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Abstract

Background: Left atrial appendage occlusion (LAAO) can
effectively reduce the risk of stroke in atrial fibrillation (AF)
patients. However, the structure of left atrial appendage
(LAA) varies greatly among individuals, and the size of the
occluder influences the surgical success rate and progno-
sis. This study used a meta-analysis to investigate whether
three dimensional-transesophageal echocardiography (3D-
TEE) can prompt physicians to select the appropriate size of
the occluder, thereby improving prognosis in patients with
LAAO. Methods: Studies on 3D-TEE-assisted selection of
occluder sizes in the treatment of LAAO were searched in
pubmed, cochrane, Web of Science, CNKI, Wanfang, and
Weipu public databases from the inception of each database
to June 10, 2024. The QUADAS-2 tool was used to as-
sess the quality of the studies. Results: 10 studies pub-
lished between 2016 and 2024 were finally included, with
a total sample size of 552 cases. The maximum opening
of the LAA obtained by 3D-TEE, coronary angiography
(CAG) and video-assisted thoracic surgery (VATS) signif-
icantly correlated with the size of the occluder (p < 0.05).
3D-TEE was superior to 2D-TEE in measuring the maxi-
mum (p = 0.04) and minimum diameters (p = 0.01) of LAA
openings, and to DSA in measuring depth (»p =0.01). Con-
clusion: 3D-TEE can be applied to obtain LAA opening
data close to the size of the occluder with minimal side ef-
fects and to assist physicians in selecting the appropriate
occluder.

three dimensional-transesophageal echocardiography; left
atrial appendage; meta-analysis; occluder

Introduction

Atrial fibrillation (AF), a prevalent tachyarrhythmia,
poses a global public health challenge due to the increas-
ing incidence and mortality every year [1]. A 25-year-long

investigation showed that secondary stroke makes patients
with AF more prone to death [1,2]. Therefore, the corner-
stone of AF treatment lies in thythm control, heart rate con-
trol and stroke prevention [3]. The cardiogenic embolism
in AF patients has been confirmed as an independent risk
factor for stroke, which is related to the function of the left
atrial appendage (LAA) [2,4]. The LAA is located in the
right anterior protrusion of the left atrium, the dysfunction
of which can lead to thrombosis and increase the risk of car-
diogenic embolic events [5]. Hence, effectively preventing
cardiogenic embolism is of great significance to improve
the prognosis of AF patients.

Oral anticoagulants can prevent stroke in AF patients,
but long-term use may result in adverse reactions such as
bleeding [6]. Left atrial appendage occlusion (LAAO), as
an alternative to long-term use of anticoagulants, can effec-
tively reduce the risk of stroke in AF patients [7-9]. Specif-
ically, LAAO has favorable short- and long-term effects in
preventing the development of stroke in AF patients and
is suitable for patients with contraindications to anticoag-
ulants [6,10]. However, the LAA structure is narrow and
curved and exhibits considerable variability among indi-
viduals; meanwhile, the selection of occluder size that is
not well-matched can compromise surgical success [11].
For example, an under-sized occluder may result in resid-
ual leakage around the device, and conversely an over-sized
occluder could potentially cause perforation of the LAA.
Currently, imaging testing tools are used preoperatively to
assess the LAA structure of patients and to assist the physi-
cian in selecting the appropriate size of the occluder [12].
However, the choice of treatment modality is often limited
at the discretion of the physician, or by local hospital con-
ditions or the conditions of patients.

In this study, we analyzed the correlation between the
maximum diameter of the LAA opening and the diameter of
the occluder detected by three dimensional-transesophageal
echocardiography (3D-TEE) to assess the potential of 3D-
TEE as a pivotal instrument in helping physicians select ap-
propriate occluders. TEE has the advantage of being user-
friendly and avoiding the adverse effects of radiation and
contrast agents on the patients compared to X-ray and con-
trast testing. 3D imaging provides a more comprehensive
view of the structure of the LA A opening in plane and space
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than 2D imaging. The comparative studies on various types
of testing tools to measure the maximum diameter of LAA
openings may be subjected to bias due to a small sample
size. Herein, a meta-analysis was conducted to delve deeply
into the reference value of 3D-TEE for the selection of the
occluder, and to promote the application of 3D-TEE in the
treatment of AF and stroke prevention.

