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ABSTRACT

Heart failure (HF) is segregated into subtypes based on the left ventricular ejection fraction.
Heart failure with preserved ejection fraction (HFpEF) accounts for up to 50% of all HF
patients, and is linked to high morbidity and mortality. Lately it is becoming clearer that
HFpEF is a heterogeneous syndrome that is probably caused by a combination of genetic
predisposition, environmental factors, and a great burden of associated comorbidities, each of
which contributes to a range of pathophysiologic abnormalities that are still not
comprehended. In this review, we discuss the current explanations on HFpEF etiology,
diagnosis, current guideline recommendations and management of HFpEF.
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INTRODUCTION

Heart failure (HF) is a clinical syndrome having multifaceted pathophysiology with high rates
of hospitalisations and poor quality of life. Thus it is a major reason of morbidity and
mortality[1-3].

HF has been classified into various subtypes based on the left ventricular ejection fraction
(LVEF), [4]. This includes HF with reduced ejection fraction (HFrEF; LVEF <40%), HF with
mildly reduced ejection fraction (HFmrEF; LVEF 41% to 49%), HF with preserved ejection
fraction (HFpEF; LVEF >50%) and HF with improved ejection fraction (HFimpEF; HF with
a baseline LVEF of <40%, a >10-point increase from baseline LVEF, and a second
measurement of LVEF of >40%) [5].

Currently, HFpEF account for half of all HF cases [6]. Compared to HFrEF, annual
prevalence of HFpEF is rising by ~1%, thus making HFpEF as most common type of HF
[7]. HFpEF is more common in women, which may be due to longer life expectancy and the
age distribution of the population at risk noted in women's [8-10]. The rising prevalence of
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HFpEF can be attributed to various factors viz: increased longevity, exponential rise in
cardiac and non-cardiac comorbidities such as atrial fibrillation (AF), diabetes mellitus,
chronic renal disease, and obesity, and greater clinical awareness towards HFpEF [6,11].

HF patients continue to have a very high rate of re-hospitalisation rate and which is similar
for both HFpEF and HFrEF patients [12]. A 29% re-hospitalisation rate has been noted for
the HFpEF patients within 60-90 days’ of hospital discharge [13]. Absolute mortality rate of
HFpEF remains higher than HFrEF, regardless of age, gender, or etiology [14].

HFpEF is a relatively newly classified condition [14]. With increasing prevalence and clinical
relevance, it is critical to have a better understanding of HFpEF for better disease
management and outcome. This article reviews and summarises available information on the
etiology, diagnosis, phenotypes, and potential treatment options of HFpEF.

PATHOPHYSIOLOGY
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Figure 1: Pathophysiology of HFpEF.

COPD Chronic obstructive pulmonary disease, LV Left ventricle, LA Left atrium, PH
Pulmonary hypertension, PV Pulmonary vasculature, HFpEF heart failure with preserved
ejection fraction.

The exact pathophysiology of HFpEF is not well established. Microvascular dysfunction
mediated by microRNAs, systemic low-grade inflammation, myocardial fibrosis and
hypertrophy are key involved factors [14]. Comorbidities plays an important part in the
development of HFpEF (Figure 1) and HFrEF, however there is a considerable difference
between the two [11,14-18]. Table 1 summarises the broad differences between HFpEF and
HFrEF [14-16].
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Table 1: Differences between HFpEF and HFrEF

HFpEF HFrEF
More common in older population and More common in men
women

Valvular heart disease, hypertension, atrial ~ More commonly have an ischemic etiology
fibrillation and anemia are more prominent ~ and left bundle branch block presentation

Increase in Ca’* availability leads to Supressed Ca?* activity and diminished
enhanced cardiac contractility contractility
DIAGNOSIS

Diagnostic algorithms of HFpEF published by AHA/ACC/HFSA and ESC recommend
history and detailed clinical examination, followed by investigations which includes:
natriuretic peptide evaluation and echocardiography. Based on this HF can be divided into
either HFrEF, HFpEF or HFmrEF [19,20]. In case of uncertainty, exercise stress
echocardiography, cardiac MRI, biopsy, CT or PET can be deployed to confirm the diagnosis
and aetiology [20].

A recent approach for risk assessment of subclinical heart failure is determination of H,FPEF
score (Table 2) [21]. Similar scoring system namely HFA-PEFF score has been reported by
ESC guidelines [18]. These scores are clinically meaningful in identifying the patients at high
risk of HF however around one-fourth of the patients with poor scores meeting invasive
HFpEF criteria are incorrectly classified [22].

