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Abstract

Assessment of right ventricular (RV) function is important to ascertain clinical outcome
in patients with symptoms of right ventricular failure manifested as lower extremity
swelling and abdominal congestion. RV function is not routinely assessed and reported
in clinical  practice.  Unlike the bullet‐shaped left  ventricle  (LV),  RV has a  complex
geometry with a triangular shape. RV is further divided into the inlet, trabecular apex,
and infundibulum or conus. RV evaluation involves quantifying afterload and preload,
assessing the mechanism and severity of tricuspid regurgitation (TR), and quantitative
evaluation of RV performance. For quantification of RV size and function, we can use
intravenous contrast for endocardial tracing of RV border to measure RV dimensions,
tricuspid  annular  plane  systolic  excursion  (TAPSE),  fractional  area  change  (FAC),
Doppler index of myocardial performance (Tei index or myocardial performance index),
pulsed wave or color Doppler tissue imaging systolic velocity [s'], or strain imaging. For
qualitative evaluation of RV, the RV size is compared to the LV size in parasternal, short
axis, and subcostal projections.

Keywords: right ventricle, functional evaluation, right heart hemodynamics, echocar‐
diography, clinical significance

1. Introduction

Historically, the importance of right ventricle (RV) has been underestimated and overlooked in
clinical practice and literature. Usually, left ventricle (LV) function is most commonly reported
and signified. Only in recent years, the importance of assessment of RV size and function in
clinical management and treatment of cardiopulmonary disorders has been recognized [1]. RV
dysfunction is associated with adverse clinical outcome [2–8] in patients with LV dysfunction,
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acute myocardial  infarction,  pulmonary embolism, pulmonary arterial  hypertension,  and
congenital heart disease [9–11]. Hence, this has generated interest in the evaluation of RV function.
RV dysfunction could be secondary to pressure or volume overload; from primary right heart
disease or secondary to left heart diseases such as cardiomyopathy or valvular heart disease [12,
13] (Tables 1 and 2). RV dysfunction may affect by way of interventricular septal motion
(ventricular interdependence) and by affecting LV preload.

RV cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (ARVC)

Dilated cardiomyopathy

Endomyocardial fibrosis

Cirrhotic cardiomyopathy

Eosinophilic myocarditis

Peripartum cardiomyopathy

Uhl's anomaly

Sepsis

Viral myocarditis

Coronary artery disease

Table 1. Causes of RV contractile dysfunction.

RV pressure overload
All groups of pulmonary hypertension

Massive pulmonary embolism

ARDS

Eisenmenger syndrome

RV outflow obstruction

Pulmonic valve stenosis

Infundibular stenosis

(Tetralogy of Fallot, hypertrophic cardiomyopathy)

Mechanical ventilation

Hypoventilation

RV volume overload

Left to right shunt

Atrial septal defect

Anomalous pulmonary venous drainage

Pulmonary regurgitation

Tricuspid regurgitation

Primary

Infective endocarditis

Carcinoid syndrome

Rheumatic heart disease

Ebstein's anomaly

Secondary to tricuspid annular dilation from RV Dilation

Table 2. Causes of right ventricular overload.
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Of all the noninvasive imaging modalities, echocardiography remains a mainstay in the
evaluation of RV. Moreover, with advances in echocardiography the pathophysiology of RV
has been better understood. In this chapter, we aim to review various methods to assess RV
anatomy, function, and hemodynamics using two‐dimensional (2D) echocardiography, color
Doppler echocardiography, tissue Doppler imaging (TDI), three‐dimensional (3D) echocar‐
diography, and strain imaging echocardiography [12]. To identify RV pathology, guidelines
have been published by the American Society of Echocardiography (ASE) on parameters and
normal reference values (Table 5).

2. Location and anatomy of RV

The RV in the normal heart is the most anteriorly situated cardiac chamber located immediately
behind the sternum and anterior to LV. It forms the majority of the anterior as well as the inferior
border of the cardiac silhouette. Due to this unique anatomical location, assessment of RV size
and function by transthoracic echocardiogram (TTE) may appear easy but assessment of RV
function is challenging given the odd geometry of the crescent‐shaped RV that wraps around
conical LV. Furthermore, heavily trabeculated myocardium also limits the delineation of RV
endocardial surface.

Figure 1. RV anatomy and myocardial fibers. The RV structure: illustrates the inlet, trabecular, and outlet components.
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Unlike the LV that is ellipsoid or conical, the RV is crescent shaped or pyramidal, and its cavity
has three components [14]: Figure 1

1. The muscular inlet comprising of the tricuspid valve, chordae tendineae, and three
papillary muscles, which originate in ventricular wall and attach to anterior, posterior,
and septal leaflets of the tricuspid valve via chordae tendineae.

2. Immobile apex with heavy, coarse trabeculations; two thick intracavitary muscle bands,
the crista supraventricularis [15], and the moderator band attached to the right ventricular
outflow tract (RVOT) extending from the interventricular septum (IVS) to the anterior RV
wall. The apical part of the RV is heavily trabeculated and virtually an immobile part of
the ventricle.

3. Smooth funnel‐shaped myocardial outflow tract called infundibulum [14].

The RV is formed by free (anterior and posterior) wall and interventricular septum. Blood
supply to the RV is by right coronary artery (equal in systole and diastole except in pressure
overload and hypertrophy). The moderator band is supplied by the left anterior descending
artery. The tricuspid valve has three papillary muscles and three cusps (anterior, posterior, and
septal). The tricuspid valve is 2 mm more apical to the mitral valve. It is very important to be
able to differentiate left ventricle from right ventricle based on morphology seen on an
echocardiogram (Table 3).