Methods
Search Strategy

According to the statement of PRISMA 2020
(Supplementary Table 1), the published articles both in
Chinese and English were searched in pubmed, cochrane,
Web of Science, CNKI, Wanfang, and Weipu public
databases from the inception of each database to June
10, 2024, following the PICOS principle and utilizing
MeSH combined with free words. MeSH included
Echocardiography, Transesophageal, Three Dimensions,
Left atrial appendage closure and Heart atria.  Free
words encompassed Three-dimensional transesophageal
echocardiography, Left atrial structure, and Left atrial
function. The search process involved three researchers,
with the third researcher making the final decision when
two researchers disagreed on the inclusion of a particular
article. In addition, our meta-analysis has been registered
on the PROSPERO platform with the registration number
of CRD42024655390.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) study sub-
jects undergoing LAA occluder placement and having rel-
evant indices measured using 3D-TEE; (2) study subjects
not restricted by age, gender, or race; (3) observational clin-
ical studies using 3D-TEE in the selection of LAA occluder
size; (4) studies with the most recent reporting time or the
most complete data; (5) having at least one primary out-
come metric or secondary outcome metric. Given the spe-
cific analysis on the application value of 3D-TEE in select-
ing the size of LAA occluder in this study, we excluded
studies in a review format or in a technical report format,
studies involving animal or cellular subjects, and studies
with complete data unavailable from published results for
objective assessment. 10 studies published from 2016 to
2024 were finally included, with a total sample size of 552
cases.

Risk of Bias and Applicability Judgments

After screening based on the inclusion and exclusion
criteria, we evaluated the quality of the studies using the
QUADAS-2 tool. The details of assessment are shown in
Table 1, and to visualize the quality assessment of the study,
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the data were plotted using Review Manager Software (ver-
sion 5.3, Cochrane Collaboration, Oxford, UK). Three re-
searchers were involved in the quality assessment, with two
researchers simultaneously determining the final inclusion
of the study, and the third researcher determining the results
in case of disagreement over the assessment.

Data Extractions

The researcher read the full text and extracted data
from the finally included articles, incorporating basic in-
formation (e.g., first author, year of publication, and sam-
ple size), baseline information (e.g., sex, age, CHADS?2 and
HAS-BLED scores), and underlying conditions (e.g., hy-
pertension, diabetes mellitus, coronary heart disease, his-
tory, and LAA thrombosis), as well as the test tools used to
evaluate the maximum diameter of the LAA opening. The
final information covered the occluder diameter, the max-
imum diameter, the minimum diameter and depth of the
LAA opening, and the correlation coefficient with the max-
imum diameter of the occluder measured by 3D-TEE, 2D-
TEE, X-Ray Radiography (DSA), coronary angiography
(CAG), CT angiography (CTA), and video-assisted thoracic
surgery (VATS). Three researchers participated in data ex-
traction, with two researchers extracting data simultane-
ously and the third researcher making the final decisions
for whether the data information could be included, or when
there were differences in the extraction of data information
for picture types.

Statistical Analyses

The extracted data were transformed as follows and
then meta-analyzed using Review Manager (version 5.3,
Cochrane Collaboration, Oxford, UK) and Stata Software
(Stata Corporation, College Station, TX, USA). The con-
version formula was as follows:

1
Fisher’s Z = 0.5 x In — (1)
1—7r
1
Vz = 2
z n—3 @)
SEZVVZ (3)
e?z — 1
S = = 4
ummary » o1 4)

For data that were scale-type and had a correlation
coefficient » value for the outcome variable, the fisher'’s Z
value was converted using the above formula, and then en-
tered into the Review Manager software with standard error

Heart Surgery Forum


https://journal.hsforum.com/

wn10,] £423.NS JADIL]

€011d

Table 1. Essential elements of the QUADAS-2 tool for evaluating research quality.

Domain

Patient selection

Index test

Reference standard

Flow and timing

Description

Describe methods of patient selection:
Describe included patients (prior testing,
presentation, intended use of index test
and setting)

Describe the index test and how it was
conducted and interpreted

Describe the reference standard and how
it was conducted and interpreted

Describe any patients who did not receive the in-
dex test(s) and/or reference standard or who were
excluded from the 2 x 2 table (refer to flow dia-
gram): Describe the time interval and any interven-

tions between index test(s) and reference standard

Signaling questions

Was a consecutive or random sample of

Were the index test results interpreted

Is the reference standard likely to correctly

Was there an appropriate interval between index

(yes/no/unclear) patients enrolled? without knowledge of the results of the classify the target condition? test(s) and reference standard?

