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BACKGROUND: More than 90% of patients developing heart failure (HF) have an epidemiological background of hypertension. The
most frequent concomitant conditions are type 2 diabetes mellitus, obesity, atrial fibrillation, and coronary disease, all disorders/
diseases closely related to hypertension.

METHODS: HF outcome research focuses on decreasing mortality and preventing hospitalization for worsening HF syndrome. All
drugs that decrease these HF endpoints lower blood pressure. Current drug treatments for HF are (i) angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, or angiotensin receptor neprilysin inhibitors, (ii) selected beta-blockers, (iii) steroidal and
nonsteroidal mineralocorticoid receptor antagonists, and (iv) sodium-glucose cotransporter 2 inhibitors.

RESULTS: For various reasons, these drug treatments were first studied in HF patients with a reduced ejection fraction (HFrEF).
However, subsequently, they have been investigated and, as we see it, documented as beneficial in HF patients with a preserved left
ventricular ejection fraction (LVEF, HFpEF) and mostly hypertensive etiology, with effect estimates assessed partly on top of back-
ground treatment with the drugs already proven effective in HFrEF. Additionally, diuretics are given on symptomatic indications.

CONCLUSIONS: Considering the totality of evidence and the overall need for antihypertensive treatment and/or treatment of hyper-
tensive complications in almost all HF patients, the principal drug treatment of HF appears to be the same regardless of LVEF. Rather
than LVEF-guided treatment of HF, treatment of HF should be directed by symptoms (related to the level of fluid retention), signs
(tachycardia), severity (NYHA functional class), and concomitant diseases and conditions. All HF patients should be given all the drug
classes mentioned above if well tolerated.

Keywords: angiotensin-converting enzyme inhibitor; angiotensin receptor blocker; angiotensin receptor neprilysin inhibitor; beta-
blocker; blood pressure; heart failure; hypertension; mineralocorticoid receptor antagonist; sodium-glucose cotransporter 2 inhibitor.

Heart failure (HF) affects 2.4% of the American population and is
expected to rise to 3% by 2030." Despite extensive developments
in many other areas of cardiology, the prognosis of HF remains
poor, with 5-year mortality above 50%.2*

In 1987, the Cooperative North Scandinavian Enalapril Survival
Study (CONSENSUS), a prospective randomized clinical trial

(RCT) that enrolled patients with severe HF of New York Heart
Association (NYHA) functional class IV treated with the angio-
tensin-converting enzyme inhibitor (ACEI) enalapril or placebo,
demonstrated a 40% reduction in mortality in favor of enalapril *
CONSENSUS was the first RCT in a new wave of research with
modern pharmacotherapy that showed improved HF survival.
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CONSENSUS included patients without measured left ventricu-
lar ejection fraction (LVEF), as LVEF was not yet established as a
defining characteristic of HE.

Four years later, Studies of Left Ventricular Dysfunction
(SOLVD)®> showed similar benefits with enalapril in HF patients
with NYHA class II-11I. SOLVD included patients with LVEF <0.35,
based on the ability of ACEI therapy to prevent LV dilatation and
also because low LVEF was associated with a high event rate,
allowing for a limited study sample size in patients with less
severe HF. Furthermore, LVEF <0.35 had been a major criterion
for defining HF according to Framingham Study criteria® and
therefore was initially acceptable to clinicians as an objective
marker of systolic LV dysfunction. Selecting patients with HF and
a reduced LVEF (HFrEF) became a standard procedure in subse-
quent RCTs, which documented the benefit of other drug classes,
e.g., selected beta-blockers, mineralocorticoid receptor antago-
nists (MRASs), and angiotensin receptor blockers (ARBs) over the
coming decades.’

The fact that ACEIs or ARBs, selected beta-blockers, MRAs, and
good choice and dose of diuretic clinically compensated patients
with symptoms and signs of HF, whatever LVEF they might have,
and improved the prognosis in HFrEF patients, did not exclude
the possibility that these drugs had similar beneficial prog-
nostic effects in patients with HF and a preserved EF (HFpEF).
Additionally, for most physicians taking care of decompensated
HF patients, dividing into HFTEF and HFpEF subsets when recruit-
ing patients to RCTs and excluding HFpEF patients from these
drug benefits did not make sense. When working clinically with
patients most HF patients were given these drugs anyway because
of hypertension and/or the HF itself with apparent clinical bene-
fits. Later, when RCTs were organized in HFpEF patients, it was too
late to do studies in untreated patients without these drugs. They
were already well established as background therapies in most
HF patients. Surprisingly, it became an uphill effort to document
the same beneficial effects in patients with HFpEF as in HFrEF.

Additionally, the RCTs of patients with HFpEF preceded the
scientific documentation that systolic LV dysfunction was pres-
ent in most patients beyond the well-described diastolic LV dys-
function.® More refined echocardiographic measures of systolic

Table 1. Number of events of comparable RCTs on HFpEF and HFrEF

LV function within the preserved LVEF range showed reduced LV
mid-wall shortening, stroke volume (SV), and global longitudinal
strain. Longitudinal axis shortening could be partly or completely
missing as a sign of extensive systolic dysfunction, an echocardi-
ographic observation in patients with HFpEF since the 1990s or
even earlier. Thus, most HF patients have systolic dysfunction,
whether EF is reduced or preserved.

Furthermore, the event rate in the RCTs in HFpEF was lower
than in the corresponding RCTs of patients with HFrEF (Table
1), suggesting difficulties in excluding from RCTs those patients
with normal to supra-normal LVEF who did not have HF and
thereby could not expect to benefit substantially of the HF
medications.>V

Also, the recognition of HFpEF as a disease entity came late in
the patent life of medications, which had documented benefits
and subsequently were used in patients with HFrEF. Thus, with
few exceptions, the pharmaceutical industry did not fund RCTs
with drugs whose patent life had expired or soon would expire.
Most drugs available for potential investigation in HFpEF became
a substantial part of the background therapy in all HF and other
cardiac patients because of evidence-based benefits in hyperten-
sive heart disease’® and post-myocardial infarction. Therefore,
for various reasons, several initial RCTs in HFpEF were too small,
had inadequate statistical power, and/or showed results that
were difficult to interpret (Figure 1).

THE AIM OF THIS REVIEW

The aim of the present narrative review is thus to critically assess
all RCTs done with HF drugs (Figure 1, Table 2) in patients with
HFpEF in order to investigate mortality and hospitalization for
worsening of HF, express our opinions on strengths and weak-
nesses of the development of these RCTs and interpret what this
development of initial and newer RCTs means for the treatment
of patients with HFpEF. As hypertension is a key driver in the epi-
demiology, pathophysiology, and treatment of HF** a central
element in the current article is Figure 2, showing our available
drug treatments for hypertensive patients if HF is a complication
or a concomitant disease.

