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Purpose: Right ventricular (RV) systolic function as measured by right ventricular ejection fraction (RVEF)
has long been recognized as an important predictor of outcome in heart failure patients. The echocardio-
graphic measurement of RV volumes and RVEF is challenging, however, owing to the unique geometry
of the right ventricle. Several nonvolumetric echocardiographic indices of RV function have demon-
strated prognostic value in heart failure. Comparison studies of these techniques with each other using
RVEF as a benchmark are limited, however. Furthermore, the contribution of these various elements
of RV function to patient functional status is uncertain. We therefore aimed to: (1) Determine which
nonvolumetric echocardiographic index correlates best with RVEF as determined by cardiac magnetic
resonance (CMR) imaging (the accepted gold standard measure of RV systolic function) and (2) Ascer-
tain which echocardiographic index best predicts functional capacity. Methods: Eighty-three subjects
(66 with systolic heart failure and 17 healthy controls) underwent CMR, 2D echocardiography, and
cardiopulmonary exercise testing for comparison of echocardiographic indices of RV function with CMR
RVEF, 6-minute walk distance and VO2 PEAK. Results: Speckle tracking strain RV strain exhibited the clos-
est association with CMR RV ejection fraction. Indices of RV function demonstrated weak correlation
with 6-minute walk distance, but basal RV strain rate by tissue velocity imaging had good correlation
with VO2 PEAK. Conclusion: Strain by speckle tracking echocardiography and strain rate by tissue velocity
imaging may offer complementary information in the evaluation of RV contractility and its functional
effects. (Echocardiography 2012;29:455-463)
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Right ventricular (RV) systolic function as mea-
sured by right ventricular ejection fraction (RVEF)
has long been recognized as an important pre-
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dictor of outcome in heart failure patients.1,2 The
echocardiographic measurement of RV volumes
and RVEF is challenging, however, owing to the
unique geometry of the right ventricle. Cardiac
magnetic resonance (CMR) allows highly repro-
ducible three-dimensional quantification of RV
volumes,3,4 and is regarded as the gold standard
for estimation of RVEF.5,6

Several nonvolumetric echocardiographic in-
dices of RV function have demonstrated prognos-
tic value in heart failure. These include tricuspid
annular plane systolic excursion (TAPSE), peak tri-
cuspid annular systolic velocity (S′), RV fractional
area change (FAC), RV strain and strain rate, RV
myocardial performance index (MPI), and RV iso-
volumic acceleration (IVA).7–12 Comparison stud-
ies of these techniques with each other using RVEF
as a benchmark are limited, however.
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Furthermore, the contribution of these vari-
ous elements of RV function to patient functional
status is uncertain. In a cardiac magnetic reso-
nance study of patients with pulmonary hyper-
tension, ventricular volumes and ejection fraction,
did not correlate with exercise performance.13

Thus, imaging parameters that have demon-
strated prognostic value cannot be inferred to
reflect functional state, which may be an equally
important index of response to therapy, given the
association between functional capacity and qual-
ity of life.

The primary aim of this study was to com-
pare nonvolumetric echocardiographic indices of
RV function with RVEF as measured by CMR. The
secondary aim was to identify imaging correlates
of functional capacity as measured by 6-minute
walk distance and VO2 PEAK, as a metric of quality
of life.

