The International Journal of Cardiovascular Imaging (2018) 34:1017-1028
https://doi.org/10.1007/5s10554-018-1306-4

ORIGINAL PAPER

@ CrossMark

The feasibility of tricuspid annular plane systolic excursion performed
by transesophageal echocardiography throughout heart surgery
and its interchangeability with transthoracic echocardiography

A.Korshin'@ . L. Granlykke' - J. C. Nilsson' - H. Mgller-Sgrensen’ - N. Ihlemann? - M. Kjoller® - S. Damgaard? -
P.Lehnert® - C. Hassager? - J. Kjaergaard? - H. B. Ravn'

Received: 27 October 2017 / Accepted: 24 January 2018 / Published online: 30 January 2018
© Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract

Tricuspid annular plane systolic excursion (TAPSE) is a robust measure of RV function, but the performance of transesopha-
geal echocardiography (TEE) measured TAPSE during surgery is not well established. We aim to evaluate feasibility of
various TEE views before, during and after surgery. Furthermore, we compare performance of individual TEE measurements
depending on view and method (AMM- and M-mode as well as 2D) as well as TAPSE measured using TEE with transthoracic
echocardiography (TTE) TAPSE. The study was conducted from January 2015 through September 2016. In 47 patients with
normal left ventricular ejection fraction, TEE was prospectively performed during coronary artery bypass grafting surgery.
TAPSE and tricuspid annulus tissue Doppler imaging (TDI) were recorded in five different views at pre-specified time points
during surgery. Data were analyzed for availability (obtainable/readable images) and reliability (intra-/inter-observer bias
and precision). Finally, TEE TAPSE was compared to TTE TAPSE immediately before and after surgery. TAPSE and TDI
with TEE was achievable in >90% of patients in the transgastric view during surgery. The AM- and M-mode had the best
reliability and the best correlation with TAPSE measured with TTE. The deep transgastric view was achievable in less than
50% after sternotomy, and TAPSE measured from 2D had a poorer performance compared to the AM- and M-mode. TDI
demonstrated a high reliability throughout surgery. RV function can be evaluated by TAPSE and TDI using TEE during
surgery. TEE values from the transgastric view demonstrated high performance throughout surgery and a good agreement
with TTE TAPSE measurements.

Keywords Echocardiography - Tricuspid annular plane systolic excursion - Transesophageal - Echocardiography - Cardiac
surgery - Right ventricular failure - Sternotomy - Perioperative

Introduction

Right ventricular (RV) failure during heart surgery carries a
poor prognosis and the condition continues to be a challenge
to identify and quantify early, before it becomes clinically
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important [1]. Tricuspid annular plane systolic excursion
(TAPSE) has, since its description in 1984, been a corner-
stone in the evaluation of RV function [2, 3]. TAPSE has
mainly been assessed by transthoracic echocardiography
(TTE), because of its robustness, both in terms of feasibility
and reproducibility [4-8]. In contrast, per-operative echocar-
diography performed by transesophageal echocardiography
(TEE), including TAPSE measurements in the assessment of
RV function is not well established yet. It has recently been
shown that M-mode TEE TAPSE in the 4-chamber view
does not correlate with TTE TAPSE due to angle misalign-
ment, but that off-line software automated tracing of TAPSE
in the 4-chamber view can partly compensate for this [9].
However, during surgery, it would be preferable not to rely
on off-line analysis. Morita et al. [10] used manual tracing
of TAPSE in the same TEE 4-chamber view and found good
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correlation with RV-FAC during heart surgery. However,
they did not evaluate reliability of the method nor agreement
with TTE TAPSE [10]. Another approach is the anatomic M
(AM)-mode with TEE [12]. It can potentially reduce angle
errors inherent in M-mode imaging by optimizing the cur-
sor vector within the 2D image plane. The AM-mode for
TAPSE by TEE was recently evaluated by Flo et al., and
they found good agreement with TAPSE measured by TTE,
immediately after induction of anesthesia [11]. However,
the authors did not evaluate the feasibility of TEE TAPSE
throughout surgery. The latter is important as chest open-
ing, air in the mediastinum and post bypass hemodynamics
might alter conditions for feasibility. Thus, to purposefully
use TEE TAPSE for early detection of changes in RV func-
tion during heart surgery, its feasibility and the optimal way
of measurement throughout surgery needs to be determined.
Until now no systematic evaluation of systematic evaluation
of TEE TAPSE feasibility and repoducibility exists. Before
evaluating the performance of TAPSE measured by TEE in
the failing RV, we found it necessary first to describe the
performance of multiple ways of measuring TEE TAPSE
in RVs without failure. Consequently we evaluated TEE
TAPSE in a homogenous patient population with a low risk
of RV impairment during cardiac surgery.

