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Abstract

Approximately 50% of patients with symptoms and signs of heart failure have a left ventricular
ejection fraction (LVEF) =50% and are often simply referred to as “heart failure with preserved
EF’, ‘HFpEF’. Many of such patients have HF secondary to specific cardiac conditions (i.e.,
valvular or pericardial disease) in which the symptoms and signs occur despite the LVEF being
preserved due to diastolic dysfunction secondary to the underlying disease (secondary HFpEF),
differently from those HFpEF patients in which the impaired LV filling is due to a primary
diastolic dysfunction (primary HFpEF). When primary HFpEF patients are properly diagnosed,
they appear to have a milder form of HF with a lower cardiovascular mortality compared with
HFrEF and secondary HFpEF population, but a risk of HF hospitalization that is significantly
higher than patients with similar cardiovascular risk factors but without the diagnosis of HFpEF.
We herein review the diagnostic approach to HFpEF and present a differential diagnosis of HFpEF
in a primary and secondary form.

Heart failure (HF) is a syndrome characterized by specific symptoms (i.e., shortness of
breath, exercise intolerance, and swelling) and signs (i.e., pulmonary congestion, lower
extremity edema, and elevated jugular venous pressure) caused by functional and/or
structural impairment of cardiac function(s) that compromise the capacity of achieving a
proper diastolic filling and/or keeping an adequate cardiac output, either at rest or during
exertion. 1 Moreover, patients with HF often have alterations in the respiratory, vascular, and
muscular systems which contribute to the symptomatology and disability of the condition,
but what defines HF, and differentiates this from other noncardiac chronic conditions with
similar debilitating symptoms, is the impairment in cardiac function.
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Why is Determining the Ejection Fraction (EF) So Important in HF?

HF is historically classified according to the left ventricle EF (LVEF), allowing
identification of a more homogenous group of patients.2 Nearly half of patients with HF
have systolic dysfunction defined as LVEF <40%, HF with reduced EF (HFrEF) or systolic
HF.13 In randomized clinical trials in HFrEF, angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta-adrenergic receptor blockers, aldosterone antagonists
and, in selected populations, isosorbide dinitrate and/or hydralazine, angiotensin receptor
blocker and/or neprilysin inhibitor and ivabradine reduce all-cause mortality and/or
hospitalizations for HF.1:3

However, more challenging is the definition and estimation of prevalence and prognosis of
those patients in whom the HF syndrome occur despite preserved EF (defined as LVEF
>50%). According to case series, these patients represent approximately 50% (range 22 % to
73%) (Figure 1) of those with HF and this wide variation is primarily attributed to the
clinical setting, characteristics of the studied population, the different cut-off values of
normal EF, the definition applied to define HF, how detailed the protocol was to exclude
other causes of HF (i.e., valvular heart disease), and the potential for misdiagnosis (i.e.,
noncardiac disease). The prognosis of patients with HF and LVEF >50% also varies largely
across studies, likely due to the same reasons.

Given the important role of LVEF <40% in identifying a relatively homogenous cohort of
subjects (HFrEF) and considering the large heterogeneity in prevalence, prognosis and
response to treatment in patients with HF and LVEF >40%, it is important to determine the
reasons for this heterogeneity and phenotypically characterize patients with HF and LVEF
>40%, and in particular those with LVEF =50%. These patients are indeed often referred to
as having HF with preserved EF (HFpEF), in contrast to those with HFrEF. Labeling every
patient with HF symptoms and LVEF =50% as having HFpEF, however, suggest that a
common pathophysiologic denominator exists across these patients, whereas in reality, as
described, the only defining factor is the negative connotation of lacking significant systolic
dysfunction. Labeling all patients with HF symptoms and LVEF =50% as HFpEF may
however be insufficient to guide the diagnostic and therapeutic approach. Cases of HFpEF
secondary to identifiable myocardial, valvular or pericardial diseases (secondary HFpEF)
may indeed benefit from a tailored diagnostic and therapeutic approaches and
prognostication, whereas the remaining cases (primary HFpEF) are usually due to common
metabolic and hemodynamic risk factors, milder in its form, and a need for additional
research in terms of therapeutic strategies (Figure 1).