Right ventricle is characterized by:

• More apical position of the tricuspid valve as compared to the mitral valve

• Presence of a moderator band

• Presence of more than three papillary muscles

• Three leaflets of the tricuspid valve with septal papillary attachments

• Presence of trabeculations (trabeculations can also be seen in the left ventricle in case of pathological noncompaction

of the left ventricle)

Table 3. Morphological differences between the right ventricle from the left ventricle.

2.1. Musculature of ventricular wall

The RV has one‐sixth the muscle mass of LV as it pumps against approximately one‐sixth the
resistance the LV encounters. However, the RV pumps equal cardiac output as LV. The RV
ejection fraction (EF) is lower as RV end‐diastolic volume is slightly larger than that of the left
ventricle. Appropriately, the RV is adaptable as a volume pump but is likely to fail when
subjected to acute pressure overload. The muscular wall of the RV excluding trabeculations is
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3–5 mm thick [16]. RV is relatively thin walled having superficial subepicardial circumferential
myofibers parallel to the atrioventricular groove that encircles the subpulmonary infundibu‐
lum and deeper subendocardial longitudinal myofibers. Unlike the relatively thick‐walled LV,
the RV lacks the third layer of spiral/oblique myofibers. Longitudinal fibers contract to result
in inward/radial thickening. The septal motion is considered to contribute to both LV and RV
function [17, 18] and is a major determinant of overall RV performance [17–19].

2.2. RV area

The RV area is measured in the apical four‐chamber window at end‐diastole by planimetry
of the RV cavity. Delineation of the RV endocardium is challenging and should exclude tra‐
beculations or moderator band; however, one should include the apex of the RV to avoid
erroneous estimation. The normal reference limit for RV end‐diastolic area is ≤24 cm2 in men
and ≤20 cm2 in women [14].

2.3. RV wall thickness

The RV wall thickness can be measured by M‐mode or 2D echocardiography from either the
left parasternal window or subcostal window at the level of the tip of the anterior tricuspid
leaflet. RV hypertrophy is seen in infiltrative and hypertrophic cardiomyopathy, whereas RV
wall thinning is seen in Uhl anomaly and arrhythmogenic RV cardiomyopathy. When meas‐
uring the RV wall thickness, it is essential to exclude RV trabeculations, papillary muscle,
thickened pericardium, and epicardial fat. The normal cutoff is 0.5 cm from either parasternal
long axis (PLAX) or subcostal windows.

2.4. RV linear dimensions

RV size can be measured from the apical four‐chamber view at end‐diastole wherein RV should
appear almost two‐thirds of the size of LV on qualitative assessment. The RV is enlarged in
acute pressure and volume overload. The absence of standard reference points in RV imaging
serves as a limitation in using transthoracic echocardiogram. The RV may appear viable in size
when RV imaging is done through various cut planes depending on the probe rotation [20].
In the four‐chamber view, the focus should be on the right ventricular chamber “RV Focused
view” for better imaging of the RV lateral wall and to maximize the RV size. One should adjust
the transducer to attain maximal plane to avert underestimation and to avoid overestimation
by positioning the transducer over the cardiac apex with the plane through the left ventricle
in the center of the cavity. The basal diameter is the maximal short‐axis dimension in the basal,
one‐third of the right ventricle. The mid‐cavity diameter is measured at the level of the LV
papillary muscles in mid‐third of the RV, and the longitudinal dimension is measured from
the plane of the tricuspid annulus to the RV apex. ASE guidelines for the right heart assessment
recommend measurement of the following dimensions: RV basal‐apical four‐chamber view,
RV wall thickness (subcostal long axis view), proximal RVOT PSAX (parasternal short axis)
view at the great vessels level, and distal RVOT PLAX view (Figure 2).
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(A)

(B)

(D)

Figure 2. (A) RV basal apical four‐chamber view: illustrating the plane of the tricuspid valve and RV endocardial bor‐
der. (B) RV wall thickness (subcostal long axis view): illustrates the LA, left atrium; LV, left ventricle; RA, right atrium;
RV, right ventricle; and RV lateral wall. (C) Proximal RVOT (parasternal short‐axis view PSAX at the great vessels lev‐
el): illustrates the Ao, aorta; PA, pulmonary artery; LV, left ventricle; RVOT, right ventricular outflow tract; and RV an‐
terior wall. (D) Distal RVOT (parasternal long axis view PLAX): illustrates the Ao, aorta; LA, left atrium; LV, left
ventricle; RVOT, right ventricular outflow tract, RV anterior wall.
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2.5. Right ventricular outflow tract

The RVOT includes the pulmonic valve and subpulmonary infundibulum or conus that
extends from the crista supraventricularis to the pulmonary valve [21, 22]. RVOT is usually
imaged from the left parasternal short axis view. In patients with congenital heart disease and
arrhythmogenic RV dysplasia, parasternal long axis view may be added to assess the proximal
and distal diameter of RVOT. There is no standard window for measurement of RVOT size;
oblique imaging may interfere in the accurate estimation of its size. The upper reference limit
for the PSAX distal RVOT diameter is 27 mm and for PLAX is 33 mm (Table 5).