Drug classes, study acronyms, and references HFpEF HFYEF
No. events placebo Duration of No. events placebo group Duration of
group (n)/size follow-up (n)/size placebo group (n) follow-up
placebo group (n) (mo) (mo)
ARB 366/1,509 36.6 406/1,015 33.7
CHARM-Preserved® vs. CHARM-Alternative®
ACE® 65/426 26.2 736/1,284 41.4
PEP-CHF" vs. SOLVD®
MRA 351/1,723 21.6 324 cardiac deaths 24
TOPCAT* vs. RALES"™ and 336 hospitalized
patients (753 events)/841
ARNIP 1,009/2,389 35 1,117/4,212 27
PARAGON™" vs. PARADIGM®
SGLT2I 511/2,991 26.6 462/1,867 16

EMPEROR Preserved'® vs. EMPEROR Reduced”

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CHARM,
Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity; EMPEROR, Empagliflozin in Heart Failure; MRA, mineralocorticoid receptor
antagonist; PEP-CHF, Perindopril vs. Placebo in Congestive Heart Disease; RALES, Randomized Aldactone Evaluation Study, and drug classes; SGLT2I, sodium-
glucose cotransporter 2 inhibitor; SOLVD, Studies of Left Ventricular Dysfunction; TOPCAT, Treatment of Preserved Cardiac Function Heart Failure with an

Aldosterone Antagonist.
aNot the same ACEI (perindopril and enalapril).
"PARADIGM™ used enalapril as comparator and PARAGON™ used valsartan.
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ACE! m m seLra! SeLr!
A EMPEROR-
TOPCAT PARAGON

Medications
Investigated

Study

I-PRESERVE
Acronyms

y. 206 4 2008

Selection criterion Elevated Natriuretic Peptide (NP) nota | Elevated NP an Optional || Elevated NP an Absolute
verifying CHF Criterion . Criterion C Criterion
No.Patients n=852-4128 > n=3445 - 4796 > n=5988 - 6263
Duration Follow-Up 26.2-49.5 Months > 21,6 - 35.0 Months > 26.7 - 27.6 Months
Primary Endpoints % 45.8-94.5% > 63.7-103.0% > 100.4-110.0%
of Planned
Non-Significant to Borderline Significant H Borderline Significant P Significant

Figure 1. Development of RCTs of heart failure with preserved ejection fraction (HFpEF). The introduction of natriuretic peptides may have
contributed to strengthening the diagnosis of HFpEF and, thus, the study quality. The temporal sequence is confounded by the drugs being
investigated, which are indicated in the upper part of the figure. Abbreviations: CHARM, Candesartan in Heart Failure Assessment of Reduction in
Mortality and Morbidity; CHF, congestive heart failure; DELIVER, Dapagliflozin Evaluation to Improve the LIVEs of Patients With PReserved Ejection
Fraction; EMPEROR-PRESERVED, EMPagliflozin outcome tRial in Patients With chrOnic heaRt Failure With Preserved Ejection Fraction; HF, heart failure;
I-PRESERVE, Irbesartan in Heart Failure with Preserved Ejection Fraction; NP, natriuretic peptide; Paragon, Prospective comparison of Angiotensin
Receptor neprilysin inhibitor with Angiotensin receptor blocker Global Outcomes in HFpEF; PE, primary endpoint; PEP-CHF, Perindopril vs. Placebo;
RCT, randomized clinical trial; TOPCAT, Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist. For drug classes, see
abbreviations in Table 1.

Table 2. Characteristics of randomized clinical trials of drug treatment in patients with HFpEF

Characteristics CHARM PEP-CHF I-PRESERVE  TOPCAT PARAGON  EMPEROR DELIVER
(2003) (2006) (2008) (2014) (2019) PRESERVED  (2022)
(2021)
Age () 67 =11 75 72+7 68.7 72+8 71+9 71+9
Women (%) 40 55.5 60 51.5 52 45 43
Body mass index (kg/m?) 29.3+5.9 27.5(25.1-30.0) 29.7+53 31(27-36) 302+49 298%58 29.8+6.1
LVEF (%) 41-49 (35%)  64.5 59.5 56 57.5 543 5418
50-59 (35%)
NYHA (%) I - 75.5 - 3 3 0.1 -
11 61 21.5 63 77 815 75.2
m 38 245 76.5 325 19.5 18 244
IV 15 3 0.4 0.4 0.3 0.3
NTproBNP (pg/ml) - 335-453 320-360 887-1,017 910 970 1,387-1,408/704-729
Systolic BP (mm Hg) 136 139 136 130 131 131155  125+15
Comorbidity (%) AF 29 21 29 32-51 33 51 56-57
DM 28 20.5 27.5 13-34 43 49 44.8
HT 64 79 88.5 95 95 90 88.6
Ml 44 26 23 22-40 225 - -

Abbreviations: AF, atrial fibrillation; BP, blood pressure; DM, diabetes mellitus; HT, hypertension; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NTproBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association. Study acronyms are defined in the footnotes in Table 1 and Figure 1.

Physicians who agree that drug treatment is essentially the
same in HFrEF and HFpEF may feel that we manufacture a con-
troversy where there is none. American HF guidelines have
emphasized the need to treat hypertension as a first and impor-
tant feature of drug treatment of HF, whether patients have HFTEF
or HFpEE? Thus, treatment focused on the ACEIs or ARBs and
liberal use of MRAs in HF, whatever LVEF, have mostly provided

appropriate drug treatment for HF in America (Figure 2). However,
European HF guidelines?! have more or less neglected concomitant
disorders such as hypertension, and controversy has emerged. It is
uncertain whether HFpEF patients are now receiving foundational
drug therapies and will receive such drug treatment in the future.
Thus, our current paper also aims to promote the implementation
of foundational HF therapies in most HFpEF patients.
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Drugs for Treatment of HYPERTENSION When Heart Failure (HF) is a