Patients with HF and EF between 40% and 49% have been classified as HFpEF in the past
for clinical trials purpose, however, while there is limited prospective clinical data, the
prognosis of these patients appears intermediate between those with reduced (<40%) and
preserved (=50%) EF,1:3and in absence of dedicated clinical trials most cardiologists
recommend treating these patients as HFrEF. Patients with HF and reduced EF who recover
the EF above 50% (after reversible cardiac injury or following medical therapy) are
considered as a distinct HF phenotype than those with HFpEF (HF with recovered EF)
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because those patients that experience a recovery of EF while on HF medications have a
more favorable clinical prognosis and are generally continued on such medications.®

The current definition of HFpEF

The most recent definition by the European Society of Cardiology (ESC) has clarified that
besides symptoms and signs of HF and a LVEF =50%, documentation of elevation of cardiac
biomarkers (brain natriuretic peptide [BNP] >35 pg/ml or N-terminal pro BNP >125 pg/ml)
and at least one feature of structural heart disease and/or diastolic dysfunction is needed.3
Structural and functional alterations suggestive of elevated LV filling pressure are atrial
adverse remodeling (left atrial volume index >34/ml2) and E/E’>14 (at rest), that appear to
correlate with invasive measurements of pulmonary capillary wedge pressure =15 or left
ventricular end diastolic pressure > 16mm Hg. Alterations correlating with impaired
relaxation and reduced compliance include mean E’<9 cm/s (septal E’ <7 cm/sec, lateral E’
<10 cm/sec), E/E’>14 (with exercise) and increased LV mass index =95 (females) or =115
(males) g/m?2).1:3:4 Other supportive findings are pulmonary arterial hypertension (peak
tricuspid regurgitation velocity >2.8 m/sec) and an abnormal LV longitudinal systolic strain
function. Elevated of BNP or NT-proBNP levels are mandatory for HFpEF diagnosis
according to ESC 2016 definition, however, the sensitivity outside of the acute setting (i.e.,
chronic stable HF) has been questioned, especially in obese and non-Caucasian patients.®’

At difference with previous HFpEF definitions, including the American College of
Cardiology Foundation/American Heart Association 2013 definition,! the ESC 2016
definition allows to differentiate in those patients with HF and LVEF =50%, between those
with evidence of functional and/or structural cardiac abnormalities, from the other patients
that did’t show any of these abnormalities and may be suffering from noncardiac diseases.
Neither the American College of Cardiology Foundation/American Heart Association 2013
definition,1the ESC 2016 definition3 attempt a differentiation between primary versus
secondary forms of HFpEF.

Are “HFpEF” and “diastolic HF” One and the Same?

Although the ESC definition has added specificity to the HFpEF diagnosis and helps
distinguishing HFpEF from noncardiac illnesses, the importance of excluding specific
underlying cardiac causes may have not been sufficiently addressed, and this may perhaps be
leading to possible overestimation of the prevalence of primary HFpEF in routine clinical
practice. There are indeed cardiac conditions (i.e., pericardial effusion or constriction,
restrictive cardiomyopathies, and severe valvular diseases) that can cause symptoms of HF
in presence of a normal LVEF but do not constitute an intrinsic abnormality in the
myocardial diastolic function but rather a dysfunction secondary to an underlying problem
that requires an independent assessment. Therefore, while approaching HFpEF, one should
address whether symptoms can be attributed to a dysfunction in cardiac filling (diastolic
dysfunction) secondary to a specific identifiable cause, secondary HFpEF (i.e., severe
valvular disease, constrictive pericarditis, restrictive or hypertrophic cardiomyopathy,
tachyarrhythmia, high-output HF, right HF). Many of these cardiac conditions would indeed
benefit from a specific diagnosis because requiring a targeted therapy (Figure 2, Table 1).8-10
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HFpEF Due to Primary Diastolic Dysfunction or Primary HFpEF