2.6. Interventricular septal morphology

Normally the LV has circular shape throughout the cardiac cycle. During systole, the LV
protrudes into the RV. Compliance of one ventricle can modify the other through diastolic
ventricular interaction. However, interventricular septum gets flattened and curved into LV
cavity secondary to volume and pressure overload of the RV. The LV cavity, therefore, appears
D‐shaped at end‐systole and end‐diastole in RV pressure overload and RV volume overload
(e.g., tricuspid regurgitation), respectively [17, 19] (Figure 3).

2.7. Volumetric assessment of RV

Two‐dimensional TTE approximates complex RV geometry and underestimates MRI‐derived
RV volume. Assessment of RV volume using 3D TTE is superior and more accurate because
3D echo uses disc summation and apical rotational methods for RV volume and EF assessment
[20]. However, the accuracy of RV volume assessment is less definite when the RV is dilated.

Figure 3. Example of RV with D‐shaped LV cavity. RV, right ventricle; LV, left ventricle.
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3. Intracardiac pressure measurement

Echocardiography can provide an estimate of right heart hemodynamics.

3.1. Estimated right atrial (RA) pressure

Estimation of right atrial pressure can be derived from the size of the inferior vena cava (IVC)
and its response to changes in spontaneous respiration [23, 24]. Using a dilated IVC to assess
elevated RA pressures is not accurate in mechanically ventilated patients. However, a small
IVC of less than 1.2 cm in mechanically ventilated patient is 100% specific for an RA pressure
of less than 10 mm Hg. Normal IVC is <2 cm in diameter, approximately 1 cm from RA‐IVC
junction and collapses by at least 50% with inspiration or sniff. A flat IVC indicates low RA
pressure [0–5 mm Hg]. IVC <2 cm with normal inspiratory collapse indicates RA pressure of
5 mm Hg, and an IVC of >2 cm with normal inspiratory collapse suggests an RA pressure of
10 mm Hg. IVC <2 cm but without inspiratory collapse suggests 15 mm Hg RA pressure; IVC
>2 cm but without inspiratory collapse suggests an RA pressure of 20 mm Hg. The normal RA
pressure is 0–5 mm Hg.

3.2. Pulmonary artery systolic pressure (PASP)

Pulmonary artery (PA) systolic pressure can be determined from tricuspid regurgitation peak
velocity. Provided there is no tricuspid valve obstruction, peak TR velocity depends on the
pressure gradient between the right ventricle and right atrium [the difference between peak
right ventricular systolic pressure (RVSP) and RA pressure] (Table 4). Therefore, estimated
RVSP is equal to pressure difference (determined from peak TR velocity using Bernoulli
equation) and estimated RA pressure [25]. (Figure 4) When there is no obstruction across the
pulmonic valve, RVSP will be similar to PASP. PASP = 4 × peak TR velocity2 + estimated RA
pressure. For example, if TR velocity is 2.5 m/sec and IVC is normal in size and collapses with
inspiration the estimated PASP would be 33 mm Hg [4(2.5)2 mm Hg = 25 mm Hg + 5 mm Hg
(estimated RA pressure)]. If the estimated PASP is >35 to 40 mm Hg, pulmonary HTN is
considered to be present.

3.3. Pulmonary artery diastolic pressure (PADP)

Pulmonary regurgitation (PR) represents the pressure difference between pulmonary artery
and right ventricle. Hence, the end‐diastolic pulmonary regurgitation velocity can be utilized
to measure the end‐diastolic pressure difference between PA and right ventricle. PA diastolic
pressure can be estimated from the spectral Doppler signal of pulmonary regurgitation. The
right ventricular end‐diastolic pressure is the same as RA pressure; therefore, PADP can be
estimated by addition of the estimated RA pressure to the end‐diastolic pressure difference
between PA and right ventricle. Thus, PADP = 4 × (end‐diastolic pulmonary regurgitation
velocity)2 + estimated RA pressure.
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Color flow regurgitant jet area of 30% or more of RA area

Annulus dilation (≥4 cm) or inadequate cusp coaptation

Late systolic concave configuration of the continuous‐wave signal

Late systolic flow reversals in the hepatic vein

ERO of 0.4 cm2 or larger

Regurgitant volume of 45 mL or more

Width of vena contracta of 6.5 mm or more

Abbreviations: ERO, effective regurgitant orifice; RA, right atrium.

Table 4. Severe TR is defined by echocardiography on the basis of the following criteria.

Figure 4. Peak TR velocity. RVSP = 4(Vmax)2 + RAP. In the absence of pulmonic stenosis: RVSP = PASP. Peak TR velocity
depends on pressure gradient between right ventricle and right atrium [difference between peak RVSP and RA pres‐
sure] provided there is no tricuspid valve obstruction. TR, tricuspid regurgitation; RAP, right atrium pressure; RVSP,
right ventricle systolic pressure; Vmax, peak TR velocity.

3.4. Mean pulmonary artery pressure

There are various formulae to estimate mean PA pressure [26–28]. Mean PA pressure =
1/3(PASP) + 2/3 (PADP). Mean PA pressure can be estimated by pulmonary acceleration time
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(AT) measured by pulsed Doppler of the pulmonary artery in systole. Mean PA pressure = 79
× (0.45 × AT) or if AT <120 ms, mean PA pressure = 90 – (0.62 × AT). Mean PA pressure = 4 ×
(early PR velocity)2 + estimated RA pressure. Mean PA pressure = estimated RA pressure +
velocity‐time integral of the TR jet to calculate a mean systolic pressure.

