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Abstract

Background: This paper aimed to appraise the diagnostic precision of assorted methodologies to identify left atrial/left atrial appendage
(LA/LAA) thrombus through a network meta-assessment. Methods: Methodologically, we conducted a comprehensive literature search
across multiple databases. Utilizing the risk of bias tool from the Cochrane Collaboration, methodological quality of included studies was
critically assessed and potential publication bias was examined via funnel plots. The subsequent data analysis was executed using Stata
software, with the most efficacious diagnostic modalities being determined based on cumulative ranking curve (SUCRA) values. Results:
We scrutinized a sum of 18 papers, comprising 4102 subjects and utilizing 10 different diagnostic techniques. The hierarchical results
derived from the network meta-analysis indicated that in regards to sensitivity, the dual-source cardiac computed tomography (DSCT)
was superior (with a SUCRA value of 71.7%), it was succeeded by 3-minute delayed cardiac computed tomography (CCT) (scoring
66.8%), which surpassed the transesophageal echocardiography (TEE) (holding a SUCRA value of 57.5%). In terms of specificity,
DSCT was the best (SUCRA value of 84.3%), followed by three dimensional (3D) cardiac magnetic resonance imaging (3D-CMRI)
(SUCRA value of 78.0%), which was better than TEE (SUCRA value of 66.6%). In terms of positive likelihood ratio (PLR), 6-minute
delayed CCT (SUCRA value of 85.6%) was superior to 3-minute delayed CCT (SUCRA value of 80.1%), both of which were superior
to TEE (SUCRA value of 69.1%). DSCT (SUCRA value of 89.3%) had the best negative likelihood ratio (NLR), while DSCT (SUCRA
value of 79.9%) had the highest accuracy. Conclusions: This study demonstrated that DSCT outperformed TEE in sensitivity, specificity,
NLR, and accuracy in identifying thrombus of LA/LAA among patients suffering from atrial fibrillation. Our conclusion is that DSCT
is the best in diagnosing LA/LAA. In addition, 3D-CMRI and 3-minute delayed CCT are expected to replace TEE.
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1. Introduction

In the spectrum of clinical arrhythmias, atrial fibrilla-
tion (AF) predominates. Around 59.7million people world-
wide have AF (including atrial flutter) as of 2019 [1]. AF
has an increased all-cause mortality by 1.5-fold in men
and 2-fold in women [2]. Currently, the treatment of AF
consists mainly of drugs and catheter ablation. In the last
decade, some antiarrhythmic drugs have been found to have
a risk of causing arrhythmias [3,4], and therefore have limi-
tations in their clinical application. Catheter ablation offers
significant advantages in maintaining sinus rhythm never-
theless, it doesn’t render an exception for the left atrial/left
atrial appendage (LA/LAA) thrombus. More than 90% of
the LA thrombus is present in the LAA, a special structure
of the LA in which blood flow is slow and stagnant, leading
to thrombus formation. The thrombus and emboli circulate
through the blood stream to the cerebral arteries, blocking
the blood supply to the brain and leading to ischemic cere-
bral infarction. The risk rates of ischemic stroke and sys-

temic circulation artery embolism caused by AF are 1.92%
and 0.24%, respectively. This results in a 20% mortality
rate and a 60% disability rate [5], increases the number of
cardiovascular diseases (49%), non-cardiovascular diseases
(43%), and bleeding hospitalizations (8%) [6].

Currently, the main diagnostic methods for throm-
bus of LA/LAA include transesophageal echocardiography
(TEE), cardiac magnetic resonance imaging (CMRI), mul-
tidetector computed tomography cardiac computed tomog-
raphy, dual-source cardiac computed tomography (DSCT),
computed tomography of the heart delayed, as well as car-
diac computed tomography angiography (CCTA). How-
ever, there is minimal relevant research to determine the
overall diagnostic efficacy of these various methods. TEE
is decisive for determining LA/LAA thrombosis [7,8]. Be-
cause TEE has certain complications and some patients can-
not tolerate it because of Esophageal stricture, esophageal
ulcer, anesthetic allergy/hypertension. Therefore, it is nec-
essary to find alternative detection methods for TEE for
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TEE [9]. We use network meta-analysis (NMA) to make a
comparison of the diagnostic result between various throm-
bus of LA/LAA detection techniques in order to offer solid
suggestions for patients and clinicians.