The diagnosis of primary HFpEF, as clinical entity, should be reserved for those cases in
which there is a primary diastolic dysfunction leading to HF, as result of interaction of
multiple risk factors such as hypertension, aging, systemic inflammatory status or metabolic
disorders, but without any specific underlying cause and in which there is currently no
specific medical or surgical therapies (Figure 3). Patients with primary HFpEF represent a
specific "phenotype™ and are usually middle-age or older subjects, more often women, often
with a history of hypertension, obesity, diabetes mellitus (DM) type 2, chronic kidney
disease, and atrial fibrillation.11-13 Obstructive coronary artery disease may co-exist, but is
less common than in the HFrEF population. When HFrEF and secondary causes of HFpEF
have properly been excluded, a simple score, the H,FPEF score, has been proposed to
estimate the probability of underlying HFpEF in patients with unexplained exertional
dyspnea. This score utilized 6 clinical and echocardiographic variables (obesity [BMI>30
kg/m?2]-3 points, atrial fibrillation-2 points, age >60 years-1 point, treatment with 2 or more
antihypertensive drugs-1 point, E/e’ >9-1 point, pulmonary artery systolic pressure >35 mm
Hg-1 point) leading to a weighed sum ranging from 0 to 9. A high scoreb-9is associated with
a higher likelihood of HFpEF diagnosis, while a low score (0 to 1) suggests noncardiac
causes for the symptoms, and an intermediate score2- identifies patients in which further
evaluations are needed to reach a definitive diagnosis. 14 Of note, with the exception of the
Doppler criteria, which is also only lightly weighed, the remaining criteria seem to lack
specificity for HFpEF, nevertheless they remain highly predictive of HFpEF in population
studies due to epidemiologic associations, and thus, this simple score may prove valuable as
a way to take into account the risk factors for HFpEF and lead to a pretest probability of
HFpEF.

HFpEF Secondary to an Identifiable Cause or Secondary HFpEF

Patients presenting with HF and LVEF =50% and symptoms secondary to an identifiable
cause of diastolic dysfunction are considered secondary HFpEF, also referred to as ‘HFpEF
mimics’. Such conditions have unique clinical presentations and trajectories, and may
respond to specific treatments dependent on the underlying causes (Figure 2, Table 1,
Supplemental Table 1).8:° Among secondary forms of HFpEF is possible to identify
secondary forms with identifiable and treatable causes (i.e., valvular heart disease,
pericardial disease) and secondary identifiable but untreat-able causes (i.e., restrictive
cardiomyopathy following radiotherapy). These conditions need to be promptly identified
through a comprehensive history, physical examination, electrocardiogram,
echocardiography and often cardiac magnetic resonance, and treated according to their
specific pathophysiology.

Therefore, while the primary HFpEF and the secondary HFpEF share the presence of
diastolic dysfunction and preservation in LVEF, and may experience an improvement in
symptoms with diuretics, prognosis can differ substantially, and targeted therapies may exist
in some secondary cases.
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What Causes Primary HFpEF?

The central pathophysiological disturbance in primary HFpEF is diastolic dysfunction. The
term diastolic dysfunction refers to changes in ventricular diastolic properties that have an
adverse effect on ventricular filling and stroke volume.?15-17 The main determinants of
diastolic dysfunction are impaired LV relaxation (impaired lusitropy) and/or increase LV
stiffness (reduced compliance).® These conditions often co-exist and result in increase in
end-diastolic pressure, impaired ventricular filling, and therefore decreased end-diastolic
volume, and stroke volume, as shown by changes of the ventricular pressure volume loop.
LVEF is normal and occasionally higher than normal, yet there can be a reduction in the
stroke volume secondary to a shift of left ventricle end-diastolic volume to the left of
pressure-volume loop, and the cardiac output may be decreased.

Hypertension is the most common condition associated with primary HFpEF, and is
historically considered the main driver of diastolic dysfunction, although it is important to
note that the diagnosis of primary HFpEF should be made when symptoms persist after
treatment of elevated blood pressure levels. HFpEF in the patient with hypertension should
therefore be differentiated from the symptoms of uncontrolled hypertension.

Traditionally, it is proposed that primary HFpEF is the result of chronic pressure overload
leads to adaptively concentric left ventricular hypertrophy (LVH) and fibrosis resulting in
impaired compliance and diastolic dysfunction.1® L\VH is present in some patients with
primary HFpEF, however, a significant proportion of patients with primary HFpEF, does not
have LVH defined as a LV mass > 115 g/m? in men and >95 g/m? in women, but rather have
concentric remodeling.18-19 The clinical prognostic values of concentric remodeling and
concentric LVH appear to be similar. Extracellular fibrosis is also increased in primary
HFPEF patients as it compares with asymptomatic hypertensive controls with LVH.19 In
addition to hypertension, is emerging that other co-morbidities, often present in patients with
primary HFpEF (e.g., obesity, DM, metabolic syndrome, lung disease, smoking, systemic
oxidative stress, and iron deficiency), promote microvascular endothelial inflammation,
myocardial inflammation, fibrosis, increases in oxidative stress and alterations in
cardiomyocyte signaling pathways, resulting in global cardiomyocyte stiffness,
cardiomyocyte hypertrophy, and impaired active relaxation.8 Microvascular dysfunction may
also involve coronary vessels resulting in reduced microvascular density and coronary flow
reserve in primary HFpEF20 and may explain the limitations in LV systolic and diastolic
reserve during exercise.

