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Abstract

Purpose of Review The goal of this review is to summarize
and discuss a thorough and effective manner in the evaluation
of the patient with heart failure.

Recent Findings Heart failure is a prevalent disease world-
wide and while the diagnosis of heart failure has remained
relatively unchanged via a careful history and physical exam-
ination, identification of the etiology of the heart failure and
treatment has made significant advances. Mechanical circula-
tory support (MCS), neprilysin inhibitors, and chronic
resynchronization therapy (CRT) are just some of the relative-
ly recent therapies afforded to assist heart failure patients.
Summary Heart failure is a complicated, multifactorial diag-
nosis that requires a careful history and physical for diagnosis
with the support of laboratory tests. While the prognosis for
heart failure patients remains poor in comparison to other
cardiovascular disease and even certain cancers, new advance-
ments in therapy have shown survival and quality of life
improvement.
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Abbreviations

HF Heart failure

HFpEF Heart failure with preserved ejection fraction

HFrEF Heart failure with reduced ejection fraction

LVEF Left ventricular ejection fraction

NYHA New York Heart Association

BNP B-type natriuretic peptide

NT-proBNP N-terminal pro-B-type natriuretic peptide

ADHF Acute decompensated heart failure

ICD Implantable cardioverter-defibrillator

CRT Cardiac resynchronization therapy

LBBB Left bundle branch block

ACE Angiotensin-converting enzyme

ARB Angiotensin-receptor blockers

RAAS Renin-angiotensin-aldosterone system

MRA Mineralocorticoid receptor antagonist

MCS Mechanical circulatory support

LVAD Left ventricular assist device

BIVAD Biventricular assist device

INTERMACS Interagency Registry for Mechanically
Assisted Circulatory Support

Introduction

Heart failure (HF) is a complicated clinical diagnosis that re-
sults from impaired ventricular relaxation or contraction [1].
Heart failure affects 5.8 million people in the USA and 23
million people worldwide [2]. The evaluation of the patient
with heart failure begins with a careful history and physical
examination along with support from diagnostic tests.

The history should comprise a comprehensive review of
the type of symptoms the patient has been experiencing, the
duration, and the severity of symptoms. Common complaints
of patients with HF include fluid retention, decreased exercise
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tolerance, fatigue, and dyspnea or shortness of breath [3]. In
addition, key features should be discussed such as shortness of
breath when lying flat and/or waking up in the middle of the
night short of breath, which are known as orthopnea and par-
oxysmal nocturnal dyspnea, respectively [2, 3].

Causes of heart failure vary in etiologies and manifesta-
tions. Heart failure etiologies can be ischemic, non-ischemic
from viruses, metabolic disorders, or large vessel disease, peri-
cardial disease, or valvular disease [4, 5]. Manifestations of
these diseases can cause impaired ventricular relaxation, im-
paired ventricular contraction, or a combination of both [6].
The preferred terms to address heart failure patients with these
conditions are heart failure with reduced ejection fraction
(HFrEF) for subjects with impaired ventricular contraction
and heart failure with preserved ejection fraction (HFpEF)
for subjects with impaired ventricular relaxation [7]. Ejection
fraction is a key component in the terminology because of the
clinical trials utilizing ejection fraction for prognosis [8].

HFrEF is defined as a left ventricular ejection fraction
(LVEF) < 35% [5, 7]; whereas, HFpEF can be defined as
LVEF > 55%. Patients with an LVEF between these two num-
bers fall in a transitional zone.

Objective criteria in the assessment of heart failure include
the ACC/AHA stages of heart failure and the New York Heart
Association (NYHA) functional classification [9]. The ACC/
AHA stages focus on prevention and progression of the dis-
ease state while the NYHA classes characterize symptoms.
Furthermore, the ACC/AHA stages are permanently progres-
sive and as patients move forward in stages they cannot re-
gress; however, patients in the NYHA classes can matriculate
forward and back through the classes based on their symp-
toms. The ACC/AHA stage advancement is from stage A in
patients with risk factors but without structural heart disease,
to stage B with structural heart disease but absent of symp-
toms, to stage C with structural heart disease and symptoms of
HF, and finally to stage D with structural heart disease that is
refractory to medical therapy. NYHA classes range from class
I defined as no limitation in physical activity, to class [V where
symptoms of HF are present even at rest; these functional
classes are predictors of mortality [10].

Causes of Heart Failure

Heart Failure causes can be divided into several different cat-
egories but first it behooves the clinician to evaluate risk fac-
tors for heart failure. Hypertension, diabetes, and dyslipidemia
are all modifiable risk factors that can reduce or prevent heart
failure progression [11]. Hypertension is the greatest risk to
heart failure development, and treatment can significantly re-
duce the chances of HF [10-12].

