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Are Clinical Heart Failure and Ejection Fraction Always Connected?

Federico Cacciapuoti*
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Abstract: Left Ventricular Ejection Fraction % (LVEF%) is an hemodynamic index indicative for left ventricular func-
tion. Its numeric value can be obtained by different methods, such as two- or three-dimensional echocardiography, cardiac
catheterization, and Nuclear Medicine-methods. It depends not only on myocardial contractility but also on preload and
afterload, as well as heart rate and left ventricular distensibility.

Normal LVEF% is recorded in patients with diastolic heart failure. On the contrary, in patients with systolic heart failure,
values of LVEF% <40% usually are found. That generally is connected with clinical symptoms of congestive failure.
Nevetheless, a mismatch between low LVEF% and congestive signs can be evident in some forms of systolic HF. That
may happen in patients with slowly progressive reduction of systolic left ventricular function. In this occurrence, deter-
mining factors of LVEF% can mutually balance each other, through in presence of reduction of one or more determinants.
In addition, in some valvular cardiac incompetences, as aortic and mitral insufficiency or in congenital heart disease, such
as intra-ventricular and intra-atrial defects, LVEF% can be preserved, also in presence of signs of inadequate peripheral
perfusion. Conclusively, LVEF% is an useful hemodynamic parameter, that is not always indicative of left ventricular

function concerning the peripheral perfusion.
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INTRODUCTION

Left ventricular ejection fraction% (LVEF%) is the
amount of blood pumped by left ventricle at each heart beat
[1]. Value major than 50% indicates an adequate peripheral
perfusion and vice-versa, value lower than 40-45% discloses
a condition of low perfusion. LVEF% consists of two
phases: the first is named the filling period and happens in
diastole. The second phase corresponds to the emptying
time, and occurs in systole. Its measurement is equal to the
ratio between (end-diastolic LV volume — systolic LV vol-
ume) and end-diastolic LV volume %, according to the fol-
lowing formula:

E.F%-= (diastolic LV volume — systolic LV volume) x 100

diastolic LV volume
Its value depends on:
A) Stroke Volume

It is the blood volume ejected during systole per beat, and
is obtained from the formula:

SV= End Systolic Volume (ESV) — End Diastolic Volume
(EDV)

SV multiplied by the Heart Rate (HR) is equal to the Cardiac
Output (CO).
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B) Cardiac Output

Cardiac Output (CO) corresponds to the volume of blood
being pumped bg/ the left ventricle/min [2]. It is measured in
dm® min™ (1 dm®=1000 cm®) and comes from to the formula:

Cardiac Output = SV x HR

There are many methods for invasively measuring CO,
including direct cardiac catheterization and indirect methods
such as the Fick principle, assuming that the rate of oxygen
consumption is a function of the rate of blood flows and the
rate of oxygen pick up by the red blood cells.

Measurement of Ejection Fraction

2-D echocardiographic measurements of E.F%. happens
means by the Simpson’s rule and the area-length methods
[3]. The most commonly used is the biplane disks-method
(modified Simpson’s rule). The value between 55% and 75%
corresponds to normal LVEF%, whereas the value=/<40%
indicates a low LVEF%. LVEF% obtained by echocardi-
ography was significantly lower than this obtained by car-
diac catheterization (Fig. 1). More recently, three-
dimensional echocardiography was also employed (Fig. 2).
This method allows to obtain results almost similar to that
provided by nuclear medicine, considered as “gold standard”
[4,5]. The nuclear method is SPECT test like the MUGA
(MUItiple Gated Acquisition) scan [6] (Fig. 3). In addition,
nuclear stress test (gated SPECT) [7]; cardiac resonance im-
aging (MRI) [8] and computer tomography (CT) can be
used.
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Fig. (1). LV angiography obtained in diastole (left) and in systole (right).
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Fig. (2). Three dimensional echocardiography-Left ventricular volumes (EDV, ESV) measurement, with determination of stroke volume (SV)
and global and segmental ejection fraction % (EF%), obtained totally and by dividing all myocardial walls in 17 segments.
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Fig. (3). Multi-Gated Analysis of LV with regional ejection fraction% and regional wall motion are illustrated. Amplitude and phase images
of LV are also reported. Finally, counts per region referred to time in diastole (ED) and systole (ES) are shown.

