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Conclusion Our study showed that the right ventricular 
function can be accurately and precisely estimated using 
TAPSE measurement by TEE in the midesophageal four 
chamber and deep transgastric right ventricle view at 0° 
using anatomical M-mode.
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Introduction

The undeniable importance of right ventricular (RV) dys-
function in the process of cardiopulmonary bypass weaning 
and its negative prognostic impact on cardiac surgical out-
come [1–4], calls for an accurate evaluation of RV function 
in the perioperative setting using transesophageal echocar-
diography (TEE).

The widespread use of TEE in the operating room, 
allows for the evaluation of RV function, but considering 
the complex shape of the RV chamber that makes the accu-
rate evaluation of the RV ejection fraction (EF) using geo-
metric models difficult, it is not uncommon to use qualita-
tive visual assessment. Therefore there is a rising demand 
for the application of quantitative methods to assess RV 
function in the intraoperative period.

Tricuspid annular plane systolic excursion (TAPSE) 
is one of the recommended methods for the quantitative 
assessment of RV function [5, 6]. It measures the longi-
tudinal systolic displacement of the base of RV free wall 
towards the apex, which is assumed to represent the global 
right ventricular function [7]. Indeed, most of the RV mus-
cular fibers lie in a base-to-apex direction and RV ejection 
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relies more on its longitudinal shortening rather than the 
transverse shortening [8–10].

The standard method of measuring TAPSE is M-mode 
of the lateral RV wall in the apical 4-chamber (4CH) view 
in transthoracic echocardiography (TTE) by placing the 
M-mode line at the junction of the tricuspid valve annulus 
and the RV free wall. The most important limitation of this 
method is its angle dependence [5, 7].

The midesophageal 4-chamber (ME 4CH) view in TEE 
is a less suitable view to measure TAPSE using M-mode 
because here the M-mode line is almost perpendicular to 
the lateral aspect of the tricuspid annulus, which makes the 
acquisition of M-mode impossible.

There are different methods to overcome the flaw of TEE 
in measuring TAPSE. It has been recommended to use the 
2-D ME 4CH view to evaluate TAPSE by measuring the 
difference between systolic and diastolic distances of the 
lateral tricuspid annulus to the right ventricular apex [11].

Anatomical M-mode (AM-mode) with its characteris-
tic steerable line can be used if available to adjust the cur-
sor freely to the direction of the annular motion in order 
to correct any undesirable angle [12–14]. Alternatively it 
is possible to measure TAPSE in TEE by M-mode in the 
modified deep transgastric (dTG) RV views [15–17] where 
the M-mode cursor can be properly aligned with the lateral 
tricuspid annular plane.

The aim of our study was to evaluate the level of agree-
ment between different methods of measuring TAPSE 
using TEE with TAPSE measured in TTE in anesthetized 
patients scheduled for elective cardiac surgery.

Materials and methods

Patients

The study was performed in a university affiliated cardiac 
surgery center, supported by the local research foundation 
(Herzzentrum Leipzig, HELIOS Kliniken GmbH). The 
local ethics committee approved the protocol of this pro-
spective study (Az:014-15-26012015). Written informed 
consent was obtained from all patients. Thirty patients aged 
18 years and older in sinus rhythm scheduled for elective 
cardiac surgery with a class I indication for intraoperative 
echocardiography were recruited between February and 
March 2015. Exclusion criteria were contraindications to 
TEE, atrial fibrillation, tricuspid regurgitation greater than 
grade 1 and prior tricuspid valve surgery.

Data acquisition

All echocardiographic data sets were obtained with the 
“GE Vivid 9” imaging platform (GE, Milwaukee, WI). For 

transthoracic examination a M5S-TTE probe (GE) and for 
transesophageal examinations a 6VT.D-TEE probe (GE) 
was used.

The TEE probe was passed into the esophagus following 
the intravenous induction of general anesthesia and tracheal 
intubation as per local protocol.