The primary aim of the study was thus to evaluate five
different TEE TAPSE views at pre-specified time points dur-
ing surgery, applying the AM-mode and M-mode as well as
tracing the 4-chamber view to determine each individual
approach’s feasibility (availability and intra-/inter-observer
reliability) and their agreement with TTE TAPSE before and
after surgery. In addition, we measured another marker of
RV function namely tissue Doppler velocities (TDI) of the
tricuspid annulus and evaluated the performance in terms
of intra- and inter-observer reliability throughout surgery.

Methods
Design

The study was a single-center prospective observational
study. The Danish Capital Region Regional Ethics Commit-
tee waived the need for informed consent because participa-
tion in the study was considered non-jurisdictional since the
study qualified as quality assurance (protocol# H-4-2014-
FSP). All data handling was performed in accordance with
Danish law and was approved by the Danish Data Protection
Agency (journal # 2012-58-0004 RH-2017-78, I-Suite #:
05350) and the Danish Patient Safety Authority.
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Patients

Patients were included from January 2015 through Septem-
ber 2016. In order to have a standardized patient population;
all patients underwent surgery by the same head surgeon
or two of that surgeon’s junior faculty. Patients admitted to
the same head surgeon and anesthesiologist were included
if they met the following criteria: above 18 years of age;
elective CABG procedure; left ventricular ejection fraction
of more than 50%; no more than mild heart valve pathol-
ogy on preoperative TTE and placement of a TEE probe.
Patients with non-sinus rhythm on electrocardiogram
(ECG) recognized preoperatively or in the operating room
were excluded. Moreover, patients were excluded if they
had evidence of pulmonary hypertension (pulmonary artery
pressure estimated above 25 mmHg systolic), heart malfor-
mations or shunts on cardiac catheterization or TTE. All
treatment decisions were left to the discretion of the treat-
ing anesthesiologist and heart surgeon. TEE exams had not
been performed in any of the patients’ prior to enrollment
in the study.

Procedure

Patients underwent general anesthesia and had TTE TAPSE
measurements performed after induction of anesthesia and
endotracheal intubation had been performed. The TEE probe
was placed after completion of TTE measurements. TEE
measurements were performed at pre-specified time points:
before skin incision, after sternotomy, after pericardiotomy,
following cardiopulmonary bypass, and after sternal closure.
Immediately following removal of the TEE probe another
TTE acquisition was made, while the patient was still on the
operating table. The maximum time allotted between TTE
and corresponding first and last TEE acquisition was less
than 10 min during which the patient was hemodynamically
stable and without any change in fluid balance. Brief inter-
ruptions of surgery were allowed to accommodate image
acquisition.

Echocardiography

An experienced cardiac anesthesiologist (AK), with exten-
sive echocardiographic experience and certified diploma
with the National Board of Echocardiography, acquired all
images.

