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EDITORIAL

Do Existing Definitions Identify Subgroup
Phenotypes or Reflect the Natural History
of Heart Failure With Preserved Ejection

Fraction?

Article, see p 353

fraction (HFpEF) has remained problematic, with lack of consensus between

and among societal organizations and large outcome trials. In this issue of
Circulation, the challenge of a satisfactory HFpEF definition is highlighted by the ap-
plication of 7 existing HFpEF definitions to a single-center study sample of patients
presenting with dyspnea (New York Heart Association class II-IV) and preserved left
ventricular (LV) ejection fraction (>50%)." The 7 existing definitions included 3 soci-
etal HFpEF definitions based on expert consensus (American College of Cardiology/
American Heart Association [ACC/AHA] 2013, European Society of Cardiology 2016,
and Heart Failure Society of America 2010) and 4 sets of HFpEF trial entry criteria
geared mostly toward maximizing outcome events (I-PRESERVE [Irbesartan in Heart
Failure With Preserved Ejection Fraction Study], RELAX [Phosphodiesterase-5 Inhibi-
tion to Improve Clinical Status and Exercise Capacity in Heart Failure With Preserved
Ejection Fraction], TOPCAT [Treatment of Preserved Cardiac function in Heart Failure
With Aldosterone Antagonist], PARAGON [Prospective Comparison of ARNI With
ARB Global Outcome in HF With Preserved Ejection Fraction]). Given the uncertain-
ties and controversies on how to define HFpEF, the authors also included a patho-
physiological approach with HFpEF defined by elevated LV filling pressures during
exercise. The authors defined HFpEF as elevated pulmonary artery wedge pressure
at rest or during exercise, thus complementing the 7 existing HFpEF definitions with
thorough hemodynamic data. The authors are to be commended for their efforts.

Over the last decennium, the definition of heart failure with preserved ejection

CLINICAL, ECHOCARDIOGRAPHIC, AND LABORATORY
CHARACTERISTICS: UNEQUAL DISEASE SEVERITY OR
DISTINCT PHENOTYPES?

Among the clinical features reported by Ho et al,” body mass index (BMI) is compa-
rable in all 7 populations at =30 kg/m?, the cutoff value for obesity. Despite com-
parable BMI, high-sensitivity C-reactive protein varied considerably from 1.9 to 4.8
mg/L in the ACC/AHA and TOPCAT populations, respectively. This finding illustrates
evolution to metabolically unhealthy obesity to be multifactorial and to depend
not only on BMI but also on overall comorbidity profile.? In this respect, abdominal
obesity would have been a more appropriate measure of metabolic risk than BMI.3

Among the echocardiographic variables reported by Ho et al, the constancy of
LV ejection fraction (LVEF) is remarkable in all 7 HFpEF populations (64%—-66%). The
comparable LVEF in the populations argues against transition over time from HFpEF to
other heart failure phenotypes. Minimal transition (1.6%) from HFpEF to heart failure
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with reduced ejection fraction was indeed observed in a
recent prospective study.* Higher transition frequencies
have been reported, but these studies were hampered
by short observation periods, retrospective analysis, high
prevalence of coronary artery disease, or low HFpEF cut-
off value (LVEF, 40%).?

Despite the constancy of some variables across the
various HFpEF definitions, other characteristics suggest
that the 7 definitions used to identify populations with
different disease severities do not correspond to distinct
disease phenotypes,® as depicted in the Figure (B). The
prevalence of left atrial enlargement (LAE) and prior atrial
fibrillation (AF) varied widely in the 7 HFpEF populations,
with the ACC/AHA population consistently having the
lowest value for both variables and the TOPCAT popula-
tion having the second highest value for these variables
after I-PRESERVE for LAE and the Heart Failure Society of
America for AF. LAE is closely related to the presence of
AF. Indeed, a high frequency of prior AF was observed in
the 3 HFpEF populations with the highest prevalence of
LAE and reached staggering proportions of 51% in the
Heart Failure Society of America report, 50% in TOPCAT,
and 45% in I-PRESERVE. These numbers confirm a recent
study reporting that in patients with AF and dyspnea,
the odds ratio for having HFpEF is 38.6 for permanent
AF and 7.9 for paroxysmal AR’ In addition, NT-proBNP
(N-terminal pro-B-type natriuretic peptide) plasma levels
were lower in ACC/AHA and higher in the 3 trial popu-
lations with the poorest outcome (TOPCAT, PARAGON,
[-PRESERVE), providing an important clue to the mech-
anism linking diastolic LV stiffness to outcome, namely
myocardial fibrosis. In the MESA study (Multiethnic Study
on Atherosclerosis), a close relationship was observed in
a community-based population between log NT-proBNP
and myocardial fibrosis measured by T1 mapping.t A
similar relationship, which correlated with outcome, was
observed in clinical HFpEF and in at-risk preclinical HFpEF.®
Taken together, the distinct values of LAE, AF, and NT-
proBNP in the 7 HFpEF populations support worsening
of diastolic LV stiffness and increasing LV endomyocardial
fibrosis to determine the natural history of HFpEF. NT-
proBNP reflects the central cardiac nature of HFpEF even
in the presence of multimorbidity, being tightly linked to
diastolic LV stiffness and myocardial fibrosis and to right
ventricular dysfunction (Figure [B]). This latter aspect is
not accounted for in the article by Ho et al but is probably
also relevant for the natural history of HFpEF."

