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Abstract

Heart failure (HF) is a clinical syndrome with significant rates of mortality, morbidity and hospital admissions. The rates are higher among older adults, and with
an ageing population, the prevalence will continue to rise. Systolic heart failure (SHF) is a subset of HF with the most unfavorable prognosis despite significant
improvements in medical therapies. There is a clinical need to develop standardized and accurate diagnostic procedures and therapeutic strategies to achieve better
clinical outcomes for SHF patients. Thus, the present review seeks to aggregate research evidence on prognostication, pathophysiology, diagnosis and clinical

management of HF. The review also includes meta-analyses of diagnosis of AHF in acute settings and medical management of SHF.

Introduction

Heart failure (HF) represents the end-stage clinical syndrome
in a broad variety of cardiovascular conditions with high rates of
hospitalization, morbidity and mortality especially among older adults
[1-4]. The need to improve clinical outcomes of HF motivated research
into its natural course, symptomatology and severity yielding many
different classification systems: acute vs. chronic, left-sided vs. right-
sided, high-output vs. low output, and systolic vs. diastolic. The present
review focuses on systolic vs. diastolic classification, and specifically
SHE. Following the publication of the 2013 American College of
Cardiology/American Heart Association (ACC/AHA) [5] and the 2016
European Society of Cardiology (ESC) [6] clinical guidelines for the
diagnosis and management of HE, newer echocardiographic diagnostic
parameters and medical therapies have been proposed. The emerging
medical therapies when used in combination with the conventional
HF medication may potentially ameliorate unfavorable outcomes
associated with HE Thus, the purpose of the present systematic review
and meta-analysis is to aggregate current and emerging published
evidence on the diagnosis and clinical management of SHF aimed to
broaden the understanding on the clinical status and outcomes of SHF.

Definition, epidemiology and prognosis
Definition

Systolic dysfunction: The cardiac cycle consists of ventricular
systole (contraction and ejection) and ventricular diastole (relaxation
and filling). It involves pressure, volume and valvular movements
occurring during systole and diastole [7]. Ventricular systole occurs
during atrial diastole (relaxation) and is divided into two phases. In the
initial phase, termed as isovolumetric contraction phase (because all
the cardiac valves are closed), ventricular pressure is rapidly elevated.
Once it exceeds atrial pressure, ventricular pressure results in the
closure of the mitral and tricuspid valves in turn causing the first heart
sound. Once the pressure in the LV and RV exceeds the aortic and
pulmonary pressure, the aortic and pulmonary valves open and the
second (ejection) phase of systole begins [8]. Initially, ejection is rapid
and then gradually decreases. When the ventricular pressure falls below
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the aortic and pulmonary pressure, blood flow reverses briefly causing
the aortic and pulmonary valves to close resulting into the second heart
sound, at which systole completes [7-9].

With each LV systole, the LV does not eject the total volume of
blood. Only a proportion of the intra-ventricular volume is pumped
out, termed the ejection fraction (the volume of blood pumped divided
by the total volume of blood in the LV). In a normal heart, about 65% of
blood of the total ventricular volume is ejected with every beat. Cardiac
output is the total volume of blood ejected per cardiac cycle (or stroke
volume) over time [8]. Systolic dysfunction refers to impaired ability of
the pump faction (reduced ejection fraction) and enlarged end-diastolic
chamber. It is distinct from diastolic dysfunction, which is determined
by increased resistance to ventricular filling in the presence of elevated
filling pressures [10-11]. However, isolated systolic dysfunction is very
rare. Most patients with SHF have a predominant systolic dysfunction
accompanied with some degree of diastolic impairment. Systolic
dysfunction in the absence of diastolic dysfunction is unlikely in
clinical practice [12-14].

Systolic heart failure: The definitions of SHF have evolved over
time. Early definitions described SHF as a condition in which the heart
fails to discharge its contents adequately [15]; a pathophysiological state
in which an abnormality of the cardiac function is responsible for the
failure of the heart to pump blood at a rate commensurate with the
requirements of the metabolizing tissues [16]; or a heart syndrome
resulting from an impairment of the contractile or pump function [17].
Although accurate, these early definitions centered on describing the
principal pathophysiologic mechanisms of SHE, thus were difficult to
deploy in clinical practice. Efforts to overcome this challenge led to
definitions that are more specific with a particular focus on etiology,
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pathophysiology and symptomatology, thus enabling their application
in the clinical diagnosis and management of SHF.

At present, the ACC/AHA and ESC provide the most cited
definitions of SHE. The ACC/AHA defines SHF as a complex clinical
syndrome resulting from any structural or functional cardiac
abnormality that impairs the ability of the ventricle to eject blood
with manifestations of dyspnea, fatigue, exercise intolerance and fluid
retention leading to splanchnic congestion and/or peripheral edema
[5]. Similarly, the ESC defines SHF as a clinical symptom characterized
by typical symptoms of breathlessness, ankle swelling and fatigue that
may be accompanied by signs of elevated jugular pressure, pulmonary
crackles and peripheral edema caused by structural and/or functional
cardiac abnormality resulting in reduced cardiac output [6]. The two
definitions further distinguish SHF from diastolic heart failure (DHF),
the former resulting from impaired contractile function (defined by
depressed ventricular ejection < 40%) while the latter results from
impaired ventricular filling, compliance or relaxation (defined by a
mildly reduced or preserved ejection fraction > 50%).

Whereas the definitions of both the ACC/AHA and ESC have
been widely accepted, the definitions confine themselves to stages of
the disease at which clinical symptoms become apparent. However,
prior to the onset of clinical symptoms, SHF may be present with
asymptomatic structural or functional systolic LV dysfunction, which
are precursors to SHE Recognition of these precursors is important
because asymptomatic LV dysfunction is as prevalent as symptomatic
SHF in the general population and it is associated with poor prognosis
and outcomes [17,18]. In addition, commencing treatment at the
asymptomatic stage significantly improves therapeutic efficacy and
clinical outcomes as well as improves hospital-free survival in SHF
patients [6]. Since a significant proportion of SHF patients maybe
asymptomatic, their inclusion in the definition of SHF will have a
positive implication of promoting research into approaches to improve
their diagnosis.

Epidemiology: The prevalence of HF varies between studies
depending on the definition applied, demographics of the included
population (mainly age and sex), clinical setting (primary care, hospital
clinic, hospital admission) and region [18-25]. Despite the differences,
the prevalence is approximately 1% to 2% of the adult population in
developed countries, raising to = 10% for older adults (> 70 years)
[26-29]. It is primarily a disease of the elderly affecting about 6.6%
males and 4.8% females aged 70 to 79 years with females accounting
for a larger proportion in the > 80 years age group (13.5%) compared
to males (10.6%) [30]. Data on temporal trends based on patients
hospitalized with HF suggests decreasing incidence of SHF relative to
diastolic HF [31,32]. Among all individuals with HF (asymptomatic
or validated clinical HF), the prevalence of LV systolic dysfunction is
6%, which includes patients suffering from SHF and reduced LEVF
[27]. With the lack of epidemiological studies focused on SHE, large
clinical registries providing the prevalence of SHF relative to diastolic
HF report decreasing incidence of SHF due to lower severity and
better treatment of acute HF [33]. However, prevalence is increasing

Table 1. Severity of heart failure based on NYHA and stages of heart failure

due to an ageing population and increased survival due to significant
improvement in diagnostic technology and treatment [34,35]. The
Get With The Guidelines-HF (GWTG-HF) registry enrolling 99,825
reported SHF accounted for 49% [36]. In the European Society of
Cardiology Heart Failure Long-Term (ESC-HF-LT) Registry recruiting
9,134 HF patients, SHF accounted for 60% [37] while in the Swedish
HEF Registry recruiting 40,230 HF patients, SHF accounted for 57% of
all hospitalized HF patients [38].

