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Abstract

Heart failure is defined as a life-threatening com-
plex clinical syndrome with exacerbation of
symptoms signifying decompensation and
requires emergent treatment. In its acute state it
presents within 24 hours with symptoms such as
shortness of breath, volume overload including
pulmonary edema, sometimes forward failure
and even cardiogenic shock. Two forms of acute
heart failure exist: newly diagnosed “de novo” or
acutely decompensated chronic heart failure.
This chapter summarizes the clinical and prog-
nostic classification of acute right heart failure,
epidemiology, diagnostic work-up and the prin-
ciples behind treatment and management options
that focus on preload optimization, afterload
reduction and improvement of contractility.
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10.1 Introduction
Research efforts have disproportionately concen-
trated on the left ventricle in heart failure, how-
ever recent efforts recognize the need to achieve
a comprehensive understanding of the right ven-
tricle. In the past, the general laws regarding
cardiac mechanics and treatment modalities to
improve cardiac performance have been similar
in both the right ventricle (RV) and left ventricle
(LV). However, the RV is distinct from the LV
in regards to structure, geometry, and mechanics
[1]. During the past two decades, with the help of
imaging modalities, RV function has proved to be
an important contributor in the prognosis of heart
failure regardless of underlying etiology [2].
Heart failure (HF) is generally a chronic
medical condition with exacerbation of symp-
toms signifying decompensation and requires
medical attention. It is a complex syndrome that
is caused by structural or functional cardiac dis-
orders leading to impairment of either ventricle
to fill or eject blood. It can, however, present as
an acute condition within 24 h as seen in pulmo-
nary edema or cardiogenic shock [3]. Right HF is
now more frequently identified in current clinical
practice due to the increase in the prevalence of
predisposing conditions in the population such
as LV failure and myocardial infarction [2]. The
clinical syndrome presents predominantly as sys-
temic congestion leading to jugular venous regur-
gitation and ankle swelling [3].
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10.2 Epidemiology

The prevalence of HF is estimated at 1-2% in
Western countries and the incidence is about
5-10 per 1000 persons per year [3]. It is esti-
mated that five million Americans are diagnosed
with heart failure. The majority of HF patients
are hospitalized for acute heart failure. The
median length of stay in hospital is 3 days [4].
HF is one of the most common diseases affect-
ing adults in Europe today. In Germany, for
example, HF is reported to be the most common
diagnosis leading to hospitalization. In persons
aged 2040 years, the prevalence is under 0.5%,
however in persons over age 60 years, the preva-
lence reaches as high as 10% in men and 8% in
women [5]. The high prevalence is attributed to
the aging population, advances in medicine in
primary and secondary prevention of coronary
events, as well as in available treatment options.
In developed countries, the mean age of patients
with HF is 75 years [3].

10.3 Prognosis

Due to recent advancements in medicine such
as drug therapy providing beneficial long-term
effects, implantable defibrillators and car-
diac resynchronization systems, the five-year
mortality rate of patients with chronic HF has
decreased. A study using enalapril as treat-
ment for HF patients demonstrated significant
reduction in cardiac death (hazard ratio was
0.90 for treatment group) and extension of
median survival by 9.4 months [6]. Implantable
cardioverter-defibrillator (ICD) could reduce
mortality rate by 23% among patients with
HF [7]. However, minimal improvement in the
prognosis among patients with acute HF has
been demonstrated. The in-patient mortality rate
is reportedly 7% according to the Euro Heart
Failure Survey, with a one-year mortality rate
at 20-30%. Cardiogenic shock notably has the
highest mortality rate, followed by pulmonary
edema, and then followed closely by de novo
acute HF and right HF [5].

10.4 Etiology
and Pathophysiology

Two forms of acute HF exist: (1) newly arisen or
“de novo” and (2) acutely decompensated chronic
heart failure (ADCHF). Two thirds of all patients
with acute HF have a previous history of HF [5].

Common causes of de novo HF include coro-
nary heart disease, mainly acute coronary syndrome
and its mechanical complications (e.g. ventricular
septal defect, acute mitral insufficiency, right heart
infarct), valvular diseases, myocarditis, hyperten-
sive crisis, arrhythmias, circulatory failure (e.g.
acute pulmonary embolism, pericardial tamponade,
aortic dissection), and surgical intervention and
associated perioperative complications [5].