Determinants of Ejection Fraction

1) Contractility. It is the ability of the cardiac fibers to
contract at a given fiber length, in absence of any
changes in preload and/or in afterload [9]. Changes in
contractility (or inotropy) produce significant changes
in E.F. Contractility results from the binding between
thick filaments (myosin) and thin filaments (actin). In
turn, the degree of binding depends on the concentra-
tion of calcium ions in the cytosol. The most impor-
tant regulators of contractility are the autonomic
nerves.

2) Preload. It is affected by venous blood pressure and
the rate of venous return. These conditions produce
stretching of left ventricle in diastole after atrial con-
traction and passive ventricular filling . It is also in-

fluenced by venous tone [10]. Preload is related to the
strength of myocardial contraction means by the
Frank-Starling law [11]. Increased venous return in-
creases ventricular filling and therefore preload,
which is the initial stretching of the cardiac myocytes.

Pre-load can be calculated as:
(LVEDP x LVEDR)/2h

where: LVEDP=Left Ventricular End Diastolic Pressure;
LVEDR-=Left Ventricular End Diastolic Radius (measured at
the ventricle’s midpoint); h=thickness of the ventricle. This
calculation is based on the law of Laplace.

3) Afterload. This term is used to mean tension produced
by LV to contract. But, afterload can also be de-
scribed as the resistance against which the left ventri-
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cle ejects. It is also the wall stress or tension that de-
velops in the ventricular myocardial wall during sys-
tole. Afterload is determined by arterial tone and
blood arterial pressure. It varies with arteriolar resis-
tance too [12]. An increased after-load includes: arte-
rial systemic hypertension and aortic valve disease
(aortic stenosis and aortic insufficiency).

4) Heart Rate. This parameter plays an important role in
maintaining an adequate cardiac output when intrinsic
contractility fails or cardiac output decreased [13].

5) Distensibility. It is the ability to stretch ventricular
walls in order to LV receive the amount of blood that
will be pumped in the next systole [14]. It depends on
plasticity, hysteresis, viscosity, thickness and compo-
sition of the ventricular wall.

Heart Failure

Heart Failure (EF) is a clinical syndrome associated with
the impaired peripheral perfusion [15]. This condition may
happen during ventricular emptying phase, in filling phase or
in both phases. Two modes of LV function respectively in-
duce primary systolic and diastolic HF. The main mecha-
nisms responsible for two forms of LVHF are reported in
Fig. (4). There are considerable similarities between two
entities both in pathophysiological and clinical profile.

PATHOGENESIS OF HEART FAILURE

« Diastolic HF
T altered LV relaxation
1 inability to fill LV

« Systolic HF

T altered pump function of LV

T inability to LV empty

Fig. (4). Hemodynamic mechanisms inducing two types of HF.

