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Summary

The aim of the present review article is to provide an 
overview of the evaluation of the right ventricle and its 
function using conventional measurements and newer 
echocardiographic modalities. Because of the complex 
geometry of the right ventricle calculation of volumes 
and ejection fraction using 2D measurements is not 
useful in clinical practice. Echocardiographic assess-
ment of systolic right ventricular function using 2D 
guided M-mode measurements of systolic long axis mo-
tion of the tricuspid annulus (tricuspid annular plane 
systolic motion, TAPSE) is a simple and established 
tool also providing prognostic information in a number 
of settings. The main limitation of this method is that 
it only represents the inflow free wall segments but not 
outflow tract and the septum which also contribute to 
the overall function of the right ventricle. Additional 
measurements of the right ventricular outflow tract 
fractional shortening and fractional area change add 
great value in the assessment of the right ventricle 
function. Doppler tissue imaging is a relatively new 
echocardiographic tool for the assessment of right ven-
tricular function, however, similarly to TAPSE its 
main caveat is its angle dependency. The most recent 
imaging technique is based on detecting speckles from 
the myocardium with 2D echocardiography analysing 
motion in different directions (longitudinal, radial and 
circumferential). One of the greatest advantages of 
speckle tracking compared to Doppler tissue imaging is 
the lack of angle dependency. Finally, 3D imaging for 
functional assessment and volume calculations over-
comes the limitations of 2D echocardiography and has 
a similar accuracy as magnetic resonance imaging for 
the assessment of right ventricular function.

Key words: function of right ventricle; echocardio-
graphy; tissue Doppler image; 
strain and strain rate; speckle tra-
cking.

Anatomy and physiology

The normal right ventricle (RV) is a complex crescent-
shaped structure wrapped around the left ventricle 
(LV) [1] with separate inflow and outflow portions [2]. 
The inflow portion contains the tricuspid valve, and 
from the outflow portion originates the pulmonary 
trunk [3]. The demarcation between these two parts is 
formed by a number of prominent muscular bands: the 
parietal band, the crista supraventricularis (the word, 
crista, denotes a crest, and this characteristic is only 
seen if a sagittal section passes through this junction 
point [4]), the septal band, and the moderator band [2, 
3]. The moderator band runs from the septum to the 
anterior RV wall [5]. Together, these muscle bands 
form an almost circular orifice which, in the normal 
heart, is wide and forms no impediment to flow [3].  
The wall of the inflow portion is heavily trabeculated,  
particularly in its most apical portion [3]. The outflow 
portion of the right ventricle, often called the infundib-
ulum, contains only a few trabeculae [3]. The sub- 
pulmonic area is smooth-walled [3]. The muscular  
architecture of the outflow tract is described as a  
bulbar musculature, which is anatomically and func-
tionally different from the rest of the RV [6]. The right 
ventricle has superficial circumferential muscle fibres 
responsible for its inward bellows movement, as well as 
inner longitudinal fibres which mediate the base-to-
apex contraction [7]. Compared with the left ventricle, 
the base-to-apex shortening contributes more to RV 
emptying [8]. 

The right and left ventricles are closely related be-
cause they share the inter-ventricular septum which 
predominantly functions as part of the left ventricle in 
normal hearts [5]. With right-sided volume or pressure 

Funding / potential 
competing interests:  
No financial support and  
no other potential conflict  
of interest relevant to this 
article were reported.

Correspondence:
Ina Bluzaite, PhD, MD
Kardiologie
Kantonsspital St.Gallen
CH-9007, St.Gallen
Switzerland
ina.bluzaite[at]kssg.ch

Practical aspects and challenges in the  
echocardiographic assessment of right  
ventricle and its function
Ina Bluzaitėa,b, Jolanta Vaskelytėb, Jolanta Marcinkevicienėb, Hans Ricklia, Philipp K. Haagera

a Kantonsspital St.Gallen, Switzerland
b Institute of Cardiology, Lithuanian University of Health Sciences, Kaunas, Lithuania