ADCHF is associated with delayed clinical
deterioration, such as infections (endocarditis),
acute exacerbation of chronic obstructive pul-
monary disease and asthma, anemia, worsening
renal failure, inadequate fluid and salt intake,
non-compliance with medication, adverse drug
reaction and interaction (e.g. non-steroidal
anti-inflammatory drugs, corticosteroids), uncon-
trolled arterial hypertension, hypo- or hyperthy-
roidism, and substance abuse [5].

10.4.1 Acute Right Ventricular
Failure

RV dysfunction is a result of pressure overload
or volume overload, or a combination of both
[2]. Notably, the thin-walled chambers and lesser
elasticity of the RV structure accommodate
changes in volume overload better than the LV,
making the RV more afterload-dependent [1].
Additionally primary loss of myocardium leads
to right HF, however it is a rare cause and not
confined to the right heart [2].

The RV systolic function remains well-
preserved despite  long-standing  volume-
overload secondary to atrial septal defect (ASD)
or tricuspid regurgitation (TR). However, due to
ventricular interdependence, shift of the inter-
ventricular septum, and increased pericardial
constraint, these valvular abnormalities lead to
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decreased LV cardiac output and LV elasticity.
The over circulation of the pulmonary vascula-
ture causes fixed pulmonary hypertension and
increased RV afterload [1].

In adults, the RV cannot tolerate acute increases
in afterload. An increase in pulmonary artery pres-
sure of 20 mmHg results in a 30% decline in RV
stroke volume. Pulmonary hypertension thereby
leads to RV dilation and subsequent failure, as
seen in acute pulmonary embolism with a sudden
drop in RV systolic volume [1].

There are several causes of right HF [2]. The
most common cause of RV dysfunction is LV
dysfunction and failure resulting in pressure
overload and pulmonary venous hypertension
[8]. The causes of right heart failure and their cor-
responding mechanisms are listed in Table 10.1.

10.4.2 Acute Pressure Overload

As a response to increased pressure, the RV
compensates via the Frank-Starling mechanism
by increasing its contractile state. An increase
in ventricular inotropy as a result of a sudden
increase in afterload, known as the Anrep effect,
is mediated through changes in calcium dynamics
and occurs by maintaining the adrenergic state.
Catecholamines also contribute to the increase in
RV pressure by increasing the inotropy. With a
further increase in the afterload, the subsequent
dilated RV relies on the Frank-Starling mecha-
nism to function. However, when all of the adap-
tive mechanisms in response to pressure overload
are exhausted, the systemic pressure begins
to fall, with a sudden, dramatic, and irrevers-
ible decrease in the contractile function of the
RV. This concept was first demonstrated in 1954
by Guyton et al. in which it was established that a
steady rise in the pressure of the RV secondary to
the progressive constriction of the main pulmo-
nary artery to the point where the RV can no lon-
ger compensate would lead to a sudden decrease
in systemic pressure and cardiac output [9].
Acute pulmonary embolism serves as the pro-
totype of RV failure due to acute pressure over-
load. Pre-existing cardiac or pulmonary disease

Table 10.1 Causes and corresponding mechanisms of
right heart failure [2]

Causes of right heart failure

Left ventricle
failure or
arrhythmia

Right ventricle
ischemia or injury

RV infarction secondary to
pressure overload

Increased afterload | Acute pulmonary embolism

Pulmonary microthrombi
(sepsis)

Pulmonary arterial
hypertension (PAH)
Hypoxic vasoconstriction

Mechanical ventilation
Post CABG
Hypovolemia

Decreased preload

Capillary leak

Sepsis

Superior vena cava (SVC)
syndrome

Right ventricle outflow tract
(RVOT) obstruction

Mechanical ventilation

Tamponade

Myocardial disease | Left ventricle cardiomyopathies

Arrhythmogenic right
ventricular dysplasia (ARVD)

Cytokines (sepsis)

Congenital/Valvular | Mitral valve disease

Ebstein anomaly

Tetralogy of Fallot

Transposition of great vessels
(TOGV)

Atrial septal defect (ASD)
Tricuspid regurgitation (TR)

Pulmonic regurgitation (PR)

Pericardial Constrictive pericarditis

and anatomic severity of the obstruction influ-
ence the cascading events seen in pulmonary
thromboembolism. As vasoconstrictive factors
are released from the thrombus and in response
to hypoxia, the pulmonary vascular resistance
increases, with subsequent increase in pulmo-
nary artery pressure. The result is a dilated and
hypokinetic RV. The myocardial oxygen demand
increase and eventually leads to myocardial
ischemia or infarction [2]. Ischemia or infarc-
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tion then causes both a decrease in RV ejection
and a septal shift, thereby reducing the LV pre-
load. Ultimately, the heart is unable to maintain
cardiac index and arterial pressure, leading to
cardiogenic shock [2].