Furthermore, although HF requires a central impairment to be present, peripheral
abnormality in the skeletal muscle energetics have been consistently demonstrated in
patients with HF, both HFrEF and HFpEF, and appear to be an important determinant of
fatigability and exercise intolerance 2! Figure 3 provides a schematic representation of the
mechanisms leading to diastolic dysfunction in HFpEF.
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Why is Important to Recognize HFpEF?

Despite the clear prognostic value of LVEF in HF, the presence and severity of symptoms
and signs of HF identifies patients at increased risk of adverse cardiovascular (CV)
outcomes, independent of LVEF values. Therefore, it is important to recognize that HF
presents across the spectrum of LVEF values.22 When population studies categorize patients
with HF in 2 exclusive categories based on LVEF, the prognosis of HFpEF appears to be not
better than HFrEF.12.12.23 |t js worth noting, however, that this classification may be fraught
by diagnostic uncertainties regarding the overall prevalence of primary versus secondary
forms of HFpEF, and it is very likely that secondary HFpEF such as valvular heart disease,
hypertrophic, and infiltrative cardiomyopathies may be the drivers of worse prognosis in the
overall HFpEF cohort.8)

When attempting to define prognosis, it is therefore important to distinguish between
primary and secondary HFpEF. Indeed, in retrospective, observational, and population
studies, in which HFpEF is diagnosed based on LVEF values in the chart and without any
attempt to exclude secondary forms, the rates of hospitalization and death in patients who
have HFpEF is reported to be similar to those in patients who have presumed HFrEF.1213 |n
clinical trials targeting primary HFpEF and prospective studies, in which the diagnosis was
in general made with an attempt to exclude secondary causes, the CV outcomes were
significantly better in patients with HFpEF than those with HFrEF.24:25 This is in line with
the known prognostic value of LVEF, and therefore it can be concluded that patients with
HFpEF (once secondary HFpEF forms have been excluded) suffer from a milder form of HF
associated with a lower CV mortality, as compared with HFrEF, and not much different from
that of patients with hypertension and multiple risk factors. Vice versa, the risk of HF
hospitalization differs substantially between hypertensive patients without pre-existing HF
and those with (primary) HFpEF with the latter being at a much higher risk of HF
hospitalization (Figure 4).26-28

The Secondary Causes of HFpEF That You Can’t Afford to Miss

Valvular heart disease

The increased afterload in patients with severe aortic stenosis leads to a compensatory
adaptive concentric hypertrophy causing diastolic dysfunction and HF, independent of EF.
Cardiac remodeling in response to volume overload in chronic mitral and aortic regurgitation
is of eccentric hypertrophy, a pattern that is rarely seen in primary HFpEF. Mitral stenosis
creates a transmitral gradient at rest or with exertion, left atrial hypertension and, over time,
right-sided HF.

Failure to identify valvular heart disease as the cause of HF syndrome can lead to a delay in
surgical or transcatheter replacement and/or repair and avoidable morbidity and mortality.29

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy may present different forms of LVH and especially in the
concentric form, it may be difficult to differentiate from hypertensive heart disease. Because
is associated with an increased risk of sudden cardiac death, implantable cardioverter-
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defibrillator implantation is needed in high-risk patients. Cardiac magnetic resonance
imaging is very helpful as it can highlight the hypertrophy phenotype, evaluate for outflow
tract obstruction and mitral regurgitation, and for myocardial scarring.3°

Constrictive pericarditis

Constrictive pericarditis is the result of a reduced pericardial compliance often associated
with a thickened or calcified pericardium. In patients with symptoms and signs of HF and
history of pericarditis, trauma, radiation therapy, cardiac surgery, or a systemic disease that
affects the pericardium (i.e., tuberculosis, connective tissue disease, and malignancy),
constrictive pericarditis should be always considered. Echocardiography can detect an
exaggerated respiratory interdependence of the ventricles and high E velocity of right and
left ventricle inflow despite a high tissue Doppler velocity at mitral annulus (E’). Medial
mitral annular E’ velocity is usually greater than the lateral mitral annular E’ in constrictive
pericarditis, in contrast with other causes of HF.31 Diuretics, anti-inflammatory therapies,
and pericardiectomy may be required.