review article

Cardiovascular Medicine 2012;15(12):345–353 346

well. Patients with a systemic right ventricle and bad 
RV function carry a worse prognosis than the patients 
with a clearly preserved RV function [19]. In cases of 
pulmonary valve stenosis, pulmonary valve replace-
ment should be performed before severe RV dysfunc-
tion occurs, otherwise RV function never recovers [19]. 
In patients with repaired Tetralogy of Fallot, a de-
creasing RV function in the setting of severe pulmo-
nary regurgitation drives the indication for pulmonary 
valve replacement, before the irreversible RV dysfunc-
tion occurs [19]. An isolated large atrial septal defect 
results in left-to-right shunting and volume overload of 
the RV [20]. Although the RV generally tolerates 
chronic volume overload well, long-standing volume 
overload in the setting of an atrial septal defect is asso-
ciated with increased mortality and morbidity [21]. 
Older age at repair or closure (>40 years of age) also is  
associated with incomplete RV and right atrial remod-
elling [21].

Conventional two-dimensional assessment  
of the right heart structure 

RV hypertrophy is usually the result of the RV systolic 
pressure overload [22]. Usually, flattening of the inter-
ventricular septum (or even D shaping of the RV) in 
these cases can be seen (fig. 1) [23]. In the absence of 
pulmonary hypertension, increased RV thickness can 
be due to infiltrative or hypertrophic cardiomyopathies 
[22]. RV free wall thickness, normally less than 0.5 cm, 
is measured using either M-mode or 2-D imaging [23]. 
Although RV free wall thickness can be assessed from 
the apical and parasternal long axis views, the mea-
surement at the level of the tricuspid valve chordae 
tendinae in the subcostal view is associated with less 
variability and closely correlates with RV peak systolic 

overload, the interventricular septal motion is re-
versed, and the septum functions as a part of the right 
ventricle [5]. After open heart surgery and a subse-
quent fall in RV free wall function, septal movement 
reverses and thus the septum contributes to right ven-
tricular function [5]. Ischaemic or mechanical heart 
damage and/or an attempt of the heart to maintain RV 
stroke volume were proposed as mechanisms underly-
ing this phenomenon [5, 9]. The term ventricular inter-
dependence has been used to describe dysfunction of 
one ventricle due to an effect on ventricular septal mo-
tion secondary to structural and/or functional abnor-
malities of the opposite ventricle [2, 10]. The right and 
left ventricles are also linked due to the fact that they 
are both enclosed within the pericardium. In patients 
with pericardial constriction, the end-diastolic pres-
sure equalises between the two ventricles. A similar 
physiology can be seen in patients with large pleural 
effusion and with end-stage pulmonary disease [11].

There are several clinical conditions where evalua-
tion of right-sided heart morphology and function is of 
great clinical importance.

The thin wall of the RV (3–4 mm) makes it sensi-
tive to alterations in the pulmonary artery pressure 
and with a chronic increase in afterload (pulmonary 
diseases, mitral valve diseases etc.) the RV dilates and 
develops muscular hypertrophy [12, 13]. However, 
once irreversible pulmonary vascular disease develops, 
pulmonary artery pressures may remain elevated even 
after a successful valve or myocardial surgery [14, 15]. 
With a rapid increase of pulmonary artery pressure 
e.g., in acute pulmonary embolism, the RV acutely di-
lates resulting in dilatation of the tricuspid annulus 
and hence tricuspid regurgitation and clinical signs of 
right ventricular failure [11, 16]. 

Right ventricular dysfunction is present in at least 
one third of patients with inferior myocardial infarc-
tion and is associated with a significant increase in 
mortality [17]. Reduced RV function is a common find-
ing after open heart surgery [15]. Pericardectomy with 
the loss of lubricating surface at the anterior surface of 
the heart, “stunned myocardium”, ischaemic damage 
due to non-optimal RV myocardial preservation during 
cardiac surgery, and right atrial damage due to place-
ment of bypass cannulae have all been proposed as pos-
sible explanations [15, 18]. In the early postoperative 
period (first days after operation) this might be second-
ary to the presence of chest tubes, oedema, and bleed-
ing (transient changes combined with mechanical im-
pediment) and in the later postoperative period (six 
months) it could be due to adhesions between heart and 
surrounding tissues (mainly mechanical impediment) 
[15]. This latter hypothesis is supported by the lack of 
complete recovery of the tricuspid annulus motion af-
ter cardiac surgery [15]. 