10.4.3 Chronic Pressure Overload

Chronic pressure overload leads to multiple epi-
sodes of decompensation, as seen in PAH. The
adaptive response of the RV to pressure over-
load is myocardial hypertrophy and a change in
shape from the normal conformation to a spheri-
cal geometry. This is a result of increased protein
synthesis and increase in cell size. Paracrine,
autocrine, and neurohormonal signals such as the
renin-angiotensin-aldosterone system (RAAS)
and enhanced sympathetic activity, as well as
stretch, induce protein synthesis. The long term
effect causes the pressure overload to eventually
decrease the cardiac contractile force. The accom-
panying extracellular matrix synthesis impacts
the RV function and morphology, thus leading
to electrical instability [2]. The adaptive mecha-
nism of the RV in chronic pressure overload due
to congenital heart disease, where the RV shape is
concentric with preserved function, is attributed
to persistent expression of fetal genes [8].

The RV adequately adapts to chronic pressure
overload in contrast to acute pressure overload.
It is reported that 55% of incident patients with
PAH and chronic pressure overload average a
survival rate of 3 years. However, some patients
with severe PAH remain highly functional (New
York Heart Association Functional Class I) for
years without developing RV failure [10].

In maladaptive cardiac remodeling, the alpha
to beta isotype switching of the myosin heavy
chains (MCH) causes a reduction of the alpha-
MCH isotype, which represents one third of the
total MCH in adults. This type of remodeling is
seen in PAH-associated right heart failure. Since
beta-MCH has lower adenosine triphosphate
(ATP) activity than alpha-MCH, a reduction in
systolic function is seen. Additionally, the phos-
phorylation of troponin T by protein kinase C
inhibits the binding of troponin T to tropomyo-
sin, resulting in inhibition of maximal myofibril-
lar ATP and contraction. Maladaptive remodeling

also demonstrates abnormalities in enzymes and
ion channels, mitochondrial effects, depletion of
myocardial ATP and changes in myocardial sub-
strate use (from fatty acids to glucose) [2].

10.4.4 Right Heart Failure Secondary
to Left Heart Failure

Multiple mechanisms contribute to RV failure sec-
ondary to LV dysfunction: (1) LV failure increases
the afterload by increasing pulmonary arterial pres-
sure, (2) cardiomyopathy in the LV may simultane-
ously affect the RV, (3) MI that may involve both
ventricles, (4) LV dysfunction affecting the systolic
driving pressure of the RV coronary perfusion, (5)
through ventricular interdependence due to septal
dysfunction, and (6) RV diastolic function could be
restricted in the setting of LV dilation with a limited
pericardial compartment [11].

In the setting of an inferior MI, acute RV fail-
ure is a result of LV dysfunction and elevated
LV filling pressure. The increase in LV and left
atrial pressure leads to a corresponding increase
in mean pulmonary artery pressure to maintain
the same cardiac output at the same pulmonary
resistance. These events lead to a simultaneous
decrease in RV contractile function [9].

In left HF, although RV dysfunction appears to
be more common in non-ischemic cardiomyopa-
thy, it is also seen in ischemic cardiomyopathy. RV
dysfunction in this setting more closely parallels
LV dysfunction. RV ejection fraction is a strong and
independent predictor for mortality in left HF [12].

The RV may be unable to maintain the flow
volume required to keep adequate left ventricular
preload in LV failure. The RV status serves as a
common final pathway in the progression of con-
gestive HF due to the multiple factors that influ-
ence RV function in LV failure. Thus, this is a
sensitive indicator of poor prognosis or impend-
ing decompensation [11].

10.4.5 Ischemic RV Failure and RV
Infarction

Coronary artery disease (CAD) represents the
main preceding event (around 70%) in heart fail-
ure. The high prevalence of reduced flow reserved
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in patients with HF and non-significant stenosis
in the main coronary arteries suggests that micro-
vascular impairment contributes to myocardial
dysfunction [3].

In acute myocardial infarction (MI), the death
of myocytes in one or more ventricular segments
results in scarring resulting in inadequate relax-
ation in diastole and impaired contraction in sys-
tole. The lack of synchronicity in the movement
connected to the infarcted area reduces the effi-
ciency of pump function [3].

Coronary ischemia leads to a decrease in the
contractile function of the RV. It is commonly a
consequence of acute coronary syndrome; how-
ever, other causes include severe pulmonary
hypertension and/or decreased systemic pressure.
The blood supply of the RV originates from the
right coronary artery, and supplies the inferior wall
of the heart in about 90% of the population [9].