Prognosis

Severity of heart failure: The severity of HF could be described
using the New York Heart Association (NYHA) functional class [39] or
the four stages (A to D) of HF developed by the ACC/AHA [40] (Table
1). The NYHA functional class describes the severity of HF based on
the presence or absence of symptoms either at rest or during physical
activity, together with the extent of physical (or exertional) limitation
[39]. Although NYHA has validity and reproducibility challenges, it
is an important marker for mortality [41,42]. On the other hand, the
stages of HF describe the severity of HF based on disease progression
defined by the presence or absence of HF symptoms and/or structural
heart disease and has been used to describe both individuals and
populations [40]. The two systems used to measure the severity of HF
show a direct correlation between worsening symptoms and death in
SHF patients [43].

Prognosis markers: Systolic HF has been associated with worse
prognosis compared to diastolic HF [44]. Thus, knowledge of prognosis
markers for morbidity, hospitalization and mortality of SHF is
important to assist care givers make informed decision on the most
appropriate time and type of therapy, as well as in planning resource
allocation in healthcare facilities [6]. Prognosis markers have been
traditionally associated with worsening symptoms, severity of diastolic
dysfunction and presence of cardiovascular and non-cardiovascular
comorbidities [13]. Javaheri et al. [45] reported central sleep apnea,
severe right ventricular systolic dysfunction and low diastolic pressure
have an adverse effect on the survival of SHF patients despite medical
therapy. The 2016 ESC HF guidelines identified many different markers
for a worse prognosis in SHF patients (Table 2).

Systolic heart failure has been associated with epidemiological
profiles mostly older age, male sex and low socio-economic status, in
which prevalence rates are higher suggesting they are important risk
factors for the development or exacerbation of SHF [5,6]. Worsening
symptoms, documented by transition into a higher NYHA functional
class or the ACC/AHA HF stages, has a direct correlation with the
progression of SHE, and considered prognostic markers for worsening
SHE Other important prognostic markers for death or hospitalization
listed by the 2016 ESC HF guidelines include the severity of LV
dysfunction, marked elevation in the levels of cardiac biomarkers
(mainly natriuretic peptides), the presence of cardiovascular
comorbidities, non-adherence to recommended medication and
clinical events such as repeat hospitalization, aborted cardiac death and
implantable cardioverter defibrillator [ICD] shocks [6].

NYHA Class I III 1A%
Description No physical limitation Slight limitation of physical activity Marked hm;‘t;:iti]?:;()f physical Symptoms present even at rest
Stages of HF A C D
At risk of HF without structural | Structural heart disease present with| Structural heart disease with HF

Description .
P heart disease

HF: Heart Failure; NYHA: New York Heart Association
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no HF symptoms

End-stage heart failure
symptoms
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Mortality rate: Increased evidence establishes that patients with
SHF have a higher mortality rate compared to those with diastolic HF
[46]. Five studies [46-50] comparing mortality rates between systolic
and diastolic HF in older patients reveal higher rates for SHF patients
in short- and long-term ranging between 19% and 47% compared
to diastolic HF ranging between 9% and 28% (Table 3). In addition,
Aronow et al. [49] studied mortality rates between one and five years in
HF patients after prior myocardial infarction (MI) and found systolic
dysfunction was a significant independent risk factor for mortality
with a risk ratio of 2.2. In a related study, systolic dysfunction and atrial
fibrillation significantly increased the risk of death with risk ratios of 2.2
and 1.5 respectively [51].

Etiology and pathophysiology

Etiology: Heart failure is a clinical syndrome with heterogeneity in
both etiology and pathophysiology. Etiology of HF varies in different
world regions [52]. However, coronary artery disease (CAD) has been
singled out as the leading etiology of SHE, approximated to cause two-
thirds of cases of SHF, with hypertension and diabetes cited as probable
contributing factors. Besides CAD, other underlying causes of SHF
include cardiomyopathy, aortic stenosis, mitral regurgitation, viral
myocarditis and arrhythmia (Table 4).

The 2016 ESC guidelines subsumes the many cited causes of SHF
under three major categories:

a) Conditions causing myocardial injury: coronary artery disease,
cardiomyopathy, viral myocarditis and toxins (anti-cancer
medication).

Table 2. Predictors of worse prognosis in systolic heart failure patients

Prognosis Markers Description
Patient characteristics
Worsening symptoms
Severity of LV dysfunction

Increased biomarker levels

Cardiovascular comorbidities

b) Conditions leading to abnormal loading: arterial hypertension,
aortic stenosis and mitral regurgitation; and

¢) Arrhythmias: tachyarrhythmias and bradyarrhythmias.
Pathophysiology

The two major pathophysiologic mechanisms, which mainly
occur post-infarction and conspire to precipitate or exacerbate the
progression of SHE, are (a) the activation of neurohormonal systems
(the sympathetic nervous system [SNS] and the Renin Angiotensin
Aldosterone System [RAAS]); and (b) myocardial remodeling [53].

Neurohormonal processes: The activation of neurohormonal
processes initiated by an insult to the heart, such as myocardial
infarction, has been repeatedly cited as the principle contributor to the
progressive development of SHE In the short-term, adaptive changes
occur in the myocardium but in the long-term, the changes become
maladaptive [6]. Post-myocardial infarction (the initiating insult to
the myocardium) causes an increase in sympathetic tone (activation of
the sympathetic nervous system [SNS]), which is an adaptive response
to increase cardiac output from the weakening heart. Increased
activation of the SNS causes increased secretion of the hormone and
neurotransmitter norepinephrine, which exerts an inotropic effect
leading to increased myocardial contractility (pumping function of the
heart) as well as increasing blood pressure through vasoconstriction
[53]. Vasoconstriction on the renal efferent arterioles result in increased
renal re-absorption of sodium to maintain blood pressure. However,
over time, these compensatory mechanisms become maladaptive.
Increased sodium handling leads to excessive water retention, which
is a characteristic of decompensated HF (deterioration of cardiac

Older age, male sex and low socio-economic status

High resting heart rate, pulmonary congestion, peripheral edema, , jugular venous dilatation, and hepatomegaly
Depressed LVEG, LV dilatation, severe LV dysfunction, mitral regurgitation, aortic stenosis and left atrial dilatation.
Increased natriuretic peptides (B-type natriuretic peptide [BNP] and/or N-terminal proBNP [NT-proBNP]).

Atrial fibrillation (AF), ventricular arrhythmia, coronary artery disease, previous stroke or transient ischemic attack,

myocardial infarction and arterial hypotension.

Others ICD shocks.

Table 3. Reported mortality rates between systolic and diastolic heart failure

Study [Ref #] Systolic Heart Failure
No. of Patients Mortality Rate
Aronow et al. [46] 98 47
Pernenkil et al. [47] 228 38
Vasan et al. [48] 36 19
Aronow et al. [49] 340 41
Gustafsson et al. [50] 3274 24

Table 4. Major etiology of systolic heart failure

Etiology Description

Ischemic (coronary artery disease
or heart attack)

Cardiomyopathy A disorders of the myocardium

Hypertension Causes blood pressure in the artery to rise.

