REVIEW ARTICLE

Echocardiography

USC

US Cardiology Review

Echocardiography in the Evaluation of the Right Heart
Angelos Tsipis, MD, ®, and Evdokia Petropoulou, MD, ®

Department of Cardiology, Metropolitan General Hospital, Athens, Greece

Abstract

The significance of the right ventricle (RV) as a predictor of outcomes in a series of cardiac conditions has recently been recognized. Consequently,
more studies are now focusing on improving the assessment of the RV. Its primary function is to support adequate pulmonary perfusion pressure
in different circulatory and loading situations and to ensure that there is a low systemic venous pressure. Echocardiography is the first-line
method of choice due to its accuracy when assessing RV structure and function, as well as its wide availability. The geometry of the RV is complex
and its evaluation can be difficult. Integrating and combining multiple parameters may be a more reliable way to determine normal or abnormal
function. Novel techniques are increasingly being performed more routinely in clinical practice and are facilitating diagnosis and treatment

choices.

Keywords

Echocardiography, right heart, ventricular function, pulmonary hypertension

Disclosure: The authors have no conflicts of interest to declare.

Received: February 16, 2021 Accepted: September 25, 2021 Citation: US Cardiology Review 2022;16:e08. DOI: https://doi.org/10.15420/usc.2021.03
Correspondence: Angelos Tsipis, Paparseni 70 115.24, Athens, Greece E: angelostsipis@gmail.com

purposes, provided the original work is cited correctly.

Open Access: This work is open access under the CC-BY-NC 4.0 License which allows users to copy, redistribute and make derivative works for non-commercial

Our knowledge of the significance of the right heart has considerably
improved in the past few decades as new imaging techniques have
enabled more detailed study of the right heart anatomy, physiology and
pathophysiology. Many studies have emphasized the role of right heart
structure and function as an important predictor in the case of heart
failure, pulmonary hypertension (PH), and congenital heart disease."?
Right-sided heart dysfunction occurs in several conditions, such as right
ventricular MI, left-sided heart failure, congenital heart disease, PH,
chronic lung disease, sleep-related breathing disorders, acute pulmonary
embolism, and pulmonary/tricuspid valve disease. The main function of
the right ventricle (RV) is to ensure adequate pulmonary perfusion
pressure in different circulatory and loading situations, and to preserve a
low systemic venous pressure. The interaction between preload,
contractility, afterload, ventricular interdependence and heart rhythm
determines the regular RV function. Echocardiography is a non-invasive
diagnostic tool that can be used to assess the function of the right heart.
The measurements to be performed and reported should involve
qualitative and quantitative parameters of the right heart (Table 1). This
review describes the most commonly used echocardiography methods
and measurements for the analysis of right heart anatomy, function and
hemodynamics.

Right Ventricular Anatomy,

Location and Physiology

The RV is located immediately behind the sternum and anterior to the left
ventricle (LV). It extends from the right atrium (RA) to the apex of the heart,
forming the majority of the anterior surface of the heart, and marks the
inferior border of the cardiac silhouette. While the LV has a conical shape,
the RV is shaped like a pyramid and appears as an additional slice of tissue
wrapped around the circular LV, particularly when viewed in a section

across the short axis. The RV contains inflow and outflow compartments
and is made up of the free anterior wall, posterior wall and interventricular
septum.® The complicated geometric form of the ellipsoidal shell model
that covers the conical shape of the LV and the trabeculated myocardium
at the apex prevents simple evaluation of RV size and function by
transthoracic echocardiogram. The RV has the same stroke volume as the
LV, but needs only 25% of the stroke because pulmonary resistance is low.
The muscle fibers of the RV have a longitudinal orientation from the valve
annulus to the apex, and in this way obtain longitudinal contraction.” The
RV wall is thin (3-5 mm, excluding trabeculations) compared with the LV
myocardium and in the case of increased pulmonary pressures or volume
overload, it can respond with hypertrophy, dilatation and increased
contractility.® The tricuspid valve has a crucial role in the normal function of
the RV. Evaluation of the morphological features of the RV requires the
following projections:®

« Parasternal long axis plane (to demonstrate the RV outflow tract and
the moderator band that connects the ventricular septum to the
parietal wall, and to exclude it when evaluating the diameter of the
ventricular septum).

« RVinflow tract views (to display the Eustachian valve behind the
mural leaflet, and evaluate the anterior and inferior RV wall).