Table 2: H,FPEF score

SCORE DESCRIPTION ALLOTTED
COMPONENT POINTS
H BMI >30 kg/m2 2
H Use of >2 antihypertensive medications 1
F Presence of atrial fibrillation 3
P PH defined as pulmonary artery systolic pressure 1
>35 mm Hg
E Elderly with an age >60 years 1
P Elevated filling pressures evident from E/e’ >9 1

<2 — Low likelihood, 3-4 — Intermediate likelihood, >5 — High likelihood of HFpEF. BMI-
Body mass index, PH- Pulmonary hypertension, E- mitral valve inflow E velocity; ¢’- mitral
annular tissue Doppler velocity.

COMORSBIDITIES IN HFpEF

Cardiac and non-cardiac comorbidities are more common in HFpEF patients as compared to
HFrEF patients [23]. In a large observational study involving ~0.1 million patients, the
common comorbidities noted were hypertension (80%), chronic kidney disease (52%),
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coronary artery disease (44%), atrial fibrillation (34%), pulmonary disease (33%), diabetes
(21-24%) and anemia (22%) [24]. Present evidence highlighted that number of comorbidities
is directly proportional to mortality rate and HF hospitalisations in HFpEF patients [24].
Based on the predominant symptoms and comorbidities and application of analytical tools
like machine learning, HFpEF patients have now been classified into various subgroups
referred to as phenotypes [25]. Classification based on phenotypes may provide more specific
and effective management of HFpEF patients [26].

MANAGEMENT

Lifestyle management therapy

Majority of HFpEF patients are with advanced age with reduced exercise tolerance leading to
a low quality of life [27,28]. Exercise training (ET) for people with HF is now being
emphasised due to several advantages [14]. According to a recent meta-analysis, quality of
life after ET is significantly improved in HFpEF patients [29]. HFpEF and commonly
associated comorbidities like AF and CAD which responds favourably to ET [22]. Diet
modifications such as calorie restriction and low-sodium diet has also shown to positively
affect HFpEF outcome [22,30]. Diet modification and exercise produced cumulative benefits
[30]. The Mediterranean, whole-grain, plant-based food, and DASH diets are examples of
healthy eating habits that may provide some protection against the development of HF [31].

Medical therapy

No pharmacotherapy has yet reported reduction in all-cause or CV mortality associated with
HFpEF [4]. Despite limited data, diuretics have been the cornerstone of HFpEF care [4].
write year AHA/ACC/HFSA released their guidelines for the management of heart failure,
the key highlights along with recommended medications are mentioned in Box 1 and Table 3
[9].

Table 3: Medication recommendation for management of HFpEF

SYMPTOMATIC HF WITH LVEF = 50%

CLASS 1 (STRONG) CLASS 2a (MODERATE) CLASS 2b (WEAK)
Benefit >>> Risk Benefit >> Risk Benefit > Risk
Diuretics, as needed. SGLT2i ARNi*
MRA*
ARB*

* Greater benefit in patients with LVEF closer to 50%. LVEF left ventricular ejection
fraction, SGLT2i sodium SGLT2i glucose cotransporter 2 inhibitor, ARNI angiotensin
receptor-neprilysin inhibitors, MRA Mineralocorticoid receptor antagonist, ARB Angiotensin
receptor blocker.
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Box 1: AHA/ACC/HFSA guideline recommendations for management of HFpEF

1. Blood pressure needs to titrated to attain targets in accordance with published clinical practice
guidelines to prevent morbidity.
2. SGLT2ican be beneficial in decreasing HF hospitalizations and cardiovascular mortality.

w

Management of AF can be useful to improve symptoms.

4. In selected patients, MRAs may be considered to decrease hospitalizations, particularly among
patients with LVEF on the lower end of this spectrum.
5. In selected patients, ARB may be considered to decrease hospitalizations, particularly among
patients with LVEF on the lower end of this spectrum.
6. In selected patients, ARNi may be considered to decrease hospitalizations, particularly among
patients with LVEF on the lower end of this spectrum.
7. Routine use of nitrates or phosphodiesterase-5 inhibitors to increase activity or QOL is
ineffective.

HFpEF is complex disease and multidisciplinary approach is needed. Clinical trials which
studied the various therapeutic methods are summarised in Table 4.