Restrictive cardiomyopathy

Restrictive cardiomyopathy is characterized by severely impaired myocardial compliance
and diastolic dysfunction and normal EF.32:33 LV wall thickness is usually normal in patients
with endomyocardial fibrosis, radiation-heart disease, iron overload cardiomyopathy and
idiopathic restrictive cardiomyopathy, while is usually increased in patients with infiltrative
forms (i.e., amyloidosis, and glycogen storage diseases). The diagnosis can be very
challenging. The presence of a systemic disease that may involve the heart muscle (i.e.,
amyloidosis, sarcoidosis, and scleroderma) or specific risk factors (i.e., chest radiation
therapy) significantly increase the likelihood of the disease. Cardiac magnetic resonance
imaging is a very valuable diagnostic modality, but definitive diagnosis may require an
endomyocardial biopsy. In absence of a curative approach for the underlying disease, the
prognosis for restrictive cardiomyopathy is often grim. Symptomatic therapy generally
includes diuretics for relief of congestion. Patients with severe restrictive cardiomyopathy
often tolerate poorly beta-adrenergic receptor blockers, and do not respond to inotropes.32:33

Regional wall motion abnormalities and/or LV dilatation with preserved EF

Patients with large regional wall motion abnormalities and/or LV dilatation with globally
preserved EF (i.e., after acute myocardial infarction or doxorubicin toxicity) should be
treated as incipient-dilated cardiomyopathy, since after an initial insult cardiac remodeling
can be a compensatory mechanism but also a precursor to systolic dysfunction and HFrEF.34

Acute tachyarrhythmias

In a setting of acute tachyarrhythmia, especially if underlying LV hypertrophy is present,
diastolic function is impaired because of reduced ventricular filling time (diastole) and
increased myocardial oxygen consumption leading to incomplete ventricular relaxation, and
elevated filling pressures. These patients may, therefore, experience transient HF symptoms
while having a normal EF with a significant clinical improvement after the restoring of sinus
rhythm or heart rate control. Therefore, a clinical and echo-cardiographic reassessment
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should be repeated after the arrhythmia control, since also patients with primary HFpEF may
experience HF exacerbation during an acute tachyarrhythmia. Differently, patients with
long-standing tachyarrhythmias may develop a dilated cardiomyopathy with reduced EF.3°

High-output HF

High-output HF is caused by a hyperdynamic state related to a reduction in systemic
vascular resistances. The elevation of cardiac filling pressures is secondary to impairment in
diastolic reserve related to the tachycardia and increased cardiac output. Often, there is also
an expansion of plasma volume and neurohormonal activation that aggravate the HF
syndrome. The most common causes of high-output HF are cirrhosis, severe anemia,
thyrotoxicosis, and arteriovenous shunts. Morbid obesity has been also identified (when
cardiac index is high >3.5 I/min/m?).3¢ High-output HF differs from primary HFpEF
because in HFpEF cardiac index values are usually normal or reduced at rest. Resolution of
the causes leading to the low-systemic vascular resistance and high-output state can reverse
the HF syndrome.

HFpEF and Obesity

Obesity is a common condition in HF especially in primary HFpEF, and deserves special
consideration. Obese patients are more likely to have right ventricular failure and an
uncontrolled hypertension resulting in higher pulmonary artery wedge pressure.37 It is
currently unresolved whether obese HFpEF patients have a secondary form of HFpEF or, in
alternative, are 2 conditions that co-exist. Caloric restriction-induced weight loss is effective
in improving exercise capacity in obese HFpEF population that however occurs without any
significant improvement in systolic and diastolic cardiac function, proposing obesity as a co-
morbid condition that further limits exercise capacity and that should be targeted to improve
adiposity-induced exercise intolerance.38-40