The RV is more adept at tolerating ischemia
in comparison to the LV due to lower oxygen
demand and the presence of coronary collateral
flow. RV failure due to RV infarct may improve
simultaneously overtime. However, if the RV
infarct is hemodynamically significant, mortality
is high [9].

RV infarction occurs in the setting of an infe-
rior MI. This is often unrecognized, as an isolated
decrease in the RV contractile function with pre-
served RV outflow pressure is a clinically silent
phenomena. In this setting, normal right atrial
function is crucial to prevent a loss of atrioven-
tricular synchronicity contributing to cardiogenic
shock [9].

Infarction of the RV could cause sufficient
myocardial damage resulting in heart failure,
shock, arrhythmias, and death in the absence of
any superimposed volume or pressure overload,
and unrelated to the extent of LV damage. The
enlarged hypocontractile right ventricle plays
an important role in compromising the overall
circulatory status. Patients with right HF and
defective RV are found to be more susceptible to
deterioration [11].

Tachyarrhythmias, such as nonsustained ven-
tricular tachycardia (NSVT) and atrial fibrilla-
tion and flutter (AF), impact right atrial function.
In AF, atrial contraction is reduced leading to a
decrease in ventricular filling and stroke volume.
In NSVT, the systolic volume is diminished due

to atrioventricular dissociation and the conse-
quent preload drop. Further decreasing the filling
and cardiac output is the shortened diastolic time.
Persistent tachyarrhythmias lead to tachycardia-
induced myopathy (tachycardiomyopathy) [3].

10.4.6 Congenital Heart Disease
and RV failure

RV failure is a common consequence of congenital
heart disease (CHD). In patients with large atrial
septal defect (ASD), left-to-right shunting and vol-
ume overload is seen in the RV. The long-standing
volume overload is associated with increased
mortality and morbidity, such as HF, decreased
exercise tolerance, and arrhythmias. Incomplete
RV and right atrial remodeling, and increased risk
of arrhythmias are correlated with older patients
(>40 years of age) with delayed repair or closure.
In comparison to ventricular septal defects, only
a small percentage of patients with ASD develop
Eisenmenger syndrome presenting later in life.
This is attributed to two factors: (1) the timing of
the shunting, which is delayed until RV hypertro-
phy regresses and maturation of pulmonary vascu-
lature occurs, and (2) the absence of high-pressure
shear forces as seen in VSD [12].

Ebstein’s anomaly is a congenital heart defect in
which there is apical displacement of the septal and
posterior tricuspid leaflet exceeding 8 or 20 mm/
m? in the adult. The result is an atrialized portion
of the RV and moderate to severe tricuspid regurgi-
tation. Associated congenital defects include ASD
with bi-directional shunt, pulmonary stenosis, and
accessory pathways. Due to the volume overload
of the RV and the inability of the hypoplastic RV
chamber to adequately handle systemic venous
return, RV failure ensues. Surgical management
depends on the valve morphology (attachment,
commissures, surface) and the size of the func-
tional RV before repair can be considered [12].

A number of congenital abnormalities such as
pulmonary valve stenosis, double-chambered RV,
infundibular hypertrophy, or dynamic obstruc-
tion of the RV lead to RV outflow tract obstruc-
tion. When pulmonary valve stenosis is severe,
the RV maintains the ability to adapt. Symptoms
rarely manifest during childhood and adoles-
cence; however, long-standing, untreated severe
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obstruction lead to RV failure and tricuspid
regurgitation. Adults present with symptoms of
fatigue and dyspnea which reflect the inability to
increase cardiac output during exercise [12].

A common surgical complication of Tetralogy
of Fallot is severe pulmonic regurgitation (PR)
associated with RV dysfunction, decreased
exercise capacity, atrial and ventricular arrhyth-
mias, and sudden death. Timely replacement of
the pulmonic valve protects patients from post-
surgical complications [13].

In patients with D-transposition of the
great arteries who underwent atrial switch sur-
gery and patients with congenitally corrected
L-transposition of the great arteries, the anatomic
RV supports systemic circulation. These patients
present with late-onset RV failure since the RV
properties and mechanics are not designed to
support the systemic circulation. A progressive
decline in RV function due to myocardial perfu-
sion defects, uncoordinated myocardial contrac-
tion, and systemic atrioventricular valve (tricuspid
valve) regurgitation is seen in patients who have
undergone atrial switch surgery. Congenital cor-
rection of the L-transposition of the great arter-
ies is associated with moderate to severe systemic
atrioventricular (tricuspid valve) regurgitation and
increased mortality. Replacement of the tricuspid
valve slows the progression of the RV failure [12].

