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Treatment of Heart Failure with Normal Ejection Fraction

Evandro Tinoco Mesquita and Antonio José Lagoeiro Jorge
Universidade Federal Fluminense (UFF), Niterdi, R] — Brazil

Abstract

Different from heart failure with reduced ejection fraction
(HFREF), for which large studies have demonstrated the
effectiveness of drug treatment to improve morbidity and
mortality, no treatment study has shown definitive results
in patients with heart failure with normal ejection fraction
(HFNEF). HFNEF is more prevalent in women and the elderly
and it is associated with multiple comorbidities. Although the
optimum treatment has yet to be defined, the control of arterial
hypertension and decreased fluid overload are important
measures to control the syndrome.

In Brazil, the recommendations for the treatment of HF
are based on the Review of the Il Directives of the Brazilian
Society of Cardiology for the diagnosis and treatment of Heart
Failure — 2002. However, none of the recommendations is
specific for patients with HFNEF, as they are based on general
measures proposed by specialists.

This review aims at demonstrating the scientific evidence
from recent clinical trials in HFNEF and future perspectives
in terms of new medications.

Introduction

In the last years, it has been increasingly observed that
many patients presenting heart failure (HF) have a normal
left ventricular ejection fraction (LVEF), with a prevalence
between 13% and 74%, depending on the diagnostic
criterion and the population profile’. The tendency towards
an increase in this prevalence in the next years will be due
to the aging of the population, mainly among women with
comorbidities such as arterial hypertension, obesity, diabetes
and atrial fibrillation?.

Studies** have shown that the occurrence of clinical
events markedly increases after the first hospitalization due
to HF and that one-third of the patients with HF can be re-
hospitalized within a one-year period®. Owan et al* showed
that the mortality one year after the first hospitalization due to
heart failure with normal ejection fraction (HFNEF) would be
29% and due to heart failure with reduced ejection fraction
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(HFREF), 32%; after five years, the mortality of patients with
HFNEF and HFREF would be, respectively, 65% and 68%*.
The same study observed that, although the survival rate was
higher in patients with HRNEF, the ones with HFREF had an
increased probability of survival during the study period®. This
fact is due to the development, throughout the years, of an
effective, scientific-evidence based treatment from clinical
trials for HFREF (Chart 1).

The prognosis of HFNEF, as well as of HFREEF, is a poor one.
In hospitalized patients, the mortality is similar in both groups
and any observed difference favoring the patients with HFNEF
becomes negligible after three months of hospital release®.

The mortality in HFNEF remains high because the causes
of death are yet to be fully defined and there is a gap in the
knowledge of the specific cause of death in HFNEF, which has
started to be understood based on the last studies.

A study” observed that individuals with HF presented high
mortality, regardless of being classified as HFNEF or HFREF;
however, patients with HFNEF presented a lower prevalence
cardiovascular comorbidities and death in individuals with
HFNEF is associated with pulmonary causes and neoplasias
(Figure 1)7. These findings emphasize the heterogeneity of
HF and have implications in the design and interpretation of
intervention studies to reduce mortality, mainly in HFNEF’.
Additionally, it has been observed that, at the moment of
hospital discharge, patients with HFREF received a more
intense treatment than patients with HFNEF. Therefore, more
aggressive therapeutic strategies might have, in the future, a
significant impact on the outcome of HFNEF:.

There is a current need to develop an effective treatment
based on large clinical trials for patients with HFNEF. The
objective of the present review is to present the therapeutic
developments for the treatment of HFNEF in the context of
outpatient practice.

Identifying the therapeutic targets in HFNEF

To develop an effective treatment for HFNEF, it is necessary
to understand its physiopathology, of which knowledge in the
last years has been reviewed comprehensively through invasive
studies and cardio-imaging techniques®.

The diastolic function abnormalities present in HFNEF
consist in alterations in left ventricular (LV) relaxation and/or
increase of its rigidity, which result in abnormalities in ventricular
filling and increased filling pressure. Other conditions such as
increased vascular rigidity, atrial dysfunction, neurohumoral
activation and loss of chronotropic reserve during exercise can
also contribute to the development of HFNEF2. As in HFREF,
evidence has shown that the activation of the aldosterone
renin-angiotensin system (ARAS) has an important role in the
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List of the main treatment studies for HFREF and HFNEF; HFREF — Heart Failure with Reduced Ejection Fraction; HFNEF — Heart Failure with Normal Ejection
Fraction; ACEI - angiotensin-converting enzyme inhibitors; ARB — angiotensin-receptor blocker; CRT - cardiac resynchronization therapy; ARA - aldosterone receptor
antagonist.

development of HFNEF, mainly through the trophic effects
of angiotensin Il on the vessels and myocardium, leading to
hypertrophy and fibrosis, which worsens the relaxation and
results in increased diastolic pressure of the LV (Figure 2).

