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t is well known that in pulmonary arterial hypertension, prognosis is determined by right ventricular (RV) function.1 We
are seeing more and more that in diverse conditions including
congestive heart failure (HF), the RV tail is wagging the left ventricular dog.2,3 The RV once again has been shown to be a major
determinant of outcome, and as we refine our methods, our ability to prognosticate becomes more powerful. The next challenge
is clarifying how best to assess RV function, and from this, how
we can then use this technique to detect subtle, preclinical abnormalities and eventually have an impact on outcomes.

complex and asymmetrical RV shape results in only limited
segments being visible in any one acoustic imaging window,
and imaging from several views is required to perform a complete evaluation, limiting the feasibility of comprehensive
quantitative global and regional contractile functional assessment. Evaluation in the apical 4-chamber imaging window has
become the most relied on view to perform such assessment
and several quantitative parameters are available to augment
visual evaluation. TAPSE (measured using M-mode imaging)
is perhaps the most routinely used owing to its ease of measurement and reproducibility and its prognostic use. Evidence
supports its value for predicting adverse outcomes in different
HF populations and in other cardiovascular diseases.2,5,6 However, TAPSE also has well-recognized limitations. TAPSE
measures displacement of the fibrous tricuspid valve lateral
annulus during systole and, therefore, is only a surrogate for
global longitudinal RV function as it does not truly measure
myocardial contraction nor take into account the presence of
regional differences in function. Further, TAPSE is subject
to the plane of M-mode imaging, a factor that may be particularly important in patients with significant RV dilatation
who require a more lateral imaging plane position. Perhaps
most importantly, TAPSE measures displacement and is therefore subject to translational error of cardiac motion, which
can be influenced by several variables including heart rate,
respiratory rate, chamber size, and body size. As a measure
of deformation, strain analysis strives to provide a method of
contractile function assessment that corrects for translational
error and is less dependent on imaging plane angle. Twodimensional RV systolic longitudinal strain calculated using
speckle-tracking echocardiography has emerged as a feasible
and reproducible measure of RV systolic function. Previous
studies have demonstrated the superior prognostic use of
RVFWS compared with TAPSE and other conventional echocardiographic parameters in patients with pulmonary arterial
hypertension and other causes of HF.7,8 The current study by
Carluccio et al4 in HF with reduced ejection fraction (HFrEF)
patients with preserved TAPSE adds to this body of evidence,
demonstrating RVFWS to be a more discriminating prognostic tool than other echocardiographic measures of RV function
in HF patients.
Different factors contribute to the robustness of longitudinal RVFWS measurement. The predominance of longitudinally oriented deep RV myofibers supports RVFWS
physiological suitability as a measure of RV function, and
technically its measurement by speckle-tracking echocardiography involves tracking of acoustic markers in a relatively parallel alignment with ultrasound scan lines, allowing for more
reliable tracking. Limitations of RVFWS include its relative
dependence on image quality to ensure adequate tracking
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In this issue of Circulation: Cardiovascular Imaging,
Carluccio et al4 provide an elegant study demonstrating the
superiority of RV free wall longitudinal strain (RVFWS) over
tricuspid annular plane systolic excursion (TAPSE) for earlier
detection of RV dysfunction, providing an ability to prognosticate and reclassify even in the setting of a guidelines-based
normal TASPE value. Although this message can be diluted
simply to let us do RV strain, there are several important messages that go well beyond this simple conclusion.
First, we must examine how shortening, measured by
RVFWS, differs from longitudinal motion measured by
TAPSE and why it better reflects function. Second, this study
reiterates that some echo parameters seem to better predict
outcomes than several clinical parameters, including age, sex,
and even New York Heart Association class, and are complementary with incremental value to well-established HF risk
scores. Finally, this study reinforces the concept that a normal
value for an echocardiographic measure may not imply a good
outcome and that prognostic cutoffs are not the same as cutoffs of so-called normalcy.

Why Might Free Wall Strain Be a Superior
Method to Measure RV Function?
The RV assessment has long been one of the more challenging and technically difficult tasks in echocardiography. The
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of myocardial acoustic markers, variability between different vendor software analysis systems, and a lack of normative data from large population-based studies. It is also worth
noting that data are acquired from the apical 4-chamber view
only, and so the contractile function of other RV regions may
not be adequately represented. Advancements in strain analysis software systems have improved feasibility for use in clinical practice. With increasing clinical use, more data become
available in different patient populations, and the value of
strain for routine assessment of RV function becomes more
evident. In this light, another commonly expressed technical consideration is that current 2-dimensional strain analysis
software platforms (including the one used by Carluccio et al4)
were designed to optimally track the bullet-shaped left ventricle and are adapted for use on the RV. Whether development
of RV-specific 2-dimensional speckle-tracking echocardiography analysis software will enhance the use of RVFWS analysis is uncertain. Such limitations and questions will need to be
addressed if RVFWS acceptance within the broader echocardiography community is to continue to grow.