« RV outflow tract views (to display the RV outflow curving over the LV,
the pulmonary valve, and the bifurcation of the pulmonary trunk in
the left and right arteries).

« Short axis planes (to display the crescentic shape of the RV).

« Apical four-chamber plane (this is optimal for morphological
assessment, measurement of the tricuspid valve, RV dimension,
display of the septomarginal trabeculation, the moderator band and
the pulmonary veins at the back of the left atrium).
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Right Heart Evaluation

Table 1: Echocardiographic Qualitative and
Quantitative Parameters of the Right Heart

Right Heart Echocardiographic Parameters

RV and RA size RV basal diameter, RV wall thickness
RVOT PSAX distal diameter
RV PLAX proximal diameter
RA major dimension, RA minor dimension, RA
end-systolic area

RV systolic function At least one of the following parameters:

o TAPSE

 Tissue Doppler of the free lateral wall (S)
e Fractional area change

e Pulsed Doppler MPI

o Tissue Doppler MPI

3D RVEF
Longitudinal strain and strain rate

Systolic pulmonary artery
pressure

TR velocity
RA pressure estimated from IVC
IVC (size and collapse)

Additional measures

PA diastolic pressure PR end diastolic pressure gradient + RA pressure

E/A ratio

E/e’ ratio
Deceleration time
RA size

RV diastolic function

IVC = inferior vena cava; MPI = myocardial performance index; PA = pulmonary artery;

PLAX = parasternal long axis; PR = pulmonary requrgitant; PSAX = parasternal short axis;

RA = right atrium, RV = right ventricle; RVEF = right ventricular ejection fraction; RVOT = RV outflow
tract; TAPSE = tricuspid annular plane systolic excursion; TR = tricuspid regurgitation.

Figure 1: Increased Dimensions of the Right Ventricle

» Apical long and three-chamber view (to display the RV outflow in a
similar way to the parasternal long axis view).
» Subcostal projection (to display the diaphragmatic wall of the RV).

Many studies have been performed to identify and establish the normal
reference ranges for the echocardiographic measurements of the right
heart.>® The measurement of the following dimensions is recommended
for right heart assessment:

» RV basal-apical: transverse measurements of the RV in four-chamber
imaging vary significantly because the normal RV has a complex
geometric triangular form. In the four-chamber view, the RV is
measured at the base with an upper reference limit of 41 mm, at
mid-diameter at the level of the papillary muscles with an upper

reference limit of 35 mm, and in the longitudinal dimension with an
upper reference limit of 86 mm.

« RV wall thickness (subcostal long axis view at end-diastole, it is
important to exclude trabeculations and papillary muscle, with
measurements >5 mm considered abnormal).

« RV outflow tract (RVOT): the anatomy of the RVOT is important and it
is located between the supraventricular crest and pulmonary valve; it
consists of the conus arteriosus (infundibulum), ventricular septum
and RV free wall. Measurement is done of the proximal diameter of
the RVOT or the subvalvular level (parasternal long axis, upper
reference limit 33 mm), and the distal diameter of the RVOT or
pulmonary valve level (parasternal short axis, upper reference limit
27 mm).

« RV area (four-chamber view at end-diastole by planimetry of the RV
cavity, excluding trabeculations and excluding the moderator band,
with an upper reference limit at end-diastole of 24 cm? in men and
20 cm? in women).

« Inferior vena cava (IVC) dimension: the dilatation of the IVC with
diameter >21 mm in the case of chronic heart failure suggests
hemodynamic congestion. The RA pressure algorithm is used to
evaluate the diameter of the IVC and also the degree of inspiratory
collapse of the IVC (IVC diameter <2.1 cm collapse with sniff >50%
indicates normal RA pressure; IVC diameter >2.1 cm collapse with
sniff <50% indicates high RA pressure). When the parameters of IVC
diameter and collapse do not fall within these limits, an intermediate
value of RA pressure may be used, or other secondary markers of
elevated RA pressure could be involved.®®

Assessment of Right Ventricular Function

The function and consistency of the RV is a strong predictor of many
cardiovascular diseases. The assessment of RV function by transthoracic
echocardiogram is limited due to the complex anatomy and particular
shape of the RV. The biggest contraction of the RV takes place
longitudinally from base to apex, providing most of the stroke volume. A
significant number of echocardiographic parameters have been accepted
and validated and each of them has its drawbacks and limitations.
Integrating and combining these parameters may more reliably determine
normal or abnormal RV function. Among them are the following
parameters: visual examination; RV index of myocardial performance
(RIMP); tricuspid annular plane systolic excursion (TAPSE); 2D RV fractional
area change (FAC); 2D RV ejection fraction (RVEF); 3D RVEF; tissue
Doppler-derived tricuspid lateral annular systolic velocity (S); and
longitudinal strain and strain rate.”®

