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There is limited understanding on the potential differences in the pathophysiology
between de novo heart failure with reduced ejection fraction (HFrEF) and acute on
chronic HFrEF. The aim of this study was to assess differences in cardiorespiratory fitness
(CRF) parameters between de novo heart failure and acute on chronic HFrEF using car-
diopulmonary exercise testing (CPX). We retrospectively analyzed CPX data measured
within 2 weeks of discharge following acute hospitalization for HFrEF. Data are reported
as median and interquartile range or frequency and percentage (%). We included 102
patients: 32 (31%) women, 81 (79%) black, 57 (51 to 64) years of age, BMI of 34 (29 to 39)
Kg/m2. Of these, 26 (25%) had de novo HFrEF and 76 (75%) had acute on chronic
HFrEF. When compared with acute on chronic, patients with de novo HFrEF had a signif-
icantly higher peak oxygen consumption (VO2) (16.5 [12.2 to 19.4] vs 12.8 [10.1 to 15.3]
ml¢kg�1¢min�1, p <0.001), %-predicted peak VO2 (58% [51 to 75] vs 49% [42 to 59])
p = 0.012), peak heart rate (134 [117 to 147] vs 117 [104 to 136] beats/min, p = 0.004), peak
oxygen pulse (12.2 [10.5 to 15.5] vs 9.9 [8.0 to 13.1] ml/beat, p = 0.022) and circulatory
power (2,823 [1,973 to 3,299] vs 1,902 [1,372 to 2,512] mm Hg¢ml¢kg�1¢min�1, p = 0.002).
No significant difference in resting left ventricular ejection fraction was found between
groups. In conclusion, patients with de novo HFrEF have better CRF parameters than
those with acute on chronic HFrEF. These differences are not explained by resting left
ventricular systolic function but may be related to greater preservation in cardiac reserve
during exercise in de novo HFrEF patients. © 2021 Elsevier Inc. All rights reserved.
(Am J Cardiol 2021;00:1−7)
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Acute heart failure (HF) is a life-threatening condition
associated with significant morbidity, mortality, and eco-
nomic burden.1 Patients who experience an acute HF epi-
sode without known underlying heart disease are referred to
as having de novo HF, distinct from patients with an acute
deterioration of a known pre-existing cardiomyopathy
referred as having acute on chronic HF.2 Among patients
hospitalized for acute HF and reduced ejection fraction
(HFrEF), approximately one third of patients have de novo
HF whereas the others have acute on chronic HFrEF.3−5

Compared with patients with acute on chronic HFrEF,
patients with de novo HFrEF are younger, have fewer
comorbidities, and a better prognosis.3,6−8 The reason and
pathophysiologic mechanism(s) for such differences are not
entirely clear, and not fully explained by differences in
demographic or comorbid conditions.6 Cardiopulmonary
exercise testing (CPX) is the gold-standard approach to
assessing CRF in patients with HF and appreciates

mailto:marcodelbuono21@gmail.com
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2021.07.036


ARTICLE IN PRESS

2 The American Journal of Cardiology (www.ajconline.org)
limitations that may only be evident during exertion.9−13 In
this context, the aim of the current study was to compare
CRF using CPX in patients recently hospitalized for de
novo versus acute on chronic HFrEF.
Methods

We performed a retrospective review of data from
patients who underwent a symptom limited CPX and rest-
ing transthoracic echocardiography within 2 weeks of dis-
charge following hospitalization for acute HFrEF at
Virginia Commonwealth University Health System
(VCUHS) from 2014 to 2020. All patients met criteria for
hospitalization for acute decompensated HFrEF were
included in the current study. Acute decompensated HFrEF
was established as the presentation at admission of dyspnea,
respiratory distress, or tachypnea at rest or with minimal
exertion, and evidence of elevated cardiac filling pressures
or pulmonary congestion (defined as the presence of pulmo-
nary congestion/edema at physical exam or chest radiogra-
phy, plasma brain natriuretic peptide (BNP) levels ≥200
pg/ml or N-terminal pro-BNP (NTproBNP) ≥600 pg/ml,
invasive measurement of left ventricular end-diastolic pres-
sure >18 mm Hg or pulmonary artery occluding pressure
>16 mm Hg).14 All patients had prior documentation of a
left ventricular ejection fraction (LVEF) ≤40%. Patients
with a primary diagnosis for admission different from
decompensated HFrEF (including acute coronary syn-
dromes, hypertensive urgency/emergency, tachy- or bra-
dyarrhythmias) were excluded.

Patients were considered: (1) de novo HFrEF if they did
not have any prior history of cardiac disease, HF and/or HF
hospitalization; or (2) as acute on chronic HFrEF if they
had a history of pre-existing cardiomyopathy, HF and/or
HF hospitalization at any time.

