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Abstract

Purpose: Introducing tricuspid annular systolic excursion (TAPSE)-slope and assessing inter-observer variability of its timing
measurements Methods: We performed comprehensive Doppler echocardiographic examinations on 84 healthy subjects (mean
age: 36.3 years, range: 30-50 years, 51 women, 33 men). In color-coded M-mode tracing of right ventricle’s free wall, peak systolic
excursion was defined. TAPSE and time from initial QRS to peak systole in color-coded M-mode were measured, and TAPSE-
slope was calculated based on this formula: TAPSE slope=TAPSE/TAPSE-t. For the evaluation of inter-observer variability,
two other cardiologists measured TAPSE-t in offline mode separately. Results: The average (SD) of the “TAPSE-slope” was
7.0(1.0) cm/sec, the average (SD) TAPSE was 2.42(0.3) c¢m, and an average TAPSE-t of 343(27.6) msec. A significant difference
was seen in TAPSE-slope between men and women (P value=0.001). No significant difference was detected in TAPSE-slope
in people younger than 40 years old compared with participants older than 40 years. Intra-class correlation coefficient value of
the TAPSE-t measurement was 0.886, showing excellent agreement between three different raters. Conclusion: TAPSE-slope

may have added value compared to TAPSE alone for the assessment of right ventricular systolic function.
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Purpose: Introducing tricuspid annular systolic excursion (TAPSE)-slope and assessing inter-observer vari-
ability of its timing measurements

Methods: We performed comprehensive Doppler echocardiographic examinations on 84 healthy subjects
(mean age: 36.3 years, range: 30-50 years, 51 women, 33 men). In color-coded M-mode tracing of right
ventricle’s free wall, peak systolic excursion was defined. TAPSE and time from initial QRS to peak systole
in color-coded M-mode were measured, and TAPSE-slope was calculated based on this formula: TAPSE
slope=TAPSE/TAPSE-t. For the evaluation of inter-observer variability, two other cardiologists measured
TAPSE-t in offline mode separately.

Results: The average (SD) of the "TAPSE-slope” was 7.0(1.0) cm/sec, the average (SD) TAPSE was
2.42(0.3) cm, and an average TAPSE-t of 343(27.6) msec. A significant difference was seen in TAPSE-slope
between men and women (P value=0.001). No significant difference was detected in TAPSE-slope in people
younger than 40 years old compared with participants older than 40 years. Intra-class correlation coefficient
value of the TAPSE-t measurement was 0.886, showing excellent agreement between three different raters.

Conclusion: TAPSE-slope may have added value compared to TAPSE alone for the assessment of right
ventricular systolic function.
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Introducing TAPSE-slope and Assessing Inter-observer Variability of Its Timing Measure-
ments

Introduction

The right ventricle (RV) has a significant role in morbidity and mortality of cardiac diseases, but due to its
complex anatomy, evaluation of RV function is not so easy and has always been a challenge in echocardio-
graphy. In the latest "Recommendations For Cardiac Chamber Quantification”! , measurement of at least
one of the following indices: Fractional area change (FAC), the peak systolic velocity of lateral tricuspid
annulus wave by tissue Doppler imaging (S’), Tricuspid annular plane systolic excursion (TAPSE), and RV
index of myocardial performance (RIMP) has been recommended. Measurement of TAPSE is a practical
and straight forward method reflecting longitudinal RV function. Although this parameter is load depen-
dent, multiple studies have shown its utility in various clinical situations such as pulmonary embolism?3,
pulmonary hypertension?, chronic obstructive pulmonary disease® and post cardiac surgery *.

TAPSE measures the longitudinal movement of the tricuspid annulus during systole, but we think measuring
the velocity of this excursion utilizing ” TAPSE-slope” may add to its value. TAPSE less than 17 mm is
associated with RV systolic dysfunction; nevertheless, categorizing RV systolic dysfunction as mild, moderate,
and severe based on TAPSE measure is not mentioned in the available guidelines and nor is it routinely
performed in clinical practice. In this study, we measured normal values of ?TAPSE-slope”. As this was a
new index, we also calculated the inter-observer variability of TAPSE-t measurements.

Study Participants and Methods

We included 84 healthy subjects, aged between 30 and 50, in our study. After an announcement in our
hospital, this group was recruited from medical students, medical residents, and clinical and non-clinical
hospital personnel. Each person signed a detailed written informed consent before enrollment in the investi-
gation. The study was in accordance with the Declaration of Helsinki. After comprehensive history taking
and physical examination, an electrocardiography (ECG) was acquired and detailed echocardiography was
performed based on the latest guidelines for performing a comprehensive transthoracic echocardiographic
examination in adults!. Exclusion criteria were any of the coronary artery disease risk factors including :
diabetes, hyperlipidemia, hypertension, cigarette smoking), history of cardiac or pulmonary diseases, any
signs or symptoms in favor of cardiac, pulmonary, or thyroid diseases, ECG abnormalities (including brady-
cardia, tachycardia, axis deviation or bundle branch blocks and any ST-T changes) or any echocardiographic



abnormalities in chamber sizes or function and cardiac valves. Participants with mild valvular regurgitations
in echocardiography were not excluded.