Categorization of cardiomyopathies has been a subject of
debate as knowledge in the field grows [4, 5, 7]. The
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ACCF/AHA Heart Failure Guideline differentiates cardiomy-
opathies into dilated, familial, metabolic, toxic, tachycardia-
induced, inflammation, peri-partum, and others [6]; whereas
traditionally, patients are defined by dilated, restrictive, or hy-
pertrophic cardiomyopathies. Defining the etiology of heart
failure in a patient with his/her appropriate cardiomyopathy
is paramount in guiding treatment strategies.

In a study of 156,013 heart failure patients, the majority of
dilated cardiomyopathies were idiopathic (30.7%) [13]. Dilated
cardiomyopathy can furthermore be subdivided into viral, post-
partum, chemotherapy-induced, familial, and substance abuse
related. Common viral cardiomyopathies include Coxsackie
virus, Echovirus, Epstein-Barr virus, and many others that often
go unrecognized until signs and symptoms of heart failure de-
velop [14]. Post-partum cardiomyopathy-causing LV dysfunc-
tion is of unknown origin. Prognosis is improved in patients
with recovered LV function compared to those without recov-
ery or worsening LV function [15, 16]. Anti-neoplastic chemo-
therapy drugs cause a dilated cardiomyopathy due to their
cardiotoxic properties. The predominant culprit out of these
medications is the anthracycline class but also includes cyclo-
phosphamide, trastuzumab, 5-FU, and the interferons [17].

Familial cardiomyopathy is defined as patients with two
family members with idiopathic dilated cardiomyopathy
[18]. Alcohol is the number one drug for substance abuse-
related cardiomyopathy [19]. Identification of patients at risk
for substance abuse is key to counseling for cessation that will
improve symptoms and may reverse the disease process.

Initial Evaluation of the HF Patient

The diagnosis of heart failure can be established with a com-
bination of findings on a comprehensive history and a focused
physical exam with the utilization of additional laboratory
findings. There have been several clinical scoring systems
which have been developed through population-based studies
as a means of screening, such as the Framingham criteria and
the National Health and Nutrition Survey (NHANES) criteria.
The Framingham criteria establishes a diagnosis with major
and minor criteria of history and exam findings which include
paroxysmal nocturnal dyspnea, orthopnea, jugular vein dis-
tention, an S3 gallop, rales, dyspnea on exertion, tachycardia,
weight gain, and ankle edema; while the NHANES criteria
utilizes self-reporting of severity of symptoms with physical
exam findings as well as chest radiographic findings. Though
there is a vast array of symptoms that help establish the diag-
nosis of heart failure, there are no specific symptoms to dif-
ferentiating between HFpEF and HFrEF [4].

Outside of symptoms, a thorough history includes past med-
ical conditions, family history, social history (e.g., alcohol and
drug abuse), and exposure to medications with known
cardiotoxicity such as chemotherapeutic agents, diabetic drugs



Curr Cardiol Rep (2017) 19: 103

Page3 of 11 103

(e.g., thiazolidinediones), ergot-based antimigraine drugs, non-
steroidal anti-inflammatory drugs (NSAIDS), certain antipsy-
chotic agents (ex. clozapine), as well as herbal remedies [4].

Many symptoms overlap with other medical conditions
and thus the physical exam is a paramount component of
establishing a diagnosis of heart failure as well as assessing
the severity of an exacerbation. Physical exam findings of
elevated jugular venous pressure, rales, wheezing, dullness,
and diminished breath sounds at one or both lung bases, S3
and/or S4, tricuspid or mitral regurgitant murmurs, hepato-
megaly, anasarca, and pedal edema with/without chronic ve-
nous stasis changes are suggestive of elevated cardiac cham-
ber pressures and a volume-overloaded state. Aortic stenosis
and regurgitation murmurs may represent a potential cause of
heart failure and may drastically change management.
Findings of resting tachycardia, hypotension, narrow pulse
pressure or thread pulse, tachypnea, depressed mental status,
decreased urine output, and cool and/or mottled extremities
are not only suggestive of volume overload but may also rep-
resent a low cardiac output state [4]. Periodic or cyclic respi-
ration or Cheyne-Stokes respiration is common in low cardiac
output state and indicative of a worse prognosis [20]. As with
symptoms, there are no specific physical findings that differ-
entiate between HFpEF vs HFrEF [21].