The same anesthesiologist (AF) performed all of the 
echocardiographic examinations.

TAPSE measurements were accomplished under stable 
hemodynamic conditions in the induction room before skin 
incision in the following order: firstly the transthoracic api-
cal 4CH view (Fig.  1a) with TAPSE M-Mode curve was 
acquired (Fig. 1b). All of the transesophageal images were 
acquired subsequently starting with the ME 4CH view. 
An x-plane image of the left ventricle was acquired. Then 
the probe was adjusted to provide the best possible visu-
alization of the RV endocardial border; in this view a video 
loop of ME 4CH view (Fig. 1c) together with a still frame 
applying AM-mode for TAPSE were recorded (Fig.  1d). 
The probe was then advanced to the deep TG position to 
obtain the dTG RV inflow-outflow view at 0° (dTG RV 
at 0°) aligning the cursor with the direction of tricuspid 
annular motion. M-mode and AM-mode recordings of the 
tricuspid annular motion were obtained (Fig.  1e). Finally 
the image plane was rotated to obtain the dTG RV inflow-
outflow long axis view (dTG RV LAX) and still frames of 
M-mode and AM-mode of the tricuspid annular motion 
were obtained (Fig.  1f). For TAPSE measurements in 
M-mode, the cursor was aligned with the junction of the 
right ventricular free wall and tricuspid valve (white dashed 
line in Fig. 1); in anatomical M-mode the cursor was freely 
moved to achieve a parallel intercept angle with the direc-
tion of the tricuspid annular movement (green dashed line 
in Fig.  1). TAPSE was measured as the distance between 
the systolic and diastolic excursion of the tricuspid valve 
(blue arrow in Fig. 1b).

The acquisition of images required for the study was fol-
lowed by a comprehensive 2D and 3D TEE examination in 
all patients according to the current guidelines [5, 15] and 
following our routine standard protocol. All TTE and TEE 
data sets were digitally stored and transferred to a software 
workstation (Image Arena; TomTec Inc., Unterschleis-
sheim, Germany) for a later offline analysis.

Data analysis

The anesthesiologist who performed the examination car-
ried out the measurements using the software on the ultra-
sound machine.

Feasibility was assessed by the successful acquisition 
of 2D loops and images to permit the accomplishment 
of measurements. Images were considered adequate for 
the assessment of the right and left ventricular function 
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if endocardial borders could be visualized throughout the 
entire cardiac cycle. In case of M-mode and AM-mode the 
images were regarded as adequate when the curve of the 
lateral tricuspid annular motion was properly displayed 
over the entire cardiac cycle.

TAPSE in TTE and TEE was measured as the amount of 
the longitudinal movement of the annulus from end dias-
tole to peak systole using M-mode and AM-mode curves. 
In TEE it was additionally measured in 2D ME 4CH view 
as the difference between systolic and diastolic distances 
of the lateral tricuspid annulus to the right ventricular apex 
(blue arrow in Fig. 1c).

The interrogation angle (α-angle) of M-mode line in 
dTG RV views was measured offline in Image Arena to 
assess the significance of the possible error.

The reliability of the 7 TAPSE measurements was evalu-
ated by calculating intra- and inter-observer variability. In 
order to test the intra-observer reproducibility, all the meas-
urements were repeated offline a few weeks later by the 
same observer.

To assess inter-observer reliability a second observer 
who was not directly involved in the image acquisition and 
was unaware of the previous results, performed the meas-
urements offline on a subgroup of ten patients selected at 
random [18].

Fractional area change (calculated as (end-diastolic area 
− end-systolic area)/end-diastolic area × 100) in ME 4CH 
loops was used to assess RV function in TEE. Left ven-
tricular function was assessed using the biplane Simpson’s 
method in TEE x-plane 4CH loop.

Statistical analysis

Continuous variables are presented as mean and standard 
deviation (SD) or 95% confidence interval (CI 95%). Cat-
egorical variables are expressed as percentage.