Methods:
Study Participants:
We prospectively recruited 83 subjects: 66 pa-
tients with systolic heart failure due to newly diag-
nosed idiopathic dilated cardiomyopathy (DCM)
and 17 healthy volunteers (controls) with no his-
tory of cardiac disease, hypertension, or diabetes
mellitus. Systolic heart failure was defined by
characteristic symptoms, signs, and radiological
findings of congestive cardiac failure, with left
ventricular ejection fraction (LVEF) ≤45% by ini-
tial screening imaging (echocardiography) that
was subsequently confirmed by CMR. Exclusion
criteria included the diagnosis of significant coro-
nary artery disease (defined as the presence of
>70% luminal stenosis in an epicardial coronary
artery at angiography, noninvasive stress imag-
ing suggestive of ischemia, or prior myocardial
infarction), severe valvular heart disease, thyroid
dysfunction, infiltrative cardiomyopathy, or extra-
cardiac systemic features to suggest sarcoidosis
or amyloidosis, chemotherapy-induced car-
diomyopathy, and myocarditis. In addition, pa-
tients with permanent pacemakers or implantable
cardioverter defibrillators were excluded from
participation. For this study, subjects underwent
transthoracic echocardiography, CMR, 6-minute
walk test and cardiopulmonary exercise testing
within a 48-hour period and within 2 weeks of
diagnosis of DCM. Echocardiography and CMR
were performed under similar loading conditions
in immediate succession on the same day. Exer-
cise testing was undertaken immediately follow-
ing imaging studies. All patients provided written
informed consent to the study protocol, which
was approved by the clinical research and ethics
committee of each participating institution, and
which conforms to the Declaration of Helsinki.

Echocardiography:
Echocardiography was performed in the left de-
cubitus position using commercially available
Vivid 7 or Vivid I ultrasound machines (Gen-
eral Electric-Vingmed Ultrasound, Milwaukee, WI,
USA). All echocardiographic parameters were av-
eraged over three cardiac cycles. Examination of
the right ventricle was performed from a modi-
fied apical four-chamber view, with minimization
of sector width and slight tilt of the transducer if
needed to optimize RV visualization. In so doing
care was taken to maintain the same scan plane
as was used to obtain the apical four-chamber
view. TAPSE was measured by M-mode echocar-
diography as the maximum displacement of the
lateral tricuspid annulus (Fig. 1). Lateral tricuspid
annular tissue velocities were recorded using tis-
sue velocity imaging. Sector width was narrowed
to ensure frame rates >100/sec. Data were ana-
lyzed offline using EchoPAC PC Version 7 (General
Electric-Vingmed Ultrasound) to measure S′ as the
peak tissue velocity of the lateral tricuspid annu-
lus during the ejection phase of systole (Fig. 2).
RV isovolumic contraction (IVCT) and relaxation
(IVRT) times and ejection time (Ejct) were also
measured from these datasets. RV MPI was calcu-
lated as (IVCT + IVRT)/Ejct.14 RV IVA was calcu-
lated as the peak isovolumic velocity/isovolumic
time (Fig. 2).15 Gray scale images were performed
with frame rates >70 fps. RV areas were measured
by manual planimetry of the endocardial-blood
border at end-diastole (marked by the QRS onset)
and end-systole (judged by the smallest RV area
in systole). RV FAC was calculated as RV (end-
diastolic area − end-systolic area) × 100%/RV
end-diastolic area. RV strain and strain rate were
measured by tissue velocity imaging: the sample
volume was positioned at the mid-point of the
basal RV free wall to obtain the greatest strain
rate measurement within this segment (Fig. 3).
RV strain was also measured by speckle-tracking
analysis: the right ventricle was manually traced,
and an automated speckle-tracking algorithm ap-
plied. Speckle tracking strain was defined as the
mean of the three RV free wall segments (Fig. 4).
The interventricular septum was not included in
the estimation of RV strain to minimize the in-
fluence of ventricular interdependence. Speckle
tracking strain rate was not measured owing to
limited frame rates. Transmitral E- and A-wave
velocities were measured at the mitral leaflet tips,
and E′ at the septal mitral annulus.

A second observer performed all measure-
ments independently in a random subset of 10
subjects to assess interobserver variability. In-
traobserver variability was assessed by repeated
measurement of all parameters at least 2 weeks
following initial measurement in a random subset
of 10 subjects.
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Echocardiographic Assessment of RV Function

Figure 1. M-mode echocardiogram
of the lateral tricuspid annulus display-
ing tricuspid annular plane systolic ex-
cursion (TAPSE).