HFpEF and DM

DM greatly increases the risk of HF.#! Diabetic cardiomyopathy refers to structural and/or
functional myocardial abnormalities in diabetic patients that are not attributable to other
external factors such as coronary artery disease. In type 2 DM, insulin resistance,
hyperinsulinemia, hyperglycemia and/or lipotoxicity, lead to pathophysiological myocardial
adaptations that promote cardiac stiffness, hypertrophy, and fibrosis that are considered the
substrate for the diastolic dysfunction leading to a primary form of HFpEF. Differently,
patients with long-standing autoimmune type 1 DM often show a different phenotype
characterized by dilated cardiomyopathy and systolic dysfunction (HFrEF).41

Unanswered Questions in HFpEF

Considering the lack of gold standard diagnostic criteria for HFpEF, the exact incidence and
prevalence of HFpEF in its primary and secondary forms are unknown. Once the secondary
causes of HFpEF and other noncardiac conditions have been properly excluded from
primary HFpEF, the exact prevalence of primary HFpEF is unknown and, given the
difficulty in recruiting patients in clinical trials, is likely that prevalence of primary forms is
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lower than expected.*2 Current algorithm suggests the use of multiple criteria to diagnose
HFpEF, yet it is not known whether all the proposed criteria carry the same prognostic value
and whether one or more criteria can identify responsiveness to a specific therapy. Moreover,
given the frequent co-existence of co-morbid conditions in patients with HFpEF and the
relatively high incidence of noncardiac death in patients with suspected HFpEF, it remains to
be determined which intervention, if any, will reduce mortality in this cohort of patients. The
lack of benefit of pharmacologic interventions on the ‘hard’ clinical outcomes in HFpEF has
been attributed to the heterogeneity of the syndrome and perhaps inappropriate patient
selection. It should be, however also considered that the cohorts of patients with primary
HFpEF, when secondary HFpEF are excluded, have a relatively low-cardiac mortality, that is
substantially lower than patients with HFrEF, and not much higher than hypertensive
patients with similar risk factors.26-28 As such it may not be reasonable to expect for a
treatment to reduce cardiac mortality in a clinical trial of HFpEF in duration of 2 to 3 years,
but rather focus on HF specific end points such as reduction in readmissions and/or
improvement in exercise capacity and quality of life.43

HFpEF is a clinical syndrome of shortness of breath and/or exercise intolerance secondary to
the elevated LV filling pressures at rest or with exertion either due to intrinsic abnormalities
in LV diastolic function—primary HFpEF— or due to cardiac conditions such as severe
valvular heart disease, cardiomyopathy, pericardial disease, or arrhythmias—secondary
HFpEF. Female sex, advanced age, hypertension, obesity, and DM, are risk factors for
diastolic dysfunction and primary HFpEF. When assessing a patient with suspected HFpEF,
it is important to distinguish between primary and secondary HFpEF since secondary causes
may have unique clinical trajectories and specific treatments. It is also important to assess
and treat co-morbidities that accompany HFpEF, in particular chronic obstructive lung
disease and morbid obesity that often contribute to the symptom burden and disability. No
specific treatment has been shown to reduce CV mortality in patients with primary HFpEF
but treatments aimed at the relief of symptoms of congestion and of risk factors, such as
hypertension and co-existing co-morbid conditions, improving HF-related clinical outcomes.
Exercise training and caloric restriction are recommended, especially in obese HFpEF
patients. By understanding the pathophysiologic mechanisms of HFpEF, one can hope to
develop new therapeutic strategies for this condition.

Supplementary Material
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Distinction between
Primary and Secondary HFpEF
Primary HFpEF * Secondary HFpEF
More"gmg::a\:::; f:__;’;‘am A condition in which the diastolic heart failure is
with HTN, obesity, aging, 'diabe‘&‘& secondary_ to ap impairment in the mvo;ardnum, valve
other metabolic syndromes or pericardium or an abnormal cardiac rhythm
Valvular Heart
Disease
S Severe Aortic Stenosis
or Insufficiency
Mitral stenosisor
insufficiency
Hypertrophic

Cardiomyopathy

Restrictive
Cardiomyopathy
Amyloidosis
Sarcoidosis

Scieroderma
Radiation- nduced

Pericardial
Disease

Constrictive pericardits
Pericardial tamponade

Other causes of HFpEF

LV dilatation with preserved EF
High output heart failure
Tachyarrhythmias (acute)