Visual Examination

The dimension of the RV should be compared with the size of the LV. The
normal size of the RV is approximately two-thirds the size of the LV apical
four-chamber and parasternal long axis views. RV size can be evaluated
by tracing the endocardial border or measuring the dimensions. If the RV
has a larger length or diameter, it is probably due to the dilatation of the
RV (Figure 1). Endocardial tracing of the area of the RV has a higher
correlation with echocardiographic estimations of RV size and function
than with MRI estimations.® Abnormal septal motion with septal flattening
and an abnormal LV D-shape on short axis view may indicate RV volume
or pressure overload (Figure 2). However, visual examination is often
dependent on the observer and their experience.

Tricuspid Annular Plane Systolic Excursion
TAPSE is the most commonly used and simple method for the evaluation
of RV function. This parameter, derived from apical four-chamber view
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with M-mode, measures the distance of systolic excursion of the RV
segment (lateral tricuspid valve annulus) along the longitudinal plane. The
disadvantage of TAPSE is that it evaluates a single segment that only
partially characterizes the function of the entire RV. TAPSE is easily
measured, and values lower than 16 mm indicate RV dysfunction. The
width of excursion correlates with RVEF (5 mm =20% RVEF, 10 mm =30%
RVEF, 15 mm = 40% RVEF, 20 mm = 50% RVEF).

RV systolic function as evaluated with TAPSE can be used to assess the
risk of cardiovascular death in many cardiovascular diseases.”*™" The ratio
of TAPSE to systolic pulmonary artery pressure (i.e. TAPSE/SPAP) enhances
the prognostic risk stratification in patients with heart failure and a ratio
<0.36 mm/mmHg indicates a higher probability of mortality in patients
with heart failure”

Tissue Doppler of the Free Lateral Wall

This parameter of apical four-chamber tissue Doppler evaluates the
longitudinal velocity of excursion of the basal free wall segment and
tricuspid annulus to assess basal RV free wall function. The disadvantage
of this technique is that the evaluation of the function of a single segment
is used to characterize the function of the global ventricle. It is easily
measured and reproducible, and values of <10 cm/s indicate RV
dysfunction.

Right Ventricular Index of Myocardial Performance
This parameter is a global estimate of both systolic and diastolic function
of the RV and is not dependent on ventricle geometry. It is defined as the
ratio of the isovolumetric time interval to the ventricular ejection time and
it is obtained using the pulsed Doppler method and the tissue Doppler
method, with the following formula: RIMP = (tricuspid valve closure
time — ejection time)/ejection time. This formula can also be given as
RIMP = (TCO - ET)/ET or IVRT + IVCT/ET, where TCO is the tricuspid valve
closure—opening time, IVCT is the isovolumetric contraction time, IVRT is
the isovolumetric relaxation time, and ET is the ejection time. The
disadvantage is that the method is not valid with the irregular rates that
are found with AF and elevated RA pressure. Values of RIMP >0.4 using
pulsed Doppler and >0.55 using tissue Doppler indicate RV dysfunction
and lower values indicate normal function of the RV, given that less time
is taken in the isovolumetric state and more time is taken in ejecting
blood.®

Fractional Area Change

RV FAC is given by the following equation: 100 x [(end-diastolic area — end-
systolic area)/end-diastolic area]. This method from four-chamber view
involves tracing the endocardial borders of RV during systole and diastole,
including trabeculations and tricuspid valve leaflets. The parameter has
prognostic value and is an independent predictor of mortality in cases of
acute MI, heart failure, pulmonary embolism and PH. Values <35% indicate
RV dysfunction

3D Volume Estimation

This technique evaluates RV volume without relying on the geometric
particularities of the complex shape of the ventricle." This method is more
complexand is dependent on image quality, and it tends to underestimate
the RV volumes measured by MRI. The lower reference limit of 3D RVEF
is 45%.