Table 4: Summary of clinical studies investigating treatments for HFpEF

SR. CLINIC |DRUG |[INTERV | INCLUSION ENDPOIN | CONCLUS
NO. AL CLASS | ENTIONS | CRITERIA TS ION
TRIAL TARGE
TED
1 CHARM- | ACEI/A | Candesarta | Age > 18 years, NYHA | CV death, | No
Preserved | RB n -1V, EF > 40% HF mortality
(51) hospitalizat | benefit;
ion moderate
impact  in
preventing
HF
hospitalisati
on.
2 PEP-CHF Perindopril | Age > 70 years, clinical Composite | Improved
(33) diagnosis of chronic HF, | of all-cause | HFpEF
EF > 40%, hospitalised | mortality symptoms
for and and exercise
a cardiac problem, able to | unplanned | capacity;
walk without the aid of | HF fewer HF
another person hospitalizat | hospitalisati
ion ons; no
reduction in

1247




Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833

VOL14, ISSUE 04, 2023

SR. CLINIC |DRUG |[INTERV | INCLUSION ENDPOIN | CONCLUS

NO. AL CLASS | ENTIONS | CRITERIA TS ION
TRIAL TARGE

TED
mortality.

3 PARAM | ARNI Sacubitril/ | Aged > 40 years, EF > | NT- Significant
OUNT(52 valsartan 45%, HF signs or | proBNP reduction of
) symptoms, NT-proBNP > NT-proBNP

400 pg/mL, eGFR > 30 with S/V.
mL/min/1.73m2,
potassium < 5.2 mmol/L

4 PARALL Age > 45 years, EF > | NT- Significant

AX(53) 40%, LAE or LVH on | proBNP, reduction in
echocardiography, 6MWD NT-proBNP
NYHA  1I-IV, NT- with  S/V;
proBNP > 220 pg/mL for S/V had no
patients with no AF or > additional
600 pg/mL for those with benefits on
AF 6MWD

5 VITALIT |sGC Vericiguat | Age > 45 years, EF > | Change in | No

Y (54) stimulat 45%, NYHA I1I-I11l, H/O | the KCCQ | improvemen
or and chronic HF and HF |PLS. t in physical
activator decompensation within 6 limitation
months, score of
NT-proBNP > 300 or KCCQ
BNP > 100 pg/mL in
sinus rhythm, or NT-
proBNP > 600 or BNP >
200 pg/mL in AF,
Echocardiographic
evidence of LVEF >45%
and either LVH or LAE.

6 SOCRAT NYHA II-1V, EF > 45%, | Change in | No change
ES- BNP > 100 pg/mL or | NT- in NT-
PRESER NT- proBNP > 300 | proBNP proBNP and
VED (55) pg/mL(or BNP > 200 | and LAV. | LAV;

pg/mL or NTproBNP > improvemen
600 pg/mL in AF), LAE tin QOL
determined by
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SR. CLINIC |DRUG |[INTERV | INCLUSION ENDPOIN | CONCLUS
NO. AL CLASS | ENTIONS | CRITERIA TS ION
TRIAL TARGE
TED
echocardiography
7 EMPERO | SGLT-2 | Empagliflo | NYHA II-1V, EF > 40%, | CV death, | Reduced
R- inhibitor | zin NTproBNP > 300 pg/mL | HF risk of CV
PRESER in patients without AF | hospitalizat | death  and
VED (40) and > 900 pg/mL in AF, | ion HF
structural changes in the hospitalisati
heart (left atrial size or on.
LVM) on
echocardiography,  HF
hospitalization
8 SOLOIST Sotaglifozi | Type 2 diabetes mellitus, | CV death, | Significant
- n HF hospitalization HF reduction in
WHF(41) hospitalizat | CV  deaths,
ion HF  urgent
visits  and
HF
hospitalisati
ons.
9 TOPCAT | MRA Spironolac | Age > , EF > 45%, | Composite | No change
(39) tone potassium < 5.0 mmol/L, | of CV | in composite
HF hospitalization, BNP | death, of primary
> 100 pg/ml, NTproBNP | aborted outcome.
> 360 pg/mi cardiac
arrest, or
HF
10 Aldo- Age > 50 years, NYHA | LV Improved
DHF(38) I1-111, EF 50%, diastolic | diastolic diastolic
dysfunction function function and
(E/e’) and | LV
peak O, | remodelling;
consumptio | no change in
n. maximal
exercise
capacity.
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SR. CLINIC |DRUG |[INTERV | INCLUSION ENDPOIN | CONCLUS
NO. AL CLASS | ENTIONS | CRITERIA TS ION
TRIAL TARGE
TED
11 DELIVE | SGLT-2 | Dapagliflo | Age >40 years, stabilised | Composite | Reduced the
R (56) inhibitor | zin HF, with or without T2D, | of combined
LVEF >40%, evidence of | unplanned | risk of
structural heart disease | hospitalisat | worsening
and elevated natriuretic | ion for HF | HF or CV
peptide level. or an | death.
urgent visit
for HF or
CV death.