To assess the correlation between TAPSE measurements 
obtained by TTE and TEE we used Pearson regression and 
Passing–Bablock [19] regression analysis that enabled us to 
identify the possible presence of a systematical bias despite 
a linear correlation.

Bland–Altman Analysis was used to assess the accuracy 
and precision of TAPSE measurements between TTE and 
TEE values in each patient. The accuracy or agreement of 
measurements, defined as the closeness of measurements to 
the gold standard value, is represented with the mean dif-
ference and its 95% CI. The precision of measurements is 
represented with the limits of agreement, defined as how 
close to each other are the repeated measures [20–24].

To determine the clinical relevance of the agreement and 
precision of our measurements for this study, we accepted 
the variability previously observed in referenced normal 
values [5, 6] and we decided that a variation of the mean 
difference of ±4% and limits of agreement of ±30% are 
acceptable and clinically irrelevant.

The intra-class coefficient correlation (ICC) was calcu-
lated to assess both intra- and inter-observer variability of 
the measurements. ICC values <0.2 indicates poor, 0.2–0.4 
fair, 0.41–0.6 moderate, 0.61–0.8 good and >0.81 very 
good agreement.

A p value <0.05 represents statistical significance.

Fig. 1  TTE and TEE views where TAPSE are measured



1388 Int J Cardiovasc Imaging (2017) 33:1385–1394

1 3

Statistical analysis, Passing–Bablok and Bland–Altman 
plots were performed by MedCalc Statistical Software ver-
sion 15.6.1 (MedCalc Software bvba, Ostend, Belgium; 
2015).

Results

Demographic

The study group comprised of 30 patients. Clinical charac-
teristics of the study population are shown in Table 1.

The cardiac operations included ten cases of mitral 
valve repair, one mitral valve replacement, ten aortic 
valve replacements, five aortic valve replacements com-
bined with ascending aortic replacement, two aortic valve 
replacements combined with coronary artery bypass graft-
ing (CABG), one isolated CABG, and one atrial septal 
defect closure.

TAPSE measurements

It was feasible in both TTE and TEE to obtain appropri-
ate echocardiographic images in all patients to perform the 
necessary measurements.

Mean values of TAPSE measurements in different views 
ranged between 15.92 and 18.97 mm. Details are shown in 
Table 2.

The TAPSE measurements showed a good correla-
tion with fractional area change (FAC) calculations: in 

24 patients with FAC ≥ 35% TAPSE was >17  mm (mean 
TAPSE value 21  mm); in 6 patients with a calculated 
FAC < 35% TAPSE was <17 mm (the mean TAPSE value 
was 11.5 in 4 out of 6 patients who had an FAC between 
30 and 35%; the mean TAPSE value was 10  mm in the 
remaining 2 patients with FAC < 30%).

Interrogation angle

The mean angle between M-mode line and the direction 
of tricuspid annular plane motion was 29.7° (± 7.2) in 
dTG RV at 0° view versus 33.4° (± 11.2) in dTG RV LAX 
view. In dTG RV at 0°, 60% of the patients showed an 
angle < 30°compared to 43% in dTG RV LAX.

Agreement in TAPSE measurements

The Pearson regression as well as the Passing–Bablok 
regression showed an excellent linear relationship between 
all the measurements (r = 0.93 for ME 4CH 2D, r = 0.94 for 
ME 4CH AM-mode, r = 0.92 for dTG RV at 0° M-mode, 
r = 0.97 for dTG RV at 0° AM-mode, r = 0.87 for dTG RV 
LAX M-mode and r = 0.95 for dTG RV LAX AM-mode). 
The Passing–Bablok scatter diagram additionally showed, 
an excellent agreement of the measurements using AM-
mode in dTG at 0° and ME 4CH views, and a systematic 
underestimation of the values for the other four measure-
ments (Figs. 2, 3).