The evaluation of right ventricular function in con-
genital heart disease is of prognostic importance as 

Figure 1
Right ventricular hypertrophy and flattening of the interventricular septum from 
parasternal short-axis view.
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a longitudinal fashion [7, 8], assessment of longitudi-
nal function as a substitute of overall RV function is 
justified in clinical practice. TAPSE is the maximal 
longitudinal excursion of the tricuspid annulus at peak 
systole measured by M-mode [8] (fig. 2). In a study of 
750 patients with a variety of cardiac conditions and 
150 age-matched normal controls, a TAPSE cut-off  
<17 mm yielded high specificity, though low sensitivity 
to identify abnormal RV function [30]. According to 
current guidelines [8], TAPSE <16 mm indicates RV 
systolic dysfunction (table 1). The main limitation of 
this method is that it only represents the function of 
the inflow free wall segments but not that of the out-

pressure [20]. Every effort must be made to avoid over-
estimation of RV thickness due to the presence of epi-
cardial fat deposition or coarse trabeculations within 
the right ventricle [8, 23]. In cases of significant thick-
ening of the visceral pericardium, measurement of RV 
wall thickness may be very challenging [8]. 

The RV dilates in response to chronic volume and/
or pressure overload [7]. RV dilatation can also be seen 
in presence of RV myocardial infarction [24]. In a nor-
mal heart, RV area or mid cavity diameter measured in 
the apical four chamber view is smaller than that of the 
left ventricle [23]. In cases of RV enlargement, the  
RV cavity area is similar to that of the left ventricle  
or exceeds it, and the RV will be “apex forming” [23]. 
An end-diastolic diameter >42 mm at the RV base and 
>35 mm at the mid level indicates RV dilatation, and a 
maximal longitudinal dimension >86 mm indicates RV 
enlargement as well [8]. However, normal values for 
RV size are under debate, and in some recommenda-
tions [23], a longitudinal RV dimension ≥80 mm is al-
ready regarded as abnormal. Care should be taken to 
obtain a non-foreshortened and properly rotated apical 
four-chamber view, oriented to obtain the maximum 
RV dimension, before making the measurements [23]. 

The apical 4-chamber view allows the estimation  
of the dimensions of the right atrium (RA): RA area  
>18 cm2, RA length >53 mm, and RA diameter (minor 
dimension) >44 mm indicate RA enlargement [8].

The RV outflow tract is best imaged from the  
parasternal long-axis view angled superiorly and the 
parasternal short-axis at the base of the heart [23]. It 
can also be imaged from the subcostal long and trans-
verse windows as well as the apical window [23]. An 
RV outflow tract diameter >29 mm at the level of the 
aortic valve, >23 mm just below the pulmonic valve at 
end-diastole (parasternal short-axis view) indicates RV 
outflow tract dilatation [25]. Reference values for the 
size of pulmonary artery diameter are 15–21 mm [25]. 

Data on normal values of the diameter of the right 
and left pulmonary artery are sparse. According to 
Weyman [27], the diameter of the right pulmonary ar-
tery at the end diastole in normal adults is 1.2 ± 0.2 cm 
(range 0.9–1.3 cm) and that of the left pulmonary ar-
tery is 1.1 ± 0.4 (range 0.8–1.6 cm).

Assessment of the right ventricular function  
in M-mode (tricuspid annular excursion,  
RV outflow fractional shortening)

Due to the complex RV shape assessment, the right 
ventricular function remains challenging [26, 28]. 
Echocardiographic assessment of systolic RV function 
using 2D guided M-mode measurements of systolic mo-
tion of the tricuspid annulus (tricuspid annular plane 
systolic excursion or tricuspid annular motion [TAPSE, 
TAM]) is an attractive tool and a simple measurement 
[29]. Because the main contraction of the RV occurs in 

Figure 2
Tricuspid annulus excursion (TAPSE, TAM) from 4-chamber apical view.