2. Materials and Methods
2.1 Registration

This study using network meta-analysis (NMA) has
been registered on the INPLASY-International Platform,
Invoice Number: 2022120041.

2.2 Search Strategy
As of September 2022, the literature was retrieved us-

ing PubMed, EMBASE, an electronic database of Cochrane
Controlled Trials, WOS (Web of Science), as well as other
databases. The PICOS ( Patient, Intervention, Control ,Out-
come and Study design) tool served as the foundation for the
investigators’ search strategy: (P) Patients with atrial fibril-
lation who are receiving cardiac radiofrequency ablation,
electrical cardioversion/cardiac evaluation for other rea-
sons; (I) Interventional procedures include CMRI, cardiac
computed tomography (CCT), TEE, transthoracic echocar-
diography (TTE), and other diagnostic modalities. (C) Con-
trol: Within one month, all patients underwent TEE exam-
inations. (O) LAA/LA thrombus; (S) Study design: obser-
vational test. The search approach is shown in Supplemen-
tary Table 1.

2.3 Inclusion Criteria
(1) The investigators’ search strategy was carried out

using the PICOS tool; (2) Methods: screening tools includ-
ing TEE, and at least one diagnostic method; (3) Studies in-
cluding the followingmetrics: TP (True positive), TN (True
Negative), FP (False Positive), FN (False Negative), Se
(Sensitivity), Sp (Specificity), Sr (Accuracy), NLR (Neg-
ative likelihood ratio). Furthermore, In the absence of pos-
itive likelihood ratio (PLR), NLR, TP, TN, FP, FN, calcu-
lations are made based on known variables (Se and Sp).

2.4 Exclusion Criteria
(1) Research without complete data; (2) Research

lacking clear inclusion criteria; (3) Non-diagnostic pi-
lot studies (including randomized controlled trials, animal
studies, protocols, meeting summaries, case reports/letters).

2.5 Data Extraction
Ruirui Song and Jun Chen are responsible for search-

ing the literature and importing the search results into
file manager EndNote software (version 20.2.1, Bld 1574,
Thomson ResearchSoft, USTC, USA). After Ruirui Song
eliminated the duplicate literature, Ruirui Song, Jun Chen,
Jian Huang andXiaojing Shi screened the literature by read-
ing the title, abstract and full text, and finally got the in-
cluded literature after discussion and communication. Xue-
feng Guo and Hongmei Gao extracted data from the in-

cluded literature, respectively. If there was any doubt, they
agreed on their opinions after consultation. Main extracted
information: Author, Year, Country, Reference standard,
Diagnostic method and main indicators Se, Sp, PLR, NLR,
TP, FP, FN and TN.

2.6 Literature Quality Assessment
Hongmei Gao and Xiaojing Shi respectively used

QUADAS-2 (Quality Assessment of Diagnostic Accuracy
Studies) diagnostic accuracy research quality evaluation
software [10] to determine the quality of the selected lit-
erature, discussed and unified the evaluation results. The
scale evaluation included bias risk assessment and clini-
cal applicability assessment. Bias risk is defined as “low”,
“high”/“uncertain”. Discuss and resolve any disagreement
with Fang Liu during quality evaluation.

2.7 Analysis of Data
In studies with different diagnostic methods used as

interventions, all variables were continuous and represented
by the mean and standard deviation. The study of contin-
uous variable will take the mean differences (MD equals
Mean difference between gold standard TEE and other di-
agnostic methods, calculated using the same scale), 95%
confidence interval (CI), and analysis. Because there are
differences among various research, the random effects
model was chosen to analyze [11].

Stata software (version 15.1, StataCorp LLC, Col-
lege Station, TX, USA) was recruited to perform mesh
meta-analysis using a Bayesian framework based on the
PRISMA NMA User Manual [12,13]. Data were inputted
into Stata15.1 software and p-values were obtained. Node
methodwas used to quantify the consistency of the included
study. If the p-value was above 0.05, it passed the consis-
tency test [14].

Stata15.1 software was used to draw the network dia-
gram, forest diagram and funnel diagram of LA/LAA with
various diagnostic tools. Every node marks a type of di-
agnostic way, and the lines banding the nodes represent a
straightforward, positive comparison between other diag-
nostic ways. The larger the node, the thicker the line, the
more the number of studies, and vice versa [15].