3.5. Pulmonary vascular resistance (PVR)

As per the formula P = QR, where pressure (P) equals the product of flow (Q) and resistance
(R), PASP can be elevated in the setting of increased stroke volume without PVR being elevated.
PVR can be calculated by the ratio of peak TR velocity (m/s) to RVOT VTI (velocity time
integral) (cm) [29, 30]. PVR = [(TR velocity/RVOT VTI) × 10] + 0.16. PVR value is in Woods units
(WU) and correlates well with invasively measured PVR up to approximately 8 WU [30].
However, when PVR is >8 WU by invasive hemodynamic measurement the relationship is not
reliable. This method is not validated and should not be used for routine clinical purposes in
place of invasive hemodynamic measurements. It can be used when PASP is elevated from
increased stroke volume or PASP is low (despite increased PVR) from decreased stroke
volume.

4. Assessment of RV function

Most of the RV contraction occurs longitudinally from base to apex (contributing to most of
the RV stroke volume), along with radial thickening/inward motion. The following techniques
are used to assess RV function [15, 16, 31, 32].

4.1. Tricuspid annular planar systolic excursion (TAPSE)

TAPSE is a diagnostic and prognostic tool of mortality and morbidity in patients with preca‐
pillary pulmonary hypertension, RV infarction associated with inferior myocardial infarction,
and chronic left‐sided heart failure [33, 34]. TAPSE is assessed in an apical four‐chamber view
by placing the M‐mode on the lateral tricuspid annulus; maximum systolic excursion of the
lateral annulus along its longitudinal plane toward the apex is recorded [33, 35]. The displace‐
ment of the basal segment from the reference point reflects longitudinal contraction of the RV.
Normal reference limit is TAPSE of >1.6 cm [36, 37]. This is the most commonly used method
as it is a simple, easily obtainable, reproducible with a low interobserver variability. For
accurate estimation of TAPSE, one should place M‐mode cursor parallel to the plane of
longitudinal motion carefully measuring the magnitude of displacement from the M‐mode
image. The limitations of this method are that TAPSE estimates only the longitudinal contrac‐
tion within one segment of RV and hypothesizes that the function of a single RV segment
reflects the entire RV function which is not true in conditions like RV infarction and pulmonary
embolism (Figure 5).
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Figure 5. A: Example of a normal TAPSE (tricuspid annular planar systolic excursion) value >1.6 cm; B: normal TAPSE;
C: reduced TAPSE.
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4.2. Tricuspid annular velocity S'

The tricuspid annular velocity is also known as systolic excursion velocity S'. In an apical four‐
chamber view, the cursor of pulsed tissue Doppler or color‐coded tissue Doppler is placed on
the lateral tricuspid annulus to measure the longitudinal velocity of excursion of basal‐free
wall segment and tricuspid annulus in systole. Normal reference limit (Table 5) of S’ is >9.5
cm/s. Color‐coded tissue Doppler yields lower velocities and is analyzed off‐line on specific
platforms. The advantages and disadvantages are similar to TAPSE.

RV systolic dysfunction

TAPSE ≤ 1.6 cm

Pulse Doppler peak annular velocity at tricuspid annulus S’ <9.5 cm/s

2D RV FAC <35%

Tei index/RIMP >0.40 by pulsed Doppler and >0.55 by tissue Doppler

RVEF 3D ≤44%

RV diastolic dysfunction

E/A <0.8 by tissue Doppler

E/A >2.1 by tissue Doppler

Dilated RV chamber

Basal RV diameter >4.2 cm

Mid‐level diameter >3.5 cm

Longitudinal dimension >8.6 cm

Abnormal RVOT value

RVOT in PSAX distal diameter >2.7 cm

RVOT in PLAX proximal diameter >3.3 cm

Increased RV subcostal wall thickness >0.5 cm

Abbreviations: 2D, two‐dimensional; 3D, three‐dimensional ; FAC, fractional area change; MPI, myocardial performance
index; PLAX, parasternal long‐axis; PSAX, parasternal short‐axis; RA, right atrium; RV, right ventricle; RVOT, right
ventricular outflow tract; TAPSE, tricuspid annular plane systolic excursion; RIMP, right ventricular index of myocardial
performance.

Table 5. Echocardiographic parameters for assessment of right ventricle based on ASE recommendations.

4.3. Myocardial performance index (MPI)

The myocardial performance index is also denoted as the right ventricular index of myocardial
performance (RIMP) or right ventricular Tei index. It is an index of global ventricular function
and is independent of the geometry of the ventricle [38]. The MPI is calculated by the ratio of
isovolumetric time interval over ventricular ejection time as follows: MPI = (isovolumetric

Echocardiography in Heart Failure and Cardiac Electrophysiology180



relaxation time + isovolumetric contraction time)/ventricular ejection time = (tricuspid closure
to opening time – ejection time)/ejection time. Lower MPI values indicate healthy RV function
as less time is utilized in isovolumetric state and more time is consumed in ejecting blood. MPI
can be measured through pulsed Doppler or tissue Doppler methods (Figure 6).

Figure 6. Pulse Doppler MPI. Calculation of RIMP by pulse tissue Doppler imaging RIMP = (TCO ‐ ET)/ET or IVRT +
IVCT/ET. RIMP, right ventricular index of myocardial performance; TCO, tricuspid valve closure to opening time;
IVCT, isovolumetric contraction time; IVRT, isovolumetric relaxation time; ET, ejection time.