Images were recorded twice approximately 5 min apart
over five consecutive synchronized cardiac cycles utilizing
either a Philips IE33 (Philips Healthcare, Inc., Andover,
MA); (35 patients) or a Philips EPIQ7C ultrasound machine
(Philips Healthcare, Inc., Andover, MA); (15 patients). The
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EPIQ7C machine can apply AM-mode as opposed to the
Philips IE33. For TTE imaging a S5-1 probe was used and
for TEE imaging a X7-2 probe was used. Imaging data were
stored centrally for off line analysis.

TTE TAPSE was imaged using the traditional method
with M-mode of the lateral tricuspid annulus in the api-
cal 4-chamber view. The following 5 TEE views were
acquired: (1) Lateral tricuspid annulus manual base to
apex distance change tracking from end-diastole to end-
systole in the mid-esophageal 4-CHamber view (0—10°)
(4CH-TAPSE), (2) M-Mode of the lateral tricuspid annulus
in the TransGastric RV-inflow view (100-130°) modified
for optimal cursor angle positioning for maximal excur-
sion (MMTG-TAPSE). (3) The same view with AM-mode
applied (patients imaged with EPIQ7c¢) for additional angle
optimization by re-orienting the cursor vector (AMMTG-
TAPSE—see Fig. 1), (4) M-Mode of the lateral tricuspid
annulus in the Deep TransGastric view (0-10°) (MMDTG-
TAPSE) and finally (5) in the same view AM-mode was
applied (patients imaged with EPIQ7C) for additionally
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angle optimization (AMMDTG-TAPSE). Care was taken
to use the same omniplane angle in one set of views as in
the other set of views.

In addition, TDI of the lateral tricuspid annulus were
acquired. The TDI of the tricuspid annulus was acquired in
the mid-esophageal 4-CHamber view (0—10°) (4CH-TDI),
the transgastric RV-inflow view (100-130°) modified for
optimal cursor angle for maximal velocity (TG-TDI) as well
as the Deep TransGastric view (0-10°) (DTG-TDI).

All images were analyzed using Philips Intellispace Car-
diovascular Imaging software as the average of all readable
images over all recorded cardiac cycles, because apneic
measurements were not performed. Obtainability was
defined as the acquisition of an image deemed readable
during the exam. Readable images were defined as com-
plete delineation of the endocardial border of the RV and
tricuspid annulus in B-mode; completely traceable lines in
M- and AM-mode; and completely traceable envelopes of
PW and TD velocities. Readability was not evaluated until
off-line.
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Fig. 1 TAPSE measured by M-mode with TEE in the trans-gastric modified RV-inflow view. a Normal M-mode. b Anatomic M-mode correc-

tion, showing corrected TAPSE from 20 to 26 mm by angle adjustment
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For intra-observer precision 10 randomly selected patients
had a second reading done by the primary reader separated
by a minimum timespan of 3 month. Data were analyzed in
a blinded manner. For assessment of inter-observer preci-
sion, a second echocardiographic reader (LG), analyzed the
same 10 patients, in a blinded manner. The study was part
of a larger data analysis of the peri-operative use of TEE for
assessment of RV function.

Statistics

Continuous variables were calculated as the mean and 95%
confidence interval or standard deviation. Categorical vari-
ables are presented as absolute numbers and percentages.
The observer variation of TAPSE readings was assessed by
the interclass-correlation coefficient (Pearson).

Bland and Altman (BA) analysis with plot construction
and calculation of the mean of the difference (bias) as
well as limits of agreement (LOA) [12] was used in the
comparison of inter- and intra-observer precision. The

because of newly developed atrial fibrillation in the operat-
ing room, one due to an aortic stenosis on TEE diagnosed
in the operating room, and one patient because both TEE
and TTE image quality were unacceptably low, leaving
44 patients for evaluation. Patients were low risk CABG
patients as demonstrated by patient characteristics in
Table 1.