Complication Or a Concomitant Disease

Choice of ACEi or ARB. Could be substituted by ARNi to lower mortality

MRA well
documented to
lower mortality in

BB: Bisoprolol, carvedilol,
metoprolol, nebivolol
lower mortality in HFrEF,

HFrEF but accepted
in HFpEF based on
TOPCAT Americas

DHP-CCB
(amlodipine) can be
added on top of
other drugs if

but is given to 60-80% of

HFpEF in RCTs because

of tachycardia, rapid AF
and CHD

SGLT2 inhibitors = anti-
diabetic drugs that lower

hypertension
remains
uncontrolled

mortality and
hospitalization in all HF
patients

Loop diuretic (furosemide, torsemide) if CKD grade 4-5,
previous pulmonary oedema or other severe oedema. If less
fluid retention, thiazide, chlorthalidone or indapamide may

suffice typically in combination with ACEi or ARB

Figure 2. The hexagon is summarizing details of drug treatment of hypertension, when heart failure, HFrEF or HFpEF, is a complication or a
concomitant disease. All medications mentioned in the figure are either established antihypertensive medications lowering blood pressure and/or are
documented to improve the prognosis in HFrEF and/or HFpEF. For acronyms, see abbreviations in the footnotes in Table 1 and Figure 1. Abbreviations:
AF, atrial fibrillation; BB, beta-blocker; BP, blood pressure; CHD, coronary heart disease; CKD, chronic kidney disease.

We consider it an increasing problem that newer drugs like
angiotensin receptor neprilysin inhibitor (ARNI) and especially
sodium-glucose cotransporter 2 inhibitors (SGLT2Is) are heavily
promoted by enthusiastic colleagues and industry in contrast
with well-documented drugs currently off patent. Attitudes
vary from more fair reviews of the strengths and weaknesses of
RCTs? to the eccentric view that SGLT2Is are the only class of
medication with documentation good enough for being used in
HFpEF.26%7

While we discuss in detail the outcomes of RCTs with the vari-
ous available HF drugs, administrative and medical controversies,
and possible future phenotypes, we do not aim to assess other
important nonpharmacological aspects of HF treatment, briefly
listed in Table 3.

OVERVIEW OF THE CURRENT DRUG
TREATMENT OF HF IN PATIENTS WITH A
PRESERVED EJECTION FRACTION

The objectives of HF treatment are to increase survival, reduce
hospitalizations for worsening HF, and improve quality of life. To
achieve these objectives, current American? and European?! HF
guidelines have developed specific treatment recommendations
for patients with HFrEF. In contrast, most patients with a mildly
reduced and a midrange LVEF, HFmrEF, and HFpEF, respectively,
have been left with symptomatic supportive care due to an alleged
lack of evidence. Due to data that have emerged from recent

RCTs, the Food and Drug Administration (FDA) has approved new
HF drugs, and American guidelines have been revised accord-
ingly. Also, the European Medical Agency (EMA) and European HF
Guidelines may follow, at least partly with the SGLT2Is but not
with the traditional drug classes mentioned above.

The treatment recommendations for HFrEF include renin-
angiotensin system (RAS) inhibitors (ACEI or ARB, alternatively
ARNI), selected beta-blockers, MRAs, and SGLT2Is. The results of
major outcome trials and the scientific basis for using these drug
classes, “cornerstones,” in HFpEF, are summarized in Figure 3 and
are further discussed based on information included in Tables 2
and 5.

Bisoprolol, carvedilol, metoprolol, and nebivolol are included
because these beta-blockers have been proven to reduce mortal-
ity in HFrEF.?® Hypertensive patients with severe HF may have low
blood pressure because of very high total peripheral resistance
and may need careful in-hospital up-titration of medications
from all 4 corners, as indicated in the lower part of Figure 3.

Evidence in favor of ACE-inhibitor treatment in
HFpEF

Clinical evidence of ACEI benefit in HFpEF is limited for vari-
ous reasons outlined above. CONSENSUS* required increased
heart size on chest X-ray, making it likely that many patients
had HFrEF. However, chest X-ray is an imperfect means to dis-
criminate between HFrEF and HFpEF. Thus, patients with HF as
a consequence of myocardial infarction, hypertensive eccentric
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Table 3. Various main treatment strategies in patients with heart failure beyond drug treatment not discussed in the present

viewpoint article

Drug treatments discussed

i) ACEIs, ARBs, or ARNI (sacubitril-valsartan)

ii) Beta-blockers (bisoprolol, carvedilol, metoprolol, nebivolol)
i

iv) SGLT2Is (canagliflozin, dapagliflozin, empagliflozin, sotagliflozin)

(

(i . ) .

(iif) MRAs (spironolactone, eplerenone) and nonsteroidal aldosterone antagonist (finerenone)
(

(

v) Diuretics (loop diuretics, and nonloop thiazides, indapamide, chlorthalidone)
(vi) Aldosterone synthase inhibitor (baxdrostat) is under clinical development
o Cost-benefit assessments, knowing that when patency has expired, the drugs become inexpensive and treatment cost-effective

setting but are less clear regarding “evidence”

Nonpharmaceutical treatments, like weight control, physical exercise, and moderate sodium restriction, which, could improve the clinical

e Symptomatic effects of the HF drugs, except that hospitalization for HF, in reality, is an expression of symptomatic worsening
e Review the treatment of concomitant diseases, though for many diseases like hypertension, diabetes, obesity, coronary heart disease, and atrial
fibrillation, the drug treatment, to a large extent, is similar and overlapping with drug treatment for HF

Usefulness of device treatments, including a variety of options: pacemaker (PM), implantable cardioverter defibrillator (ICD), cardiac

resynchronization therapy (CRT), left ventricular assist device (LVAD), valve repair (TAVR), coronary surgery (PCI, CABG), heart

transplantation (TX), renal denervation (RDN)

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; ARNI, angiotensin receptor neprilysin inhibitor; HF, heart
failure; MRA, mineralocorticoid receptor antagonist; SGLT2Is, sodium-glucose cotransporter 2 inhibitors.

RAS INHIBITOR:

CORNERSTONES in the DRUG TREATMENT of
HEART FAILURE

SODIUM GLUCOSE CO-

ACE-INHIBITOR (several),
ARB (several) or ARNi
(sacubitril-valsartan)

NON-STEROIDAL (finerenone)
or STEROIDAL (spirono-
lactone or eplerenone)
MINERALO-CORTICOID

DIURETIC

TRANSPORTER-2 INHIBITOR
(SGLT2-inhibitor):
Empagliflozin, canagliflozin,
dapagliflozin

BETA-ADRENERGIC
BLOCKER:
Carvedilol, bisoprolol,

RECEPTOR ANTAGONIST

UPTITRATE ONE MEDICATION FROMALL 4
CORNERS WHETHER PATIENTS HAVE VISIBLE
HYPERTENSION OR NOT

metoprolol, nebivolol

Figure 3. The cornerstones of drug treatment of heart failure. Abbreviations are defined in the footnotes in Table 1 and Figure 1.

hypertrophy (reduced LVEF), and hypertensive concentric hyper-
trophy (preserved LVEF) were included in the CONSENSUS popu-
lation, and retrospect, the classification could not be determined.
The clinical consequence of CONSENSUS and subsequent RCTs,
including SOLVD,” was straightforward, namely, that enalapril
and other ACEIs quickly became the standard treatment for all
HF patients with no immediate thoughts of LVEF or at least no
thoughts of excluding HFpEF patients from this powerful treat-
ment. It took 20 years from the publication of CONSENSUS* and
15 years after SOLVD® before a serious attempt to investigate
the prognostic effect of ACEI in HFpEF patients was performed,
namely Perindopril vs. Placebo in Congestive Heart Disease
(PEP-CHF)."!