4.3.1. Pulsed Doppler method

In the pulsed Doppler method, pulsed wave Doppler tracing of the distal RVOT is used to
obtain ejection time, while the tricuspid‐closure‐opening time is calculated from the pulsed
wave Doppler tracing of the tricuspid inflow (time from end of the A wave to the onset of the
following E wave) or the continuous wave Doppler tracing of the tricuspid regurgitation jet.
The total isovolumetric time is calculated from the difference between the tricuspid‐closure‐
opening time and the ejection time. The normal reference limit for the pulsed Doppler MPI is
<0.40.

4.3.2. Tissue Doppler method

Tissue Doppler method obtains the ejection time, tricuspid‐closure‐opening time, and total
isovolumetric time from the pulsed tissue Doppler tracing of the lateral tricuspid annulus. The
normal reference limit for the tissue Doppler MPI is <0.54.

MPI is a sensitive parameter to evaluate subclinical or early RV dysfunction even in poorly
visualized RV because it depends on time intervals [39]. However, MPI is observer dependent
as delineating time intervals can be challenging [40].
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4.4. Fractional area change (FAC)

FAC is the percent change in RV area from diastole to systole.

FAC = [(end‐diastolic RV area – end‐systolic RV area)/end‐diastolic RV area] × 100. FAC is best
correlated with MRI‐derived RVEF. RV endocardium is traced both in systole and diastole
from the annulus, along the free wall to the apex and then back to the annulus, along the
interventricular septum. The RV wall should be carefully traced under the trabeculations. FAC
has prognostic value and is an independent predictor of all‐cause mortality in patients with
acute myocardial infarction and low left ventricular ejection fraction. The reference value for
normal RV systolic function is >35%.

5. Pulse Doppler MPI

5.1. Three‐dimensional echocardiogram

3D echo combined with intravenous contrast agents can improve endocardial border delin‐
eation and RV end‐diastolic and end‐systolic volumes.

[ ]RVEF  end diastolic RV volume –  end systolic RV volume
 end diastolic RV volu e

/
m .

= - -

-
(1)

The RV volumes measured by 3D echo use disk summation or surface modeling method.
Although 3D echo‐derived RVEF correlates well with MRI‐derived RVEF, the method is
complex, time‐consuming, and very much dependent on image quality [20]. The normal
reference limit for 3D‐derived RVEF is >45%.

5.2. Strain imaging by 2D

The strain is the degree of myocardial deformation, while strain rate represents the rate of
myocardial deformation over time [38]. In echocardiography, RV longitudinal strain can be
assessed reliably from apical views, whereas the assessment of radial strain is challenging from
the parasternal views because of near‐field artifacts and extremely small computational
distance. The crescent shape of thin‐walled RV contributes to inhomogeneous strain rate and
values with the highest values in the apical segments and outflow tract. One‐dimensional strain
is measured using a tissue Doppler (angle‐dependent) [18], while 2D strain is measured by
speckle tracking (non‐angle‐dependent). 2D strain imaging estimates global and regional RV
function, reflects intrinsic contractility of the RV (with contractility defined as the less stress‐
strain interplay), and evaluates diastolic properties [39, 41].

Disadvantages are a dearth of normative data, challenges in the adequate image acquisition
and analysis requiring high frame rates, high signal‐to‐noise ratio, minimal image dropout,
and most notably the need for experienced observers for reproducible measurements. As it is

Echocardiography in Heart Failure and Cardiac Electrophysiology182



not highly reproducible, this technique is not recommended for routine use. Given high
variability, no reference limits are available [40].

6. Clinical and prognostic significance of assessment of right ventricle

Quantitative assessment of RV size and function has prognostic value regarding exercise
tolerance and outcome in various cardiac and pulmonary diseases [3, 36, 42, 43]. RV pump
function depends on contractility, afterload, preload, heart rate, rhythm, and valve function.
Being a thin‐walled chamber, it is not suited to sustain high pressure (Tables 1 and 2). RV
dysfunction can be acute or chronic, secondary to RV volume overload, pressure overload, or
decreased contractility.

6.1. RV overload

RV overload can be related to pressure overload or volume overload. RV overload, in turn,
reduces LV diastolic function and causes higher filling pressures.

6.1.1. Volume overload

Volume overload can result from tricuspid regurgitation, pulmonary regurgitation, ASD, and
VSD and is assessed through the movement of IVS. Normally during systole, IVS thickens and
moves into the left ventricle and during diastole, it moves into the RV cavity. In RV volume
overload, RA and RV are enlarged, and IVS is pushed into the LV during end‐systole and early
diastole as RV pressure exceeds LV pressure. This leads to IVS flattening and a D‐shaped LV
only during early diastole. At the outset of systole, LV contraction increases LV pressure
pushing the IVS in the direction of RV cavity [12].

6.1.2. Pressure overload

Pressure overload can be acute or chronic. Acute pressure overload can be from adult respi‐
ratory distress syndrome (ARDS) or massive pulmonary embolism. Echocardiographic
findings of RV pressure overload are the same as volume overload. RA and RV are enlarged
with no hypertrophy of RV‐free wall; there is a flattening of the IVS in diastole. The peak RV
systolic pressures rarely exceed 50 mm Hg in acute pressure overload. Chronic pressure
overload is secondary to chronic lung diseases, chronic thromboembolism, or chronic pulmo‐
nary venous hypertension from left heart pathology. RV is enlarged with thickening of the RV‐
free wall and increased trabeculation. The RV can generate higher peak systolic pressures,
usually exceeding 50 mm Hg. The IVS remains flattened into the LV cavity during the entire
cardiac cycle.