10.5 Clinical Presentation

In the emergency setting, the most common
presentation in patients with acute right HF is
dyspnea. However, dyspnea is a non-specific
symptom that includes pulmonary etiologies,
such as asthma and COPD exacerbation, and
various cardiac etiologies, such as myocardial
infarction [14]. Dyspnea has a high sensitivity
of 84-100%, but a poor specificity (17-34%).
Paroxysmal nocturnal dyspnea is more specific
at 80—84%, but it has low sensitivity at 39-41%
[15]. Other clinical presentations include
orthopnea, fatigue, weakness and lethargy, as
well as peripheral edema and abdominal disten-
tion. Orthopnea has a specificity of 77% and a
sensitivity of 50% [14]. Right hypochondrial

pain is mostly likely due to right sided heart
failure, with a specificity of 80% and sensitivity
of 23% [15].

Furthermore patients with right HF present
with jugular venous distention, lower extremity
edema and parasternal holosystolic murmur that
is compatible with tricuspid regurgitation [16].
On physical examination, the presence of a third
heart sound has the highest specificity of 99%,
but has a very low sensitivity of 13%. Jugular
venous distention and presence of murmurs
have specificities of 90% but they also have low
sensitivities of around 30% [14]. In critically ill
patients, the most recognizable signs are ele-
vated right-sided filling pressures, such as jugu-
lar venous distention and peripheral edema. A
parasternal heave may also be felt over the right
sternal border [17]. Rales and lower extremity
edema both have specificity of 78% but their
sensitivity is at 60% and 50%, respectively.
Wheezing has low sensitivity and specificity, at
22% and 58%, respectively [14]. Hepatojugular
reflux and ascites are not frequently found in
HF but they both have a high specificity of more
than 96%, but their sensitivity is only at 24% and
1%, respectively [15]. In patients with right to
left shunting or severely low cardiac output, cya-
nosis can also be present [16].

10.6 Diagnostic Work Up

Since most symptoms of acute right HF have
either low sensitivity or specificity, it is essen-
tial to complete a thorough medical history and
physical examination. Recommended inves-
tigations for each patient include: (1) 12-lead
electrocardiogram, (2) laboratory evaluation,
(3) chest radiograph, and (4) echocardiogram
[14].

10.6.1 Electrocardiography (EKG)

Obtaining an EKG is routinely done to assess the
cardiac rhythm, QRS duration, and presence of
atrioventricular conduction block [16]. Although
specific, EKG lacks sensitivity [18].
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10.6.2 Echocardiography

Echocardiography plays a significant role in
the diagnosis of right heart failure. RV enlarge-
ment, RV systolic dysfunction, tricuspid regur-
gitation, pulmonary hypertension, congenital
heart defects, valvular heart disease, or left
heart disease are consistent in patients with
RHF [16].

In the parasternal short-axis view, changes in
the RV associated with hemodynamic overload
could be seen. The crescent-shaped RV is lost
while the septum becomes flat. The LV becomes
non-spherical (D shape) resulting in impaired LV
filling and decreased cardiac output [2].

Because of the complex structure of the RV,
only diameters and areas are used in echocardio-
graphic assessment of RV size. The normal free
wall thickness is at 5 mm, and measurements
above 5 mm are considered hypertrophy. Using
the apical 4-chamber view, the long- and short-
axis views can be measured and the end-systolic
and end-diastolic area are determined. Normally,
the RV area and mid-cavity diameter are smaller
than the LV. Visual echocardiographic assess-
ment is inaccurate for identification of functional
abnormalities [2].

Three-dimensional echocardiography can be
used determine volumes and ejection fraction
without geometrical assumptions. This has been
proven to be accurate and reproducible compared
to cardiac MRI [2].

Measurement of right atrial pressure and car-
diac index are the strongest prognosticators in
PAH and a more accurate reflection of RV function
than PAP. A right atrial pressure of >15 mmHg or
a cardiac index <2 1/min/m? is an indication for
transplantation referral in PAH [18].

10.6.3 Magnetic Resonance Imaging
(MRI) and Computerized
Tomography Scan (CT scan)

MRI is the gold standard for quantifying the RV
chamber, right heart structure and function [2].
This is especially useful in patients with complex
congenital heart defects such as Ebstein’s anomaly

and hypoplastic RV, precise quantification of valvu-
lar regurgitation, and planning of complex surger-
ies. Recent studies have also shown the prognostic
value of RV end-diastolic volumes and pulmonary
compliance as assessed by MRI in PAH [16].