PEP-CHF was a prospective RCT with older patients but with
fewer participants than planned (n = 852) and was hampered

by several other challenges regarding the study design and
statistical power.'* The investigators overestimated the event
rate and underestimated the discontinuation rate, therefore
encountering, in a 1-year interim analysis, lower than expected
event rate, widespread drop-out and drop-in rates, and a very
high rate of open-label ACEI use (Table 4), resulting in the steer-
ing committee stopping further inclusion of patients. Although
PEP-CHF did not enroll the planned number of participants, the
1-year interim analysis showed a borderline significant effect
on the primary endpoint, a composite of mortality and hospi-
talization for HF worsening. This finding was driven by the pre-
specified secondary endpoint of HF hospitalization, which was
significantly lower in perindopril users. Although the analysis
was not planned for year 1, and despite the confounding issues,
PEP-CHF showed a preventive effect on hospitalization for the
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Table 4. An overview of conditions for calculation of statistical power in the HFpEF trials

Variables CHARM (2003) PEP-CHF (2006) I-PRESERVE (2008) TOPCAT (2014) PARAGON EMPEROR DELIVER (2022)
(2019) PRESERVED (2021)
Predefined conditions for statistical power
a-Level Two-sided <0.05 Two-sided <0.024
Expected ER (%) or TNE (n) ER 11 TNE 451 ER 18 ER17.4 TNE 1,847 TNE 841,10% ER ~ TNE 1,117
Planned duration of 24 12 24 18 26 20 13.3
follow-up (mo)
Planned number of 2,900 1,000 4,100° 1,102 or¢ 1,260 4,600 4,126 (optionally 6,100
participants (n) up to 6,000)
RRR or HR (statistical RR 0.18 (80) RR0.40(90)  RR 0.145 (90) RR 0.20 (80 RR0.22 (95)  HR 0.80 (90) HR 0.80 (90)
power %) RR 0.16 (70) or 85) RR 0.19 (80)
Achieved conditions
Background Diuretics 75 50 83 62.5-90 95.5 - 76.8
medication (%) ACEI 19 - 25.5 47.6-70.6 86 80% 36.6
ARBs - - - 13-33 36.3
MRAs 11.5 10 15 - 25.5 37 42.4-42.8
Beta- 56 54.5 58.5 79-87 80 - 82.5-82.8
blocker
ARNI - - - - - - 4.3-53
Primary events (n) or® 699 PE 207 PE 1,505 PE 671 PE 1,903 PE 926 PE 1,122 PE
actual event rate (%) AER 10.4 AER 8.8 AER 11.1
Number of included 3,023 852 4,128 3,445 4,796 5,988 6,263
participants (n)
Actual duration of 36.6 26.2 49.5 21.6 35 26.6 27.6

follow-up (mo)

Detected RR or HR (P value) HR 0.86 (0.051)  HR 0.92 (0.545)

Weighted RR or HR? 0.09 0.03 0.14
Overall HR in all trials 0.85
Other challenges - DR at end of

trial 35%-37% 33%—-34%

HR 0.95 (0.35)

DR at end of trial - - -

HR 0.87 (0.14)
0.11

RR 0.87 (0.06)
0.15

HR 0.79 (<0.001)
0.17

HR 0.82 (<0.01)
0.18

DR at end of trial 14.1%

Abbreviations: DR, drop-out rate; ENCR, expected noncompliance rate; ER, event rate; HR, hazard ratio; PE, primary events; RRR, relative risk reduction; TNE,

target number of events.

°ER corresponding to AER, TNE corresponding to PE.
®Adjusted from 3,600 to 4,100 due to miscalculated ER.
cCorresponding to different statistical power.

Weighted according to the proportion of the trials in the total number of participants in all trials (HR x N/N,

Table 5. Concomitant drug treatment in I-PRESERVE?

total)'

Treatment (%) Placebo (N = 2,061) Irbesartan (N = 2,067)
Baseline Exposed Baseline Exposed

ACE inhibitor 25 40° 26 39°
Antiplatelet 58 59

Beta-blocker 58 730 59 73°
Calcium channel blocker 39 40

Digoxin 13 13

Diuretic 84 82

Lipid lowering 30 32

Spironolactone 15 29° 15 28°

Shown as fractions at baseline and for the HF (HFrEF) survival medication also as fractions of patients totally exposed during the study. Abbreviations: ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; RCT, randomized clinical trial.
a[-PRESERVED was an RCT investigating mortality and hospitalization of the ARB irbesartan in patients with HFpEF.

"Totally exposed during the study.?

worsening of HF. PEP-CHF likely showed such strong results
because patients included after echocardiography had con-
firmed cardiac disease that could explain HFpEF. The PEP-CHF
investigators gave open ACEI treatment to one-third of the par-
ticipating patients outside the protocol, including patients in
the control group.*! Such liberal use of ACEI treatment contrib-
uted strongly to minimizing the visible effect of the study drug.

Evidence in favor of ARB treatment in HFpEF

The effects of ARBs on cardiovascular mortality and morbidity
in HFpEF, including candesartan in the Candesartan in Heart
Failure Assessment of Reduction in Mortality and Morbidity
(CHARM) study® and irbesartan in Irbesartan in Heart Failure

with Preserved Ejection Fraction (I-PRESERVE),* have been more
comprehensively investigated than those of ACEIs. Both trials
had surprisingly weak statistical power at the outset because of
high rates of background use of other HF medications (with doc-
umented prognostic benefit in HFrEF) at baseline (Table 4), which
increased further during the trials, as shown for I-PRESERVE? in
Table 5.