HFpEF heart failure with preserved ejection fraction, NYHA New York Heart Assocation,
AF atrial fibrillation, QOL quality of life, 6MWD 6-min walk distance, ACEI angiotensin-
converting enzyme inhibitor, ARB angiotensin receptor blocker, ARNI angiotensin receptor-
neprilysin inhibitor, eGFR estimated glomerular filtration rate, CV cardiovascular, BNP B-
type natriuretic peptide, NT-proBNP N-terminal pro-B-type natriuretic peptide, sGC soluble
guanylyl cyclase, LAE left atrial enlargement, CO cardiac output, PCWP pulmonary capillary
wedge pressure, SGLT-2 sodium glucose cotransporter-2, HF heart failure, PAP pulmonary
artery pressure, LVH left ventricular hypertrophy, PDE-5 phosphodiesterase-5, MRA
mineralocorticoid receptor antagonist, ECV extracellular volume fraction, MRI magnetic
resonance imaging, E/e’ mitral early diastolic velocity/mitral annular velocity, LVMI left
ventricular mass index, IASD interatrial shunt device, ASV adaptive servo-ventilation,
HFrEF heart failure with reduced ejection fraction, AHI apnea—hypopnea index, EF ejection
fraction, S/V Sacubitril/Valsartan, KCCQ Kansas City Cardiomyopathy Questionnaire, PLS
physical limitation score, LAV left atrial volume, T2D typre 2 diabetes mellitus, LVEF left
ventricular ejection fraction

Role of diuretics

The primary goal of diuretics treatment in HFpEF is to reduce the oedema and dyspnea [32] .
Diuretics reduce LV filling pressure, decreases pulmonary artery pressure and improves RV
loading [25]. Thiazide and thiazide-like diuretics are known to reduce the incidence of new-
onset HF and events of HF exacerbations, and therefore has a role in patients of HFpEF with
hypertension [25]. Loop diuretics are preferred over thiazide/thiazide-like diuretics in view of
powerful diuresis [25]. They can be considered as first line drugs in HFpEF patients with
DM [25].

Role of ACEiI/ARBs/ARNI

ACEi and ARBs reduces the risk of HF hospitalisation but have failed to demonstrate a
significant decrease in all-cause or CV mortality [22]. Currently, these drugs are used to
manage patients of HFpEF having CKD with proteinuria [32]. ACEi can be recommended in
patients with coexistence of hypertension and DM for renal protection [25]. The PEP-CHEF
trial involving patients with LVEF >40% receiving perindopril reported no significant
reduction in all-cause mortality and/or heart failure-related hospitalizations in patients [33].
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However, Swedish Heart Failure registry has shown a significant reduction of all-cause
mortality with the use of ACEi or ARBs in HF patients with EF>40% [34]. ARBs can be
preferred over ACEIi in the management of hypertension to decrease the hospitalisation
frequency in patients HFpEF [25]. Studies have shown that individuals with increased
troponin levels or recent hospitalisation for HF were more likely to experience CV events and
may benefit from ARNI, and this effect may be further enhanced in patients who were
prescribed MRA in the past [22]. In PARAGON-HF trial, compared to valsartan, sacubitril-
valsartan reduced HF hospitalizations but not the composite outcome of CV mortality and
total HF hospitalizations [35].

Role of p-blockers

B-blockers can be considered in HFpEF patients with coexistence of atrial fibrillation and
CAD with history of MI [22,25]. Exercise testing should be done to check for chronotropic
incompetence before starting a -blocker as this can make the patient's symptoms worse from
the medication [25]. J-DHF and ELANDD are the two major RCTs performed to evaluate the
role of beta blocker in HFpEF [36,37]. None of these two studies showed a positive outcome,
although J-DHF trial inferred that a higher dose of drug might prove beneficial than those
tested in the trial.

Role of MRAs

In individuals with HFpEF, MRAs enhance diastolic function [38]. All patients with
increased BNP, past-history of HF hospitalisation, or indications of volume overload should
be given spirolactone, which is a cornerstone of therapy for HFpEF [25]. The TOPCAT study
with spironolactone in patients with HFpEF was unable to demonstrate an overall
improvement in the key composite endpoint of CV mortality or HF hospitalisation [39]. It is
suggested that spironolactone may have antifibrotic actions on individuals with extensive
collagen deposition and cardiac remodelling in addition to its diuretic and antihypertensive
effects [25].