Was a case-control design avoided? reference standard? Were the reference standard results Did all patients receive a reference standard?

Did the study avoid inappropriate If a threshold was used, was it pre- interpreted without knowledge of the Did all patients receive the same reference stan-

exclusions? specified? results of the index test? dard?

Were all patients included in the analysis?
Risk of  bias: Could the selection of patients have intro- Could the conduct or interpretation of the Could the reference standard, its conduct, Could the patient flow have introduced bias?
High/low/unclear duced bias? index test have introduced bias? or its interpretation have introduced bias?
Concerns  regard- Are there concerns that the included pa- Are there concerns that the index test, its Are there concerns that the target condi-
ing  applicability: tients do not match the review question?  conduct, or interpretation differs from the tion as defined by the reference standard
High/low/unclear review question? does not match the review question?
Table 2. The general characteristics of the included literature.
Study Year Sample Age (y) Gender CHADS2 HAS-BLED Hypertensive Diabetes Coronary heart  History of History of left Diagnostic methods
size (male/female)  (score) (score) disease stroke auricular thrombus

Yosefy et al. [13] 2016 30 64.30 &+ 11.80 (NA) 16/14 NA NA NA NA NA NA NA 2D/3D
Al-Kassou et al. [14] 2017 46 75.00 & 7.00 (NA) 32/14 430+ 1.80 4.40+1.00 43 13 19 NA NA 2D/3D/CAG
Liet al. [21] 2019 62 68.30 £ 8.60 (55~79) 39/23 NA >2 NA NA NA NA NA 2D/3D/CAG
Jin et al. [22] 2019 47 68.47 £ 9.07 (NA) 26/21 377+ 120 2.67+0.96 29 7 15 28 NA 2D/3D/DSA
Zhang et al. [17] 2019 32 65.80 &+ 10.50 (NA) 22/10 430+1.20 3.20+0.60 23 10 NA 28 NA 2D/3D
Peng et al. [19] 2023 42 68.24 £ 8.59 (47~78) 22/20 3~7 3~7 NA 10 NA NA NA 3D/CT/DSA
Sun et al. [18] 2022 37 61.20 + 9.98 (NA) 19/18 320+ 132 2174092 25 12 5 4 NA 2D/3D/CTA
Bai et al. [15] 2017 189 59.4 +£ 11.8 (NA) 118/71 NA NA 72 14 NA 6 NA 3D/CT
Zhou et al. [16] 2017 28 66.64 + 8.52 (NA) 15/13 3.86 + 1.33 NA 24 4 NA NA NA 2D/3D/CT/X-ray
Duan et al. [20] 2024 41 59.3 £ 9.0 (NA) 31/10 NA NA 23 7 6 10 NA 2D/3D/VATS

2D, Two Dimensional-Transesophageal Echocardiography; 3D, Three Dimensional-Transesophageal Echocardiography; DSA, X-Ray Radiography; CAG, coronary angiography; CTA, CT angiography; CT, com-

puted tomography; VATS, video-assisted thoracic surgery.
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(Sg) to derive the summary r value using the inverse vari-
ance method. Heterogeneity was analyzed based on the
chi-square test results, and either a random-effects model
(p < 0.1, I2 > 50%) or a fixed-effects model (p > 0.1,
2 < 50%) was chosen for the analysis. In addition, out-
comes with high heterogeneity were analyzed using meta-
regression to rank possible sources of heterogeneity, and
a sensitivity analysis was performed by comparing fisher s
Z value for the fixed-effects model and the random-effects
model. Besides, outcomes with included studies greater
than 5 were dissected for publication bias. Finally, sum-
mary r value was employed to evaluate the correlation co-
efficient between the occluder diameter and the maximum
diameter of the LAA opening measured by each detection
tool. Normally, their correlation was judged by the abso-
lute value of the correlation coefficient » with the absolute
value closer to 1 indicating stronger correlation.

Search Results

Initially 347 studies were identified based on the
search strategy. After ineligible and duplicate studies were
removed as per the inclusion and exclusion criteria, 10 stud-
ies were finally included [13-22]. Fig. I indicates the se-
lection process.

General Characterization and Quality Assessment of In-

cluded Studies

The included 10 studies were published from 2016 to
2024, with a total sample size of 552 cases. Table 2 (Ref.
[13-22]) provides an overview of the general characteristics
of the included studies. All included studies were not case-
control trials, and all included cases were enrolled continu-
ously with high clinical appropriateness. The inclusion and
exclusion criteria for case screening were relatively com-
plete. Fig. 2 presents the quality assessment of all included
studies, revealing that the studies included had moderate
quality.