Nevertheless, borderline significance (P = 0.051) was achieved
in favor of candesartan in the CHARM study after prespecified
adjustments for covariates. There was a trend in I-PRESERVE,
with Kaplan-Meier curves diverging, apparently favoring irbe-
sartan after 2 years. Some of the investigators published ret-
rospective analyses later after gaining access to the data, with



additional statistical methods, up-to-date “repeat-event analysis”
for hospital admissions in CHARM,*® and simple adjustment for
imbalance in baseline characteristics in the primary endpoint
in [-PRESERVE.*! These analyses displayed significant beneficial
results on the main endpoints of both RCTs. Our interpretation is
that when properly analyzed, treatment with ARB has prognostic
beneficial effects in HFpEF despite heavy background medication
with HF drugs proven to have beneficial effects in HFrEE.

Evidence in favor of angiotensin receptor
neprilysin inhibitor treatment in HFpEF

Dual-acting RAS and neprilysin inhibitors exploit RAS blockade
by augmenting natriuretic peptides’ salutary actions.**** LCZ696
is the first-in-class ARNIL. It consists of the prodrug AHU377 (sacu-
bitril), which is activated to the Neutral Endopeptidase (NEP)
inhibitor LBQ657, and the ARB valsartan combined in 1 mole-
cule in equal moieties. Neprilysin, a metallopeptidase, degrades
endogenous atrial natriuretic peptide (ANP), B-type natriuretic
peptide (BNP), and C-type natriuretic peptide, which all exert
powerful diuretic, natriuretic, sympatholytic, antihypertrophic,
antifibrotic, and hence antihypertensive effects. In HF and hyper-
tension, excessive NEP activity induces a relative deficiency
of these beneficial peptides, thus providing the rationale for
dual-acting compounds that both inhibit NEP and block the mal-
adaptive effects of the RAS. In a landmark study in hypertensive
patients, LCZ696 exhibited greater blood pressure reduction than
stand-alone valsartan with similar tolerability.** Furthermore,
backed by extensive preclinical evidence, recent clinical studies
demonstrated additional favorable cardiovascular anti-remode-
ling effects beyond RAS blockade.*

The effect of sacubitril-valsartan in patients with HFpEF
was investigated in the Prospective comparison of Angiotensin
Receptor neprilysin inhibitor with Angiotensin receptor blocker
Global Outcomes in the HFpEF (PARAGON-HF) trial,* which was
designed for ethical reasons using valsartan rather than placebo
as the comparator. However, 95% of patients received a diuretic
and 75% a beta-blocker at baseline. Thus, the comparison was
valsartan + hydrochlorothiazide + beta-blockade vs. valsartan—
sacubitril + hydrochlorothiazide + beta-blockade. Ideally, the
comparison should have been valsartan + hydrochlorothiazide
+ beta-blockade vs. valsartan-sacubitril + beta-blockade. The
double dose of diuretics with different sites of action is proba-
bly important. Despite the intrinsically effective comparator,
valsartan, considering the results of candesartan in CHARM and
irbesartan in I-PRESERVE and the inclusion of a predominance
of patients with NYHA class II (not-so-severe HF), PARAGON-HF
showed borderline significant results favoring ARNI (hazard ratio
[HR] = 0.87, 95% confidence intervals 0.753-1.005, P = 0.058). After
subsequent review of the totality of the evidence, and taking into
consideration the benefits in HFrEF in the Prospective Comparison
of ARNI with ACEI to Determine Impact on Global Mortality and
Morbidity in Heart Failure Trial (PARADIGM),* suggesting benefit
across a wide range of LVEF, FDA approved sacubitril-valsartan
as a treatment for HF with “up to normal” LVEF. Additionally, the
reno-protective properties of ARNI were superior to those of RAS
inhibitors—a further benefit for the HFpEF population, in which
renal dysfunction is common.*

Evidence in favor of diuretic treatment in HFpEF

The primary intention of diuretics is to prevent hospitalization
due to congestion, in addition to the potential blood pressure-low-
ering effect, a mechanism which is frequently underestimated in
HFpEF patients with hypertension. Diuretics are usually required
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as standard treatment for HF throughout the entire LVEF spec-
trum. Loop diuretics, such as furosemide, are particularly bene-
ficial in those with renal impairment (eGFR <30 ml/min/1.73 m?)
and patients with severe HF with a history of pulmonary edema
and/or other forms of severe fluid retention. The Comparative
Effectiveness of Torsemide Versus Furosemide in Heart Failure
(the TRANSFORM-HF Trial) tested the hypothesis that torsem-
ide was superior to furosemide in treating HF.*”*® This pragmatic,
randomized, unblinded trial enrolled 2,859 patients with HF
regardless of LVEF during HF hospitalization. Patients were rand-
omized to the loop diuretic torsemide or furosemide with investi-
gator-selected dosing. During a median of 17.4 months, all-cause
deaths occurred in 26.1% of patients in the torsemide group and
26.2% in the furosemide group, indicating no difference between
treatments.

Hydrochlorothiazide or thiazide-like diuretics such as indapa-
mide or chlorthalidone are preferably given in a single pill com-
bination with a RAS blocker in patients who need hypertension
control or in HF patients in whom fluid retention is a mini-
mal problem. Differences in outcomes have never been shown
between these diuretics in either HF or hypertension. A recent
comparison of hydrochlorothiazide with chlorthalidone in hyper-
tension was neutral.®

Evidence in favor of beta-blocker treatment in
HFpEF

Most patients (55%-87%) enrolled in HFpEF RCTs used open-label
beta-blocker therapy despite sparse trial evidence? and mostly as
background therapy for concomitant cardiovascular conditions
with high heart rate, such as hypertension, ischemic heart dis-
ease, or atrial fibrillation. Therefore, designing prospective RCTs
in HFpEF with no beta-blocker use in the placebo arm is virtually
impossible.

The SENIORS trial with nebivolol* included HF patients not
based on LVEF and demonstrated a beneficial beta-blocker effect
independent of LVEF in a prespecified subgroup analysis.** The
effect on the composite primary outcome of all-cause mortal-
ity or cardiovascular hospital admission showed an overall HR
of 0.86, and in the subgroup possessing LVEF >35%, HR was 0.82.
Apart from this single RCT, the published literature in HFmrEF
or HFpEF patients is based on observational cohorts, on which
meta-analyses have also been made. An example is a meta-anal-
ysis on beta-blockers in HFmrEF and HFpEF (LVEF >40%), which
revealed that beta-blocker use was associated with reduced
risk of mortality.*” Beta-blockers also have beneficial effects in
HFpEF patients who are in sinus rhythm.** A specific reason for
the beneficial role of beta-blockers in HFpEF beyond their ben-
eficial effects in patients with the concomitant diseases men-
tioned above is the increased sympathetic activity in this form
of HF, whether patients have obesity or not.* Another interesting
aspect of assessing beta-blockers in HF is their effect on increas-
ing natriuretic peptide (NP) concentrations, likely because of
their heart rate-reducing properties.* Thus, although beta-block-
ers continue to be a major therapy in patients with HFrEF, docu-
mented for bisoprolol, carvedilol, metoprolol, and nebivolol, it is
unclear how the increase in NPs contributes to their benefits and
whether NPs can be used for monitoring HF progression during
beta-blocker treatment.