CMR:
CMR was performed using commercially avail-
able 1.5 T machines (Siemens Avanto, Erlangen,
Germany or Philips Intera, Best, The Netherlands).
Electrocardiographically gated steady-state free
precession imaging in the short-axis plane was
undertaken with slice thickness 6 mm and 4 mm
interslice gap. Left ventricular and RV volumes
and ejection fraction were measured using com-
mercially available software (CAAS MRV Version
3.3, Pie Medical Imaging, Maastricht, The Nether-
lands). Basal ventricular slices were determined
using corresponding long-axis images. For the

left ventricle, basal slices were selected when at
least 50% of the blood pool was surrounded by
myocardium, as previously described.16 For the
right ventricle, only volumes proximal to the pul-
monary valve were included.16 Apical slices were
defined as the most apical slice displaying blood
pool. End-diastole was demarcated by the first
slice after R-wave trigger. End-systole was deter-
mined by visual inspection of smallest cavity size.
Ventricular volumes were measured by manual
planimetry of the blood-endocardial interface for
all short-axis slices, and determined by Simpson’s
method of discs.

Figure 2. Tissue velocity imaging dis-
playing peak systolic tissue velocity of
the lateral tricuspid annulus (S′), iso-
volumic velocity (IVV), isovolumic con-
traction time (IVCT), ejection time (ET),
isovolumic relaxation time (IVRT), and
isovolumic time (IVT).
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Figure 3. Tissue velocity strain rate
imaging of the basal right ventricular free
wall segment.

Exercise Testing:
Cardiopulmonary exercise testing and 6-minute
walk test were conducted according to current
guidelines.17,18 Cardiopulmonary exercise testing
was performed on stationary bicycle ergome-
ter. Exercise typically began at 15 W with 15
W minutely increments until exhaustion. Venti-
lation and metabolic gas exchange were mea-
sured by standard techniques. Anerobic thresh-
old was confirmed by respiratory exchange ratio
(VCO2/VO2) ≥1.2.

Statistical Analysis:
Continuous data are presented as mean ± SD.
Categorical data are presented as counts and

percentages. Comparisons between heart fail-
ure patients and controls were made using
Student’s t-test for continuous data and the chi-
square test for categorical data. The relation-
ship between indices of RV systolic function and
RVEF by CMR, and between indices of RV sys-
tolic function and measures of exercise capacity
was evaluated using Pearson’s correlation coeffi-
cient. Statistical significance was set at P < 0.05.
Indices exhibiting significant univariate relation-
ships with measures of exercise capacity were en-
tered into a multivariate model, and independent
predictors of exercise capacity identified by back-
ward elimination. Receiver operating characteris-
tic (ROC) curve analysis was employed to assess

Figure 4. Speckle tracking strain imag-
ing of the right ventricle in a patient with
idiopathic dilated cardiomyopathy. Right
ventricular speckle tracking strain was cal-
culated as the mean of minimum strain
values from the three free wall segments
(green, pale blue, and yellow).
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Echocardiographic Assessment of RV Function

TABLE I

Subject Characteristics

Variable ± SD Control Subjects (n = 17) Heart Failure Patients (n = 66) P-Value

Age (years) 54 ± 7 59 ± 14 0.2
Male (%) 9 (53) 43 (64) 0.2
6-minute walk distance (m) 589 ± 90 420 ± 96 <0.001
VO2 PEAK (mL/kg per min) 30 ± 10 20 ± 6 <0.001
CMR LVEF (%) 68 ± 6 26 ± 9 <0.001
CMR RVEDV (mL) 159 ± 54 146 ± 36 0.3
CMR RVEF (%) 61 ± 6 46 ± 15 <0.001
TAPSE (cm)

