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BACKGROUND Mean pressure gradient and prosthesis-patient
mismatch (PPM) indicate the effectiveness of transcatheter aortic
valve replacement (TAVR). We hypothesize that an artificial neural
network (ANN)-based algorithm can predict post-TAVR pressure gra-
dients and PPM based on preprocedural echocardiographic and
computed tomography (CT) data.
METHODS A retrospective Institutional Review Board–approved
study was conducted on a total of 1,072 patients (76.7 � 9.4 years, 615
males and 457 females) with aortic valve stenosis and TAVR. Pre-
procedural CT measurements were preprocessed to extract 50 input
features including diameter, perimeter, and patient history. Two
ANNs were trained (training: n ¼ 644, validation: n ¼ 215) and then
tested (testing: n ¼ 213) to predict pressure gradient and PPM,
respectively.
RESULTS The mean absolute error for pressure gradient was
3.326 mm Hg and 3.570 mm Hg for the training and test sets. The mean
pressure gradients for the true and predicted output (Figure 1A) were
11.12 and 10.16 mm Hg, respectively. The predicted PPM classifica-
tion’s sensitivity and specificity values corresponding to threshold
pressure gradient values varying from 8 mm Hg to 15 mm Hg were
92.5% and 44.4% (�8 mm Hg), 74.8% and 51.2% (�10 mm Hg), and
13.5% and 95.7% (�15 mm Hg). A receiver-operating characteristic
curve was generated from the training set with the threshold pressure
gradient set as �20 mm Hg (Figure 1B). The area under the curve for a
threshold of �10 mm Hg was 0.70, and for �20 mm Hg, it was 0.73.

CONCLUSION The ANN algorithm has demonstrated potential in
predicting post-TAVR pressure gradient across the aortic valve as well
as the incidence of PPM for patients with aortic valve stenosis.
CATEGORIES STRUCTURAL: Valvular Disease: Aortic
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BACKGROUND Transcatheter aortic valve implantation (TAVI) is be-
ing performed in increasingly younger patients; thus, the durability
and deterioration of the prosthesis have become crucial aspects. Ac-
cording to the literature, the deterioration is directly related to the

contractility of the prosthesis; therefore, being able to assess it from
angiography in an unsupervised way may be of interest.
METHODS In order to take measurements from angiography (Figure
A), the first step is identifying the prosthesis in each frame. For this, a
U-Net model has been trained, an artificial intelligence architecture
for image segmentation. Such a trained model can be used to make
segmentation predictions in other images (Figure B). Once the pros-
thesis is detected, its diameter in the image projection (x in Figure C)
can be extracted. Analyzing this parameter evolution through the
sequence (Figure D) allows the computation of the contractility and,
therefore, the study of prosthesis deterioration.

RESULTS The results of the segmentation have been evaluated in a
test set of 460 images belonging to 19 patients, obtaining an average
accuracy of 0.99 and precision of 0.73. Figure B shows an example of a
result (obtained for the frame in Figure A). Figure D illustrates the
evolution of the diameter, obtained throughout an angiographic
sequence of 70 frames.
CONCLUSION Deep learning can be applied to angiographic se-
quences with TAVI prostheses to take measurements. An interesting
parameter is the prosthesis diameter, whose temporal evolution al-
lows the study of the contractility, which is directly related to the
prosthesis deterioration.
CATEGORIES STRUCTURAL: Valvular Disease: Aortic
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BACKGROUND Transesophageal echocardiography (TEE) is an
essential tool in many structural heart procedures, such as
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transcatheter mitral valve edge-to-edge repair (TEER). Interventional
procedural TEE requires a unique skill set. This study aims to evaluate
the complexity of interventional structural heart TEE used to guide
TEER compared with standard of care (SOC) TEE studies performed at
a single center.
METHODS A retrospective case-control analysis was performed of 200
patients who underwent TEE in the Henry Ford Health System. One
hundred cases of interventional TEE-guided TEER were compared
with 100 controls of SOC TEE. Complexity was quantified by the total
duration of the procedure, the total number of images, and the
number of 3-dimensional clips captured. The mean, median, and SD
were compared between these 2 groups. Wilcoxon rank sum tests
were used to evaluate statistical significance.
RESULTS One hundred intraprocedural TEE studies to guide TEER
and 100 SOC TEE studies were analyzed. The mean duration of TEE
procedures, the number of images, and the number of 3-dimensional
clips were all significantly higher in the TEER group (P < 0.0001)
(Table 1).

Variable Response Case (n [ 100) Control (n [ 100) P Value

TEE duration,

min

Mean (SD) 120 (43.16) 23.7 (10.95) <0.0001

95% CI (111.82-128.94) (21.53-25.87)

Median [Q1, Q3] 116.00 [90.00,

142.50]

23.00 [15.50,

30.50]

Number of

images

Mean (SD) 201 (83.91) 74.3 (27.83) <0.0001

95% CI (184.02-217.32) (68.81-79.85)

Median [Q1, Q3] 193.50 [128.50,

253.00]

70.50 [57.00,

90.00]

Number of 3D

clips

Mean (SD) 33.4 (15.03) 5.0 (4.30) <0.0001

95% CI (30.39-36.35) (4.15-5.85)

Median [Q1, Q3] 32.00 [22.00,

43.50]

4.50 [2.00, 7.00]