Based on Bayesian method, the cumulative ranking
curve (SUCRA) values can accurately represent the per-
centage of different diagnostic methods and intuitively dis-
play the performance of each diagnostic method. Through
ranking, the most efficient diagnostic way can be obtained.
A high SUCRA value indicates a high diagnostic perfor-
mance rating for this diagnostic method [16]. The network
funnel plot can show whether there is publication bias in
the included literature, and the symmetry criterion is used
for visual examination. If the funnel plot is asymmetrical,
publication bias is likely to occur [17].
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Fig. 1. Flow diagram of literature selection.

3. Results
3.1 Study Search

2721 articles were retrieved. After excluding dupli-
cate entries, 1778 articles remained. Then, by browsing the
title, abstract and full text, 62 papers were selected from
the 1716 papers, and further excluded literature such as un-
rigorous research design, imperfect outcome indicators and
abstracts. Finally, 18 articles [18–35] were included; flow
diagram of references choice. Fig. 1 shows the detailed lit-
erature screening process.

3.2 Features of the Selected Studies
This study included 10 diagnostic tests and 4102 pa-

tients. TEE was the gold standard, with non-delayed CCT
(4 studies) [18–21], 1-minute delayed CCT (3 studies) [20–
22], 3-minute delayed CCT (2 studies) [21,22], 6-minute
delayed CCT (1 study) [21], two dimensional (2D)-CMRI
(1 study) [23], DSCT (2 studies) [24,25], multidetector
computed tomography (MDCT) (8 studies) [26–33], three
dimensional (3D)-TEE (1 investigation) [34], 3D-CMRI (1
investigation) [23], and CCTA (1 study) [35]. The features
and baseline of the selected studies are demonstrated in Ta-
bles 1,2 (Ref. [18–35]).

3.3 Quality Evaluation of Selected Researches

The 18 studies (Ref. [17–32,34,35]) included under-
went network meta-analysis using STATA 15.1, and two re-
searchers used QUADAS-2 to evaluate the study’s quality,
deviation risk, and applicability. Where disagreements ex-
isted, they were discussed/resolved by a third party. The
overall quality of the article was satisfactory:8 studies [21,
24–26,30,32,34,35] were low-risk studies, and the remain-
ing 10 studies [18–20,22,23,27–29,31,33] were medium-
risk. Fourteen studies [18–26,28,29,31–33] described ex-
aminer blinding. However, due to the different diagnostic
methods used in these studies, it is difficult to blind both pa-
tients and diagnosers at the same time, but most diagnosers
in these studies are unaware (Figs. 2,3).

3.4 Network Meta-Analysis

The complete NMA is showed in Figs. 4,5,6,7,8A.

3.4.1 Sensitivity

This study showed a big difference in the sensitivity
of DSCT [MD equals 0.65, 95% confidence interval: (0.01,
1.29)] compared to CCTA.

The SUCRA values for DSCT (71.7%) > 3-minute
delayed CCT (66.8%) > 1-minute delayed CCT (64.7%)

3
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Table 1. Baseline information of the meta-analysis.
Author Year Country Age (years) (mean ± SD) Total/Female Study design

Budoff MJ, et al. [35] 2014 California 64 84/16 retrospective
Dorenkamp M, et al. [26] 2013 Germany 62 ± 10 329/115 prospective
Hioki M, et al. [27] 2016 Japan 55.2 ± 10.7 459/40 prospective
Ikegami Y, et al. [18] 2017 Japan 69 (61–72) 95/77 retrospective
Kantarci M, et al. [28] 2019 Turkey 60 53/22 prospective
Kapa S, et al. [24] 2010 USA 59 255/56 retrospective
Kottmaier M, et al. [25] 2019 Germany 60 ± 10 622/193 prospective
Li XN, et al. [22] 2022 China 58.3 ± 12.2 329/102 retrospective
Martinez MW, et al. [29] 2009 Minnesota 56 ± 10 402/94 retrospective
Mohrs OK, et al [23] 2006 Germany 64 ± 10 23/– prospective
Munir S, et al. [19] 2015 Canada 59.4 ± 9.5 51/13 retrospective
Patel A, et al. [30] 2008 New York 56.1 ± 10.3 72/22 retrospective
Sawit ST, et al. [20] 2012 New York 59.5 ± 12.4 70/19 prospective
Singh NK, et al. [31] 2009 Illinois 64 ± 10.3 51/14 retrospective
Spagnolo P, et al [21] 2021 Italy 59 ± 11 260/61 prospective
Squara F, et al. [34] 2018 France 76 (71–77) 104/42 prospective
Yasuoka R, et al. [32] 2017 Japan 64 ± 10 60/12 retrospective
Zhai Z, et al. [33] 2018 China 55 ± 11 783/231 retrospective
SD, standard deviation.