Patients underwent symptom limited CPX according to
American Heart Association guidelines by a clinical exer-
cise physiologist under physician supervision with a meta-
bolic cart connected to a treadmill using a conservative
ramping protocol as previously described.15,16 Patients with
a peak respiratory exchange ratio (RER) <1.00 were
excluded. Heart rate (HR), blood pressure, and electrocardi-
ography were recorded continuously throughout CPX.
Expired gases were collected on a breath-by-breath basis
with peak oxygen consumption (VO2), expressed in
ml¢kg�1¢min�1, defined as the highest 10-second average
value during the last 30 seconds of exercise. Percent-pre-
dicted peak VO2 was calculated using the Fitness Registry
and the Importance of Exercise: A National Data Base
(FRIEND) equation.17 Circulatory power, an expression of
cardiac reserve, was calculated as product of peak VO2 and
peak systolic blood pressure (BP). Minute ventilation (VE)
and carbon dioxide production (VCO2) were acquired in
10-second interval averages throughout the entire exercise
period to calculate the VE/VCO2 slope via least squares lin-
ear regression (y = mx + b, m = slope). The oxygen uptake
efficiency slope (OUES) was calculated using the formula
VO2 (l/min) = m (log10 ventilation [VE]) + b, where
m=OUES. Peak oxygen (O2) pulse was calculated by divid-
ing absolute peak VO2 by the maximum HR during exercise
and expressed in ml/beat. Peak VO2 and O2 pulse were also
corrected by fat-free mass (FFM); ml/KgFFM/min and ml/
beat/KgFFM, respectively).

18−20

All patients underwent standard transthoracic 2-dimen-
sional Doppler echocardiography using apical 4- and 2-
chamber views prior to CPX. LVEF was measured using
the modified Simpson method. LV diastolic function was
evaluated using trans-mitral diastolic flow tracings assessed
with pulsed-wave Doppler from an apical 4-chamber view
with early (E)-wave and late (A)-wave velocity measure-
ments, pulsed-wave tissue Doppler early diastolic mitral
annular velocity (e’) averaged between the lateral and sep-
tal annulus, and calculation of the average E/e’ ratio.21

Complete blood count, metabolic panel, and plasma lev-
els of C-reactive protein (CRP) and NTproBNP were ana-
lyzed from blood samples collected on the same day
immediately prior to CPX.

Single�frequency bioelectrical impedance analysis
(RJL System, Inc, Clinton Township, MI) was used in a
subgroup of 46 patients to explore changes in body compo-
sition between de novo versus acute on chronic HFrEF
patients. The patients were placed in a supine position with
the superior limbs abducted at 30˚ and inferior limbs at 45˚,
and 4 cutaneous electrodes (2 on the foot and 2 on the
homolateral hand) were applied. Fat mass (FM), FFM, lean
mass (LM), and edema index (ratio of extracellular water
by total body water) were calculated.22

Descriptive statistics were used to summarize the partic-
ipants’ baseline and clinical characteristics by the de novo
HFrEF or acute on chronic HFrEF status. Data are pre-
sented as frequency (percentage) or median [interquartile
range] for categorical or continuous variables. Categorical
data were evaluated using the Chi-Square test or Fisher's
exact test as appropriate. Continuous variables were com-
pared using Mann−Whitney U test or Spearman’s rank test
for correlations. All analyses were completed using SPSS,
version 24.0 (SPSS; Chicago, IL) with significance set at
a = 0.05.

The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved by the
Virginia Commonwealth University Institutional Review
Board (RAMS-IRB). Informed consent was obtained from
all patients.
Results

We studied 102 patients, 32 (31%) females, 81 (79%)
black, 57 [51 to 64] years of age with a BMI of 34 (29 to
39) Kg/m2. The LVEF was 30% (23 to 36) and the peak
VO2 was 13.3 (10.4 to 16.6) ml¢kg�1¢min�1, corresponding
to 51 (44 to 61) % of predicted.

Of these patients, 26 (25%) had de novo HFrEF and 76
(75%) had acute on chronic HFrEF. Baseline characteristics
of the 2 groups are summarized in Table 1. When compared
with patients with acute on chronic HFrEF, patients with de
novo HFrEF were significantly younger (50 [42 to 57] vs
60 [54 to 67] years p <0.01) and had a significantly lower
prevalence of coronary artery disease (CAD) (4 [15%] vs
31 [41%], p = 0.014) and atrial fibrillation (0 [0%] vs 24
[32%], p <0.001).
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Table 1

Baseline characteristics between de novo versus acute on chronic heart failure with reduced ejection fraction

De novo (n=26) Acute on chronic (n=76) p value

Variables

Women 9 (35%) 23 (30%) 0.680

Age (years) 50 [42-57] 59 [53-67] <0.001
White 5 (19.2%) 16 (21.1%) 0.843

Black 21 (80.8%) 60 (78.9%) 0.843

Body mass index (kg/m2) 35.1 [29.4-38.7] 32.0 [28.5-39.5] 0.390

Hypertension 23 (88%) 67 (88%) 1

Diabetes mellitus 10 (38%) 37 (49%) 0.367

Dyslipidemiay 14 (54%) 48 (63%) 0.401

Coronary artery disease 4 (15%) 31 (41%) 0.030

Atrial fibrillation 0 (0%) 24 (32%) <0.001
Current smoker 12 (46%) 26 (34%) 0.277