6.2. Right ventricular diastolic function

RV diastolic dysfunction has prognostic value and has been associated with both acute and
chronic conditions. RV diastolic function is assessed like that of the left ventricle. Techniques
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used are Doppler velocities of the trans tricuspid flow (E, A, E/A), tissue Doppler velocities of
the tricuspid annulus (E', A', and E'/A'), deceleration time, and isovolumetric relaxation time
[20, 40]. Estimation of RA pressure by measurement of IVC diameter and collapse with
inspiration is to be considered while determining the RV diastolic function.

6.3. Cardiac rhythm and the RV

RV function is dependent on cardiac rhythm. RV function is compromised by atrial fibrillation
and ventricular tachycardia originating from the RV examples of which are arrhythmogenic
RV dysplasia, RV myocardial infarction, idiopathic ventricular tachycardia, or ventricular
tachycardia occurring after surgical repair of congenital heart disease [44].

6.4. Cardiac markers

The elevated B‐type natriuretic peptide is associated with RV failure secondary to pulmonary
hypertension, congenital heart disease, or pulmonary disease [45–47]. Elevated troponin levels
indicate poor prognosis in pulmonary embolism and pulmonary hypertension [48].

6.5. Evaluation of pulmonary arterial hypertension

Pulmonary arterial hypertension is a clinical entity that is seen as a consequence of both left
heart disease and pulmonary pathology, as well as occurring without an underlying etiology
such as primary pulmonary arterial hypertension. Estimation of pulmonary artery pressure
can be performed by TTE in the majority of patients [37, 49].

6.6. Evaluation of patients with pulmonary embolism

Pulmonary embolism is associated with high mortality and morbidity; hence, prompt diag‐
nosis and treatment is imperative. When a patient has had a large pulmonary embolism, this
may place acute pressure overload on the right ventricle. The right ventricle handles pressure
poorly and may undergo acute dilation with decreased right ventricular systolic function as a
result of an acute increase in afterload. Usually, peak systolic pressures in the pulmonary artery
do not exceed 50 mm Hg unless there is a baseline chronic RV pressure overload. The size and
function of the RV are among the most important factors in determining the initiation of either
thrombolysis or referral for surgical embolectomy. A classic pattern of RV systolic dysfunction
in acute pulmonary embolism has been described. This is known as McConnell sign and is
characterized by akinesis of the free wall of the right ventricle with sparing of the apical
segment. This phenomenon has 77% sensitivity and 94% specificity for the diagnosis of acute
pulmonary embolism (Figure 7).

6.7. Evaluation of RV dyssynchrony

Echocardiographic indices of dyssynchrony are assessed by measuring time delay in mechan‐
ical activity between segments. Tissue Doppler imaging is limited to the assessment of the
septum‐RV free wall.
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Figure 7. McConnell sign. McConnell sign: akinesis of the free wall of the right ventricle with sparing of the apical
segment seen in acute pulmonary embolism causing right ventricle systolic dysfunction.

7. Conclusion

Accurate quantitative assessment of right ventricular size and function remains difficult given
its unique shape despite significant advances in echocardiography. RV dysfunction is an
important diagnostic and prognostic indicator in many cardiac and pulmonary diseases [42,
43, 50, 51]. Qualitative evaluation of RV systolic function is through visual assessment. For
quantitative assessment of RV, FAC, TAPSE, pulsed tissue Doppler S', and MPI are available
and at least one of them should be routinely performed and reported as recommended by the
ASE. If more than one of these measurements is used in conjunction, RV function can be more
reliably and accurately assessed [36, 40, 52].

Author details

Gunjan Choudhary1*, Arushi A. Malik2, Dwight Stapleton1 and Pratap C. Reddy3

*Address all correspondence to: dgc678@gmail.com

1 Robert Packer Hospital/Guthrie Clinic, Sayre, USA

2 Dr. S.N. Medical College, Jodhpur, India

3 Louisiana State University Health Science Center, Shreveport, USA

Assessment of Right Ventricle by Echocardiogram
http://dx.doi.org/10.5772/64781

185



References

[1] Ghio S, Klersy C, Magrini G, et al. Prognostic relevance of the echocardiographic
assessment of right ventricular function in patients with idiopathic pulmonary arterial
hypertension. Int J Cardiol 2010; 140:272.

[2] Graham T P, Jr, Bernard Y D, Mellen B G, et al. Long‐term outcome in congenitally
corrected transposition of the great arteries: a multi‐institutional study. J Am Coll
Cardiol 2000; 36:255–261.

[3] Burgess M I, Mogulkoc N, Bright‐Thomas R J, et al. Comparison of echocardiographic
markers of right ventricular function in determining prognosis in chronic pulmonary
disease. J Am Soc Echocardiogr 2002; 15:633–639.

[4] D'Alonzo G E, Barst R J, Ayres S M, et al. Survival in patients with primary pulmonary
hypertension. Results from a national prospective registry. Ann Intern Med 1991;
115:343–349.

[5] Mehta S R, Eikelboom J W, Natarajan M K, et al. Impact of right ventricular involvement
on mortality and morbidity in patients with inferior myocardial infarction. J Am Coll
Cardiol 2001; 37:37–43.

