33], p < 0.01) than patients without WHFE during the
follow-up period (Table 2; Fig. 3). The HRs of HF-related hospitalization
and next WHFE varied over time in the integrated delivery network
system cohort and stratified results showed that the HRs of HF-related
hospitalization for patients with vs. without WHFE were 6.64, 5.75,
4.98, and 4.75 at 3 months, 6 months, 12 months, and 15 months follow-
up, respectively. The HRs of next WHFE for patients with vs. without
WHEE in the integrated delivery network system cohort were 7.73, 6.52,
5.51 and 5.22 at 3 months, 6 months, 12 months, and 15 months follow-
up, respectively.

3.2.3. Composite outcome measures

The incidence rate of next HF-related hospitalization or cardiovas-
cular death was 46.6 and 30.3 per 100 patient years in the WHFE and
reference cohort, respectively, in the physician panel. Patients with
WHEFE had a greater risk of next HF-related hospitalization or cardio-
vascular death than those without WHFE during the follow-up period
(HR 1.53, 95 % CI [1.10, 2.14], p < 0.05). Risk of next HF-related
hospitalization or cardiovascular death was not assessed in the inte-
grated delivery network system cohort due to lack of cause of death
information (Table 2).

The incidence rate of HF-related hospitalization or all-cause death
was 100.2 and 41.1 per 100 patient years in the WHFE and reference
cohort, respectively, in the integrated delivery network system cohort
and 47.2 and 30.3 per 100 patient years, respectively, in the physician
panel. In both the integrated delivery network system cohort and
physician panel, patients with WHFE had a greater risk of next HF-
related hospitalization or all-cause death than patients without WHFE
during the follow-up period (integrated delivery network system cohort:
HR 2.28, 95 % CI [1.91, 2.73], p < 0.001; physician panel: HR 1.55, 95
% CI [1.11, 2.17], p < 0.01). The HR varied over time in the integrated
delivery network system cohort and were 5.31, 4.69, 4.14, and 3.97 at 3
months, 6 months, 12 months, and 15 months follow-up, respectively
(Table 2).
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Table 2
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Hazard ratio of clinical outcomes among patients with versus without worsening heart failure event.

Integrated delivery network system Health System Sample

Physician panel Nationwide Panel Sample

Hazard Ratio” 95 % CI P-Value® Hazard Ratio” 95 % CI P-Value”
All-cause death 2.08 (1.58, 2.74) <0.001 * 1.32 (0.45, 3.83) 0.61
All-cause hospitalization 2.21 (1.86, 2.62) <0.001 *
HF-related Hospitalization 2.40 (1.97, 2.92) <0.001 * 1.53 (1.10, 2.15) <0.05*
Next WHFE 2.41 (2.00, 2.90) <0.001 * 1.67 (1.20, 2.33) <0.01*
HF-related hospitalization or cardiovascular death - - - 1.53 (1.10, 2.14) <0.05*
HF-related hospitalization or all-cause death 2.28 (1.91, 2.73) <0.001 * 1.55 (1.11,2.17) <0.01*

Abbreviations: CI: confidence interval; HF: heart failure; HfrEF: heart failure with reduced ejection fraction; WHFE: worsening heart failure event.

Notes.

2 A hazard ratio greater than 1 indicates that patients with a worsening heart failure event have a higher risk of having the event than patients without a worsening
heart failure event patients, while a hazard ratio less than 1 indicates that patients have a lower risk of having the event. The models adjusted for age, gender, race,
smoking status, and use of any HFrEF medications (i.e., beta blocker, ACEI, ARB, ARNI, MRA) on or prior to index date.

b p.values <0.05 are indicated with one asterisk (“*").

Integrated Delivery Network System
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Fig. 2. Cumulative incidence of all-cause mortality and hospitalization outcomes by cohort.

4. Discussion

The CHART-HF study used electronic medical record data from two
different sources to characterize the clinical characteristics and clinical
outcomes of patients with HFrEF with and without WHFE in two
representative US clinical practices. The study collected data from real-
world clinical practices where clinics are not purposefully enrolled in
quality improvement initiatives as in PINNACLE, or in the setting of
clinical trials where eligibility criteria select for patients with higher
background use of and increased adherence to guideline-directed med-
ical therapy [3]. The study sample in CHART-HF generally reflect

patients seen at most US cardiology clinics. The physician panel pro-
vided a representative patient sample with over 30 % non-white, 40 %
commercially insured, and 40 % from academic institutions.
Consistent with the prior literature mostly based on clinical trial
populations, our study found that patients with WHFE had worse out-
comes, including higher risks of HF-related and all-cause hospitaliza-
tion, next WHFE, and mortality even after adjusting for age, gender,
race, smoking status, as well as use of any guideline directed medica-
tions on or prior to index date. Particularly, the 1-year mortality rate of
patients with WHFE in the integrated delivery network system cohort
aligns with two prior studies using US military EMR data and Canadian
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Integrated Delivery Network System

Next HF Related Hospitalization by Cohort
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Fig. 3. Cumulative incidence of heart failure outcomes by cohort.