Based on findings from the ESCAPE trial, the presence of
orthopnea and findings of jugular vein distention are very
sensitive in evaluating for elevated left-sided filling pressures.
For example, orthopnea, as defined as requiring greater or
equal to two pillows, was found to have a sensitivity of
86%. Jugular vein distention alone has a good sensitivity
and specificity (70 and 79%, respectively) for elevated left-
sided filling pressures, and with the addition of exerting pres-
sure on the right upper quadrant (hepatojugular reflux), the
sensitivity and specificity increases. Limitations to these exam
findings include pronounced body habitus and conditions that
cause jugular vein distention without increased left-sided
chamber pressures, such as pulmonary arterial hypertension
and isolated severe tricuspid regurgitation. Of note, findings
of rales, hepatomegaly, and ascites are all highly specific [22].
With the rapid assessment of systemic congestion in conjunc-
tion with the recognition of reduced cardiac output states,
patients can then be appropriately triaged into the following
categories of severities of exacerbations: “Warm/Dry” (nor-
mal perfusion and uncongested), “Warm/Wet” (normal perfu-
sion and congested), “Cold/Dry” (hypoperfused and
uncongested), and “Cold/Wet” (hypoperfused and
congested/cardiogenic shock) [23].

Laboratory Testing

The initial laboratory evaluation of patients in whom heart
failure is suspected should comprise of a complete blood

count to assess for anemia, a complete metabolic panel to
assess electrolytes (including magnesium and calcium), serum
glucose and renal and hepatic function, and a B-type natriuret-
ic peptide. When clinically relevant, screening or diagnostic
testing for HIV, hemochromatosis, tuberculosis, rheumatolog-
ic disease, amyloidosis, or pheochromocytoma may help es-
tablish systemic diseases with cardiac manifestations.
Additional testing on the initial evaluation includes a
thyroid-stimulating hormone and a fasting lipid profile.
Serial monitoring of the serum electrolytes and renal function
when treatment has been initiated is appropriate as well [7].

Biomarkers

Over the past decade, many serum biomarkers have been de-
veloped which provide supplemental means of evaluating pa-
tients with HF with respect to establishing a diagnosis, eluci-
dating the pathogenesis of HF, providing prognostic data, risk
stratification, and potential therapeutic targets. Examples of
which include c-reactive protein, interleukins 1, 6, and 8, ox-
idized low-density lipoproteins, myeloperoxidase, matrix me-
talloproteinases, neurohormones of the renin-angiotensin-
aldosterone system, troponin I and T, natriuretic peptides,
chromogranin, and many more [24]. In the near future, with
more multi-center studies with validation, well-defined out-
come measures, and prognostic accuracy, utilizing combina-
tions of existing and emerging biomarkers may become the
new standard of care [25, 26¢°].

The development of serum biomarker assays for B-type
natriuretic peptide (BNP) and N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) have not only dramatically im-
proved the efficiency of establishing the diagnosis and the
initial management of HF, both in the chronic ambulatory
and ADHF settings, but also provide valuable prognostic data
that may be utilized for screening purposes [25, 26¢¢]. Both
biomarkers are released from the cardiomyocytes in response
to stretch and increase progressively with worsening NYHA
functional class and in acute decompensated HF (ADHF).
Clinical data supporting the use of these biomarkers comes
from multiple studies, including the Breathing Not Properly
trial for BNP which found that a serum concentration of
100 pg/mL was highly accurate for the diagnosis of ADHF
while in the ProBNP Investigation of dyspnea in the
Emergency Department (PRIDE) studies, a cut-off of
900 pg/mL of serum NT-proBNP was comparable to in per-
formance to a BNP of 100 pg/mL. In the International
Collaborative of NT-proBNP study (ICON), an NT-proBNP
below 300 pg/mL was useful in excluding the diagnosis of
ADHF in the appropriate clinical context [4, 27].

Based on current guideline recommendations, checking se-
rum concentrations of BNP and NT-proBNP on hospital ad-
mission is beneficial in the setting of acute dyspnea when
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ADHF is suspected, as well as pre-discharge and in the chron-
ic ambulatory setting to use as a benchmark for establishing
prognosis [26e¢]. At this time, despite numerous studies, there
is no consistent evidence for serum concentration guided ther-
apy or serial measurements of BNP or NT-proBNP with re-
spect to improvement in mortality and cardiovascular out-
comes [26ee, 28, 29].

There are numerous covariates and other medical condi-
tions, both cardiac and non-cardiac that cause an elevated
BNP and NT-proBNP serum concentrations. Examples of
which include valvular heart disease, acute coronary syn-
drome, atrial arrhythmias, left ventricular hypertrophy, right
ventricular dysfunction, myocarditis, pericardial processes,
toxic metabolic myocardial insults (e.g., chemotherapeutic
agents), pulmonary hypertension, advanced age, anemia, renal
failure, hypoxia, sepsis, and critical illness [26¢+, 30]. Obesity,
on the other hand, is strongly linked with a lower-than-
expected BNP or NT-proBNP, modestly reducing specificity
[4, 29].

