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Clinical Manifestations and Diagnosis of Right Ventricular Failure

Mi-Seung Shin

Division of Cardiology, Department of Internal Medicine, Gachon University Gil Medical Center, Incheon, Korea

Right ventricular (RV) failure is a complex clinical syndrome characterized by impaired RV filling and ejection. RV function is
altered in the setting of either pressure overload or volume overload. RV failure may result from a primary reduction of myocardial
contractility caused by ischemia, cardiomyopathy, or arrhythmia, but left ventricular (LV) failure remains the leading cause. As RV
dysfunction progresses to RV failure, the RV chamber becomes more spherical and tricuspid regurgitation is aggravated, leading to

increasing venous congestion. Ventricular interdependence may result in impaired LV filling, a decrease in LV stroke volume, and

low cardiac output. The important clinical manifestations of RV failure are fluid retention, decreased systolic reserve, low cardiac
output, or arrthythmias. The initial diagnosis is based on clinical history and physical examination. A chest X-ray, electrocardio-
gram, and biochemical tests should be routinely obtained to evaluate the underlying causes and comorbidities. Bedside echo-

cardiography provides valuable information on cardiac structure and function. RV ejection fraction is the most commonly used in-
dex of RV function although it is a highly load-dependent index. (Korean J Med 2016;91:131-138)
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Table 1. Etiology of right ventricular failure
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Increased afterload
(Pressure overload)

Volume overload

Decreased preload

Right ventricular myocardial abnormality

Left-sided heart failure

Pulmonary hypertension

Increased left ventricular end-diastolic pressure

Mitral valve disease

Hypoxic pulmonary vasoconstriction

Acute or chronic pulmonary thromboembolism

Pulmonary embolism (septic, amniotic, fat, air, injectate, other)
Right ventricular outflow tract obstruction

Pulmonary valve stenosis

Vaso-occlusive sickle cell crisis

Mechanical ventilation

Systemic right ventricle

Transposition of the great arteries following an atrial level switch
Corrected transposition of the great arteries

Tricuspid regurgitation

Pulmonary regurgitation

Atrial septal defet

Anomalous pulmonary venous return

coronary artery fistula to right atrium or right ventricle
Sinus of Valsalva rupture into the right atrium

Hypovolemia

Systemic vasodilatory shock (anaphylaxis, extensive burn injury, sepsis, other)

Cardiac tamponade
Constrictive pericarditis
Superior vena cava syndrome
Tricuspid stenosis

Right ventricular infarction

Infiltrative and restrictive cardiomyopathy

Arrhythmogenic right ventricular dysplasia

Cardiomyopathy, in particular left ventricular systolic dysfunction

Right ventricular ischemia in setting of right ventricular pressure overload

Microvascular diseases and capillary rarefaction
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tricuspid regurgitation; PR, pulmonary regurgitation; RV, right
ventricular; RA, right atrial; CV, central venous; LV, left

Figure 1. Pathophysiology of acute right ventricular failure. TR,
ventricular.
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Table 2. Clinical manifestations of right ventricular failure

Clinical manifestations

Hypoxemia
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Signs of systemic congestion
Jugular venous distension
Hepatojugular reflux
Peripheral edema

Ate] o] Hri{14-17].

T
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- =
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LIRS
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Pericardial effusion

]

O

al

Congestive hepatomegaly/splenomegaly

Ascites

ti{18-21].

%

Lower extremity edema

anasarca

Table 3. Helpful biochemical markers of right ventricular failure

Signs of right ventricular dysfunction

Third heart sound

Biochemical markers

Systolic murmur of tricuspid regurgitation

Hepatic pulse

Elevated natriuretic peptides (BNP or NT-proBNP)

Elevated cardiac troponin [ or T

Signs of concomitant left ventricular dysfunction

Paradoxical pulse

Abnormal liver biochemistry (e.g. elevated transaminases, bilir-

ubin, prolonged prothrombin time)

Signs of low cardiac output

Hypotension

Increased lactate levels in acute right ventricular failure

Abnormal renal function (blood urea nitrogen, creatinine)

Tachycardia

D-dimer levels in suspected pulmonary embolism

Cool extremities

BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro brain

natriuretic peptide.

Central nervous system abnormalities

Oliguria
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Table 4. Echocardiographic parameters in the assessment of right
ventricular failure

Echocardiographic parameters
Pericardial fluid in diastole > 5 mm

Right ventricular wall thickness > 5 mm

Inferior vena cava diameter >21 mm, inspiration collapse
< 50% suggesting high RA pressure

Peak systolic velocity of tricuspid regurgitation > 2.8 m/s

Tricuspid annular plane systolic excursion (TAPSE) <17 mm

Right ventricular dilation: RVEDD/LVEDD > 1.0, right ven-
tricular basal diameter > 41 mm

Right ventricular fractional area change (RVFAC) <35%

Ventricular interdependence: septal shift, D shaped LV

Systolic S’ velocity of tricuspid annulus < 9.5 cm/s by Doppler
tissue imaging

Longitudinal strain of right ventricular free wall <20%

Right ventricular index of myocardial performance > 0.54 by
Doppler tissue imaging

3D right ventricular ejection fraction < 45%

RA, right atrium; RVEDD, right ventricular end-diastolic diame-
ter; LVEDD, left ventricular end-diastolic diameter; LV, left
ventricle.
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Figure 2. Examples of human right ventricular (RV) pressure-volume loops (A) under normal loading conditions, (B) in mild pulmonary
hypertension, (C) in more severe pulmonary hypertension. For (B) and (C), pressure rises throughout ejection and peaks near

end-systole.
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