CARDIOPULMONARY EXERCISE

TEST AND REST/EXERCISE
HEMODYNAMICS: DO THEY PROVIDE
ADDITIONAL INFORMATION?

Despite invasive hemodynamics being considered the
pathophysiological gold standard for the diagnosis of
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HFpEF (Figure [B]), in daily clinical practice, procurement
of invasive hemodynamic data remains cumbersome. It
is time consuming, not universally available, requires a
special expertise, and has unknown reproducibility, all
aspects that are difficult to reconcile with the epidemi-
ology of a highly prevalent disease. Moreover, the up-
per limit of normal for left heart filling pressures is not
only flow (cardiac output) dependent but also related
to age, sex, BMI, and body position (supine in the cath-
eterization laboratory versus upright in the cardiorespi-
ratory laboratory)." Finally, the prevalence of abnormal
pulmonary artery wedge pressure at rest or during ex-
ercise was roughly 75% to 80% in most of the defini-
tions, with the notable exception of the ACC/AHA cri-
teria (only *55% of patients with abnormal pulmonary
artery wedge pressure at rest or during exercise).

Despite LV stiffness being an important determinant
of the natural history of HFpEF, diastolic stiffness ap-
pears to be unrelated to the pulmonary artery wedge
pressure value at rest or during peak exercise because
these remained nearly equivalent across the different
HFpEF definitions. This again challenges the utility of
hemodynamic phenotyping for prognostic assessment
in that several noninvasive prognostic markers varied
widely in the 7 HFpEF populations (Figure [A]), with the
ACC/AHA definition and HFpEF defined by elevated LV
filling pressures during exercise consistently presenting
on average low-risk prognostic markers.

Oxygen consumption at peak exercise, as well as its
determinant, cardiac output reserve, progressively de-
creased from the ACC/AHA definition to I-PRESERVE
and PARAGON. Ventilatory inefficiency, that is, the
slope of the relationship between minute ventilation
and carbon dioxide production, which is tightly corre-
lated with hemodynamic disturbances'? but also with
neurohumoral imbalance, presented a similar but in-
verse relationship, being lower in ACC/AHA and higher
in I-PRESERVE and PARAGON.

HETEROGENEITY OR NATURAL
HISTORY

A remarkable finding in the study by Ho et al was the
close relationship between size and outcome of the 7
HFpEF populations. The close tracking of sample size
and outcome suggested that existing definitions iden-
tify patients at different stages of the natural history of
HFpEF. The further on the timeline an HFpEF definition
recruits patients, the smaller the patient population will
be, and the more likely it is that patients will have un-
favorable outcome events. This is illustrated in the Fig-
ure (C), which shows a schematic of an HFpEF survival
curve using data from a recent prospective study.* This
study followed up patients with HFpEF over a 1-year
period and observed minimal mortality initially that in-
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HFpEF Natural History
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Figure. Natural history of heart failure with preserved ejection fraction (HFpEF).