Strain Imaging: Regional RV Strain and Strain Rate
This method uses dimensionless parameters to measure myocardial
deformation, and represents regional and global myocardial systolic

Figure 2: D-shape on Short Axis View

function. Strain is determined as the percentage change in the length of
the myocardial segment, and strain rate represents the rate of deformation
of the myocardium over time.”®* One-dimensional strain evaluated on
Doppler tissue imaging is angle dependent while 2D speckle-tracking
echocardiography is an angle-independent measurement. The 2D strain
is a precise method to assess RV global and regional function. Global
strain of the free lateral wall of the RV is measured by the average peak
systolic strain of the three segments of the free lateral wall in four-
chamber view. High negative strain values indicate better systolic function
and values less than —20% indicate reduced RV function. The mean RV
strain in normal conditions is —29 + 4.5%.5%" The technique is not
recommended for routine clinical evaluation and is best reserved for
specific clinical conditions.

Right Atrium Volume

Increased RA dimensions can be an indication of volume and pressure
overload, and increased RA pressure is an indication of RV dysfunction.
This method involves the measurement of RA volume from the four-
chamber view. Normal values are 21+ 6 ml/m? for men and 25 + 7 ml/m?
for women.?®

Right Ventricular Diastolic Function

RV diastolic dysfunction increases atrial pressures and decreases
collapsibility of the IVC. Pressure and volume overload mechanisms, such
as lung disease, cardiomyopathies, ischemic heart disease and LV
dysfunction, mediate ventricular interdependence and can lead to RV
diastolic dysfunction. The evaluation of the following parameters are
recommended for the assessment of RV diastolic function:

» 2D morphological assessment of the RV, size of the IVC, inspiratory
collapse.

« Doppler velocities of the trans-tricuspid flow (E, A, E/A). Trans-
tricuspid flow is susceptible to preload and afterload.

« Tissue Doppler velocities of the tricuspid annulus (E, A, E/A),
deceleration time, isovolumetric relaxation time.”®

« Pulsed-wave Doppler for hepatic vein flow assessment. The main
components of hepatic vein flow are the systolic wave (S), systolic
reversal wave (SR), diastolic wave (D), and the atrial reversal wave (AR).
S/D <Tindicates increased RA pressure. Hepatic vein systolic filling
fraction <65% denotes increased RA pressure. Prominent systolic and
atrial reversal waves may also indicate raised RA pressure.
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Figure 3: Tricuspid Leaflets with
Complete Absence of Coaptation

Various studies demonstrate the use of RV diastolic function assessment
in the diagnostic and therapeutic management of patients.” Fenster et al.
evaluated the extent to which RV diastolic function is associated with
exercise capacity in chronic obstructive pulmonary disease. RV diastolic
function was assessed using the ratio of early to late tricuspid valve
velocities, and an increased tricuspid valve E/A ratio was associated with
an increased 6-minute walk test distance® Kosmala et al. assessed RV
systolic and diastolic function in people with diabetes. In patients with
diabetes without clinically evident heart disease, the RV function is
impaired, and is indicative of diastolic abnormalities such as increased
IVRT and decreased RV E'/A'” Various echocardiographic markers are
used in the evaluation of patients with hypertrophic cardiomyopathy
(HCM). Pagourelias et al. evaluated the significance of transthoracic
indices of RV diastolic function in HCM patients. RV E/E" >6.9 was an
independent predictor of heart failure mortality and of a 1.6-fold increased
risk of death from heart failure.”

Tricuspid Valve

The free margins of the tricuspid valve are linked to the ventricular wall by
tendinous cords attached to papillary muscles that are contiguous with
the subjacent ventricular walls. The structure of the tricuspid valve
consists of the annulus, three leaflets (anterior, posterior, septal), the
chordae tendineae and the papillary muscles (usually three papillary
muscles). The tricuspid valve is located apical-most and the occupied
annulus area is 8-12 cm?. The most frequent condition of the tricuspid
valve is regurgitation, which is differentiated into primary valve lesion and
functional regurgitation. Functional regurgitation will usually lead to
annular dilatation and increased tricuspid leaflet tethering due to pressure
and volume overload of the RV. These conditions include PH, left heart
disease and situations resulting in dilatation of the RV (RV infarction and
pulmonary embolism). The echocardiographic approach for the evaluation
of tricuspid regurgitation (TR) involves the following parameters.

Qualitative Methods

« Morphology of the tricuspid valve: flail valve and a large coaptation
defect indicate severe TR (Figure 3).

« Annular diameter: annular dilatation indicates severe TR.

« Color-flow TR jet: a very large central jet indicates severe TR, while
an eccentric jet that hugs the RA wall will underestimate TR severity.