Figure 1.
Primary and secondary HFpEF. The exact prevalence of HFpEF is unknown. It is estimated

at approximately 40% of patients with heart failure (HF) have reduced EF% (LVEF <40%),
20% have LVEF between 40% and 49%, and the remaining have preserved left ventricular
ejection fraction (LVEF =50%) or HFpEF. Patients with HFpEF can be distinguished in 2
subgroups based on whether a specific cause can be identified or not. Secondary causes of
HFpEF include valvular heart disease, hypertrophic cardiomyopathy, restrictive/infiltrative
cardiomyopathies, constrictive pericarditis and other conditions. Primary HFpEF refers to a
condition in which a primary impairment in myocardial relaxation or compliance exists. The
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prevalence of HFpEF in its primary and secondary forms is not represented in
epidemiological scale. HF = heart failure; HFmEF: HE with mid-range ejection fraction;
HFpEF = HF with preserved ejection fraction; HFrEF = HF with reduced ejection fraction.
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nocturnal dyspnea, fatigue ascites/pleural effusion

Clinical Characteristics, Risk factors & Co-Morbidities:
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Age > 40 yr, F>M gender, Arterial Hypertension, Diabetes
Mellitus, Obesity, Atrial Fibrillation, COPD, CKD, Anemia

Echocardiography

Page 15
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(or other methods to assess LV systolic function):

LVEF 250%

Elevated plasma Validation of the
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If LVEF <40% -> HF reduced EF (HFrEF)
If LVEF 40-49% -> HF mid-range EF (HFmrEF)

(LVMI295 [F] or 2115 [M] g/m? fjrf’ggg‘fgsﬁ{ﬁ:;ﬁn
Functional alterations: HF syndrome
* Impaired relaxation (average E' <9 cm/s) L
*  Elevated Filling pressures (E/E’>14 at o
rest or with exercise)
Supportive findings:

ﬂk

Diastolic heart
failure secondary
to specific causes

Secondary

HFpEF

Valvular heart disease: severe aortic
stenosis or insufficiency, severe mitral |
stenosis or insufficiency

Impaired LV filling due to (acute)
tachyarrhythmias: i.e. atrial fibrillation ||
with rapid ventricular response

Ischemic heart disease: prior Ml with
regional wall motion abnormalities, acute |—
or effort-induced ischemia

Hypertrophic cardiomyopathy: young
age, genetic basis, family history,
malignant arrhytmia, asymmetric septal
hypertrophy, myocardial scarring

Restrictive and infitrative

Abnormal LV longitudinal systolic function
(using M-mode, tissue Doppler—derived mitral
annulus systolic velocity, and LV global
longitudinal strain)
*  Pulmonary hypertension
(PASP>35mmHg; peak TR velocity>2.8 m/sec )
*  Right ventricular enlargement or
systolic dysfunction (if secondary
to LV failure)

A

A 4

cardiomyopathies: i.e. amyloidosis,
sarcoidosis, hemochromatosis,
eosinophilic syndrome, Fabry’s disease

Pericardial disease: i.e. constrictive
pericarditis, pericardial effusion with ||
tamponade physiology

High-output HF: i.e. severe anemia,
thyreotoxicosis, large AV fistulas, Paget’s |
disease, fever/sepsis

Pulmonary function tests:

Cardiopulmonary exercise test:

Right heart catheterization:

Coronary angiography:

Cardiac MRI

If the diagnosis remains uncertain, consider additional tests:
*  Diagnosis and assessment of COPD severity

« Differentiation between cardiac versus non-cardiac limitations
*  Prognostic information and guide to therapy

L « Direct assessment of filling pressures and guide to therapy ¢
* Assessment of pre- and post-capillary components of pulmonary hypertension

* Anatomical and functional evaluation for coronary artery disease

*  Evaluation for ischemic versus non ischemic cardiomyopathy
*  Evaluation for pericardial diseases
*  Evaluation for non-ischemic cardiomyopathies that mimics HFpEF (i.e. amyloidosis, Fabry

disease, sarcoidosis, hemochromatosis)

A 4

Diagnosis of Primary HFpEF

(Primary Diastolic Heart Failure - Heart Failure Caused
by an Impaired Diastolic Filling Not Due to a

Secondary Cause)

Figure 2.