Tricuspid annular plane systolic excur-
sion (TAPSE) is most commonly used in clini-
cal practice to evaluate global RV function. It
is easily measured by using an M-mode cursor
that is passed through the tricuspid lateral annu-
lus in a 4-chamber view. The extent of systolic
motion of the lateral portion of the tricuspid ring
towards the apex is then measured. This exhibits
a good correlation with isotope-derived RV ejec-
tion fraction [2]. It has an established prognostic
value in patients with PAH and values of <1.8 cm
indicates significantly decreased survival [18].

Cardiac CT can provide accurate assess-
ment of structure and function, including the
coronary arteries. However, in patients with
tachycardia, the cardiac CT and MRI has lower
accuracy [15].

10.6.4 Right Heart Catheterization

Cardiac catheterization remains the gold standard
for assessing hemodynamics of the pulmonary cir-
culation. It measures the pressures directly and esti-
mates the flow indirectly. Right heart catheterization
is useful in confirming the presence of pulmonary
hypertension (mean pulmonary arterial pressure at
>25 mmHg at rest), defining the underlying causes
and providing prognostic information [2].

Indications for right heart catheterization
include assessment of pulmonary vascular
resistance or impedance, pulmonary pressures,
cardiac output shunt fraction, and pulmonary
vasoreactivity [16].

10.6.5 Exercise Stress Testing

Exercise stress testing is very useful is objective
assessment of clinical deterioration in patients
with PAH or congenital heart disease. However,
this is contraindicated in patients with severe pul-
monary vascular disease [16].
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10.6.6 Brain Natriuretic Peptide
(BNP)

HF-specific tests include brain natriuretic peptide
(BNP) and N-terminal proBNP (NT-proBNP).
A neuro-hormone, BNP is the activated form of
proBNP, and is stored in secretory granules in
both ventricles and lesser in the atria. ProBNP is
secreted into the ventricles and is broken down
into its two cleaved form—the inert N-terminal
fragment (NT-proBNP) and its biologically
active hormone BNP as a response to volume
expansion and pressure overload. If measured in
patients with acute dyspnea, BNP levels of less
than 100 pg/ml have a negative predictive value
(NPV) of 90%, while values of more than 500 pg/
ml have a positive predictive value (PPV) of 81%.
Its level is a strong predictor of risk of death and
cardiovascular events in patients who are previ-
ously diagnosed with heart failure or cardiac
dysfunction [15]. BNP could predict survival in
patients with acute RVH in PAH. Increased levels
are associated with increased mortality (1415 pg/
ml vs 628 pg/ml) [18].

NT-proBNP has a longer half-life of 72 h
compared to 4 h of BNP. They have no clinically
significant difference, aside from NT-BNP levels
are less affected by obesity. Elevated levels have
been associated with renal failure, pulmonary
embolism, pulmonary hypertension, and chronic
hypoxia. Obese and overweight individuals are
found to have relatively low BNP levels [15].

10.6.7 Other Tests

Chest radiography can be used to evaluate car-
diac size, pulmonary congestion, and to detect
other cardio-pulmonary diseases that are contrib-
utory to the patient’s symptoms [15]. Once the
chest radiograph shows signs of RV dysfunction,
RVF is usually advanced and is associated with
high mortality [18].

Baseline renal and liver function tests, albu-
min, uric acid levels and B-type natriuretic
peptide could help in determining the progno-
sis of right heart disease [16]. Sodium levels
<136 mml/l could predict RVF and increased risk

of death in patients with PAH. Creatinine could
also predict survival as increased levels suggest
increased mortality. Elevated levels of C-reactive
protein are associated with increased mortality.
Liver transaminases, though its prognostic value
has not been established, could reflect hepatic
congestion and/or hypoperfusion due to compro-
mised LV function and forward failure [18].

In patients with PAH, the following tests are
also obtained: ventilation perfusion scan, pul-
monary function tests, overnight oximetry, and
serology for human immunodeficiency virus
(HIV) and connective tissue diseases. To deter-
mine protein-losing enteropathy, stool alpha-1
antitrypsin is also obtained [16].

10.7 Treatment and Management

Treatment of acute right heart failure focuses
on three targets: (1) preload optimization, (2)
afterload reduction, and (3) improvement of con-
tractility [18]. The primary goal in the setting of
acute RHF is to avoid systemic hypotension in
order to prevent sequela events such as myocar-
dial ischemia and further hypotension [16].

