L))

Check for
u

ipdates
Original Article Page 1 of 11

Application research of three-dimensional transesophageal
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Background: Transcatheter aortic valve implantation (TAVI) is an alternative method to treat patients with
severe aortic valve disease. Accurate measurement of the aortic valve annulus and selection of the appropriate
artificial valve are critical to the success of TAVI. Multilayer spiral computed tomography (MSCT) is
recommended as the “gold standard” for assessing the aortic valve annulus before TAVI. However, MSCT
scanning may not be possible for patients with iodine allergy, renal failure, or pregnancy. The purpose of
this study is to evaluate the aortic valve annulus by three-dimensional transesophageal echocardiography
(3D-TEE) and compare the results with MSCT, exploring the feasibility of 3D-TEE to guide the selection
of artificial valve implantation in TAVI.

Methods: We retrospectively analyzed 74 patients who successfully underwent TAVI in our hospital. Before
the operation, 3D-TEE and MSCT were used to measure the maximum diameter, minimum diameter, area-
derived diameter, and perimeter-derived diameter of the aortic valve annulus, and the results were analyzed
for consistency. To predict the valve size based on 3D-TEE and the MSCT area-derived diameter, we
compared the differences between the predicted valve size and the actual implanted valve size, and analyzed
the differences between 3D-TEE and MSCT for guiding the selection of the prosthetic valve size.

Results: There was no significant difference between 3D-TEE and MSCT in the measurement of the
maximum diameter, minimum diameter, area, and perimeter of the aortic annulus and their derived diameter
(P>0.05). The intraclass correlation coefficients for the maximum diameter, minimum diameter, area-derived
diameter, and perimeter-derived diameter of the aortic annulus were 0.89, 0.83, 0.84, and 0.92, respectively.
There was no statistical difference in the accuracy of both methods, 3D-TEE and MSCT, in predicting
different prosthetic valve sizes for TAVI (P>0.05).

Conclusions: 3D-TEE and MSCT have good agreement for measuring the values of various parameters
of the aortic annulus. The accuracy of both methods was similar for predicting the aortic prosthetic valve
size. 3D-TEE may provide guidance for selecting the prosthetic valve size for TAVL.
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Introduction

For patients with severe aortic valve disease who cannot
tolerate thoracotomy, transcatheter aortic valve implantation
(TAVI) as an alternative method has achieved positive
results (1). Accurate measurement of the aortic valve annulus
and selection of the appropriate artificial valve are critical
to the success of the TAVI procedure (2). Multilayer spiral
computed tomography (MSCT) is recommended as the
“gold standard” for assessing the aortic valve annulus before
a TAVI operation because it can clearly show the three-
dimensional anatomical structure of the heart and blood
vessels. However, MSCT scans may not be possible for
patients with iodine allergies, renal failure, hyperthyroidism,
or pregnancy. To solve this problem, finding a reliable
alternative examination method to evaluate the aortic
annulus and choose the prosthetic valve size is necessary.
Previous study has shown that the evaluation of the aortic
valve annulus by three-dimensional transesophageal
echocardiography (3D-TEE) is in good agreement with
MSCT (3). However, its guidance for prosthetic valve
size selection is not yet supported by studies. This study
retrospectively analyzed the 3D-TEE measurement results
of patients undergoing TAVTI in Xijing Hospital and
compared the results with the CT measurement and the
actual selected prosthetic valve size. These results prove
the feasibility of 3D-TEE in guiding the implantation
of artificial valves in TAVI operations. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-6577/rc).