Diagnostic algorithm for HFpEF. The diagnosis of HFpEF begins with the elicitation of
symptoms and signs of heart failure, associated with the documentation of risk factors and
co-morbid conditions. The diagnosis requires validation of the diagnosis of heart failure
using data derived from either echocardio-Doppler study or invasive hemodynamics, or
elevation of natriuretic peptides. Cardiac imaging is central to assessment as it allows to
investigate the presence of the secondary causes HFpEF such as valvular heart disease,
cardiomyopathies, pericardial disease, or other. In selected patients, additional tests may be
necessary to further investigate the differential diagnosis of primary and secondary HFpEF,

Am J Cardiol. Author manuscript; available in PMC 2019 July 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Buono et al.

Page 16

and to evaluate the role of concomitant non-cardiac disease that may present with similar
symptoms and signs. AF = atrial fibrillation; AV = arteriovenous; BNP = brain natriuretic
peptide; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease;
CTEPH = chronic thromboembolic pulmonary hypertension; DM = diabetes mellitus; EF =
ejection fraction; F = Female; HF = heart failure; HFpEF = heart failure with preserved
ejection fraction; HTN = hypertension; JVD = jugular vein distension; LAVI = left atrial
volume index; LV = left ventricle; LVEF = left ventricular ejection fraction; LVMI = left
ventricular mass index; M = Male; MI = myocardial infarction; NT-proBNP = N-terminal
pro brain natriuretic peptide; PAH = pulmonary arterial hypertension; PASP = pulmonary
artery systolic pressure; PH = pulmonary hypertension.
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Figure 3.
Pathophysiology of primary HFpEF. Several risk factors (obesity, hypertension, aging, and

physical inactivity) contribute to create a systemic proinflammatory status and/or
haemodynamic stress that promote a primary myocardial diastolic dysfunction (impaired
myocardial relaxation and compliance) leading to concentric remodeling/hypertrophy, and
elevated LV filling pressures and/or impaired cardiac output. Moreover, co-morbid
conditions and contributing factors (obesity, abnormal ventriculoarterial coupling,
deconditioning, ventilatory inefficiency, pulmonary diseases, diabetes mellitus, and
malnutrition) further contribute to exercise intolerance and clinical symptoms in patients
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with primary HFpEF. HFpEF = heart failure with preserved ejection fraction; LV = left
ventricle; NO = nitrogen oxygen SVR = systemic vascular resistance; V/Q = ventilation/
perfusion ratio.
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General
population
risk

Risk of CV death and CV death or HF hospitalization in high-risk patients with HTN
without HF, patients with primary HFpEF and patients with HFrEF. The incidence of CV
death at mid-term follow-up from randomized clinical trials appears to be lower in primary
HFpEF compared with HFrEF, while not different than those with high-risk HTN without
HF. The risk of HF hospitalization, in contrast, differs substantially between hypertensive
patients without HF and those with HFpEF: patients with HFpEF have a much higher risk of
HF hospitalization than patients with asymptomatic HTN. CV = cardiovascular; HFpEF =
heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection
fraction; HTN = hypertension; RCT = randomized control trials.
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Table 1

Conditions that present with symptoms and signs of heart failure with preserved ejection fraction in which an
identifiable cause is present (HFpEF).

Secondary causes of HFpEF

Hypertrophic cardiomyopathy
Restrictive cardiomyopathy

- with increased LV wall thickness

Infiltrative cardiomyopathies (i.e. amyloidosis, sarcoidosis™, glycogen storage diseases)
- with normal LV wall thickness
Endomyocardial fibrosis, Radliation cardiomyopathy, Hemochromatosis, ldiopathic Restrictive Cardiomyopathy
Other forms of cardiomyopathy
Dilated Cardiomyopathy with preserved EF (=250%) (initial stage)
Ischemic cardiomyopathy with large areas of regional wall motion abnormalities and preserved global EF (=50%)
Valvular heart disease:
- Aortic stenosis or insufficiency (severe)
- Mitral regurgitation or stenosis (severe)
Pericardial disease:
- constrictive pericarditis
- effusive-constrictive pericarditis
- pericardial effusion/tamponade
Tachyarrhythmias (acute)
High-output HF
Anemia (severe)

Thyrotoxicosis

ASD = atrial septal defect; EF = Ejection fraction; LV = left ventricle; PA = pulmonary atresia or pulmonary valvular stenosis; VSD = ventricular

septal defect.

Cardiac sarcoidosis may present as restrictive cardiomyopathy with preserved EF (with increased or normal LV wall thickness) or as dilated
cardiomyopathy with reduced EF.
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