Diastolic HF

Some studies demonstrated that in approximately 40% of
the patients with HF, left systolic function is well preserved
[16]. This entity was also termed “diastolic HF”. It can be
defined as clinical syndrome characterized by the symptoms
of heart failure, preserved ejection fraction, and abnormal
diastolic function. Vasan and Levy proposed some diagnos-
tic criteria for define the diastolic HF. They require the pres-
ence of an abnormal LV relaxation, dependent on reduced
diastolic distensibility and/or increased diastolic stiffness;
and preserved or lightly reduced LVEF% [17]. Concentric
left ventricular hypertrophy is characteristic of diastolic HF.
In this state, myocyte width is increased more than the length
and sarcomeres are deposited in parallel, inducing the wall
thickness increase. That is due the increased myocyte protein
synthesis. A decreased degradation of myocyte protein also
occurs. Conditions that cause these abnormalities are: thick-
ening and/or stiffening of ventricular walls, invasion of the
heart muscle by foreign substances or fibrous tissue, pericar-
dial effusion, constrictive pericarditis. All these reduce the
passive distensibility of the ventricular walls. In aged indi-
viduals, LV distensibility may be diminished by myocardial
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infiltration with various substances happening in some de-
generative diseases, such as amyloidosis. Another factor that
affects diastolic distensibility is the deterioration of the myo-
cardial active relaxation process, dependent on the reduction
of calcium ions entered in troponin sites during systole. Prior
data suggest that patients who have heart failure with pre-
served ejection fraction are mostly older, prevalently belong-
ing to female sex and having an history of systemic hyper-
tension.

Systolic HF

In systolic HF, the primary defect is an impaired ability
of the heart to contract. The myocardium is weakened, and
the resultant impairment of contractility leads to reduced
cardiac output. In addition, systolic HF usually shows an
E.F.%<50% and is associated with eccentric left ventricular
hypertrophy. This condition is dependent on increased myo-
cyte length/width ratio and the sarcomeres are deposited in
series with rising of left ventricular volumes for impairment
of slide of thin filaments on thick filaments [18,19].

The different behavior of LVEF% in two forms of HF
depends on the different changes of ventricular dimensions,
induced by the changes of LV contractility or distensibility
respectively.

Diastolic heart failure can travel to systolic heart failure,
for a reduction in LV filling and its reduced empty, with fol-
lowing decrease of cardiac output at following systole (Fig.
5). In these occurrences, total HF occurs, with clinical signs
of congestive HF and reduction of LVEF%.

Shift from diastolic to systolic HF

PRIMARY DIASTOLIC HEART FAILURE
\
reduced diastolic LV filling
(at normal filling pressure)

reduction of LV empty
2

reduced Cardiac Output
(in the following systole)

reduced peripheral perfusion

SYSTOLIC HEART FAILURE

Fig. (5). Main events favouring the shift from diastolic to systolic
heart failure.

Whether or not there are substantial differences in mor-
tality and morbility among symptomatic patients with sys-
tolic and diastolic HF remains controversial. In the Helsinki
Aging Study, the 4-year mortality was 43% for the patients
with preserved systolic function and 54% for those with re-
duced LVEF% [20]. In the Cardiovascular Health Study, the
mortality rate was higher in symptomatic patients than in
those with preserved systolic function [21]. In patients with
severe clinical HF, mortality appears to be higher in those
with reduced LVEF% than in patients with preserved sys-
tolic function [22].
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Causes of HF Progression

Some mechanisms activated in response to failing heart

and an attempt to restore the previous cardiac healthy state,
are reported in succession (Fig. 6). Nevetheless, these only
temporary act, but progressively make worse HF until its
non-reversibility.

MECHANISMS ACTIVATED BY HF

« LV Remodeling

« Imbalance SNS/PSNS
* RAAS Activation

« Endothelin

« Nitric Oxide

« Activation of NPS

« Left Atrial Remodelling

¢ Immune System

Fig. (6). Mechanisms activated by heart failure.

1)

2)

LV Remodeling. Besides the changes of myocyte’s
length/width ratio and the sarcomeres deposition (in
series or in parallel), changes in the extracellular ma-
trix and abnormalities of collagen synthesis and deg-
radation occur in both types of HF. Abnormalities of
activation of matrix metalloproteinases (MMPs) and
their endogenous inhibitors (TIMPs) are described.
Increased MMPs/TIMPs ratio, with increased MMPs
or decreased TIMPs, favors adverse remodeling [23].
Increased plasma levels of MMPs are directly associ-
ated with systolic HF [24]. Plasma levels of TIMPs
are inversely related to systolic function and LV hy-
pertrophy [25]. Finally, serum levels of amino-
terminal propeptide of Type Il procollagen (PIIINP)
were found to be elevated in patients with dilated car-
diomyopathy [26]. In addition, myocyte loss, either
by ischemic necrosis or apoptosis (programmed cell
death), occurs in both types of HF [26].