∗
2.4 ± 0.4 1.8 ± 0.5 <0.001

RV S′ (cm/sec)
∗

10.3 ± 2.1 7.6 ± 2.0 <0.001
RV FAC (%)

∗
55 ± 6 41 ± 15 0.008

RV tissue Doppler strain (%)
∗

30 ± 6 22 ± 6 <0.001
RV tissue Doppler strain rate (sec−1)

∗
2.1 ± 0.6 1.5 ± 0.6 0.02

RV IVA (cm/sec2)
∗

0.19 ± 0.07 0.14 ± 0.06 0.02
RV myocardial performance index

∗
0.31 ± 0.11 0.65 ± 0.44 0.009

RV speckle tracking strain (%)
∗

31 ± 5 20 ± 6 0.002
E/A ratio 1.4 ± 0.5 1.2 ± 0.9 0.4
E′ (cm/sec) 7.9 ± 1.5 4.3 ± 2.0 <0.001
E/E′ 10 ± 3 22 ± 16 0.007

CMR = cardiac magnetic resonance imaging; FAC = fractional area change; IVA = isovolumic acceleration; LVEDV = left ventricular
end-diastolic volume; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; MPI = myocardial
performance index; RV = right ventricular; RVEDV = right ventricular end-diastolic volume; RVEF = right ventricular ejection
fraction; S′ = tricuspid annular peak systolic tissue velocity; TAPSE = tricuspid annular plane systolic excursion.

∗
Parameters which

were not obtainable in all subjects. See section Results, Feasibility for more details.

the value of echocardiographic indices in iden-
tifying RV systolic dysfunction using CMR RVEF
≤45% as the comparator. Inter- and intraobserver
variability were measured by the Bland–Altman
method.

Results:
Subject characteristics are displayed in Table I.
Of 82 DCM patients screened for enrolment, 6
declined to participate, 4 were diagnosed with is-
chemic cardiomyopathy, 4 exhibited LVEF >45%,
and 2 were unable to undergo CMR owing to
claustrophobia. Data from the remaining 66 DCM
patients and 17 controls are presented. Among
DCM patients, mean NYHA class was 2.2 ± 0.9.
One DCM patient was intolerant of angiotensin
converting enzyme-inhibitor/angiotensin recep-
tor blocker (ACE-I/ARB) due to hypotension.
Three patients were intolerant of beta-blockers
due to hypotension or bradycardia. All other pa-
tients were treated with both ACE-I/ARB and beta-
blockers at maximum tolerated doses.

Control and heart failure patient groups were
similar with respect to age and gender. There
were consistent, significant differences between
groups with respect to 6-minute walk distance,
VO2 PEAK, indices of RV and LV systolic function,
and diastolic function.

Echocardiographic Indices of Right
Ventricular Systolic Function:
Feasibility: Among 83 participants, TAPSE and
tissue velocity imaging could not be performed
in 2 owing to image quality. In 10 individuals,
the quality of tissue Doppler strain and strain rate
curves was too poor to permit quantification. RV
endocardial definition was inadequate for mea-
surement of FAC in 15 participants. Free wall
speckle tracking was unsatisfactory in 44 of 249
segments evaluated resulting in inability to mea-
sure RV strain in 13 individuals. In summary, there
were 2 participants in whom RV function could
not be assessed by any echocardiographic tech-
nique owing to image quality and 10 participants
in whom TAPSE was the sole feasible echocardio-
graphic index.

