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with Repaired Tetralogy of Fallot. Is there any Correlation Between
Tricuspid Annular Plane Systolic Excursion From M-Mode, Tricuspid
Annular Systolic Motion From Tissue Doppler Imaging in Transthoracic
Echocardiography and the Right Ventricle Ejection Fraction In Cardiac
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Abstract

Aims: The aim of this study was to determine whether tricuspid annular plane systolic excursion from M-mode and tricuspid annular systolic
motion from tissue Doppler imaging in transthoracic echocardiogram correlate with the right ventricle ejection fraction in cardiac magnetic
resonance and whether they are useful markers in diagnosing the right ventricle dysfunction.

Methods and results: 49 patients with repaired tetralogy of Fallot, aged 7 to 53 years, with a mean of 21 years were selected retrospectively.
They underwent transthoracic echocardiogram and cardiac magnetic resonance at the Freeman Hospital from January 2008 to June 2016 within
4 months of each other. There were two groups of patients. 24 had normal right ventricle systolic function with ejection fraction > 45% in cardiac
magnetic resonance. 25 had impaired right ventricle systolic function with ejection fraction < 45%.

There was a positive relationship between tricuspid annular plane systolic excursion and tricuspid annular systolic motion (R=0.65, P-value=0.05).
Median tricuspid annular plane systolic excursion was 1.31 (mean 1.39) in the group of patients with normal right ventricle systolic function and
1.57 (mean 1.57) in the group with impaired right ventricle systolic function in cardiac magnetic resonance. By comparison median tricuspid
annular systolic motion was 7.64 (mean 8.24) in the group of patients with normal right ventricle systolic function and 8.84 (mean 9.53) in the
group with impaired right ventricle function. The left ventricle ejection fraction was preserved when there was impaired right ventricle ejection
fraction in cardiac magnetic resonance (P-value=0.017).

Conclusion: This study demonstrated that tricuspid annular plane systolic excursion and tricuspid annular systolic motion are reproducible
measurements of right ventricle systolic function. We did not prove a correlation between tricuspid annular plane systolic excursion, tricuspid
annular systolic motion and right ventricle ejection fraction in cardiac magnetic resonance; therefore we concluded that these measurements are
not clinically useful markers of right ventricle systolic dysfunction in patients with repaired tetralogy of Fallot. Further studies on larger population
involving right ventricle longitudinal strain are necessary to investigate its relationship with right ventricle ejection fraction in cardiac magnetic
resonance.

Unitsand Abbreviations: TTE: Transthoracic Echocardiography; in cardiology. On the other hand, until recently the echocardiography

CMR: Cardiac Magnetic Resonance; RV: Right Ventricle; TOF: Tetralogy
of Fallot; TAPSE: Tricuspid Annular Plane Systolic Excursion; Sa RV:
Tricuspid Annular Systolic Motion; TDI: Tissue Doppler Imaging;
FAC: Fractional Area of Change; PVR: Pulmonary Valve Replacement

Introduction

The assessment of the right ventricle is an important part of the
follow-up for patients with Fallot tetralogy. Impaired function of the
right ventricle is one of the indicators for considering replacement of
the pulmonary valve [1].

Echocardiography is used as a preliminary diagnostic imaging
method in patients monitored after the correction of tetralogy of Fallot
[2]. Thisis because echocardiography is readily available and widely used
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evaluation of the right ventricle was largely qualitative, because the
unusual shape of the right ventricle hinders its quantitative assessment.
Due to the development of new methods of echocardiography, such as
three-dimensional and strain imaging, in the last decade there has been
a gradual transition to a more quantitative approach to assess the size
and function of the right ventricle.

The quantitative parameters used to assess the right ventricle
function are retrospectively divided into geometric and non-geometric
parameters. Geometric parameters are based on two-dimensional and
three-dimensional measurements of the right ventricular volume.
Non-geometric parameters are based on Doppler imaging in the
myocardium, tissue Doppler imaging and strain [3,4].

We performed a literature review regarding assessment of the
right ventricle with echocardiography. In 2005, the American Society
of Echocardiography in conjunction with the European Association
of Echocardiography published recommendations about chamber
quantification which included norms and abnormal thresholds for
tricuspid annular plane systolic excursion and tissue Doppler imaging
values. Subsequently, the American Society of Echocardiography
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endorsed by the European Association of Echocardiography proposed
a guideline for the echocardiographic assessment of the right heart in
adults in 2010. The guideline provides abnormal values for the size
and systolic function of the right ventricle and is still widely used in
practice.

There are limited studies in which echocardiographic and cardiac
magnetic resonance measurement in the assessment of the right
ventricle function was compared (Tablel).

Some of them showed that tricuspid annular plane systolic excursion
and tissue Doppler imaging are easily measured however, they are angle
dependent. There are a few studies which proved that in patients who
had tetralogy of Fallot repair, tricuspid annular plane systolic excursion
does correlate to the right ventricle ejection fraction measured by
cardiac magnetic resonance whilst other studies disproved this earlier
theory. It had been shown in these studies that three-dimensional
echocardiography systematically underestimated the right ventricle
ejection fraction when compared to cardiac magnetic resonance [5,6].