Correlation Assessment of the Maximum LAA Opening

Obtained by Each Measurement Tool with the Occluder
Diameter

The maximum diameters of the LAA openings ob-
tained by each measurement tool were compared to the di-
ameter of occlude, and it was found that the maximum LAA
opening was related to the size of the occluder, especially
the 2D-TEE and 3D-TEE (Fig. 3). Fisher’s Z value was
converted to » value (Table 3). The largest » values were
found in CAG (r = 0.864275) and VATS (r = 0.861723),
followed by 3D-TEE (r = 0.824272), hinting that the most
appropriate measurement tools for assisting the physician in
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Table 3. Correlation between maximum diameter of LAA
opening detected by each measurement tool and occluder

size.

Occluder size

r 95% CI lower limit ~ 95% CI upper limit
2D-TEE 0.725897 0.604367777 0.817754
3D-TEE 0.824272 0.753065905 0.874053
CT 0.807569 0.66959026 0.893698
DSA 0.769867 0.272905081 0.942503
CAG 0.864275 0.604367777 0.958733
VATS 0.861723 0.757362324 0.924624
LAA, left atrial appendage; 2D-TEE, two dimensional-

transesophageal echocardiography; 3D-TEE, three dimensional-
transesophageal echocardiography; DSA, X-Ray radiography;
CAG, coronary angiography; CT, computed tomography; VATS,
video-assisted thoracic surgery; CI, confidence interval.

selecting the occluder size were CAG and VATS, and that
the 3D-TEE was a slightly inferior choice. Due to p < 0.1
and 12 > 50%, there was significant heterogeneity among
the studies in Fig. 3A (p = 0.002 and I? = 71%), Fig. 3B (p
=0.009 and 12 = 63%), Fig. 3C (p = 0.002 and 1% = 90%),
and Fig. 3E (p = 0.0007 and I? = 91%). Fig. 3D,F included
only one study and do not need to analyze heterogeneity.

Comparative Summary of 2D-TEE and 3D-TEE

The maximum diameter of LAA openings measured
by 2D-TEE and 3D-TEE was counted in 6 of the included
studies, with mean difference value of 1.26 (95% CI: 0.04,
2.48; p=0.04; 12 = 85%) (Fig. 4A). The minimum diameter
was counted in 3 studies with mean difference value of 0.93
(95% CI: 0.21, 1.65; p = 0.01; I? = 0%; Fig. 4B). The depth
of LAA opening was calculated in 2 studies with mean dif-
ference value of 0.39 (95% CI: —0.55, 1.33; p = 0.41; 12 =
0%; Fig. 4C). According to p and I? values in Fig. 4, there
was evident heterogeneity among the studies in Fig. 4A (p
< 0.00001 and 12 = 85%), but no heterogeneity among the
studies in Fig. 4B (p = 0.82 and I? = 0%) and Fig. 4C (p =
0.38 and I? = 0%). Collectively, this meta-analysis demon-
strated that 3D-TEE outperformed 2D-TEE in measuring
maximum and minimum diameters of LAA opening.

Comparative Summary of CT and 3D-TEE

The maximum diameter of LAA openings measured
by CT and 3D-TEE was analyzed in 3 of the included stud-
ies, with mean difference value of 0.20 (95% CI: —1.21,
1.60; p = 0.78; 12 = 64%) (Fig. 5A). The minimum diame-
ter was counted in only 1 study with mean difference value
of —0.75 (95% CI: -2.05, 0.55; p = 0.26; Fig. 5B). Besides,
the depth of LAA opening was detected in 2 studies with
mean difference value of —1.75 (95% CI: —3.07, —0.44; p
=0.009; 12 = 42%; Fig. 5C). In light of p and 12 values in

Heart Surgery Forum


https://journal.hsforum.com/

Identification of studies via databases and registers

Records removed before
S screening:
= Duplicate records removed
s Records identified from through | — (n=198) o
= databases searching (n = 347) Records marked as ineligible
) by automation tools (n = 78)
2 Records removed for other
reasons (n = 6)
{ ™\ "
Records screened (n = 65) y| Records excluded not met the
inclusion criteria (n = 32)
Y
Reports sought for retrieval Reports not retrieved
> (n=33) ’ (n=0)
'c
[}
g
N v
Reports assessed for eligibility
(n = 33) —  »| Reports excluded:
Group setting is not
reasonable (n =7)
Outcome index do not meet
(n=6)
Redundant Chinese
Language Studies (n = 10)
\4
2 Studies included in review
= (n=10)
° Reports of included studies
= (n=10)

Fig. 1. Flowchart of the study search.