Comparison with CMR RVEF: Forty-four (66%)
DCM and no control subjects exhibited impaired
RV function using CMR RVEF ≤45% as the cri-
terion. Among nonvolumetric echocardiographic
indices of RV function, strain by speckle track-
ing exhibited the closest correlation with RVEF as
measured by CMR (r = 0.77, P < 0.001) (Table II).
Fractional area change (r = 0.71, P < 0.001) and
TAPSE (r = 0.65, P < 0.001) also demonstrated
stronger correlations with CMR RVEF than other
nonvolumetric indices of RV function.
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TABLE II

Comparison of Indices of RV Function with CMR RVEF and Functional Indices

RVEF by CMR 6-Minute Walk Distance VO2 PEAK

Pearson’s Correlation Pearson’s Correlation Pearson’s Correlation
Coefficient P-Value Coefficient P-Value Coefficient P-Value

CMR RVEF – – 0.08 0.5 0.34 0.03
TAPSE

∗
0.65 <0.001 0.17 0.1 0.54 <0.001

RV S′∗ 0.51 <0.001 0.29 0.01 0.42 0.008
RV FAC

∗
0.71 <0.001 0.08 0.6 0.24 0.2

RV tissue Doppler strain
∗

0.41 0.001 0.10 0.5 0.47 0.02
RV tissue Doppler strain rate

∗
0.58 <0.001 0.15 0.3 0.71 <0.001

RV IVA
∗

0.22 0.09 0.07 0.7 0.21 0.3
RV MPI

∗
0.28 0.03 0.16 0.2 0.52 0.006

RV speckle tracking strain
∗

0.77 <0.001 0.19 0.2 0.39 0.1

See Table I for abbreviations. This analysis represents both participants with DCM and healthy controls and was performed when
possible in all 83 individuals.
∗Refer to section Results, Feasibility for a summary of the technical feasibility of these measures, and the number of subjects on
whom these estimates are based.

Receiver operating characteristic curve analy-
sis demonstrated similar areas under the curve
among the nonvolumetric echocardiographic in-
dices of RV function except for RV myocar-
dial performance index, which performed poorly
(Table III).

Imaging Predictors of Functional Capacity:
Submaximal Exercise Capacity: Three partici-
pants were unable to undertake 6-minute walk
testing owing to dyspnea at rest in two, and
arthritis in one. Age (r = 0.31, P = 0.001), left
ventricular ejection fraction by CMR (r = 0.43,
P < 0.001), RV S′ (r = 0.29, P = 0.01), E′ (r = 0.44,
P < 0.001), and E/E′ (r = 0.26, P = 0.02) were
associated with 6-minute walk distance, whereas
other indices of RV function, transmitral E wave
velocity, and E/A ratio were not. Age, LVEF, RV
S′, and E′ were entered into multiple regres-
sion analysis to identify independent predictors of

6-minute walk distance (E/E′ was omitted owing
to collinearity). Of these, LVEF was the only inde-
pendent predictor of 6-minute walk distance (P <
0.001).

Peak Exercise Capacity:
Cardiopulmonary exercise testing was not under-
taken in 12 DCM patients (8 declined, 2 were
dyspneic at rest, 2 suffered limiting arthritis).
There was more consistent association between
echocardiographic indices of RV function and
peak exercise capacity as measured by VO2 PEAK
(Table II). Strain rate by tissue Doppler imaging
(r = 0.71, P < 0.001) and TAPSE (r = 0.54,
P < 0.001) exhibited the closest relationship.
Age, LVEF by CMR, E′, and E/E′ were also signifi-
cantly related to VO2 PEAK. The following parame-
ters were included in a multiple regression analy-
sis to identify independent predictors of VO2 PEAK:
age, LVEF, E′, strain rate, TAPSE, and the strain

TABLE III

Receiver Operating Characteristic Curve Analysis of Echocardiographic Indices of Right Ventricular Function—Accuracy in
Identifying RVEF ≤ 45% by Cardiac Magnetic Resonance

Parameter Cutoff Sensitivity Specificity AUC (95% CI)