Aortic stenosis
Mitral regurgitation
Viral myocarditis Viral infection of the myocardium

Arrhythmia Irregular heart beat
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Blocks coronary artery limiting blood flow to the myocardium

Opening of aortic valve narrows impairing blood flow

Improper closure of the mitral valve causing leakage on the LV

Non-adherence with recommended treatment and clinical events such as HF hospitalization, aborted cardiac arrest and

Diastolic Heart Failure Period (yr.)
No. of Patients Mortality Rate (%)
68 22 1.0
171 28 1.0
37 9 6.2
226 19 1.0
2218 19 1.0

Effect on the Heart
Weakens and damages the myocardium impairing its ability to eject blood

Weakens heart muscle reducing the ability to pump blood effectively.

Increases cardiac workload to pump blood against increased pressure
weakening the myocardium.

Cardiac workload increases to pump blood through the narrowed valve,
which weakens the myocardium.

Increased blood volume stretching and weakening the heart

Inflammation of the myocardium affecting its ability to pump blood
effectively.

Irregular cardiac rhythm reduces pumping effectiveness
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function presenting as an acute episode of pulmonary edema, increased
exercise intolerance and breathlessness on exertion). Marked reduction
in cardiac output, which is a cardinal feature of SHEF, results from
hypoperfusion of kidneys and the consequent activation of the Renin
Angiotensin Aldosterone System (RAAS) and the associated increased
in renin production and angiotensin II levels. Higher circulating levels
of angiotensin II exerts cardiac effect similar to that of norepinephrine
hormone - stabilizes cardiac function and circulation in the short-term
through increased vasoconstriction and increased renal sodium re-
absorption mediated by aldosterone production stimulated by elevated
circulating levels of angiotensin II [54].

Myocardial remodeling: Following an insult to the heart,
such as myocardial infarction (MI), macrophages, monocytes and
neutrophils migrate into the infarct zone initiating intracellular
signaling and neurohormonal activation [55]. Subsequent post-
infarction cardiomyocyte apoptosis leads to a reduction in cardiac
output and an abrupt increase in loading conditions, which contribute
to reparative myocardial remodeling including dilatation, hypertrophy
and formation of a discrete collagen scar [56]. Initially, myocardial
remodeling involves the expansion of infarct from the degradation
of inter-myocyte collagen struts and the activation of the matrix
metalloproteinases (MMPs) secreted by the neutrophils. Infarct
expansion occurs hours following cardiomyocyte injury leading to
wall thinning and ventricular dilatation, which increase systolic wall
stress. Increased wall stress stimulates hypertrophy mediated by
mechanoreceptors and partly through angiotensin II release leading to
contractility. Increased wall stress has also been shown to be a major
determinant of ventricular performance [57].

Myocardial remodeling occurs in two phases: early and late
remodeling. Early remodeling preserves stroke volume through
adaptive responses, which involve the non-infarcted remote
myocardium. Infarct expansion causes deformation of the border zone
and remote myocardium, which alters Frank/Starling relations and
increases shortening [58]. Perturbations in circulation hemodynamics
activates the RAAS system, which stimulates the release of serum
natriuretic peptides (atrial and BNP). Increased shortening and heart
rate due to SNS stimulation causes hyperkinesia of the non-infarcted
myocardium and temporary circulatory compensation. Furthermore,
increased levels of serum natriuretic peptides decreases intravascular
volume and systemic vascular resistance, normalize ventricular
filling, and improve pump function [53]. Late remodeling involves
alterations in LV architecture (dilatation and distortion of LV share
and mural hypertrophy) to distribute the increased wall stress as the
extracellular matrix forms a collagen scar to stabilize distending forces
and prevent further myocardial deformation. Continued wall stress
leads to progressive dilatation, expansion of infarct zone and increased
contractile function [53,54]. Based on Starlings law, increased
ventricular filling during diastole causes an increase in end -diastolic
volume, ventricular wall stretch and relative increase in cardiac output
during systole. Due to remodeling in SHF stimulated by neurohormonal
activation, the heart operates at a decreased cardia output, meaning
the pump is failing. Continues neurohormonal activation results in
worsening HF [54].

Clinical presentation and evaluation

Clinical presentation

Patients with SHF often presents with a combination of typical signs
and symptoms of HE However, these symptoms are heterogeneous and
vary widely among patients [59,60]. Despite the heterogeneity, specific
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symptoms of HF include dyspnea (shortness of breath), orthopnea,
paroxysmal nocturnal dyspnea, fatigue (due to HF-induced circulation
abnormalities in skeletal muscles), edema and abdominal distension.
However, these symptoms are non-sensitive and may not be very
reliable in excluding the diagnosis of SHF [61-63] (Table 5).

While symptoms might be specific, the onset or the early stages of
SHF lacks specific signs due to compensatory mechanisms. However,
in the later stages of SHF when compensatory mechanisms become
maladaptive, typical signs may include tachycardia, pedal edema,
increased hepatojugular pressure, pulmonary crackles, gallop rhythm,
hepatojugular reflux and ascites. These signs have varying levels of
specificity and sensitivity [64,65] (Table 6).

In obese patients and older adults, caution should be taken
because they usually present with atypical symptoms [59]. Patients
may also present with diverse underlying disease processes such as
coronary artery disease (CAD), valvular heart disease, hypertension,
cardiomyopathies and congenital abnormalities, which are the major
etiologies of SHF [6]. Clinically, SHF may be classified into NYHA
functional class or ACC/AHA four stages of HF, which represent the
progression of the disease based on symptoms and the presence of
structural heart disease [39,40].

Clinical evaluation

The diagnosis of SHF lacks any specific test. It is largely a clinical
diagnosis based on a careful clinical history, physical examination,
assessment of serum natriuretic peptides and cardiac imaging.
Diagnosis algorithm is divided into acute and non-acute settings
(Figure 1).

Non-acute setting: In patients presenting with typical signs and
symptoms of HF in non-acute settings (primary care or hospital
outpatient clinic), the probability of HF should be evaluated using
prior clinical history, presenting symptoms, physical examination and
electrocardiograph assessment (Table 7).

The purpose of the initial clinical evaluation for SHF in non-acute
setting is to determine the presence of known signs and symptoms, and
potential underlying causes of SHE. If all the four tests show normal
findings, SHF is unlikely and other diagnosis may be considered.
However, if at least one of the initial tests show an abnormal finding,
evaluation of serum natriuretic peptides usually BNP or NT-proBNP
should be considered [60]. Although the assessment of natriuretic
peptides is not common in routine clinical practice, their evaluation
is highly recommended when echocardiography is not immediately
available [5,6,59]. The cut-oft values for natriuretic peptides in non-

Table 5. Specificity and sensitivity of typical symptoms of heart failure

Specific Symptoms Sensitivity (%) Specificity (%)
Dyspnea 84-100 17-34
Orthopnea 22-50 74-77
Paroxysmal nocturnal dyspnea 39-41 80-84
Fatigue/edema 23 80

Table 6. Specificity and sensitivity of typical signs of heart failure

Typical Signs Sensitivity (%) Specificity (%)
Tachycardia 7 99
Increased hepatojugular venous pressure 39 92
Pulmonary crackles 60 78
Gallop rhythm (third heart sound) 13 99
Hepatojugular reflux 24 96
Ascites 2 97
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_[

Suspected Systolic Heart Failure

]_

A 4
[ Acute onset ]

B .

ECG, chest x-ray ]

BNP/NT-proBNP

Y

[ Non-acute onset ]

¥

[ ECG, possibly chest x-ray ]7
BNP/NT-proBNP

.