[6] Zehender M, Kasper W, Kauder E, et al. Eligibility for and benefit of thrombolytic
therapy in inferior myocardial infarction: focus on the prognostic importance of right
ventricular infarction. J Am Coll Cardiol 1994; 24:362–369.

[7] de Groote P, Millaire A, Foucher‐Hossein C, et al. Right ventricular ejection fraction is
an independent predictor of survival in patients with moderate heart failure. J Am Coll
Cardiol 1998; 32:948–954.

[8] Gavazzi A, Berzuini C, Campana C, et al. Value of right ventricular ejection fraction in
predicting short‐term prognosis of patients with severe chronic heart failure. J Heart
Lung Transplant 1997; 16:774–785.

[9] Afilalo J, Flynn AW, Shimony A, et al. Incremental value of the preoperative echocar‐
diogram to predict mortality and major morbidity in coronary artery bypass surgery.
Circulation 2013; 127:356.

[10] Hamon M, Agostini D, Le Page O, et al. Prognostic impact of right ventricular involve‐
ment in patients with acute myocardial infarction: meta‐analysis. Crit Care Med 2008;
36:2023.

[11] Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the echocardiographic assessment
of the right heart in adults: a report from the American Society of Echocardiography
endorsed by the European Association of Echocardiography, a registered branch of the
European Society of Cardiology, and the Canadian Society of Echocardiography. J Am
Soc Echocardiogr 2010; 23:685.

Echocardiography in Heart Failure and Cardiac Electrophysiology186



[12] Bleeker G B, Steendijk P, Holman E R, Yu C M, Breithardt O A, Kaandorp T A, et al.
Assessing right ventricular function: the role of echocardiography and complementary
technologies. Heart 2006; 92:19–26.

[13] Nagel E, Stuber M, Hess O M. Importance of the right ventricle in valvular heart disease.
Eur Heart J 1996; 17:829–836.

[14] Ho S Y, Nihoyannopoulos P. Anatomy, echocardiography, and normal right ventricular
dimensions. Heart 2006; 92(Suppl 1): i2–i13.

[15] Ostenfeld E, Flachskampf FA. Assessment of right ventricular volumes and ejection
fraction by echocardiography: from geometric approximations to realistic shapes. Echo
Res Pract 2015; 2(1):R1–R11.

[16] Haddad F, Hunt SA, Rosenthal DN, Murphy DJ. Right ventricular function in cardio‐
vascular disease, part I: anatomy, physiology, aging, and functional assessment of the
right ventricle. Circulation 2008; 117:1436.

[17] Kaul S. The interventricular septum in health and disease. Am Heart J 1986; 112:568–
581.

[18] Lindqvist P, Morner S, Karp K, Waldenstrom A. New aspects of septal function by using
1‐dimensional strain and strain rate imaging. J Am Soc Echocardiogr 2006;19:1345–
1349.

[19] Klima U, Guerrero JL, Vlahakes GJ. Contribution of the interventricular septum to
maximal right ventricular function. Eur J Cardiothorac Surg 1998; 14:250–255.

[20] Lang RM, Badano LP, Tsang W, et al. EAE/ASE recommendations for image acquisition
and display using three‐dimensional echocardiography. J Am Soc Echocardiogr 2012;
25:3.

[21] Grant RP, Downey FM, MacMahon H. The architecture of the right ventricular outflow
tract in the normal human heart and in the presence of ventricular septal defects.
Circulation 1961; 24:223–235.

[22] Foale R, Nihoyannopoulos P, McKenna W, et al. Echocardiographic measurement of
the normal adult right ventricle. Br Heart J 1986; 5:633–644.

[23] Brennan JM, Blair JE, Goonewardena S, et al. Reappraisal of the use of inferior vena
cava for estimating right atrial pressure. J Am Soc Echocardiogr 2007; 20:857.

[24] Beigel R, Cercek B, Luo H, Siegel RJ. Noninvasive evaluation of right atrial pressure. J
Am Soc Echocardiogr 2013; 26:1033.

[25] Yock PG, Popp RL. Noninvasive estimation of right ventricular systolic pressure by
Doppler ultrasound in patients with tricuspid regurgitation. Circulation 1984; 70:657.

[26] Abbas AE, Fortuin FD, Schiller NB, et al. Echocardiographic determination of mean
pulmonary artery pressure. Am J Cardiol 2003; 92:1373.

Assessment of Right Ventricle by Echocardiogram
http://dx.doi.org/10.5772/64781

187



[27] Mahan G, Dabestani A, Gardin J, Allfie A, Burn C, Henry W. Estimation of pulmonary
artery pressure by pulsed Doppler echocardiography. Circulation 1983;68:367.

[28] Dabestani A, Mahan G, Gardin JM, Takenaka K, Burn C, Allfie A, et al. Evaluation of
pulmonary artery pressure and resistance by pulsed Doppler echocardiography. Am J
Cardiol 1987; 59:662–668.

[29] Rajagopalan N, Simon MA, Suffoletto MS, et al. Noninvasive estimation of pulmonary
vascular resistance in pulmonary hypertension. Echocardiography 2009; 26:489.

[30] Abbas AE, Franey LM, Marwick T, et al. Noninvasive assessment of pulmonary
vascular resistance by Doppler echocardiography. J Am Soc Echocardiogr 2013; 26:1170.