Methods
Participants

We retrospectively analyzed 74 patients who successfully
underwent TAVI in Xijing Hospital from January 2019
to July 2020, including 48 men (64.9%) and 26 women
(35.1%), with an average age of 68.11+7.38 years. The
inclusion criteria for TAVI surgery were as follows: (I) those
with severe aortic stenosis or aortic regurgitation; (II) those
with high risk factors and contraindications to surgery;
(IIT) patients with significant chest pain, dyspnea, or other
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symptoms, as well as New York Heart Association (NYHA)
cardiac function class II-IV, and (IV) life expectancy >1 year
after aortic stenosis (AS) release. The exclusion criteria for
TAVI surgery were as follows: (I) recent acute myocardial
infarction; (II) mural thrombosis of the left ventricle; (III)
severe left ventricular outflow tract obstruction; (IV)
ascending aortic aneurysm at risk of rupture; (V) anatomy
not suitable for TAVI surgery; and (VI) life expectancy
<1 year. All patients were followed up for 1 year. All
procedures in this study involving human participants were
performed in accordance with the Declaration of Helsinki
(as revised in 2013). This study was approved by the ethics
board of Xijing Hospital (approval No. QX20191043-1).
Informed consent was taken from all the patients.

Apparatus and method

Before the TAVI operation, all patients underwent MSCT
(Siemens Somatom Definition Flash, Germany) for aortic
scanning. The images were acquired using a retrospective
cardiac gating method. The scan area was craniocaudal
from the subclavian artery to the iliofemoral branches, with
a scan layer thickness of 0.75 mm and a reconstruction layer
thickness of 0.5 mm. During the scan, 70 mL of iopromide
(370 mg/mL) and 20-50 mL of physiological saline were
injected via the elbow vein at a rate of 5.0 mL/s. The aortic
annulus was measured at 30-40% systolic phase, the lowest
point of each sinus was marked in a double oblique position,
and the aortic annular plane was automatically generated
by the measurement software. The appropriate prosthetic
valve size was preselected based on the mean diameter of
the aortic annulus, and the selection criteria are shown in
Tubles 1,2. The Venus Medtech A-valve [Venus Medtech
(Hangzhou) Inc., China], implanted via a femoral cannula,
is recommended for AS, and the J-valve (Suzhou Jiecheng
Medical Technology Co., Ltd., China), implanted via apical
puncture, is recommended for aortic insufficiency (AI).
Patients with both AS and Al need to be evaluated for the
severity of both lesions. The A-valve is preferred for those
with predominant AS, and the J-valve is preferred for those
with predominant Al It is also necessary to evaluate the
structures above and below the annulus, such as the left
ventricular outflow tract, ascending aorta, and the height
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Table 1 Venus Medtech A-valve selection criteria
Valve size A23 (18 F) A26 (19 Fr) A29 (19 F) A32 (19 F)
CT-diameter (mm) 17.0-19.9 20.0-22.9 23.0-25.9 26.0-28.9
CT-perimeter (mm) 53.0-62.9 63.0-71.9 72.0-81.9 82.0-90.9
CT-area (mm?) 227.0-313.9 314.0-414.9 415.0-530.9 531.0-660.9
Table 2 J-valve selection criteria
Valve size 21 23 25 27 29
CT-diameter (mm) 19.0-19.9 20.0-21.9 22.0-23.9 24.0-25.9 25.0-28.0

Annulus || Hockey puck (VR)

Figure 1 MSCT measurement of the aortic valve annulus parameter. MSCT, multilayer spiral computed tomography.

of the coronary artery opening, to make a comprehensive
choice based on the key factors of minimally invasive, safe,
and effective.

The patient was placed in the supine position using a
Philips IE Elite Doppler ultrasound system, including an
X7-2 3D transesophageal probe with a probe frequency of
2-7 MHz, Qlab3DQ analysis software, and a connecting
electrocardiogram (ECQG) lead. After the patient was
under general anesthesia, the TEE probe was sent into the
middle part of the esophagus at a depth of approximately
35 em. Short-axis images of the aortic root were acquired
at approximately 30-60° in the middle of the esophagus,
and 3D-ZOOM imaging was used to reconstruct the 3D
ultrasound image of the aortic root. We adjusted the 3
mutually perpendicular planes so that the cross-sectional
plane just passed through the plane of the lowest point of
the aortic valve leaflet attachment, and the resulting section
was the aortic annulus plane. Qlab3DQ analysis software
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was applied to measure the maximum and minimum
diameters of the aortic annulus as well as the area and
circumference of the aortic annulus, and the diameter of the
annulus was derived from the circular area formula and the
perimeter formula. The correlation between the 2 derived
diameters of TEE and CT was compared, and the valve size
was selected according to the area-derived diameter (4,5).
Intraoperative 3D-TEE was used throughout to assist the
puncture sheath across the aortic valve. The position and
angle of valve release were observed in real time, and the
occurrence of perivalvular leaks and other complications
in the immediate postoperative period were monitored.
3D-TEE was performed and analyzed by 2 experienced
ultrasonographers, and the average was taken after 3
measurements per case.

