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ABSTRACT

Background Accurate determination of right ventricular
ejection fraction (RVEF) is challenging because of the
unique geometry of the right ventricle. Tricuspidannular
plane systolic excursion (TAPSE) and fractional area
change (FAC) are commonly used echocardiographic
quantitative estimates of RV function. Cardiac MRI (CMRI)
has emerged as the gold standard for assessment of RVEF.
We sought to summarise the available data on correlation
of TAPSE and FAC with CMRI-derived RVEF and to compare
their accuracy.

Methods We searched PubMed, EMBASE, Web of
Science, CINAHL, ClinicalTrials.gov and the Cochrane
Library databases for studies that assessed the correlation
of TAPSE or FAC with CMRI-derived RVEF. Data from each
study selected were pooled and analysed to compare the
correlation coefficient of TAPSE and FAC with
CMRI-derived RVEF. Subgroup analysis was performed on
patients with pulmonary hypertension.

Results Analysis of data from 17 studies with a

total of 1280 patients revealed that FAC had a higher
correlation with CMRI-derived RVEF compared with

TAPSE (0.56vs0.40, P=0.018). In patients with pulmonary
hypertension, there was no statistical difference in the
mean correlation coefficient of FAC and TAPSE to CMR
(0.57vs0.46, P=0.16).

Conclusions FAC provides a more accurate estimate of
RV systolic function (RVSF) compared with TAPSE. Adoption
of FAC as a routine tool for the assessment of RVSF should
be considered, especially since it is also an independent
predictor of morbidity and mortality. Further studies will be
needed to compare other methods of echocardiographic
measurement of RV function.

INTRODUCTION

Right ventricular (RV) function is an impor-
tant predictor of outcome in a variety of
cardiovascular diseases and therefore, a
precise evaluation of RV function is essen-
tial."® However, the unique geometry of
the right ventricle poses difficulty in volume
and hence ejection fraction assessments by
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Key questions

What is already known about this subject?
Tricuspid annular plane systolic excursion (TAPSE)

and fractional area change (FAC) are commonly

used echocardiographic quantitative estimates of

right ventricular (RV) function. There has yet to be a
systematic overview that would provide a more precise
estimate of the accuracy of TAPSE and FAC in their
assessment of RV systolic function (RVSF).

What does this study add?

Systematic analysis of 17 studies revealed that FAC
had a higher correlation with cardiac MRI-derived RV
ejection fraction compared with TAPSE.

How might this impact on clinical practice?
Adoption of FAC as a routine tool for the assessment of
RVSF should be considered and should be performed
in addition to TAPSE when possible.

two-dimensional  (2D) echocardiography,
in both normal and disease states. An accu-
rate evaluation of RV function remains
challenging in clinical practice, due to the
absence of any widely accepted 2D echocardi-
ographic methods to assess RV systolic func-
tion (RVSF).

Traditional echocardiographic surrogates
of RV ejection fraction (RVEF) include
tricuspid annular plane systolic excursion
(TAPSE) and fractional area change (FAC).
TAPSE is a one-dimensional measure of RVSF
and assumes that the displacement of basal
and adjacent segments of the RV represents
the entire RV function. By contrast, FAC is
a 2D parameter. There have been multiple
studies evaluating the accuracy of various 2D
echocardiographic parameters by comparing
them with the gold standard, cardiac
MRI (CMRI)-derived RVEF. However, studies
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are limited by their small sample size. There has yet to be
a systematic overview that would provide a more precise
estimate of the accuracy of TAPSE and FAC in their assess-
ment of RVSF. In our study, we aim to summarise avail-
able data on TAPSE and FAC and compare their accuracy
in the measurement of RV function.

METHODS

A systematic literature review was planned and performed
using methods specified in the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for systematic review.* Both controlled vocabu-
lary terms (eg, MeSH) and key words were used to search
for articles comparing TAPSE and FAC to CMRI-derived
RVEF. The following databases were searched:

Ovid/MEDLINE  (1946-2016);  Elsevier/EMBASE
(1947-2016); Wiley/Cochrane Library (1898 -2016);
Thomson-Reuters/Web of Science (1898-2016); and
ClinicalTrials.gov (1997-2016).

Literature searches were completed on 18 April 2016.
The complete Ovid/MEDLINE search strategy, analogous
to the other database searches, is available in appendix A.

No publication date or language limit was applied.