Role of SGLT2i

2022 AHA/ACC/HFSA guideline for management of HF recommended beneficial role of
SGLT2i in reducing HF hospitalizations and cardiovascular death in people with HFpEF
[19]. In EMPEROR-PRESERVED trial, regardless of comorbidity of diabetes, empagliflozin
decreased the overall risk of CV mortality or hospitalisation for HF in individuals with
HFpEF [40]. Additionally, in the SOLOIST-WHEF trial, sotagliflozin decreased the primary
outcome of CV death and HF hospitalizations in patients with diabetes and worsening HF
(both HFrEF and HFpEF) [41].

Role of Ivabradine

Ivabradine, a funny current inhibitor, causes a decrease in heart rate without influencing
inotropy [42]. In the EDIFY trial, treatment with ivabradine for 8 months in HFpEF patients
did result in HR decrease, but did not reported a positive outcome on cardiac filling pressures
(E/e’), exercise capacity (6MWT) and plasma NT-proBNP concentrations [43]. In further
investigations, selective HR lowering effects of ivabradine in HFpEF patients were assessed,
however the results were contrasting [44,45]. In the first, functional capacity improved in the
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HFpEF patients, whereas in the later, exercise capacity had decreased [44,45]. Other than
reducing HR, ivabradine has few cardiovascular effects [46]. Ivabradine-based HR reduction
hence does not seem to consistently help HFpEF patients.

Drugs to avoid

Due to an increased risk of angioedema, sacubitril/valsartan shouldn't be given to patients
who have had an ACE- during the previous 36 hours [47]. In an RCT, isosorbide mononitrate
showed no improvement in submaximal exercise capacity, quality-of-life scores, or NT-
proBNP levels and moreover decreased daily activity levels [48]. Non-dihydropyridine
calcium channel blockers appear safe to use in HFpEF patients, although they are not always
advantageous [49]. Glitazones are contraindicated in HF patients due to the risk of salt and
water retention which may lead to worsening of the condition [50]. NSAIDs must also be
avoided as it is linked with sodium and water retention and elevated risk of renal impairment
and HF hospitalisations [50].

Device therapy

For the treatment of the HFpEF patients, various innovative device-based therapy techniques
can also be utilised. The most frequently utilised ones are Interatrial shunt device (IASD) and
implantable pulmonary arterial pressure monitoring. The former has reported to reduce the
elevated left atrium pressure in HFpEF patients, whereas the later one continuously monitors
hemodynamics which enables evaluation of diastolic left ventricular pressures and prompt,
effective delivery of diuretics [50].

CONCLUSION

The complexity and variability of the HFpEF phenotypes makes it clinically challenging to
apply standard treatment methods to HFpEF patients. With increasing prevalence and
worsening prognosis, HFpEF is nearly unique to the elderly. Drugs and interventions applied
to treat HFpEF have been principally based on central hemodynamic and neurohormonal
abnormalities. Individually tailored approaches may promote effective identification of
HFpEF through underlying age-related changes and various comorbidities. Further extensive
studies aimed to investigate HFpEF, aging, and comorbidities in carefully phenotyped
HFpEF subgroups may elucidate the diagnosis, and treatment of HFpEF. While there are
many ongoing clinical trials, there are no disease-modifying agents available for the
treatment of HFpEF. Instead, clinicians should thoroughly look for an underlying aetiology
and target any potentially reversible causes.

Acknowledgment: The authors thank Ms. Sakshi Selukar for administrative support in
preparation of this manuscript.

1252



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL14, ISSUE 04, 2023

REFERENCES

1. Dunlay SM, Roger VL, Redfield MM. Epidemiology of heart failure with preserved
ejection fraction. Nat Rev Cardiol. 2017 Oct;14(10):591-602.

2. Nadar SK, Shaikh MM. Biomarkers in Routine Heart Failure Clinical Care. Card Fail
Rev. 2019 Feb;5(1):50-6.

3. Tomasoni D, Adamo M, Lombardi CM, Metra M. Highlights in heart failure. ESC
Heart Failure. 2019 Dec;6(6):1105-27.

4. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, B6hm M, et al. 2021
ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. European
Heart Journal. 2021 Sep 21;42(36):3599-726.