Evidence in favor of steroidal and nonsteroidal
MRAs in HFpEF

To evaluate the effect of the steroidal MRA spironolactone in
HFpEEF, the Treatment of Preserved Cardiac Function Heart Failure
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with an Aldosterone Antagonist trial? was performed with
study sites in North and South America, in addition to Russia
and Georgia.”” The lack of significant effect of the study drug on
the primary endpoint was clouded by the retrospective finding
that there were substantial regional differences in participating
patients and study conduct, seriously affecting the results of the
trial.”? These differences were related to patient inclusion based
on either hospitalization due to HF in the previous 12 months or
elevated NPs at any time. In the aftermath, it became apparent
that centers in Russia and Georgia disproportionately included
study participants based on the history of HF hospitalization. In
contrast, in most study participants in North America, HF diagno-
sis was ascertained by elevated NP values. Reanalysis of the data
displayed a significant effect of the study drug on the primary
endpoint in the subgroup in the Americas, where the event rate
was as expected.

In contrast, the event rate of the subset in Russia and Georgia
was low and comparable to the general population. This leaves an
open question as to whether participants in Russia and Georgia
truly had HF. Furthermore, the blood samples of Russian and
Georgian patients revealed that many did not receive or take their
assigned treatment with spironolactone, as the metabolite can-
renone was not detected, and serum potassium and serum creati-
nine rose much less than expected. These related data appeared
in the Online Supplement of the main publication.? However,
FDA reversed course on this matter based on the results from
the North American subset of the study (TOPCAT Americas). An
FDA advisory committee lit a long-standing fuse, recommending
that the totality of evidence from TOPCAT can be used to support
a new indication for spironolactone. Several advisors concurred,
but ultimately, the Cardiovascular and Renal Drugs Advisory
Committee voted 8 to 4, with one abstaining, that TOPCAT pro-
vides “sufficient evidence to support any indication.

Spironolactone In The Treatment of Heart Failure (SPIRIT-HF)
and Spironolactone Initiation Registry Randomized Interventional
Trial in Heart Failure With Preserved Ejection Fraction (SPIRRIT)
are 2 distinct ongoing trials comparing spironolactone to placebo
in reducing the rate of the composite endpoint of recurrent HF
hospitalizations and cardiovascular death in symptomatic HF
patients (NYHA II-1V) with mid-range (LVEF 40%-49%) or pre-
served LVEF (>50%) (NCT04727073 and NCT02901184).#

Finerenone is a nonsteroidal selective aldosterone receptor
antagonist that has been investigated in patients with type 2 dia-
betes and chronic kidney disease.**>° In Finerenone in Reducing
Cardiovascular Mortality and Morbidity in Diabetic Kidney
Disease (FIGARO-DKD)* (n = 7,347), the primary endpoint was
a composite of cardiovascular events (time to cardiovascular
death, nonfatal myocardial infarction, nonfatal stroke, or hospi-
talization for HF) and the secondary endpoint was a composite
of kidney events (time to kidney failure, sustained >40% eGFR
decline, or renal death). In Finerenone in Reducing Kidney Failure
and Disease Progression in Diabetic Kidney Disease (FIDELIO-
DKD)* (n = 5,734), primary and secondary endpoints were the
reverse (kidney and cardiovascular). Among the enrolled patients,
>95% had treated hypertension, 46% had a history of cardiovas-
cular disease, and only 7% had a history of HF. Yet, in terms of
cardiovascular outcomes, a reduction in the primary cardiovas-
cular endpoint was obtained, but the main and only secondary
benefit of finerenone was a significant reduction in hospitaliza-
tions for HF (HR = 0.78, 0.66-0.92, P = 0.003). Thus, further evi-
dence obtained from HF patients is needed to implement this
medication in HF treatment. The Finerenone in Heart Failure
Patients (FINEARTS-HF)*! is an ongoing multicenter, randomized,

double-blind, parallel-group, placebo-controlled study to evalu-
ate the efficacy and safety of finerenone on morbidity and mor-
tality in patients with HF (NYHA II-1V) and LVEF >40%.

Aldosterone synthase inhibition is a third concept focused
on reducing aldosterone activity, and at least 1 compound, bax-
drostat, has advanced well into clinical development (Table 3).
This compound is well tolerated and lowers blood pressure
significantly.®

Evidence in favor of SGLT2I treatment in HFpEF

SGLT2Is were introduced to treat type 2 diabetes mellitus, a
disease associated with substantial macro- and microvascu-
lar changes in the myocardium and subsequent high risk of HE.
Furthermore, RCTs have proven the SGLT?2Is to effectively lower
cardiovascular and renal outcomes in patients with HF, both with
and without diabetes.

Evidence for impact on cardiovascular mortality and hospi-
talization in HFpEF has been established through 2 randomized
controlled trials; Empagliflozin in Heart Failure with a Preserved
Ejection Fraction (EMPEROR PRESERVED)* and Dapagliflozin in
Heart failure with Mildly Reduced or Preserved Ejection Fraction
(DELIVER).”®  EMPEROR-PRESERVED investigated the effect of
empagliflozin in HFpEF and found a clear significant reduction
of the composite endpoint of cardiovascular mortality or hospi-
talization—a significant slowing of the decline in kidney func-
tion and an improvement in quality of life.® Thus, FDA and EMA
expanded the approval of empagliflozin for HF last year, making it
independent of LVEF. Subsequently, and consistently, the DELIVER
trial demonstrated a positive effect of dapagliflozin on the com-
posite primary outcome of worsening HF or cardiovascular death
in patients with HFmrEF and HFpEF, as well as a significant
improvement in quality of life.’®

A significant reduction in the composite endpoint of cardio-
vascular death, total hospitalizations for HF, or urgent visits for
HF was demonstrated with the dual SGLT1-2 inhibitor sotag-
liflozin in HF patients with an LVEF >50% and type 2 diabetes
in a pooled analysis of 739 patients from the Sotagliflozin on
Cardiovascular and Renal Events in Patients with Type 2 Diabetes
and Moderate Renal Impairment Who Are at Cardiovascular Risk
(SCORED) and Sotagliflozin on Cardiovascular Events in Patients
with Type 2 Diabetes Post Worsening Heart Failure (SOLOIST-
WHEF) trials.***> It is worth mentioning that these are subgroup
analysis results in 8% of the total number of enrolled patients
from trials that were not specifically HFpEF trials and were both
stopped prematurely.