Study selection

Studies were considered eligible if they assessed RVSF
with TAPSE or FAC derived from 2D echocardiography
and RVEF derived from CMRI. Our prespecified selection
criteria were as follows': studies with patients undergoing
both 2D echocardiography and CMRI,? TAPSE, FAC data
and CMRI-derived RVEF obtained in the same patient,’
human studies. We did not limit the scope of indica-
tions for echocardiography and CMRI to be included
in our meta-analysis. Exclusion criteria were': studies
based on congenital heart disease,? case reports, review
articles, commentaries and editorials. Two independent
reviewers performed the study selection (JL, SL). In case
of disagreements, a third reviewer (AP) cast the deciding
vote. Titles and abstracts of retrieved references were
screened for inclusion and full texts of potential articles
were further analysed to see if they met inclusion criteria
(figure 1).

Data extraction

The following information was extracted from each
study: study name, study authors, year of publication,
type of manuscript and demographic profiles including
number of subject, background disease, median age and
gender. We also extracted mean TAPSE, mean FAC, mean
CMRI-derived RVEF, TAPSE correlation coefficient with
CMRI-derived RVEF and FAC correlation coefficient with
CMRI-derived RVEF and P values from each study.

Statistical analysis

Mean TAPSE and FAC to CMRI-derived RVEF correla-
tion coefficient from each study were weighted based
on number of patients in each study relative to the total
number of patients. Paired Student t-test analysis was

Potentially relevant citations
identified from all databases
(n=7450)

Records excluded
(duplicate studies)
(n=2167)

v

Records screened

(n=5283)
Records excluded based on
> review of abstracts using
exclusion criteria
v (n=4990)
Full-text articles retrieved for full
text review
(n=203) Full-text articles excluded
(n=276)
Reasons:
Duplicate data (n=23)
> Inadequate data (n=116)
Not related (n=67)
Review article (n=8)
No comparison (32)
Congenital (n=22)
A . 3D echo (n=8)
Studies included meta-analysis
(n=17)

Figure 1 Study selection diagram.

used as comparison data were obtained from the same
patient in each study. Mean difference of mean correla-
tion coefficients was calculated. Similar statistical method-
ology was used to perform subgroup analyses of patients
with pulmonary hypertension (PH). We used IBM SPSS
Statistics (V.22 for Windows) for the calculation of paired
Student t-test.

RESULTS

We found 7450 articles through database searching. Of
the 5283 articles that remained after duplicates were
removed, 4990 were excluded due to irrelevance to the
topic (figure 1). Strict inclusion and exclusion criteria as
outlined above were applied to the full text of 293 arti-
cles. Of these, 17 prospective and retrospective studies
met full criteria and when combined for this meta-anal-
ysis included 1280 patients.

Study characteristics

Table 1 describes the baseline characteristics of included
studies. The 17 studies comprised 10 full papers”™* and
7 abstracts.'”' There was a mixture of prospective and
retrospective studies. The pooled patient population
included healthy patients as well as patients with idio-
pathic cardiomyopathy, ischaemic heart disease, PH and
end-stage lung disease. The mean age was 51+9 years with
men accounting for 54% of subjects. In each included
study, patients underwent 2D echocardiogram and had
both TAPSE and FAC measured. This was followed by
CMRI with measurement of RVEF.
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Figure 2 Comparison of mean correlation coefficient
in TAPSE and FAC. FAC,fractional area change; TAPSE,
tricuspid annular plane systolic excursion.

Comparison of TAPSE and FAC

Composite mean correlation coefficient from each study
revealed that FAC had a higher mean correlation coef-
ficient (r) of 0.56 (SE of 0.08) compared with TAPSE,
which had a mean correlation coefficient (r) of 0.40 (SE
of 0.06) (figure 2). This difference was statistically signif-
icant (P=0.018).

Pulmonary hypertension

Pooled data from 321 patients with PH revealed that
TAPSE had a mean correlation coefficient of 0.46 (SE of
0.07) and FAC had a mean correlation coefficient of 0.57
(SE of 0.12) (figure 3). This difference was not statisti-
cally significant (P=0.16).

DISCUSSION
Our meta-analysis involving 1280 patients from 17 studies
revealed the following findings:

(1) overall analysis revealed FAC to have significantly
higher correlation with CMRI-derived RVEF compared
with TAPSE; (2) in patients with PH, both TAPSE and
FAC had similar correlation with CMRI-derived RVEF.