Using TAPSE measured with M-mode in TTE as the 
standard reference, we found an average mean difference 
of −1.33  mm (95%CI −5.06–2.43). The results of the 
Bland–Altman analysis are shown in Table 3.

Figures  2 and 3 illustrate agreement of TAPSE 
between M-mode in TTE and different TEE measure-
ments presented as Bland–Altman plot (left) with the 
representation of the mean difference (blue solid line) 

Table 1  Clinical characteristics of the study population (n = 30)

Data are expressed as mean ± SD or as percentage
LVEF left ventricle ejection fraction RVFAC right ventricular frac-
tional area change, TAPSE tricuspid annular plane systolic excursion, 
SD standard deviation

Variable Value

Age (years) 61 ± 14
Gender (M/F) 70% / 30%
Weight (Kg) 85 ± 13
Height (cm) 178 ± 11
LVEF (%) 57 ± 15
 Normal (>52%) 73%
 Mildly reduced (41–52%) 13%
 Moderately reduced (30–40%) 7%
 Severely reduced (<30%) 7%

RVFAC (%) 39 ± 6
 Normal (>35%) 80%
 Moderately reduced (30–35%) 13%
 Severely reduced (<30%) 7%

TAPSE (mm) 24 ± 5

Table 2  Mean and standard deviation of the seven different TAPSE 
measurements

TAPSE tricuspid annular plane systolic excursion, TTE transtho-
racic echocardiography, TEE transesophageal echocardiography, Mm 
M-mode, 2D 2-dimensional echocardiography, ME 4CH midesopha-
geal four chamber view, AMm anatomical M-mode, dTG RV deep 
transgastric right ventricle, LAX long axis, SD standard deviation

TAPSE measurement Mean ± SD (mm)

TTE Mm 18.97 ± 5.2
TEE 2D in ME 4CH 17.50 ± 5.3
TEE AMm in ME 4CH 18.50 ± 5.1
TEE Mm in dTG RV at 0° 17.50 ± 5.3
TEE AMm in dTG RV at 0° 18.54 ± 5.4
TEE Mm in dTG RV LAX 15.92 ± 4.6
TEE AMm in dTG RV LAX 17.87 ± 5.2
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and 95% limits of agreement from − 1.96 to + 1.96  s 
(brown dashed lines) presented as units (mm), and Pass-
ing–Bablok regression analysis (right) with 95% CI.

The Bland–Altman analysis confirmed a high agree-
ment in TAPSE measurement using AM-mode in dTG 
RV at 0° and ME 4CH views showing no significant 
mean difference and a narrow 95% confidence interval 
(mean difference of −2.2, 95% CI −4.7 to 0.15% and 
mean difference of −2.5%, 95% CI −5.9 to 1.0% respec-
tively). The 95% limits of agreement (<20%) and its CI 
(<25%) were narrow in both views showing a high level 
of precision.

The significant systematic underestimation of TAPSE 
values measured by the other 4 methods in TEE com-
pared to TTE was confirmed by the Bland–Altman anal-
ysis. The agreement of measurements performed with 
2D in 4CH view, M-mode in dTG at 0° and AM-mode 
in dTG LAX ranged between −6 and −8% (−1.1 and 
−1.46  mm), and the agreement of measurements using 
M-mode in dTG RV LAX was −17% (>3 mm). The line 
of equality did not lie within 95%CI of the mean dif-
ference in any of the four analyses. Except for TAPSE 
measurement by M-mode in dTG RV LAX in which 95% 

limits of agreement was high (>40%), in the other three 
measurements it was ≤30% showing good precision.

The Bland–Altman analysis used in both dTG RV 
views regarding the angle of interrogation (α-angle) 
(Table 4), showed a good agreement and precision of the 
measurements using M-mode in the dTG RV at 0° if the 
angle of α was <30° (mean difference −2.5%) compared 
to the same view with an angle of α > 30°, that showed 
a significant underestimation (mean difference of −15%); 
however in the dTG RV LAX all the measurements 
showed significant underestimation irrespective of the α 
angle (mean difference of −10.3% by α < 30° and mean 
difference of −22.2%, by α > 30°).