ECG normal ECG abnormal ECG abnormal ECG normal
and and and and
NT-proBNP < 300 pg/mL NT-proBNP = 300 pg/mL NT-proBNP = 125 pg/mL NT-proBNP < 125 pg/mL
or or or or
BNP < 100 pg/mL BENP = 100 pg/mL BNP:= 35 pg/mL BNP < 35 pg/mL
SHF unlikely ] [ SHF unlikely

=

Figure 1. The ESC diagnostic workup of systolic heart failure

Diagnosis of SHF is based on acute or non-acute onset. ECG and chest x-ray is the recommended initial tests for both acute and non-acute onset of HF to determine signs and symptoms.
Serum NP assessment and echocardiography should be considered for confirmatory diagnosis. Adapted from McMurray, et al. 2012, p. 1799 [52]

Table 7. Initial clinical evaluation for systolic heart failure in non-acute setting

Clinical Evaluation Purpose of clinical evaluation

Prior clinical history
use.

Presenting symptoms
Physical examination

Electrocardiography

acute settings are BNP > 35 pg/mL or NT-proBNP > 125 pg/mL. The
cut-off points were selected to reduce the high rates of false negative.
Natriuretic peptides levels above the cut-off points and abnormal ECG
findings have high negative predictive values and recommended for the
exclusion of SHF rather than confirming diagnosis. Thus, in non-acute
settings, findings of natriuretic peptides levels and ECG are important
for selecting appropriate patients for cardiac examination [6].

However, in evaluating natriuretic peptides, other causes of
elevated levels of BNP and NT-proBNP such as old age (> 75 years),
atrial arrhythmias, LV hypertrophy, chronic obstructive pulmonary
disease (COPD), and chronic kidney disease (CKD) should be
considered. Natriuretic peptides not only provide valuable information
on pathophysiology of SHF but also provide valuable information on
the severity of SHE The National Academy of Biochemistry report the
assessment of natriuretic peptides in HF patients enables clinicians to
(a) identify possible underlying and reversible causes of SHF; (b) raise
clinical suspicion of SHF; (c) estimate the severity of SHF and disease
progression [66]. Serum natriuretic peptides also provide important
prognostic information for mortality - BNP levels < 200 pg/mL at
admission are associated with 2% mortality rate compared to 9%
mortality with BNP > 200 pg/mL [67]. On the other hand, NT-proBNP
> 5,000 pg/mL at admission are associated with in-hospital mortality
rate of 22.5% and a longer hospital stay in surviving patients [68].

Echocardiography is the most widespread non-invasive imaging
modality for the assessment of systolic dysfunction in patients
suspected with SHF because of wide availability, inexpensive, ease
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Determination for known cardiac and extra cardiac etiology of heart failure such as coronary artery disease (CAD), arterial hypertension and diabetes, and diuretic

The presence of typical symptoms of heart failure such as orthopnea, exercise intolerance and fatigue.
Determination of known typical signs of heart failure such as bilateral edema, increased jugular venous pressure, displaced apical beat

Determination of known ECG abnormalities associated with systolic heart failure.

of use and reproducibility [5]. It is recommended for patients with
abnormal ECG findings or higher levels of serum natriuretic peptide
beyond the cut-off values [52]. Echocardiography is useful in providing
immediate information on cardiac chamber volumes, systolic function,
wall thickness, valve function and pulmonary hypertension [69-76].
The information is critical in establishing diagnosis and determining
the most appropriate treatment [6]. Common echocardiography
abnormalities assessed in SHF patients include LV abnormalities —
reduced ejection fraction, fractional shortening, regional function, end-
diastolic size, end systolic size, and LV outflow tract velocity (Table 8).

If echocardiography images are suboptimal or unusual, and
diagnosis is inconclusive, other complementary imaging methods
should be considered to confirm diagnosis. Cardiac magnetic resonance
imaging (MRI) is the gold standard of assessing ventricular volumes,
mass and ejection fraction but its high cost and non-availability limits
its use in routine clinical practice [6]. It is the best alternative imaging
method for SHF patients when echocardiography is unavailable or
inconclusive and the method of choice in patients with complex
congenital heart diseases because of high anatomical resolution of all
cardiac aspects [77,78]. In addition, cardiac MRI may provide more
information about myocardial perfusion, viability and fibrosis useful
for identifying SHF etiology and assessing prognosis [5,6]. Chest x-ray
may at times be used as part of the initial clinical evaluation of HF
but it has limited diagnostic utility in SHF patients. It is useful in the
identification of alternative explanation for pulmonary symptoms and
signs and for the diagnosis of asthma and COPD. Chest x-ray may also
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reveal pulmonary venous congestion or edema in SHF patients and
more useful in acute settings [79].

Acute setting: Diagnosis of SHF in acute settings differs with that in
non-acute settings. Acute settings deal with a rapid onset or worsening
symptoms and/or signs of SHE. Acute SHF is a life-threatening medical
condition that requires immediate clinical evaluation and treatment
often leading to an urgent need for hospitalization. It may occur as
a de novo (new) HF or because of acute decompensation of chronic
SHF caused by acute MI, valve insufficiency or pericardial tamponade.
Although it may occur in the absent of known precipitating factors,
typical co-occurring conditions include hypertension, rhythm
disturbances or non-adherence to medication [6]. Diagnostic work-
up needs to begin in the pre-hospital setting and continues in the
emergency department to establish timely diagnosis and institute
prompt management. The benefits of early treatment is well established
in acute care settings, which should be considered in an acute case
of SHF [80,81]. In addition, co-occurring life-threatening conditions
or HF precipitants that need urgent medical attention should be
immediately identified and managed. The initial step in acute care
setting in the diagnosis of SHF is ruling out alternative causes of
symptoms and signs such as pulmonary infection, acute renal failure
and severe anemia [5,6].

The 2016 ESC HF guidelines recommend the initial diagnosis of
SHF in acute settings should be based on a detailed prior clinical history
of the patient to assess the presence of symptoms, and to determine
prior cardiovascular history and the presence of potential cardiac and
extra-cardiac precipitants. Initial assessment should also determine
the presence of symptoms and signs of congestion or hypoperfusion
by physical examination and additional examinations including ECG
abnormalities, chest x-ray, laboratory assessment of serum natriuretic
peptides and cardiac imaging to confirm SHE Typical symptoms
of acute onset of SHF include fluid overload (leading to pulmonary
congestion and/or peripheral edema) or less often decreased cardiac
output with peripheral hypoperfusion (Table 9).

Table 8. Common echocardiography abnormalities in systolic heart failure

Measurement Abnormality
LV ejection fraction Depressed (< 40%)
LV fractional shortening Depressed (< 25%)

LV regional function

LV end-diastolic size mL/m?)

LV end-systolic size mL/m?)

LV outflow tract velocity time integral Reduced (< 15 cm)

Table 9. Signs and symptoms of acute onset of systolic heart failure

Signs/Symptoms Description/Interpretation

Left —sided congestion
Hypoperfusion elevated serum creatinine.
Hypotension Systolic blood pressure (< 90 mmHg)
Bradycardia Heart rate < 40 beats per minute
Tachycardia Heart rate > 120 beats per minute
Abnormal respiratory effort

Low oxygen saturation Oxygen saturation < 90% in pulse oximetry

Hypoxemia Oxygen partial pressure in arterial blood < 80 mmHg
Acidosis pH <735
Oliguria Urine output < 0.5 Ml/kg/h
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Hypokinesia, akinesia and dyskinesia

Increased diameter (> 60mm/ 32 mm/m?)and volume (> 97

Increased diameter (> 45mm/ 25 mm/m?)and volume (> 43

Chest x-ray and ECG are the initial tests in acute settings for
patients suspected with acute onset of SHE Although normal in about
20% of the patients with acute SHE chest x-ray is a useful test to
diagnose SHF in acute settings by providing information on pulmonary
venous congestion, pleural effusion, interstitial or alveolar edema and
cardiomegaly are specific findings for acute onset of SHF [82]. Chest
x-ray may also be useful to detect alternative underlying non-cardiac
diseases precipitating or exacerbating patient symptoms such as
pneumonia and non-consolidated pulmonary infections [6]. On the
other hand, ECG is rarely normal in acute SHF with a high negative
predictive value (important for the exclusion of SHF or for informing
the need for cardiac imaging). ECG is also useful in detecting underlying
cardiac disease and potential precipitants such as rapid atrial fibrillation
and acute myocardial ischemia.