Fig. 2. Risk of bias and adaptability concerns summary.

> MDCT (64.7%) > 3D-CMRI (58.9%) > TEE (57.5%)
> non-delayed CCT (55.2%) > 6-minute delayed CCT
(48.6%) > 3D-TEE (36.3%) > 2D-CMRI (16.8) > CCTA
(8.8%) are shown in Fig. 4B; Fig. 4C shows the Forest map
for Se which comparison between these different diagnostic
measures.

3.4.2 Specificity

This study showed that 6-minute delayed CCT [MD
equals 0.06, 95% confidence interval: (0.02, 0.11)], 3-
minute delayed CCT [MD equals 0.11, 95% confidence in-
terval: (0.04, 0.18)], 3D-TEE [MD equals 0.21, 95% con-
fidence interval: (0.13, 0.29)], and 2D-CMRI [MD equals
0.50, 95% confidence interval: (0.07, 0.93)] have signifi-
cant differences in specificity compared with DSCT; com-
pared to 2D-CMRI, TEE [MD equals 0.47, 95% confidence
interval: (0.03, 0.91)], MDCT [MD equals 0.50, 95% confi-
dence interval: (0.07, 0.93)], non-delayed CCT [MD equals
0.49, 95% confidence interval: (0.04, 0.95)], and 3D-CMRI
[MD equals 0.48, 95% confidence interval: (0.04, 0.92)]
have significant differences in specificity; compared to 3D-
TEE, 3D-CMRI [MD equals 0.20, 95% confidence interval:
(0.15, 0.24)], non-delayed CCT [MD equals 0.2, 95% con-
fidence interval: (0.08, 0.33)], TEE [MD equals 0.18, 95%
confidence interval: (0.4, 0.23)], and 6-minute delayed
CCT [MD equals 0.15, 95% confidence interval: (0.06,
0.24)] have pronounced differences in specificity.

The SUCRA values for DSCT (84.3%) > 3D-CMRI
(78.0%)> non-delayed CCT (76.8%)>MDCT (74.3%)>
TEE (66.6%)> 6-minute delayedCCT (55.2%)> 3-minute
delayed CCT (40.2%) > 1-minute delayed CCT (26%) >
CCTA (22.5%) > 3D-TEE (21.9%) > 2D-CMRI (4.3%)
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Table 2. Traits of the researches selected in the meta-analysis.
Authors Reference standard Diagnostic method Total Se Sp NPV PPV Accuracy

Budoff MJ, et al. [35] TEE CCTA 84 100% 77.90% 100% 51.60% 77.90%
Dorenkamp M, et al. [26] TEE MDCT 329 29% 98% 98% 20% 27%
Hioki M, et al. [27] TEE MDCT 459 100% 91% 100% 17.65% 91%
Ikegami Y, et al. [18] TEE non-delayed CCT 95 100% 81% 100% 40.70% 81%
Kantarci M, et al. [28] TEE MDCT 53 100% 100% 100% 100% 100%
Kapa S, et al. [24] TEE DSCT 255 100% 88% 100% 12.12% 100%
Kottmaier M, et al. [25] TEE DSCT 622 100% 89.20% 100% 4.30% 89.20%

Li XN, et al. [22] TEE
1-minute delayed CCT 329 100% 93% 100% 57% 93%
3-minute delayed CCT 329 100% 100% 100% 100% 100%

Martinez MW, et al. [29] TEE MDCT 402 100% 92% 100% 23% 92%

Mohrs OK, et al. [23] TEE
2D-CMR 23 47% 50% 25% 73% 3%
3D-CMR 23 35% 67% 27% 75% 2%