Fig. 5, studies in Fig. SA exhibited apparent heterogeneity
(p =0.06 and I? = 64%), while the heterogeneity cannot be
ruled out among studies in Fig. 5C (p = 0.19 and 12 = 42%).
In conclusion, this meta-analysis revealed that 3D-TEE was
inferior to CT in measuring the depth of LAA opening.

Comparative Summary of DSA and 3D-TEE

The maximum diameter of LAA openings measured
by DSA and 3D-TEE was assessed in 2 of the included
studies, with mean difference value of 0.01 (95% CI: —0.87,
0.90; p = 0.97; 12 = 0%) (Fig. 6A), while the minimum di-
ameter was counted in only 1 study with mean difference
value of —0.50 (95% CI: —1.84, 0.84; p = 0.47; Fig. 6B).
The depth of LAA opening was measured in 1 study with
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mean difference value of 2.11 (95% CI: 0.49,3.73; p=0.01;
Fig. 6C). In line with p and 12 values in Fig. 6, no hetero-
geneity was detected among the studies in Fig. 6A (p =0.98
and 12 = 0%). In short, this meta-analysis verified that 3D-
TEE was superior to DSA in measuring the depth of LAA
opening.

Comparative Summaries of VATS and 3D-TEE

The maximum diameter of LAA openings measured
by VATS and 3D-TEE was dissected in only 1 study of the
included studies, with mean difference value of —1.36 (95%
CI: -1.59, —1.13; p < 0.001; Fig. 7), suggesting that 3D-
TEE was inferior to VATS in determining maximum diam-
eters of LAA openings.
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Fig. 2. Quality assessment. (A) Risk of bias and applicability concerns graph. (B) Risk of bias and applicability concerns summary.

Heterogeneity Analysis

Outcomes with high heterogeneity were analyzed us-
ing meta-regression to rank possible sources of heterogene-
ity. Each measurement tool and the occluder size were
highly correlated as revealed by the statistical results, ir-
respective of the presence of heterogeneity (Fig. 3). When
comparing the maximum diameter of the LAA opening ob-
tained from 2D-TEE and 3D-TEE, Duan et al. [20] used
the Atriclip effective length as a control. We hypothesized
that the difference in calculation methods may be the source
of heterogeneity. After dividing Duan’s literature and the
other one into two subgroups, Cochran’s Q statistic anal-
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ysis revealed that within-group heterogeneity disappeared
(Fig. 8), a result supported by regression analysis (t = 0.64,
p = 0.555). For outcomes that included fewer than 5 pa-
pers, the limited data made it challenging to determine the
source of heterogeneity, which therefore were not further
discussed.

Sensitivity Analysis

To fathom the correlation between the maximum di-
ameter of LAA opening obtained by each measurement tool
and the size of the occluder, a sensitivity analysis was per-
formed by comparing fisher s Z value for the fixed-effects
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Fisher's Z Fisher's Z

(A) Study or Subgroup Fisher's Z SE Weight V. Random, 95% CI IV. Random, 95% CI
Al-kassou2017 1.04537055 0.15249857 14.9% 1.05[0.75, 1.34] -
Duan2024 0.36430461 0.16222142 14.4% 0.36 [0.05, 0.68] —
Jin2019 0.70257549 0.15430335 14.8% 0.70[0.40, 1.01] -
Li2019 0.89938852 0.13018891 16.1% 0.90 [0.64, 1.15] -
Sun2022 1.04537055 0.17149859 14.0% 1.05[0.71, 1.38] -
Zhang2019 1.09861229 0.18569534 13.2% 1.10[0.73, 1.46] -
Zhou2017 1.37576766 0.2 12.6% 1.38[0.98, 1.77] -
Total (95% CI) 100.0% 0.92[0.70, 1.15] <