There are structural and functional differences between
HFNEF and HFREF (Table 1). Regarding the morphology of
the LV, the main one is the increased ventricular volume and
the change in its shape due to the process of remodeling,
which is more accentuated in patients with HFREF than in
those with HFNEF®.

Patients with HFNEF can present significant systolic dysfunction
with normal LVEF when assessed through the shortening of the
longitudinal axis, which can be identified by tissue Doppler
echocardiography (TDE). The preservation of the LVEF is directly
related to the presence of hypertrophy in the LV (LVH)™.

Therefore, alterations in the cardiac relaxation, the
presence of myocardial hypertrophy and remodeling are key
abnormalities that alter the ventricular rigidity and the filling
pressures, leading to exercise intolerance, which would be
the first symptom of HFNEF and a determinant factor in the
decrease of quality of life’".

Structural and functional comparison between HFNEF and

HFREF

HFNEF HFREF
Diastolic dysfunction +H+ 4
Systolic dysfunction + s
Remodeling I+ e
LV Hypertrophy concentric eccentric
Vascular Stiffness +H+ +
Decompensation acute Chronic/subacute

HFNEF - Heart Failure with Normal Ejection Fraction; HFREF — Heart Failure
with Reduced Ejection Fraction; LV - left ventricle; Adapted from Willian C.
Little Heart Failure with a normal left ventricular ejection fraction: Diastolic heart
Failure; Transactions of the American Clinical and Climatological Association,
vol. 119, 2008.

The TDE and the type B natriuretic peptide (BNP) are
important diagnostic tools to assess patients with HFNEF,
with the LVEF and the LV-end diastolic volume (EDV) helping
to differentiate HFREF and high-output HF from HFNEF'2.
The HFNEF presents alterations in the diastolic and systolic
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45%

21%

35%

43%

Causes of death in HFNEF

B Non-cardiovascular death
W Death due to coronary disease

[ Other cardiovascular deaths

Causes of death in HFREF

ENon-cardiovascular death
M Death due to coronary disease

@ Other cardiovascular deaths

Figure 1 - Causes of death in Heart Failure — comparison between HFNEF and HFREF. Higher incidence of cardiovascular death in patients with HFREF than in those
with HFNEF. Adapted from Danielle Henkel et al; Death in Heart Failure: A Community Perspective; Circulation: Heart Failure; 2008.

functions that are better assessed by the TDE than by the
standard echo-Doppler (analysis of the transmitral flow). The
assessment of the regional function through the measurement
of longitudinal axis (S’) and E/E’ ratio for the assessment of the
diastolic function are important measurements that can only
be obtained through the TDE®.

How to make the diagnosis

The patient with HFNEF often does not present signs
of systemic or pulmonary congestion, except for the acute
pictures of decompensation. Thus, at the outpatient clinic,
the most common complaint is dyspnea’.

The Directive of the European Society of Cardiology'
published in 2007 proposed new diagnostic criteria for HFNEF
(Figure 3) focused on the parameters obtained through the
TDE, with special emphasis on the E/E’ ratio, where E is the
initial peak of the mitral flow and E’ is the velocity of the mitral
annulus obtained through the TDE. The E’ measurement
can be considered as non-invasive substitute of ventricular
relaxation. The E/E’ ratio overcomes the influence of the LV
relaxation in the measurement of E peak, and thus, reflects
the pressure of the left atrium’.

The European directive establishes that an E/E’ ratio >
15 (which correlates with the LV-end diastolic pressure >
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18 mmHpg), in the presence of LVEF = 50% in non-dilated
ventricles (end-diastolic volume index < 97ml/m?), in patients
with symptoms or signs of HF is diagnostic of HFNEF'.
However, if the ratio is between 8 and 15, it can suggest a
diastolic dysfunction, but other echocardiographic parameters
should also be used to support this diagnosis. These include
measurements of the LV mass index (> 122 g/m? in women
and > 149 g/m? in men), left atrial volume index (LAV-l >
40 ml/m?), transmitral flow Doppler ( E/A ratio < 0.5 and
time of E deceleration > 280 ms) and pulmonary venous
flow Doppler (Ard-Ad > 30ms). The directive also allows the
identification of HFNEF without the parameters of TDE, using
the electrocardiogram (ECG - presence of atrial fibrillation)
and BNP-Pro-BNP measurements'>.