Upon presentation to the emergency department, natriuretic
peptides (BNP, NT-proBNP or MR-proANP) should be assessed in
all suspected SHF patients with acute dyspnea or with at least one
abnormal ECG or chest x-ray finding. Measurement of natriuretic
peptides helps to distinguish acute onset of SHF from non-cardia
causes of acute dyspnea. Natriuretic peptides have high sensitivity for
the exclusion of SHF when there levels are beyond the set thresholds of
BNP < 100 pg/mL or NT-proBNP < 300 pg/mL, which are higher than
thresholds for non-acute settings [83-89]. However, elevated levels of
natriuretic peptides in isolation do not confirm the diagnosis of SHF
because they may be associated with a wide variety of cardiac and extra-
cardiac causes (Table 10). Some patients with decompensated end-stage
HF or flash pulmonary edema may present unexpectedly low levels of
natriuretic peptides.

In patients with abnormal ECG and/or natriuretic peptides above
thresholds, cardiac imaging is recommended to confirm diagnosis.
Echocardiography is the widespread non-invasive imaging method.
Immediate echocardiography must be considered for patients with
hemodynamic instability (those in cardiogenic shock) and for patients
suspected with acute life-threatening structural or functional cardiac
abnormalities such as mechanical complications, acute valvular

Clinical Implication
LV global systolic dysfunction
LV radial systolic dysfunction

Myocardial infarction or ischemia, cardiomyopathy,
myocarditis

Volume overload

Volume overload

Reduced LV stroke volume

Orthopnea, paroxysmal nocturnal dyspnea, bilateral pulmonary rales and bilateral peripheral edema.

Cold extremities, oliguria, mental confusion, dizziness and narrow pulse pressure. Laboratory measures — metabolic acidosis, elevated serum lactate and

Respiratory rate > 25 breaths/minute or < 8 breaths/minute despite dyspnea
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regurgitation or aortic dissection. Echocardiography should also be
considered with all patients with de novo acute SHF and patients with
previously unknown cardiac function. Repeated echocardiography is
not usually required unless there is relevant deterioration in clinical
status. Other laboratory tests that may be considered in acute onset
of SHF include the assessment of cardiac troponin levels, blood urea
nitrogen, serum creatinine, electrolytes sodium and potassium, and
liver function tests [6].

Meta-analysis of diagnosis of acute SHF

Diagnostic guidelines for SHF in non-acute settings is well
established. However, in acute settings diagnosis continues to pose
considerable challenges. Time to perform diagnostic tests is limited
requiring emergency physicians to make rapid diagnosis and treatment
plans with limited clinical information [6]. Many patients present
with acute decompensated HF (ADHF), which is difficult to diagnose
because radiographic and laboratory tests have variable diagnostic
values. In addition, many patients in acute settings often present with
dual diagnosis of CHF and COPD. Clinically distinguishing the two is
often difficult but essential since each requires a different management
approach and the use of an incorrect method could cause detrimental
cardiovascular outcomes [5,6]. Rapid bedside tests that distinguish
between CHF and COPD is extremely useful to emergency physicians,
out-of-hospital emergency care providers and intensive care specialists.
Multi-organ ultrasound, which evaluates both the lungs and heart, has
emerged as an accurate method outperforming clinical gestalt for the
diagnosis of ADHF [6]. This meta-analysis therefore seeks to determine
the diagnostic value of multi-organ ultrasound for patients suspected
with SHF acute settings.

Search strategy and inclusion criteria: The search and analysis of
studies examining the diagnosis of SHF in acute settings using (lung and
cardiac ultrasound (LUCUS), also referred to as thoracic ultrasound,
adhered to the systematic review protocol proposed by the Cochrane
Handbook guidelines. The search was conducted on the following online
databases: PubMed, EMBASE, Ovid MEDLINE, and non-indexed
citations — Google Scholar and the Cochrane Database of Systematic
Reviews. In addition, search for grey literature included a manual search
for potentially eligible articles from review articles and electronic search
for conference abstracts of major emergency medicine, cardiology and
critical care conferences. Conferences searched included the Society

Table 10. Causes of elevated natriuretic peptides in acute onset of systolic heart failure

Categories Specific Causes

Cardiac

Extra-cardiac

for Academic Emergency Medicine, American College of Emergency
Physicians, Canadian Association of Emergency Physicians, American
Heart Association, European Society of Cardiology, Society of Critical
Care Medicine, Canadian Cardiovascular Congress, Canadian Critical
Care Forum, and the International Symposium on Intensive Care and
Emergency Medicine.

Studies were included based on the following inclusion criteria:
(a) prospective cohort and prospective case-controlled studies; (b)
recruited patients presenting with symptomatic, acute dyspnea or
with a clinical suspicion of CHF; (c) used multi-organ ultrasound to
assess for SHF; and (d) reported diagnostic outcomes confirming or
excluding SHE. No restriction was made on publication period and
language. Two reviewed independently reviewed all qualifying citations
to assess inclusion, abstracted data and screened included studies for
methodological quality using the QUADAS-2 tool. Data abstracted
from the included studies included first author and reference number,
publication year, patient sample, mean age and female percentage,
and outcomes - cardiogenic dyspnea, sensitive and specificity in
distinguishing COPD from AHF (Table 11).

Study characteristics and outcomes: The online search and manual
screening of bibliographies yielded 5,452 citations. After a review
of titles and abstracts, 42 articles were selected for a full text review.
Finally, eleven (11) articles [90-100] meeting the inclusion criteria
were included in this meta-analysis. The combined patient population
from the 11 studies was 1,348. The patients were older (mean age = 72
years) with a slightly lower female proportion (41%). All the studies
were prospective and the main presenting symptom in emergency
department was acute onset of dyspnea. The primary diagnosis method
used was LUCUS. The diagnosis target was to differentiate cardiogenic
from non-cardiogenic (usually pulmonary) dyspnea. In six studies
[91,93,94,96,97,99] that reported the percentage of diagnosis (who
had cardiogenic dyspnea or dyspnea of cardiac origin), out of 350
patients, 58% were had a positive diagnosis. The findings reveal LUCUS
has a high mean sensitivity (84%) and mean specificity (85%) in the
differential diagnosis of SHF in acute settings.

Discussion of findings: Acute onset of dyspnea is a common
symptom in patients suspected with SHF admitted to the Emergency
Department (ED) [101]. A consensus paper by the American
Thoracic Society defines dyspnea as “a subjective experience of

Heart failure, acute coronary syndrome, pulmonary embolism, myocarditis, LV hypertrophy, hypertrophic/restrictive cardiomyopathy, valvular heart disease, congenital
heart disease, atrial and ventricular tachyarrhythmias, heart contusion, cardioversion, ICD shock, surgical cardiac procedures, pulmonary hypertension.

Advanced age, ischemic stroke, subarachnoid hemorrhage, renal dysfunction, liver dysfunction, paraneoplastic syndrome, chronic obstructive pulmonary disease, severe

infections (pneumonia or sepsis), severe burns, anemia or severe metabolic and hormone abnormalities such as thyrotoxicosis or diabetic ketosis.