Laboratory

Hemoglobin (g/dl) 14 [12.2-15.7] 13.2 [11.7-14.3] 0.102

Hematocrit (%) 43.5 [38.6-47.6] 41.1 [37.9-44.5] 0.089

White blood cell (109/l) 6.2 [5.5-7.7] 6.4 [5.1-7.6] 0.817

Total bilirubin (mg/dl) 0.55 [0.40-0.70] 0.70 [0.50-1.00] 0.017

Creatinine (mg/dl) 1.1 [0.89-1.4] 1.3 [1.1-1.7] 0.017

NTproBNP (pg/ml) 681 [259-1342] 1307 [691-3083] 0.005

high sensitivity-C-Reactive-Protein (mg/l) 5.11 [2.79-9.04] 5.23 [2.47-11.57] 0.925

Echocardiography

LV ejection fraction (%) 30 [24-37] 30 [23-36] 0.654

LV end-diastolic volume (ml) 177 [147-215] 182 [145.5-225.6] 0.659

LV end-systolic volume (ml) 123 [86-146] 133 [98-170] 0.361

Tricuspid annular plane systolic excursion (cm) 1.9 [1.6-2.2] 1.8 [1.5-2.1] 0.128

E/e’ ratio 16.2 [10.6-18.3] 17.9 [13.2-24.4] 0.029

e’ (cm/s) 6 [5.01-7.64] 5.85 [4.28-7.05] 0.310

Cardiovascular Medications

ACEi/ARB 23 (88%) 65 (85%) 1

Beta-blockers 24 (92%) 71 (93%) 1

Beta-blocker dose (mg)* 50 [25-100] 50 [25-100] 0.332

Mineralocorticoid receptor antagonist 15 (58%) 25 (33%) 0.025

SGLT2i 2 (8%) 4 (5%) 0.621

Loop diuretic 23 (88%) 70 (92%) 0.690

Nitrates 6 (23%) 20 (26%) 0.744

Hydralazine 5 (19%) 22 (29%) 0.332

ACEi = angiotensin-converting enzyme inhibitors; HFrEF = heart failure with reduced ejection fraction; LV = left ventricular; NTproBNP = N-terminal-

pro hormone-B-type natriuretic peptide; SGLT2i = sodium-glucose co-transporter-2 inhibitors.

Data are expressed as n (%) or median [interquartile range].

* Beta-blocker dose (mg) expressed as metoprolol equivalent dose.
y# Dyslipidemia was defined as elevated total or low-density lipoprotein cholesterol levels (total cholesterol above 200 mg/dL or low-density lipoprotein

cholesterol levels above 130 mg/dl) or use of cholesterol-lowering drugs.
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There were no statistically significant differences
between the groups in terms of pharmacological treatment,
except for a higher use of mineralocorticoid receptor antag-
onists in patients with de novo HFrEF. Of note, there was
no difference regarding the dose of beta-adrenergic receptor
blockers, expressed as metoprolol equivalent dose, between
the 2 groups (Table 1).

Patients with de novo HFrEF had significantly lower
NTproBNP values (681 [259 to 1,342] vs 1307 [691 to
3,083] pg/ml, p = 0.005) and creatinine levels (1.1 [0.9 to
1.4] vs 1.3 [1.1 to 1.7] mg/dl, p = 0.017). No significant dif-
ferences were noted comparing the 2 groups in terms of
hemoglobin, hematocrit, or CRP values (Table 1).

Patients with de novo HFrEF had a significantly lower E/
e’ ratio (16.2 [10.6 to 18.3] vs 17.9 [13.2 to 24.4],
p = 0.029) but without any significant differences in LVEF
or left ventricle end-diastolic and end-systolic volumes
(Figure 1, Table 1).

There were no significant differences between the 2
groups in the resting blood pressure, HR, or peak RER. The
peak HR with exercise was significantly higher in de novo
versus chronic HFrEF patients (134 [117 to 147] vs 117
[104 to 136] beats/min, p = 0.004), whereas peak systolic
and diastolic blood pressure was not significantly different.

When compared with patients with acute on chronic
HFrEF, patients with de novo HFrEF had a significantly
higher peak VO2 (16.5 [12.2 to 19.4] vs 12.8 [10.1 to 15.3]
ml¢kg�1¢min�1, p = 0.001), and peak VO2 expressed as per-
cent-predicted according to the FRIEND equation (58% [41
to 75] vs 49% [42 to 59], p = 0.024) (Figure 1, Table 2).
Patients with de novo HFrEF also had a significantly higher
peak O2 pulse (12.2 [10.5 to 15.5] vs 9.9 [8.0 to 13.1] ml/



Figure 1. Differences between de novo and acute on chronic heart failure with reduced ejection fraction.