« Continuous wave TR jet: velocity and shape are indicative of TR
severity; a dense envelope indicates severe TR, while poor alignment
with an eccentric jet will lead to underestimation of severity.”~%

Semi-quantitative Methods

« Vena contracta width: this is optimal for distinguishing mild from
severe TR; it can be used for eccentric jets, but not for multiple jets; a
width >7 mm indicates TR.

« Hepatic vein flow: systolic flow reversal indicates severe TR.

 Peak E velocity: this is increased in severe TR (E-wave dominant
=1 m/s).

« Proximal isovolumetric surface area, proximal isovelocity surface area
(PISA) (radius >9 mm indicates severe TR).?"%

Quantitative Methods

« PISA can also be used to measure the effective regurgitant orifice
area (EROA) and regurgitant volume; EROA >40 mm? and regurgitant
volume >45 mlindicate severe TR. Although it can be used in
eccentric jets, the method has numerous limitations such as that the
regurgitant orifice is rarely round and the movement of the annulus
during systole influences the measurement.

« RAand RV size: enlargement of the RA and RV indicates severe
chronic TR.#-%

Clinical Implications

Echocardiography is a non-invasive diagnostic procedure most commonly
used in the evaluation of patients with PH and pulmonary embolism. Itis an
important imaging procedure for determining structural and functional
cardiac status and has prognostic and research value. Dysfunction of the
LV secondary to Ml and heart failure can influence the function of the RV.
Echocardiographic assessment of the RV is useful for the evaluation of
patients with left-sided heart disease. Diseases involving the tricuspid
valve, such as carcinoid disease, rheumatic tricuspid disease, and
myxomatous degeneration of the tricuspid valve, can also affect the
function of the RV. Common congenital deformities include atrial septal
defect, and patients with postoperative tetralogy of Fallot and Ebstein
disorder can end up with RV dysfunction. Many studies have described the
role of right heart structure and function as important predictors in patients
with chronic lung disease and sleep-related breathing disorders.*
Echocardiography plays animportant role in the detection of RV dysfunction
in various clinical scenarios, and a crucial role in patient follow-up.

Pulmonary Hypertension

PH includes various clinical conditions and can complicate many
cardiovascular and respiratory diseases. PH is defined as an increase in
mean pulmonary artery pressure =25 mmHg at rest as confirmed on right
heart catheterization. The classification of PH is based on the five groups
of clinical conditions that cause it:

» Pre-capillary PH with normal pulmonary artery wedge pressure
(PAWP) <15 mmHg.

« Post-capillary PH due to left heart disease with increased PAWP
>15 mmHg.

« PH due to chronic lung disease and hypoxia.

« Chronic thromboembolic PH.

« PH due to unclear and various mechanisms "

The following echocardiographic parameters are crucial for the
assessment of patients with suspected PH: TR velocity (TRV), dilated RV,
flattening of the interventricular septum, short pulmonary valve
acceleration time, pulmonary artery diameter >25 mm, dilated RA, and
decreased inspiratory collapse of the IVC. Echocardiographic signs in
addition to TRV are used to evaluate the probability of PH (Table 2). The
standard echocardiographic method uses the evaluation of RV pressure
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Table 2: Echocardiographic Signs in Addition to Tricuspid Regurgitation
Velocity to Evaluate the Probability of Pulmonary Hypertension

entricles Pulmonary Artery

RV/LV basal diameter ratio >1
Flattening of the interventricular septum
PA diameter >25 mm

RV outflow Doppler acceleration time <105 ms
Early diastolic pulmonary regurgitation velocity >2.2 m/s

Inferior Vena Cava Right Atrium

IVC diameter >21 mm with Right atrial area (end-systole) >18 cm?

decreased inspiratory collapse

IVC = inferior vena cava; LV = left ventricle; PA = pulmonary artery; RV = right ventricle.

from the TRV and the qualitative assessment of RA pressure. Applying the
simplified Bernoulli equation, p = 4(TRVmax)?, the peak TRV is squared
and multiplied by 4.% Even small errors in the absolute measurement of
TRV can result in significant differences in the measurement of RV systolic
pressure (RVSP). The evaluation of RVSP from TRV requires precise
alignment with the TR jet, otherwise it may be under- or overestimated.
This can be prevented by using agitated saline or contrast agents.?%

Furthermore, to estimate SPAP, the RVSP is added to the RA pressure
derived from the measurement of the IVC diameter after inspiration. In
many cases, the diameter of the IVC cannot be measured or the
concordance between the echocardiographic evaluation of RA pressure
and the invasive method is as low as 34%.%