Table 11. Summary of included studies on diagnosis of systolic heart failure

Study Author [Ref #] Publication Year Study Sample Mean Age (yrs.) Female (%) | Cardiogenic Dyspnea Sensitivity Specificity
Lichtenstein et al. [90] 1998 146 73.0 42 NR 100 92
Gargani et al. [91] 2008 149 72.0 26 82 81 85
Lichtenstein et al. [92] 2008 260 68.0 46 NA 89 97
Liteplo et al. [93] 2009 94 74.0 41 43 58 85
Nazerian et al [94] 2010 145 81.0 54 44 63 76
Prosen et al. [95] 2011 129 70.9 27 NR 100 95
Vitturi et al. [96] 2011 152 NR NR 97 79 81
Cibinel et al. [97] 2012 56 82.1 38 48 94 84
Spinelli et al [98]. 2014 70 NR NR NR 92 93
Russell et al. [99] 2015 99 56.0 45 36 83 83
Golshani et al. [100] 2016 48 66.9 46 NA 86 66
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breathing discomfort that consists of qualitatively distinct sensation
that vary in intensity...” [102]. The main cause is the inability of the
circulatory (cardiac causes) and/or respiratory system (non-cardiac
causes) to maintain a balanced gas exchange and acid-base status with
overlapping clinical presentations in comorbid diseases such as SHF
and COPD [103]. Discriminating between dyspnea due to SHF and
COPD is a clinical dilemma in the acute care setting [101,102]. While
echocardiographic parameters are well established for the differential
diagnosis of SHE, prompt determination of the etiology of dyspnea has
remained a challenge in ED. Lung and cardiac ultrasound has been
shown to be an important test to confirm or exclude the diagnosis of
dyspnea of cardiac origin (caused by SHF) but current guidelines does
not include LUCUS but other tests such as medical history and clinical
examination, pulse oximetry, NPs, ECG and echocardiography [103].
However, a recent meta-analysis on the diagnosis of acute HF in the
ED reports that clinical gestalt based on an aggregate effect of patient
medical history, presenting symptoms and physical examination are
not reliable for excluding or establishing SHF diagnosis in the acute
care setting but determine pretest probability of acute SHF [104]. Thus,
the specific objective of this meta-analysis was to assess the accuracy of
lung and cardiac ultrasonography in the diagnosis of SHF in patients
presenting with non-differentiated acute dyspnea in acute care setting.

This meta-analysis demonstrates that LUCUS is both a sensitive
and specific method for the diagnosis and exclusion of SHE. It is a useful
test for discriminating between dyspnea of cardiac or pulmonary origin
to support the diagnose SHF. Other supporting findings reported in
individual studies suggest that the LUCUS protocol in undifferentiated
dyspneic ED patient achieves a better diagnostic accuracy than clinical
gestalt alone as well as increases physician confidence in the diagnosis
of acute SHF [99]. The sensitivity of LUCUS has also been shown to be
similar to that of plasma NPs [91,96] or higher [95], suggesting that
both LUCUS and NPs are a useful mean of excluding cardiac causes of
pulmonary edema. Although operator dependent, LUCUS is rapid and
easy to perform as well as its use is justified by a high intra- and inter
operator agreement [96]. In addition, the LUCUS protocol can provide
additional predictive power to plasma NPs assessment in the immediate
evaluation of dyspneic patients presenting to ED to discriminate acute
SHF-related dyspnea from that of COPD/asthma-related dyspnea in
pre-hospital emergency setting [93,95]. Lung ultrasound alone has
also been shown to have a high predictive power to exclude dyspnea
of cardiac origin [91] as well as to assist the clinician to make a rapid
diagnosis in patients with acute respiratory failure to meet the priority
objective of saving time [92].

Two previous meta-analysis on the diagnosing acute heart failure in
the emergency department [104] and in point-of-care ultrasonography
for the diagnosis of acute cardiogenic pulmonary edema in patients
presenting with acute dyspnea [105] have reported consistent findings.
Martindale et al. [104] in a review of 52 studies (totaling 17,893
patients) report that lung ultrasound has the best combination of test
characteristics with either the presence or absence of diffuse B-lines
to provide reliable information to confirm or exclude ED diagnosis
of acute SHE Ling ultrasound alone provides more specific findings
compared to clinical history, symptoms, physical examination, chest
radiography and electrocardiography that lack discriminatory in
establishing or excluding the diagnosis of acute SHE. In the study,
although the assessment of plasms NPs are valuable in excluding acute
SHF when values are lower than the recommended cut off - 100 (BNP)
and 300 pg/mL (NT-proBNP), values above these thresholds are less
helpful in establishing diagnosis. While other diagnostic modalities
such as bio-impedance may have future utility in the acute care setting,
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additional studies are required to confirm their diagnostic values [104].
Al Deeb [105] meta-analysis of seven studies including 1,075 patients
in intensive care unit, prehospital settings and in hospital wards reports
high sensitivity of lung ultrasound in diagnostic sensitivity (94%) and
specificity (84%) for acute cardiogenic pulmonary edema (ACPE). In
summary, in the present meta-analysis findings, supported by findings
from previous related meta-analyses, strongly suggest the diagnostic
value of LUCUS in the timely establishment or exclusion of the
diagnosis of SHF in emergency department and pre-hospital acute care
setting, and the value of including LUCUS in the current differential
diagnosis of SHF in acute care settings.

Clinical management

Therapeutic goals: Clinical management of SHF has had extensive
research support on therapeutic efficacy of both pharmacological and
device therapies. The evidentiary support has improved prognosis,
hospitalization and mortality rates [5,6,52,59]. Pharmacological
management remains the frontline therapy in patients diagnosed with
SHF [106-108]. The goal of clinical management of SHF include (a)
the relief of symptoms and signs such as edema; (b) prevent hospital
admission related to HF; and (c) improve survival. While previous
focus of clinical trials was on minimizing mortality, preventing HF-
associated hospitalization has emerged as an important therapeutic
goal for both patients and healthcare systems. Reduction in the rates of
mortality and hospitalization reflect the ability of effective treatment to
slow or prevent the progression of SHE, which is documented by reverse
LV remodeling and a reduction in serum concentration of natriuretic
peptides [109,110]. Although relief of symptoms, improvement in
quality of life and improved functional capacity are important for SHF
patients, they have not been the primary outcomes in most clinical
trials [111]. The major reasons have been difficulty in measurement and
some treatment previously reported to improve these outcomes showed
a decrease in survival [112,113]. However, pharmacological support
and device therapies such as cardiac resynchronization therapy (CRT)
have shown improvement in both mortality rates and hospitalization
[52].

Treatment algorithm: The optimal frontline treatment of SHF
includes a combination of medication targeting favorable myocardial
remodeling by affecting neurohormonal (SNS and RAAS) activation,
whichistheleadingcontributoryfactortomaladaptivepathophysiological
pathways [107]. The main medication recommended for SHF include
three neurohumoral antagonist modulators: angiotensin-converting
enzyme inhibitors (ACE-I), angiotensin receptor blockers (ARBs),
mineralocorticoid receptor antagonists (MRAs) and beta-adrenergic
receptor blockers (beta-blockers). These medications modify the course
of SHF and should be considered in every patients with SHE. In addition
to these conventional HF medication, a distinct and complementary
mechanisms of bradycardic action - the selective pacemaker current
(If) inhibitor ivabradine, is recommended to provide further reduction
of heart rate. The conventional HF medication are often used with
diuretics to relieve symptoms and signs of congestion [6,52]. Figure 2
illustrates algorithm for pharmacological support and device therapies
for patients diagnosed with SHE.