[31] Lindqvist P, Calcutteea A, Henein M. Echocardiography in the assessment of right heart
function. Eur Heart J 2008; 9(2):225–234.

[32] Kaul S, Tei C, Hopkins JM, Shah PM. Assessment of right ventricular function using
two‐dimensional echocardiography. Am Heart J 1984; 107:526.

[33] Ghio S, Recusani F, Klersy C, et al. Prognostic usefulness of the tricuspid annular plane
systolic excursion in patients with congestive heart failure secondary to idiopathic or
ischemic dilated cardiomyopathy. Am J Cardiol 2000; 85:837.

[34] Damy T, Kallvikbacka‐Bennett A, Goode K, et al. Prevalence of, associations with, and
prognostic value of tricuspid annular plane systolic excursion (TAPSE) among out‐
patients referred for the evaluation of heart failure. J Card Fail 2012; 18:216.

[35] Alam M, Wardell J, Andersson E, et al. Right ventricular function in patients with first
inferior myocardial infarction: assessment by tricuspid annular motion and tricuspid
annular velocity. Am Heart J 2000; 139:710.

[36] Miller D, Farah MG, Liner A, et al. The relation between quantitative right ventricular
ejection fraction and indices of tricuspid annular motion and myocardial performance.
J Am Soc Echocardiogr 2004; 17:443.

[37] Sato T, Tsujino I, Ohira H, et al. Validation study on the accuracy of echocardiographic
measurements of right ventricular systolic function in pulmonary hypertension. J Am
Soc Echocardiogr 2012; 25:280.

[38] Blanchard DG, Malouf PJ, Gurudevan SV, et al. Utility of right ventricular Tei index in
the noninvasive evaluation of chronic thromboembolic pulmonary hypertension before
and after pulmonary thromboendarterectomy. JACC Cardiovasc Imaging 2009; 2:143.

[39] López‐Candales A, Rajagopalan N, Dohi K, et al. Abnormal right ventricular myocar‐
dial strain generation in mild pulmonary hypertension. Echocardiography 2007; 24:615.

[40] Lang RM, Badano LP, Mor‐Avi V, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr 2015; 28:1.

Echocardiography in Heart Failure and Cardiac Electrophysiology188



[41] D'hooge J, Heimdal A, Jamal F, Kukulski T, Bijnens B, Rademakers F, Hatle L, Suetens
P, Sutherland GR. Regional strain and strain rate measurements by cardiac ultrasound:
principles, implementation and limitations. Eur J Echocardiogr. 2000; 1:154–170.

[42] Mendes LA, Dec GW, Picard MH, Palacios IF, Newell J, Davidoff R. Right ventricular
dysfunction: an independent predictor of adverse outcome in patients with myocardi‐
tis. Am Heart J 1994; 128:301–307.

[43] Ghio S, Gavazzi A, Campana C, Inserra C, Klersy C, Sebastiani R, et al. Independent
and additive prognostic value of right ventricular systolic function and pulmonary
artery pressure in patients with chronic heart failure. J Am Coll Cardiol 2001; 37:183–
188.

[44] Hoch DH, Rosenfeld LE. Tachycardias of right ventricular origin. Cardiol Clin 1992;
10:151–164.

[45] Nagaya N, Nishikimi T, Uematsu M, Satoh T, Kyotani S, Sakamaki F, Kakishita M,
Fukushima K, Okano Y, Nakanishi N, Miyatake K, Kangawa K. Plasma brain natriuretic
peptide as a prognostic indicator in patients with primary pulmonary hypertension.
Circulation 2000; 22;102:865–870.

[46] Yap LB, Mukerjee D, Timms PM, Ashrafian H, Coghlan JG. Natriuretic peptides,
respiratory disease, and the right heart. Chest 2004; 126:1330–1336.

[47] Oosterhof T, Tulevski II, Vliegen HW, Spijkerboer AM, Mulder BJ. Effects of volume
and/or pressure overload secondary to congenital heart disease (tetralogy of Fallot or
pulmonary stenosis) on right ventricular function using cardiovascular magnetic
resonance and B‐type natriuretic peptide levels. Am J Cardiol 2006; 1(97):1051–1055.

[48] Konstantinides S, Geibel A, Olschewski M, Kasper W, Hruska N, Jackle S, Binder L.
Importance of cardiac troponins I and T in risk stratification of patients with acute
pulmonary embolism. Circulation 2002; 106:1263–1268.

[49] Kittipovanonth M, Bellavia D, Chandrasekaran K, et al. Doppler myocardial imaging
for early detection of right ventricular dysfunction in patients with pulmonary
hypertension. J Am Soc Echocardiogr 2008; 21:1035.

[50] Kjaergaard J, Akkan D, Iversen KK, et al. Right ventricular dysfunction as an inde‐
pendent predictor of short‐ and long‐term mortality in patients with heart failure. Eur
J Heart Fail 2007; 9:610.

[51] Baker BJ, Wilen MM, Boyd CM, Dinh H, Franciosa JA. Relation of right ventricular
ejection fraction to exercise capacity in chronic left ventricular failure. Am J Cardiol
1984; 54:596–599.

[52] Tamborini G, Pepi M, Galli CA, Maltagliati A, Celeste F, Muratori M, et al. Feasibility
and accuracy of a routine echocardiographic assessment of right ventricular function.
Int J Cardiol 2007; 115:86–89.

Assessment of Right Ventricle by Echocardiogram
http://dx.doi.org/10.5772/64781

189




