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Abstract Newest 3D software allows measurements
directly in the en-face-3D TEE mode. Aim of the study
was to ascertain whether measurements performed in the
en-face-3D TEE mode are comparable with conventional
measurement methods based on 2D TEE and 3D using the
multiple plane reconstruction mode with the Qlab® soft-
ware. En-face-3D TEE is used more frequently in daily
clinical routine during cardiac operations. So far measure-
ments could only be done based on 2D images or with the
use of multi planar reconstruction mode with additional
software. Measurement directly in the 3D image (en-
face-3D TEE) would make measurements faster and eas-
ier to use in clinical practice. After approval by the local
ethic committee and written informed consent from the
patients additionally to a comprehensive perioperative 2D
TEE examination a real time (RT) 3D zoom- dataset was
recorded. Routine measurements of the length of anterior
and posterior mitral valve leaflets as well as mitral valve
and aortic valve areas were performed in en-face-3D TEE,
multiplanar reconstruction mode using Qlab®-software
(Philips, Netherlands) and 2D TEE standard views. Twenty
nine patients with a mean age of 67 years undergoing elec-
tive cardiac surgery/interventions were enrolled in this
study. Direct measurements in en-face-3D TEE mode lead
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to non significant underestimation of all parameters as
compared to Qlab® and 2D TEE measurements. Measure-
ments in en-face-3D TEE are feasible but lead to non sig-
nificant underestimation compared to measurements per-
formed with Qlab® or in 2D TEE views.
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Abbreviations
CV Chamber view

TEE  Transesophageal echocardiography
2D Two dimensional
3D Three dimensional

RT Real time
AV Aortic valve
MV Mitral valve

AML Anterior mitral leaflet
PML Posterior mitral leaflet
AVA  Aortic valve area
MVA Mitral valve area

pts Patients

Introduction

Since the introduction of real time 3D transesophageal
echocardiography (RT 3D TEE) its intraoperative use
has increased. It makes communication with colleagues
easier [1] and creates unique images that are helpful in a
variety of clinical scenarios [2]. Measurements of dis-
tances, areas and volumes based on real time (RT) 3D
datasets have been proven to be more accurate compared
to measurements based on two dimensional datasets [3-6].
Several studies showed the usefulness of RT 3D TEE for
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guiding mitral valve pathology, procedures and intraopera-
tive assessment of cardiac disease [2, 7, 8]. But all these
measurements could only be done with the help of specific
software (Qlab®, Philips, Netherland) and using the mul-
tiplane reconstruction (MPR) mode that allows display-
ing 2-3 cross- sectional views (coronal, sagittal and trans-
verse) simultaneously. With Q-lab® software true long and
cross-sectional views can be created simultaneously which
accounts for the superior accuracy of measurements com-
pared to 2D [9]. Till now the estimation of dimensions and
valve areas in RT 3D could only be done using the overlay
of a grid with dots of 5 mm equidistant from each other (see
Fig. 1). The latest software with RT 3D display, permits
direct measurements within the RT 3D dataset, en-face-3D
TEE measurements, without the need to export the dataset
into special software for offline-analysis (i.e. Qlab®). The
drawbacks of en-face-3D TEE measurements in RT 3D
datasets, is that they are displayed on a 2D screen. This can
cause underestimation of the measurement of distances and
valve areas, depending on the alignment of the structure.

To the best of our knowledge no studies have been per-
formed comparing these specific en-face-3D TEE measure-
ments from RT 3D dataset with the standard method (i.e.
2D TEE or using MPR mode in Qlab® software) in routine
clinical setting.

The aim of our study was to compare the measurement
of mitral valve dimensions, mitral and aortic valve areas,
using en-face-3D TEE, MPR mode and 2D images.