Treatment

The objectives of the treatment of HFNEF are similar to those
of HFREF, aiming at improving the quality of life with symptom
improvement, increasing exercise tolerance and reducing the
number of hospitalizations, increasing survival (Table 2).

The most recent directives of the Brazilian Society
of Cardiology (2002)', European Society(2008)'® and
ACC/AHA (2005)" for the diagnosis and treatment of HF
mention the HFNEF. However, the recommendations for the
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HFNEF - PHYSIOPATHOLOGICAL ASPECTS

Risk factors:
Age, SAH, Diabetes, MS,

Specific diseases CAD, Obesity
Restrictive
hypertrophic
myocardiopathy >
and
pericardiopathies \d

Neurohormonal activation

\/

Sympathetic
RAAS

1 Oxidative stress / 1 collagen deposition / Hypertrophy / Apoptosis

—» Myocardial ischemia

) Myocardium | _
VASCULAR » T Atherosclerosis 1 LV stiffness
L 1 Stiffness | LV relaxation [«
A
\/
FATIGUE / v
A
1 E/E’ ratio
1 LVEDP/ LAP (DTE)
DYSPNEA P TN 1 BNP
1 LAV (Echo
Doppler)
A
1 Atrial F. risk
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sleep apnea, CAD,
diabetes, MS,

Sedentary lifestyle

Figure 2 - Physiopathological Aspects; HFNEF — Heart Failure with Normal Ejection Fraction, CAD — Coronary Atherosclerotic Disease; RAAS - renin-angiotensin-
aldosterone system; LV - left ventricle; EDP - end-diastolic pressure; LAP - left atrium pressure; E/E" ratio; E — transmitral flow velocity in early diastole; E'— myocardial
velocity in early diastole; LAV - left atrium volume; BNP — type B natriuretic peptide; Atrial F - Atrial fibrillation; CKF — chronic kidney failure; COPD — chronic obstructive

pulmonary disease; CKF — chronic kidney failure; MS — Metabolic Syndrome.

treatment are speculative, due to the limited data available. The choice of medication in HFNEF, according to the directive

In the European Directive of 2008, the recommendation  of the ACC/AHA is based on evidence for four key points:

is to use a therapeutic approach similar to that used for 1) Control of systolic and diastolic hypertension;

HFREF. The directive of the ACC/AHA recommends the
management of HFNEF with class IIb with a level of evidence
C. The directives of the Brazilian Society of Cardiology, also
due to the lack of consistent data, recommend the same
medications used in the management of HFREF, with class

fibrillation;

with diuretics;

[la and recommendation grade B. 4) Coronary revascularization in patients with CAD in whom
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2) Control of ventricular response in patients with atrial

3) Control of pulmonary congestion and peripheral edema
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How to diagnose HFNEF

y

HF signs and symptoms

y

Normal or slightly decreased systolic function
EF > 50%
and
EDV-1<97 ml/m?

Evidence of abnormal relaxation, filling or distensibility and diastolic stiffness

Invasive hemodynamic 15<E/E’> 8§ Biomarkers
measurements E/E>15 BNP>200pg/ml
PCP>12mmHg or / NT pro-BNP>200pg/ml
LVEDP>16mmHg or
r>48ms ou b>0,27 Biomarkers TDE
BNP>200pg/ml E/A<0,50r
NT pro-BNP>200pg/ml Ard - Ad >30ms or
LAV-I > 40mi/m2or y
v v / LV mass VE-I 122g/m? (M) EIE>8
148g/m? (H) or
> HFNEF AF

<
<

Figure 3 - How to diagnose HFNEF: Flow chart; HF — heart failure; EF — ejection fraction; EDV — end-diastolic volume; PCP — pulmonary capillary pressure mean;
r- time constant of left ventricular (LV) relaxation; b- Left Ventricular Chamber Stiffness Constant; EDP - end-diastolic pressure; LV - left ventricle; TDE - tissue Doppler
echocardiography; AF - atrial fibrillation; F - female / M— male; HFNEF - Heart Failure with Normal Ejection Fraction; E - transmitral flow in early diastole; E’- stretch velocity
in early diastole; BNP - type B natriuretic peptide; E/A - ratio of E to mitral peak velocity of late filling (A); DT - deceleration time; LAV-I - left atrium volume; Ard — duration
of the reverse flow of atrial systole to pulmonary vein; Ad - duration of atrial flow through the mitral valve; HFREF — heart failure with reduced ejection fraction.

ischemia has an adverse effect on the diastolic function.

The decrease in the LVH is an important therapeutic goal
in HFENEF, as it can lead to an improvement in the diastolic
function. A meta-analysis published in 2003 evaluated the
efficacy of different medications in the reversal of LVH in
patients with hypertension. Eighty studies were assessed for
the relative decrease in LV mass index (Figure 4)®.