Non-invasive and Invasive Evaluation of Heart
Failure Patients

In addition to history, physical exam, and laboratory testing,
both non-invasive and invasive evaluations of the cardiac
structure and function are needed to confirm the diagnosis
and guide the initiation of therapies. On the initial evaluation,
a 12-lead electrocardiogram and chest X-ray are reasonable to
obtain. The 12-lead electrocardiogram may provide insight
into the etiology of HF or possible explanations for an acute
decompensation. The presence of Q-waves in the appropriate
setting is suggestive of ischemic heart disease as an etiology of
HF, while dynamic ST changes may indicate acute coronary
ischemia, which could provoke acute decompensation. Sinus
tachycardia and atrial arrhythmias may be seen in episodes of
ADHF, especially in the setting of atrial arrhythmias with
rapid ventricular responses. Sinus tachycardia in the ambula-
tory population is seen in advanced HF. The presence of in-
creased QRS voltages may suggest structural disease such as
left ventricular hypertrophy, hypertrophic cardiomyopathy, or
pulmonary hypertension if there is evidence of right ventricu-
lar hypertrophy. Low QRS voltages may represent infiltrative
disease or a pericardial effusion. The prolongation of the PR
interval may be due to infiltrative disease or intrinsic conduc-
tion disease. Prolongation of the QT interval can occur fre-
quently in patients with HF, which may represent myocardial
disease, electrolyte abnormalities, or may be prolonged due to
the use of anti-arrhythmic drugs. The QRS duration not only
provides information for potential causes of the HF but may
also affect the therapeutic approach with respect to device-
based therapies [4].
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Plain chest complement provided supplemental data with
regards to assessing for signs of ADHF, which range from
subtle findings of increased interstitial markings,
peribronchial cuffing, and increased prominence of upper lobe
vasculature to the less subtle pulmonary edema and pleural
effusions. Other utilities include assessment for alternative
cardiac, pulmonary, or other diseases. In cases of advanced
heart failure, patients may have normal chest radiography or
an electrocardiogram with non-specific or no abnormalities
despite marked symptoms, thus the negative predictive values
of both tests are too low to be used to exclude HF [31].

Assessment of left ventricular function plays a pivotal role
in the management strategies with respect to classification of
HFpEF or HFrEF. When there are significant changes in clin-
ical status, repeat assessment of the LVEF and measurements
of the severity of structural remodeling is recommended.
Significant changes range from deterioration or worsening of
symptoms, response to therapy, especially therapies that sig-
nificantly affect cardiac function, and to evaluate for potential
recovery of function. Without changes in clinical status or
treatment interventions, serial assessments of LVEF provide
no benefit. Repeat assessments of LVEF also determine can-
didacy for patients that will benefit from device-based therapy
[7].

Two-dimensional echocardiogram with Doppler is one of
the most versatile and readily available forms of non-invasive
assessment of cardiac function. Two-dimensional echocardi-
ography provides visualization of the cardiac chamber size,
thickness, function, wall motion, diastolic function, intracar-
diac pressures, and valve function. Other non-invasive
methods of evaluating LVEF can be utilized with echocardi-
ography to provide an adequate assessment. Examples include
radionuclide ventriculography, positron emission tomogra-
phy, computed tomography, or magnetic resonance imaging.
Magnetic resonance imaging provides high-quality imaging
of the heart and additional benefits in assessing the myocardi-
um for infiltrative processes, scar burden, and myocardial vi-
ability [4, 7].

Non-invasive imaging evaluation for ischemia and viabili-
ty is reasonable for the initial evaluation for a potential expla-
nation for a new diagnosis of HF, in particular those with the
known coronary artery disease without angina symptoms. If
there is reversible ischemia on non-invasive imaging, history
of'angina pectoris or cardiac arrest or if the cause of the ADHF
was due to acute coronary syndrome or symptomatic ventric-
ular arrhythmia, coronary angiography is reasonable for pa-
tients who are suitable for revascularization. As an adjunct,
assessment of viability is also reasonable in patients with
CAD and HF when planning revascularization [4, 32e¢].

As mentioned earlier, assessing the exercise tolerance is
paramount to management of a patient with HF; however,
quantification of such is subjective and can be inconsistent
even with the use of the NYHA criteria and a 6-min walk test.
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More precise measures of functional capacity can be provided
by cardiopulmonary exercise testing and are needed for
assessing candidacy for advanced therapies such as mechani-
cal circulatory support or heart transplant.