Activation of the Sympathetic Nervous System. Atten-
tion has turned to the sympathetic nervous system and
its deleterious effects on cardiovascular apparatus in
patients with HF. Sympathetic Nervous System
(SNS) increases its activity, through an imbalance of
two systems: Sympathetic/Parasimpathetic Nervous
System in favour of the first, by feed-back mecha-
nism. SNS increases plasma levels of vasoconstrict-
ing and volume-expanding hormones, but also
counter-regulatory hormones. The net hemodynamic
effects are vasoconstriction, increased blood volume,
increased heart rate and myocardial contractility [27].
In the short term, these activations are compensatory
and maintain perfusion of vital organs. In the long
time, however, they lead decompensation, accelerat-
ing myocardial damage and increasing morbidity and
mortality. On the other hand, SNS activation also in-
duces some ventricular arrhythmias [28], further fa-
vouring the morbidity and mortality in these patients.

3)

4)
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Renin-Angiotensin-Aldosterone System (RAAS). An
early study performed in 1981 demonstrated the
RAAS is activated in response to edematous heart
failure [29]. Its serum levels normalize after resolu-
tion of the edema by treatments with diuretics and/or
digitalis. RAAS effects, mediated by Angiotensin II,
consist in systemic vasoconstriction, Aldosterone re-
lease, and renal sodium resorption [30]. On the other
hand, Angiotensin Il facilitates cardiac remodeling by
inducing growth-related substances. It has also car-
diotossic effects and interacts with other neurohor-
mones, worsening HF [31].

Others

Endothelin. Increased vasoconstriction and reduced
vasodilation are a short term compensatory mecha-
nisms in HF. The elevated vasocontrictor tone is
caused by the activation of Sympathetic Nervous
System, by release of neurohormones like angio-
tensin 1, catecholamines, and vasopressin. The en-
dothelium is also involved in the increase of vascu-
lar tone, by releasing a variety of vasoactive sub-
stances. In HF, there is an imbalance between the
diminished release or the inactivation of vasodila-
tors and increased production or reduced inactiva-
tion of potent vasoconstrictive substances, such as
endothelin-1. In addition to the vasoconstrictor ef-
fect, endothelin-1 also possesses anti-natriuretic and
anti-mitogen properties [32]. An endothelial dys-
function connected to raised plasma levels of brain
natriuretic peptide (BNP), was also described. The
inverse relation exists between plasma BNP and
flow-mediated dilatation (expression of normal
function of endothelium), indicative of prevalent
vasoconstrictive effect and prothrombotic tendency
typical of HF [33]. The wide spectrum of action of
the endothelin system gives at the endothelium an
interesting target for clinical future researches.

Nitric Oxide. It is a molecule with two controversial
effects depending on the dose.Small doses are bene-
ficial, with vasodilatory effect, and protecting
against foreign invaders. On the contrary, in high
doses it induces the formation of peroxynythrite, a
cytothoxic agent, and contributes to HF. Three ni-
tric oxide synthase (NOS) isoforms exsist and can
be expressed in the heart. Among these, inducible
nitric oxide synthase (iNOS) is prevalently involved
in HF, and is positively correlated with its severity.
In fact, it interferes with vasomotor tone, further in-
creasing the vasoconstriction of HF [34].

Atrial Natriuretic Peptide (ANP). It is a circulating
peptide with natriuretic, diuretic, and vasorelaxing
properties secreted from the atria. Its level is in-
creased in HF , related to increased atrial pressure
and plasma levels have been correlated with sur-
vival [35]. ANP also appears to inhibit the RAAS
and reduce central sympathetic outflow. For all
these reasons, the system may have a key role in
maintaining a compensated state of HF.