Legend: Box-Whisker plot of peak VO2 (Panel A), peak oxygen pulse (B), circulatory power (C), and left-ventricular ejection fraction (D) between de novo

versus acute on chronic heart failure with reduced ejection fraction. HF = heart failure; LVEF = left-ventricular ejection fraction; VO2 = oxygen consumption.
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beat, p = 0.022) and circulatory power (2,823 [1,973 to
3,299] vs 1,902 [1,372 to 2,512] mm Hg¢ml¢kg�1¢min�1,
p = 0.002) compared with acute on chronic HFrEF. More-
over, patients with de novo HFrEF had significantly longer
exercise times (9.0 [6.0 to 11.2] vs 6.4 [4.4 to 8.3] minutes,
p = 0.002) compared with those patients with acute on
chronic HFrEF (Table 2). A significant correlation was
observed between peak HR and peak VO2 (R = +0.320, p
<0.001), and between DHR (difference between peak HR
minus resting HR) and peak VO2 (R = +0.348, p < 0.001).
There was no correlation between the dose of beta blockers
and peak VO2 (R = +0.006, p = 0.953).
Table 2

Cardiopulmonary exercise test results between de novo and acute on chronic heart

De novo (n=2

Variables

Peak VO2 (mL¢kg�1¢min�1) 16.5 [12.2-19.

%-Predicted VO2 (%) 58 [50-75]

VE/VCO2 slope 33 [28.3-37.7

Oxygen uptake efficiency slope 2.01 [1.49-2.4

Circulatory Power (mm Hg¢ml¢kg�1¢min�1) 2823 [1973-329

Peak O2 pulse (ml/beat) 12.2 [10.5 -15.

Peak respiratory exchange ratio 1.11 [1.04-1.1

Exercise time (min) 9.0 [6.0-11.0

Rest heart rate (beats/min) 81 [74-97]

Maximal heart rate (beats/min) 134 [117-147

Rest systolic blood pressure (mm Hg) 113 [104-134

Maximal systolic blood pressure (mm Hg) 166 [144-182

Rest diastolic blood pressure (mm Hg) 76 [66-85]

Maximal diastolic blood pressure (mm Hg) 80 [73-91]

O2 = oxygen; VE/VCO2 = ventilation/carbon dioxide production; VO2 = oxyge

Data are expressed as median [interquartile range].
Body composition was assessed in 46 (45%) individuals.
There were no differences in fat mass, fat-free mass, fat
mass index, fat-free mass index, or total body water
between the 2 groups (all p >0.05) (Table 3).
Discussion

Patients with acute HFrEF represent a heterogeneous
group. Approximately one-fourth of patients with a recent
hospitalization for acute HFrEF present de novo, without a
prior diagnosis of HF, whereas the remaining three-fourths
present with acute on chronic HF. Our results are in line
failure with reduced ejection fraction

6) Acute on chronic (n=76) p value

4] 12.8 [10.1-15.3] 0.001

49 [41-59] 0.024

] 34.5 [31.2-40.4] 0.147

3] 1.43 [1.17-1.89] 0.002

9] 1902 [1372-2512] 0.002

5] 9.9 [8.0-13.1] 0.022

7] 1.11 [1.05-1.18] 0.461

] 6.4 [4.4-8.3] 0.002

79 [67-89] 0.131

] 117 [104-136] 0.004

] 118 [105-130] 0.887

] 144 [124-172] 0.070

74 [65-81] 0.557

77 [64-84] 0.095

n consumption.
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Table 3

Body composition between de novo versus acute on chronic heart failure with reduced ejection fraction

De novo (n=12) Acute on chronic (n=34) p value

Fat mass (kg) 38 [30.5-48] 34 [21.9-44.6] 0.260

Fat-free mass (kg) 60 [49.3-72.3] 61.7 [51.3-73.5] 0.617

Lean mass (kg) 16.3 [12.9-18.9] 15.8 [13.1-19.4] 0.698

Fat mass index (kg/m2) 12.4 [9.2-18.4] 11.8 [7.9-14.6] 0.582

Fat-free mass index (kg/m2) 20.2 [17.4-22] 22.1 [18.9-24.4] 0.074

Fat mass (% total body weight) 35.7 [32-48.7] 34 [26-41] 0.250

Fat-free mass (% total body weight) 64.3 [51.3-67.9] 65.9 [51.3-73.5] 0.250

Fat-free mass/Fat mass ratio 1.80 [1.05-2.12] 1.93 [1.40-2.84] 0.240

Lean mass/Fat mass ratio 0.46 [0.27-0.56] 0.52 [0.35-0.80] 0.271

Skeletal muscle mass (% total body weight) 30.3 [22.4-35.3] 29.7 [21.8-33] 0.635

Total body water (% total weight) 47.7 [38-50] 46 [38.8-54.5] 0.276

Intracellular water (% total body water) 55.3 [49.7-57.5] 54.2 [48.6-56.5] 0.484

Extracellular water (% total body water) 43.7 [42.2-50.2] 45.5 [43.4-51.4] 0.460

Peak VO2 (ml/KgFFM/min) 28.5 [22.7-32.8] 18.1 [15.2-21.1] <0.001
Peak O2 pulse (ml/beat/KgFFM) 0.21 [0.19-0.23] 0.16 [0.13-0.18] <0.001

FFM = fat free mass; O2 = oxygen; VO2 = oxygen consumption.