Availability

The percentage of obtainable and readable images with
various echocardiographic approaches is shown in Table 2.
Availability of TTE TAPSE was high both before and after
surgery. TAPSE measured with TEE was readily available in
all mid-esophageal and transgastric views, both before and
throughout surgery in 2D, M-mode and AM-mode. In deep

Table 1 Patient demographics and characteristics

. . N/mean Percent/(range)
percentage error of intra- and inter-observer agreement
was calculated as the coefficient of variation. To deter- Age 68.8 years  (47-84 years)
mine the best agreement of the TTE TAPSE with the dif-  Female 9 18%
ferent TEE projections, BA analysis was also used with ~ Body mass index (BMI, kg/m?) 27.4 18.9-39.4
error- as well as the correlation-coefficient calculation. Creatinine (umol/l) 92 (50-198)
Analyses were performed using SPSS, version 23.0 for  Ejection fraction 0.55 (45-60)
Mac OS (SPSS, Inc. Chicago, IL, USA) and Prism version Non-coronary heart pathology 3 (mild 6%
5.0 for Mac OS X. aortic ste-
nosis)
Diabetes 14 28%
H i 4
Results ypert.en.smn. 37 74%
Hyperlipidemia 42 84%
Patients Chro.nic obstructive pulmonary disease 7 14%
Previous stroke 7 14%
. . . . Previ ial infarcti 1 2
Forty-seven patients were included in the study. Patient fevmus myocarfha nfaretion 6 32%
. . . . Right coronary disease 36 72%
flow is shown in Fig. 2. Three patients were excluded: one
fr'lglj de\;v?:iﬂ;“:tig the patients 47 Patients with Normal Heart Function Undergoring | ______ | 3 patients -i
Y Echocardiography during Elective CABG excluded |

29 w. IE33
TAPSE (TTE +3 TEE TAPSE methods + 4RV

15 w. EPIQ7
TAPSE (TTE +5 TEE TAPSE methods + 4

contractile indices)
H H
H H

RV contractile indices)
H H
1 1

10 Random 10 Random Patients |
Patients (only AM-Mode) E

v
i h
' H '
: H '

H '
! : L

* "
i .
. .
H H

Reliability
(5 time-point during surgery -
50 Datasets)

Obtainability and Readability (5 time-point during sugery - 220 Datasets)
Interchangeability (TTE to TEE Pre/Post surgery - 88 Datasets, 30 w. AM-Mode)
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Table 2 Availability (obtainable and readable images) of different echocardiographic measurements

Before skin incision

After sternotomy

After pericardiotomy After completion  After chest closure

TTE TAPSE 95% (42/44) -
4CH-TAPSE 100% (44/44) 98% (43/44)
MMTG-TAPSE 95% (42/44) 95% (42/44)
AMMTG-TAPSE 100% (15/15) 93% (14/15)
MMDTG-TAPSE 52% (23/44) 36% (16/44)
AMMDTG-TAPSE 53% (8/15) 47% (7115)
4CH-TDI 93% (41/44) 89% (39/44)
TG-TDI 93% (41/44) 93% (41/44)
DTG-TDI 52% (23/44) 41% (18/44)

of CPB

- - 98% (43/44)
98% (43/44) 98% (43/44) 95% (42/44)
98% (43/44) 98% (43/44) 95% (42/44)
100% (15/15) 93% (14/15) 100% (15/15)
34% (15/44) 36% (16/44) 48% (21/44)
47% (1/15) 47% (7/115) 47% (1115)
91% (40/44) 95% (42/44) 86% (38/44)
95% (42/44) 93% (41/44) 95% (42/44)
41% (18/44) 32% (14/44) 32% (14/44)

TTE TAPSE: transthoracic TAPSE

4CH-TAPSE: lateral tricuspid annulus manual base to apex distance change tracking from end-diastole to end-systole in the mid-esophageal

view

MMTG-TAPSE: M-mode of the lateral tricuspid annulus in the transgastric RV-inflow view (100-130°) modified for optimal cursor angle posi-

tioning for maximal excursion

AMMTG-TAPSE: AM-mode of the lateral tricuspid annulus in the transgastric RV-inflow view (100-130°) modified for optimal cursor angle

positioning for maximal excursion

MMDTG-TAPSE: M-mode of the lateral tricuspid annulus in the deep transgastric view (0—10°) optimized for maximal excursion