Rather than a poorly characterized diuretic effect, the likely
weak contribution of weight reduction and reduction in serum
uric acid, many other mechanisms have been suggested to
explain the cardiovascular benefits of SGLT2Is beyond blood
pressure lowering. The mechanisms are dominated by a reduc-
tion in oxidative and endoplasmic reticulum stress, restoration
of mitochondrial health and enhanced mitochondrial biogene-
sis, decreases in proinflammatory and profibrotic pathways, and
preservation of cellular and organ integrity and viability related
to a distinctive effect on autophagy.®® Some of these critical
mechanisms were confirmed in a proteomic analysis in patients
enrolled in the empagliflozin HFrEF and HFpEF trials.”

A meta-analysis of all SGLT2I Trials, including HF trials, inves-
tigated the effects of these drugs on renal function.*® The authors
identified 13 trials and analyzed 90,409 participants, 82.7% with
type 2 diabetes and 17.3% without diabetes. Allocation to an
SGLT2I reduced the risk of kidney disease progression by 37%,
with similar relative risk reductions in patients with and without


https://clinicaltrials.gov/ct2/show/NCT04727073

diabetes. In the 4 chronic kidney disease trials, relative risk reduc-
tions were similar irrespective of primary kidney diagnosis.
SGLT2I reduced the risk of acute kidney injury and cardiovascular
death or hospitalization for HF by 23%. SGLT2I also significantly
reduced the risk of cardiovascular death by 14%. Relative risk
reductions were similar in patients with and without diabetes for
all outcomes, and results were similar irrespective of mean base-
line renal function.*®

Global evidence of drug treatment of patients
with HF: should we still make a difference
according to the level of LVEF?

As expected, based on the studies we discussed in the present
narrative review, neither a Cochrane review® nor other stand-
ard meta-analyses could show many benefits of HF treatment
of patients with HFpEF.%** Considering the totality of evidence
from available trials and their revised interpretation, including
in some instances by regulatory agencies, we suggest that HF
drug therapy should not be based on LVEF but on many other
aspects of HF, such as presenting symptoms (related to the
level of fluid retention), signs (tachycardia), severity (NYHA
functional class) and in almost all patients, concomitant dis-
eases such as hypertension, type 2 diabetes mellitus, obesity,
atrial fibrillation, coronary heart disease, and chronic kidney
disease. Additionally, as mentioned previously, wider echocar-
diographic findings of more refined measures of LV systolic
function within the preserved LVEF range should be taken into
account. Consequently, many patients may qualify for all HF
drugs documented for HFrEF and HFpEF. Most and probably
all HF drugs appear beneficial regardless of the level of LVEF.
Similar viewpoints have been expressed by colleagues who
have argued that treatment approaches that address aspects of
HF syndrome apart from LV remodeling may be expected to be
effective across the entire LVEF spectrum.®?% However, several
review papers?*?’ of HFpEF are only partly open for the views
we express in the present paper based on several decades of
clinical experience and extensive HF research.

OTHER IMPORTANT ASPECTS WHEN
CONSIDERING OUTCOMES OF RCTs IN
HFpEF

Left ventricular ejection fraction

The use of LVEF as a surrogate for systolic LV function and a
prognostic marker in the diagnosis and monitoring of HF has
increased since the 1990s. Furthermore, clinical trials used the
LVEF threshold to enrich the event rates while limiting the sam-
ple sizes.> While LVEF helps to categorize HF into pathophysiolog-
ical phenotypes, its influence on treatment recommendations is
limited for several reasons.

First, the prognostic value of LVEF mainly applies to severely
impaired ventricles,® in which the LVEF measurements are highly
operator dependent and reproducible only for experienced echo-
cardiographers.® LVEF is a characterization of the SV expressed
as a fraction of the LV end-diastolic volume (LVEDV). The level
of LVEDV is essential to translate SV expressed as a percent-
age, LVEF, into absolute SV. Before echocardiograms were used,
the instantaneous change in SV/LVEDV (i.e,, the change in LVEF)
was measured invasively as a measure of change in contractil-
ity under conditions of constant load. LVEF is influenced by both
preload (diastolic) and afterload (systolic) and cannot be inter-
preted as an index of contractility without knowledge of LV loads;
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the structural changes leading to increases or decreases in LVEDV
will strongly influence the LVEF at a given level of contractility
and SV.

Thus, low LVEF may be present even when SV is (sub)normal,
depending on the LV dilatation. Furthermore, mitral regurgita-
tion and tethering of the papillary muscles are associated with
LV dilatation, resulting in secondary mitral regurgitation, reduc-
ing SV and increasing LVEE® Other important confounding fac-
tors associated with the prognostic value of LVEF are the degree
of LV hypertrophy and LV afterload (systolic blood pressure).®
Moreover, it appears that LVEF is a dynamic parameter even
under stable conditions. Clarke et al.¥’ estimated the EF-based
HF-phenotype transition probabilities at several follow-up points
in patients with a primary discharge diagnosis of HF and >2 LVEF
measurements separated by at least 30 days. They found that the
probabilities for HFpEF to HFYEF transition were 45% and 50% at
1 and 2 years, respectively. Likewise, the probabilities for HFrEF
to HFpEF transition were 18% and 20%. Therefore, the guidelines
may be ill-guided using strict EF cutoff values.

The statistical power of RCTs in patients with
HFpEF

As summarized in Table 4, a recurring issue has been the unsuc-
cessful enrichment of the event rates in HFpEF trials, leading to
a lack of statistical power. More recently, HFpEF RCTs relied on
more complex “risk-enrichment” criteria, such as the recent his-
tory of HF hospitalization, further echocardiographic variables
of left ventricular hypertrophy and/or left atrial enlargement, or
elevated levels of NPs. Trial power has further been limited by the
great extent of background medication and study drug discon-
tinuation in several trials. Hence, several trials did not reach the
desired statistical power and had a low probability of detecting a
moderate, although clinically meaningful effect.