Left Atrial Remodeling. Left atrium is a muscular
chamber located between pulmonary circulation and
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left ventricle, acting by modulating LV filling and
so, the amount of the blood pumped in the great cir-
culation during the following systole The increase
of LVEDP favored by the fluid overload present in
HF, causes atrial stretch and dilation. This condition
is transitorily couterbalanced by endocrine (ANP
synthesis and secretion) and neuro-regulatory (con-
trol of sympathetic activity) responses. But, the
progressive left atrial remodeling contributes to the
progression of asymptomatic left ventricular sys-
tolic dysfunction to symptomatic heart failure [36].

e Immune System. In response to injury in the heart
muscle cells that occurs when the heart fails, the
immune system releases immune factors, as proin-
flammatory cytokines; activation of the complement
system; and production of autoantibodies, intended
to protect these areas. Several lines of evidence
support a role of immune mechanisms in the patho-
genesis of HF. But these proteins can cause in-
flammation and other damages and are involved in
cardiac depression and in the progression of HF.

The origin of the immune activation in patients with HF
is still unknown. However, two hypotheses have been pro-
posed. One suggests that the wall’s edema leads to bacterial
translocation with endotoxin release and immune activation.
The second suggests that the heart in HF is the main source
of cytokines, tumor necrosis factor-o. (TNF-o) and other
proinflammatory cytokines (interleukin-1 and-6) [37].

Exercise in HF

Exercise intolerance, evident in HF, is defined as the re-
duced ability to perform activities that involve dynamic
movement because of symptoms or fatigue. But, ergoreflex
activation induced by the dynamic exercise can also be fa-
vourable in decompensate patients. The benefits of exercise
training in these patients include an improvement in exercise
tolerance assessed not only by exercise duration but also by
peak Vo, [38-41]. The majority of studies, however, have
shown minimal or no changes in LVEF%. Benefits have also
been reported in muscle structure and physiological response
to exercise, such as improvements in endothelial function,
catecholamine spillover, and oxygen extraction [42]. But,
despite these beneficial effects, advanced age, heart disease,
and intensity of the exercise can affect the results obtained.
The Agency for Healthy Care Policy and Research Guide-
lines on Cardiac Rehabilitation recommended exercise train-
ing for patients with chronic stable HF [43]. Although an
improvement in exercise capacity after exercise training
seems to be mainly related to peripheral adaptations, some
studies have suggested a favorable effect on myocardial ad-
aptations as well as on the outcome of exercise-induced
coronary vessel adaptation. Nevetheless, because agreement
on a universal exercise prescription for this population does
not exist, an individualized approach is recommended. Exer-
cise training guidelines for these patients should be followed
as provided in the AHA Standards [44]. Duration of exercise
should include an adequate warm-up period. Further, it is
recommended that patients with HF continue to remain ac-
tive either in a formal exercise program or one at home for
an indefinite period of time.
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Low LVEF% without Clinical Symptoms of HF and Vice
Versa

In diastolic HF, LVEF% is normal or slightly reduced
without signs of circulatory failure. On the contrary in sys-
tolic HF, usually LVEF% significantly reduced with clinical
symptoms of hypo-perfusion. This indicate that LVEF%
revealing the adequacy of left ventricular systole to perfusion
of the peripheral organs in these patients. Nevetheless in
some cases of systolic HF with low values of LVEF%, the
symptoms of failure may be absent. That may happen when
systolic left ventricular failure slowly occurs. In these occur-
rences, reduced LVEF% is counterbalanced by one or more
factors affecting global LV function. In other words, the
ability of the heart to function as pump seems to be depend-
ent on the complex relationship among the determinants of
LV function , such as heart rate, pre-or-after-load, ventricular
compliance, LV contractility and distensibility. One factor
responsible for HF may mutually influence each other till to
a certain extent. In addition, the factors long worsening HF
but temporarily ameliorative of this state may also intervene
to induce a mismatch between LVEF% and clinical symp-
toms dependent on systolic HF.