Figure 3
Right ventricular outflow tract fractional shortening (63%) from parasternal short 
axis view (right ventricular outflow tract systolic diameter / right ventricular outflow 
tract diastolic diameter × 100%).
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suring the peak velocity of a tricuspid regurgitant jet, 
applying the modified Bernoulli equation, and com- 
bining this value with an estimate of the right atrial 
pressure. A peak velocity >2.8–2.9 m/s corresponds to 
systolic pulmonary artery pressure of approximately  
36 mm Hg, assuming a right atrial pressure of 3 to  
5 mmHg, which may indicate elevated RV systolic and 
pulmonary artery pressure [8, 33]. It is recommended 
to estimate right atrial pressure based on size and res-
piratory variability of the inferior vena cava rather 
than arbitrarily assigning a fixed value [8]. According 
to Lang et al [23] and Otto [34] the diameter of the in-
ferior vena cava should be measured just below the 
right atrium (normally 1.0–2.0 cm from the junction 
with the right atrium) in the subcostal view. If M-mode 
is used, care must be taken that the measurement is 
perpendicular to the course of the vessel. To accurately 
assess inferior vena cava collapsibility, the change in 
diameter of the vein with a sniff and also with quiet 
respiration should be measured, thereby making sure 
that the change in diameter does not reflect a transi-
tion of the inferior vena cava into another plane [8, 34]. 
There are several conditions to be considered in evalu-
ating the inferior vena cava [25]. Athletes, especially 
highly trained swimmers, have been shown to have di-
lated inferior vena cava (2.31 ± 0.46 cm, compared to 
1.14 ± 0.13 cm in age-matched normals) with normal 
collapsibility index [35, 36]. A dilated inferior vena 
cava in mechanically ventilated patients does not al-
ways indicate a high right atrial pressure. However, a 
small inferior vena cava (<1.2 cm) has a 100% specific-
ity for a right atrial pressure of less than 10 mm Hg 
[37]. A better correlation between right atrial pressure 
and size and respiratory variability of the inferior vena 
cava was found when inferior vena cava diameter was 
measured at end-expiration and end-diastole in this 
setting [38]. Therefore this could be advised for the 
measurement, though guidelines [8, 25] do not give any 
directions of the measurement concerning the heart cy-
cle. According to the results of Mookadam et al. [39], 
there were no significant changes in the calibre of infe-
rior vena cava with regard to the cardiac cycle phase, 
as well.

In the absence of a gradient across the pulmonic 
valve or right ventricular outflow tract, systolic pulmo-
nary artery pressure is equal to right ventricular sys-
tolic pressure. In cases of elevated right ventricular 
systolic pressure, obstruction at the level of the right 
ventricular outflow tract or pulmonic valve should be 
excluded especially in patients with congenital heart 
disease or post pulmonic valve surgery [8].

If the Doppler signal is not satisfactory, it may be 
enhanced with agitated saline contrast, but it is impor-
tant to avoid overestimation of the spectral envelope by 
ensuring that only the well-defined, dense spectral pro-
file is measured [8]. 

 Pulmonary artery diastolic pressure can be esti-

flow tract and the septum [5]. RV outflow tract frac-
tional shortening obtained in the parasternal short 
axis view, can be used as a simple additional measure 
of RV function (fig. 3). Linquist et al. [31] found, that 
right ventricular outflow tract fractional shortening 
was reduced in patients with pulmonary hypertension 
(37% ± 18%), compared to the subjects without (61% ± 
13%). There is a good correlation between right ventric-
ular outflow tract fractional shortening and TAPSE, 
pulmonary artery acceleration time, and estimated 
systolic pulmonary artery pressure gradient [31].

Assessment of the right ventricular function  
in two-dimensional echocardiography  
(fractional area change)

The percentage RV fractional area change (FAC), de-
fined as end-diastolic area – end-systolic area/end-di-
astolic area × 100, is a monoplane measure of RV sys-
tolic function that has been shown to correlate with RV 
ejection fraction as assessed by magnetic resonance im-
aging [32]. FAC is obtained by tracing the RV endocar-
dium both in systole and diastole [8]. Care must be 
taken to trace the free wall beneath the trabeculations 
[8]. Two-dimensional FAC is one of the recommended 
methods to assess RV function. An RV FAC of less than 
35% is considered abnormal [8]. In contrast, further 
volumetric estimation of RV ejection fraction based on 
2D measurement is not recommended, because of the 
complex form of the RV and the numerous geometric 
assumptions [8].

Conventional Doppler echocardiography  
and vena cava inferior measurement 

The broadest application of Doppler echocardiography 
in the assessment of the right heart is that of the esti-
mation of pulmonary artery systolic pressure by mea-

Table 1
Reference limits for recommended measures of right heart function according to 
the guidelines for the echocardiographic assessment of the right heart in adults [8].