5. Bozkurt B, Coats AJ, Tsutsui H, Abdelhamid M, Adamopoulos S, Albert N, et al.
Universal Definition and Classification of Heart Failure: A Report of the Heart Failure
Society of America, Heart Failure Association of the European Society of Cardiology,
Japanese Heart Failure Society and Writing Committee of the Universal Definition of Heart
Failure. J Card Fail. 2021 Mar 1;S1071-9164(21)00050-6.

6. Oktay AA, Rich JD, Shah SJ. The emerging epidemic of heart failure with preserved
ejection fraction. Curr Heart Fail Rep. 2013 Dec;10(4):401-10.

7. Clark KAA, Velazquez EJ. Heart Failure With Preserved Ejection Fraction: Time for
a Reset. JAMA. 2020 Oct 20;324(15):1506-8.

8. Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo AP, et al. Temporal
trends and patterns in heart failure incidence: a population-based study of 4 million
individuals. Lancet. 2018 Feb 10;391(10120):572—80.

9. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP, et
al. Trends in heart failure incidence and survival in a community-based population. JAMA.
2004 Jul 21;292(3):344-50.

10.  Groenewegen A, Rutten FH, Mosterd A, Hoes AW. Epidemiology of heart failure.
Eur J Heart Fail. 2020 Aug;22(8):1342-56.

11.  Pfeffer MA, Shah AM, Borlaug BA. Heart Failure With Preserved Ejection Fraction
In Perspective. Circ Res. 2019 May 24;124(11):1598-617.

12.  Santas E, de la Espriella R, Palau P, Mifiana G, Amiguet M, Sanchis J, et al.
Rehospitalization burden and morbidity risk in patients with heart failure with mid-range
ejection fraction. ESC Heart Fail. 2020 Jun;7(3):1007-14.

13. Fonarow GC, Stough WG, Abraham WT, Albert NM, Gheorghiade M, Greenberg
BH, et al. Characteristics, treatments, and outcomes of patients with preserved systolic
function hospitalized for heart failure: a report from the OPTIMIZE-HF Registry. J Am Coll
Cardiol. 2007 Aug 21;50(8):768-77.

14. Adamczak DM, Oduah MT, Kiebalo T, Nartowicz S, Beben M, Pochylski M, et al.
Heart Failure with Preserved Ejection Fraction-a Concise Review. Curr Cardiol Rep. 2020 Jul
9;22(9):82.

15.  LiP, Zhao H, Zhang J, Ning Y, Tu Y, Xu D, et al. Similarities and Differences
Between HFmrEF and HFpEF. Front Cardiovasc Med. 2021 Sep 20;8:678614.

16. Curl CL, Danes VR, Bell JR, Raaijmakers AJA, Ip WTK, Chandramouli C, et al.
Cardiomyocyte Functional Etiology in Heart Failure With Preserved Ejection Fraction Is
Distinctive—A New Preclinical Model. JAHA. 2018 Jun 5;7(11):e007451.

1253



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL14, ISSUE 04, 2023

17. D’Amario D, Migliaro S, Borovac JA, Restivo A, Vergallo R, Galli M, et al.
Microvascular Dysfunction in Heart Failure With Preserved Ejection Fraction. Front Physiol.
2019 Nov 5;10:1347.

18. Rodrigues PG, Leite-Moreira AF, Falcdo-Pires I. Myocardial reverse remodeling:
how far can we rewind? American Journal of Physiology-Heart and Circulatory Physiology.
2016 Jun 1;310(11):H1402-22.

19. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022
AHA/ACC/HFSA Guideline for the Management of Heart Failure. Journal of the American
College of Cardiology. 2022 May;79(17):e263-421.

20.  Pieske B, Tschope C, de Boer RA, Fraser AG, Anker SD, Donal E, et al. How to
diagnose heart failure with preserved ejection fraction: the HFA-PEFF diagnostic algorithm:
a consensus recommendation from the Heart Failure Association (HFA) of the European
Society of Cardiology (ESC). European Heart Journal. 2019 Oct 21;40(40):3297-317.

21. Paulus WJ. H , FPEF Score: At Last, a Properly Validated Diagnostic Algorithm for
Heart Failure With Preserved Ejection Fraction. Circulation. 2018 Aug 28;138(9):871-3.

22.  Gevaert AB, Kataria R, Zannad F, Sauer AJ, Damman K, Sharma K, et al. Heart
failure with preserved ejection fraction: recent concepts in diagnosis, mechanisms and
management. Heart. 2022 Jan 12;heartjnl-2021-319605.