AMMDTG-TAPSE: AM-mode of the lateral tricuspid annulus in the deep transgastric view (0—10°) optimized for maximal excursion

PAVTI: pulmonary artery velocity time integral in the mid-esophageal ascending aortic short axis view

4CH-TDI: pulse wave Doppler velocity of the lateral tricuspid annulus with tissue Doppler color applied in the mid-esophageal 4-chamber view

(0-10°)

TG-TDI: pulse wave Doppler velocity of the lateral tricuspid annulus with tissue Doppler color applied in the transgastric RV-inflow view (100—

130°)

DTG-TDI: pulse wave Doppler velocity of the lateral tricuspid annulus with tissue Doppler color applied in the deep transgastric view (0—10°)

transgastric views, the availability of TAPSE measurements
by TEE was below 50% during surgery, and was only achiev-
able at the end of surgery in less than one-third of patients
when applying TDI-mode.

Reliability

The intra- and inter-observer correlation and precision of
the various TAPSE views are shown in Table 3 and with
BA plots in Fig. 3. The bias was low (between 0.1 and
0.9 mm), and the percentage error good (9.1-12.5%) for all
M- and AM-mode TAPSE measurements, irrespective of
view, and comparable reliability as TTE assessed TAPSE.
In contrast, the distance tracking of TAPSE in 2D had an
unacceptable high bias (0.4-2.3 mm) and a low precision
(>20%). TDI assessment was reliable in TG and DTG
views, but not in the 4CH view.

Interchangeability
Agreement and correlation between TTE TAPSE and TEE

TAPSE in various projections are shown in Table 4 with
BA plots in Fig. 4. All projections showed moderate to

strong correlation to TTE TAPSE, apart from the MMTG
view, where the bias was >3 mm and a CV% > 25%. The
AM M-mode TAPSE both in the transgastric and deep
transgastric view had the best correlation (>95%) with
TTE TAPSE.

Discussion

Right ventricular function remains a challenge to evaluate
and quantify, especially during cardiac surgery. The utility of
TAPSE measured by TEE is increasingly being recognized
and could prove a valuable tool in RV assessment in settings
where TTE is not feasible. The first step in this process is
to find an accessible and reproducible TEE TAPSE meas-
ure. The main findings in the present study were: TAPSE
can easily be measured by TEE, especially in transgastric
views during the entire surgical procedure; Assessment of
TAPSE demonstrated a high intra- and inter-observer reli-
ability for all AM and M-mode methods; The AM-mode in
the modified RV-inflow view was the single projection hav-
ing the best agreement and precision compared to measure-
ment of TAPSE using standard TTE; At the same time, the
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Table 3 Measurement observer
reliability

Mean (CI) Range R Bias (LOA) Percentage
error (%)

TTE-TAPSE

Inter-observer 153 (13.0-17.5) mm  2.2-28.2 mm 097 0.7 (—4to2) mm 10.4

Intra-observer 157 (13.2-18.1) mm  2.5-28.8 mm 098 0.0 (—3to3) mm 9.5
AMMTG-TAPSE

Inter-observer 154 (13.6-17.3) mm  5.5-26.0 mm 097 0.1 (-3to3)mm 9.9

Intra-observer 159 (14.0-17.8) mm  5.0-25.8 mm 0.95 0.9 (—4 to 3) mm 11.7
AMMDGT-TAPSE

Inter-observer 17.6 (14.9-20.1) mm  8.0-26.7 mm 096 0.5(—4to3)mm 9.1

Intra-observer 17.3 (14.7-20.0) mm  8.0-26.0 mm 094 0.5(-5t0o4) mm 12.5
MMTG-TAPSE