Munir S, et al. [19] TEE non-delayed CCT 51 0% 88% 100% 0% 12%
Patel A, et al. [30] TEE MDCT 72 100% 72.20% 100% 28.60% 72.20%

Sawit ST, et al. [20] TEE
non-delayed CCT 70 100% 83.80% 100% 15% 83.80%

1-minute delayed CCT 70 100% 100% 100% 100% 100%
Singh NK, et al. [31] TEE MDCT 51 100% 95.90% 100% 50% 95.90%

Spagnolo P, et al [21] TEE

non-delayed CCT 260 100% 79% 100% 16% 79%
1-minute delayed CCT 260 100% 98% 100% 67% 98%
3-minute delayed CCT 260 100% 99% 100% 83% 99%
6-minute delayed CCT 260 100% 100% 100% 100% 100%

Squara F, et al. [34] TEE 3D-TEE 104 100% 99% 100% 89% 99%
Yasuoka R, et al. [32] TEE MDCT 60 90% 84% 100% 0% 74%
Zhai Z, et al. [33] TEE MDCT 783 100% 95.74% 100% 19.51% 96%
TEE, transesophageal echocardiography; CCTA, cardiac computed tomography angiography; MDCT, multidetector computed tomography;
CCT, cardiac computed tomography; DSCT, dual-source cardiac computed tomography; 2D-CMR, 2D-cardiac magnetic resonance imaging;
3D-CMR, 3D-cardiac magnetic resonance imaging; Se, sensitivity; Sp, specificity; NPV, negative predictive value; PPV, positive predictive
value; 2D, two dimensional; 3D, three dimensional.

Fig. 3. Risk of bias and applicability concerns chart.

are shown in Fig. 5B; Fig. 5C shows the Forest map for Sp
which comparison between these different diagnostic mea-
sures.

3.4.3 Positive Likelihood Ratio
This study showed a significant difference in PLR for

DSCT [MD equals 8.34, 95% confidence interval: (3.59,
13.08)] compared to 6-minute delayed CCT.

The SUCRA values for 6-minute delayed CCT
(85.6%)> 3-minute delayed CCT (80.1%)> TEE (69.1%)
> 3D-TEE (59.3%) > 1-minute delayed CCT (26.0%) >
MDCT (39.3%) > CCTA (39.0%) > 2D-CMRI (37.8%)
> DSCT (34.3) > non-delayed CCT (28.2%) > 3D-CMRI
(21.3%) are shown in Fig. 6B; Fig. 6C shows the Forest map
for Spwhich comparison between these different diagnostic
measures.
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Fig. 4. Comparison of sensitivity of different diagnostic methods. (A) NMA figure for Se. (B) SUCRA plot for Se. (C) Forest map
for Se. TEE, transesophageal echocardiography; CCTA, cardiac computed tomography angiography; MDCT, multidetector computed
tomography; CCT, cardiac computed tomography; DSCT, dual-source cardiac computed tomography; 2D-CMR, 2D-cardiac magnetic
resonance imaging; 3D-CMR, 3D-cardiac magnetic resonance imaging; Se, sensitivity; NMA, network meta-analysis; SUCRA, surface
under the cumulative ranking curve; 2D, two dimensional; 3D, three dimensional; CI, confidence interval; ES indicates effect size.

6

https://www.imrpress.com


Fig. 5. Comparison of specificity of different diagnostic methods. (A) NMA figure for Sp. (B) SUCRA plot for Sp. (C) Forest map
for Sp. TEE, transesophageal echocardiography; CCTA, cardiac computed tomography angiography; MDCT, multidetector computed
tomography; CCT, cardiac computed tomography; DSCT, dual-source cardiac computed tomography; 2D-CMR, 2D-cardiac magnetic
resonance imaging; 3D-CMR, 3D-cardiac magnetic resonance imaging; NMA, network meta-analysis; Sp, specificity; SUCRA, surface
under the cumulative ranking curve; 2D, two dimensional; 3D, three dimensional; CI, confidence interval; ES indicates effect size.
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Fig. 6. Comparison of positive likelihood ratio of different diagnostic methods. (A) NMA figure for PLR. (B) SUCRA plot for PLR.
(C) Forest map for PLR. TEE, transesophageal echocardiography; CCTA, cardiac computed tomography angiography; MDCT, mul-
tidetector computed tomography; CCT, cardiac computed tomography; DSCT, dual-source cardiac computed tomography; 2D-CMR,
2D-cardiac magnetic resonance imaging; 3D-CMR, 3D-cardiac magnetic resonance imaging; NMA, network meta-analysis; PLR, posi-
tive likelihood ratio; SUCRA, surface under the cumulative ranking curve; 2D, two dimensional; 3D, three dimensional; CI, confidence
interval; ES indicates effect size.