Intra‑observer and inter‑observer variability

The intra-class coefficient correlation between the seven 
different TAPSE values showed a very good reproduc-
ibility for measurements, ranging from 0.86 to 0.94 for 
intra-observer and 0.86–0.95 for inter-observer variabil-
ity (Table 5).
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Discussion

The present study showed that TEE can be used to meas-
ure TAPSE with excellent agreement and precision com-
pared to TTE.

The level of agreement between TAPSE measurements 
in TEE compared to TTE was however dependent upon 
the specific view used.

The need for quantitative assessment of RV systolic 
function in the perioperative setting makes TAPSE a 
valuable tool for quick evaluation thereof [5, 6, 25–29]. 
Since it is not possible to measure TAPSE by M-mode 
in the ME 4CH view in TEE, alternative ways like 2D 
method and AM-mode in the ME 4CH view, and the use 

of M-mode or AM-mode in the modified deep transgas-
tric RV views have been proposed.

To the best of our knowledge there is no publication 
assessing the validity of different TAPSE measurements in 
TEE compared to standard TTE.

The measurements in our study using AM-mode in the 
ME 4CH view and dTG RV view at 0° showed the best 
agreement (<2.5%) and a good precision (<20%) which 
was consistent with our predetermined limits of variability 
(agreement <4% and precision <30%).

The AM-mode technology allows the interrogation of 
the tricuspid annular movement irrespective of the angle 
of interrogation. Unlike conventional M-mode, anatomical 
M-mode images are reconstructed from 2D images lead-
ing to the loss of characteristic high temporal resolution of 

Table 3  Agreement of 
TAPSE in TTE with the 6 
measurements in TEE

TAPSE tricuspid annular plane systolic excursion, TTE transthoracic echocardiography, TEE transesopha-
geal echocardiography, ME 4CH midesophageal four chamber view, 2D 2-dimensional echocardiography, 
Mm M-mode, AMm anatomical M-mode, dTG RV deep transgastric right ventricle view, LAX long axis, 
mean diff mean difference (bias), CI 95% 95% confidence interval, 95% LOA LB (95% CI of the LOA) 
Bland–Altman 95% Limits of agreement Lower Boundary (95% Confidence intervals of the limits of 
agreement), 95% LOA UB (95% CI of the LOA) Bland–Altman 95% Limits of agreement Upper Boundary 
(95% Confidence intervals of the limits of agreement)

TAPSE Mean diff
(95% CI)

p 95% LOA
(95% CI) LB

95% LOA
(95% CI) UB

ME 4CH 2D −1.46
(− 2.22 to − 0.72)

0.000 −5.41
(− 6.71 to − 4.11)

2.47
(1.17 to 3.77)

ME 4CH AMm −0.46
(− 1.12 to 0.19)

0.161 −3.95
(− 5.09 to − 2.80)

3.01
(1.87 to 4.16)

dTG RV at 0° Mm −1.47
(− 2.27 to − 0.65)

0.000 −5.73
(− 7.14 to − 4.33)

2.80
(1.39 to 4.20)

dTG RV at 0° AMm −0.42
(− 0.88 to 0.03)

0.068 −2.82
(− 3.61 to − 2.03)

1.98
(1.19 to 2.77)

dTG RV LAX Mm −3.04
(− 4.00 to − 2.08)

0.000 −8.09
(− 9.75 to − 6.43)

2.00
(0.34 to 3.66)

dTG RV LAX AMm −1.10
(− 1.74 to 0.45)

0.001 −4.47
(− 5.59 to − 3.36)

2.28
(1.17 to 3.39)

Table 4  Agreement of 
TAPSE in TTE with the two 
measurements in TEE in the 
dTG views with regard to the 
angle of interrogation