Imaging values

Tricuspid annular plane systolic excursion represents the distance
of systolic excursion of the right ventricle annular plane towards the
apex and measures longitudinal right ventricle systolic function (Figure
1). Normal value is above 16mm. Tricuspid annular plane systolic
excursion is angle dependent and influenced by the left ventricle
function and overall heart motion.

Tricuspid annular systolic motion can be assessed by pulsed tissue
Doppler to measure the longitudinal velocity of excursion. This is the
measurement of the tricuspid annular velocity at the junction of the
right ventricle free wall and the anterior leaflet of the tricuspid valve
(Figure 2). Tricuspid annular systolic motion less than 11.5cm/s
predicts the right ventricle ejection fraction of less than 45% (Meluzin
et al. Martinez-Quintana) [7].

Speckle tracking echocardiography imaging (strain) id angle
independent. The distance between natural acoustic markers (speckles)
is measured within a predefined myocardial area as a function of time.
Strain is a measurement of myocardial deformation. Normal values of
longitudinal deformation are between -20 to -25%.

Purpose

The aim of this study was to determine whether tricuspid annular
plane systolic excursion and tricuspid annular systolic motion in
transthoracic echocardiography correlate to rejection fraction in
cardiac magnetic resonance and hence whether they could be useful
markers in diagnosis of the right ventricle systolic dysfunction [8].

Methods

This is a single centre retrospective study done over period of
09/01/2008 - 06/06/2016 and included patients who had undergone
tetralogy of Fallot repair and who had cardiac magnetic resonance
and transthoracic echocardiogram within four months of each other.
Echocardiography analysis was done from the Freeman Hospital’s
echocardiography database while the cardiac magnetic resonance
reports were obtained from the picture archiving and communications
system. A total 110 patients were found to fit the criteria.

Demographics

61 patients were excluded due to lack of data from echocardiography
(no measurements of tricuspid annular plane systolic excursion or
tissue Doppler imaging) and therefore the remaining 49 patients who
met criteria were included in the study. There were 24 females (49%)
and 25 males (51%). 94% of the patients have had transannular patch

repair, 4% had the right ventricle to pulmonary valve conduit insertion
and 2% had pulmonary valvotomy as primary tetralogy of Fallot repair.
35% of the patients were post pulmonary valve replacement.

Results
Descriptive analytical statistics were compiled (Table 2).

There was a positive relationship between tricuspid annular plane
systolic excursion and tricuspid annular systolic motion, R=0.65,
P-value=0.05, which is presented in (Table 3).

The patients were split in two groups: 24 patients had normal
right ventricle systolic function with ejection fraction > 45% in
cardiac magnetic resonance and the other 25 patients had impaired
right ventricle systolic function with ejection fraction < 45%. Median
tricuspid annular systolic plane excursion was 1.31, mean 1.39 in the
group of patients with normal right ventricle systolic function and 1.57,
mean 1.57 in the group with impaired right ventricle systolic function,
which is visualized in (Table 4).

By comparison median tricuspid annular systolic motion was 7.64,
mean 8.24 in the group of patients with normal right ventricle systolic
function and 8.84, mean 9.53 in the group with impaired right ventricle
systolic function, which is presented in (Table 5).

The left ventricle ejection fraction was preserved when there
was impaired right ventricle ejection fraction in cardiac magnetic
resonance, P-value 0.017, which is presented in (Table 6).

Discussion

This one of the few studies which compared the assessment of the
right ventricle systolic function by echocardiography versus cardiac
magnetic resonance in patients with repaired tetralogy of Fallot. It
demonstrated that tricuspid annular plane systolic excursion and
tricuspid annular systolic motion are reproducible measurements of
the right ventricle systolic function [9-11].

We did not prove a relationship between tricuspid annular plane
systolic excursion, tricuspid annular systolic motion in echocardiogram
and the right ventricle ejection fraction in cardiac magnetic resonance
and therefore we concluded that they are not clinically useful markers of
the right ventricle systolic function in patients with repaired tetralogy
of Fallot.

The right ventricle longitudinal strain is possibly a powerful tool
for evaluating the right ventricle function in patients after tetralogy of
Fallot repair and there are some prospective studies on small group of
patients which show that strain is independently associated with right
ventricular ejection fraction derived from cardiac magnetic resonance.
It might be useful to plan for prospective studies, ideally including
larger multicentre population of patients after tetralogy of Fallot repair
to investigate the relationship between strain and the right ventricle
systolic function in cardiac magnetic resonance [12].

The fact that there was a preserved right ventricle systolic function
despite diminished longitudinal shortening would suggest that the
global function of the right ventricle may be more dependent on radial
or circumferential contraction. There are some studies which do show
that the right ventricle adopts a circumferential contraction pattern,
like the left ventricle. Some studies demonstrate a predominance of
circumferential strain over longitudinal strain on speckle-tracking
echocardiography of the right ventricle.