British Columbia health care utilization databases, which report 1-year
mortality rates of 27-34 % after a HF hospitalization [18,19]. It is
important to note that about 75-80 %, 55-66 %, and 18-22 % of pa-
tients in the integrated delivery network system cohort and 85-88 %,
81-83 %, and 50 % of patients in the physician panel were on beta
blocker, ACEI/ARB/ARNI, and MRA, respectively, on index date.
Among patients from the integrated delivery network system cohort,
those with WHFE had at least 2-fold greater risk of all-cause death,
HF-related hospitalization, another WHFE, and all-cause hospitalization
compared to those without WHFE. The additional risks of all-cause
hospitalization, HF-related hospitalization, and subsequent WHFE
experienced by patients with WHFE vs. those without were even greater
immediately after the WHFE. The decrease in risk for the aforemen-
tioned clinical outcomes over time may be due to survival bias or patient
disease stabilization over time in the follow-up period after acute WHFE.
Our real-world, U.S.-based clinical practice data suggests that despite
advances in therapies targeting patients with HFrEF with WHFE, there
remains unmet need to improve outcomes in this high-risk patient
population. Comparing between cohorts, HFfEF patients with WHFE
had lower LVEF, more advanced NYHA class, and more comorbidities on
their index date compared to patients without WHFE, as observed in the
PINNACLE registry data [20]. In addition, patients with WHFE also had
higher natriuretic peptide levels than patients without WHFE on and
prior to index date. These clinical characteristics could potentially help
identify HFrEF patients at high risk for WHFE.

Patients included in CHART-HF had worse clinical outcomes
compared to those in the clinical trials. For example, 29.6 % of patients
in the placebo arm in the VICTORIA trial had a HF-related hospitaliza-
tion over a median of 10.8 months follow-up [6]. In CHART-HF, 36.7 %

of patients with WHFE from the physician panel and 50.4 % of patients
with WHFE from the integrated delivery network system cohort had a
HF-related hospitalization during the 12 months follow-up. Compared to
the trial population, patients from the physician panel were younger
(61.9 vs. 67.2 years) but more likely to be NYHA Class III or IV (65.5 %
vs. 40.6 %). While patients from the integrated delivery network system
cohort were more similar to the trial population, they were slightly older
(68.6 vs. 67.2 years), more frequently White (95.2 % vs. 64.1 %), and
had slightly higher BMI (30.0 vs. 27.9). The worse clinical outcomes in
real-world clinical practice could be attributed to more comorbidities
and advanced disease in a less selective population. In addition, patients
in clinical trials are more likely to be treated according to guidelines,
have improved adherence, are tightly surveilled, and have a lower
attrition risk, leading to better outcomes compared to patients who are
not enrolled in trials. For example, the mean time from the index WHFE
to next cardiologist visit in our study was 1.5-1.6 months, while the
general best practice recommends a follow-up within 7 days after a
WHEFE event. Overall, our study findings of poor clinical outcomes
among patients with WHFE highlight the need for increased use of
guideline-directed medical therapy, more timely patient follow-up, and
greater adoption of cardiac resynchronization therapy in real-world
clinical practice. Our study also confirms the decades-long poor prog-
nosis among patients with HF [21]. In advanced HF patients, mechanical
circulatory support, transplant, palliative care or hospice care should be
considered.

The study also found higher rates of hospitalizations, next WHFE,
and mortality among patients from the integrated delivery network
system cohort than those from the physician panel. Compared to pa-
tients from the physician panel, patients from the integrated delivery
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network system cohort were older and sicker as evidenced by increased
burden of comorbidities and clinical biomarkers of HF on the index date.
In addition, the differences in clinical outcomes could also be related to
differences in treatment, health insurance status, and access to health
care. The integrated delivery network system cohort provides care to
people in rural areas. Based on treatment patterns evaluated in CHART-
HF, patients from the integrated delivery network system cohort were
also less likely to receive guideline-directed medical treatment than
patients from the physician panel, although 13%-32 % of the study
population who had LVEF >40 % might not be subject to the same
treatment guidelines. However, differences in treatment patterns
observed may be due to differences in data collection and/or reporting
bias (i.e., EMR vs. chart extraction). EMR data from the integrated de-
livery network system cohort might not capture medications filled
outside of network. Nonetheless, higher rates of hospitalizations and
mortality observed in the integrated delivery network system cohort
underscore the need to better understand predictors of WHFE and how
to incorporate them into secondary preventive strategies (e.g., adequate
guideline-directed medical treatments) for patients with HFrEF.

This study has several limitations. First, the integrated delivery
network system cohort is a regional health care provider in central,
south-central, and northeastern Pennsylvania and southern New Jersey.
Patients from this system were more homogeneous and less represen-
tative of the general patient population in the US. To partially address
this limitation, we included patient medical charts extracted by cardi-
ologists from the physician nationwide panel. While the geographic
location and race/ethnicity of patients from the physician nationwide
panel were more diverse, the patient sample was smaller and may be
subject to selection bias. While the participating cardiologists received
instructions on how to randomly select patients from their practice, the
possibility of selection bias cannot be ignored as clinicians may recall
specific patients more easily because of more consistent follow-up or
more events. The smaller differences in clinical outcomes between pa-
tients with and without WHFE observed among patients from the
physician panel may be partially attributed to the selection bias towards
patients with better outcomes by cardiologists from the panel. Second,
the identification of patients, disease characteristics, and treatments
were limited by the availability and accuracy of data in the medical
record. As information in patients’ medical charts were not primarily
collected for research purposes, detailed data were lacking for some
study measures and outcomes. Relatedly, the extent of information
documented in charts varied across patients. Third, results from the
physician survey were subject to the completeness and quality of the
data entered by clinicians. However, such limitations should be miti-
gated by established policies by the physician panel where the quality of
data is closely monitored, with underperformance resulting in removal
from the physician panel. Nonetheless, it is possible that cardiologists
participating in the physician nationwide panel may not be fully
representative of all US cardiologists. Finally, we did not account for the
medication changes that might or might not have taken effect after index
visit.

5. Conclusions

In conclusion, HFrEF patients with recent WHFE had worse clinical
outcomes irrespective of the setting where they were treated. Despite
advances in therapies targeting patients with HFrEF with WHFE, there is
still great need to improve the prognosis of this high-risk patient pop-
ulation. Patients with recent WHFE may need additional resources and
novel treatment strategies following WHFE.
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