CONCLUSION Interventional TEE guidance for TEER is significantly
more complex and more time-consuming than SOC TEE. This is the
first large-scale study demonstrating objective differences between
interventional and SOC TEE. This conclusion implicates the necessity
of dedicated training programs for interventional imaging, in addition
to the necessity of reviewing the current reimbursement codes to
account for such a difference.
CATEGORIES STRUCTURAL: Valvular Disease: Mitral
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BACKGROUND The analysis of aortic flow velocity/pressure curves
and their derived parameters would reflect the state of ventricular-
aortic coupling and have been used to monitor ventricular afterload
but have not been explored in patients with severe aortic stenosis. We
sought to evaluate the potential predictive value of the parameters
derived from the velocity/pressure curves for objective functional
improvement after transcatheter aortic valve replacement (TAVR).
METHODS In a cohort of consecutive patients undergoing TAVR
through femoral access, velocity/pressure curves were obtained from

pressure recordings in the ascending aorta simultaneous with flow
velocity recordings in the left ventricular outflow tract by echocardi-
ography. From these, the alpha, beta, and GALA angles were calcu-
lated. A wide range of parameters derived from echocardiography
were also collected (aortic gradient, aortic valve area, stroke volume,
energy loss index, and valvulo-arterial impedance). Objective func-
tional improvement of patients 6 months after TAVR was assessed
using objective tests (6-minute walk test þ N-terminal pro–B-type
natriuretic peptide). Clinical follow-up was done at 2 years.
RESULTS Of the 102 patients studied, 84 (82%) showed objective
functional improvement at 6 months. The 2-year mortality of these
patients was significantly lower than that of those who did not
improve (8% vs 28%; P ¼ 0.01). In the univariate analysis, the alpha
angle, arctang (Pressure at Vmax – Pressure at Vo/Vmax), was asso-
ciated with such objective improvement, confirming its independent
predictive value. The cutoff value was 5 with an area under the curve
of 0.7 in the global cohort and 0.8 in the low aortic gradient subgroup.
On the other hand, the mean aortic gradient showed an area under the
curve of 0.55, similar to that of the aortic valve area, and 0.52 for the
valvulo-arterial impedance
CONCLUSION The analysis of the aortic flow pressure/velocity curves
through the alpha angle parameter makes it possible to estimate the
degree of objective functional improvement after TAVR much more
precisely than the classic parameters used to assess the severity of
aortic stenosis. Objective functional improvement portends an
important prognostic value after TAVR.
CATEGORIES STRUCTURAL: Valvular Disease: Aortic

TCT-376

Holographic Mixed Reality Image Analysis vs CT Reconstruction
for Assessment of Aortic Valve Complex in Patients Undergoing
TAVR

Michela Bonanni,1 Marco Desiati,2 Giulio Russo,3 Gianluca Massaro,1

Daniela Benedetto,4 Sofia Schino,1 Marco Di Luozzo,5 Enrica Mariano,6

Massimo Marchei,1 Maurizio Taramasso,7 Francesco Maisano,8

Giuseppe Sangiorgi2
1Policlinico Tor Vergata, Rome, Rome, Italy; 2University of Rome Tor
Vergata, Rome, Rome, Italy; 3Policlinico Gemelli, Rome, Foggia, Italy;
4Tor Vergata University Hospital Rome, Milan, Italy; 5Az. Univ.
Policlinico Tor Vergata, Rome, Italy; 6University Tor Vergata, Rome,
Italy; 7Herzzentrum Hirslanden, Zurich, Switzerland; 8San Raffaele
Hospital, Milan, Italy

BACKGROUND The use of 3-dimensional (3D) modalities for optimal
preprocedural planning in transcatheter aortic valve replacement
(TAVR) is essential to ensure procedural success. However, current
methods are based on a 2-dimensional screen view that may hamper
the understanding of real anatomy. The aim of the present study was
to evaluate the accuracy and reproducibility of a mixed-reality (MxR)
holographic software image analysis, which may improve preproce-
dural planning by allowing real 3D visualizations with holographic
replicas of aortic valve complex.
METHODS Standardized automated 3D computed tomography (CT)
measurements were obtained for aortic valve complex and included
aortic annulus (AA, both perimeter and area), sinus of Valsalva, left
ventricle outflow tract (LVOT, both perimeter and area), sinotubular
junction, coronary height, and ascending aorta. These measurements
were compared with those obtained by 2 independent operators using
MxR semiautomatic tools able to perform the entire transformation
process from CT Digital Imaging and Communications in Medicine
files to 3D holographic rendering. Interobserver difference and intra-
class correlation was calculated.
RESULTS Forty-seven consecutive patients undergoing TAVR were
included. The interobserver difference was below 10%. The intraclass
correlation was >0.75 for all measurements, except the distance be-
tween the AA plane and the left coronary artery ostium and the LVOT
area (0.609, respectively). The MxR annulus mean diameter (r ¼ 0.95),
annulus perimeter (r ¼ 0.93), and annulus area (r ¼ 0.89) were highly
correlated with CT cross-sectional measurements (P < 0.0001,
respectively). No significant differences between CT and MxR were
observed regarding the annulus perimeter (MxR 76.33 � 6.71 mm, CT
76.45 � 7.32 mm) and the annulus mean diameter (MxR 24 � 2.12 mm,
CT 23.09 � 2.09). However, MxR measurements overestimated the
aortic annulus area compared with CT (449.9 � 81.44 mm2 and 430.1 �
81.81 mm2, respectively).
CONCLUSION Utilization of MxR imaging allows highly reproducible
measurements showing good correlation with CT to determine pre-
procedural aortic valve complex assessment. Our results suggest that
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