Data are expressed as median [interquartile range].
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with a recent large-scale study including 2,328 patients hos-
pitalized with HF, with a diagnosis of either de novo
(n = 721, 31%) or acute on chronic HF (n = 1,607, 69%),
whereas those with acute on chronic HF were older, and
had a higher prevalence of comorbidities (e.g., CAD, hyper-
tension, chronic lung disease, cerebrovascular disease).
Echocardiography data were available for two-thirds of
patients with acute on chronic HF having a lower LVEF. Of
note, patients with acute on chronic HF had higher mortal-
ity rates at both 1- and 10-years of follow-up compared
with de novo HF patients, which persisted following adjust-
ment for age, co-morbidities, and established risk factors
for HF, suggesting that other features inherent to this group
of patients underlie the increased mortality observed.6

We herein confirm that patients with de novo HFrEF are
younger (by approximately 10 years) and have significantly
less cardiac comorbidities than those with acute on chronic
HFrEF. Despite these differences in clinical characteristics,
we failed to find any differences in cardiac systolic function
(i.e., LVEF) between the 2 groups, and differences in dia-
stolic function were rather minimal. We found, however,
that acute de novo HFrEF patients have significantly better
CRF compared with those with acute on chronic HFrEF.
Peak VO2 is a primary measure of CRF and an independent
predictor of cardiac and all-cause mortality.23 In patients
with systolic HF who complete a maximal exercise test, as
in this study, peak VO2 is largely a measure of cardiac out-
put with exercise and hence of cardiac reserve.24,25 Circula-
tory power, another measure that integrates peak VO2 with
blood pressure has been shown to better reflect cardiac
function and improve prognostic assessment.11 The signifi-
cantly lower values for peak VO2 and circulatory power in
patients with acute on chronic HFrEF may reflect a decline
of cardiac reserve over time.26 While peak VO2 declines
with age, the reduction observed in those with acute on
chronic HFrEF is beyond that expected with the differences
in age alone. We show that patients with acute on chronic
HFrEF have reduced peak O2 pulse, a surrogate measure of
exercise stroke volume, compared with de novo HFrEF.
Moreover, in patients with advanced HFrEF, the ability to
increase stroke volume is limited and cardiac output is
largely dependent on HR response.10 We herein show that
acute on chronic HFrEF patients also have significantly
lower peak HR with exercise. An impaired chronotropic
response is a known contributor of reduced CRF in patients
with HFrEF. Chronic sympathetic overactivation may lead
to downregulation and desensitization of cardiac b-recep-
tors, which is thought to be the main mechanism of chrono-
tropic incompetence in patients with long-standing HF.27,28

b-adrenergic desensitization is a hallmark of advanced
chronic HFrEF and is mediated by a reduction in the
expression of the b1-adrenergic receptors as well as
changes in the signaling downstream of the G-protein cou-
pled receptor.29 b-adrenergic receptor blockers used for the
treatment of HFrEF may worsen chronotropic response.30

However, we found no correlation between the doses of
b-adrenergic blockers and peak VO2, nor a difference in
doses of b-adrenergic blockers between the 2 groups thus
making it an unlikely contributor to the impaired peak HR
response and reduced peak VO2 in those with acute on
chronic HFrEF.

The poorer exercise capacity in patients with acute on
chronic HFrEF may account for the unfavorable outcomes
observed in this subpopulation.23 VE/VCO2 slope, an index
of ventilator response to exercise, has emerged as an out-
come indicator even more powerful than peak VO2, how-
ever despite the steeper VE/VO2 slope in patients with
acute on chronic HFrEE, no significant difference between
the 2 groups was observed.31 This may be due to the small
sample size or by the differences in physical conditioning/
muscle between the 2 groups affecting peak VO2 more than
VE/VCO2 slope.

Altogether these findings show the progressive nature of
HFrEF and highlight the importance of CPX measures in
reflecting cardiac reserve early following hospitalization
for acute decompensated HF to illustrate different patho-
physiologic mechanisms between these groups not apparent
with resting left ventricular systolic function (i.e., LVEF).

This study has several limitations including the retro-
spective nature of this observation leading to potential for
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selection or data collection biases and the small number of
cases limiting the power to detect significant differences
paired with an imbalance between groups in the number of
several key characteristics. Furthermore, despite incorporat-
ing bioelectrical impedance analysis estimates of body
composition, we did not adequately address peripheral
determinants (i.e., peripheral oxygen extraction) of CRF in
the 2 groups.