In etiology-specific management, the treat-
ment options include early revascularization
for RV infarction, thrombolysis for pulmonary
embolism, antibiotics for endocarditis, and sur-
gical repair. In ST-elevation myocardial infarc-
tion (STEMI) involving the right ventricle, early
reperfusion has been shown to improve RV ejec-
tion fraction and decrease the incidence of com-
plete heart block [16].

In critically ill patients admitted to the inten-
sive care unit (ICU), acute RV failure is mostly
a combination of established pulmonary vascu-
lar disease complicated by acute derangements
in one or all of the following: (1) RV preload,
(2) RV afterload, and (3) RV contractility. For
example, in an ICU patient who develops cor pul-
monale from emphysema and subsequent severe
pneumonia, management is directed at optimiz-
ing RV function. In patients with acute RV failure
secondary to a massive pulmonary embolism,
the targeted treatment is to reduce the increased
afterload [17].
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10.7.1 Optimizing the Preload

Most of the clinical conditions that lead to RHF
are associated with increased RV afterload.
Diuretics or hemofiltration reduce the excessive
RV preload, and thereby reduce RV dilatation
and free wall tension. This minimizes ischemia
and improves contractility [19]. Progressive
diuresis of 500-1000 ml daily is the target goal
in patients with volume overload. In patients with
hypovolemia, a bolus of 500 ml is given [16].

Generally maintaining moderately high RV
diastolic filling pressure of 8—12 mmHg is opti-
mal in RHF [19]. It is then adjusted to optimize
RV function and cardiac output. In ICU patients,
a central venous catheter is used to monitor
superior vena cava oxygen saturation (Svp,) and
central venous pressure, which help in assessing
right-sided filling pressures and oxygen deliv-
ery. The normal range for Svg, and lower values
suggest reduced cardiac output [17]. In condi-
tions like acute RV infarction (further discussed
below) where the RV output is impaired due to
contractile dysfunction but the afterload is nor-
mal, a higher preload is needed to keep the for-
ward flow [19].

10.7.2 Reducing the Afterload

Pulmonary vasodilators are used in conditions
with high pulmonary vascular resistance (PVR).
Increased PVR is seen in critically ill patients
with acidosis, hypoxia, and hypercapnia. Using
lung protective ventilation (using lower effec-
tive plateau pressure, tidal volume, and positive
end-expiratory pressure) while avoiding hypox-
emia and hypercarbia, helps improve RV pre-
load and afterload [19]. The Sag, is ideally kept
above 92% and ventilator settings are adjusted to
achieve a lung volume near functional residual
capacity and a Pco, and pH that are near normal
as possible [17].

The pulmonary vasodilator agent of choice in
critically ill patients is inhaled nitric oxide (iNO),
used off-label. Its pharmacologic properties of
rapid onset of action and short-half-life have been
shown to improve pulmonary hemodynamics in

RHF [19]. It improves oxygenation by diverting
blood flow away from areas of very low venti-
lation-perfusion ratio or shunt. In patients with
acute respiratory distress syndrome (ARDS),
iNO does not improve the outcome but has been
shown to improve the RV ejection fraction and
end-diastolic volume and improve mixed venous
oxygenation saturation in patients with acute RV
failure. It must be noted that systemic adminis-
tration of pulmonary vasodilators can worsen
gas exchange and impair ventilation-perfusion
matching [17].

Prostanoids are used in patients with PAH
and RV infarction [16]. Similar to iNO, three
prostacyclin derivatives are currently available
in the United States for the treatment of pul-
monary arterial hypertension: (1) epoprostenol,
(2) treprostinil and (3) iloprost. These agents
act as potent pulmonary vasodilators with rapid
onset of action and short half-lives. They func-
tion to increase the intracellular cAMP level,
and provide inotropic effects. These agents are
administered via inhalation, thus minimizing the
systemic effects [17].

Phosphodiesterase-5 (PDES) inhibitors are
alternate therapeutic agents used to manage
patients with acute RHF and underlying chronic
pulmonary hypertension. They act by decreas-
ing the pulmonary arterial pressure and increas-
ing the cardiac output in both acute and chronic
pulmonary hypertension. However, the potential
adverse effect of causing systemic hypotension
and blunting hypoxic pulmonary vasoconstric-
tion must be taken into consideration [19].