In the assessment of the probability of PH, the measurement of TRV
should be used in coordination with other echocardiographic markers of
PH. The guidelines for PH recommend examining an RA area >18 cm? for
echocardiographic signs of elevated RA pressure.?”?® In the case of TRV
<2.8 m/s and without other echocardiographic signs of PH, the probability
of PH is low. If TRV is <2.8 m/s but there are echocardiographic signs of
PH, or TRV is 2.9-3.4 m/s and there are no echocardiographic signs of PH,
then there is a medium probability of PH. In the case of TRV 2.9-3.4 m/s
and the presence of other echocardiographic signs of PH or TRV 23.4 m/s
without the presence of other echocardiographic signs, there is a high
probability of PH.>%"%

PH causes increased pulmonary vascular resistance and elevated
pulmonary artery pressures resulting in maladaptive RV dilatation and,

eventually, RV failure. Many studies have proposed the concept of RV—
pulmonary artery coupling to define the cardiac function in PH and predict
survival time. = TAPSE is an afterload-dependent parameter and
patients with a TAPSE/SPAP ratio <0.25 mm/mmHg have a worse
prognosis.”®

Pulmonary Embolism

The known echocardiographic signs associated with pulmonary
embolism have been shown to have low specificity and sensitivity and
to be present in only 20% of patients.®* These parameters include
pulmonary ejection acceleration time <60 ms and peak systolic tricuspid
pressure gradient <60 mmHg (the 60/60 sign), and depressed
contractility of the RV free wall compared with the echocardiographic
RV apex (McConnell’s sign). RV dilation occurs in up to 25% of patients
with pulmonary embolism.2*® The PEITHO trial used at least one of the
echocardiographic markers for RV dysfunction to identify the group with
an intermediate risk of pulmonary embolism: RV end-diastolic diameter
>30 mm, RV/LV end-diastolic diameter ratio >0.9, RV free wall
hypokinesis, or peak TRV >2.6 m/s 2%

Conclusion

Routine clinical 2D echocardiography has largely been used to evaluate
the structure and function of the RV. Current echocardiography techniques,
including 3D and strain rate imaging, may be used to further contribute to
diagnosis and facilitate the choice of treatment. Assessment of RV
function and dimensions should be obtained using multiple parameters
and performed using multiple acoustic windows according to the
published limits in guidelines.

Haddad F, Doyle R, Murphy D, Hunt S. Right ventricular

PMID: 31175016.

adults: an update from the American Society of

function in cardiovascular disease, part II: pathophysiology, 9. De Vecchis R, Baldi C, Giandomenico G, et al. Estimating Echocardiography and the European Association of

clinical importance, and management of right ventricular right atrial pressure using ultrasounds: an old issue revisited Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging
failure. Circulation 2008;117:1717-31. https://doi.org/10.1161/ with new methods. J Clin Med Res 2016;8:569-74. https:// 2015;16:233-70. https://doi.org/10.1093/ehjci/jev014;
CIRCULATIONAHA107.653584; PMID: 18378625. doi.org/10.14740/jocmr2617w; PMID: 27429676. PMID: 25712077.

Sayer G, Semigran M. Right ventricular performance in 10. Bleeker GB, Steendijk P, Holman ER, et al. Assessing right 16. DilLorenzo MP, Bhatt SM, Mercer-Rosa L. How best to assess
chronic congestive heart failure. Cardiol Clin 2012;30:271-82. ventricular function: the role of echocardiography and right ventricular function by echocardiography. Cardiol Young
https://doi.org/10.1016/j.ccl.2012.03.011; PMID: 22548817. complementary technologies. Heart 2006;92(Suppl 1):119— 2015;25:1473-81. https://doi.org/10.1017/S1047951115002255;
Ho SY, Nihoyannopoulos P. Anatomy, echocardiography, and 26. https://doi.org/10.1136/hrt.2005.082503; PMID: 26675593.

normal right ventricular dimensions. Heart 2006;92(Suppl PMID: 16543597. 17. Zaidi A, Knight DS, Augustine DX, et al. Echocardiographic
):i2—i13. https://doi.org/10.1136/hrt.2005.077875; 1. Modin D, Mggelvang R, Andersen DM, Biering-Sgrensen T. assessment of the right heart in adults: a practical guideline
PMID: 16543598. Right ventricular function evaluated by tricuspid annular from the British Society of Echocardiography. Echo Res Pract
Kovalova S, Necas J, Cerbak R, et al. Echocardiographic plane systolic excursion predicts cardiovascular death in the 2020;7:g19-41. https://doi.org/10.1530/ERP-19-0051;
volumetry of the right ventricle. Eur J Echocardiogr general population. J Am Heart Assoc 2019;8:e012197. https:/ PMID: 32105053.