In conclusion, patients with acute de novo HFrEF
patients have better CRF fitness as compared with patients
with acute on chronic HFrEF patients. The difference in
CRF is not explained by differences in resting hemody-
namic parameters or left ventricular systolic function but
rather related to greater preservation in cardiac reserve with
exercise in de novo HFrEF patients.
Disclosures

The authors have no conflicts of interest to disclose.

1. Hollenberg SM, L Warner Stevenson, Ahmad T, Amin VJ, Bozkurt B,
Butler J, Davis LL, Drazner MH, Kirkpatrick JN, Peterson PN, Reed
BN, Roy CL, Storrow AB. 2019 ACC expert consensus decision path-
way on risk assessment, management, and clinical trajectory of patients
hospitalized with heart failure: a report of the american college of car-
diology solution set oversight committee [published correction appears
in J Am Coll Cardiol. 2020 Jan 7;75(1):132]. J Am Coll Cardiol
2019;74:1966–2011. https://doi.org/10.1016/j.jacc.2019.08.001.

2. Raffaello WM, Henrina J, Huang I, Lim MA, Suciadi LP, Siswanto
BB, Pranata R. Clinical characteristics of de novo heart failure and
acute decompensated chronic heart failure: are they distinctive pheno-
types that contribute to different outcomes? Card Fail Rev 2021;7:
e02.. https://doi.org/10.15420/cfr.2020.20. Published 2021 Feb 19.

3. Greene SJ, Hernandez AF, Dunning A, Ambrosy AP, Armstrong PW,
Butler J, Cerbin LP, Coles A, Ezekowitz JA, Metra M, Starling RC,
Teerlink JR, Voors AA, O’Connor CM, Mentz RJ. Hospitalization for
recently diagnosed versus worsening chronic heart failure: from the
ASCEND-HF trial. J Am Coll Cardiol 2017;69:3029–3039.

4. AlHabib KF, Kashour T, Elasfar AA, Alfaleh H, Hersi A, Alshamiri
M, Alshaer F, Mimish L, Almasood A, AlHabeeb W, AlGhamdi S,
Ghabashi A, Asfina K, Altaradi H, Alnobani O, Alkamel N, Thalib L.
Long-term mortality rates in acute de novo versus acute-on-chronic
heart failure: from the Heart Function Assessment Registry Trial in
Saudi Arabia. Angiology 2015;66:837–844.

5. Lassus JP, Siirila-Waris K, Nieminen MS, Tolonen J, Tarvasmaki T,
Peuhkurinen K, Melin J, Pulkki K, Harjola VP. Long-term survival
after hospitalization for acute heart failure − differences in prognosis
of acutely decompensated chronic and new-onset acute heart failure.
Int J Cardiol 2013;168:458–462.

6. Younis A, Mulla W, Goldkorn R, Klempfner R, Peled Y, Arad M,
Freimark D, Goldenberg I. Differences in mortality of new-onset (de
novo) acute heart failure versus acute decompensated chronic heart
failure. Am J Cardiol 2019;124:554–559. https://doi.org/10.1016/j.
amjcard.2019.05.031.

7. Harjola VP, Follath F, Nieminen MS, Brutsaert D, Dickstein K, Drex-
ler H, Hochadel M, Komajda M, Lopez-Sendon JL, Ponikowski P,
Tavazzi L. Characteristics, outcomes, and predictors of mortality at 3
months and 1 year in patients hospitalized for acute heart failure. Eur
J Heart Fail 2010;12:239–248. https://doi.org/10.1093/eurjhf/hfq002.

8. Butt JH, Fosbøl EL, Gerds TA, Andersson C, McMurray JJV, Petrie
MC, Gustafsson F, Madelaire C, Kristensen SL, Gislason GH, Torp-
Pedersen C, Køber L, Schou M. Readmission and death in patients
admitted with new-onset versus worsening of chronic heart failure:
insights from a nationwide cohort. Eur J Heart Fail 2020;22:1777–
1785. https://doi.org/10.1002/ejhf.1800. Epub 2020 Mar 30. PMID:
32227556.

9. Van Tassell BW, Canada J, Carbone S, Trankle C, Buckley L, Oddi
Erdle C, Abouzaki NA, Dixon D, Kadariya D, Christopher S, Schatz
A, Regan J, Viscusi M, Del Buono M, Melchior R, Mankad P, Lu J,
Sculthorpe R, Biondi-Zoccai G, Lesnefsky E, Arena R, Abbate A.
Interleukin-1 blockade in recently decompensated systolic heart fail-
ure: results from REDHART (recently decompensated heart failure
anakinra response trial). Circ Heart Fail. 2017;10:e004373. https://
doi.org/10.1161/CIRCHEARTFAILURE.117.004373.