Method

After approval by the local ethics committee and written
informed consent was received, 29 patients undergoing
elective cardiac surgery and interventional cardiac proce-
dures were enrolled in this study. All echocardiography
data were anonymised and no patient could be identified
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Fig. 1 Grid for estimation of distances in 3D
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by using the data. The research echocardiography data
is stored for 7 years in our institutional data bank. After
induction of anaesthesia, intubation and establishing rou-
tine monitoring, a comprehensive 2D TEE examination
was performed in all patients using an X7-2t transducer
(iE 33, Philips Amsterdam, The Netherlands) [10]. Addi-
tionally a 3D wide sector zoom- dataset of the midesoph-
ageal mitral commissural view was recorded for measure-
ments of the mitral valve dimensions and area. During
acquisition the focus was on getting the mitral valve as
horizontal as possible to avoid errors in measurements
due to an oblique display (see Fig. 2a—d). Aortic valve
was acquired similarly using the midesophageal long
axis view of the aortic valve as the basic 2D view (see
Fig. 3). En-face-3D TEE measurements based on RT 3D
datasets were done immediately, measurements based
on MPR mode with Qlab® software and measurements
performed based on the 2D images were done offline at
1-week intervals to avoid bias. The same echocardiog-
rapher (S.E.) performed all measurements following the
recommendations for reporting perioperative transesoph-
ageal echo studies [11]. For the mitral valve the length
of the anterior and posterior mitral leaflet, the intercom-
missural and anterior-posterior distances was measured.
Additionally the mitral valve area was determined in mid-
diastole and the aortic valve area in mid-systole using
planimetry. To obtain en-face-3D TEE measurements of
the mitral valve, the RT 3D wide sector zoom mode data-
set was rotated 90° counter clockwise around the x-axis
and then 90° in plane to acquire the surgical view of the
mitral valve with the aortic valve at the top of the image
(Figs. 2a, b, 3a, 4a).

The measurements using Qlab® software (Philips, The
Netherlands) and measurements using 2D images were per-
formed in the conventional manner (see Figs. 2c, d, 3b, c,
4b): Qlab® provides the multi planar reconstruction (MPR)
mode of the RT image, which features three cross sectional
views of the structure of interest. The settings of the MPR
mode provide two orthogonal planes intersecting the struc-
ture of interest. Using the 3D image for orientation, these
planes can be adjusted by the echocardiographer to perform
all measurements, which are needed.

Image quality was graded as excellent, satisfactory or
poor for all of the three modalities.

Excellent image quality was obtained when no artefacts
occurred and all structures needed for measurements were
displayed well.

Good image quality meant some small artefacts occurred
or parts of the structures to be displayed were difficult to
measure owing to echo dropouts.

Poor image quality made measurements of some struc-
tures impossible or major artefacts occurred that made
measurements in en-face-3D impossible.
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Fig. 2 Measurements of the mitral valve in 3D and MPR (a—d). Real image, which can be cropped in multiple planes (c) to allow an en
time 3D short axis view of the mitral valve, seen from the left atrium face measurement of the valve area at the actual orifice (d)
(a) and left ventricle side (b). Multiplanar reconstruction of the 3D
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Fig. 3 Measurements aortic valve. Measurements of the aortic valve in en-face-3D TEE (a), Qlab MPR (b) and 2D TEE (c¢)
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Fig. 4 Measurements of mitral valve leaflets. Measurements of the AML and PML in en-face-3D TEE (a) and Qlab MPR (b)

Statistical analysis was performed using SPSS Soft-
ware (Version 17). Quantitative Data were expressed as
mean + SD. Pearson correlation was performed to describe
correlations between the different techniques.

P-values < 0.05 were considered statistically significant.
To further examine the comparison between the methods
of clinical measurements, the method of Bland and Alt-
man was used and the limits of agreement were defined
as mean+ 1.96 SD of the average differences between the
methods [12].

Results

Study population: 29 patients with a mean age of 67+ 14
years were enrolled in this study. Left ventricular ejection
fraction was 53 +14% and the New York heart association
functional class was 2.5+0.7.

Seven patients underwent AV replacement, one patient
AV repair, four patients CABG and AV replacement, six
patients minimally invasive MV repair, one patient MV
replacement, five patients a transcatheter mitral valve repair
(i.e. MitraClip®), three transcatheter AV replacement were
performed, one patient had an ascending aorta replacement
and one patient received AV replacement and MV repair.

Twenty two patients were in sinus rhythm and seven
patients presented with atrial fibrillation (see Table 1).

Image quality was graded as excellent in 16 patients
(55%) using 3D vs. 18 pts (62%) using 2D and 17 pts (58%)
using QLab®. Good image quality was described in 7 pts
(24%) in 3D vs. 8 pts (28%) in Qlab® and 7 pts (24%) in
2D. Poor image quality was achieved in 6 pts (21%) in 3D,
vs. 4 pts (14%) respectively in Qlab® and in 2D.