There have been so many advances in non-invasive imag-
ing techniques and use of biomarkers, the routine use of right
heart catheterization for the measurements of intracardiac
pressures, and hemodynamics for the initial evaluation of a
patient with HF has fallen out of favor with few exceptions.
Right heart catheterization still serves a role on the initial
evaluation with patients in acute respiratory distress or with
clinical evidence of impaired perfusion in whom intracardiac
filling pressure is difficult to determine on clinical assessment.
During a right heart catheterization, a pulmonary capillary
wedge pressure is obtained which estimates left ventricular
end-diastolic pressure, if there is no obstruction of flow be-
tween the left atrium and ventricle. Invasive hemodynamic
monitoring with a pulmonary artery catheter may benefit pa-
tients presenting as ADHF with persistent symptoms despite
standard therapies and whose volume status, perfusion, or
pulmonary vascular resistance is uncertain, persistent hypo-
tension with associated symptoms despite standard therapy,
whose renal function is worsening with therapy, or those
who require parenteral vasoactive agents. Despite the amount
of information obtained from invasive hemodynamic mea-
surements, there was no clear morbidity or mortality benefit
in pulmonary artery pressure-guided management of ADHF
in comparison to clinical assessment in the Evaluation Study
of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness (ESCAPE) trial [33]. There is
no benefit of invasive hemodynamic monitoring in patients
with normotensive ADHF who are responding to diuretics
and vasodilators [34].

Risk Stratification

Once the diagnosis of HF has been established, there are many
different multivariable risk scores that are helpful in stratifying
risk of mortality in both the hospitalized and outpatient set-
tings. Some examples include the EFFECT risk score,
ESCAPE Risk model, and ADHERE classification in hospi-
talized patients and the Seattle Heart Failure model, Heart
Failure Survival score for patients, and the [-PRESERVE
Score (which is specific to HFpEF) for ambulatory patients

[7].
Goal-directed Medical Therapy for Treatment
The next appropriate step in the management of HF patients is

naturally the treatment of the condition. The primary goals are
to improve symptoms, survival, and the quality of life.

Additional goals include prevention of disease progression
and possible recovery of LVEF. The therapies can be sorted
into pharmacologic, device-based, and surgical therapies. The
vast majority of recommendations for therapies are in HFrEF
patients. Initiation of therapies is dependent on a combination
of factors, but is primarily dependent on the AHA staging and
baseline NYHA symptoms for chronic HF patients.

Stage A HF

In stage A HF patients, the main focus is management of
modifiable risk factors, controlling comorbidities, and avoid-
ance of exposures that are known to contribute to the risk of
developing HF. Life style modifications include diet and ex-
ercise, smoke cessation, and treating lipid disorders, diabetes,
and hypertension to meet contemporary guidelines which is
beneficial in this group [7]. At this time, based on a large
randomized control trial, hypertension should be controlled
to less than 130/80 mmHg.

Stage B HF

For stage B HF patients, the main goal in this group is to
prevent disease progression and improve survival. This is
achieved by targeting neurohormonal-mediated cardiac re-
modeling and controlling the risk factors mentioned in stage
A HF patients. In all HFrEF patients and in patients with
history of MI or recent ACS with left ventricular dysfunction,
angiotensin-converting enzyme (ACE) inhibitors are highly
recommended to prevent progression of left ventricular dys-
function and reduce mortality [35-37]. If intolerant to ACE
inhibitors, switching to angiotensin-receptor blockers (ARB)
is appropriate unless there is a contraindication [38, 39]. The
combination of both an ACE inhibitor and an ARB should be
avoided at all cost as this has been proven hazardous.

In all HFEF patients, especially with history of ischemic
heart disease, patients receive a proven mortality benefit from
evidence-based beta blockers [40—42]. Carvedilol, metoprolol
succinate, and bisoprolol currently are the only three beta
blockers with proven mortality benefit in this patient popula-
tion [40, 43—46]. Ischemic heart disease patients benefit from
the addition of statins to the regimen as well [47, 48]. In stage
B ischemic heart disease patients, the placement of an im-
plantable cardioverter-defibrillator (ICD) is reasonable to pre-
vent sudden cardiac death in patients who are at least 40 days
post-MI with an LVEF less than 30% and are on the appro-
priate medical therapy with a life expectancy greater than
1 year [7].

Stage C HF

Based on the latest iterations of the guidelines and emerging
data, at this point the therapeutic options must be tailor-based
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on if the patient has HFrEF or HFpEF. The vast majority of
literature has been based on HFrEF, providing a plethora of
therapeutic options with supportive data; however, there have
been some significant data supporting treatment strategies in
HFpEF patients.

Once stage B HFrEF patients develop symptoms (NYHA
[I-1V), they are reclassified to stage C HFrEF. This group of
patients has a wide variety of therapeutic options. In addition
to the treatments mentioned in stage A and B HFrEF patients,
the clinician must alleviate the symptoms, which is achieved
by reducing the effective workload by decreasing afterload
and alleviating fluid retention.