A, Successive stages of disease severity can be described on clinical basis according to a noninvasive multiparametric assessment (clinical history, blood tests, echo-
cardiography, cardiopulmonary exercise test [CPET]). B, Pivotal role of diastolic stiffness and associated hemodynamic disturbances in initiating and driving the nat-
ural history of the disease. C, Schematic survival curve of HFpEF according to 7 existing definitions of the disease. Mortality rates equal the slope of the tangents
to the survival curve and decline from TOPCAT (Treatment of Preserved Cardiac function in Heart Failure With Aldosterone Antagonist) to American College of
Cardiology/American Heart Association (ACC/AHA). AFib indicates atrial fibrillation; CO, cardiac output; CV, cardiovascular; ESC, European Society of Cardiology;
HF, heart failure; HFSA, Heart Failure Society of America; hsCRP, high-sensitivity C reactive protein; I-PRESERVE, Irbesartan in Heart Failure With Preserved Ejection
Fraction Study; LA, left atrial; LV, left ventricular; LVEDP, left ventricular end-diastolic pressure; PAP, pulmonary artery pressure; PARAGON, Prospective Comparison
of ARNI With ARB Global Outcome in HF With Preserved Ejection Fraction; PAWP, pulmonary artery wedge pressure; RELAX, Phosphodiesterase-5 Inhibition to
Improve Clinical Status and Exercise Capacity in Heart Failure With Preserved Ejection Fraction; RV, right ventricle; Ve/Vco,, minute ventilation over carbon dioxide
production; and Vo,, oxygen consumption.

populations were ranked along the HFpEF survival curve
in accordance with sample size. Mortality rates for the
7 HFpEF populations equal the slope of the tangents to
the survival curve and decline from TOPCAT to ACC/

creased afterward and reached 89% after 11 years. The
study also revealed phenotypic persistence in HFpEF,
with 89% of patients with HFpEF retaining the HFpEF
phenotype (LVEF >50%). In the Figure (C), the 7 HFpEF
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AHA. This decline corresponds to the death incidence
rates of the 7 HFpEF populations reported by Ho et al
(Table 4), with TOPCAT having the highest (6.56 per
1000 person-years), ACC/AHA the lowest (0.46 per
1000 person-years), and the 5 other HFpEF populations
intermediate values. From the Figure (C), it becomes
evident that the 7 populations assess HFpEF at different
time points along the HFpEF timeline, with ACC/AHA
at the earliest and TOPCAT at the most advanced time.
This is again confirmed by Ho et al (Table 2), who report-
ed a preceding heart failure hospital admission in 8%
and 71% of the ACC/AHA and TOPCAT populations,
respectively, and a preceding cardiovascular hospital
admission in 36% and 96% of the ACC/AHA and TOP-
CAT populations, respectively. The more advanced posi-
tion along the HFpEF timeline of TOPCAT, |-PRESERVE,
and PARAGON compared with RELAX results from trial
design, with the first 3 trials favoring outcome events
such as death or heart failure hospitalization and RELAX
looking at exercise tolerance.

In conclusion, existing definitions of HFpEF using a
multiparametric assessment correspond to successive
stages along the HFpEF timeline. The shared and dis-
tinctive characteristics of the different populations re-
sulting from these definitions provide valuable insight
into the natural history of HFpEF. This is especially rel-
evant when solving the jigsaw puzzle of HFpEF disease
severity, which applies to risk assessment in daily prac-
tice and to the design of future clinical trials.

ARTICLE INFORMATION

Correspondence

Michele Senni, MD, Cardiology 1, ASST Papa Giovanni XXIll-Bergamo, Piazza
OMS, 1-24127 Bergamo, Italy. Email msenni@asst-pg23.it

Affiliations

Cardiovascular Department, ASST Papa Giovanni XXIIl Hospital, Bergamo, Italy
(M.S.). Istituto Auxologico Italiano, IRCCS Ospedale San Luca, Milan, Italy (S.C.).
Amsterdam Cardiovascular Sciences, Amsterdam University Medical Centers,
The Netherlands (W.J.P).

Disclosures

Dr Senni reports personal fees from Novartis, Bayer, Boehringer, Merck, Abbot,
AstraZeneca, Vifor, and Bioventrix. The other authors report no conflicts.