The treatment of HFNEF is still empirical and the
recommendations are based on the outcomes of small clinical
trials, personal experience and the control of comorbidities
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that correlate with HFNEF (Figure 5).
Except for the CHARM-preserved'?, SENIORS, PEP-CHF and
DIG studies®, no large-scale study — randomized, double-blind,

placebo-controlled — is available for the treatment of patients
with HFNEF?'.

Non-pharmaceutical approach

The first great challenge is how to conduct a change in
the lifestyle, particularly in elderly individuals with HFNEF,
as few patients will adhere to a program of new life styles
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HFNEF management measures

AIMS

Measures

Medications / daily dose

Salt restriction
diuretics

< 29 table salt/day,
furosemide 10-120 mg

Reduce congestion

ARB

ACE Inhibitors

Hidroclorotiazida 12.5 - 25 mg
Enalapril 2.5 - 40 mg
Captopril 37.5mg a 150 mg
Losartan 25 - 100 mg
Candesartan 4 — 32 mg

Control hypertension

Decrease BP < 130 x 80 mmHg

Clortalidone 12.5 - 25 mg
Hidroclorotiazida 12.5 — 25 mg
Bisoprolol 1.25-10 mg
Amlodipine 2.5 - 10 mg
Enalapril 2.5 - 40 mg
Candesartan 4 - 32 mg
Losartan 50-100 mg
Valsartan 80 — 320 mg
Ibesartan 150 — 300 mg

ACE Inhibitors

Regression of LVH. prevent myocardial fibrosis

Enalapril 2.5 - 40 mg
Captopril 37.5 mg a 150 mg
Ramipril 5 - 20 mg

ARB Losartan 25 - 100 mg
Candesartan 4 — 32 mg
ARA Spironolactone 25 - 75 mg
Nitrates Isosorbide Dinitrate 30 — 180 mg

Beta-blockers

Treat and prevent myocardial ischemia
CcB

Invasive Procedures

Isosorbide Mononitrate 30 - 90 mg
Metoprolol 12.5 — 200 mg
Bisoprolol 1.25-10 mg
Carvedilol 6.25-50 mg
Diltiazem 120 - 540 mg
Verapamil 120 - 360 mg
Percutaneous angioplasty
Revascularization surgery

Atrial Fibrillation

Maintain atrial contraction and prevent
tachycardia

Beta-blockers

Anticoagulants
Cardioversion — amiodarone 100-400mg
Sotalol 160-320 mg
Metoprolol 12.5 — 200 mg
Bisoprolol 1.25-10 mg
Carvedilol 6.25-50 mg

ACE - angiotensin-converting enzyme; ARB — angiotensin receptor blocker; LVH — left ventricular hypertrophy; ARA - aldosterone receptor antagonist; CCB
— calcium-channel blocker; Adapted from Michael R Zile; Treatment and Prognosis of Diastolic Heart Failure; Up-to-date; review 31/01/2008.

in substitution of models that have been used for decades.
Stop smoking is a fundamental behavior change in the
treatment of HFNEF?2,

Alcohol has a deleterious effect on the heart and increases
blood pressure and must be avoided by patients with HFNEF.
Regular physical activity decreases blood pressure (BP) and
improves endothelial function; thus, functional class Il patients
should be encouraged to perform some type of physical
activity daily?2. Weight reduction also reduces blood pressure
and has an important role in diabetic patients. The reduction
in table salt consumption is also effective in the control of
BP2. The preservation of kidney function is important in
patients with HFNEF and prophylactic measures to prevent
the deterioration of the renal filtration capacity must always
be adopted.

Other associated comorbidities that directly or indirectly
worsen the diastolic function, such as anemia, hypothyroidism,
obesity and sleep apnea must be investigated and treated
adequately?.

Calcium-channel blockers

Calcium-channel blockers (CCB), which decrease the heart
rate (HR) and the myocardial contractility, can be beneficial
for patients with HFNEF“.

Two small studies have compared a placebo with
verapamil*?¢. Setaro et al* studied 22 patients with HF
and LVEF > 45% and observed that verapamil improved
symptoms and exercise tolerance when compared to the
placebo?. The results by Hung et al, who studied 15 patients,
were very similar, with symptom and exercise tolerance
improvement?®.