TAPSE tricuspid annular plane systolic excursion, TTE transthoracic echocardiography, TEE transesopha-
geal echocardiography; Mm M-mode, dTG RV deep transgastric right ventricle view, LAX long axis, mean 
diff, mean difference (bias), CI 95%, 95% confidence interval, 95% LOA LB (95% CI of the LOA), Bland–
Altman 95% Limits of agreement Lower Boundary (95% Confidence intervals of the limits of agreement), 
95% LOA UB (95% CI of the LOA) Bland–Altman 95% Limits of agreement Upper Boundary (95% Confi-
dence intervals of the limits of agreement)

TAPSE (mm) Mean diff
(95% CI)

p 95% LOA
(95% CI) LB

95% LOA
(95% CI) UB

dTG RV at 0° Mm < 30° −0.44
(− 1.13 to 0.24)

0.190 −3.14
(− 4.35 to − 1.96)

2.26
(1.07 to 3.46)

dTG RV at 0° Mm > 30° −3.00
(− 4.46 to − 1.54)

0.000 −7.48
(-1o.07 to − 4.93)

1.49
(− 1.07 to 4.07)

dTG RV LAX Mm < 30° -1.84
(− 3.12 to − 0.57)

0.008 -5.99
(− 8.24 to − 3.75)

2.23
(0.06 to 4.54)

dTG RV LAX Mm > 30° −3.96
(− 5.28 to − 2.64)

0.000 −8.99
(− 11.29 to − 6.69)

1.07
(− 1.23 to 3.38)
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M-mode [12]. However it did not lead to a wider disper-
sion of 95% CI of the mean difference of our measurements 
performed by AM-mode and neither the intra- nor inter-
observer variability were affected.

Despite the promising characteristics of AM-mode, 
there has not been widespread use of it in assessing TAPSE 
in TEE. We found only one study [30] that described its 
usefulness for estimating TAPSE in TEE. Different TAPSE 
measurement methods in TEE (M-mode, speckle tracking 
and tissue tracking) were compared to the stroke volume, 
however the authors did not compare these measurements 
with TTE.

Our measurements using 2D echocardiography showed 
a systematic underestimation of the agreement of measure-
ments (−8%) but the precision remained within our previ-
ously defined limit (<30%). Which means that 2D technol-
ogy on average estimated TAPSE values 1.5 mm lower than 
TTE, but with an acceptable variability.

The inherent lower frame rate and hence the lower tem-
poral resolution of 2D technology compared to M-mode 
confronts the observer with the challenge of the correct rec-
ognition of endocardial borders and accurate identification 
of the RV apex when using the 2D method. This may be 
the reason for the slightly higher intra- and inter-observer 
variability observed in our study compared to the M-mode 
measurements although it remained within very good 
agreement.

The 2D method has been described as an alternative 
method to measure TAPSE in TEE. Only a few studies uti-
lized this method in the assessment of TAPSE [31, 32] in 
correlation with outcome or to compare this measurement 
with the overall RV function. We could not find any valida-
tion of 2D measurement compared to the standard method 
in TTE. Yasir Qureshi et al. [33] recently demonstrated the 

usefulness of TAPSE measurement in TTE using 2D com-
pared to M-mode in children. They also found a systematic 
underestimation of 1 mm in 2D values, which is consistent 
with our results, indicating that it could be a good alterna-
tive when other assessment methods are not available.

In order to find a solution for the difficulty RV assess-
ment in TEE, new standard and non-standard RV views 
[15–17] have been introduced over the past few years with 
which TAPSE can be measured.

The use of the deep TG RV inflow-outflow view at 0° 
ensures good visualization of the tricuspid valve, tricuspid 
annulus and RV free wall motion. This view is obtained 
by making a small modification in the standard TG RV 
inflow–outflow view at 0°view, by advancing the probe 
until the RV free wall lies as parallel to the cursor as possi-
ble. In our study we could demonstrate that the use of AM-
mode should serve to further optimize the angle of inter-
rogation to obtain a precise and accurate measurement, as 
α-angle greater than 30° led to a significant underestimation 
of TAPSE. When the angle of interrogation was no greater 
than 30° the agreement of our measurements showed no 
differences to that of the standard TTE measurement.