Circulation. 2019;140:366-369. DOI: 10.1161/CIRCULATIONAHA.119.041657

Questioning Existing Definitions of HFpEF

REFERENCES

1. Ho JE, Zern EK, Wooster L, Bailey CS, Cunningham T, Eisman AS, Hardin
KM, Zampierollo GA, Jarolim P, Pappagianopoulos PP, Malhotra R, Nay-
lor M, Lewis GD. Differential clinical profiles, exercise responses and out-
comes associated with existing HFpEF definitions. Circulation. 2019;140:
353-365. doi: 10.1161/CIRCULATIONAHA.118.039136

2. DuBrock HM, AbouEzzeddine OF, Redfield MM. High-sensitivity C-reac-
tive protein in heart failure with preserved ejection fraction. PLoS One.
2018;13:e0201836. doi: 10.1371/journal.pone.0201836

3. Tsujimoto T, Kajio H. Abdominal obesity is associated with an increased
risk of all-cause mortality in patients with HFpEF. J Am Coll Cardiol.
2017,70:2739-2749. doi: 10.1016/j.jacc.2017.09.1111

4. Lupdn J, Gavidia-Bovadilla G, Ferrer E, de Antonio M, Perera-
Lluna A, Lépez-Ayerbe J, Domingo M, Nufez J, Zamora E, Moliner P,
Santiago-Vacas E, Santesmases J, Bayés-Genis A. Heart failure with pre-
served ejection fraction infrequently evolves toward a reduced phe-
notype in long-term survivors. Circ Heart Fail. 2019;12:e005652. doi:
10.1161/CIRCHEARTFAILURE.118.005652

5. Paulus WJ. Phenotypic persistence in heart failure with pre-
served ejection fraction. Circ Heart Fail. 2019;12:e005956. doi:
10.1161/CIRCHEARTFAILURE.119.005956

6. Senni M, Paulus WJ, Gavazzi A, Fraser AG, Diez J, Solomon SD,
Smiseth OA, Guazzi M, Lam CS, Maggioni AP, Tschope C, Metra M,
Hummel SL, Edelmann F, Ambrosio G, Stewart Coats AJ, Filippatos GS,
Gheorghiade M, Anker SD, Levy D, Pfeffer MA, Stough WG, Pieske BM.
New strategies for heart failure with preserved ejection fraction: the im-
portance of targeted therapies for heart failure phenotypes. Eur Heart J.
2014;35:2797-2815. doi: 10.1093/eurheartj/ehu204

7. Reddy YNV, Obokata M, Gersh BJ, Borlaug BA. High prevalence of oc-
cult heart failure with preserved ejection fraction among patients with
atrial fibrillation and dyspnea. Circulation. 2018;137:534-535. doi:
10.1161/CIRCULATIONAHA.117.030093

8. Liu CY, Heckbert SR, Lai S, Ambale-Venkatesh B, Ostovaneh MR,
McClelland RL, Lima JAC, Bluemke DA. Association of elevated NT-proBNP
with myocardial fibrosis in the Multi-Ethnic Study of Atherosclerosis (MESA).
J Am Coll Cardiol. 2017;70:3102-3109. doi: 10.1016/j.jacc.2017.10.044

9. Schelbert EB, Fridman Y, Wong TC, Abu Daya H, Piehler KM, Kadakkal
A, Miller CA, Ugander M, Maanja M, Kellman P, Shah DJ, Abebe KZ,
Kz, Simon MA, Quarta G, Senni M, Butler J, Diez J, Redfield MM,
Gheorghiade M. Temporal relation between myocardial fibrosis and
heart failure with preserved ejection fraction: association with baseline
disease severity and subsequent outcome. JAMA Cardiol. 2017;2:995-
1006. doi: 10.1001/jamacardio.2017.2511

10. Obokata M, Reddy YNV, Melenovsky V, Pislaru S, Borlaug BA. Deteriora-
tion in right ventricular structure and function over time in patients with
heart failure and preserved ejection fraction. Eur Heart J. 2019;40:689-
697. doi: 10.1093/eurheartj/ehy809

11. Kovacs G, Hervé P, Barbera JA, Chaouat A, Chemla D, Condliffe R, Garcia G,
Grunig E, Howard L, Humbert M, Lau E, Laveneziana P, Lewis GD, Naeije R,
Peacock A, Rosenkranz S, Saggar R, Ulrich S, Vizza D, Vonk-Noordegraaf A,
Olschewski H. An official European Respiratory Society statement: pulmo-
nary haemodynamics during exercise. Eur Respir J. 2017;50:1700578.

12. Caravita S, Faini A, Deboeck G, Bondue A, Naeije R, Parati G, Vachiéry JL.
Pulmonary hypertension and ventilation during exercise: role of the pre-
capillary component. J Heart Lung Transplant. 2017;36:754-762. doi:
10.1016/j.healun.2016.12.011

July 30,2019 369

m
=
—
[=]
=
b
=



mailto:﻿msenni@asst-pg23.it﻿