Beta-blockers

In the normal heart, when there is an increase in the HR, the
response will be an increase in contractility and relaxation velocity.
In HFENEF, due to the slow decline in the LV pressure, there is
an increase in the end-diastolic pressure (EDP). In patients with
diastolic dysfunction grades | and I, the duration of diastole is

Arq Bras Cardiol 2010; 94(3) : 391-402
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Figure 4 - Effect of therapy with each of the five anti-hypertensive medications on the LV hypertrophy regression (Klingbeil. AU. Schneider M. et al. Am J Méd;2003(115);41-
46, ARB — angiotensin receptor blocker; CCB - calcium-channel blocker; ACEI — angiotensin-converting enzyme inhibitor; Diur — Diuretics; BB — beta-blocker.

fundamental and beta-blockers (BB) improve the symptoms, as
by reducing the HR, they increase the time of relaxation duration,
and then a higher diastolic filling occurs. Differently, in patients
with grades Il and IV of diastolic dysfunction, the ventricular filling
is complete in the middle of diastole and these patients have a
fixed systolic volume. The decrease in the HR between 50 and
60 bpm can further reduce the cardiac output (CO), worsening
the symptoms of these patients. The treatment with beta-blockers
must be initiated with low doses, which should be increased
gradually until reaching the maximum recommended dose? .

Aronow et al*® studied 158 patients with HF and LVEF
> 40% post-acute myocardial infarction (AMI); one group
received propranolol and the other did not. After one year of
treatment, an improvement in the LVEF, a higher reduction
in the LV mass and a lower mortality (56% vs. 76%) were
observed in the group receiving propranolol, when compared
to the group that did not use the drug®®.

The study has methodological limitations due to the lack
of a placebo group and also due to the fact that it selected a
group of ischemic patients, as the beneficial action of beta-
blockers in patients with AMI is well-recognized.

Dobre et al* observed 443 patients with HF and LVEF
> 40%, hospitalized due to decompensated HF, of which
227 (51%) received BB at the hospital discharge. The
patients were followed for 25 months. The results showed
that the mortality due to all causes was 17.6% in the
group that received BB and 33.8% in the group that did
not. In spite of its limitations (non-randomized study), this
prospective observational study was the first to suggest that
the prescription of a BB is associated with reduced mortality
in patients with advanced HFNEF*.
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The SENIORS study*, which involved 2,000 patients
randomized to placebo and nebivolol, was the first study
to evaluate the effects of nebivolol in elderly patients with
HF, of which 35% presented preserved LVEF*°. Nebivolol
decreased the combined primary outcome of death or
hospitalization, but the effect on all causes of mortality
was lower when compared with younger patients with
systolic dysfunction. The study was not designed to
evaluate separately the effects of nebivolol in patients
with HFNEF3°.

The Swedic®' study assessed 113 patients with symptoms
of HFNEF, who were randomized to treatment with carvedilol
or placebo, with assessment performed by echocardiogram
at the initial assessment and 6 months later. Carvedilol use
resulted in an improvement of the E/A ratio, but without a
significant improvement in DT, time of isovolumetric relaxation
or pulmonary vein flow velocity?'.

The main benefits of BB in HFNEF are associated with the
increase in diastolic filling, improving the myocardial perfusion
and thus, reducing the ischemia, in addition to promoting
an anti-hypertensive effect, decreasing LV hypertrophy and
reducing cardiac arrhythmias®.

Diuretics

Diuretics improve the HFNEF symptoms, as they reduce
the intravascular volume and lead the LV to a better position
in the end-diastolic pressure-volume curve?’.

Therapies that result simply in a change of position in the
end-diastolic pressure-volume curve, without changing the shape
of the curve, are probably analog to the treatment of fever with
paracetamol, i.e., they improve the symptoms, but they do not
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Confirmed HFNEF
Salt restriction,
. > diuretics
. | YES
> Presence of systemic/ |
pulmonary congestion
" NO
\/
™ VES > ACEI, ARB, CCB,
> Arterial hypertension BB, diuretics
g Y
L ™ VES = ACEI, ARB, renin inhibitor
LV hypertrophy
| NO
v
L ™ VES Statins, BB, ASA, Nitrates,
Myocardial ischemia - PC
"l NO
v
L o "l ves HR control, cardioversion,
Atrial fibrillation anticoagulation
"l No
, Y
L "l ves BB, CCB, Digitalis, PM
HR control |
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Y
Identify comorbidities > CKF, Obesity, Diabetes, COPD, Anemia,
Hypothyroidism, CAD, Sedentary lifestyle

Figure 5 - Treatment algorithm; HFNEF — heart failure with normal ejection fraction; ACEI - angiotensin-converting enzyme inhibitor; ARB - angiotensin receptor blocker;
CCB - calcium-channel blocker; BB — beta-blocker; ASA — acetylsalicylic acid; HR — heart rate; CKF — chronic kidney failure; COPD - chronic obstructive pulmonary
disease; PCI - percutaneous coronary intervention; PM — pacemaker;
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influence the cause and therefore, have no impact on long-term
survival®’.