10. Canada JM, Trankle CR, Buckley LF, Carbone S, Abouzaki NA,
Kadariya D, Shah K, Cooke R, Kontos MC, Patel J, Mankad P, Schatz
A, Bhatnagar A, Arena R, Van Tassell BW, Abbate A. Severely
impaired cardiorespiratory fitness in patients with recently decompen-
sated systolic heart failure. Am J Cardiol 2017;120:1854–1857.
https://doi.org/10.1016/j.amjcard.2017.07.099.

11. Del Buono MG, Arena R, Borlaug BA, Carbone S, Canada JM, Kirk-
man DL, Garten R, Rodriguez-Miguelez P, Guazzi M, Lavie CJ,
Abbate A. Exercise intolerance in patients with heart failure: JACC
state-of-the-art review. J Am Coll Cardiol. 2019;73:2209–2225.
https://doi.org/10.1016/j.jacc.2019.01.072. PMID: 31047010.

12. Balady GJ, Arena R, Sietsema K, Myers J, Coke L, Fletcher GF, For-
man D, Franklin B, Guazzi M, Gulati M, Keteyian SJ, Lavie CJ,
Macko R, Mancini D, Milani RV. American Heart Association Exer-
cise, Cardiac Rehabilitation, and Prevention Committee of the Council
on Clinical Cardiology. Council on Epidemiology and Prevention.
Council on Peripheral Vascular Disease. Interdisciplinary Council on
Quality of Care and Outcomes Research. . Clinician's Guide to cardio-
pulmonary exercise testing in adults: a scientific statement from the
American Heart Association. Circulation 2010;122:191–225. https://
doi.org/10.1161/CIR.0b013e3181e52e69.

13. Guazzi M, Arena R, Halle M, Piepoli MF, Myers J, Lavie CJ. 2016
focused update: clinical recommendations for cardiopulmonary exer-
cise testing data assessment in specific patient populations. Eur Heart
J 2018;39:1144–1161. https://doi.org/10.1093/eurheartj/ehw180.

14. Hicks KA, Tcheng JE, Bozkurt B, et al. 2014 ACC/AHA key data ele-
ments and definitions for cardiovascular endpoint events in clinical tri-
als: a report of the american college of cardiology/american heart
association task force on clinical data standards (writing committee to
develop cardiovascular endpoints data standards) [published correc-
tion appears in J Am Coll Cardiol. 2015 Aug 25;66(8):982]. J Am Coll
Cardiol 2015;66:403–469. https://doi.org/10.1016/j.jacc.2014.12.018.

15. Arena R, Humphrey R, Peberdy MA, Madigan M. Predicting peak
oxygen consumption during a conservative ramping protocol: implica-
tions for the heart failure population. J Cardiopulm Rehabil.
2003;23:183–189.

16. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, Fleg J,
Froelicher VF, Leon AS, Pi~na IL, Rodney R, Simons-Morton DA,
Williams MA, Bazzarre T. Exercise standards for testing and training:
a statement for healthcare professionals from the American Heart
Association. Circulation 2001;104:1694–1740.

17. Myers J, Kaminsky LA, Lima R, Christle JW, Ashley E, Arena R. A
reference equation for normal standards for VO2 max: analysis from
the fitness registry and the importance of exercise national database
(FRIEND registry). Prog Cardiovasc Dis 2017;60:21–29. https://doi.
org/10.1016/j.pcad.2017.03.002.

18. Milani RV, Lavie CJ, Mehra MR, Ventura HO. Understanding the
basics of cardiopulmonary exercise testing. Mayo Clin Proc.
2006;81:1603–1611. https://doi.org/10.4065/81.12.1603.

19. Lavie CJ, Milani RV, Mehra MR. Peak exercise oxygen pulse and
prognosis in chronic heart failure. Am J Cardiol. 2004;93:588–593.
https://doi.org/10.1016/j.amjcard.2003.11.023.

20. Kirkman DL, Muth BJ, Stock JM, Townsend RR, Edwards DG. Car-
diopulmonary exercise testing reveals subclinical abnormalities in
chronic kidney disease. Eur J Prev Cardiol. 2018;25:1717–1724.
https://doi.org/10.1177/2047487318777777.

21. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, Fleg J,
Froelicher VF, Leon AS, Pi~na IL, Rodney R, Simons-Morton DA,
Williams MA, Bazzarre T. Exercise standards for testing and training:
a statement for healthcare professionals from the American Heart
Association. Circulation 2001;104:1694–1740.

22. Earthman CP. Body composition tools for assessment of adult malnu-
trition at the bedside: a tutorial on research considerations and clinical
applications. J Parenter Enteral Nutr 2015;39:787–822. https://doi.
org/10.1177/0148607115595227.

23. Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH Jr, Wilson
JR. Value of peak exercise oxygen consumption for optimal timing of
cardiac transplantation in ambulatory patients with heart failure. Cir-
culation 1991;83:778–786. https://doi.org/10.1161/01.cir.83.3.778.

https://doi.org/10.1016/j.jacc.2019.08.001
https://doi.org/10.15420/cfr.2020.20
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0005
https://doi.org/10.1016/j.amjcard.2019.05.031
https://doi.org/10.1016/j.amjcard.2019.05.031
https://doi.org/10.1093/eurjhf/hfq002
https://doi.org/10.1002/ejhf.1800
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004373
https://doi.org/10.1016/j.amjcard.2017.07.099
https://doi.org/10.1016/j.jacc.2019.01.072
https://doi.org/10.1161/CIR.0b013e3181e52e69
https://doi.org/10.1093/eurheartj/ehw180
https://doi.org/10.1016/j.jacc.2014.12.018
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0016
https://doi.org/10.1016/j.pcad.2017.03.002
https://doi.org/10.4065/81.12.1603
https://doi.org/10.1016/j.amjcard.2003.11.023
https://doi.org/10.1177/2047487318777777
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00722-0/sbref0021
https://doi.org/10.1177/0148607115595227
https://doi.org/10.1161/01.cir.83.3.778
www.ajconline.org


Heart Failure/CRF Between De Novo Versus Acute-on-Chronic HFrEF 7

ARTICLE IN PRESS
24. Haykowsky MJ, Tomczak CR, Scott JM, Paterson DI, Kitzman DW.
Determinants of exercise intolerance in patients with heart failure and
reduced or preserved ejection fraction. J Appl Physiol (1985)
2015;119:739–744. https://doi.org/10.1152/japplphysiol.00049.2015.

25. Lala A, Shah KB, Lanfear DE, Thibodeau JT, Palardy M, Ambardekar
AV, McNamara DM, Taddei-PetersWC, Baldwin JT, Jeffries N, Khalat-
bari S, Spino C, Richards B,Mann DL, Stewart GC, Aaronson KD,Man-
cini DM, Investigators REVIVAL. Predictive value of cardiopulmonary
exercise testing parameters in ambulatory advanced heart failure. JACC
Heart Fail 2021;9:226–236. https://doi.org/10.1016/j.jchf.2020.11.008.

26. Arena R, Canada JM, Popovic D, Trankle CR, Del Buono MG, Lucas
A, Abbate A. Cardiopulmonary exercise testing - refining the clinical
perspective by combining assessments. Expert Rev Cardiovasc Ther
2020;18:563–576. https://doi.org/10.1080/14779072.2020.1806057.
Epub 2020 Aug 20. PMID: 32749934.

27. Zweerink A, van der Lingen ACJ, Handoko ML, van Rossum AC,
Allaart CP. Chronotropic incompetence in chronic heart failure. Circ
Heart Fail 2018;11:e004969. https://doi.org/10.1161/CIRCHEART-
FAILURE.118.004969.
28. Colucci WS, Ribeiro JP, Rocco MB, Quigg RJ, Creager MA, Marsh
JD, Gauthier DF, Hartley LH. Impaired chronotropic response to exer-
cise in patients with congestive heart failure. Role of postsynaptic
beta-adrenergic desensitization. Circulation 1989;80:314–323. https://
doi.org/10.1161/01.cir.80.2.314.

29. Lohse MJ, Engelhardt S, Danner S, B€ohm M. Mechanisms of beta-
adrenergic receptor desensitization: from molecular biology to heart
failure. Basic Res Cardiol 1996;91(Suppl 2):29–34. https://doi.org/
10.1007/BF00795359.

30. Hung RK, Al-Mallah MH, Whelton SP, Michos ED, Blumenthal RS,
Ehrman JK, Brawner CA, Keteyian SJ, Blaha MJ. Effect of beta-
blocker therapy, maximal heart rate, and exercise capacity during
stress testing on long-term survival (from the henry ford exercise test-
ing project). Am J Cardiol 2016;118:1751–1757. https://doi.org/
10.1016/j.amjcard.2016.08.060.

31. Francis DP, Shamim W, Davies LC, et al. Cardiopulmonary exercise
testing for prognosis in chronic heart failure: continuous and indepen-
dent prognostic value from VE/VCO(2)slope and peak VO(2). Eur
Heart J. 2000;21:154–161. https://doi.org/10.1053/euhj.1999.1863.

https://doi.org/10.1152/japplphysiol.00049.2015
https://doi.org/10.1016/j.jchf.2020.11.008
https://doi.org/10.1080/14779072.2020.1806057
https://doi.org/10.1161/CIRCHEARTFAILURE.118.004969
https://doi.org/10.1161/CIRCHEARTFAILURE.118.004969
https://doi.org/10.1161/01.cir.80.2.314
https://doi.org/10.1007/BF00795359
https://doi.org/10.1016/j.amjcard.2016.08.060
https://doi.org/10.1053/euhj.1999.1863

	Preservation of Cardiac Reserve and Cardiorespiratory Fitness in Patients With Acute De Novo Versus Acute on Chronic Heart Failure With Reduced Ejection Fraction
	Methods
	Results
	Discussion
	Disclosures