Other pulmonary vasodilator agents such
as the endothelin receptor antagonists and the
soluble guanylate cyclase stimulator, riociguat,
should also be used with caution in manage-
ment of acute RV failure. Endothelin receptor
antagonists have reportedly been associated with
increased mortality in left heart failure. Riociguat
has significant systemic vasodilator effects,
especially in conditions like sepsis wherein the
endogenous nitric oxide production may be
increased. Calcium channel blockers should also
be avoided because of associated negative inotro-
pic effects and the potential to increase RV stroke
work index [17].
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10.7.3 Improving Contractility

Supraventricular tachyarrhythmias (SVTs) can
further compromise cardiac function. In the
setting of chronotropic incompetence, atrial or
atrioventricular sequential pacing may improve
cardiac output in RHF. Electrical cardioversion
is performed on patients with tachyarrhythmias,
while pacemaker implantation is performed in
patients with high grade AV block [16].

The therapeutic goal in patients who are
hypotensive with severely elevated pulmonary
artery pressure is to maintain the systemic arte-
rial pressure higher than the pulmonary arterial
pressure. Vasopressin, which binds to vasopres-
sin-1 (V1) receptors on vascular smooth muscles,
can cause pulmonary vasodilation at low doses
(0.01-0.03 U/min). However, at higher doses, it
causes coronary vasoconstriction by increasing
catecholamine responsiveness [19].

In patients with acute RHF and signs of low
cardiac output, inotropic therapy is indicated.
Dobutamine acts to increase cardiac index and
stroke volume while maintaining preload. At
doses of 2-5 mcg/kg/min, dobutamine increases
cardiac output while decreasing pulmonary vas-
cular resistance in PAH. Its combination with
iNO in pulmonary hypertension has shown to
increase cardiac index, decrease pulmonary vas-
cular resistance, and significantly increase PaO2/
FiO2 ratio. In hypotensive patients, the preferred
agent is dopamine, whereas milrinone is pre-
ferred in patients with tachyarrhythimas [16].

If the patient remains hemodynamically
unstable after preload optimization, in which
dobutamine is primarily used, mechanical sup-
port options such as extra corporeal membrane
oxygenation (ECMO) and right ventricular assis-
tive device (RVAD) are considered, as well as
urgent transplantation and surgery in selected
cases [16].

Levosimendan, a calcium sensitizer with
inotropic properties, improves RV function or
pulmonary hemodynamics in patients with biven-
tricular failure or ARDS [16]. It functions to
increase contractility without increasing oxygen
consumption. This effect is achieved by sensi-
tizing cardiac troponin C to the effects of intra-
cellular calcium. However, its use is limited by

adverse effects, such as hypotension and arrhyth-
mias, especially with bolus dosing [18]. Future
studies are needed to determine its role in manag-
ing patients with acute RHF [16]. It is currently
approved in Europe, but not in the U.S. [18].

10.7.4 Treatment of RV Ischemia
and Infarction

RV ischemia presents with both systolic and
diastolic dysfunction which causes a serious
deficit in LV preload and a resultant drop in car-
diac output, leading to systemic hypotension.
Adequate filling (preload) of the RV is crucial
to maintain sufficient RV output volume and LV
function. Initial therapy includes administration
of adequate volume and avoidance of therapeu-
tic agents that cause venodilation and decreased
RV filling, such as diuretics and nitrates. Initial
recommendation is a volume challenge of 300-
600 ml of normal saline over 10-15 min via a
central line or through a large-bore peripheral
intravenous site. Invasive hemodynamic monitor-
ing is preferred since further infusion is damag-
ing when additional increases in the RV volume
prevent sufficient LV filling, due to interventricu-
lar interactions and intra-pericardial pressure
equalization [20].

Although conventional management of RV
infarction is initially volume replacement, recent
studies have cautioned against excessive volume
loading. Traditionally, the initial therapy in hypo-
tensive patients with severe RV infarction without
pulmonary congestion is volume expansion when
the central venous pressure is <15 mmHg. The
accepted regimen is administration of normal saline
(40 ml/min, up to 2 L) while maintaining the right
atrial pressure at <18 mmHg to prevent volume
overload. However, recent clinical studies show
that volume loading further elevates the right-sided
filling pressure without improving cardiac output.
Berisha et al. conducted a study demonstrating
that the mean optimal pulmonary wedge pressure
(PWP), which reflected maximum LV stroke work
index in each patient, was 16 mmHg [21].

Early and complete revascularization of
the affected vessels, including the major RV
branch, is significant in the recovery of RV
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function. Adequate heart rate and maintenance
of atrioventricular synchrony by electrical sta-
bilization are key factors in preserving cardiac
output in RV infarction. Extracorporeal sup-
port devices have been used to support RV
failure due to infarction which improve RV
shock [21].
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