The right ventricle has a complex geometry. It is trian-
gular when viewed from the side and crescentic when
viewed in crosssection.” Anatomically, the RV can be
subdivided into three parts; an inlet portion, a highly
trabeculated body and a smooth outlet portion, known as
the conus or infundibulum. RVSF can be assessed using 2D
echocardiography by various direct and indirect measure-
ments.”” Direct measurements include TAPSE; systolic
velocity (s’) as measured by tissue Doppler imaging; FAC
measured by tracing the area during systole and dias-
tole; and RV index of myocardial performance, where
both systolic and diastolic components are included.

0.7 -

0.6

0.5

0.4 I
P=0.16

03 TAPSE FAC

Figure 3 Comparison of mean correlation coefficient

in TAPSE and FAC in PH. FAC, fractional area change;

PH, pulmonary hypertension;TAPSE, tricuspid annular plane
systolic excursion.

Indirect measurements include relative volumes of RV
and LV; degree of septal flattening; angle created at the
RV apex®!; and various Doppler indices such as RV dP/
dT and tricuspid regurgitation duration indexed to heart
rate.” In our study, we compared TAPSE, a simple and
common method of measuring RVSF, with FAC, one of
the better 2D echocardiographic methods of assessing
RVSF.” CMRI is regarded as the reference method for
assessing RV function and has been shown to have good
correlation with in vivo standards, with good accuracy
and reproducibility,?® #’

Our overall pooled analysis revealed FAC to be a
more accurate measurement of RVEF compared with
TAPSE. This is likely because TAPSE is a one-dimensional
measurement, whereas FAC is a 2D measurement. In
situations where there are regional differences in the RV
function, TAPSE does not always provide accurate infor-
mation due to the fact that it disregards the transverse
contribution of RV free wall and septum. TAPSE was also
noted to be markedly depressed after cardiac surgery
when three-dimensional echo showed preserved RVEF,
suggesting that it is affected by postoperative changes
in the geometry of RV contraction.”® * FAC, in addition
to including the longitudinal shortening fraction, also
incorporates the changes that occur in the transverse
plane. In situations where regional differences in RV
function are noted, FAC may provide better estimates.
A study by Sakuma et al using cineangiography to assess
RVEF revealed a significant contribution of transverse
systolic shortening to RVEE.*

Our study also found that in patients with PH, no
significant difference was found between TAPSE and
FAC. This is likely because the longitudinal component
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of RV contraction represents the afterload-responsive
element of RV function.” This is measured in both
TAPSE and FAC and therefore, there may not be a differ-
ence between their accuracy of measurement of RVSF
among patients with PH. A prior study has also suggested
that pseudo-normalisation of TAPSE may occur in PH
due emergence of a ‘rocking’ pattern from compres-
sion of a pressure-loaded right heart on a compliant
left heart.” The systolic function of this ‘rocking’ right
ventricle may be better analysed using speckle-tracking
echocardiography, as opposed to translational parame-
ters such as TAPSE or velocity of the tricuspid annular
systolic motion (RV §’).

Compared with TAPSE, FAC may require a better
image quality of the right ventricle in order to trace the
RV endocardium to calculate FAC. However, this should
not be a reason to deter the use of FAC, as it is a more
accurate assessment of RVEF. More studies will have to be
done to determine the intraobserver and interobserver
variabilities of the use of TAPSE and FAC and its impact
on accuracy. RV FAC has also been found to be an inde-
pendent predictor of heart failure, sudden death, stroke
and mortality.' This provides significant justification for
the usage of FAC as a reliable surrogate of RVSF.

Limitations

This meta-analysis is based on extrapolated data from
multiple studies. We were not able to obtain individual
patient level data from each study. Abstracts were also
included in our study in order to avoid publication bias.
However, the limitation of inclusion of abstracts is that
they receive less editorial scrutiny and may have been
vetted less when compared with a full paper publica-
tion. Another limitation is the possible variability in time
delay from echocardiogram to MRI. However, although
the exact time between echocardiogram to MRI was not
reported, each study only included patients who were in
stable clinical condition and therefore, significant varia-
tion of RV function between imaging periods were not
expected. Another potential limitation is that there may
be interstudy and intrastudy variability that may affect the
conclusion of our analysis. Lastly, the percentage of unin-
terpretable images due to poor imaging quality were not
reported in some studies and could not be included in
the analysis.

CONCLUSION

The results of this meta-analysis suggest that FAC provides
amore accurate estimate of RVSF compared with TAPSE.
Adoption of FAC as a routine tool for the assessment
of RVSF should be considered, especially since it is also
an independent predictor of morbidity and mortality.
Further studies will be needed to compare other echocar-
diographic measurements of RVEF.
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