3.4.4 Negative Likelihood Ratio

The network meta-analysis results demonstrated that
3D-TEE [MD equals 0.74,95% confidence interval: (0.37,

1.1)], non-delayed CCT [MD equals 0.89, 95% confidence
interval: (0.27, 1.51)], 6-minute delayed CCT [MD equals
0.89, 95% confidence interval: (0.62, 1.15)], TEE [MD
equals 0.9, 95% confidence interval: (0.5, 1.31)], 3D-
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CMRI [MD equals 0.91, 95% confidence interval: (0.44,
1.39)], MDCT [MD equals 1, 95% confidence interval:
(0.25, 1.75)], and 1-minute delayed CCT [MD equals 1,
95% confidence interval: (0.24, 1.76)] have significant
differences in NLR compared with DSCT; compared to
2D-CMRI, 6-minute delayed CCT [MD equals 0.95, 95%
confidence interval: (0.09, 1.8)], TEE [MD equals 0.96,
95% confidence interval: (0.05, 1.88)], and 3D-CMRI [MD
equals 0.97, 95% confidence interval: (0.03, 1.92)] have
significant differences in NLR.

The SUCRA values for DSCT (89.3%) > 2D-CMRI
(88.3%)> CCTA (84%)> 3-minute delayed CCT (63.8%)
> 3D-TEE (46.7%) > non-delayed CCT (32.8%) > 6-
minute delayed CCT (31.9%) > TEE (30.4%) > 3D-
CMRI (29.6%)>MDCT (26.6%)> 1-minute delayedCCT
(26.5%) are as shown in Fig. 7B; Fig. 7C shows the Forest
map for NLRwhich comparison between these different di-
agnostic measures.

3.4.5 Accuracy
This study showed that compared to DSCT, 3D-TEE

[MD equals 0.33, 95% confidence interval: (0.11, 0.56)],
6-minute delayed CCT [MD equals 0.2, 95% confidence in-
terval: (0.04, 0.36)], 2D-CMRI [MD equals 0.97, 95% con-
fidence interval: (0.39, 1.55)], as well as CCTA [MD equals
0.98, 95% confidence interval: (0.4, 1.56)] have significant
differences in accuracy; compared to 2D-CMRI, 3D-TEE
[MD equals 0.64, 95% confidence interval: (0.01, 1.26)],
TEE [MD equals 0.88, 95% confidence interval: (0.25,
1.52)], non-delayed CCT [MD equals 0.91, 95% confidence
interval: (0.21, 1.61)], 3-minute delayed CCT [MD equals
0.91, 95% confidence interval: (0.25, 1.57)], 6-minute de-
layed CCT [MD equals 0.77, 95% confidence interval:
(0.06, 1.37)], and 3D-CMRI [MD equals 0.92, 95% confi-
dence interval: (0.27, 1.57)] have significant differences in
accuracy; compared to CCTA, 3D-CMRI [MD equals 0.93,
95% confidence interval: (0.28, 1.58)], 3-minute delayed
CCT [MD equals 0.92, 95% confidence interval: (0.26,
1.58)], non-delayed CCT [MD equals 0.92, 95% confidence
interval: (0.22, 1.62)], TEE [MD equals 0.89, 95% confi-
dence interval: (0.26, 1.53)], 1-minute delayed CCT [MD
equals 0.76, 95% confidence interval: (0.01, 1.51)], 3D-
TEE [MD equals 0.65, 95% confidence interval: (0.02,
1.27)], and 6-minute delayed CCT [MD equals 0.78, 95%
confidence interval: (0.17, 1.38)] have significant differ-
ences in accuracy.