Variable  Normal Abnormal

Systolic  
function
 
 
 
 
 
 

Tricuspid annular excursion (cm)  <1.6

Pulsed Doppler peak velocity  
at the annulus (cm/s)

    
<10

Pulsed Doppler myocardial 
performance index

   
>0.40

Tissue Doppler myocardial 
performance index

   
>0.55

Fractional area change (%)  <35

Diastolic 
function 
 
 
 

E velocity (cm/s) 35–54  

A velocity (cm/s) 21–40  

E/A ratio  <0.8 or >2.1

E/E` ratio  >6

Deceleration time(ms)  <120



review article

Cardiovascular Medicine 2012;15(12):345–353 349

cardial velocities are usually obtained from the apical 
four-chamber view and tracings are best recorded from 
the annulus (A), basal (B) and mid (M) segmental lev-
els of the RV free wall [51]. Any evidence of asynchrony 
appears in the form of wrongly timed segmental move-
ments [5]. 

Longitudinal velocity of excursion of the basal free 
wall segment of the RV has been termed the RV S’ (or 
Sm, where m - myocardial) or systolic excursion veloc-
ity and is a simple and reproducible measure to evalu-
ate basal RV free wall function and RV function as well 
[8]. The velocity S’ is read as the highest systolic veloc-
ity without overgaining the Doppler envelope [8]. S’ 
<10 cm/s should raise the suspicion of abnormal RV 
function, particularly in a younger adult patient, but 
there are insufficient data in the elderly [8]. According 
to the study of Pavlicek et al. [48], the velocity S’ of  
<11 cm/s at the lateral tricuspid annulus most accurately 
detects impaired RV ejection fraction as obtained by 
magnetic resonance image – currently assumed to be 
the most reliable and reproducible method of assessing 
RV function. 

Another parameter, myocardial acceleration time 
during isovolumic contraction is defined as the peak iso- 
volumic myocardial velocity divided by time to peak  
velocity and is measured at the lateral tricuspid annu-
lus [8]. For the calculation of isovolumic acceleration, 
the onset of myocardial acceleration is at the zero 
crossing point of myocardial velocity during isovolumic 
contraction [8]. Isovolumic acceleration appears to be 
less load dependent than ejection period indices [52, 
53]. It appeared to be the most consistent TDI variable 

mated from velocity of the end-diastolic pulmonary re-
gurgitant jet (adding the right atrium pressure), and 
mean pulmonary artery pressure (normally <25 mm Hg 
at rest [40]) from the early pulmonary regurgitation  
velocity or pulmonary artery flow acceleration time 
(mean pulmonary artery pressure = 90 – (0.45 × pulmo-
nary artery flow acceleration time), when the accelera-
tion time <120 ms and heart rate is in the normal 
range of 60 to <100 beats/min. [41]. Pulmonary artery 
flow acceleration time may not be fully reliable for ac-
curate pulmonary artery pressure predictions, but it 
has been found to be of prognostic value in patients 
with chronic lung disease [42], and its shortening could 
indicate an enhanced stiffness of pulmonary vessels 
[23]. In our experience, pulmonary artery flow acceler-
ation time may differ considerably when measured in 
the parasternal or subcostal view. A possible explana-
tion for this may be different investigation angles to 
the flow.

The Tei or myocardial performance index (MPI) 
[43] calculated as the ratio between total RV isovolu-
mic time (contraction and relaxation) divided by pul-
monary ejection time is a combined measure of systolic 
and diastolic function RV function. The intervals are 
measured from the tricuspid inflow and pulmonary 
ejection profiles. The RV MPI has been found to corre-
late with pulmonary pressures (patients with in-
creased right ventricular afterload) and can be used to 
identify early global RV dysfunction in congenital 
heart disease [44], pulmonary arterial hypertension 
[45], chronic respiratory disease [46], and connective 
tissue diseases [23, 47]. Severely reduced RV ejection 
fraction (≤30%, as obtained by magnetic resonance im-
aging) was found to be best detected by MPI at a value 
of >0.50 [48]. The main limitation of the MPI is the  
fact that with increased right atrial pressure MPI falls 
due to shortened isovolumic relaxation time [49].