A double-blind method was implemented to obtain
3D-TEE and MSCT measurements separately.
Intraoperatively, valve dimensions were predicted by MSCT
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Figure 2 3D-TEE measurement of the inner diameter and area of the aortic valve annulus. 3D-TEE, three-dimensional transesophageal

echocardiography.

Table 3 The general condition of the patients

Variables Value
Age (years) 68.11+7.38
Male, n (%) 48 (64.9)
Aortic valve stenosis, n (%) 26 (35.1)
Aortic valve insufficiency, n (%) 28 (37.8)
Aortic valve stenosis combined with aortic 20 (27.1)
insufficiency, n (%)

Bicuspid aortic valve, n (%) 23 (31.1)
Valve calcification, n (%) 23 (31.1)
LVEF (%) 45.05+13.54

LVEF, left ventricular ejection fraction.

and 3D-TEE measurements. If the patient has a bicuspid
aortic valve, it is necessary to select a prosthetic valve that
is 1 size smaller than the predicted size (6). Postoperatively,
MSCT measurements were obtained with the permission of
the MSCT doctor, and a comparative study was performed
(Figures 1,2).

Statistical analysis

SPSS 26.0 (SPSS Inc. Chicago, IL, USA) software was
used for statistical analyses. The Kolmogorov-Smirnov test
was used to test whether the quantitative data conformed
to a normal distribution. The mean = standard deviation
was used for quantitative data conforming to a normal
distribution, and count data were expressed as cases or
percentages. The paired-samples #-test was used to compare
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the data measurements of MSCT and 3D-TEE. The
consistency of the MSCT and 3D-TEE data measurements
was analyzed by the intraclass correlation coefficient (ICC).
The model was chosen as a two-way random model, the
method was absolute agreement, and the output results
were chosen as single measurements. The accuracy of the
predicted valve size between MSCT and 3D-TEE was
compared by the McNemar-Bowker test, and a P value
<0.05 was considered statistically significant.

Results

All patients underwent successful TAVI with the aid of
3D-TEE, including 37 with the Venus Medtech A-valve
and 37 with the J-valve. All 74 patients were successfully
implanted with prosthetic valves, and there were no
cases of death, third-degree atrioventricular (AV) block,
myocardial infarction, macrovascular events, or renal failure
at the 1-year postoperative follow-up. Echocardiography
at 1-year follow-up showed that EF improved in all
patients compared with pre-operation (46.81%+15.24%
vs. 54.53%+8.69% in the A-valve group, P<0.05;
43.39%+11.67% vs. 47.42%=10.52% in the J-Valve group,
P<0.05). The mean pressure gradient of the aortic valve
decreased significantly in the A-valve group 48.47+16.10
vs. 14.11£7.60 mmHg, P<0.001, while in the J-valve group
there was no significant change, all within the normal range
(12.50£15.63 vs. 9.03+5.18 mmHg, P=0.14). A total of 19
patients had perivalvular leaks, among which 12 had trace
or mild regurgitation, 7 had mild to moderate or moderate
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Table 4 3D-TEE and MSCT assessment of the aortic valve annulus
Parameter 3D-TEE MSCT T value P value
Annulus-maxD (mm) 27.71x2.78 27.95+2.59 1.659 0.101
Annulus-minD (mm) 23.17+2.42 23.02+2.52 0.914 0.364
Annulus-area (mmz) 511.19+91.31 520.54+113.88 1.319 0.191
Area derived-D (mm) 25.42+2.31 25.60+2.75 1.119 0.267
Annulus-perimeter (mm) 80.51+6.84 80.86+7.56 1.015 0.313
Perimeter derived-D (mm) 25.64+2.18 25.75+2.41 0.985 0.328
3D-TEE, three-dimensional transesophageal echocardiography; MSCT, multilayer spiral computed tomography.
Table 5 Consistency analysis of 3D-TEE and MSCT assessments of the aortic valve annulus size
Parameter Number of samples (case) ICC (95% Cl) P value
Annulus-maxD 74 0.89 (0.83-0.93) <0.001
Annulus-minD 74 0.83 (0.75-0.89) <0.001
Area derived-D 74 0.84 (0.76-0.89) <0.001
Perimeter derived-D 74 0.92 (0.87-0.94) <0.001