Heterogeneity: Tau? = 0.07; Chi? = 20.97, df =6 (P = 0.002); I?=71% T

Test for overall effect: Z = 8.01 (P < 0.00001) Uncorrelated correlated

2 0 1 2

Fisher's Z Fisher's Z
(B) _Study orSubgroup _ Fisher'sZ  SE Weight IV.Random,95%ClI  IV.Random,95%ClI
Al-kassou2017 1.42192587 0.15249857 13.2% 1.42[1.12,1.72] -
Duan2024 0.98681277 0.16222142 12.6% 0.99[0.67, 1.30] -
Jin2019 0.74807647 0.15430335 13.1% 0.75[0.45, 1.05] -
Li2019 1.22457999 0.13018891 14.5% 1.22[0.97, 1.48] -
Peng2023 1.16915159 0.16012815 12.7% 1.17 [0.86, 1.48] -
Sun2022 0.90764498 0.17149859 12.1% 0.91[0.57, 1.24] -
Zhang2019 1.47221949 0.18569534 11.3% 1.47 [1.11, 1.84] -
Zhou2017 1.47221949 0.2 10.6% 1.47 [1.08, 1.86] -
Total (95% Cl) 100.0% 1.17 [0.98, 1.35] L 2
Heterogeneity: Tau? = 0.04; Chi? = 18.89, df = 7 (P = 0.009); I = 63% 2 1 5 1 2
Test for overall effect: Z = 12.37 (P < 0.00001) Uncorrelated correlated
Fisher's Z Fisher's Z
(@) Study or Subgroup Fisher's Z SE Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Al-kassou2017 0.99621508 0.15249857 49.2% 1.00 [0.70, 1.30] -
Li2019 1.62259657 0.13018891 50.8% 1.62[1.37, 1.88] -
Total (95% Cl) 100.0% 1.31 [0.70, 1.93] .
Heterogeneity: Tau? = 0.18; Chi? = 9.76, df = 1 (P = 0.002); I> = 90% 2 1 ) 1 2
Test for overall effect: Z = 4.20 (P < 0.0001) Uncorrelated correlated
Fisher's Z Fisher's Z
(D) _Study or Subgroup _ Fisher'sZ ~ SE Weight IV, Random, 95% CI V. Ran_dsm._9_5_€1" il
Peng2023 1.12124058 0.16012815 100.0% 1.12[0.81, 1.44]
Total (95% Cl) 100.0% 1.12[0.81, 1.44] >
Heterogeneity: Not applicable _’2 _’1 0 ‘:I é
Test for overall effect: Z = 7.00 (P < 0.00001) Uncorrelated  correlated
Fisher's Z Fisher’'s Z
(E) r r Fisher's Z E Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Jin2019 0.64014754 0.15430335 50.2% 0.64 [0.34, 0.94] -
Peng2023 1.39837549 0.16012815 49.8% 1.40[1.08, 1.71] -
Total (95% Cl) 100.0% 1.02 [0.28, 1.76] -
Heterogeneity: Tau? = 0.26; Chi? = 11.63, df = 1 (P = 0.0007); I = 91% 2 1 0 1 2
Test for overall effect: Z = 2.69 (P = 0.007) Uncorrelated correlated
Fisher's Z Fisher's Z
(F) r I Fisher's Z E Weight 1V, Random, 95% ClI 1V, Random, 95% Cl
Duan2024 1.30498122 0.16222142 100.0% 1.30[0.99, 1.62]
Total (95% ClI) 100.0% 1.30 [0.99, 1.62] 2
Heterogeneity: Not applicable _:2 _:1 0 1' é

Test for overall effect: Z = 8.04 (P < 0.00001) Uncorrelated  correlated

Fig. 3. Forest plot of correlation between maximum LAA opening detected by each measurement tool and diameter of occluder.

(A) 2 dimensional-transesophageal echocardiography. (B) 3 dimensional-transesophageal echocardiography. (C) Coronary angiography.

(D) CT angiography. (E) X-Ray radiography. (F) Video-assisted thoracic surgery. LAA, left atrial appendage.
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(A) 3D TEE 2D TEE

r r Mean SD Total Mean SD Total Weigh
Duan2024 243 046 41 267 065 41 22.1%
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Li2019 2136 372 62 19.14 285 62 185%
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Heterogeneity: Tau? = 1.73; Chi? = 34.10, df = 5 (P < 0.00001); I> = 85%
Test for overall effect: Z = 2.02 (P = 0.04)
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Yosefy2016 195 23 30 194 22 30 67.7%
Zhang2019 275 3.7 32 265 3 32 32.3%
Total (95% CI) 62 62 100.0%

Heterogeneity: Chi? = 0.77, df =1 (P = 0.38); I = 0%
Test for overall effect: Z=0.82 (P = 0.41)
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Fig. 4. Comparative summaries of 2D-TEE and 3D-TEE. (A) Comparison of maximum diameter of LAA openings measured by
2D-TEE and 3D-TEE. (B) Comparison of minimum diameter of LAA openings measured by 2D-TEE and 3D-TEE. (C) Comparison of
the depth of LAA openings measured by 2D-TEE and 3D-TEE. 2D-TEE, 2 dimensional-transesophageal echocardiography; 3D-TEE, 3
dimensional-transesophageal echocardiography; LAA, left atrial appendage.