23. Kao DP, Lewsey JD, Anand IS, Massie BM, Zile MR, Carson PE, et al.
Characterization of subgroups of heart failure patients with preserved ejection fraction with
possible implications for prognosis and treatment response: HFpEF subtypes-prognosis and
treatment response. Eur J Heart Fail. 2015 Sep;17(9):925-35.

24.  Xanthopoulos A, Triposkiadis F, Starling RC. Heart failure with preserved ejection
fraction: Classification based upon phenotype is essential for diagnosis and treatment. Trends
in Cardiovascular Medicine. 2018 Aug;28(6):392—-400.

25.  Silverman DN, Shah SJ. Treatment of Heart Failure With Preserved Ejection Fraction
(HFpEF): the Phenotype-Guided Approach. Curr Treat Options Cardio Med. 2019
Apr;21(4):20.

26.  Sorimachi H, Omote K, Borlaug BA. Clinical Phenogroups in Heart Failure with
Preserved Ejection Fraction. Heart Failure Clinics. 2021 Jul;17(3):483-98.

27. Pandey A, Parashar A, Kumbhani DJ, Agarwal S, Garg J, Kitzman D, et al. Exercise
Training in Patients With Heart Failure and Preserved Ejection Fraction: Meta-Analysis of
Randomized Control Trials. Circ: Heart Failure. 2015 Jan;8(1):33-40.

28. Fukuta H, Goto T, Wakami K, Kamiya T, Ohte N. Effects of exercise training on
cardiac function, exercise capacity, and quality of life in heart failure with preserved ejection
fraction: a meta-analysis of randomized controlled trials. Heart Fail Rev. 2019 Jul;24(4):535-
47.

29. Edwards JJ, O’Driscoll JM. Exercise Training in Heart failure with Preserved and
Reduced Ejection Fraction: A Systematic Review and Meta-Analysis. Sports Med - Open.
2022 Dec;8(1):76.

30. Kitzman DW, Brubaker P, Morgan T, Haykowsky M, Hundley G, Kraus WE, et al.
Effect of Caloric Restriction or Aerobic Exercise Training on Peak Oxygen Consumption and
Quiality of Life in Obese Older Patients With Heart Failure With Preserved Ejection Fraction:
A Randomized Clinical Trial. JAMA. 2016 Jan 5;315(1):36-46.

1254



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL14, ISSUE 04, 2023

31.  Aggarwal M, Bozkurt B, Panjrath G, Aggarwal B, Ostfeld RJ, Barnard ND, et al.
Lifestyle Modifications for Preventing and Treating Heart Failure. Journal of the American
College of Cardiology. 2018 Nov;72(19):2391-405.

32. Davidson A, Raviendran N, Murali CN, Myint PK. Managing heart failure with
preserved ejection fraction. Ann Transl Med. 2020 Mar;8(6):395—-395.

33.  Cleland JGF, Tendera M, Adamus J, Freemantle N, Polonski L, Taylor J, et al. The
perindopril in elderly people with chronic heart failure (PEP-CHF) study. Eur Heart J. 2006
Oct;27(19):2338-45.

34. Lund LH, Benson L, Dahlstrom U, Edner M. Association Between Use of Renin-
Angiotensin System Antagonists and Mortality in Patients With Heart Failure and Preserved
Ejection Fraction. JAMA. 2012 Nov 28;308(20):2108.

35. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al.
Angiotensin—Neprilysin Inhibition in Heart Failure with Preserved Ejection Fraction. N Engl
J Med. 2019 Oct 24;381(17):1609-20.

36.  Conraads VM, Metra M, Kamp O, De Keulenaer GW, Pieske B, Zamorano J, et al.
Effects of the long-term administration of nebivolol on the clinical symptoms, exercise
capacity, and left ventricular function of patients with diastolic dysfunction: results of the
ELANDD study. European Journal of Heart Failure. 2012 Feb;14(2):219-25.

37.  Yamamoto K, Origasa H, Hori M, J-DHF Investigators. Effects of carvedilol on heart
failure with preserved ejection fraction: the Japanese Diastolic Heart Failure Study (J-DHF).
Eur J Heart Fail. 2013 Jan;15(1):110-8.

38. Edelmann F, Wachter R, Schmidt AG, Kraigher-Krainer E, Colantonio C, Kamke W,
et al. Effect of spironolactone on diastolic function and exercise capacity in patients with
heart failure with preserved ejection fraction: the Aldo-DHF randomized controlled trial.
JAMA. 2013 Feb 27;309(8):781-91.

39.  Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, et al.
Spironolactone for Heart Failure with Preserved Ejection Fraction. N Engl J Med. 2014 Apr
10;370(15):1383-92.