The Hong-Kong study??, interrupted early due to recruiting
difficulties, showed that the diuretic therapy improves the
symptoms of HFNEF and that neither irbesartan nor ramipril
had an additional effect to the use of diuretics®?.

Patients with moderate HFNEF and arterial hypertension must
use low doses of Thiazide diuretics, as the efficacy of low doses
of diuretics as the first-choice treatment for the prevention of
cardiovascular events has been well documented®.

Patients that present severe HFNEF might need a loop
diuretic to control pulmonary congestion. The basis for this
treatment resides in a higher effectiveness of the loop diuretics,
mainly if the kidney function is affected**.

Angiotensin-converting enzyme inhibitor

Neurohormonal modulators are drugs that influence arterial
hypertension, coronary artery disease, atrial fibrillation and
diabetes mellitus.

These medications are the basis of the treatment of HFNEF,
as they are effective for the control of these diseases that
contribute to the worsening of the diastolic function®.

The angiotensin Il predisposes to the onset of LVH, reduces
relaxation and increases ventricular rigidity?*. Medications
that modulate the neurohormonal system, in addition to
presenting beneficial hemodynamic effects, also reduce the
growth of smooth muscle cells, prevent collagen deposition,
reduce growth factor expression and promote the regression
of myocardial fibrosis?’.

Studies have shown the decrease in LV mass with
angiotensin-converting enzyme inhibitors (ACEI). Brilla et al**
described the regression of myocardial fibrosis by lisinopril in
patients with hypertensive heart disease. The study assessed 35
patients with primary arterial hypertension, LVH and diastolic
dysfunction. The patients were randomized to receive lisinopril
or hydrochlorothiazide. The primary outcome was the
assessment of myocardial fibrosis through an endomyocardial
biopsy, with the measurement of the collagen volume fraction
and myocardial concentration of hydroxyproline. In the
lisinopril group, there was a mean decrease of 6.9% in the
concentration of hydroxyproline and a mean decrease of 9.9
ug/mg to 8.3 ug/mg of LV weight. The results were associated
with an increase in the E/A ratio (0.72 to 0.91) and a decrease
in the time of isovolumetric relaxation (123 ms to 81 ms).
The study concluded that, in patients with hypertensive
cardiopathy, the lisinopril reduced the myocardial fibrosis,
regardless of the LVH regression, which is followed by an
improvement in the diastolic function®”.

The PEP-CHF study®*, which was a double-blind one,
compared a placebo with perindopril 4mg, in 850 patients (age
> 70 yrs) with HF and preserved EF. The combined primary
outcome was mortality due to all causes and hospitalization
after one year of follow-up. The effects of the perindopril on
the morbimortality during one year were uncertain, as the
study had little statistical power to evaluate primary outcomes.
However, there was an improvement in symptoms and in
the capacity to perform exercises in the perindopril group,
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as well as a lower number of hospitalizations during the first
year of follow-up®®.

Angiotensin-receptor blockers

The CHARM-Preserved' study was designed to evaluate the
role of angiotensin-receptor blockers (ARBs) in patients with
HFNEF (LVEF > 40%). The study evaluated 3,023 patients that
were randomized to candesartan or placebo after 36.6 months
of follow-up. The primary outcome of the study (cardiovascular
death or hospitalization due to HF) occurred in 22% of the
group receiving candesartan and in 24% of the placebo group.
The study showed a similar mortality rate between the two
groups, but the number of hospitalizations was lower in the
candesartan group. Candesartan showed a moderate impact
in the prevention of hospitalizations due to HF in patients with
LVEF > 40%; however, there was no difference regarding the
mortality rate between the two groups'.

Aldosterone receptor antagonists

Aldosterone-receptor blockers, such as spironolactone and
eplerone are potassium-saving diuretics capable of reducing
the BP, improving endothelial function and inhibiting fibrosis.
The difference between spironolactone and eplerone is that
the latter has a reduced effect on progesterone and androgen
receptors. Comparative studies have shown that eplerone has
an anti-hypertensive effect similar to enalapril, amlodipine,
losartan and spironolactone®. Spironolactone suppresses
the vascular conversion of angiotensin Il, improving the
endothelial function and inhibiting perivascular fibrosis. The
chronic treatment with spironolactone decreases the LV mass
and markers of myocardial fibrosis in plasma®.