Diuretics, in particular loop diuretics are the main therapy
to alleviate patients of excessive volume and congestions via
salt and water excretion. When managing patients with ADHF
in the inpatient setting, the prompt use of intravenous loop
diuretics reduces morbidity. Often times, these patients are
already on a chronic oral dose of diuretics, in which the initial
inpatient intravenous dose should be equal or exceed their
chronic dose. Further dosages, either as intermittent bolus or
continuous intravenous drip, should be adjusted accordingly
with the goal of improving symptoms, reducing congestion,
and improving perfusion while avoiding hypotension and
over diuresis [49]. This is achieved through serial monitoring
of the changes in the signs and symptoms of congestion, vital
signs, fluid intake and urine output, daily weights, urea nitro-
gen, creatinine, and serum electrolytes [32¢¢].

If there is a suboptimal response, the dose could be in-
creased or an addition of a thiazide diuretic may be beneficial.
Low-dose dopamine may be a reasonable addition to improve
diuresis, which may preserve renal function/blood flow
[49-54]. If there is still refractory congestion despite medical
therapy or renal failure has occurred, ultrafiltration or renal
replacement therapy for fluid removal may be appropriate
[55]. In a select population of patients, a vasopressin antago-
nist may be considered in short-term use to increase free-water
excretion while improving serum-sodium concentrations in
volume-overloaded HF patients with severe hyponatremia,
who are at risk or are experiencing cognitive symptoms de-
spite maximum medical therapies [32¢e, 56, 57].

Recently, a new modality to promote renin-angiotensin-
aldosterone system blockade has emerged. The combination
of sacubitril (neprilysin inhibitor) and valsartan (ARB) is a
new compound that is referred to as an ARNI or angiotensin
receptor neprilysin inhibitor. The ARB acts on the RAAS
while the neprilysin inhibitor acts on the neutral endopepti-
dase, preventing the breakdown of natriuretic peptides (A-
type natriuretic peptide and BNP), bradykinin, and other pep-
tides. The increase in natriuretic peptides augments the gener-
ation of cGMP, which increases diuresis/natriuresis while pro-
moting myocardial relaxation and preventing remodeling.
Natriuretic peptides also provide additional RAAS blockade.
This compound was validated in the landmark PARADIGM-
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HF trial, in which the investigators studied symptomatic
HFrEF whom had elevated plasma natriuretic peptides, or if
they had a recent hospitalization with a GFR (eGFR) greater
or equal to 30 mL/min/1.73 m* of body surface area. In this
group, the combination of sacubitril/valsartan was superior to
ACE inhibitors with a significant reduction in HF progression,
HF-related hospitalizations, cardiovascular mortality, and
overall mortality [58¢].

In addition to continuing the therapies initiated during stage
A and B, e.g., ACE inhibitors or ARB and Beta blockers,
mineralocorticoid receptor antagonist (MRA), specifically al-
dosterone receptor blockade (spironolactone and eplerenone)
have been proven beneficial for further neurohormonal block-
ade. In HFrEF patients with NYHA II-IV symptoms, MRA
have reduced morbidity and mortality. NYHA class II HF
patients with a history of a prior cardiovascular hospitalization
or elevated BNP have a survival benefit from MRAs. MRAs
should be avoided if the estimated glomerular filtration
rate < 30 mL/min/1.73 m? or potassium greater than
5.0 mEq/L [59-61]. Post-acute MI patients with left ventricu-
lar dysfunction, whom developed HF symptoms or have his-
tory of diabetes mellitus, also gain a survival benefit from
MRASs [62].

Prior to ACE inhibitors and ARBs, a combination of hy-
dralazine and isosorbide dinitrate was one of the oldest strat-
egies for HF treatment dating back to 1986 with the V-HEFT-1
trial. HFTEF patients who are not on an ACE inhibitor or ARB
should be treated with this combination of vasodilators [63].
The A-HEFT trial found that African-American patients with
NYHA class III-IV HFrEF gain a survival benefit from the
addition of hydralazine and isosorbide dinitrate to a regimen
containing an ACE inhibitor and beta blocker [64].

In stage C HF, the placement of an ICD is reasonable to
prevent sudden cardiac death in both ischemic and non-
ischemic patients, who are at least 40 days post-MI with an
LVEF less than 35% with NYHA class II-III symptoms who
are on the appropriate medical therapy with a life expectancy
greater than 1 year [7]. In selected patients, cardiac
resynchronization therapy (CRT), in which both the left and
right ventricle are paced in synchrony to promote cardiac per-
formance, improve symptoms, and reduce morbidity and mor-
tality. Patients with an LVEF less than 35%, with a chronic left
bundle branch block (LBBB) with QRS duration greater than
150 ms with NYHA class II-IV symptoms, are most likely to
benefit from CRT. Other patients that may benefit from CRT
are patients with non-LBBB with QRS duration greater than
150 ms, patients with QRS duration of 120 to 149 ms (with or
without a LBBB), and HF patients with atrial fibrillation
whom atrioventricular nodal ablation or pharmacological rate
control induces near 100% ventricular pacing [7]. CRT is not
beneficial in patients with narrow QRS [65].