40.  Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Bohm M, et al.
Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl J Med. 2021 Oct
14,;385(16):1451-61.

41. Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al.
Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure. N Engl J Med.
2021 Jan 14;384(2):117-28.

42. Nadeem M, Hassib M, Aslam HM, Fatima D, Illahi Y. Role of Ivabradine in Patients
with Heart Failure with Preserved Ejection Fraction. Cureus. 2020 Feb 27;12(2):e7123.

43. Komajda M, Isnard R, Cohen-Solal A, Metra M, Pieske B, Ponikowski P, et al. Effect
of ivabradine in patients with heart failure with preserved ejection fraction: the EDIFY
randomized placebo-controlled trial: Ivabradine in HFpEF. Eur J Heart Fail. 2017
Nov;19(11):1495-503.

44, Kosmala W, Holland DJ, Rojek A, Wright L, Przewlocka-Kosmala M, Marwick TH.
Effect of If-Channel Inhibition on Hemodynamic Status and Exercise Tolerance in Heart
Failure With Preserved Ejection Fraction. Journal of the American College of Cardiology.
2013 Oct;62(15):1330-8.

1255



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL14, ISSUE 04, 2023

45.  Pal N, Sivaswamy N, Mahmod M, Yavari A, Rudd A, Singh S, et al. Effect of
Selective Heart Rate Slowing in Heart Failure With Preserved Ejection Fraction. Circulation.
2015 Nov 3;132(18):1719-25.

46. Meyer M, LeWinter MM. Heart Rate and Heart Failure With Preserved Ejection
Fraction: Time to Slow B-Blocker Use? Circ: Heart Failure. 2019 Aug;12(8):e006213.

47. Nicolas D, Kerndt CC, Reed M. Sacubitril/Valsartan. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2022 [cited 2022 Jul 25]. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK507904/

48. Redfield MM, Anstrom KJ, Levine JA, Koepp GA, Borlaug BA, Chen HH, et al.
Isosorbide Mononitrate in Heart Failure with Preserved Ejection Fraction. N Engl J Med.
2015 Dec 10;373(24):2314-24.

49.  Patel K, Fonarow GC, Ahmed M, Morgan C, Kilgore M, Love TE, et al. Calcium
Channel Blockers and Outcomes in Older Patients With Heart Failure and Preserved Ejection
Fraction. Circ: Heart Failure. 2014 Nov;7(6):945-52.

50.  Gard E, Nanayakkara S, Kaye D, Gibbs H. Management of heart failure with
preserved ejection fraction. Aust Prescr. 2020 Feb;43(1):12-7.

51.  Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJV, et al. Effects
of candesartan in patients with chronic heart failure and preserved left-ventricular ejection
fraction: the CHARM-Preserved Trial. Lancet. 2003 Sep 6;362(9386):777-81.

52. Solomon SD, Zile M, Pieske B, VVoors A, Shah A, Kraigher-Krainer E, et al. The
angiotensin receptor neprilysin inhibitor LCZ696 in heart failure with preserved ejection
fraction: a phase 2 double-blind randomised controlled trial. Lancet. 2012 Oct
20;380(9851):1387-95.

53.  Pieske B, Wachter R, Shah SJ, Baldridge A, Szeczoedy P, Ibram G, et al. Effect of
Sacubitril/Valsartan vs Standard Medical Therapies on Plasma NT-proBNP Concentration
and Submaximal Exercise Capacity in Patients With Heart Failure and Preserved Ejection
Fraction: The PARALLAX Randomized Clinical Trial. JAMA. 2021 Nov 16;326(19):1919.
54. Armstrong PW, Lam CSP, Anstrom KJ, Ezekowitz J, Hernandez AF, O’Connor CM,
et al. Effect of Vericiguat vs Placebo on Quality of Life in Patients With Heart Failure and
Preserved Ejection Fraction: The VITALITY-HFpEF Randomized Clinical Trial. JAMA.
2020 Oct 20;324(15):1512.

55.  Pieske B, Maggioni AP, Lam CSP, Pieske-Kraigher E, Filippatos G, Butler J, et al.
Vericiguat in patients with worsening chronic heart failure and preserved ejection fraction:
results of the SOluble guanylate Cyclase stimulatoR in heArT failurE patientS with
PRESERVED EF (SOCRATES-PRESERVED) study. Eur Heart J. 2017 Apr
14;38(15):1119-27.

56.  Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF, et
al. Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction. N
Engl J Med. 2022 Sep 22;387(12):1089-98.

1256