We demonstrated that in patients with impaired right ventricular
ejection fraction left ventricle ejection fraction in cardiac magnetic
resonance was still normal. When we consider these results, one
question that we should ask ourselves is whether are need to be
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Table 1:

Article Type

Findings

Carminati M, Pluchinotta F, Piazza L,
Echocardiographic Assessment after Surgical Repair of
Tetralogy of Fallot,

February 2015, Frontiers in Pediatrics 3:3. [3]

Review article

TAPSE easy to be measured but limitations, not correlating with RV
ejection fraction

TDI is angle dependent

Several 2D/3D technologies might enable to investigation of RV
function but CMR remains the golden standard

Echocardiography has not decreased the value of cardiac catheters
performed but with the added information-has provided more
accurate reasoning for invasive investigation

Selly J, Iriart X, Roubertie F, Multivariable assessment
of the right ventricle by echocardiography in
patients with repaired tetralogy of Fallot undergoing
pulmonary valve replacement: a comparative study
with magnetic resonance imaging,

Arch Cardiovasc.Dis., 2015 Jan;108(1):5-15. doi:
10.1016/j.acvd.2014.07.054. Epub 2014 Nov 12. [6]

Clinical research

TAPSE and RV Sa TDI easily done but insensitive to RV function
when compared to CMR

Echocardiography underestimates consistently RV ejection
fraction compared to CMR and correlation between two modes of

investigations worse dilated RV

FAC correlates greatly with CMR but feasibility remains limited

Senthilnathan S, DragulescuA,Mertens L,
Pulmonary Regurgitation after Tetralogy of Fallot
Repair: A Diagnostic and Therapeutic Challenge,
J. Cardiovasc.Echogr.2013 Jan-Mar;23(1):1-9. doi:

10.4103/2211-4122.117975. [8]

Review article

RV z-scores and RV end diastolic area can be used to identify
patients with significant RV dilatation

2D-based 3D reconstruction currently is the most reliable accurate
echocardiographic method for quantifying RV volumes, and is
emerging as a potential alternative to CMR

FAC can be used for assessment of RV function. TDI and TAPSE
correlate only weakly with RV ejection fraction as they only assess
RV inlet

Koestenberger M, Friedberg M, RavekesW,
Non-Invasive Imaging for Congenital Heart
Disease: Recent Innovations in Transthoracic
Echocardiography,

January 2012, Journal of Clinical and Experimental
Cardiology Suppl 8(Suppl 8):2. [10]

Review article

Recent publications suggest importance of TAPSE in RV function
investigation, TAPSE correlated to RV ejection fraction in adults

After a mean of 6.1 year after TOF repair, TAPSE values become
abnormal and decrease showing RV dysfunction likely secondary to
volume overload secondary to PR

In TOF patients measured by MRI, and inverse and significant
correlation was found between TAPSE and RVEF

Limitation of TAPSE - good overall RV function indicator but does
not consider segmental function differences

concerned with right ventricular systolic function at all since the left
ventricular function is preserved.

The prevalence of speckle-tracking echocardiography, especially
when minimizing the subjective judgment of the performer, creates
new possibilities to assess the right ventricle systolic function [13-15].

Indeed, there will need to be more studies to answer the crucial
question of whether strain could be used as a tool for the assessment of
the right ventricle systolic function.

Limitations

This study was retrospective. The small sample size ad angle dependent
measurements of tricuspid annular plane systolic excursion and tricuspid
annular systolic motion were the main limitations of our study.

Conclusion

This study demonstrated that tricuspid annular plane systolic
excursion and tricuspid annular systolic motion are reproducible
measurements of the right ventricle systolic function. We did not prove
a correlation between tricuspid annular plane systolic excursion,
tricuspid annular systolic motion and the right ventricle ejection
fraction in cardiac magnetic resonance, therefore we concluded
that these measurements are not clinically useful markers of
the right ventricle systolic dysfunction in patients with repaired
tetralogy of Fallot. Further studies on larger population involving
the right ventricle longitudinal strain are necessary to investigate
its relationship with the right ventricle ejection fraction in cardiac
magnetic resonance.
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Table 2: Clinical characteristics.

Characteristics Results
Mean TAPSE (cm) in TTE 1.5+0.4
RV Sa (cm/s) in TTE 8.95+2.5
Normalised RVEDV (ml/m?) at CMR 130+39
RVEF (%) in CMR 44.9+9.7
LVEF (%) in CMR 56+7.8
TAPSE vs Sa RV P-value=0.05
R=0.65
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Table 3: Relationship between TAPSE and Sa RV.

RVEF<45% vs TAPSE

RVEF>45%vs TAPSE

Table 4: TAPSE in TTE in patient with impaired versus normal right
ventricle systolic function in CMR.

RVEF>45% vs RV Sa TDI

Table 5: Sa RV in TTE in patient with impaired versus normal right
ventricle systolic function in CMR.
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Table 6: Left ventricle systolic function versus right ventricle systolic
function in CMR.
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Figure 1: Normal value of tricuspid annular plain systolic excursion
(TAPSE).
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Figure 2: Normal value of tricuspid annular systolic motion (RV Sa).
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