3D-TEE, three-dimensional transesophageal echocardiography; MSCT, multilayer spiral computed tomography; ICC, intraclass correlation

coefficient.

regurgitation, 1 had pericardial effusion immediately
after surgery, and 1 had femoral artery entrapment, all of
which improved after symptomatic treatment. The basic
information of the patients is shown in Table 3.

There were no significant differences between the
3D-TEE and MSCT measurements in terms of the
maximum diameter, minimum diameter, area, perimeter,
area-derived diameter, and perimeter-derived diameter of
the aortic annulus (all P>0.05) (Tuble 4).

The consistency of the maximum diameter, minimum
diameter, area-derived average diameter, and perimeter-
derived average diameter of the aortic valve annulus
measured by 3D-TEE and MSCT was analyzed, and the
consistency correlation coefficients were 0.89, 0.83, 0.84,
and 0.92, respectively (Table 5, Figure 3).

3D-TEE was used to evaluate the aortic valve annulus
of patients implanted with the Venus Medtech A-valve,
and the recommended valve size was selected according to
the CT measurement results. Two patients with an average
3D-TEE diameter of 17-19.9 mm was implanted with 23"
valves, which was the same as the predicted result. Four
patients had a mean diameter of 20-22.9 mm, 2 of whom
had bicuspid aortic valves requiring 1 size down. Thus, for
the implantation of 2 valves of 26* and 2 valves of 23", the
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actual implantation was the same as predicted. Twenty-
one patients had a mean diameter of 23-25.9 mm, 13 of
whom had bicuspid valves requiring 1 size down. Thus, 8
with predicted implantation of 29 valves and 13 with 26"
valves. Of these patients, 4 were actually implanted with
29* valves, 16 with 26" valves, and 1 with a 23* valve. There
were ten patients with an average diameter of 26-29 mm,
and 5 of them had bicuspid valves requiring 1 size down.
It was predicted that 5 cases would be implanted with 32*
valves and 5 cases would be implanted with 29 valves, and
we actually implanted 29% valves in 3 cases and 26 valves in
7 cases (Tuble 6).

3D-TEE was used to evaluate the aortic valve annulus of
patients implanted with the J-valve, and the recommended
valve size was selected according to the CT measurement
results. In 1 patient with an average 3D-TEE diameter of
19-20.9 mm, the predicted and actual implanted valves
were *21 valves. The average diameter was 23-24.9 mm
in 7 patients, and these 7 were predicted to have 25
valves implanted. Actual implantation of the 25" valve was
performed in 2 cases and implantation of the 27* valve was
performed in 5 cases. The mean diameter was 25-26.9 mm
in 18 patients, including 2 with bicuspid valves. Sixteen
patients were predicted to have 27" valves implanted, and 2
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Figure 3 Scatter plots of the consistency of 3D-TEE and MSCT in assessing the aortic valve annulus size. (A-D) The 2 methods have a

good correlation in measuring the maximum diameter, minimum diameter, area-derived average diameter, and perimeter-derived average

diameter of the aortic annulus, respectively. 3D-TEE, three-dimensional transesophageal echocardiography; MSCT, multilayer spiral

computed tomography.