On the contrary, if the blood is pumped in different direc-
tions instead of in the peripheral organs alone, LVEF% can
be uncoupled with an adequate perfusion. In these occur-
rences, the patient might have normal LVEF% and symp-
toms of congestive heart failure at the same time. That hap-
pens because a share of blood pumped out LV moves from
LV to another cardiac chamber, but is unable to be entirely
utilized for peripheral oxygenation. This hemodynamic con-
dition occurs in some valvular diseases, such as the aortic
and mitral incompetences. In these diseases, LVEF% cannot
used to assess LV function. Specifically, in aortic valvular
regurgitation, the blood flow, pumped out by LV in systole,
takes two directions: a part normally reaches the peripheral
organs, a part (ineffective) returns back in the left ventricle
during diastolic phase (“caput mortuum™), through the aortic
valvular insufficiency. Corrected LVEF (c.E.F.), or the
amount of blood reaching to the peripheral organs (effective
for the oxygenation), rather total LVEF is the true LVEF
[45,46]. In mitral regurgitation, a share of blood flows to-
wards the aorta and a share back returns in the left atrium
(ineffective) during the ventricular systole. Forward E.F.
(f.E.F.) is a new hemodynamic index useful for peripheral
perfusion [47]. Similar hemodynamic changes also happen in
tricuspid and pulmonary regurgitation and in atrial and ven-
tricular septal defects. In these diseases, the ratio: (LVEDV —
LVESV)/LVEDV% is >50%, but the amount of blood really
reaching the peripheral organs is c.E.F or f.E.F only. In these
conditions, the clinical signs of an inadequate peripheral
perfusion and LVEF>50% can be present at the same time.

CONCLUSIVE REMARKS AND THERAPEUTICAL
IMPLICATIONS

In the steady state, diastolic HF shows a normal value of
LVEF% (>50%), with very few or without signs of heart
failure. Instead, systolic HF is usually characterized by con-
gestive clinical symptoms matching with low LVEF%
(<40%). But, when systolic HF slowly occurs, low LVEF%
can be uncoupled with congestive symptoms. In addition, in
some cardiac valvular diseases and septal defects, a mis-
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match between LVEF% (normal) and peripheral congestion
(present) can be found. These different pictures demonstrate
that, the LVEF% value not always indicates the adequacy of
peripheral perfusion, as commonly previously believed. This
concept produces considerable differences in the treatment of
two forms of HF. In presence of congestive symptoms, diu-
retics remain the principal therapy in both systolic and dia-
stolic HF. Angiotensin-receptor blocking agents (ARBs) and
ACE-inhibitors (ACEIs) were also employed for reduce the
progression towards reverse remodeling whether in systolic
HF or in diastolic form [48,49]. In severe systolic HF, Al-
dosterone antagonists can improve symptoms and quality of
life. These therapeutic agents also substantially decrease
mortality in these patients [50]. Inotropic drugs as digitalis,
will be employed in systolic HF, in presence of congestion
signs only. On the contrary, in diastolic HF statin therapy has
been recently employed to reduce the morbidity and mortal-
ity, even if the mechanism of this beneficial effect remains
still unclear [51]. In this connection, prospective controlled
studies will be required. The differences between diastolic
and systolic HF are also important for non-pharmacologic
interventions, such as cardiac resynchronization therapy
(CRT). This has been reported to improve prognosis for pa-
tients with refractory systolic HF. But, it has not been shown
to be of benefit in diastolic HF [52]. Finally, LV assist de-
vices producing reverse remodeling by increasing collagen
cross-linking and myocardial stiffness, can be of benefit in
patients with systolic HF [53].

Conclusively, these remarks indicate that EF% habitually
is an useful hemodynamic parameter for predict the effec-
tiveness of peripheral perfusion and the adequacy of HF
treatments. But, in some cases its value not corresponds to
the ventricular function and vice versa, with important prog-
nostic and therapeutic implications.
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