Echocardiography was done in the left lateral decubitus position with the ”Vivid S5 GE” vendor. All
echocardiographic measurements were done in offline mode by an expert echocardiography fellowship. In the
RV-focused view, the M-mode cursor was aligned with the lateral tricuspid annulus. The distance between
early systole and end-systolic excursion of RV free wall was measured in centimeters (cm). Color-coded
M-mode was used to better delineate the peak systole of the RV free wall. Systolic time (TAPSE-t) was
also measured in the exact tracing by measuring the time from the initial QRS to the maximum systolic
excursion (Figure A, B)
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Figure 1. Measurement of TAPSE(A) and TAPSE-t from color-coded M-mode image of the RV free wall in
RV-focused view

As we could not directly measure the TAPSE slope with our echocardiography machine, TAPSE and TAPSE-
t were measured from color-coded M-mode tracing of the lateral tricuspid annulus. Then TAPSE-slope
(cm/sec) was calculated based on the following formula:

TAPSE-slope(cm/sec) = TAPSE (ecm) *1000/ TAPSE-t (msec)

As this is a new index, we also evaluated the inter-observer variability of TAPSE-t measurements. To assess
this, two other cardiologists also performed offline measurements of TAPSE-t.

Results
IBM SPSS statistics 24 package was used for data analysis. All values were expressed as mean (SD).

A total of 84 healthy subjects (51 women and 33 men) aged 30-50 were included. The mean age of participants
was 36.3 (5.4) years old. The body surface area (BSA) was 1.76(0.20) Kg/m?. The mean heart rate of the
study population was 77.5 (11) beats per minute.

Table 1 demonstrates the minimum, maximum, and mean values of echocardiographic variables in study
participants. The independent sample T-test detected a significant difference in the mean TAPSE-slope
between men and women (P value=0.001).

Table 1. Descriptive statistics of TAPSE, TAPSE-t, TAPSE-slope

Minimum maximum mean Std. Deviation

TAPSE"(cm) 1.8 3.1 242 0.3
TAPSE-t* (msec) 270 400 343 27.68




Minimum maximum mean Std. Deviation

TAPSE-slope™ (cm/sec) 5.0 10 7.0 1.0
TAPSE-slope in men(cm/sec) 5.0 10 7.3 1.0
TAPSE-slope in women(cm/sec) 5.0 9.0 6.9 0.9

* Distance between early systole and end diastole of color-coded M-mode tracing of the lateral tricuspid
annulus

+ Time from initial QRS to the maximum systolic excursion in color-coded M-mode tracing of the lateral
tricuspid annulus

++ TAPSE-slope(cm/s) = TAPSE (cm) *1000/ TAPSE-t (msec).

For reliability analysis, we calculated the inter-class correlation coefficient (ICC) between 84 TAPSE-t read-
ings by two other cardiologists. In IBM SPSS statistics 24, ICC type C was calculated between these three
raters, which was 0.886 (95% CI: 0.82-0.92). Grouped scatter plot of three times TAPSE-t measurement by
three raters is shown in figure 2.
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Figure 2. Grouped scatter plot of TAPSE-t measurements by three different raters
Discussion

The "TAPSE-slope” index was proposed and measured in 84 healthy persons. In our study group, TAPSE-
slope was 7.0£1.0, TAPSE-slope was 7.3£1.0 in men, and TAPSE-slope was 6.9£0.9 in women. A significant
difference (P value=0.001) was observed between the mean TAPSE-slope in men and women.

Slope signifies the ratio of the longitudinal systolic movement to the time change. In other words, it shows an
object’s acceleration. Neither height nor time alone determines slope, but a combination of these parameters.

TAPSE-t actually shows the systolic interval (SI) °that consists of isovolumic contraction time (IVCT)
and ejection time (ET). In the left ventricle (LV), systolic interval and diastolic interval (DI) and their
ratio not only depend on heart rate (HR) but also depend on diurnal variations®, Valsalva maneuver”, and
medications®. Also, multiple studies have shown that LVET increases from infancy to childhood independent
of the heart rate !0, In older people, LVET also becomes prolonged !!. In systolic heart failure, IVCT is
prolonged and LVET shortens, but the SI does not change significantly '2. In a study on diabetic patients,
autonomic neuropathy increased the ratio of SI to DI'3. Theoretically, SI and change in the ratio of SI to
DI may also apply to the right ventricle, and these parameters may also change in RV systolic dysfunction.

Evaluation of RV function is crucial in the management of cardiac diseases. As measuring tricuspid systolic
excursion (TAPSE) is an essential part of evaluating RV systolic function. When TAPSE is measured, changes
in SI, IVCT, or ET are not considered. We hypothesized that evaluating the rate of this systolic excursion



may also be beneficial and should be considered. As mentioned above, two people with similar heart rates may
have different systolic intervals. In equal systolic intervals, higher TAPSE-slope reflects better RV function.
Still, in different systolic intervals, the rate of acceleration of RV free wall may give us better information
regarding RV function.

As this was a new index, "reliability analysis” for TAPSE-t measurements was also done, and Intra class
correlation (ICC) between the three cardiologists was 0.886 (95% CI: 0.827-0.925). According to Cicchetti’s
classification !4 values between 0.75-1.00 show excellent inter-rater agreement. In 2010 '° Pinedo et al.
showed excellent inter-observer ICC for TAPSE measurements of about 0.79. They measured Intra and
inter-observer variability of different indices of RV function in 30 patients with isolated mitral valvulopathy
who were candidates for heart surgery. TAPSE-slope was not measured in this study.

Conclusion

Using color-coded TAPSE to measure the time of systolic excursion of RV free wall and TAPSE-slope may
better assess RV systolic function as the rate of systolic excursion has also been included in this index.

Limitations

As with TAPSE, TAPSE-slope will be load-dependent. Our study measured TAPSE-slope in a normal
population, so we cannot provide cut-off values to differentiate normal and abnormal RV function.

Future Perspective

We are about to survey TAPSE-slope in CMR- proven RV systolic dysfunction to propose different values
of this new index in different RV ejection fractions.
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