The deep TG RV inflow-outflow view at 120–160° 
described by Kasper et  al. [16] allows good visualization 
of the right ventricular structures. David et al. [34] showed 
the feasibility of measuring tricuspid annular motion and 
velocity in this dTG RV LAX view with TEE but they did 
not compare the values with TTE. Nevertheless this view 
has some limitations: firstly we experienced more difficulty 
aligning the cursor to the free wall, secondly in compari-
son with the dTG RV inflow-outflow view at 0° and stand-
ard 4CH view a somewhat more posteriorly located part 
of the free wall is observed in this view. It is known that 
the amount of tricuspid annular motion in this region is 
not equal to the anterior part, which shows the greatest dis-
placement [35]. This is in concordance with our findings 
showing a systematic underestimation of measurements 
when using M-mode irrespective of the angle of interroga-
tion and even when using AM-mode technology in the dTG 
RV inflow-outflow view at 120–160°.

Limitation of the study

The quality of 2D images is not only essential for accu-
rate 2D measurements but also for measurements made by 
AM-mode. Frame rate together with an absence of artifact 
determine the degree of temporal and axial resolution of 
the acquired images, which directly influence the quality 
and reproducibility of the measurements, whereas M-mode 
inherently possesses an excellent temporal resolution 
thanks to its high frame rate.

Most of the patients in our study had right ventricles of 
normal size and function therefore we do not know if the 

Table 5  Intra-observer and inter-observer variability of the 7 differ-
ent TAPSE measurements

TAPSE tricuspid annular plane systolic excursion, TTE transtho-
racic echocardiography, TEE transesophageal echocardiography, Mm 
M-mode, ME 4CH midoesophageal four chamber view, 2D 2-dimen-
sional echocardiography, AMm anatomical M-mode, dTG RV deep 
transgastric right ventricle view, LAX long axis, ICC intra-class coef-
ficient correlation, CI 95% 95% confidence interval

TAPSE Intra-observer vari-
ation ICC (95%CI)

Inter-observer 
variation ICC 
(95%CI)

TTE Mm 0.93 (0.83–0.97) 0.92 (0.68–0.98)
TEE 2D in ME 4CH 0.86 (0.44–0.95) 0.87 (0.49–0.97)
TEE AMm in ME 4CH 0.93 (0.84–0.97) 0.86 (0.44–0.96)
TEE Mm in dTG RV at 0° 0.93 (0.85–0.97) 0.93 (0.70–0.98)
TEE AMm in dTG RV at 0° 0.94 (0.78–0.97) 0.95 (0.78–0.99)
TEE Mm in dTG RV LAX 0.93 (0.79–0.97) 0.94 (0.80–0.99)
TEE AMm in dTG RV LAX 0.94 (0.69–0.98) 0.91 (0.64–0.97)
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good agreement between the different methods remains 
true in severely compromised right ventricles.

Conclusion

This study demonstrates that the evaluation of RV func-
tion by means of TAPSE measurement in TEE can be per-
formed with an excellent level of agreement and precision 
compared to TTE.

The most accurate and precise measurements can be 
achieved with the use of anatomical M-mode either in the 
ME 4CH view or dTG RV view at 0°, as well as in the dTG 
RV view at 0° using M-mode assuming the interrogation 
angle does not exceed 30°. Therefore we do not recom-
mend the dTG RV LAX view to measure TAPSE.

However if AM-mode technology is not available, 
TAPSE measurements using 2D in the ME 4CH view can 
provide a reliable alternative taking the slight underestima-
tion of the values into account. The clinical importance of 
this slight underestimation should be further evaluated.
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