NPs and selection of patients with HF

An incomplete understanding of HFpEF has been a main driver
of weak designs of HFpEF RCTs, the principal issue being the
diagnosis of HF in these patients. The guidelines for HFpEF
diagnosis highlight the uncertainty and challenges of this
diagnosis. Ascertainment of HF risk in HFpEF trials relies on
various combinations of structural and/or functional changes
in the heart, systolic blood pressure, history of HF hospital-
ization, and elevated NPs. Consensus is lacking about which
structural and functional changes of the heart best describe
HFpEF. Elevated NPs have, over the last decade, been incor-
porated as a standard selection criterion of HFpEF RCTs to
address the deficiencies of HF ascertainment in HFpEF trials
(Figure 1). Savarese et al.%® described how NPs enriched HF trials
due to the positive relation of higher NP levels with higher car-
diovascular-to-noncardiovascular event ratios. NTproBNP has
been used as an inclusion criterion in TOPCAT,"> PARAGON,*
EMPEROR-PRESERVED,* and DELIVER*® studies, increasing sta-
tistical study power, and consequently showing benefits of the
HF drugs being investigated.

The importance of NTproBNP in selecting participants has
been underlined in a recent reevaluation of the PARAGON data,
in which the investigators conducted a subgroup analysis com-
paring results from patients enrolled due to elevated NPs with
patients enrolled due to hospitalization.®® The inclusion of ele-
vated NPs led to a significant treatment effect on the compos-
ite primary endpoint, in contrast to inclusion based on previous
hospitalization. An analogous reanalysis with a similar result was
carried out on data from TOPCAT.”
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In some concomitant diseases, such as mild chronic kidney
disease leading to hypervolemia, the sensitivity of NTproBNP as a
diagnostic marker of HF may be limited.”*”?

Furthermore, too strict requirements regarding the detection
of elevated NTproBNP, which may be needed for the inclusion of
patients in RCTs, may not necessarily be ideal in clinical practice.
Patients who have suffered decompensated HF but have not been
diagnosed with elevated NTproBNP may potentially be misclassi-
fied and not be given adequate drug treatment.

Potential treatment effects in various phenotypes
of HFpEF

Though hypertension is the most common risk factor for HFpEF,
more than 90% of the participating patients in some RCTs (Table
2), there are several closely related conditions, including type 2
diabetes mellitus, obesity, atrial fibrillation, and coronary heart
disease. Coronary heart disease is a macrovascular disease of
epicardial arteries caused by atherosclerosis with a major con-
tribution from hypertension due to systemic high wall tension.
In HFpEF, coronary disease causes HF by chronic ischemia, a
different mechanism than transmural myocardial infarctions
leading to HFrEF. Atrial fibrillation develops as a consequence
of poor electrical contact in dilated and fibrotic atria of patients
with hypertension and left ventricular hypertrophy. However, the
metabolic conditions of diabetes and obesity may be of special
interest in the search for phenotypes that may respond to specific
therapeutic drug interventions which may improve outcomes in
HFpEF.

HFpEF related to hypertension mainly is related to left ven-
tricular hypertrophy of the concentric subtype with wall thick-
ening, narrow cavity, and increased LV mass, with extensive
microvascular disorder and accumulation of fibrotic tissue
in the myocardium and in the small intramyocardial vessel
walls.”® The microvascular disease is advanced in concentric
hypertrophy to the degree that a certain perfusion pressure
is needed for survival. With most intensive drug treatment of
hypertension, systolic blood pressure <130 mm Hg caused by
antihypertensive drug treatment is related to increased car-
diac and all-cause mortality,’*’* in parallel with the develop-
ment of HF caused by ischemia and poor contractility or by
sudden onset atrial fibrillation. Along the same lines, diabetic
myocardial disease is dominated by extensive damage to the
arterioles and capillaries. While in type 2 diabetes there may be
hypertrophic remodeling of the arterioles, and in hypertension,
eutrophic remodeling, the 2 conditions very frequently appear
together, and the capillaries show thickening of the basement
membrane, reduced lumen diameter, and smaller capillary
area.’®

Myocardial microvascular density is also decreased in obe-
sity-related HFpEF, which causes cardiac hypoperfusion owing
to reduced myocardial oxygen delivery’’’¢ Obesity is present in
approximately 80% of patients who develop HFpEF, but the myo-
cardial microcirculation is much less described than in hyperten-
sion and diabetes. Though the question of a separate phenotype
with possible cause-related drug treatment has been raised in
obesity, the evidence is missing, possibly because few patients
have obesity without concomitant hypertension and/or diabe-
tes. Average body mass index in hypertension RCTs is 28-30 kg/
m?18127475 jdentical to the body mass index in the RCT of HFpEF
(Table 2). Thus, mostly obesity in HFpEF is a bystander to hyper-
tension, diabetes, or both as a component of the metabolic syn-
drome. We do not refute obesity as a separate phenotype, though

much more research on myocardial microvascular structure and
function is needed in obese humans with optimal blood pressure
and no diabetes.

Our view that patients with HF should be treated similarly
without regard to EF may change in the future if subsets of HFpEF
are found to respond to specific therapies. In the present paper,
we emphasize the role of hypertension in HFpEF. Hypertension,
diabetes, and obesity are the key components of the metabolic
syndrome,’*® very well known in hypertension research for sev-
eral decades, but may represent a novelty in the setting of HFpEF.
Although there is currently no phenotype-based HFpEF treat-
ment, experts’®”? are pursuing the hypothesis that the obesity of
HFPpEF might need to be treated differently. Until this hypothesis
is proven, given that the hypertension phenotype is the dominant
HFpEF phenotype, most HFpEF patients should receive the same
medications as HFrEF patients.

The cornerstones of treatment of HF to improve outcomes
(Figure 3) are RAS inhibitor and ARNI, MRA, and SGLT?2 inhi-
bition, and potentially beta-blockers,” and diuretics are given
to alleviate symptoms caused by fluid retention. These founda-
tional therapies in HF treatment are well established in patients
with a reduced LVEF. We suggest that the totality of evidence
also supports the use of these therapies in HF patients with a
preserved LVEF. LVEF is useful in deciding phenotypes in the
assessment of HF patients and in detecting patients at the
extreme lower end of the scale who need special care. However,
regarding decisions for drug treatment, the role of LVEF is, in
our opinion, one of many variables and thus limited. Our cur-
rent discussion of the randomized studies that have been per-
formed in HFpEF aiming to lower mortality and hospitalization
for worsening of HF allows extracting a common denominator
that supports the interpretation that all analyzed drugs must
be part of the therapeutic armamentarium for the treatment of
patients with both HFrEF and HFpEF. This conclusion is based
on the totality of evidence and is thus different from views
or findings in some other recent reviews on this important
topic'22727,59761
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