For some stage C HFTEF patients, their resting heart rates
continue to remain greater than 70 bpm, despite the beta
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blockers being titrated to the maximum tolerate dose.
Ivabradine is a new therapeutic medication which takes ad-
vantage of blockade of the sodium /f current within the sino-
atrial node, lowering the heart rate. Ivabradine in a recent
randomized control trial found that HFrEF patients with
NYHA class II-IV symptoms had a reduction in HF hospital-
izations, though no survival benefit was elicited [26°°, 66].

HFpEF Patients

Despite the amount of emerging data over the past decade,
there still remains limited positive data on treatment strategies
and thus limited recommendation from professional societies
for HFpEF patients. It remains that the main treatment strategy
for this patient population involves treating and minimizing
exposure to the underlying etiology of the HFpEF. Systemic
hypertension is a major cause of HFpEF and thus should be
controlled to contemporary guidelines. Adequate relief of
symptoms due to volume overload is often achieved with
diuretics. As with HFTEF, coronary revascularization of pa-
tients with coronary artery disease is beneficial if there is
proven ischemia or recurrent angina present. At this time,
there are no medications that have proven to decrease mortal-
ity in HFpEF patients; however, two groups’ of medications
that influence the renin-angiotensin-aldosterone system may
decrease hospitalizations. Results from the CHARM-
Preserved trial show that in HFpEF patients with NYHA II-
IV symptoms, ARBs, specifically candesartan, may modestly
decrease the rate of HF-related hospitalizations; however, no
survival benefit was demonstrated [67].

In the TOPCAT (Treatment of Preserved Cardiac Function
Heart Failure With an Aldosterone Antagonist) trial, MRAs
may also decrease HF-related hospitalizations. The combined
endpoint of CV and all-cause mortality was not statistically
significant despite a decrease in HF-related hospitalizations;
however, one criticism was the unusual amount of regional
variation in this trial. Based on post hoc analysis, HFpEF
patients with elevated BNP levels, or an HF admission within
1 year, an estimated glomerular filtration rate > 30 mL/min,
creatinine < 2.5 mg/dL, and potassium < 5.0 mEq/L may
benefit from the decreased rate of HF-related hospitalizations
[68, 69].

Nitrates have been shown to be beneficial in certain HFrEF
patients through reducing pulmonary vascular congestion and
improving exercise tolerance. In the Nitrate’s Effect on
Activity Tolerance in Heart Failure With Preserved Ejection
Fractions or NEAT-HFpEF trial, the investigators wanted to
test if nitrates would provide any positive outcome data on
HFpEF patient’s. Unfortunately, long-acting nitrates did not
demonstrate any survival benefit, quality of life, exercise tol-
erance, or NT-proBNP levels [70+]. Phosphodiesterase-5 inhi-
bition, which upregulates cGMP activity, augmenting to nitric

oxide system also failed to show any improvement in exercise
tolerance in the Phosphodiesterase-5 Inhibition to Improve
Clinical Status and Exercise Capacity in Heart Failure with
Preserved Ejection Fraction trial (RELAX trial) [71].

As mentioned earlier, treatment of systemic hypertension is
a crucial part of the management of HF patients. In both stage
C HFrEF and HFpEF patients, hypertension should be treated
to achieve a systolic blood pressure goal of less than
130 mmHg. For HFpEF patients specifically, if hypertension
persists despite adequate control of volume, additional oral
antihypertensive should be added. Though there is limited
data supporting which group of antihypertensives is more
beneficial, it is believed that renin-angiotensin-aldosterone
blockade may be the preferred first choice [26e¢].

There are many proven nonpharmacological interventions
that are beneficial in stage C HFrEF patients [72-74].
Providing patients with education on HF to patients with the
goal of self-care is strongly recommended. Exercise training is
also safe and recommended to improve functional status. This
could be achieved through a scheduled cardiac rehabilitation
[75-77]. Salt restriction may be beneficial in stage C patients
to reduce congestive symptoms. Recently, there two ap-
proaches to telemedicine that have been shown to improve
clinical outcomes of HF patients, one is the CardioMems sys-
tem which remotely monitors pulmonary artery pressures and
the IN-TIME approach which uses multivariable monitoring
through the ICD [78, 79].