RV Free Wall Strain to Predict Outcome
To test the association of RVFWS with the primary composite
end point of death and HF hospitalization in a modest population size of HFrEF patients, Carluccio et al4 used advanced
statistical techniques to avoid overfitting of Cox proportional
hazard modeling. They then used net reclassification improvement analysis to demonstrate the incremental prognostic value
of RVFWS in comparison with validated HF risk prediction
models including the EMPHASIS-HF score and the Echo-HF
score.9,10 The inclusion of validated prognostic risk scores in
their modeling analysis is reassuring, as they provide a higher
bar to demonstrate the value of RVFWS. The combining of
imaging markers with clinical and laboratory parameters into
validated HF clinical risk scores has become common, with
inclusion of left ventricular EF in scores such as the Seattle
Heart Failure Model providing a well-recognized example.11
As cardiac imaging becomes more advanced and an indispensable component of HF patient assessment, it is anticipated that inclusion of other imaging parameters into such
prognostic models will grow. More recent examples include
the Echo-HF score, which uses only 5 echocardiographic
parameters (including TAPSE) to predict survival for HFrEF
patients, and the European Society of Cardiology/European
Respiratory Society risk assessment score for pulmonary arterial hypertension, which includes assessment of right atrial
area among clinical, laboratory, and hemodynamic variables.12
To maintain their use and relevance, it is vital that such models are routinely updated to reflect modern advancements in
HF patient evaluation. With an increasing pool of literature
demonstrating the prognostic significance of RV function for
different HF population, it begs the question as to whether
incorporation of imaging-based measures of RV function such
as RVFWS into existing or new clinical risk scores may provide incremental value. While beyond the scope of the current study, it presents a potentially important area for further
research that could advance recognition of strain analysis’
prognostic value and move it farther into the arena of routine clinical assessment. Before this can occur, many of the

above-identified limitations of strain analysis would need
to be definitively addressed, perhaps most important among
them the issue of intervendor system variability.

Is Being Normal Sufficient?
The concept of 95% confidence intervals to determine reference limits and, therefore, to determine the so-called normalcy is a source of much controversy. Is normal simply a
statistical determination based on a large, hopefully evenly
distributed population. Alternately, should a value falling outside of this reference range of normal be necessarily prognostically relevant? The current article suggests that we must
again challenge our concept of normal. We recently redefined
our normal limits for EF, determining a lower reference limit
of 53% based on the principle of 2 SDs from the mean.13 This
has now been applied arbitrarily for the sake of consistency
to our definition of chemotherapy-induced cardiotoxicity,14
despite outcomes data suggesting poorer prognosis with low
normal left ventricular EF.15 On the right side of the heart, we
have seen several other examples of prognostic cutoffs being
similar to, but not necessarily the same as the values recommended by guidelines or reference documents. In pulmonary
arterial hypertension, for example, despite being within the
reference limit for normal, a TAPSE of <1.8 cm imparts a 5.7fold increase in mortality.5 This is because the RV apex is very
sensitive to afterload, while the base is the last to go.
In this current article, it is interesting to note that all
included subjects had a guidelines normal TAPSE value, or
a value that is within the 95th percent confidence limit. The
fact that one could have a normal TAPSE and still have a
poor prognosis as predicted by RV function tells us several things. First, recommendations for cutoff values do not
impart normalcy but rather may be interpreted as there is a
high likelihood that the value is abnormal if it falls outside of
the reference range. Otherwise said, reference limits may be
better at predicting abnormal as opposed to normal. Second, it
informs us that not all recommended measures are equal. The
mechanistic and methodologic differences between RVFWS
and TAPSE explain why this is so. Finally, to advance the
applicability of echo to provide clinically useful information,
we must embrace the concept that different diseases cause different patterns of RV remodeling and we should choose the
measure that best represents our ability to track these changes.
Carluccio et al,4 with this study, have done much to advance
this concept by challenging the status quo and establishing
new predictive prognostic values of RVFWS in HFrEF and by
striving to detect dysfunction at earlier stages of disease.
So where are we left for RV function? Normal by any one
measure does not necessarily mean good prognosis. In this
study, simple longitudinal measures of motion did not fare
well as a predictor of outcome and normal S’ also did not
impart a good prognosis, with similar values in those with and
without clinical end points. Fractional area change, a more
global measure of longitudinal and radial function, fares better. A strain above −15.3% yields the best fit to predict adverse
outcomes with an area under the curve of 0.68, but to more
accurately predict outcomes, echo parameters such as RVFWS
must be added to established risk scores and vice versa with
significant improvement in reclassification of risk. And finally,
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this is not the ultimate answer. We need to apply this prospectively to a validation cohort, perhaps within risk prediction
scores and models. In addition, we need to continue in our
search for accurate means to assess the RV—3-dimensional
volumes, EF, and strain and adjust them to the afterload they
are facing. RV-guided therapy has been frustrating until now
in the setting of HF,16,17 but perhaps intervention at an earlier
stage will yield dividends. Until then, as we have seen with
other conditions, findings by Carluccio et al4 suggests that we
should move beyond a single simple measurement of function for such a complex chamber and routinely add free wall
strain to our RV assessment in HFrEF patients. The long and
short deformation imaging as measured by RVFWS is mechanistically more sound and clinically seems more useful than
simple longitudinal excursion.
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