Eplerenone has similar effects to those of spironolactone.
Studies such as the 4E-Left Ventricular Hypertrophy?”
confirmed the beneficial effects of eplerenone in reducing the
LV mass in patients with arterial hypertension. In this study,
patients that received 200 mg of eplerenone were compared
with patients that received 40 mg of enalapril and patients that
received a combination of 200 mg of eplerenone and 10 mg of
enalapril. The primary outcome was the alteration in LV mass
in a 9-month period. Eplerenone was as effective as enalapril
in reducing the LVH and in the control of BP. The combination
of eplerenone and enalapril was more effective in reducing the
LV mass and systolic pressure than eplerenone alone?’.

The changes in LV mass and hypertrophy have important
implications for the treatment of HFNEF. Although ACEI and
ARBs reduce the levels of aldosterone in blood in the beginning
of the treatment, there is a rebound effect after some time,
in which the levels of aldosterone increase again in spite of
the maintained treatment. Thus, medications that inhibit
the action of aldosterone can have a differential role in the
treatment of HFNEF®.

Renin inhibitors

The ARAS block can also be obtained through the inhibition
of renin through aliskiren, a new renin inhibitor (RI), which
is active by the oral route of administration. No studies have
been carried out in patients with HFNEF, only concluded
studies with patients that presented HFREF3S.
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Digoxin

The digitalis is one of the oldest medications used in the
control of HF, but it has been historically considered counter-
indicated in patients with HFNEF.? Theoretical considerations
suggest a potential benefit, as well as damage caused by
digoxin in this group of patients. For instance, digoxin can
improve the active energy dependence of the diastolic
function®, which can consequently lead to beneficial effects
in the neurohormonal profile. On the contrary, digitalis can
produce an increase in the systolic energy requirement, adding
an overload of cytosolic calcium in the diastole. This effect
might not be clinically apparent, but during a hemodynamic
stress, the digitalis can promote or contribute to diastolic
dysfunction?.

The DIG study® was, until recently, the only large-scale
study of a drug for patients with HFNEF?**. As part of the
entire DIG Program, a study was carried out with 988 patients
with HF and LVEF > 45%, who were randomized to receive
placebo or digoxin. By comparison, 6,800 patients with
HFREF were randomized to receive placebo or digoxin. In
the HFNEF group, the percentage of death was the same as
in the placebo group (23.4%). The digoxin did not reduce
mortality, but reduced the rate of hospitalization (risk rate of
0.82 for digoxin)®.

In spite of the DIG study results, digoxin is not broadly
used in the treatment of patients with HFNEF, as other agents
can be more effective.

Statins

The use of statins has increased in the last decade, mainly
due to the large number of clinical trials that demonstrated
its effectiveness in several models of disease?.

In general, the benefit of statins in patients with HFNEF can
be divided in two groups: First, statins are associated with the
decrease in blood levels of lipids, which is associated with the
decrease of cardiovascular events. Second, statins can have an
effect that is independent from lipid level decrease (pleiotropic
effect), which can include the decrease in the LV mass and
cardiac fibrosis, a favorable effect in the neurohumoral system
and an increase in the arterial elasticity, effects that can have
an impact in the evolution of diastolic dysfunction?.

In a retrospective analysis of a small group of 137 patients
with HFNEF?7, the use of statins was associated with improved
survival, with a relative risk of death of 0.22%.

Trimetazidine

Trimetazidine is a drug that modifies the use of energy
substrates in the heart through the inhibition of cardiac
fatty acid oxidation, thus improving myocardial ischemia.
A study showed that the use of trimetazidine, with an
optimized specific therapy in elderly patients with ischemic
myocardiopathy, has beneficial effects on the systolic and
diastolic function and improves quality of life*'.

Future perspectives

The ideal therapeutic agent should have as objective the
mechanisms that cause the HFNEF. This agent should then

improve calcium homeostasis, block the neurohormonal
activation, prevent and reverse fibrosis and improve the
ventricular and arterial elasticity. Some existing medications
already have such properties and many others are being
developed. Unfortunately, there have been few randomized,
double-blind, placebo-controlled studies that evaluated the
efficacy and safety of these measurements in the treatment of
HFNEF. The difficulties that have prevented the performance
of such studies — lack of acknowledgement of the importance
of HFNEF, difficulty to define the profile of the population
to be studied, lack of concordance in the definition of the
diagnostic criteria for HFNEF — seem to have decreased in
the last years, with the improvement of the knowledge on
the physiopathology of HFNEF and also in relation to new
diagnostic methods such as BNP and TDE.