2005;6:15-23. https://doi.org/10.1016/j.euje.2004.04.009; doi.org/10.1161/JAHA119.012197; PMID: 31088196. 18. Fenster BE, Holm KE, Weinberger HD, et al. Right ventricular
PMID: 15664549. 12. Guazzi M, Bandera F, Pelissero G. Tricuspid annular plane diastolic function and exercise capacity in COPD. Respir Med
Schneider M, Binder T. Echocardiographic evaluation of the systolic excursion and pulmonary arterial systolic pressure 2015;109:1287-92. https://doi.org/10.1016/j.

right heart. Wien Klin Wochenschr 2018;130:413-20. https:// relationship in heart failure: an index of right ventricular rmed.2015.09.003; PMID: 26371994.
doi.org/10.1007/s00508-018-1330-3; PMID: 29556779. contractile function and prognosis. Am J Physiol Heart Circ 19. Kosmala W, Colonna P, Przewlocka-Kosmala M, Mazurek W.
Choudhary G, Malik AA, Stapleton D, Reddy PC. Assessment Physiol 2013;305:h1373-81. https:/doi.org/10.1152/ Right ventricular dysfunction in asymptomatic diabetic

of right ventricle by echocardiogram. In: Lakshmanadoss U, ajpheart.00157.2013; PMID: 23997100. patients. Diabetes Care 2004;27:2736-8. https:/doi.

ed. Echocardiography in Heart Failure and Cardiac 13. Medvedofsky D, Mor-Avi V, Kruse E, et al. Quantification of o0rg/10.2337/diacare.27.11.2736; PMID: 15505015.
Electrophysiology. IntechOpen, 2016. https://doi. right ventricular size and function from contrast-enhanced 20. Pagourelias ED, Efthimiadis GK, Parcharidou DG, et al.
0rg/10.5772/64781. three-dimensional echocardiographic images. J Am Soc Prognostic value of right ventricular diastolic function
Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the Echocardiogr 2017;30:1193-202. https://doi.org/10.1016/. indices in hypertrophic cardiomyopathy. Eur J Echocardiogr
echocardiographic assessment of the right heart in adults: a echo.2017.08.003; PMID: 29050828. 2011;12:809-17. https://doi.org/10.1093/ejechocard/jer126;
report from the American Society of Echocardiography. JAm  14. Lee JH, Park JH. Strain analysis of the right ventricle using PMID: 21846651.

Soc Echocardiogr 2010;23:685-713. https://doi.org/10.1016/j. two-dimensional echocardiography. J Cardiovasc Imaging 21. Jutant EM, Humbert M. Pulmonary hypertension: definition,
ech0.2010.05.010; PMID: 20620859. 2018;26:1M1-24. https://doi.org/10.4250/jcvi.2018.26.e11; classification and treatments. Biol Aujourdhui 2016;210:53-64
Jones N, Burns AT, Prior DL. Echocardiographic assessment PMID: 30310878. [in French]. https://doi.org/10.1051/jbio/2016014; PMID:

of the right ventricle: state of the art. Heart Lung Circ 15. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for 27687597.

2019;28:1339-50. https://doi.org/10.1016/j.hic.2019.04.016; cardiac chamber quantification by echocardiography in 22. Luxford J, Bassin L, D’Ambra M. Echocardiography of the

US CARDIOLOGY REVIEW
www.USCjournal.com


https://doi.org/10.1161/CIRCULATIONAHA.107.653584
https://doi.org/10.1161/CIRCULATIONAHA.107.653584
https://doi.org/10.1016/j.ccl.2012.03.011
https://doi.org/10.1136/hrt.2005.077875
https://doi.org/10.1016/j.euje.2004.04.009
https://doi.org/10.1007/s00508-018-1330-3
https://doi.org/10.1007/s00508-018-1330-3
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/j.hlc.2019.04.016
https://doi.org/10.14740/jocmr2617w
https://doi.org/10.14740/jocmr2617w
https://doi.org/10.1056/NEJM199112193252503
https://doi.org/10.1161/JAHA.119.012197
https://doi.org/10.1161/JAHA.119.012197
https://doi.org/10.1152/ajpheart.00157.2013
https://doi.org/10.1152/ajpheart.00157.2013
https://doi.org/10.1016/j.echo.2017.08.003
https://doi.org/10.1016/j.echo.2017.08.003
https://doi.org/10.4250/jcvi.2018.26.e11
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1017/S1047951115002255
https://doi.org/10.1530/ERP-19-0051
https://doi.org/10.1016/j.rmed.2015.09.003
https://doi.org/10.1016/j.rmed.2015.09.003
https://doi.org/10.2337/diacare.27.11.2736
https://doi.org/10.2337/diacare.27.11.2736
https://doi.org/10.1093/ejechocard/jer126
https://doi.org/10.1051/jbio/2016014