Inter-observer 14.6 (13.6-15.6) mm  4.9-26.3 mm 0.93 0.5 (—4 to 3) mm 12.0

Intra-observer 14.6 (13.6-15.7) mm  5.0-25.6 mm 094 0.4 (4-3) mm 11.2
MMDTG-TAPSE

Inter-observer 17.6 (16.3-19.4) mm  3.7-29.2 mm 098 0.0 (—3to3)mm 8.5

Intra-observer 18.1 (16.2-20.0) mm  3.7-29.0 mm 097 0.9 (—4to2) mm 9.2
4CH-TAPSE

Inter-observer 16.6 (15.6-17.6) mm  5.7-29.5 mm 054 23(—11to7)mm 27.6

Intra-observer 17.5 (16.4-18.5) mm  7.7-29.5 mm 0.70 0.4 (—8to7) mm 22.1
TG-TDI

Inter-observer 8.0 (7.7-8.4) cm/s 2.8-12.2 cm/s 090 09(—1to2)cm/s 11.1

Intra-observer 8.5 (8.1-8.9) cm/s 3.5-13.0 cm/s 090 0.04(—1to1)cm/s 8.2
DTG-TDI

Inter-observer 8.8 (8.1-9.4) cm/s 3.0-18.6 cm/s 0.93 0.9 (—4 to 3) cm/s 11.4

Intra-observer 9.2 (8.5-10.0) cm/s 4.4-18.7 cm/s 0.93 0.1 (=3to3)cm/s 7.9
4CH-TDI

Inter-observer 7.0 (6.6-7.4) cm/s 2.0-11.6 cm/s 082 0.7(=2to3)cm/s 17.6

Intra-observer 7.9 (7.4-8.3) cm/s 2.6.-13.4cm/s  0.81 0.1 (—3t02)cm/s 16.6

AMMTG-TAPSE: AM-mode of the lateral tricuspid annulus in the transgastric RV-inflow view (100-130°)
modified for optimal cursor angle positioning for AMMDTG-TAPSE: AM-Mode of the lateral tricuspid
annulus in the deep transgastric view (0—10°) optimized for maximal excursion maximal excursion
MMTG-TAPSE: M-mode of the lateral tricuspid annulus in the transgastric RV-inflow view (100-130°)
modified for optimal cursor angle positioning for maximal excursion

MMDTG-TAPSE: M-mode of the lateral tricuspid annulus in the deep transgastric view (0—10°) optimized
for maximal excursion

4CH-TAPSE: lateral tricuspid annulus manual base to apex distance change tracking from end-diastole to
end-systole in the mid-esophageal view

TTE TAPSE: transthoracic TAPSE

TG-TDI: pulse wave Doppler velocity of the lateral tricuspid annulus with tissue Doppler color applied in
the transgastric RV-inflow view (100-130°)

DTG-TDI: pulse wave Doppler velocity of the lateral tricuspid annulus with tissue Doppler color applied in
the deep transgastric view (0-10°)

4CH-TDI: pulse wave Doppler velocity of the lateral tricuspid annulus with tissue Doppler color applied in
the mid-esophageal 4-chamber view (0-10°)

transgastric projection had easily available images through-
out surgery.

This study is to our knowledge the first to systemati-
cally evaluate the performance of a wide array of ways
to measure TEE TAPSE throughout surgery. Comparison
of TAPSE measured by TTE and TEE has recently been

@ Springer

published in outpatients scheduled for TEE by Skinner
et al. [13] and in elective cardiac surgery patients after
induction of anesthesia in studies by Flo et al. [11] as well
as by Markin et al. [9]. Moderate to high agreement was
observed between TAPSE measured by TEE and TTE
in these patient populations [9, 11, 13]. Neither of these
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Fig. 3 Feasibility (obtain- TTE TAPSE
able and readable images) of 1
echocardiographic views during 5 I
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studies evaluated TAPSE during surgery, which justifies
the present study evaluating the feasibility of TAPSE meas-
urement throughout surgery. The methods used to measure
TEE TAPSE in the studies by Markin et al. [9] and Skin-
ner et al. require post processing of the acquired image
to obtain a TAPSE value and we elected to only evaluate
measures that are rapidly available to the clinicians like the
AM-mode used by Flo et al. [11]. We found a high agree-
ment and a good precision between TAPSE measured by
TTE and the AM-mode of deep transgastric view. However,
although this view had a high performance, it lacked avail-
ability throughout surgery, since this view could only be