Table 6 Comparison table of 3D-TEE-predicted valve size and actual implanted valve size (Venus Medtech A-valve)

Valve size (predicted/actual) (case)

Range of 3D-TEE derived Number of bicuspid

. . Total (case)
diameter (mm) aortic valves (case) 23 26 29 32
17-19.9 0 2/2 0/0 0/0 0/0 2
20-22.9 2 2/2 2/2 0/0 0/0 4
23-25.9 13 0/1 13/16 8/4 0/0 21
26-29.0 5 0/0 0/7 5/3 5/0 10

3D-TEE, three-dimensional transesophageal echocardiography.

had 25* valves implanted. Actual implantation of valve *25
was performed in 2 cases, valve *27 in 10 cases, and valve *29
in 6 cases. There were 11 patients with an average diameter
of 27-29 mm, among which 1 had a bicuspid valve. It was
predicted that 1 case would be implanted with valve *27
and 10 cases would be implanted with valve #29, which was
consistent with the actual implanted valve size (1able 7).

© Annals of Translational Medicine. All rights reserved.

Statistical methods were used to comparison of the
differences in the ability of MSCT and 3D-TEE to
predict the prosthetic valve size. Compared with the
actual implanted valve size, the matching success rate was
75.68% by MSCT and 70.27% by 3D-TEE. For the Venus
Medtech A-valve, the prosthetic aortic valve size predicted
by MSCT matched the actual implant in 27 cases and did
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Table 7 Comparison table of the 3D-TEE-predicted valve size and the actual implanted valve size (J-valve)

Range of 3D-TEE derived ~ Number of bicuspid Valve size (predicted/actual) (case) Total (case)
diameter (mm) aortic valves (case) 29 23 o5 27 29

19-20.9 0 11 0/0 0/0 0/0 0/0 1
21-22.9 0 0/0 0/0 0/0 0/0 0/0 0
23-24.9 0 0/0 0/0 7/2 0/5 0/0 7
25-26.9 2 0/0 0/0 2/2 16/10 0/6 18
27-29.0 1 0/0 0/0 0/0 11 10/10 11

3D-TEE, three-dimensional transesophageal echocardiography.

A Comparison of predicted and actual implanted valve size
(Venus Medtech A-valve)
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Figure 4 Comparison of 3D-TEE- and MSCT-predicted valve sizes and actual implanted valve sizes. (A) The Venus Medtech A-valve; (B)

the J-valve. 3D-TEE, three-dimensional transesophageal echocardiography; MSCT, multilayer spiral computed tomography.

not match in 10 cases, and those predicted by 3D-TEE
matched in 23 cases and did not match in 14 cases (3’=7.000,
P=0.136). For the J-valve, the prosthetic aortic valve size
predicted by MSCT matched the actual implant in 29
cases and did not match in 8 cases, and those predicted by
3D-TEE matched in 26 cases and did not match in 11 cases
(’=4.467, P=0.107). There was no significant difference
in the prediction accuracy of the 2 methods for different
prosthetic valve sizes in TAVI surgery (Figure 4).

Discussion

With the development of TAVI technology, an increasing
number of patients with aortic valve disease listed as having
contraindications or being high-risk for surgical operations
tend to choose TAVI surgery. Accurate assessment of the
aortic annulus is an important guarantee of successful
surgery and reduced postoperative complications (7). In this
study, MSCT measurements were applied intraoperatively
to guide the selection of prosthetic valves. All patients

© Annals of Translational Medicine. All rights reserved.

underwent TAVI successfully, and no serious complications,
such as death, third-degree AV block, myocardial infarction,
or macrovascular events, were found after surgery. After the
1-year follow-up, cardiac function improved significantly
in all patients. The pressure gradient of aortic valves had a
significant reduction in patients with aortic stenosis, but no
increased in patients with aortic valve insufficiency due to
the implantation of a new valve. A total of 19 patients had
perivalvular leaks after surgery, among which 7 were mild
to moderate, and no severe perivalvular leaks occurred. It
has been shown that the size of the calcification volume
plays a key role in the occurrence of perivalvular leakage
after TAVI (8). In the present study, 1 case of moderate
perivalvular leakage occurred with a mildly tilted prosthetic
valve, while the rest had AS, and more severe calcification
was seen. The source, number, and severity of perivalvular
leaks can be observed with TEE immediately after surgery
to analyze whether poor valve shaping due to calcification
is causing the perivalvular leaks, which can be addressed
with balloon dilation, implantation of a “valve in valve”, or
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modification of the valve type.