Recommended pharmacological management of SHF begins
with a dual therapy of diuretics (to relive symptoms of congestion),
and ACE-I/ARBs and/or beta-blockers. If symptoms continue to
worsen or are refractory and LVEF remains significantly depressed (<
35%), an addition of MRAs is recommended. If patients continue to
remain symptomatic with LVEF < 35%, additional medication should
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Figure 2. Treatment algorithm for chronic systolic heart failure

Frontline medical therapy for HFrEF are ACE-I and beta-blocker, and diuretis for symptom relief. If still symptomatic and LVEF <35%, MR antagonist should be added. If still symptomatic
and LVEF <35%, ARNI should replace ACE-I, Ivabradine or cardiac resynchronization therapy should be considered. If still asymptomatic, digoxin, LV assist device or heart transplantation

should be considered. Adapted from McMurray et al. 2012, p. 1805 [52]

be considered. In these patients, angiotensin receptor neprilysin
inhibitor (ARNI) should be considered in patients tolerant to ACE-I/
ARBs. For patients with persistent symptoms and sinus rhythm with
QRS duration > 120 msec the need for CRT should be evaluated but
those with heart rate > 70 beats per minute should be considered for
ivabradine therapy. If patients remain symptomatic despite an optimal
combination therapy of ARNI, CRT and Ivabradine, digoxin, LV
assist devices (LVAD) or heart transplantation should be considered.
However, if LVEF remains < 35% following optimal medical therapy
or patients with a history of symptomatic ventricular tachycardia or
atrial fibrillation, the use of implantable cardioverter defibrillator (ICD)
therapy is highly recommended [6].

Meta-analysis of the effect of medication on mortality

Systolic heart failure is a life-threatening medical condition.
Early diagnosis and prompt institution of appropriate therapy greatly
improves treatment efficacy [52]. The goals of treatment is to improve
clinical status, functional capacity and quality of life, and to prevent
hospital admission and mortality [6]. However, several medications
for HF have shown long-term detrimental effects despite beneficial
outcomes on short-term surrogate markers, regulatory bodies and
clinical guidelines are using mortality and/or hospitalization data for
approving and recommending HF medication [114-116]. Thus, the aim
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of the present meta-analysis is to pool data from previous studies on
the effect of HF medication on mortality and/or hospitalization of SHF
patients compared to placebo.

Study search and selection: Prospective randomized placebo-
controlled trials were identified through electronic search on online
databases (EMBASE and MEDLINE), and scrutiny of bibliographies and
review articles. The search was performed using various combinations of
the following key terms: heart failure, systolic failure, medication, beta-
blocker, mineralocorticoid receptor antagonists, angiotensin receptor
blockers and angiotensin-converting enzyme - inhibitors. Studies were
included if they (a) were prospective, randomized controlled trials
(RCTs), case-controlled studies or cohort studies; (b) investigated HF
medication; (c) compared treatment group and placebo group; (d)
reported all-cause mortality; and (e) followed patients for at least six
months. Studies were excluded if they (a) reported composite clinical
endpoints of mortality and hospitalization with no specific data on all-
cause mortality; (b) were available only in abstract form; or (c) recruited
all HF patients including diastolic or bi-ventricular HF patients. Studies
were eligible irrespective of publication year and language.

Methodological quality of studies was assessed using the 12-item
Methodological Index for Non-Randomized Studies (MINORS) [101].
A score system with a maximum of 24 points (each scored 0 to 2)
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assessed the following aspects: study aim, patient inclusion, prospective
data collection, clinical endpoint, unbiased evaluation of endpoints,
appropriate follow up period, loss to follow-up of <5%, comparable
control group, baseline equivalence, sample size, and adequate statistical
analysis. Two reviewers independently scored all the potential studies
and the average MINORS score used for inclusion. MINORS scores
of <16 were considered low quality while 216 considered high quality
[117]. Data abstracted from the included studies included author,
publication year, patient population (control and placebo), patient
characteristics (mean age and male %), mean follow up period and
clinical endpoint (all-cause mortality or hospitalization) (Table 12).

Study characteristics and outcomes: Following the screening of
titles, abstracts, and full text of articles retrieved from the online search
and a review of bibliographies against the inclusion criteria, fifteen (15)
prospective randomized controlled trials were eventually included in
the present meta-analysis [118-132]. The publication period of the
studies ranged between 1988 [118] and 2014 [131]. The 11 studies
recruited patients diagnosed with symptomatic SHF and LVEF <
40% who were on pharmacological treatment. The combined patient
sample in the 15 studies was 42,844 consisting of 21,570 patients in the
treatment group and 21,314 patients in the placebo group. The patients
were generally older (mean = 65 years) with a greater proportion of
males (74%). The specific HF medication investigated were ACE-
inhibitors (Enalapril) [118,119], ARB (Candesartan) [120-122], beta-
blockers (Carvedilol, Metoprolol, Bisoprolol or Nebivolol) [123,128],
MRAs (Spironolactone or Eplerenone) [129,130], ARNI [131] and If
Channel Blocker (Ivabradine) [132]. The mean follow-up period was
23.97 months (range = 6.20 to 41.40).

The number of deaths and/or hospitalization for SHF patients on
medication remained high relative to placebo group. There were 4,996

Table 12. Summary of included studies on clinical management of systolic heart failure

First Author Control Placebo Mean
Year Study Name Age
[Ref#] Group Group
(yrs.)
Swe‘i[lielrgg] tal ' jogg  CONSENSUS 127 126 -
SOLVD SOLVD-
Investigators [119] 1991 TREATMENT 1285 1284 60.7
Grangeretal. [120] 2003 | CHARM-Alternative 1013 1015 66.3
Yusuf, etal. [121] 2003 | CHARM-Preserved 1514 1509 672
Mmﬁg;ﬁ tal 5003 | CHARM-Added 1276 1272 64.0
Packer etal. [123] | 1996 - 696 398 57.9
Merit-HF Study 59, MERIT-HF 1990 2001 -
[124]
CIBIS-II
Investigators [125] | 19 CIBIS-II 1327 1320 61.0
Packeretal. [126] | 2002 = COPERNICUS 1156 1133 63.2
Flather et al. [127] = 2005 SENIORS 1067 1061 76.1
Willenheimer etal. ', CIBIS III 505 505 724
[128]
Pittetal. [129] | 1999 RALES 822 841 65.0
Zannad etal. [130] | 2011 =~ EMPHASIS-HF 1364 1373 68.7
McMFl‘galy] etal 2014 PARADIGM-HF 4187 012 63.8
Swed[kigrzg] etal o010 SHIFT 3241 3264 60.7

deaths or hospitalization (23%) in the treatment group compared to
6,078 (29%) in the placebo group. Risk reduction in mortality and/or
hospitalization on SHF patients on a combination of HF medication
reported in the individual studies ranged between 11% [121] and 65%
[123]. Pooling together mortality/hospitalization data from individual
studies, the combined risk reduction was 18% (RR: 0.82; 95% CI,
0.796 to 0.848; p=0.0009) (Table 13; Figure 3). The results reveal HF
medication (ACE-I, ARBs, beta-blockers, MRAs, ARNI and If channel
blockers) if used as prescribed significantly reduces the risk of mortality
and/or hospitalization in patients diagnosed with SHE.

Further analysis of individual HF medication shows beta-
blocker have the greatest risk reduction of composite morality and
hospitalization by 22% (RR: 0.778; 95% CI, 0.726 to 0.833); followed
by MRAs by 21% (RR: 0.794; 95% CI, 0.743 to 0.850) and finally
ACEI/ARBs by 13% (RR: 0.874; 95% CI, 0.828 to 0.921). However, HF
medications are usually prescribed in combination and thus the efficacy
of individual medication is not additive.