Calcifications of the aortic valve made planimetry of
the aortic valve area were impossible in three patients in
all modalities. Measurement of the mitral valve orifice area

@ Springer

Table 1 Patient characteristics

Variable Value
Age 67 + 14 years
Men 20 (69%)
LV ejection fraction 53+14%
NYHA functional class 2,5+0,7
Hypertension 25 (86%)
Diabetes mellitus 9(31%)
Rhythm
Sinus rhythm 22 (76%)
Atrial fibrillation 7 (24%)

was impossible in one patient in all three modalities. Meas-
urements in en-face-3D TEE lead to non significant under-
estimation of all parameters as compared to 2D and Qlab®
measurements. (For details see Table 2.)

There were no statistically significant differences in
these measurements; Pearson correlation showed a strong
correlation (>0.7) for all measurements except for mitral
valve orifice area (Table 3). The best correlation could be
obtained for the AV orifice area measurements.

Bland Altman Analysis shows agreement for the three
methods of measurement (see Fig. 5). There is no system-
atic deviation (error).

Bland Altman plots indicate that the two methods of en-
face-3D and Qlab® provide almost identical values for all
types of measurement (Fig. 5). Whereas it showed that the
mean bias is similar between en-face-3D and 2D. Only for
the aortic valve orifice area all three modalities show com-
parable values, Fig. 5. Bland Altman plot (AV orifice area
3D/2D mean —0.23, SD+0.64; AV orifice area 3D/Qlab®
mean —0.13, SD +0.45).

For the mitral valve orifice area Bland Altman plots are
indicating that en-face-3D and Qlab® (MV orifice area 3D/
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Table 2 Measurements of valve Parameter Performed measure- En-face-RT 2D TEE Qlab TEE
dimensions ments/number of 3D TEE (Mean+SD) (Mean+SD)
patients (Mean +SD)
MV orifice area (cm?) 28/29 40+1.3 49+1.4 45+1.3
AV orifice area (cm?) 26/29 1.7+1.1 1.9+14 1.8+1.2
Anterior MV leaflet (mm) 29/29 28+4.0 30+3.8 28+4.2
Posterior MV leaflet (mm) 29/29 12+3.0 125+3.0 12+3.0
Anterior posterior diameter MV (mm) 29/29 35+4.5 36+5.2 355+5.0
Intercomissural diameter MV (mm) 29/29 38+4.7 40+5.3 39.5+5.6
Table 3 Pearson correlation Correlation r (Pearson) Correlation r (Pearson)
MV orifice area AV orifice area
En-face-3D TEE vs. 2D TEE 0.56 En-face-3D TEE vs. 2D TEE 0.89
En-face-3D TEE vs. Qlab 0.69 En-face-3D TEE vs. Qlab 0.93
Anterior mitral leaflet Posterior mitral leaflet
En-face-3D TEE vs. 2D TEE 0.88 En-face-3D TEE vs. 2D TEE 0.79
En-face-3D TEE vs. Qlab 0.89 En-face-3D TEE vs. Qlab 0.81
0.88
Intercommissural diameter Anterior-posterior diameter
En-face-3D TEE vs. 2D TEE 0.92 En-face-3D TEE vs. 2D TEE 0.80
En-face-3D TEE vs. Qlab 0.89 En-face-3D TEE vs. Qlab 0.82

p <0.05 for all measurements

Qlab mean —0.3, SD +0.98) provided almost identical val-
ues (Fig. Se).

Discussion

We could show that measurements in en-face-3D TEE
datasets are feasible but result in non-significant underesti-
mation of the parameter compared to measurements in 2D
and 3D using MPR mode.

All measurements other than planimetry of the mitral
valve area showed a strong correlation between the
modalities. The poor correlation of the mitral valve area
between RT 3D TEE and 2D TEE is in accordance with
the study of Maslow et al. who compared Qlab® meas-
urements and 2D TEE [13]. The mitral valve annulus is
not planar but saddle shaped. This non-planar geometry
cannot be correctly measured in 2D TEE [14]. This might
explain the poor correlation between measurements of the
MYV orifice area using en-face-3D and 2D TEE. One can
argue that planimetry of a non-planar structure is an arte-
fact that can not be avoided. Nevertheless planimetry of
the mitral valve opening area is one of the recommended
measurements for diagnosis of mitral valve stenosis [15].
The measurements in en-face-3D datasets were per-
formed using a two- dimensional screen therefore the

question raises if the measurements would be more accu-
rate if virtual three dimensional shapes would have been
used as caliper. That can only be speculated because to
the knowledge of the authors no literature exists in the
medical field about that problem. If the 3D printing based
on 3D echocardiographic datasets [16] may help is not
clear now.