At present, imaging modalities that can be used for
preoperative evaluation of TAVI include CT, 3D-TEE
and 3D rotational angiography (9). Considering the ease
of operation and image clarity, the most commonly used
clinical technique is CT examination, although prospective
randomized controlled trials for MSCT have never been
perform (10). While 3D-TEE, due to its clear images,
easy to operated and can be used real-time for continuous
intraoperative monitoring, therefore, it not only plays an
important role in the evaluation of valve function after
TAVI but also allows for real-time guidance of prosthetic
valve release during TAVI, preoperative assessment of aortic
leaflet morphology and function, and the measurement
of aortic root structures. Among them, the research of
3D-TEE in the accuracy of aortic root measurement
before TAVI has become a hot topic of research in recent
years. Many previous studies have shown that 3D-TEE
is correlated and consistent with CT in the measurement
of the aortic valve annulus, even calcification of the aortic
annulus diameter was not found to exert a noteworthy
negative influence on measurements for standardized
TEE at good image quality. However, it is believed that
the diameter of the aortic annulus measured by TEE
are usually smaller than CT, with exception of sagittal
diameters. However, the feasibility and accuracy of applying
3D-TEE to select prosthetic valve size is unclear, and there
have been no reports of successful TAVI with 3D-TEE
measurements applied alone (10-14). This study also found
a strong agreement between the 2 methods. In addition,
we also investigated the ability of 3D-TEE to predict the
size of different types of self-expanding prosthetic valves
in aortic stenosis and aortic insufficiency, when using
different surgical approaches (transfemoral and transapical
approaches). The valve size predicted by both methods
was similar to the actual implanted valve size, suggesting
that 3D-TEE may have similar results to MSCT for the
selection of TAVI valve size.