The SUCRA values for DSCT (79.9%) > MDCT
(72.0%) > 3D-CMRI (69.5%) > 3-minute delayed CCT
(67.5%) > non-delayed CCT (67.0%) > TEE (63.0%) >
1-minute delayed CCT (47.2%) > 6-minute delayed CCT
(44.6%)> 3D-TEE (27.9%)> 2D-CMRI (5.9%)> CCTA
(5.6%) are shown in Fig. 8B; Fig. 8C shows the comparison
between these different diagnostic measures.

3.5 Publication Bias Examination
Funnel plots were drawn for Se, Sp, PLR, NLR and

Accuracy to determine possible publication bias. Visually,
the overall publication bias of the literature was small. The
details are shown in Fig. 9.

4. Discussion
Among various diagnostic methods for LA/LAA

thrombosis in clinical practice, TEE is still the gold stan-
dard for recommendations. In this study, network meta-
analysis was performed on different diagnostic methods to
compare the diagnostic value of different diagnostic tech-
niques for LA/LAA thrombosis detection, so as to provide
evidence for clinical application. Our study participants in-
cluded 18 articles (Ref. [17–32,34,35]), including 4102 pa-
tients and 10 kinds of diagnostic methods. The ranking re-
sults of the NMA demonstrated that in terms of sensitivity,
DSCT is the best (SUCRA value of 71.7%), followed by 3-
minute delayed CCT (66.8%), which was better than TEE
(SUCRA value of 57.5%). In terms of specificity, DSCT is
the best (SUCRA value of 84.3%), followed by 3D-CMRI
(SUCRA value of 78.0%), which was better than TEE (SU-
CRA value of 66.6%). In terms of PLR, 6-minute delayed
CCT (SUCRA value of 85.6%) was superior to 3-minute
delayed CCT (SUCRA value of 80.1%), both of which were
superior to TEE (SUCRA value of 69.1%). DSCT (SU-
CRA value of 89.3%) had the highest NLR, while DSCT
(SUCRA value of 79.9%) had the highest accuracy. This
study demonstrated that besides the gold standard, DSCT
was the best in diagnosing LA/LAA thrombosis. In addi-
tion, 3D-CMRI and 3-minute delayed CCT are expected to
replace TEE. Through the literature review, several meta-
analyses were conducted on two/ more methods for diag-
nosing thrombus of LA/LAA. However, this study con-
ducted a comprehensive network meta-analysis of these di-
agnostic methods.

Because of LAA’s complex structure and physiolog-
ical characteristics, finding a substitution to TEE for the
diagnosis of LAA thrombosis is challenging. CMRI is a
safe and non-invasive examination method that does not re-
quire sedation, iodized contrast agents/ionizing radiation.
A meta-analysis showed that [36] CMRI has a sensitiv-
ity of 44–100%, a specificity of 67–100%, an active fore-
cast result of 50–100%, a passive forecast result of 29–
100%, and the SUCRA value is 0.93 in the diagnosis of
thrombus of LA/LAA. This confirms that CMRI is a reli-
able diagnostic method to detect thrombus of LA/LAA. It
was shown that CMRI can evaluate thrombus of LA/LAA
among patients suffering from non-rheumatic atrial fibril-
lation as well as patients who once had a stroke [37]. They
concluded that the TEE and CMRI 100% of consistency
in terms of detection LAA blood clots. Rathi et al. [38]
showed that CMRI detection of LAA/LA thrombus is spe-
cific to TEE and can detect intracardiac thrombus other than
the LAA/LA. In addition, 3D-CMRI can clearly display
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Fig. 7. Comparison of negative likelihood ratio of different diagnostic methods. (A) NMA figure for NLR. (B) SUCRA plot for
NLR. (C) Forest map for NLR. TEE, transesophageal echocardiography; CCTA, cardiac computed tomography angiography; MDCT,
multidetector computed tomography; CCT, cardiac computed tomography; DSCT, dual-source cardiac computed tomography; 2D-CMR,
2D-cardiac magnetic resonance imaging; 3D-CMR, 3D-cardiac magnetic resonance imaging; NMA, network meta-analysis; SUCRA,
surface under the cumulative ranking curve; NLR, negative likelihood ratio; 2D, two dimensional; 3D, three dimensional; CI, confidence
interval; ES indicates effect size.
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Fig. 8. Comparison of accuracy of different diagnostic methods. (A) NMA for Accuracy. (B) SUCRA plot for Accuracy. (C) Forest
map for Accuracy. TEE, transesophageal echocardiography; CCTA, cardiac computed tomography angiography; MDCT, multidetector
computed tomography; CCT, cardiac computed tomography; DSCT, dual-source cardiac computed tomography; 2D-CMR, 2D-cardiac
magnetic resonance imaging; 3D-CMR, 3D-cardiac magnetic resonance imaging; NMA, network meta-analysis; SUCRA, surface under
the cumulative ranking curve; 2D, two dimensional; 3D, three dimensional; CI, confidence interval; ES indicates effect size.
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Fig. 9. The fuel plots of network meta-analysis. (A) Funnel plot for Se. (B) Funnel plot for Sp. (C) Funnel plot for PLR. (D) Funnel
plot for NLR. (E) Funnel plot for Accuracy. Se, sensitivity; Sp, specificity; PLR, positive likelihood ratio; NLR, negative likelihood
ratio.