RT—3D TEE improves the visualization of MV pathol-
ogy and increases the accuracy of interpretation by facilitat-
ing spatial orientation [17]. One limitation of RT 3D using
the wide sector mode might be the poor temporal resolution
resulting in a low frame rate. We could demonstrate that,
at least in this small patient population, this does not result
in significant differences in the measurements. Acquisition
of RT wide sector mode 3D images has the advantage to
prevent stitch artefacts in patients with atrial fibrillation,
because it is a single beat acquisition.

Other potential limitations of 3D TEE are poor 2D TEE
images and drop out artefacts, resulting in poor 3D TEE
images. We could show that if the 2D TEE images were
acceptable there was no additional drop out artefacts in the
en-face-3D TEE images that interfered with measurements
in this modality. For good 3D TEE images 2D TEE images
should be optimized. Post processing in 3D TEE is not pos-
sible [18]. Gain needs to be optimized prior acquisition first
in the 2D mode and thereafter in the 3D mode. Low gain
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Fig. 5 Bland Altman Analysis: en-face-3D vs. 2D; en-face-3D vs.
Qlab. Horizontal lines are drawn at the mean difference, and at the
limits of agreement. Limits of agreement are defined as the mean
difference plus and minus 1.96 times the standard deviation of the
differences. A Measurements anterior mitral leaflet length. a Ante-
rior mitral leaflet measurements—en-face-3D TEE vs. 2D TEE. b
Anterior mitral leaflet measurements—en-face-3D TEE vs. Qlab. B
Measurements posterior mitral leaflet length. a Posterior mitral leaf-
let measurements—en face-3D TEE vs. 2D TEE. b Posterior mitral
leaflet measurements—en face-3D TEE vs. Qlab. C Anterior poste-
rior mitral annulus diameter. a Anterior—posterior diameter measure-

setting results in dropout, excess gain results in a decrease
in resolution and a loss of 3D perspective [2].

Three patients’ aortic valve areas and one patient’s
mitral valve area could not be measured in all three of the
modalities.

Additionally one of the theoretical limitations of meas-
uring in en-face-3D is that compared to multiplanar recon-
struction no correction of the z-axis can be performed.

@ Springer

ments—en-face-3D TEE vs. 2D TEE. (b) Anterior—posterior diam-
eter measurements—en-face-3D TEE vs. Qlab. D Intercommissural
diameter. a Intercommissural diameter measurements—en-face-3D
TEE vs. 2D TEE. b Intercommissural diameter measurements—en-
face-3D TEE vs. Qlab. E Mitral valve orifice area. a Mitral valve ori-
fice area measurements—en-face-3D TEE vs. 2D TEE. b Mitral valve
orifice area measurements—en-face-3D TEE vs. Qlab. F Aortic valve
orifice area. a Aortic valve orifice area measurements—en-face-3D
TEE vs. 2D TEE. b Aortic valve orifice area measurements—en-face-
3D TEE vs. Qlab

We tried to compensate for this potential limitation dur-
ing acquisition by ensuring that all the structures were
displayed as horizontal as possible. Actually it is not pos-
sible to measure definitively in 3D TEE yet. We've got
3D TEE loops, but our measurements are performed on a
two dimensional display. This is one problem of the actu-
ally used 3D software. Lately new methods were investi-
gated. Using 3D datasets for creating 4D datasets. Some
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Fig. 5 (continued)

companies are investigating in this field. But actually this
is not clinical routine. It takes a lot of time to generate a 4D
dataset for making measurements and using this datasets.
This might be the future but has no clinical relevance today
[19]. 3D TEE is already clinical routine in transcatheter
procedures like MitraClip® and transcatheter AV replace-
ment [20, 21]. 3D TEE has become beneficial for prepara-
tion of operative procedures, intra-procedural guidance as
well as monitoring for complications and device function
[22]. In our institution 3D TEE is already clinical routine.
Especially for mitral valve procedures, like MitraClip® pro-
cedures [23] or minimally invasive mitral valve surgery RT
3D TEE and measurements in 3D TEE are used [24]. Meas-
urements in en-face-3D TEE can be performed quickly but

lead to non significant underestimation compared to meas-
urements performed with Qlab®. Larger studies are neces-
sary to define the role of this modality in clinical practice.

Limitations

One limitation of this current study is the small sample
size. The aim of the study was to assess the feasibility of
direct measurements in en-face-3D TEE. We have not per-
formed measurements for interoberserver variability, which
is another limitation in our eyes. Studies with larger patient
populations are necessary to confirm the results.
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Fig. 5 (continued)
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