Doppler tissue imaging and regional  
strain and strain rate

Doppler tissue imaging (TDI) is a relatively new echo-
cardiographic tool in the assessment of RV function. 
The following components can be measured: isovolumic 
contraction peak positive velocity (IVCPPV), isovolu-
mic contraction time  (IVCT), (time period between the 
end of atrial peak velocity [A’] and the onset of systolic 
ejection peak velocity [S’]); isovolumic relaxation time 
(IVRT), defined as time difference between the end of 
ejection and the onset of early diastolic peak velocity 
(E’) (fig. 4). IVRT (TDI measurements performed in the 
apical four chamber view at the lateral aspect of the 
tricuspid annulus) appears to be helpful in evaluating 
pulmonary hypertension. A normal IVRT (<40 ms) can 
exclude pulmonary hypertension with high negative 
predictive value. A prolonged IVRT is suggestive of 
pulmonary hypertension [50]. Longitudinal RV myo-

Figure 4
Tissue Doppler measurements of right ventricular lateral tricuspid annulus.
IVCPPV = isovolumic contraction peak positive velocity; IVCT = isovolumic 
contraction time (time period between the end of atrial peak velocity [A’] and  
the onset of systolic ejection peak velocity [S’]); IVRT = isovolumic relaxation time, 
defined as time difference between the end of ejection and the onset of early 
diastolic peak velocity (E’). 
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RV diastolic function

There are many conditions, associated with RV dias-
tolic dysfunction, including both pressure and volume 
overload situations, ischaemic heart disease (espe-
cially inferior wall myocardial infarction with RV in-
volvement), cardiomyopathies, congenital heart dis-
eases, arterial hypertension, systemic and endocrine 
diseases, primary lung diseases, physiologic aging pro-
cess, left ventricular dysfunction (via ventricular inter-
dependence), heart transplantation etc. [8, 65–68]. In 
investigations of RV diastolic function by means of TDI 
at the tricuspid annulus in ischemic heart disease, the 
utility of E’, A’, and the E’/A’ ratio is usually evaluated 
[67–69]. Patients with RV diastolic dysfunction usually 
have reduced E’ velocity and a reduced E’/A’ ratio [69]. 
A’ velocity may be increased in the early course of  
diastolic dysfunction, whereas with increased RV late 
diastolic pressures, it may decrease [69]. Care must be 
taken to measure at held end-expiration and/or take 
the average of ≥5 consecutive beats [70]. According to 
the guidelines [8], grading of RV diastolic dysfunction 
is recommended as follows: tricuspid E/A ratio <0.8 
suggests impaired relaxation, a tricuspid E/A ratio of 
0.8 to 2.1 with an E/E’ ratio >6 or diastolic flow predom-
inance in the hepatic veins suggests pseudonormal fill-
ing, and a tricuspid E/A ratio >2.1 with a deceleration 
time <120 ms suggests restrictive filling. Further stud-
ies would be useful to validate the sensitivity and spec-
ificity and the prognostic implications of this classifica-
tion [8]. 

Speckle tracking and three-dimensional  
echocardiography

The most recent image acquisition techniques are 
based on detecting speckles from the myocardium with 
2D echocardiography (fig. 5) analysing motion in differ-
ent directions, longitudinal, radial and circumferential 
[71]. Three dimensional (3D)-wall motion tracking pro-
vides a more complete and probably accurate evalua-
tion of global and segmental ventricular function, as-
sessing real 3D strain, rotation and twist movement 
[72]. One of the greatest advantages of speckle tracking 
compared to TDI is the lack of angle dependency – this 
allows the separation of myocardial motion patterns 
into the basic components (longitudinal-, radial-, cir-
cumferential motion) [73]. Similar to TDI technology, 
postprocessing variables include velocity, displace-
ment, strain rate and strain analysis [73]. Whereas the 
results of TDI are best with apical views and longitudi-
nal motion patterns, speckle tracking offers the possi-
bility to use almost all standard views and seems to 
have a higher degree of reproducibility [73]. Assess-
ment of right ventricular free wall longitudinal myo-
cardial deformation using speckle tracking imaging in 
normal subjects showed, that older subjects had lower 

for the evaluation of RV function measured by either 
transthoracic echocardiography (lateral wall) or trans-
oesophageal echocardiography (inferior wall) [54] and 
correlated well with the severity of illness in situations 
affecting right heart function, including obstructive 
sleep apnoea [55], mitral stenosis [56], repaired tetral-
ogy of Fallot with pulmonary regurgitation [57] and 
transposition of the great arteries following an atrial 
switch procedure [58]. Isovolumic acceleration time is 
age dependent and varies with heart rate. Therefore, 
indexing of this parameter to heart rate may be appro-
priate in some clinical situations [8, 53]. Because of the 
broad confidence interval around its lower reference 
limit, the guidelines do not recommend any reference 
value at present [8].