TAPSE <1.9 cm 89% 49% 0.77 (0.68–0.86)
RV S′ <7.4 cm/sec 87% 53% 0.76 (0.67–0.86)
RV FAC <42% 87% 54% 0.69 (0.55–0.83)
RV TDI strain <21% 88% 59% 0.78 (0.65–0.90)
RV TDI strain rate <1.2 sec−1 96% 63% 0.86 (0.76–0.96)
RV IVA <0.1 cm/sec2 84% 47% 0.71 (0.54–0.87)
RV MPI >0.41 55% 35% 0.32 (0.18–0.47)
RV speckle tracking strain <21% 90% 62% 0.80 (0.65–0.96)

See Table I for abbreviations.
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TABLE IV

Inter- and Intraobserver Variability for Echocardiographic Indices of Right Ventricular Systolic Function

Interobserver Bland–Altman Intraobserver Bland–Altman
Parameter 95% Limits of Agreement 95% Limits of Agreement

TAPSE −0.39, 0.58 cm −0.22, 0.050 cm
RV S′ −2.6, 1.4 cm/sec −0.36, 0.82 cm/sec
RV FAC −9.8, 3.4% −7.8, 10%
RV TDI strain −6.4, 6.1% −5.6, 7.8%
RV TDI strain rate −0.78, 0.73 sec−1 −0.32, 0.49 sec−1

RV IVA −0.061, 0.068 cm/sec2 −0.084, 0.054 cm/sec2

RV MPI −0.66, 0.59 −0.62, 0.32
RV speckle tracking strain −3.6, 3.7% −1.9, 2.3%

See Table I for abbreviations.

rate–TAPSE interaction term. Of these, age (β =
−0.29, P < 0.001), LVEF (β = 0.11, P = 0.02),
TAPSE (β = 5.8, P = 0.005), and RV strain rate by
tissue Doppler imaging (β = 2.8, P = 0.02) were
independently associated with VO2 PEAK.

Interobserver Variability:
Data for inter- and intraobserver variability are
presented in Table IV. Variability was least for RV
speckle tracking strain, TAPSE, and RV S′.

Discussion:
In this study of nonvolumetric echocardiographic
indices of RV function, among patients with sys-
tolic heart failure and healthy volunteers, our
principal findings were: (1) RV strain by speckle
tracking displayed the closest correlation with
RVEF as measured by cardiac magnetic resonance,
and featured the low interobserver variability. (2)
There was little association between indices of
RV function and submaximal exercise capacity.
(3) The peak rate of tissue deformation by tis-
sue Doppler imaging was more closely related to
maximum exercise capacity than measures of de-
gree of tissue deformation.

Echocardiographic Assessment of Right
Ventricular Systolic Function:
The present study is the first to compare a spec-
trum of echocardiographic parameters of differ-
ent modalities against CMR RVEF. We have shown
that speckle tracking strain provides the closest
echocardiographic correlation with CMR RVEF,
and demonstrates good interobserver variability.
TAPSE also correlated well with CMR RVEF and
was feasible to measure in more individuals.

Although there is evidence to suggest that
these nonvolumetric echocardiographic indices
of RV function have prognostic value, compar-
ison studies with RVEF are scarce. Miller et al.
compared RV S′, MPI, and TAPSE with echocar-
diographic RVEF measured using Simpson’s tech-

nique.19 The present study yielded similar results:
TAPSE exhibited closer correlation with RVEF than
RV S′, while RV MPI performed worst.

CMR has previously been used as a compara-
tor in the evaluation of echocardiographic indices
of RV function. In a study of 36 patients referred
for ischemia or viability testing by CMR, RV FAC
was superior to tricuspid annular displacement
in its correlation with RVEF.20 The present study
also found a closer association between FAC and
CMR RVEF than TAPSE. A good correlation be-
tween TAPSE and RVEF has however previously
been demonstrated.21,22

The present study extends these findings to
demonstrate that RV speckle tracking strain was
most closely associated with CMR RVEF. RV
speckle tracking strain is an emerging approach
in the evaluation of RV function.23–26 The current
study is however the first to validate this tech-
nique against CMR RVEF.