-
o

N
o
w
o
N
o

obtained in less than half of the patients, while the chest
was open. This clearly disqualifies the use of the deep
transgastric approach, since the view applied for the base-
line measurement must be accessible throughout surgery
to track changes in TAPSE.

In our experience, the lack of availability using the deep
transgastric view is probably due to misalignment issues.
During ongoing surgery, a more anterior position of the
tricuspid annulus as well as air artifacts after sternotomy
are more prominent in this view compared to the modified
transgastric RV-inflow view.
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Table4 TEE- to TTE TAPSE method agreement

Bias (LOA) R CV%
AMMTG-TAPSE —0.3 (2-3) mm 0.96 7.8
AMMDGT-TAPSE —0.6 (3-4) mm 0.96 10.1
MMDTG-TAPSE —1.2 (6-8) mm 0.87 22.4
4CH-TAPSE 0.0 (8-9) mm 0.76 26.6
MMTG-TAPSE —-32(5-11) mm 0.69 29.6

AMMTG-TAPSE: AM-mode of the lateral tricuspid annulus in the
transgastric RV-inflow view (100-130°) modified for optimal cursor
angle positioning for AMMDTG-TAPSE: AM-mode of the lateral
tricuspid annulus in the deep transgastric view (0-10°) optimized for
maximal excursion maximal excursion

MMDTG-TAPSE: M-mode of the lateral tricuspid annulus in the
deep transgastric view (0-10°) optimized for maximal excursion

4CH-TAPSE: lateral tricuspid annulus manual base to apex distance
change tracking from end-diastole to end-systole in the mid-esopha-
geal view

MMTG-TAPSE: M-Mode of the lateral tricuspid annulus in the
transgastric RV-inflow view (100-130°) modified for optimal cursor
angle positioning for maximal excursion

The four measures of TEE TAPSE based on M-mode
and AM-mode had comparable intra-observer and inter-
observer reliability with M-mode based measurement of
TTE TAPSE in the present study, which has also been
found in previous studies [14—17]. All AM-modes meas-
ures’ agreement with TEE-TAPSE had low biases between
—0.1 and 0.6 mm and precision error values below 10.1%.
In contrast, conventional M-mode readings of TAPSE did
not agree well with TTE TAPSE with biases up to —3.2%
and precisions errors up to 29.6%. The most obvious reason
for the difference between M-and AM-mode is the ability
of the AM-mode to actually compensate for angle errors
(see Fig. 1). To our knowledge very few studies have used
AM-mode in echocardiographic evaluation, although its
utility in TAPSE measurement by TEE could prove valu-
able as suggested by the present study and recent observa-
tions published by Forner et al. [11].

The tracing method in 4-chamber 2D (4CH-TAPSE)
is often encouraged as a reliable way to circumvent the
angle error inherent for TAPSE measured by TEE [10, 11,
18]. Measurement with 2D imaging (4 CH TAPSE) had an
intra-observer and inter-observer limits of agreement of — 8
to 7 mm and — 11 to 7 mm, respectively. The precision was
between 22 and 27%. Although, this is below the 30% mar-
gin often advocated as a cut-off for acceptable inter-method
agreement for physiological variables [11, 19], it should
be used judiciously. The inherent difficulty in accurately
defining the apex of the heart with TEE is probably the
explanation for the impaired performance. In this respect,
Markin et al. [9] used automated tracing instead, which led
to a higher reliability with an observer R of 0.71. However,
the authors did not provide observer reliability by means
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of a Bland- Altman analysis. We found a comparable R of
0.70 with manual tracing of TAPSE, but at the same time
an unacceptable high bias with LOA ranging from-8 to7
mm, which demonstrates that the method carries a higher
uncertainty, despite a good correlation.