pulmonary vein anatomy, identify structural variations such
as pulmonary vein stenosis, and provide additional cardiac
electrophysiological information such as LA fibrosis [39].
CMRI is safe and non-invasive for the diagnosis of throm-
bus of LA/LAA in patients with atrial fibrillation, but com-
pared with TEE, CMRI has high cost and high technical
requirements, which hinders its wide clinical development.

A computer tomography (CT) meta-analysis consist-
ing of 9 researches [40] revealed that the average sensitivity
as well as specificity of CCT within diagnosing thrombus
of LA/LAA in patients with AF were 81% (95% confidence
interval: 70–90%) and 90% (95% confidence interval: 88–
91%), respectively. Five types of CT were included in this
study, including MDCT, DSCT, CCTA, delayed CT and
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non-delayed CT. The outcomes demonstrated that DSCT
was better than TEE in terms of sensitivity, specificity,
NLR and accuracy. DSCT is the latest technology emerging
in the development process of CT. Due to the fact that respi-
ration, heartbeat, and AF can cause PV and LAmovements,
which affects the detection ability of conventional CT, AF
is considered a contraindication for single source CT car-
diac angiography [41]. DSCT improves the time resolution
of synchronous cardiac scanning and proves that DSCT can
successfully image the heart and coronary arteries at high
heart rates and complex rhythms. In addition, the combi-
nation of DSCT and electrocardiogram gating technology
quickly covers the heart, resulting in a reduction in radia-
tion exposure compared to standard MDCT [42,43]. Due
to the shortened examination time and reduced use of con-
trast agents, the safety for renal insufficiency patients has
improved [44]. A meta-analysis suggests that low-dose an-
giography also maintains the same accuracy [27]. With the
continuous development of technology, DSCT needs to fur-
ther improve image reconstruction and cross scattering ra-
diation technology, providing greater utilization for clinical
and academic applications.

5. Advantages and Limitation
There are numerous methods to diagnose LAA/LA

thrombus, and several meta-analyses of CT and CMRI have
been performed. This study is the first to evaluate various
methods for diagnostic accuracy. In addition, this study
has reviewed 18 articles (Ref. [17–32,34,35]) and 4102 pa-
tients, which provides an excellent reference value for clin-
ical application.

The limitations are as follows. First, most of the se-
lected researches performed TEE and another test method
within one week, but one study completed both tests within
one month. LAA/LAA thrombus may have formed/ dis-
solved between the two examinations. Second, the sam-
ple sizes of some studies were small. Some patients have
been excluded due to examination contraindications, which
may have affected the prevalence of LAA/LAA thrombus.
Hopefully, there will be more studies to increase the sam-
ple size of different diagnostic methods to further verify the
accuracy of the test.

6. Conclusions
This study included 10 diagnostic methods: 2D-

CMRI, 3D-CMRI, CCTA, MDCT, DSCT, non-delayed
CCT, 1-minute delayed CCT, 3-minute delayed CCT, 6-
minute delayed CCT, and 3D-TEE; and the results showed
that DSCT is superior to TEE in the sensitivity, specificity,
NLR, and accuracy to determine thrombus of LA/LAA in
AF patients. The outcomes will need to be substantiated by
further research.
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