Table 4. Sensitivity analysis results for the correlation
between the maximum LAA opening detected by each
measurement tool and the size of the occluder.

Random effects Fix effects

Fishers Z (95% CI)

Fishers Z (95% CI)

2D-TEE 0.92 (0.70, 1.15)
3D-TEE 1.17 (0.98, 1.35)
CT 1.31(0.70, 1.93)
CTA 1.12 (0.81, 1.44)
DSA 1.02 (0.28, 1.76)
VATS 1.30(0.99, 1.62)

0.90 (0.78, 1.02)
1.16 (1.05, 1.27)
1.36 (1.16, 1.55)
1.12 (0.81, 1.44)
1.01 (0.79, 1.22)
1.30 (0.99, 1.62)

model and the random-effects model. The combined effect
values were found to be relatively similar, indicating that
the analysis was robust and reliable, and the results of the
sensitivity analysis are detailed in Table 4.

Publication Bias

Outcomes with included studies greater than 5 were
analyzed for publication bias. A funnel plot of the cor-
relation between the maximum diameter of LAA opening
obtained by each measurement tool and the size of the oc-
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cluder was plotted, and the absence of missing corners in the
plot signified no publication bias (Fig. 9). In addition, the
scatter points were more evenly distributed on both sides of
the null line and lay outside the confidence intervals, indi-
cating the presence of heterogeneity, which was consistent
with previous results. Funnel plots were drawn for compar-
ing the maximum diameters of LAA obtained by 2D-TEE
and 3D-TEE, where no missing corners were observed,
however, there were scatters that lay outside the confidence
intervals, denoting a publication bias (Fig. 10A). After ex-
cluding the study by Duan et al. [20], all scatter points were
within the confidence interval and were distributed on both
sides of the null line (Fig. 10B). This suggested that the dif-
ference in calculation methods has contributed to discrep-
ancy.

Discussion

The 10 included studies have been confirmed to have
moderate to relatively high quality by means of QUADAS-
2 tool [23], enhancing the reliability of our findings. The
sample size varied with some studies including up to 189
cases, and others as few as 28. It is generally accepted that
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Test for overall effect: Z = 0.28 (P = 0.78) CT 3D TEE
(B) 3D TEE CT Mean Difference Mean Difference
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© _Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% ClI
Peng2023 26.64 3.41 42 27.79 4.02 42 67.9% -1.15[-2.74,0.44] B
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Test for overall effect: Z = 2.61 (P = 0.009) CT 3D TEE

Fig. 5. Comparative summaries of CT and 3D-TEE. (A) Comparison of the maximum diameter of LAA openings measured by CT
and 3D-TEE. (B) Comparison of the minimum diameter of LAA openings measured by CT and 3D-TEE. (C) Comparison of the depth of
LAA openings measured by CT and 3D-TEE. CT, CT angiography; 3D-TEE, 3 dimensional-transesophageal echocardiography; LAA,

left atrial appendage.
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Test for overall effect: Z = 2.55 (P = 0.01) DSA 3D TEE

Fig. 6. Comparative summaries of DSA and 3D-TEE. (A) Comparison of the maximum diameter of LAA openings measured by DSA
and 3D-TEE. (B) Comparison of the minimum diameter of LAA openings measured by DSA and 3D-TEE. (C) Comparison of the depth
of LAA openings measured by DSA and 3D-TEE. DSA, X-Ray radiography; 3D-TEE, 3 dimensional-transesophageal echocardiography;

LAA, left atrial appendage.
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3D TEE VAST
r Subgr Mean D Total Mean D Total Weigh
Duan2024 243 0.46 41 3.79 0.59 41 100.0%
Total (95% CI) 41 41 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 11.64 (P < 0.00001)
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Fig. 7. Comparison of maximum diameters of LAA openings measured by 3D-TEE and VATS. LAA, left atrial appendage; 3D-TEE,