Imaging Predictors of Functional Capacity:
The present study is the first to examine the re-
lationship between the spectrum of indices of
RV function and functional capacity. We demon-
strated that tissue Doppler strain rate was most
closely related to maximum exercise capacity as
measured by VO2 PEAK, whereas indices of mag-
nitude of change in RV geometry displayed more
modest associations. In contrast, the relationship
between indices of RV function and submaximal
exercise capacity was weak.

This demonstrated association between tissue
Doppler strain rate and peak exercise capacity
raises the hypothesis that the rate of change in RV
geometry rather than the magnitude of change
is an important determinant of exercise capac-
ity. This postulate is consistent with the evidence
from Stevens et al.13 In their study, functional
state among patients with pulmonary hyperten-
sion was not related to ventricular volumes or
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ejection fraction, but rather to pulmonary artery
blood flow velocity.

Our results suggest that at low workloads, LV
systolic function is the predominant cardiac de-
terminant of capacity, whereas at high outputs,
RV function may play a more important role. Our
findings are in keeping with the recent study
by Teske et al. that indicated that RV strain and
strain rate imaging by speckle tracking and tissue
Doppler imaging may be more sensitive indices
of RV mechanical function.27

Right Ventricular Function, Exercise Capacity,
and Prognosis:
This study has sought to identify which of the
wide array of available indices of RV function are
of greatest utility, given the lack of consensus over
the ideal measure.28 While many of these parame-
ters have been associated with outcome in diverse
cardiac conditions, comparison between param-
eters is scarce. The present study used CMR RVEF
as a gold standard measure of RV function for the
purposes of comparison. The close relationship
between RV speckle tracking strain, TAPSE, and
CMR RVEF is suggestive that RV speckle tracking
strain and TAPSE may be prognostic markers of
choice, although this requires support in further
research. Indeed, indices that purport to measure
change in RV geometry directly (TAPSE, speckle
tracking strain, and FAC) were more closely asso-
ciated with CMR RVEF than were indices measur-
ing the effects of RV deformation (IVA and MPI).

This study has employed exercise capacity as
an endpoint. Exercise capacity is associated with
quality of life,29 and the two are important out-
come measures in their own right. The associ-
ation between peak rate of RV deformation and
peak exercise capacity invites speculation over the
determinants of exercise capacity, although this
finding warrants confirmation in further studies.

Study Limitations:
Echocardiographic contrast was not administered
for the measurement of RV FAC. The use of
contrast may have improved the correlation be-
tween RV FAC and CMR RVEF. Despite its strong
association with CMR RVEF, speckle-tracking
measurement of strain was not feasible in a high
proportion of RV segments. This may relate to
its dependence on image quality, and to the
thinness of the RV free wall. The utility of this
technique in individuals where image quality is
frequently poor, but in whom RV assessment is
relevant—such as patients with chronic obstruc-
tive pulmonary disease or obesity—is uncertain.
Similar limitation also pertained to measurement
of RV FAC in the present study. Whether the use
of custom software with a dedicated RV speckle-

tracking algorithm might increase the proportion
of evaluable segments is also unknown.

Our cutoff RV S′ of 7.4 cm/sec for discrim-
ination of impaired RV function is lower than
the 9.4 cm/sec proposed by Sade et al. and the
11.5 cm/sec by Meluzin et al. This most likely re-
lates to the use of tissue velocity imaging in the
present study, which yields median tissue veloc-
ity measurements, in contrast to pulse-wave tissue
Doppler imaging, which records peak velocities.

Conclusions:
In this comparative study of echocardiographic
indices of RV contractile function, we have
demonstrated that RV speckle tracking strain
is the most closely correlated parameter with
CMR RVEF, and was also the most reproducible
echocardiographic parameter. TAPSE was also
closely related to CMR RVEF and displayed high
technical feasibility. Finally, peak exercise capacity
appears to be best correlated with tissue Doppler
imaging strain rate of the right ventricle.
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