The I-Preserve study*? is a large, randomized, double-
blind, placebo-controlled study, involving 4,128 patients
that will investigate the benefits of irbesartan in HFNEF. The
recruiting phase was completed in 2005 and the final results
are predicted for the end of 2008. The inclusion criteria were:
patients aged at least 60 years, symptoms of HF with LVEF
= 45% and hospitalization due to HF in the last six months
or evidence of HF with diastolic dysfunction. The primary
outcome is death due to all causes or hospitalization due to
CVD. The main difference between the I-Preserve and the
CHARM studies is in the cutoff for the LVEF (40% x 45%)*2.

Another ongoing study (recruiting phase) is the TopCat
study, which will evaluate the effects of spironolactone versus
placebo in patients with HFNEF (LVEF = 45%). The primary
outcome is a combination between cardiovascular mortality,
aborted cardiac death or hospitalization due to HF. The study
will be finished in July 20122

The increase in ventricular and vascular rigidity present
in HENEF is due, in part, to the formation of non-enzymatic
cross-bridges that develop between advanced glycated end
products (AGE) and proteins such as collagen and elastin.
A thiazolium derivative known as alagebrium (ALT 711)
seems to be efficient to break the cross-bridges and thus,
improve the ventricular distensibility and increase arterial
compliance. Initial clinical studies showed an increase in
arterial compliance in elderly individuals with systolic arterial
hypertension. Alagebrium can therefore be a beneficial agent
in the treatment of HFNEF?2,

Little et al** evaluated alagebrium in an open study with
23 stable patients with HFNEF (LVEF = 50%) for 16 weeks.
Alagebrium use was associated with decreased LV mass,
improvement in diastolic dysfunction index at the TDE and
improvement in the quality of life. However, there was no
alteration in the BP in pulse pressure and aortic distensibility.
Other studies at phase Il with the medication are currently
being carried out (check www.clinicaltrials.gov)*.

One of the reasons why the use of beta-blockers has shown
to be useful in the treatment of HF is due, in part, to the
decrease in HR. As the HR is one of the main determinants
of myocardial oxygen consumption, the decrease in HR
can be related to an improvement in ischemia*. Ivabradin,
a HR selective reduction agent that acts by blocking the
type If potassium channel in the cells of the sinoatrial node,
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demonstrated beneficial effects in the decrease of myocardial
ischemia through a decrease in HR. Ivabradin might be useful
for the treatment of patients with HFNEF, as there is a parallel
between the decrease in HR and a clinical improvement in
HF. The use of ivabradin can improve the clinical picture of
HFNEF by prolonging the time of diastole through the HR
decrease, without a negative impact on ventricular function®.
There is an ongoing study with ivabradin in HF with LVEF <
40%, the BEAUTIFUL Study, which will be an important step
in determining the importance of HR in patients with CAD
and ventricular dysfunction*.

Another ongoing study involves the drug MCC-135, which
would be used to improve the diastolic function by increasing
the absorption of calcium by the sarcoplasmatic reticulum
and inhibiting the sodium-potassium exchange pump. The
MCC135-GO1 is a double-blind, randomized, placebo-
controlled study at phase I, carried out in 500 patients with
HF, of which 230 have HFNEF. The results of the study have
not been presented yet*.

Researchers have been very interested in the development
of endothelin receptor antagonists for the treatment of HF.
Nevertheless, the attempts to use bosentan, darusentan and
tezosentan in patients with HFREF have been unsuccessful®’.
Currently, it has been acknowledged that endothelin might
have an important role in the development of diastolic
dysfunction. The endothelin interacts with the ARAS and
metalloproteinases in the development of diastolic dysfunction
and this process can be controlled by the type-A endothelin
receptor antagonist.

The cardiac resynchronization therapy (CRT) for patients
with HFREF with dyssynchrony has shown to improve both
systolic and diastolic function*®, and the diastolic indices
seem to improve after the CRT, especially in patients with
non-ischemic cardiomyopathy*.

The experience of CRT in patients with HFNEF is still
limited and the significance of the dyssynchrony in patients
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with HFNEF is yet to be clarified.

Conclusion

We have observed, in the last years, an increase in the
understanding of the physiopathological alterations involved
in HENEF, in which the importance of the diastolic function
in relation to the mechanisms of ventricular filling, relaxation
and elasticity, in addition to the ventricular/arterial rigidity
and the left atrium function, have an important role in the
physiopathology of HFNEF. The perfect understanding of
these alterations will help future researches for new therapies
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The establishment of criteria for the diagnosis and ruling out
of HENEF is useful not only for the individual care of patients,
but also for the recruiting in clinical trials that will evaluate
therapies for HFNEF.

Ongoing studies, with medications currently employed in
the treatment of HF and new drugs and technologies being
developed, will modify the treatment of HFNEF in the next
decades, allowing a better quality of life for patients with this
severe disease.
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