Assessment of tissue Doppler of the lateral tricuspid annu-
lus has been advocated as an alternative to TAPSE when
assessing RV longitudinal function [20]. Previous studies with
TTE have estimated correlation coefficients of 0.75 to 0.93
for inter- and intra-observer precision using this approach [15,
21]. In the setting of TEE assessment of RV function, both
4-chamber [22] and transgastric views have been applied [23].
Accordingly, we observed similar intra- and inter-observer
correlations for TEE tissue Doppler measurements, with the
best performance of the deep transgastric TDI. Not surpris-
ingly, but in accordance with the TEE TAPSE assessment,
this approach was seldom available during surgery, where
only one-third of the patients had accessible measurements
after the sternum had been opened. Favorably, the transgastric
view was almost always accessible (>90%) in the patients
during the entire surgical procedure. Moreover, a good intra-
and inter-observer reliability in the transgastric view was
observed, when paying careful attention to an ambiguous S’
(Fig. 5). The ambiguity issue was overcome by a pre-assess-
ment consensus on how to read the largest deflection of the S’,
by which the method’s performance improved markedly. This
ambiguous S’ wave has also been reported by David et al. [23]
who studied tissue Doppler velocities in the transgastric RV-
inflow view before and after, but not during CABG surgery.
The 4-chamber tissue Doppler view showed a poor observer
reliability and its use should be discouraged, as already sug-
gested by David et al. [23]. In our experience, turning the TEE
probe to the right side causes an almost perpendicular cursor
vector alignment, making readings indistinguishable from PW
Doppler blood flow signals arising from the inferior caval
vein, which has a similar appearance as the PW TDI signals
from the tricuspid annulus [24].

The limitation of this study is that it was done in a single
center and although image interpretation was done by sev-
eral readers, the image acquisition was obtained by a single
echocardiographer. Acquisition by several operators would
have provided insight into the variability in image acquisi-
tion, but could not be carried out due to time constraints
set by the surgery. Another limitation is the fact, that the
majority of patients in the present study had right side heart
chambers of normal size and function. Because of this, we
do not know if observations and method interchangeabil-
ity can be generalized to patients with right heart failure.
However, the size of TAPSE varied between 2 and 30 mm
in the present study, indicating a certain robustness of the
observations.

A decline in TAPSE following surgery has been described
previously [25-29], a phenomenon we also observed. The
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Fig.4 Bland and Altman plots of intra- and inter-observer reliability of the different echocardiographic measurements

present CABG population was patients with preserved left
ventricular function and without clinical signs of right sided
heart failure after the surgical procedure. We believe it is a
strength of the study that the methodology behind TAPSE
assessment is described during “normal” changes after a
CABG procedure, before we start to evaluate the perfor-
mance of the method in a population with RV failure follow-
ing cardiac surgery (Fig. 6).

Conclusion
This study demonstrates that RV function can be evaluated

by means of TAPSE measured by TEE and the method
has good agreement and precision with TTE assessed

TAPSE. However, the availability during surgery is highly
variable and dependent on the choice of view. Among the
views with a high availability, throughout the entire surgi-
cal procedure, was the transgastric view. The AM-mode
demonstrated good correlation with TAPSE measured
by TTE and had low intra- and inter-observer variability.
We do not recommend routine use of the 2D 4-chamber
view with distance tracking of TAPSE, which showed
poor observer agreement and a low correlation with TTE
assessed TAPSE. An alternative approach to evaluate RV
systolic function may be by tissue Doppler measurements.
In this respect, the transgastric TDI had the best perfor-
mance with a low bias and a good precision.
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