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Strain identifies pseudo-normalized right

ventricular function in tricuspid regurgitation
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This editorial refers to ‘Right ventricular systolic function

in severe tricuspid regurgitation: prognostic relevance of

longitudinal strain’, by F. Ancona et al. pp. 868–875.

Ejection fraction (EF) has been the parameter of choice for evaluation
of left ventricular (LV) function since the 1960s1 and is proven useful
for identification of heart failure patients who are likely to benefit
from specific drugs and device therapies. There are, however, several
limitations of left ventricular ejection fraction (LVEF) as a measure of
LV contractile function as it has low sensitivity for detecting mild sys-
tolic dysfunction and has strong dependency on LV geometry.
Furthermore, LVEF reflects predominantly LV circumferential con-
traction and is less sensitive to reduction in LV longitudinal contrac-
tion.2 There is also a strong dependency on LV afterload, which is
most marked in patients with impaired LV systolic function. Finally, in
patients with severe mitral regurgitation, even a dysfunctional ven-
tricle may have normal EF because it partly ejects into the left atrium
as a low-pressure chamber.

When assessing right ventricular (RV) systolic function by right ven-
tricular ejection fraction (RVEF) and other ejection phase indices, the
limitations are in principle the same as for the LV. Furthermore, the RV
has complex geometry and there is often suboptimal echocardiographic
image quality, which represent additional challenges. In fact, RVEF is only
accessible with cardiac magnetic resonance imaging or 3D echocardiog-
raphy. RV fractional area change (FAC) is a simpler method only requir-
ing acquisition of the apical four-chamber view, but is limited by
uncertainty about RV geometry and only fair inter-observer variability.3

In addition to visual assessment, the most widely used parameter of RV
function in clinical practice is tricuspid annular peak systolic excursion
(TAPSE),4 but its correlation with RVEF is only modest.5 Furthermore,
as with peak tricuspid annulus velocity, TAPSE is angle dependent and
influenced by overall heart motion.3 There is currently no uniform con-
sensus regarding what is best method, as reflected in the limitations and

wide variability in methods in clinical use.4 Hence, there is a need for bet-
ter echocardiographic methods to assess RV function.

Over the last 20 years, myocardial strain has emerged as a more sen-
sitive parameter of LV systolic function than LVEF and is currently gain-
ing ground in clinical cardiology as both a supplement and substitute
for LVEF. More recently, strain has also emerged as a promising param-
eter of RV systolic function, but comparing values from different ven-
dors must be done with caution due to significant inter-vendor
variability.6 In 250 patients with severe tricuspid valve regurgitation,
Ancona et al.7 tested if RV dysfunction as determined by strain imaging
could improve preoperative risk assessment. They found that RV strain
analysis reclassified many patients with apparently normal systolic func-
tion by conventional parameters. Thus, about 50% of patients with nor-
mal values for either TAPSE, RVFAC, or peak tricuspid annulus systolic
velocity, had reduced RV longitudinal strain measured in the RV free
wall, and as a global parameter including both the RV free wall and the
septum. Furthermore, they found that different levels of RV free wall
strain were independent predictors of clinical RV failure and all-cause
mortality in multivariate analysis. The authors should be acknowledged
for the important findings, clearly demonstrating added prognostic
value of RV strain measurements. Using RV strain measurements to im-
prove timing of tricuspid valve intervention appears as an attractive ap-
proach, but clinical benefit remains to be determined. Moreover,
results must be interpreted with caution due to the retrospective study
design and relatively small sample size, with a substantial fraction of
patients lost to follow-up and excluded, mainly for technical reasons.

As stated by Ancona and co-authors, the regurgitant volume rep-
resents an important limitation for most ejection phase indices,
including strain. Therefore, the authors speculate if normal values for
strain during such circumstances may be higher. Strain also is load-de-
pendent, but apparently less so than the conventional ejection phase
indices. Importantly, myocardial strain is a more direct measure of
myocardial contractile function than the other parameters, which are
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..more influenced by geometry, translational motion, and angle-prob-
lems with regard to direction of the ultrasound beam. To really over-
come this problem, however, one should measure ventricular output
separately. This may be done by pulsed-wave Doppler in the RV out-
flow tract, but is not regularly performed. Instead, LV stroke volume
serves as a more feasible alternative. Potentially such measurement
could be combined with mean pulmonary artery pressure to calcu-
late right-sided cardiac power, which integrates volumetric output
and afterload. Of note, left-sided cardiac power was recently shown
to be a strong predictor of events in patients with normal LVEF.8

Incorporation of afterload is important for assessment of ventricular
performance during certain circumstances and, in fact, RV function is
substantially more afterload dependent than LV function.9 As previously
demonstrated, even moderate increments in systolic blood pressure
may have important effects on strain.10 Therefore, the use of strain has
limitations especially when afterload is expected to be abnormal. This
highlights the need for parameters taking blood pressure into account.
In this regard, it was recently shown how TAPSE combined with pul-
monary artery systolic pressure was superior combined to TAPSE alone
for prediction of adverse outcome in patients with pulmonary embol-
ism.11 Approximately 10 years ago, our group introduced a method for
non-invasive construction of LV pressure-strain loops thereby allowing
assessment of the myocardial work index.12 The method has shown
promising results for several different applications.13,14 Recently,
Butcher et al.15 demonstrated how this approach could be applied to
the RV by constructing RV pressure-strain loops and calculating RV
myocardial work. Furthermore, they elegantly demonstrated how RV
work may have benefits over RV strain.

In total, the time has come to improve and extend clinical assess-
ment of RV function. The study by Ancona et al. is a great example of
how strain imaging may be applied to identify RV dysfunction in
patients with severe tricuspid regurgitation where the conventional
parameters of RV function frequently are pseudo-normalized. Due
to rather complex geometry and strong afterload dependency, we
believe there is need for more than one parameter to quantify RV
contractile function, and RV strain is likely to become one of the valu-
able measures. Importantly, however, new methods may also in-
crease the risk of overdiagnosis and overtreatment and, thus,
treatment decisions must always be rooted in robust clinical trials.

Conflict of interest: none declared.
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