3 dimensional-transesophageal echocardiography; VATS, video-assisted thoracic surgery.
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|
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NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 8. Analysis of heterogeneity in comparing the maximum diameter of LAA opening measured by 2D-TEE and 3D-TEE.

conclusions drawn from larger sample sizes may be more
reliable; however, small and accurate studies may yield
more interesting insights [24]. Meanwhile, the basic char-
acteristics of the patients selected in different studies, such
as medical history, may also introduce bias into the con-
clusions. In addition to sample size and patient selection,
the index test, reference standard, and flow and timing may
have biases in our study, which possibly led to the deviation
of the results. In this review, we compared the maximum
diameter, the minimum diameter and depth of LAA open-
ings obtained by tools including 3D-TEE. We found that
when comparing the » values of the maximum diameters,
CAG and VATS were proved to be better measurement tools
than 3D-TEE; however, CAG may negatively impact the
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angiography, and only 1 article included VATS, which may
have biased the results. Further, for CAG, VATS and 3D-
TEE, additional clinical trials can be performed to deeply
investigate their advantages for LAAO.

Several studies have demonstrated that LAAO is an ef-
fective modality for stroke prevention in patients with AF
[25-27]. In LAAO, clearer visualization of the morphol-
ogy and size of LAA opening and the appropriate size of the
occluder are critical for the success of the procedure [28].
Currently, DSA combined with 2D-TEE is the routine tool
to select the size of the occluder, which however was ques-
tioned gradually [29,30], and prompted the evaluation and
observation of the new technique 3D-TEE [31]. Theoret-
ically, 3D-TEE can unveil spatial and 3D morphology of
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Fig. 9. Funnel plot of correlation between the maximum di-
ameter of LAA opening detected by each measuring tool and
the size of the occluder.
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Fig. 10. Funnel plot for comparison between 2D-TEE and 3D-
TEE. (A) Funnel plot for comparison between 2D-TEE and 3D-
TEE. (B) After excluding the study by Duan et al. [20], funnel
plot for comparison between 2D-TEE and 3D-TEE.

LAA from multiple angles and can be a more effective de-
tection tool, which requires further support from substantial
high-quality factual evidence. Of note, this review pooled
several high-quality relevant studies to validate 3D-TEE
as an assisted detection tool in the selection of an appro-
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priate occluder for patients through a comprehensive and
comparative meta-analysis. Analogous to previous studies
[14,19,21], this review identified that 3D-TEE had signifi-
cant advantages over other tools, such as 2D-TEE and DSA,
in choosing the optimal device size for LAAO.

Some limitations exist in this review and more evi-
dence is needed to bolster up our results. Since only one
study used X-ray for detection and the majority used the
DSA method, we did not discuss X-ray-related results in
the specific calculations. Differences in brands of occluders
have not been considered, and besides the familiar Watch-
man device, products from other companies that may be
equally effective for LAAO have been approved and came
into the market [32]. When evaluating the detection tools,
we directly compared the r value of the correlation be-
tween the measured maximum LAA opening and the oc-
cluder size, and also compared the depth of the occluder and
the minimum diameter of the LAA opening obtained with
3D-TEE and other tools. However, because of the small
number of included studies, the network-meta could not be
tested for consistency and ring inconsistency. We look for-
ward to further development in this field together with more
high-quality articles on 3D-TEE-assisted LAAO, which in
turn will allow us to evaluate the advantages of 3D-TEE
more comprehensively.

Conclusion

In summary, this meta-analysis shows that 3D-TEE
can more effectively measure LAA opening closer to oc-
cluder size and is less harmful than other measurement
tools. More specifically, 3D-TEE is superior to 2D-TEE in
measuring the maximum (p = 0.04) and minimum diameters
(» =0.01) of LAA openings, and to DSA in measuring the
depth of LAA openings (p = 0.01). This suggests that 3D-
TEE can be applied more frequently to detect relevant pa-
rameters, including the maximum diameter of LAA open-
ing, when selecting the size of the occluder prior to LAAO
surgery. Therefore, 3D-TEE serves as an effective tool for
assisting physicians in selecting the appropriate size of the
occluder, contributive to improving surgical outcomes and
efficiency. In the future, we will expand the sample size and
continue to evaluate the application advantages of 3D-TEE
in LAAO surgery.

Availability of Data and Materials
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available from the corresponding author on reasonable re-
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