Right Heart Evaluation

23.

24.

25.

tricuspid valve. Annals of Cardiothoracic Surgery 2017;6:223—
39. https://doi.org/10.21037/acs.2017.05.15.

Lancellotti P, Moura L, Pierard LA, et al. European
Association of Echocardiography recommendations for the
assessment of valvular regurgitation. Part 2: mitral and
tricuspid regurgitation (native valve disease). Eur J
Echocardiogr 2010;11:307-32. https://doi.org/10.1093/
ejechocard/jeq031; PMID: 20435783.

Vahanian A, Alfieri O, Andreotti F, et al. The Joint Task Force
on the Management of Valvular Heart Disease of the
European Society of Cardiology (ESC) and the European
Association for Cardio-Thoracic Surgery (EACTS). Guidelines
on the management of valvular heart disease (version
2012). Eur Heart J 2012;33:2451-96. https://doi.org/10.1093/
eurheartj/ehs109; PMID: 22922415,

Parasuramana S, Walker S, Loudon BL, et al. Assessment of
pulmonary artery pressure by echocardiography: a
comprehensive review. Int J Cardiol Heart Vasc 2016;12:45—

26.

27.

28.

51. https://doi.org/10.1016/j.ijicha.2016.05.011;

PMID: 28616542.

Augustine DX, Coates-Bradshaw LD, Willis J, et al.
Echocardiographic assessment of pulmonary hypertension:
a guideline protocol from the British Society of
Echocardiography. Echo Res Pract 2018;5:911-24. https:/doi.
0rg/10.1530/ERP-17-0071; PMID: 30012832.

Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS
guidelines for the diagnosis and treatment of pulmonary
hypertension: the joint task force for the diagnosis and
treatment of pulmonary hypertension of the European
Society of Cardiology (ESC) and the European Respiratory
Society (ERS): endorsed by: Association for European
Paediatric and Congenital Cardiology (AEPC), International
Society for Heart and Lung Transplantation (ISHLT). Eur Heart
J2016;37:67-19. https://doi.org/10.1093/eurheartj/ehv317;
PMID: 26320113.

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC

US CARDIOLOGY REVIEW
www.USCjournal.com

29.

30.

guidelines for the diagnosis and management of acute
pulmonary embolism developed in collaboration with the
European Respiratory Society (ERS): the Task Force for the
diagnosis and management of acute pulmonary embolism
of the European Society of Cardiology (ESC). Eur Heart J
2020;41:543-603. https://doi.org/10.1093/eurheartj/ehz405;
PMID: 31504429.

Kazimierczyk R, Kazimierczyk E, Knapp M, et al.
Echocardiographic assessment of right ventricular—arterial
coupling in predicting prognosis of pulmonary arterial
hypertension patients. J Clin Med 2021;10:2995. https://doi.
0rg/10.3390/jcm10132995; PMID: 34279478.

Meyer G, Vicaut E, Danays T, et al. Fibrinolysis for patients
with intermediate-risk pulmonary embolism. N Engl J Med
2014;370:1402-11. https://doi.org/10.1056/NEJMoa1302097;
PMID: 24716681.


https://doi.org/10.21037/acs.2017.05.15
https://doi.org/10.1093/ejechocard/jeq031
https://doi.org/10.1093/ejechocard/jeq031
https://doi.org/10.1093/eurheartj/ehs109
https://doi.org/10.1093/eurheartj/ehs109
https://doi.org/10.1016/j.ijcha.2016.05.011
https://doi.org/10.1530/ERP-17-0071
https://doi.org/10.1530/ERP-17-0071
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.1093/eurheartj/ehz405
https://doi.org/10.3390/jcm10132995
https://doi.org/10.3390/jcm10132995
https://doi.org/10.1056/NEJMoa1302097