Stage D HF

When the management of a stage C patient becomes refractory
to maximum goal-directed medical therapy, progressing to-
wards cardiogenic shock, advanced HF therapies need to be
considered. These patients are referred to as stage D. To sim-
plify the recognition of a patient in whom advanced therapies
should be considered, Russell et al. described looking at the
following: two or more ED visits or hospitalizations for the
past year, progressive deterioration of renal function, cardiac
cachexia, intolerance of goal-directed medical therapies (e.g.,
Hypotension), persistent or refractory hypotension (systolic
blood pressure < 90 mmHg, inability to perform activities of
daily living (NYHA III or IV), frequent need for escalation of
diuretic doses, hyponatremia, and frequency of ICD firings
[32¢e, 80]. In addition to continuing the same management
as established in stage C HF patients, further efforts will need
to be performed to maintain systemic perfusion and end-organ
performance. Short-term intravenous inotropic support should
be initiated until resolution of the acute precipitating problem
for the ADHF has resolved or a definitive therapy has been
achieved. Definitive therapies range from coronary revascu-
larization, either percutaneously or surgically, mechanical cir-
culatory support (MCS), or heart transplant. If the topic has
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not already been broached with the patient, palliative and end
of life care options should be discussed as this will help with a
decision for definitive therapies [32¢].

Ideally, inotropic support should be temporary until the
patient transitions to a definitive therapy, however if the pa-
tient is not eligible for MCS or transplant, long-term intrave-
nous inotropic support may be considered if required to man-
age symptoms adequately [81-85]. Definitive therapy could
come in the form of temporary or durable MCS or transplant.
MCS can be used to provide supplemental support by
unloading the failing ventricle, promoting systemic perfusion.
Temporary or nondurable MCS includes both percutaneous or
extracorporeal options that may be used for left or
biventricular support, while permanent implantable left ven-
tricular assist device (LVAD) or biventricular assist devices
(BIVAD) are referred to as durable MCS. There are a few
strategies that will determine what definitive therapy to select.
If cardiac recovery is anticipated, temporary or nondurable
MCS could be used as a “bridge to recovery.” If the hemody-
namic compromise is too profound, temporary or nondurable
MCS could be used as a “bridge to decision” until stability is
achieved allowing for a full evaluation for possible transplant
or durable MCS. Durable MCS could prolong survival in
carefully selected patients until transplant can be performed,
which is the ideal treatment for stage D patients [86—90]. If
ineligible for cardiac transplant, a “destination therapy” strat-
egy in which durable MCS for lifelong LVAD therapy use
may be an option in select patients [32e¢, 91]. Despite limited
availability of long-term outcome data, 2—3-year survival pa-
tients receiving continuous flow durable MCS is similar to
early survival after heart transplant [32¢¢]. The main weak-
nesses that affect long-term survival to durable MCS involve
bleeding complications, thromboembolism, pump thrombo-
sis, driveline infection, and device failure [92].

Postoperative right ventricular failure is another major
linchpin, outside of pump complications. A thorough evalua-
tion of right ventricular function prior to surgery is imperative
as right ventricular failure increases perioperative mortality for
both durable MCS and transplant. For those at high risk for
persisting right ventricular failure after LVAD implantation or
with chronic biventricular failure, implantation of a BIVAD
may be necessary; however, BIVAD is not suitable for desti-
nation therapy as the outcomes for BIVADs are inferior to
LVAD therapy, and thus diligence is required to screen for
appropriate patients prior to development of right ventricular
dysfunction [32e¢].

The INTERMACS scoring system is used for both prog-
nostic evaluation and assisting what type of MCS is appropri-
ate. In addition to this, the Survival After Veno-arterial ECMO
(SAVE) scoring system could help predict survival in patient
receiving ECMO support for cardiogenic shock [93¢]. Data
supporting percutaneous MCS over intraaortic balloon pump
is limited; however, in meta-analysis of three randomized
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controlled trials, percutaneous MCS appeared as a safe option
though no survival benefit was established [94e, 95].

The main challenges faced in cardiac transplantation other
than donor organ shortage are the complications from long-
term immunosuppression and graft rejection. Complications
are not limited to cell-mediated or antibody-mediated rejec-
tions, transplant coronary artery vasculopathy, malignancy
(particularly lymphomas and skin cancer), renal failure, and
opportunistic infections. Well informed, motivated stage D
patients with severe symptoms who are capable of complying
with the intense postoperative course should be considered for
transplant unless contraindicated. Transient or treatable con-
traindications should be considered prior to consideration of
ineligibility. Examples of contraindications include active in-
fections, pharmacologically irreversible pulmonary hyperten-
sion, active malignancy, systemic disease with multi-organ
involvement or other co-morbidity with poor prognosis, cur-
rent alcohol or drug abuse, or patients with poor social sup-
port. Durable MCS should be considered in patients with tran-
sient or treatable contraindications with subsequent reevalua-
tion [32ee].

Conclusion

Heart failure is a disease affecting millions of people world-
wide [2]. We have briefly reviewed multiple definitions, eti-
ologies as well as strategies on how to establish the diagnosis
of heart failure and to initiate and optimize their treatments.
While the prognosis for heart failure patients remains poor in
comparison to other cardiovascular disease and even certain
cancers, new advancements in therapy have shown survival
and quality of life improvement.
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