Discussion of findings

Pharmacotherapy remains the frontline and widely prescribed
therapy for the clinical management of patients diagnosed with SHE
The present meta-analysis aimed to determine therapeutic efficacy of
HF medication in the prevention of hospitalization and/or mortality
in SHF patients. The findings show that HF medication is clinically
effective by significantly reducing the risk of composite mortality and
hospitalization. Therapeutic efficacy of HF medication is underscored
by the ESC [6] and the AHA/ACC [5] HF clinical guidelines
recommending the use of HF medication as the initial therapy for all
SHF patients unless contra-indicated.

Mean Mortality or Composite Mortality-
Male Medication Follow-up Hospitalization
(%) Investigated Period Control Placebo  Risk Reduction
(Months) | Group (N) | Group (N) (%)

-- ACE-I (Enalapril) 6.2 50 68 40

81 ACE-I (Enalapril) 414 452 510 16

68 ARB (Candesartan) 33.7 334 406 23

61 ARB (Candesartan) 36.6 333 366 11

79 ARB (Candesartan) 41.0 483 538 15

Beta-blocker
77 (Carvedilol) 6.5 22 31 65

Beta-blocker

- (Metoprolol) 12.0 145 217 34
Beta-blocker

81 (Bisoprolol) 16.9 156 228 34
Beta-blocker

79 (Carvedilol) 10.4 271 357 27
Beta-blocker

62 (Nebivolol) 21.0 332 375 14
Beta-blocker

66 (Bisoprolol) 24.0 178 186 12

73 MRAs (Spironolactone) 24.0 284 386 30

77 MRAs (Eplerenone) 21.0 249 356 24

79 ARNI (LCZ696) vs 27.0 914 1117 16

Enalapril

76 If Channel Blocker 229 793 937 18

(Ivabradine)

ACE-I: Angiotensin-Converting Enzyme — Inhibitors; ARB: Angiotensin Receptor Blockers; ARNI: Angiotensin Receptor Neprilysin Inhibitor; MRAs: Mineralocorticoid Receptor

Antagonists
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Table 13. Relative risk of HF medication on mortality/hospitalization of SHF patients

Study Intervention Controls Relative risk 95% CI
Swedberg et al. [118] 50/127 68/126 0.730 0.557 t0 0.955
SOLVD Investigators [119] 452/1285 510/1284 0.886 0.801 to 0.979
Granger et al. [120] 334/1013 406/1015 0.824 0.734 to 0.925
Yusuf, et al. [121] 333/1514 366/1509 0.907 0.796 to 1.033
McMurray et al. [122] 483/1276 538/1272 0.895 0.814 to 0.984
Packer et al. [123] 22/696 31/398 0.406 0.238 t0 0.691
Merit-HF Study [124] 145/1990 217/2001 0.672 0.550 to 0.821
CIBIS-II Investigators [125] 156/1327 228/1320 0.681 0.563 to 0.822
Packer et al. [126] 271/1156 357/1133 0.744 0.650 to 0.852
Flather et al. [127] 332/1067 375/1061 0.880 0.780 to 0.993
Willenheimer et al. [128] 178/505 186/505 0.957 0.812t0 1.128
Pitt et al. [129] 284/822 386/841 0.753 0.668 to 0.848
Zannad et al. [130] 249/1364 356/1373 0.704 0.610t0 0.813
McMurray et al. [131] 914/4187 1117/4212 0.823 0.763 to 0.888
Swedberg et al. [132] 793/3241 937/3264 0.852 0.786 to 0.924
Total (fixed effects) 4996/21570 6078/21314 0.821 0.796 to 0.848
Total (random effects) 4996/21570 6078/21314 0.810 0.767 to 0.856

RR for Treatment Groop Va. Placebo Group

Swedberg et 2l [118]
S0OLVD Investizators [119]
Granger et al. [120]

Yosof et al [121]
MeMuyurray et al. [122]
Packer et al. [123]
Merit-HF Study [124]
CIEIS-II Investizators [125]
Packer et al. [126]

Flather et al. [127]
Willenhetimer et al. [128]
Pitt et al [129]

Zannad e al. [130]
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Total (fixed affects)
Total (random effects)
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Figure 3. Forest plot of relative risk of HF medication on SHF mortality/hospitalization

Beta-blocker, ACE-I/ARB, and MRAs are neurohumoral antagonist
modulators reduce the risk of mortality rate by modifying the natural
course of SHF while the If channel inhibitors such as Ivabradine provide
additional reduction on the heart rate but only recommended for SHF
patients in sinus rhythm [52]. In particular, current ESC guidelines
recommend ACE-I to all symptomatic patients unless contra-indicated
to reduce mortality and morbidity through the inhibition of the
renin-angiotensin-aldosterone system (RAAS). While the guidelines
recommend titration of ACE-I to the maximum tolerated doses to
achieve adequate inhibition, Packer et al. [133] observed no significant
difference in efficacy between intermediate and high doses. However
higher doses had a significant reduction on the risk of death or
hospitalization for any reason but non-significant 8% reduction on the
risk of death.

Beta-blockers has a complementary effect on ACE-I and the two
could be started together. Beta-blocker is usually recommended for
patients with a history of MI and asymptomatic LV systolic dysfunction
to minimize the risk of death [5]. MRAs such as spironolactone block
receptors that bind aldosterone is recommended in asymptomatic
patients or as an additional medication to ACE-I/ARBs and beta-
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blockers in non-responsive patients to reduce the risk of death. In
summary, the traditional HF medication, ACE-I, ARBs, beta-blocker
and MRAs are effective in reducing the risk of death or hospitalization
and their use is recommended unless contraindicated or intolerant.

Conclusion

Systolic heart failure (SHF) is a debilitating clinical syndrome
characterized by typical symptoms of dyspnea, lower extremities edema
and fatigue usually accompanied by signs of elevated jugular pressure
and pulmonary rales caused by structural and/or functional cardiac
abnormality. It is distinguishable from other HF subsets by a depressed
LVEF (< 40%). It has an ominous prognosis predicted by older age, the
male sex, worsening symptoms, severity of LV functional dysfunction,
increased levels of plasma BNP and NT-proBNP and the presence of
cardiovascular comorbidities. Its etiology is heterogeneous but often
includes conditions causing myocardial injury such as coronary
artery disease, cardiomyopathy, viral myocarditis and environmental
toxins; abnormal loading conditions such as arterial hypertension,
aortic stenosis and mitral regurgitation; and arrhythmias. Frequent
clinical manifestations of SHF include typical symptoms of heart
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failure (HF) - dyspnea, orthopnea, paroxysmal nocturnal dyspnea,
fatigue, and edema, and typical symptoms of tachycardia, pedal edema,
increased hepatojugular pressure, pulmonary crackles, gallop rhythm,
hepatojugular refluxand ascites. Diagnosis isbased on careful assessment
of the patient’s medical history, physical examination, assessment of
serum natriuretic peptides and cardiac imaging. Echocardiography is
the most common cardiac imaging modality recommended following
inconclusive findings from electrocardiograph and/or plasma NPs. If
echocardiography is inconclusive, cardiac magnetic resonance imaging
is the best alternative to confirm diagnosis. Frontline treatment for
SHF is pharmacological management mainly based on neurohumoral
antagonist modulators (ACE-I/ARBs, beta-blocker and MRAs). If
symptoms persists and LV ejection fraction remains < 40% despite
optimal pharmacological support, device therapy such as implantable
cardioverter defibrillator, cardiac resynchronization therapy or heart
transplantation may be considered.
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