The cases implanted with the Venus Medtech A-valve
were all patients with AS, 11 of whom had combined
aortic regurgitation, 21 of whom had calcification, and
20 (54.05%) of whom had bicuspid aortic valves. It has
been demonstrated that patients with a bicuspid valve
undergoing TAVI have similar benefits to those with a
trilobular aortic valve but they are less successful in terms of
procedural success and residual leakage (15,16). Currently,
echocardiography is the preferred method for diagnosing
aortic valves, with a sensitivity of 87% and specificity of 95—
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96% for a bicuspid valve (17,18). 3D-TEE can display the
aortic valve morphology in 3D, clarify the type of bicuspid
aortic valve, and achieve a detection rate of 100% for
bicuspid valves (19,20). In this study, TEE detected type 0
bicuspid aortic valves in 3 cases, type 1 in 20 cases, and type
2 in 0 cases. Among the type 1 cases, the number of cases
with left and right coronary valve fusion was 15, 4 cases had
non-coronary valve and right coronary valve fusion, and 1
case had non-coronary valve and left coronary valve fusion.
TEE also clearly shows the distribution of the calcification,
the location of the valve orifice, and the presence of
eccentric opening. Real-time images can help to predict
the location of the prosthetic valve after implantation and
the possible sites of perivalvular leakage intraoperatively,
which helps in the selection of the prosthetic valve. Because
the bicuspid valve often has an elliptical annulus, severe
and asymmetric valve calcification, unequal leaflets, a
widened ascending aortic internal diameter, and a leaflet
opening smaller than the annular internal diameter, these
pathological changes are likely to result in a poor TAVI
valve implantation position, poor valve stent expansion,
and perivalvular residual leakage. To address these issues,
some experts have proposed “supra-annular structure
assessment”, “supra-annular sizing”, and “reshaping TAVR”
(6,21,22), whose main idea is to select the valve size based
on the leaflet structure and recommended valve size in
terms of the annular size to prevent poor valve expansion
and rupture of the aortic root structure due to oversized
prosthetic valves. Based on the aforementioned suggestion,
the present study reduced the intraoperative selection of the
prosthetic valve size for the bicuspid aortic valve by 1 valve
size compared with the measured annular diameter, and
the actual intraoperative implantation of the valve will take
into account additional factors in selecting the valve size.
However, its long-term efficacy remains to be studied.
Among the patients implanted with the J-valve, 11
patients were implanted with a valve 1 size larger than
predicted. In this group of cases, severe aortic regurgitation
was the main problem, usually without valve calcification,
and in some patients marked dilatation of the aortic root
was observed. After prosthetic valve implantation, the
prosthetic valve mainly relies on the positioning members
of the prosthetic valve itself and the radial support of the
annulus to exert a fixation effect. When the aortic root is
dilated, this can lead to a reduction in the prosthetic valve
anchorage zone, increasing the risk of valve implantation
failure. It has been shown that in patients with TAVI
who have a significantly dilated aortic root, a slightly
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larger prosthetic valve is recommended to ensure that
adequate anchorage can be achieved to minimize the
risk of perivalvular leakage (23,24). However, there is no
uniform standard for the degree of enlargement of the
prosthetic valve size selected for patients with dilated aortic
roots. Therefore, in this study, the predicted valve size was
strictly based on the MSCT and 3D-TEE measurements,
with correction for downsizing among patients with
bicuspid aortic valves, without including other influencing
factors such as significant dilatation of the aortic root and
calcification. This resulted in the implantation of a larger
prosthetic valve than the predicted type in 11 patients.
This subset of patients was also the main reason for the
low compliance between the predicted and actual implant
size by MSCT and 3D-TEE. This also suggests that in
addition to measuring the aortic annular internal diameter,
other influencing factors should be taken into account when
selecting valve size. But this did not affect the consistency
of 3D-TEE with MSCT for predicting the appropriate
prosthetic valve size.

Limitations

The sample size of this study was limited, and the factors
affecting the valve size were not comprehensively analyzed,
and the analysis was retrospective, which may cause
deviations in the results. In the future, a multicenter format
with an expanded sample size and longer-term clinical
observation of patients would help the accuracy of the
results. In addition, 3D-TEE is more dependent on the
operator level and experience than CT, and it is still not a
substitute for C'T for measuring the distance between the
annulus and coronary opening, leaflet length, ascending
aortic diameter, and assessing the severity of calcification, as
well as the quality of the access vessels. Severe calcification
of the aortic annulus and surrounding tissue can affect
the image quality of 3D-TEE, blurring the boundaries
of the annulus and leading to inaccurate measurements.
In addition, TEE may induce arrhythmias, especially in
extremely weak patients, and is also contraindicated in
patients with esophageal varices. Therefore, although we
believe that 3D-TEE can be used in place of CT in the
selection of TAVI valves in special cases, its selection criteria
still need further investigation. At present, the simultaneous
use of both methods and their complementary use are
recommended for patients who can undergo MSCT, which
helps to select the valve size more precisely to reduce the
incidence of postoperative complications (25).
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Conclusions

In summary, there is strong agreement between 3D-TEE
and MSCT for measuring the annular dimensions before
TAVI in patients with severe AS and Al The predictive
power of the prosthetic valve size based solely on the mean
diameter measured by both methods was equal. Obtaining
an accurate mean annular diameter is the most important
factor in applying 3D-TEE to guide prosthetic valve
selection for TAVI surgery, but an overall assessment of
the type of disease, morphology, and function of the valve
leaflets, the degree of calcification, the supravalvular and
subvalvular structures of the aortic valve, and the patient's
cardiac function can affect the valve size selection and
require over- or downsizing depending on the situation. In
addition, because of its real-time nature, 3D-TEE plays an
important role both intraoperatively and postoperatively.
Therefore, 3D-TEE can be not only a viable alternative to
CT but also a complementary technique to CT in TAVI

surgery.
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