   The major disadvantages of pulsed TDI are poor 
spatial resolution due to movement of the heart, while 
the sample volume is fixed and apical velocities from 
the apical long axis projection are difficult to measure 
[59]. Colour TDI is an alternative approach for the 
measurement of myocardial motion and can be used 
off-line [5]. The limitation of colour TDI is the lower 
temporal resolution; however, a frame rate above 100 
frames per second is considered acceptable [60].

Unfortunately, TDI is dependent on the angle at 
which the region of interest is imaged [5]. Overall heart 
motion, cardiac rotation and wall motion from tether-
ing segments limit the use of TDI [5]. One-dimensional 
strain echocardiography is a dimensionless measure-
ment which represents the fractional or percentage 
change in myocardial fibre shortening. As this myocar-
dial deformation or strain is caused by fibre shorten-
ing, it can be used as a measure of „true“ segmental 
systolic performance [61]. Strain measurements of the 
RV are best performed from the apical four-chamber 
view, assessing the RV free wall from the base to the 
apical level [5]. Dambrauskaite et al. [62] found, that 
in patients with pulmonary hypertension, deformation 
parameters were significantly lower compared with 
that of control subjects: basal strain rate –2.28 ± 0.9 vs 
–2.94 ± 0.9 s (–1); strain –28 ± 13% vs –42 ± 11%; api-
cal strain rate –1.05 ± 1.38 vs –2.60 ± 0.9 s (–1); strain 
–13 ± 16% vs –41 ± 11%, respectively. The deformation 
parameters in the apical segment were reduced more 
than in the basal segment (the segment-wise compari-
son with p <0.002 for strain rate and p <0.0001 for 
strain) in the patient group [62]. Strain and strain rate 
have shown significant RV abnormalities in patients 
with amyloidosis, pulmonary stenosis, atrial septum 
defects and arrhythmogenic RV dysplasia as well [63, 
64]. In conclusion, strain echocardiography might have 
a potential impact for quantifying regional RV function 
in terms of regional myocardial shortening and length-
ening [5]. However, how these advantages overcome 
the disadvantages of signal to noise ratio and angle de-
pendence are still not thoroughly evaluated, thus lim-
iting its clinical application [5].
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early diastolic strain rate (SRe) and higher late dias-
tolic strain rate (SRa) than the younger subjects [74]. 
Normal values [75] of speckle tracking parameters are 
presented in table 2. Regional RV free wall longitudi-
nal myocardial strain calculated by speckle tracking 
can be used to assess RV function in pulmonary hyper-
tension: RV free wall longitudinal myocardial strain 
was significantly associated with WHO functional 
group (–25.4 ± 4.9%, –21.2 ± 7.9%, –17.4 ± 6.3%, –13.4 
± 4.9% for groups I–IV respectively) [76].

3D-echocardiography makes it possible to visualise 
the entire RV and provide its volumetric assessment 
[77]. Niemann et al. [78] report on the use of semi- 
automated border detection software (TomTec), which 

provides accurate RV volumes and RV ejection fraction 
measurements. But all techniques (including computer 
tomography or magnetic resonance imaging as well) 
struggle with the heavy trabecularisation of the RV 
and with the demarcation of the valvular structures 
[79]. Further studies are needed to assess the technical 
aspects of acquiring data sets and to determine the 
range of RV volumes and RV ejection fraction in health 
and pathology [80].

In conclusion, 3D-echocardiography and speckle 
tracking are new methods and could provide simulta-
neous quantification of global and regional RV-func-
tion that is not angle dependent and can be applied ret-
rospectively to digitally stored images [81]. Possibly, 
these methods could mark the beginning of a new era 
in RV investigations. For the everyday practice at pre-
sent, the guidelines [8] recommend several simple and 
reproducible methods of assessing right ventricular 
systolic function (FAC, TAPSE, pulsed tissue Doppler 
S`, and MPI).  
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